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STRUCTURE – ENVIRONMENTAL DEGRADATION
RELATIONSHIP MODEL FOR TOXAPHENE CONGENERS
H. Parlar, G. Leupold, G. Reil, D. Angerhöfer and M. Coelhan
Institute for Chemical Technical Analysis at the Technical University of Munich, Germany
Keywords: toxaphene, photodegradability, biodegradation

INTRODUCTION
Technical toxaphene is a complex mixture of more
than 200 polychlorinated C10-terpenes [1]. Formerly, it
has been one of the most thoroughly used chlorinated
pesticides in different parts of the world [1, 2]. More than
106 t have been applied from 1947 to 1985. The range of
application of this pesticide covers practically all areas of
agriculture. Concentrations ranging from 0.5 to 10 kg per
ha have been recommended and tolerated, depending on
the type of pest [3]. Toxaphene is produced by passing
chlorine gas through a solution of camphene (1) of technical quality in carbon tetrachloride under UV-irradiation
(Figure. 1) [4-6]. The resulting product contains 67-69%
chlorine, corresponding to the empirical formula
C10H10Cl8. Due to the lack of selectivity during chlorination, the number of the isomers increases with a nonuniform degree of substitution. An example is the addition of
chlorine to the double bond of camphene, which follows
an unspecific pathway. This reaction has been the topic of
many investigations [7-9]. Despite contradictory evidence, it has long been accepted that the addition of chlorine to this double bond mainly leads to 2-exo,
10-dichlorobornane (2) and, as a minor pathway, to
2-exo,10,10-dichlorobornane (6), which can be formed
via the 8-exo-chlorocamphene (3) by further chlorination.
It can be concluded from the formation of these precursors that toxaphene consists mostly of higher substituted
chlorobornanes [10-17].
On the other hand, the stabilization of the positively
charged intermediate (1a) by elimination of a proton can
also lead to the formation of 10-chlorotricyclene (4) and
chlorobornene (5). The reaction of 4 via the WagnerMeerwein rearrangement leads to 6-exo-chlorocamphene
(7), while 5 can be chlorinated to either polychlorobornenes or polychlorobornanes, e.g. 2-exo,3-endo,10-trichlorobornene (8), which, principally, can eliminate HCl
and be converted to 2,10-dichlorobornene (10). Further
chlorination of this intermediate can also lead to polychlorobornenes and -camphenes.

Polychlorobornenes were detected by gas chromatography-mass spectrometry [18-22], although it has long
been uncertain whether they are really present in the original mixture or not. Their formation was thought most likely
to result from degradation during sample preparation or
injection, depending on the analytical method employed.
The temperature required for gas chromatography lies
above the decomposition temperature of the recrystallized
toxaphene.
The same problem existed concerning the origin of
chlorocamphenes which have been isolated from irradiated
technical toxaphene [23-24]. Comparisons of the stabilities
of various synthetically prepared chlorinated bornane derivatives under elevated temperatures or irradiation have
shown that the dehydrohalogenation of toxaphene components result in the formation of polychlorinated camphenes
or bornenes [22, 25, 26]. Therefore, the nature of the unsaturated constituents of toxaphene could be ascertained
only by a direct investigation of the technical mixture. In
contrast to high resolution gas chromatography-mass spectrometry (HRGC-MS), which is not suitable for this intention, we used liquid chromatography-FTIR-spectroscopy
(LC/FTIR) as a gentle method for determining the type,
structure, and amount of unsaturated components present in
technical toxaphene.
CHARACTERISATION OF THE TECHNICAL
TOXAPHENE BY FTIR-SPECTROSCOPY, HRGCEI-MS AND ON-COLUMN HRGC-ECD*
Experimental Section

Materials: Camphene (1), 4,4-DDE (16), technical
toxaphene, the 22-standard mixture, single chlorocamphene standards (11, 12, 13, 14, and 15, see Table 1), and
2,5-endo,6-exo,8,8,9,10-heptachloroborn-2-ene (18) were
obtained from Ehrenstorfer, Germany. 2,3-Dichloro or
nonsubstituted born-2-ene in pure form were not available
commercially, but compounds with similar structure
* This work presents a short outline of the Ph.D. thesis of Lenka Kimmel, TU München-Weihenstephan
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(17, 21, 22) were isolated or prepared in our laboratory as
described previously [22, 23, 27, 28].
All solvents used were of analytical reagent quality. Petroleum ether (bp 60-80°C) was purified by distillation.
Column chromatography:
Technical toxaphene (5 g) was separated into fractions of 15 ml each by column chromatography (length,
1.7 m; i.d., 5 cm; 1150 g Silicagel 60, Merck AGGermany, as adsorbent), and petroleum ether (bp 6080°C) was used for elution (ca. 1 ml/min, total volume
collected 37.5 litre). A total of 2500 fractions was collected with a fraction collector. Each 10th fraction was controlled by FTIR spectroscopy and GC-ECD. Similar fractions were combined to 103 pool fractions which were
investigated separately by direct FTIR spectroscopy after
evaporation of the solvent and redissolution in 0.5-2.0 ml
carbon tetrachloride (CCl4). Selected pool fractions were
also investigated by HRGC-ECNI-MS and HRGC-EI-MS
for better characterization. But the results of these measurements were not used for the quantification of unsaturated C10-hydrocarbons in the toxaphene mixture because
of possible degradation of these substances during the
HRGC-MS measurements. After elution with petroleum
ether, the residue on the column, as far as it was extractable, was eluted with 500 ml of methanol.

FTIR spectroscopy:
A Nicolet high resolution FTIR 710 spectrometer accompanied by a special work station Nicolet 620 Nicos
was used for the infrared measurements. CCl4 p.a. was
used as the solvent.
HRGC-ECNI-MS:
The HRGC-ECNI-MS measurements were carried
out with a HP 5890 Series II GC that was coupled to a
Finnigan 8200 MS. The column used was a DB 5ms, 30m
× 0.25 mm i.d., film thickness 0.25 µm, and the GC conditions used were as follows: carrier gas He 5.0 (Linde),
1.15 ml/min, injection volume 1 µl, injector temperature
230°C, split 1.5 min, split ratio 1:10, transfer line 230°C,
interface 230°C, temperature program: 50°C (1 min) →
150°C (70 °C/min) (5 min) → 260°C (2°C/min) (10 min)
→ 280°C (10 °C/min) (10 min). The MS conditions were
as follows: modus: ECNI-SIM, reactand gas: CH4, ion
source pressure: 2.5 × 10–4, ion source temperature: 190200°C, ionisation energy: 150 eV, acceleration voltage:
3 kV, resolution 1000.
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Table 1:
>C=C< valence bonds of the standard model substances determinated by FTIR-Spectroscopy

No.

Name of the Standard

Structure

Position of the
>C=C< valence
bonds (cm–1)
1620

Ref.

1

(±)-camphene

11

(±)-2,2,3-exo-trichloro,5,5-bis-(chloromethyl),6-(E)-chloromethylene
(8,9,10trinorbornane, Parlar No. 11)

1645

23

12

(±)-5-exo, 6-endo-dichloro,2-endo-chloromethyl, 3-(E)-chloromethylene (8,9,10trnorrobornane, Parlar No. 12)

1643

23

13

(±)-5-exo,
6-endo,7-anti-trichloro,2,2,bis(chloromethyl),3-(E)-chloromethylene,8,9,10-trinorbornane (Parlar No. 15)

1643

29

14

(±)-2,2,3-exo-trichloro,5-endo-chloromethyl,6-(E)-chloromethylene,5-dichloromethyl,8,9,10-trinorbornane (Parlar
No. 25)

1645

29

15

(±)-2,2,3-exo-trichloro,6-(E)-chloromethylene,5,5-(dichloromethyl),8,9,10trinorbornane (Parlar No. 31)

1645

23

16

(±)-1-(2-chlorphenyl),1-(4-chlorophenyl)2,2-dichloroethylene (o,p-DDE)

1655

30

17

7,8,9,9-tetrachloro-4,5,6,7-tetrahydro-4,7methanoindane

1585

18

6

23
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Name of the Standard

Structure

Position of the
>C=C< valence
bonds (cm–1)
1596

Ref.

18

(±)-2,5-endo,-6-exo,8,8,9,10-heptachloroborn-2-ene

19

(±)-2,5-endo,6-exo,8,8,9,10,10-octachloroborn-2-ene

1597

27

20

(±)-2,5-endo,6-exo,8,8,9,10,10-octachloroborn-2-ene

1595

27

21

(±)-2-exo,3-exo,4,5,6,7,8,8-octachloro4,5,6,7-tetrahydro,4,7-methanoindane
(cis-chlordane)

1600

18

22

(±)-2-exo,4,5,6,7,8,8-heptachloro-4,5,6,7tetrahydro-4,7-methanoindane
(β-dihydroheptachlor)

1600

18

HRGC-EI-MS:
The HRGC-EI-MS measurements were carried out
with a HP 5890 Series II GC that was coupled to a Finnigan 8200 MS. The column used was a DB 5 MS, 30 m ×
0.25 mm i.d., film thickness 0.25 µm, and the GC conditions used were as follows: carrier gas He 5.0 (Linde),
1.15 ml/min, injection volume 1 µl, injector temperature
230°C, split 1.5 min, split ratio 1:10, transfer line 230°C,
interface 230°C, temperature program: 50°C (1 min) →
150°C (70 °C/min) (5 min) → 260°C (2°C/min) (10 min)
→ 280°C (10 °C/min) (10 min). The MS conditions were
as follows: ion source temperature: 230°C, ionisation
energy: 70 eV, mass range: m/z 33-500, resolution: 1000,
calibration: perfluorokerosin.

18

On-column HRGC-ECD:
The HRGC-GC measurements were carried out with
a Chrompack 8200. The column used was a DB 5, 60m ×
0.32 mm i.d., film thickness 0.25 µm, and the GC conditions used were as follows: ECD, detector temperature
320°C, make-up gas N2, 30 ml/min; on-column injector,
injection volume 1 µl, temperature program:
120°C (0 min) → 150°C (30°C/min) → 250°C (2 °C/min)
(5 min). Assignment of peaks to those of HRGC-MS
measurements was achieved with the help of single substance standards as well as by comparison of retention
times of the 22-standard mixture on both columns which
showed no significant time differences or change of
elution order.
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TABLE 2: Selected toxaphene pool fractions, their >C=C< valence bonds and corresponding structural assignment
Pool
fraction

Total
amount

Transmission

(mg)

(%)

cm–1

Chlorobornenes

Chlorocamphenes

(mg)

(mg)

H

H

Cl

Cl

Cl

Cl

H

Σ

H

Cl

H

H

Cl

Σ

9

115.8

5

1608

0.0

0.0

16.5

16.5

0.0

0.0

0.0

0.0

13

137.4

59

1607
1632
1622

0.0

0.0

13.1

13.1

1.1

1.7

0.0

2.8

14

97.0

65

1620
1610
1645

0.0

<0.1

7.2

7.2

2.0

1.5

0.0

3.5

15

128.2

65

1621
1608
1644

0.0

0.0

8.0

8.0

3.2

1.7

0.0

4.9

19

139.4

70

1630
1644
1618

0.4

<0.1

0.0

0.4

1.9

5.2

0.0

7.1

21

218.2

60

1632
1644
1613

1.6

<0.1

0.0

1.6

4.5

15.0

0.0

19.5

22

191.0

60

1632
1644
1616

0.0

0.0

<0.1

<0.1

2.7

7.8

0.0

10.5

24

145.4

70

1633
1616

0.0

0.0

<0.1

<0.1

1.1

6.3

0.0

7.4

33

231.2

88

1646
1633
1596

0.0

0.0

1.9

1.9

0.0

7.9

0.0

7.9

38

200.6

83

1646
1652
1596

0.0

0.0

2.0

2.0

0.0

8.0

1.3

9.3
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Results and Discussion

Column chromatography:
Only 4091.4 mg of 5000 mg toxaphene applied could
be eluted from the silica gel column. The methanol treatment led to an additional desorption of 493.7 mg of toxaphene. That means, ca. 500 mg of toxaphene was still
adsorbed on the surface material and can be classified as
unextractable, coloured, polar components, probably
partly polymeric products. This unextractable part has not
been considered during quantification. But it has been
assumed that no C10-chloroterpenes were retained on the
column because of the high polarity of the unextractable
material. The composition of the pool fractions differed
widely, as could be seen by GC-ECD. Fractions 1-16
showed only few, well separated peaks, while fractions
17-39 contained more components with a higher degree of
overlapping. Fractions 40-103 again contained few, well
separated compounds, partly only one main and few minor components. The fractions that had been eluted with
methanol could not be investigated by FTIR because of
their insolubility in chloroform and CCl4.
FTIR measurements:
No FTIR spectra of single unsaturated substances
have been obtained during this work because of their low
response factors and their low concentrations in the pool
fractions. IR spectra of selected pool fractions containing,
besides chlorobornanes, only either chlorobornenes or
chlorocamphenes are shown in Figure 2. IR spectra of
selected model substances formerly isolated after irradiation [18, 23, 27, 29, 30] have been used for comparison.
The >C=C< valence bond absorptions of these model
substances are presented in Table 1 and Figure 3. They
show that it is easy to distinguish between chlorobornene
and chlorocamphene structures. Chlorobornenes give the
typical >C=C< absorption band in the region from 1585
to 1600 cm-1, whereas the same absorption band of the
chlorocamphenes is shifted to higher wave numbers being
located between 1620 and 1655 cm-1. Furthermore, the
number of the chlorine atoms at the olefinic carbon atoms
can be derived from the >C=C< absorption band maxima.
Non chlorinated double bond absorptions of chlorobornenes are found at 1585 cm-1, those of mono chlorinated double bonds at 1595-1597 cm-1, and those of dichlorinated double bonds at exactly 1600 cm-1. In the case of
chlorocamphenes, typical absorption bands are also existing. The non substituted double bond absorption is registered at 1620 cm-1, that of mono chlorinated double bonds
at 1643-1645 cm–1, and that of dichlorinated double bonds
at 1655 cm-1. With FTIR measurements, only the total
sum of chlorobornenes and chlorocamphenes, respectively, could be determined. It should be repeated that only
ca. 82 % of the technical mixture could be investigated by
HRGC because of the portion of about 9.874 % of polar
and 8.312 % of polymeric material.

For the quantification of the chlorocamphenes and
chlorobornenes with different degrees of chlorination in
the pool fractions, it was necessary first to determine the
relative response factors of the individual standards using
their >C=C< valence bond intensities. Similar concentration ranges of the standards as occurred in the pool fractions (0.1-10 mg/ml) were investigated by FTIR spectroscopy using cis-chlordane as an external standard. Former
results [31] suggested that there is a linear correlation
between the concentration and the >C=C< valence bond
intensities of the standards at this concentration level, but
our own measurements show that the IR absorption of
double bonds substituted with different numbers of chlorine are of significantly different intensities, the lowest IR
response resulting from non-chlorinated double bonds.
Taking the νC=C intensity of the dichlorinated double bond
in cis-chlordane for 100 %, that of non-chlorinated double
bonds is 10 % and that of monochlorinated ones ca. 50 %
(chlorocamphenes) or ca. 70 % (chlorobornenes).
The intensities of the vibrations of fully chlorinated
>C=C< bonds, independent of whether vicinal or axial
substituted, are extremely high and lie between 90-105.
With the help of the response factors obtained for the
standards it was possible to determine the amounts of the
chlorobornenes and chlorocamphenes in the pool fractions
separated by column chromatography (Table 2). From the
results of the FTIR measurements, a ratio between
chlorocamphenes and chlorobornenes of 2.3 was obtained. Evidently, most of the unsaturated compounds in
the technical mixture are chlorocamphenes and not chlorobornenes, as has formerly been assumed [19, 20]. Most
of the chlorocamphenes (ca. 75 %) belong to a group with
a monochlorinated axial double bond formed via the intermediate 3 in Figure 1. The total amount of congeners
with a vicinal dichlorinated double bond is negligible
being only 5.6 mg in 5000 mg toxaphene (ca. 0.1 %). The
reason for this discrimination most likely is the steric
hindrance from the chloromethyl- or dichloromethyl
groups positioned in the neighbourhood. This hypothesis
is strengthened by the fact that all monochlorocamphenes
isolated from the toxaphene mixture are 6-E-isomers.
Chlorocamphenes with an unsubstituted axial double
bond in the molecule are also present in considerable
amounts in the mixture (0.67 %). These represent those
components which are formed from the intermediate 7
(Figure 1) by further chlorination while the double bond
remains stable. In the class of chlorobornenes, components with a dichlorinated double bond are the major
products. Their total amount is 61.82 mg in 5000 mg
toxaphene (1.27 %).
The formation of these substances during the production of toxaphene is probably controlled by HCl elimination from the ring (CCl2–CHCl) of the chlorobornanes
which are the dominant group in the technical toxaphene
either through temperature or photoinduced reactions.
Nevertheless, in simulation experiments with isolated
chlorobornanes, monochlorinated chlorobornenes were
detected as dominant products (Figure 4) [22]. This fact is
9
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surprising because of the negligible concentration of chlorobornenes with a monochlorinated double bond in technical toxaphene. A plausible explanation is the reaction of
a chlorocamphene with vicinal dichloride substitution at
C5 and C6 via the positively charged Wagner-Meerwein
intermediates, which can react due to the hydrogen abstraction to 2,3-dichlorinated chlorobornenes.

significant amount of partly unextractable components,
which were thought to be polar, semi-polymeric or polymeric products.

ClX
Cl

HRGC-EI-MS measurements:
In order to compare the total sum of chlorobornenes
and chlorocamphenes obtained by FTIR measurements
with the number of compounds in each of these groups of
different chlorination degree, quantification of selected
fractions by HRGC-EI-MS and HRGC-ECNI-MS was
tried, but it was not possible in spite of the high total
concentrations of the pool fractions to detect unsaturated
compounds after separation. All higher peaks could only
be assigned to chlorobornanes. Nevertheless, it could be
seen that with the on-column mode the percentage of
chlorobornane was higher, while split injection led to an
increase of percentage of unsaturated congeners as has
been reported earlier [25]. From this it is evident that a
remarkable number of highly chlorinated bornanes are
unstable in the injection port and probably even in the oncolumn mode. The elevated temperature leads to a significant increase of unsaturated chloro-C10-terpenes compared to technical toxaphene. Therefore, HRGC-MS
measurements lead to erroneous conclusions regarding the
composition of the original toxaphene mixture. If fresh
technical toxaphene prepared under laboratory conditions
with 69% chlorine content is analysed by FTIR, the percentage of unsaturated components is even less than that
found with commercial technical toxaphene; directly after
chlorination, the amounts of chlorocamphenes and bornanes are nearly negligible [28]. Only after several
days, the total amount of these substances has reached ca.
5 % to remain stable afterwards. Obviously, chlorination
under UV irradiation up to ca. 60 % results in a nearly
pure mixture of highly chlorinated bornanes and camphanes with only traces of unsaturated components; but
part of these saturated chloroterpenes presumably are
unstable enough to eliminate Cl2 or HCl even at room
temperature. Structural components leading to rapid elimination after termination of the chlorination may be those
with sterical hindrance, for example such as -CCl2–CCl2or -CCl2–CHCl- groups with endo,endo orientation of the
ring of chlorobornanes (Figure 4). In conclusion, these
results illustrate that technical toxaphene consists of a
complex mixture with more than 180 C10-chloroterpenes,
most of which are chlorobornanes. The unsaturated fraction, which is slightly less than 5 % of the total of all
components in the technical mixture, consists mainly of
chlorocamphenes (3.15 % of the mixture) with the remainder (1.37 %) being chlorobornenes. Most of the
chlorocamphenes have monochlorinated axial double
bonds, while the chlorobornenes are dichlorinated on the
double bond. Furthermore, technical toxaphene contains a

ClX

Cl
Cl

Cl2

Cl
Cl

hν or Δ
(T > 160°C)

Cl

HCl

ClX

Cl
Cl
Cl

ClY

ClY

HCl
Cl
Cl

H
H

Cl2
(Cl)H

H

FIGURE 4: Postulated formation of chlorobornenes and
chlorocamphenes from unstable chlorobornanes or –camphenes
present
in freshly prepared toxaphene.

RESIDUE ANALYSIS
Experimental Section

Technical toxaphene standard (Camphechlor) and
standard toxaphene components were obtained from Ehrenstorfer, Germany. Organic solvents used were of purity grade for residue analysis. Na2SO4 and H2SO4 (95-97
%) were from Merck, Germany. The analysed fish and
fish products were kept under –12°C until use. 15-30 g
fish or caviar tissue were minced with 60-120 g anhydrous Na2SO4 to fine powder and Soxhlet extracted with
cyclohexane/dichloromethane (2:1) for 4 h. The extracts
were reduced to about 30 mL by a rotary evaporator.
Lipids were treated with conc. H2SO4 until the H2SO4
phase remained colourless. The organic phases were collected, washed with tridistilled water till they were neutral, dried with 10 g anhydrous Na2SO4 overnight, reduced to 0.5 mL, and stored at -12°C until further fractionation on silica gel [20, 22]. Oil samples (2 g) were
dissolved in 50 mL n-hexane followed by a DMF/nhexane distribution to separate the fat. In a second cleanup step, the n-hexane phase was treated with conc. H2SO4.
A pre-separation was carried out by silica gel fractionation with an overpressure of 0.3 bar N2. The columns
were prepared with 4.3 g silica gel 60 (70-230 mesh,
activated at 140°C for 25 h and then deactivated with 5 %
water). The fractionation was done first with n-hexane
(including 0.5 mL of the sample) and then with 9 mL of
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n-hexane/dichloromethane (2:1). The third of the resulting
fractions contained the toxaphene. This fraction was reduced to approximately 1mL and stored at -12°C. Prior to
HRGC-ECD or HRGC-ECNI-MS analysis, the extracts
were reduced to ca. 200 µL under N2 [20].
Standards and samples were analysed on a HewlettPackard 5890/5988A GC-MS system equipped with a 25
m x 0.2 mm capillary column (HP-5, film thickness
0.33µm) with helium as carrier gas (ca. 2 mL/min). The
conditions were as follows: split less injection; temperature program: 140°C (1min), 250°C (4°C/min); injection
port and transfer lines: 280°C; ion source temperature:
100°C; moderating gas: CH4; emission current: ca. 200
µA.

from different regions [32-36]. Sometimes, similarities in
the gas chromatograms are found regarding a shift to
shorter retention times together with the dominance of
partly the same peaks or peak groups, which can be seen
in chromatograms from samples of air, water, and fish or
fish products (Figure 6). But more commonly, the patterns of different kinds of samples vary widely. Tissues of
some animals, such as marine mammals, may contain
only a few components in rather high concentrations. In
one case, beluga whale blubber contained 1300 ng/g lipid
weight
of
2-exo,3-endo,5-exo,6-endo,8,8,10,10octachlorobornane and 2350 ng/g lipid weight of 2-exo,3endo,5-exo,6-endo,8,8,9,10,10-nonachlorobornane with
total toxaphene contents of 4130 ng/g lipid weight [37].

HRGC-ECD measurements were performed with a
Varian 3300 system equipped with a 25m x 0.2mm capillary column (HP-5, film thickness 0.5µm) with N2 as
carrier gas (ca. 2mL/min). The conditions were as follows: split less injection; temperature program: 150°C
(0min), 250°C (5°C/min); injection port: 250°C; detector
(ECD): 280°C).

FIGURE 5:
Structures of toxaphene components frequently detected in
environmental samples. The numbers are the respective
Parlar numbers (13).

HRGC-ECD-on column measurements were performed with a Varian 3400 system equipped with a 60m x
0.25mm capillary column (HP-5, film thickness 0.25µm)
with N2 as carrier gas (ca. 1.5mL/min). The conditions
were as follows: oven temperature: 100°C (0min), 230°C
(180°C/min), 50min; column temperature: 120°C (0°C),
200°C (20°C/min), 250°C (5°C), 36 min; detector: 280 °C.
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Several problems have had to be resolved before residue analysis could be used for the discrimination of biotic
and abiotic degradation of different components of technical toxaphene. Analytical methods for separation of the
complex mixture of technical toxaphene were developed.
The main components of technical toxaphene and the
most abundant toxaphene components in environmental
samples were isolated and structurally identified, so that
data on toxaphene composition as well as residue levels in
different environmental samples could be acquired. Today
the structure of more than 60 environmentally relevant
toxaphene components are known [5, 22-34].
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Of these more than 60 known components, only
about 25 are regularly found in environmental samples.
While most of the nona- and decachlorobornanes are
relatively rapidly degraded, many of the hexa- and heptachlorobornanes as well as some of the octa- and nonachlorobornanes (Figure 3) are persistent and therefore
undergo long range transport. This results in contamination of especially aquatic biota collected from nearly all
parts of the northern hemisphere. Atmospheric transport
of toxaphene to the Arctic and North Atlantic has been
demonstrated by residue analysis of air and water samples
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FIGURE 6:
GC-ECD peak patterns of some environmental samples
compared to that of technical toxaphene (13).

bution to shorter retention times. The mechanism proceeds via photolytic loss of one chlorine atom, preferentially in C2-position, followed by abstraction of hydrogen
from the solvent. Irradiation of single toxaphene components results in dechlorination products with reaction rates
depending on the structure of parent compounds (Figure
7B) [22]. Generally, during irradiation in solvents, the
bornane structure is preserved. The degradation rate
shows a positive correlation to the chlorine substitution at
the bridge head. Photolability seems to depend on the
presence of a geminal dichloro group in C2-position. The
dechlorination rate is enhanced by an additional chlorine
atom in C3-position but not by a dichloro group in C5position. Components with only a single chlorine atom at
each secondary ring atom in alternating (such as Parlar
numbers 26, 40, or 50, see Figure 5) orientation have been
found to be extremely photo stable [38]. Contrary to this,
irradiation with wavelengths above 290 nm of toxaphene
adsorbed to silica gel results in complete mineralisation.
Surface water has no significant influence on the degradation process.
DEGRADATION OF TOXAPHENE
COMPOUNDS IN SOIL
Experimental Section

PHOTOLYSIS OF TOXAPHENE COMPOUNDS
Experimental Section

UV-irradiated toxaphene has been prepared in the following way: 1 g of technical toxaphene (62.7 % Camphechlor of Ehrenstorfer, Augsburg, Germany) was dissolved in 1.5 L degassed n-hexane, irradiated for 2 h with
a low pressure Hg lamp (Vycor 250 mA/500 V, Fa.
Gräntzel, Karlsruhe, Germany, emission maximum at 254
nm), concentrated, and cleaned by column chromatography on silicagel 60 (70-230 mesh) with n-hexane. Single substances were irradiated under the same conditions,
but with a total irradiation time of 12 h, during which
samples were taken after 3, 6, and 9 h [21].
Results and Discussion

Irradiation of toxaphene in solution with wavelengths
above 290 nm only leads to a slight degradation of the
mixture [17]. After irradiation at wavelengths below 290
nm, the same peak pattern results as at wavelengths above
290 nm, while the reaction time is shorter (Figure 7A). In
both cases, dechlorination and dehydrochlorination, especially of higher chlorinated components, take place. This
can be seen in the gas chromatogram by a shift in distri-

Technical toxaphene standard (Camphechlor) were
obtained from Ehrenstorfer, Germany. Single toxaphene
components were isolated from technical toxaphene as
previously described [24]. The soil, a loamy silt (pH 6.7,
1.8 % organic carbon) was collected from a field in the
surroundings of Kassel (Germany). It had been chosen
because of its lack of any detectable organochlorine contaminants. The soil was air-dried and passed through a 2mm sieve prior to use.
Incubation with soil was done with portions of 80 g
of soil each placed in a 200 mL Erlenmeyer flask and
fortified with 1mL of acetone containing 400 µg of the
toxaphene component. After adding 150 mL of sterile,
distilled water to each flask, they were shaken, and the
dissolved O2 was removed with a stream of nitrogen for
30 min. Then the flasks were tightly capped with Tefloncoated stoppers and kept in the dark at ca. 30°C. Two
samples as well as two blanks were prepared in this way
for each component. In the case of technical toxaphene,
the total of 800 µg (10µg/g of soil) was added to the soil.
One series of the spiked soil samples was sterilized by
autoclaving (121°C, 15 psi) for two 1h periods at intervals
of 24 h before adding the components. Samples for analysis were taken weekly during the first two months and for
the rest of the time – a total of 4 and 6 months, respectively – in intervals of 2 weeks. The flasks were shaken and
then opened under a stream of N2, and 10mL aliquots of
the suspension were taken. Each sample was acidified
with H2SO4 to pH ca. 1 and extracted with a mixture of
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5mL of petroleum ether (45-65°C)/acetone (1:1) in an
ultrasonic bath for 30 min. The petroleum ether layer was
separated, and the aqueous layer was reextracted twice
with 2 x 5mL of petroleum ether (45-65°C). Finally, the
organic phases were combined, dried over Na2SO4, and
concentrated under N2 to ca. 1 mL. These extracts were
directly used for GC analysis.
HRGC-ECD measurements were performed with a
Varian 3300 gas chromatograph. The conditions were as
follows: injector: split less (0.5 min)/split, 230°C;
column: DB-5 30 m x 0.25 mm, film thickness 0.5 µm;
carrier gas: N2 (2 mL/min); temp. program: 120°C
(0 min), 200°C (20°C/min), 230°C (5°C/min), 250°C
(1.5°C/min), 15 min; detector (ECD): 280°C.
HRGC-ECNI-MS measurements were performed on
a Hewlett-Packard 5890/5988A system under the following conditions: column: HP-5 25m x 0.2 mm, film thickness 0.33 µm; carrier gas: helium (ca. 2 mL/min); injection: split less (0.5 min)/split; temperature program:
140°C (1 min), 250°C (4°C/min); injection port and transfer lines: 280°C; ion source temperature: 100°C; moderating gas: CH4; emission current: ca. 200 µA.
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Results and Discussion

Under aerobic conditions, the degradation of toxaphene appears to proceed rather slowly, as residue analysis of aerated soil samples from a former toxaphene manufacturing plant exhibited chromatograms indistinguishable from those of technical toxaphene [38]. Under anaerobic conditions, toxaphene is more easily degraded by
microorganisms [38]. Gas chromatography-electron capture detector (GC-ECD) analysis has shown that the highest chlorinated components (i.e. nona- and decachlorobornanes) are nearly completely degraded to lower chlorinated bornanes, as well as part of the octachlorobornanes, while hexa- and heptachlorobornanes are accumulated.
It is not clear whether the remaining hexa- and heptachloro compounds are produced by degradation of the
higher chlorinated isomers or whether they are original
constituents of the technical mixture. In laboratory experiments with technical toxaphene in a loamy soil under
anaerobic conditions, a significant shift of the GC-ECD
peak pattern of toxaphene towards lower retention times
was observed after only one week (Figure 8). After three
months, an additional decrease of detectable components
could be observed, the main components being two heptaand one hexachlorobornane. The peak pattern became still
simpler after 5 months. The main component was 2exo,3-endo,6-exo,8,9,10-hexachlorobornane, but hexachlorobornenes and a tetrachlorocamphene-2-one were
also found.
Studies on the degradation of single toxaphene components in a loamy soil under anaerobic conditions have
confirmed the dependence of microbial dechlorination
rates on the chlorine substitution pattern of the sixmembered ring [38]. Components with only one chlorine
atom at each C-atom in alternating orientation were found
to be highly persistent, while components having geminal
dichloro groups on the ring were rather labile, especially
when the dichloro group was localized at the C2-atom
(Figure 9). As in the case of photolytic reactions, microbial degradation of all compounds investigated was enhanced by the presence of a second geminal dichloro
group. The dead-end metabolite, 2-exo,3-endo,
6-exo,8c,9b,10a-hexachlorobornane, has also been found
in residue analysis of sediment and fish [39]. Whether this
is due to accumulation of this component or due to a high
portion of components in technical toxaphene with a
chlorine substitution pattern that leads to this product is
unknown.
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Cl
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FIGURE 7: Photodegradation of technical toxaphene at different
wavelength (A) and of four single components at 254 nm (B).
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FIGURE 8: GC-ECD peak pattern of toxaphene degradedin
a loamy soil under sulfat-reducing conditions.
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FIGURE 9: Degradiation of four single toxaphene
components in a loamy soil under sulfat-reducing
conditions.

The studies on the degradation of single toxaphene
components as well as technical toxaphene in a loamy soil
under anaerobic conditions all gave (1S,2R,3R,4R,6R),
2-exo,3-endo,6-exo,8,9,10-hexachlorobornane as the main
metabolite [21]. This enantiomer was the only one that
could be isolated even though all parent compounds in
toxaphene occurs as racemates. It is not clear whether this
is an artefact or the result of enantioselective degradation.
Stereoselective conversion is known for many enzymes,
therefore it may be that the different enantiomers of toxaphene components are degraded differentially.
By contrast, enantioselective residue analysis of different samples of fish and fish products showed no
significant discrimination of toxaphene enantiomers
(Table 3). The enantiomer ratio of chlorobornanes in all
samples is about 1:1.
The similarity of the GC-peak patterns of some kinds
of samples, especially of fish samples and UV-irradiated
toxaphene (Figure 10), leads to the hypothesis that the
same or similar degradation pathway is responsible for the
resultant pattern in both cases. Previously, it has been
suggested that the mechanisms of toxaphene metabolism
in fish should lead to the same products as photolysis
[40]. However, because no discrimination of enantiomers
has been found in fish samples, it may be that in fish no
significant metabolism occurs at all. If this is correct, then
all toxaphene conversion products found in fish may be
the result of unselective accumulation of mainly photostable toxaphene components after transformation predominantly in the atmosphere. Selective uptake or accumulation of toxaphene by fish has as yet not been confirmed, but experiments with bluegill fish showed little
metabolism [41]. Although the resistance of some individual toxaphene components to microbial and photodegradation seems to be comparable, differences between the
chromatograms of samples of fish tissues, on the one
hand, and samples of soil or tissues of marine mammals,
on the other hand, show that, even without consideration
of enantiomeric compositions, these two processes give
rise to different toxaphene residue compositions. Therefore, the similar distribution of part of the toxaphene
components in air, water, and fish indicates that in this
case most of the degradation may be due to photolytic
processes in air.

14

© by PSP Volume 10 – No 1. 2001

Fresenius Enviromental Bulletin

Table 3:
Enantiomer ratios (+/-) ofthe toxaphene indicator components No. 26, 31, 40+41, 44, 50, 58 and 62 determined by GC-ECNI-MS-SIM.

Component
Sample

26

31

40+41

44

50

58

62

Cod liver oil (Germany)

0.97

n.d.

0.95

0.96

1.08

1.00

0.96

Cod liver oil (France)

1.01

1.07

1.10

0.94

1.07

1.05

1.00

Cod liver oil (Iceland)

1.03

1.03

0.98

0.98

1.08

n.d.

1.03

Herring (Baltic Sea)

0.96

1.00

0.91

0.93

1.08

1.05

0.98

Halibut (North Atlantic)

0.98

n.d.

0.91

1.01

1.03

n.d.

1.05

Caviar substitute 1 (North Sea)

1.00

n.d.

1.04

1.07

0.98

0.97

0.99

Caviar substitute 2 (North Sea)

1.00

n.d.

1.04

1.07

0.98

0.97

0.99

Redfish (North Atlantic)

1.01

1.00

1.03

1.08

1.07

1.03

1.00

Caviar substitute
Iceland, 1995

Sea-eel
Germany, 1994

Codfish
Norway, 1995

Redfish
North Sea, 1995

50
26

UV-irradiated
Toxaphene

FIGURE 10: ECNI-MS-SIM chromatograms of different aquatic
samples from the North Atlantic and North Sea.

Degradation Processes of Toxaphene in the Troposphere
Relative Photostability of Toxaphene Components under
Environmental Conditions.

The chlorobornanes in technical toxaphene mainly
belong to three groups: 1) those with only one chlorine
atom at the ring C-atoms (e. g. Parlar No. 26, 40, and 50),
2) those with a geminal dichloro group at the ring and one
chlorine atom in the α-position (Parlar No. 39 and 58),
and 3) those with geminal dichloro groups, but without a
directly adjacent chlorine atom (e. g. Parlar No. 44 and
62) (Figure 11). The first of these groups is extremely
photostable, while the second is easily degraded by intramolecular photoelimination of Cl2. This process leads to
chlorobornenes which are also easily degraded either by
UV-light or by reactive oxygen species giving polar conversion products. This second group amounts to more
than 70% of the chlorobornanes in technical toxaphene.
The third group is intermediate, being rather stable except
when a second dichloro group exists in position 10. In this
case, chlorocamphenes can be formed via WagnerMeerwein rearrangement. Dechlorination cannot take
place in the air on a large scale, however, because of the
lack of sufficient concentrations of proton donors, such as
alkanes, alkenes, or terpenes.
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Other Mechanisms Possibly Relevant for Degradation
of Toxaphene in Air

Though Chlorobornanes cannot react with O3, they
are rather easily attacked by OH-radicals. Because of the
low vapour pressure of chlorobornanes gas phase experiments cannot be performed, but the rate constants estimated for
different components using the formula of Atkinson are comparable (k = 3⋅10-12 to 6⋅10-12 cm–³⋅molecule–1⋅s–1). Therefore, it
can be assumed that the reaction with OH-radicals in the
troposphere is nonselective relative to the structure of the
chlorobornanes and should lead to a general decrease in
toxaphene concentration in the air without a significant
change in composition. Irradiation of the technical mixture was also performed in full deuterated n-hexane because of the too low solubility of toxaphene in D2O. The
results show that none of the products which had deuterium incorporated is identical with those components that
accumulate in the environment [42]. This means that the
toxaphene components found in the environment are not
derived from higher chlorinated compounds of technical
toxaphene, but are stable constituents of the original mixture that have been selectively preserved.

FIGURE 11: Groups of chlorobornanes in technical toxaphene and
their degradation pathways under vaying environmental conditions.

Residue analysis data of toxaphene in different environmental samples, as well as from degradation experiments, point to abiotic processes being the main removal
mechanism for toxaphene in the troposphere. It appears
that toxaphene compositions in fish are directly the result
of uptake of toxaphene partly degraded in air and water,
because enantioselective analysis shows that metabolism
in fish is probably negligible. The reaction of toxaphene
with OH-radicals is too nonselective to yield the highly
specific patterns characteristic of samples from air, water,
or fish, in which the photostable components dominate.
In all probability, these patterns originate from photolysis. UV radiation its the only abiotic process which is
able to compete with OH-radical induced degradation. As
photodegradation of toxaphene at wavelengths above 290
nm is rather slow, UV-radiation in the troposphere seems
to contribute more to toxaphene photolysis than assumed
before now. This is in contradiction with the assumption
that the photolytic effect of shorter wavelengths in the
troposphere is insignificant. The abiotic degradation patterns of toxaphene reflected in environmental samples is
the first hint that this assumption may be incorrect.
A more thorough calculation of OH-radical induced
degradation rates of toxaphene in the troposphere combined with quantum yield data of single toxaphene components should help to test the new hypothesis. Nevertheless, the influence of phase transfer and distribution processes on the composition of toxaphene residues cannot
be estimated at the present time. Though equilibration of
the technical mixture with air and water has been studied
[43], no such experiments have been done on single chlorobornanes. Differences in molecular weight alone cannot
account for the toxaphene composition in fish residues
where also some higher chlorinated components, such as
Parlar No. 50 and 62, predominate.
Therefore, further careful analysis of toxaphene residues especially in air and ocean water and studies with
single components are necessary to decide whether the
toxaphene composition in fish owns more to photolysis or
more to selective distribution.
The answer to this question is of interest not only in
the field of toxaphene ecochemistry, but also for the evaluation of the importance of different degradation pathways in general. Therefore, the reactions and distribution
of toxaphene should be more intensively investigated also
with regard to the atmospheric conditions that lead to
observed environmental distribution.
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SUMMARY
Within the framework of an ecological register for the
tri-national region of Basle, Switzerland, the spatial and
temporal distribution and bioavailability of pollutants is
of particular importance. Feral pigeons (Columba livia)
are suitable indicators for the biologically effective pollution of a specific area because of their habitat preferences
and their feeding habits. In the present study, pigeon eggs
collected in Basle (Switzerland) were analyzed for chlorinated hydrocarbons, polychlorinated biphenyls (PCB),
nitromusk compounds, mercury and further fourteen elements. DDE was the only prominent residue at a concentration slightly higher than the general background load.
The PCB residues do not indicate severe pollution exposure. Compared to caged domestic pigeons, the feral pigeons of Basle have higher residues of pollutants in their
eggs. Compared to feral pigeons of other European cities,
they show a characteristic residue pattern of pollutants,
generally on a low residue level. These first results on
residues in feral pigeon eggs from Basle document in
principle the applicability of this type of biomonitoring
for the risk assessment of urban pollution also in this
particular conurbation.

INTRODUCTION
Urban and industrial areas do not only emit pollutants, but they are also characterized by a high pollutant
input consisting of numerous xenobiotics from many
different sources. Given the multitude of pollutants, only
few selected compounds are sufficiently analyzed and
monitored at present [1].
Supplementary to technical measuring, environmental
monitoring with bioindicators in the broader sense of
Heinz Ellenberg and Deutsche Forschungsgemeinschaft
(DFG) 1975 (unpublished, see [2-4]), Müller [5], and
Schubert [6], as well as in the more restricted sense of
Arndt et al. [7] makes it possible to record biologically
relevant effects and accumulation of pollutants. Only this
approach allows registration of the resulting effects of the
whole spectrum of pollutants at actual environmental
conditions. Consequently, biomonitoring becomes part of
a risk assessment for humans living in the same habitat.

Domestic pigeons, which were derived from different
subspecies of the originally palearctic rock pigeon (Columba livia Gmelin, 1789), became the feral pigeon settling preferentially in urban areas. Currently, they have a
worldwide distribution and they show an impressive
adaptability to urban environmental conditions in tropical
and non-tropical areas [8]. They are strongly exposed to
pollutants and have a high accumulation capacity. For
example, waste food particles which are picked up by the
pigeons from streets are partly heavily contaminated with
trace elements from street dirt [9]. The residue data are
spatially representative of the home range of individual
animals. Feral pigeons integrate over the whole area and
are thus not biased by locally restricted contamination.
Therefore, they are suitable for monitoring programs with
regard to the ecological evaluation of an area in the sense
of a risk assessment [10, 11] and they represent a substantial supplement to other bird indicator species [12]. In
addition, feral pigeons supply ecologically representative
environmental samples for environmental specimen banking programs [13-15].
The accumulation of heavy metals in feral pigeons
from urban ecosystems has been studied several times.
Data are available from European cities such as Basle,
Bratislava, Liverpool, London, Madrid, Munich, Paris,
Saarbrücken, Sofia (Chelopechene) and Warsaw [16-28].
Data are also available from cities in India (Lucknow),
Japan (Tokyo), South Africa (Cape Town) and USA
(Blacksburg, Philadelphia) [29-33]. All these studies
demonstrated distinct regional differences in the accumulation of elements. While Altmeyer [34] investigated the
residues in eggs, in all other studies samples of blood,
bone, tissue, organ and feather were examined.
Studies on the residues of organic pollutants in different tissues showed that these compounds are detectable in
pigeons [23, 34, 35]. Close correlations exist between the
residues and the study sites, especially with regard to their
characteristics, such as traffic density or building pattern.
Schramm et al. [36] recorded polychlorinated dibenzodioxines and -furanes in pigeon eggs from the German
cities Dudweiler, Völklingen and Saarbrücken in Saarland, Halle in Saxony-Anhalt and Leipzig in Saxony.
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Altmeyer [34] verified the use of feral pigeon eggs as
pollutant indicators for chlorinated hydrocarbons, polychlorinated biphenyls, mercury and selenium. Similar to
the conclusions from extensive biomonitoring programs
in tropical Africa with chicken eggs from rural areas [37,
38], Altmeyer [10] and Altmeyer & Paulus [11] emphasize the good applicability and advantage of eggs as the
sample matrix compared to other tissues. We do not know
subsequent studies on this topic since Altmeyer [34] (cf.
[10]) and in Switzerland there has not been any research
on this area yet.

STUDY SITE AND MATERIAL
The eggs were collected in the feral pigeon loft of
Matthäus-Kirche (church) in Basle, Switzerland. The site
is situated in a peripheral quarter on the right side of the
Rhine within the town. The feeding sites of the flock are
known from a former study on ecology of the feral pigeon
[39]. The birds forage around the Rhine harbour of St
Johann at a distance of 1200m from the loft as well as in
the streets and parks of the Matthäus quarter.
During the research, about eighty feral pigeons lived
in the loft. Eggs selected for analysis must not be older
than five days [10, 11]. Therefore, all extant eggs were
removed on 1 April 1997, which caused the pigeons to
produce eggs as a replacement.

The mixed total egg content of all seventeen eggs
from Basle, collected April 7 to 14, 1997, was analyzed
for chlorinated hydrocarbons, polychlorinated biphenyls,
nitromusk compounds, mercury and fourteen other elements.
The analysis of the egg content for chlorinated hydrocarbons (CHC), polychlorinated biphenyls (PCB) and
nitromusk compounds was conducted according to the
SOP P 060 by KLBS (including extraction with petrolether, fat separation with acetonitrile, and cleaning on a Florisil column [conditioned]) and the measurement by
means of GC (Carlo Erba HRGC Mega 2).
Analysis of metals was performed as follows: sample
preparation (wet mineralization) with nitric acid and hydrogen peroxide using microwave energy (MIS 1200
Mega, Milestone). Determination of Pb and Hg was performed by AAS (Perkin Elmer AAS 5310). Semiquantitative determination for the other elements was performed
with ICP/MS. The residue data were calculated from eight
aliquots each.
The enzymatic total fat was determined according to
the method described in the Swiss food manual [40].

Fig. 1: Location of the study site at the church Matthäus in Basle,
Switzerland.

Seventeen of these new-laid eggs were collected between 7 and 14 April and stored until examination in a
refrigerator at +4 °C.
The control consisted of nine new-laid eggs collected
from domestic pigeons (Columba livia, homers and fancy
pigeons) from two aviaries in Orpund, a small town in the
rural environments of Biel/Bienne, Switzerland. These
birds fed exclusively on special pigeonfood given by the
breeders. They never foraged outside their aviaries, which
prevented ingestion of polluted food from the field.
METHODS
The pigeon eggs were analyzed in the cantonal laboratory of Basle (Kantonales Laboratorium Basel-Stadt,
KLBS). The steps of processing were: homogenization of
the total egg content with a mixer with ceramic knives
(Buechi B-400), weighing out 0.8 g of egg homogenate
into vials of quartz glass, processed according to the
standard operation procedures (SOP) by KLBS for organic pollutants and heavy metals respectively, and measurement by means of gas chromatography (GC) and atomic absorption spectrometer (AAS).

RESULTS
The pigeon eggs from Basle had a mean total fat content of 78 g kg-1 or 7.8% wet weight (ww). The concentrations of the organic chemicals in the mixed total egg contents are given in Table 1.
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Table 1
Residues of chlorinated hydrocarbons and polychlorinated biphenyls in feral pigeon eggs from Basle
(n=17; detection limit at 0.01 mg kg-1 fat weight and 0.001 mg kg-1 wet weight).

mg kg-1 fat weight

CHEMICAL COMPOUND

mg kg-1 wet weight

< 0.01

< 0.001

β-Hexachlorocyclohexane (beta-HCH)

0.06

0.005

δ-Hexachlorocyclohexane (delta-HCH)

< 0.01

< 0.001

0.06

0.005

γ-Hexachlorocyclohexane (gamma-HCH, lindane)

< 0.01

< 0.001

p,p‘-TDE

< 0.01

< 0.001

p,p‘-DDE

0.38

0.030

p,p‘-DDT

0.04

0.003

0.42

0.033

α-Endosulfan

< 0.01

< 0.001

Aldrin

< 0.01

< 0.001

Dieldrin

< 0.01

< 0.001

Endrin

< 0.01

< 0.001

Hexachlorobenzene (HCB)

< 0.01

< 0.001

Heptachlor

< 0.01

< 0.001

Heptachloroepoxide

< 0.01

< 0.001

< 0.01

< 0.001

0.13

0.010

PCB 153

0.12

0.009

PCB 156

< 0.01

< 0.001

PCB 170

< 0.01

< 0.001

PCB 180

0.08

0.006

0.33

0.025

α-Hexachlorocyclohexane (alpha-HCH)

HCH (sum of isomers, γ-isomer excluded)

Σ DDT (all isomers; DDE, TDE included)

PCB 118

PCB 138

Σ PCB
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Table 2
Residues of trace contaminants and other elements (including heavy metals) in the mixed total egg contents of feral pigeon eggs from Basle;
n=17; residue data in mg kg-1 wet weight (ww) and mg kg-1 dry weight (dw) (calculated by using factor 5, cf. [34]).

Element

mg kg-1ww

mg kg-1dw

Element

mg kg-1ww

mg kg-1dw

Element

mg kg-1ww

mg kg-1dw

Al

0.9

4.5

Cr

0.1

0.5

Ni

0.5

2.5

As

< 0.03

< 0.15

Cu

0.6

3.0

Pb

2.9

14.5

Ba

0.2

1.0

Fe

20.8

104.0

Rb

1.4

7.0

Cd

< 0.03

< 0.15

Hg

< 0.02

< 0.1

Sn

< 0.03

< 0.15

Co

< 0.03

< 0.15

Mn

0.5

2.5

Zn

12.8

64.0

The persistent metabolite of DDT, DDE, is the prominent residue of all organochlorine hydrocarbons. Its concentration of 0.03 mg kg-1 ww is one order higher than
those of the other detected pesticides (p,p’-DDT, betaHCH). It represents the dominant portion of total DDT
(0.033 mg kg-1 ww), as only p,p’-DDT was detected at
0.003 mg kg-1 ww. Beta-HCH is the only HCH isomer,
which was detected at a measurable concentration
(0.005 mg kg-1 ww).
Endosulfan, aldrin, dieldrin, endrin, hexachlorobenzene, heptachlor and heptachloroepoxide have not been
found. The total PCB concentration amounts to 0.025 mg
kg-1 ww. The three congeners, PCB 138, 153 and 180,
have been found to accumulate at concentrations of a
similar range (0.01, 0.009, 0.006 mg kg-1 ww respectively). The congeners PCB 118, 156 and 170, are not
present at measurable concentrations. The samples have
also been checked for the nitromusk compounds muskambrette, -ketone, -moskene, -tibetene and -xylole, but
none was detected (detection limit at 0.005 mg kg-1 ww).
The concentrations of heavy metals and other elements in the mixed total egg contents are shown in Table
2. Residues of arsenic, cadmium, cobald, mercury and tin are
below the detection limit in the eggs of the Basle pigeons. The
lead concentration amounts to 2.9 mg kg-1 ww. The residues
of lead are below the detection limit of
0,03 mg kg-1 ww in the control eggs of the artificially fed
pigeons from Orpund.

DISCUSSION
Only few pesticides have been detected in the eggs of
feral pigeons from Basle and none in the control eggs of
artificially fed pigeons from the rural area of central

Switzerland. p,p'-DDE shows the highest concentrations of the chlorinated hydrocarbon pesticides at 0.38 mg
kg-1 fat weight or 0.03 mg kg-1 wet weight. DDT has been
restricted in use and was subsequently banned in Germany and Switzerland since 1972 and 1986 respectively,
also because of its high persistence. Marketing of DDT
was restricted within the European Union in 1978 and its
use totally banned in 1985. DDE ist the most persistent
DDT metabolite and, therefore, the main metabolite found
in present-day environmental samples.
Analyses of 118 pigeon eggs from the Saarland
(W/SW Germany), which were collected from 1988 to
1990, resulted in a mean concentration of Σ DDT of
0.013 mg kg-1 wet weight at a range of 0.003 to 0.090 mg
kg-1 ww. This residue level was judged to lie within the
range of the present-day background load [34]. One hundred and twenty-three pigeon eggs from the Leipzig conurbation (East Germany), collected in 1990, had a mean
residue of Σ DDT of 0.091 mg kg-1 ww (min-max: 0.012–
0.890 mg kg-1). The mean residues of Σ DDT of eggs
from three cities of a polluted area in southern Poland in
1991 were 0.034 (Bielsko-Biala), 0.063 (Kattowice) and
0.088 mg kg-1 ww (Krakow) respectively [34]. p,p’-DDE
was always the dominant metabolite. The Σ DDT level of
0.033 mg kg-1 ww in the pigeon eggs from Basle (1997) is
in the same order of magnitude as the European data listed
above. Considering the time of sample collection (1997 in
Basel compared to almost one decade earlier in the other
cities), these data are slightly, yet distinctly higher than the
general background load, although markedly lower than
those from the severely polluted cities, Leipzig, Krakow and
Kattowice. The low content in the pigeon eggs from Basle
and the ratio of DDE/DDT=10 do not indicate a recent application of this insecticide. The presence of DDT and its metabolite in urban environmental samples more than ten years
after its total ban shows that this insecticide still contributes
to the basic environmental load.
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Residue data for comparison purposes are available
from other bird species, especially from chicken eggs. A
comparison of the residues in pigeon and chicken eggs is
difficult because of specific differences, and can only be
done very cautiously. The yolk is smaller in the pigeon
egg than in the chicken egg (pigeon 18.1% of the total egg
content and chicken 31.6%, [41]), thus accumulating less
lipophilic chemical compounds. The chemical constituents differ considerably between these species [42]. The
different food composition (insect proportion) suggests
higher residues of certain insecticides in chicken eggs
from outdoor farming. Chicken which were fed experimentally with contaminated food had a bioconcentration
factor of 2, i.e. they showed the double intake concentration of total DDT in their eggs [43].
In a tropical area (Zanzibar Island, Tanzania) the median Σ DDT residue of 1.45 mg kg-1 ww in 47 chicken
eggs (total egg content) from small-scale outdoor farming
in 1994 was almost two orders of magnitude higher than
in the pigeon eggs from Basle [37]. This reflects the excessive use of the said insecticide to this day in many
tropical and subtropical areas. Residues of DDT at three
orders of magnitude higher than in pigeon eggs were
sometimes found in eggs of birds of higher trophic levels
such as predatory birds [44-48]. Eggshell thinning is
mainly correlated with DDE, while the causal contribution of other compounds, such as PCBs, to this adverse
effect remains a matter of debate [49, 50].
Contrary to DDT, which spreads along numerous paths to
areas without previous application and persists there for a
long time as a detectable contaminant, lindane residues in
environmental samples are more closely correlated to the
application history of this area. The mean lindane concentration in feral pigeon eggs from the Saarland (19881990) was near the detection limit and in southern Poland
(1991) it was not found. In Leipzig (1990) the mean concentration was 0.012 mg kg-1 ww, which is markedly
higher compared to the Saarland [34]. Lindane was not
found in the pigeon eggs from Basle. Residues of alphaand beta-HCH were either not found or detected at mean
values close to the detection limit by Altmeyer [34] in
feral pigeon eggs from Germany and Poland. The concentration of beta-HCH of 0.005 mg kg-1 ww in the feral
pigeon eggs from Basle is insignificantly higher.
The feral pigeon eggs from Basle accumulate predominantly the PCB congeners, no. 138, 153 and 180.
These higher chlorinated congeners are more persistent
than the more easily degradable lower chlorinated congeners. The environmental problem of PCBs concerns mainly the highly industrialized countries. About half of the
world-wide produced PCBs until 1980 were used as dielectrics in transformers and capacitors, followed by their
use as plasticizers [50]. The analyses of feral pigeon eggs
from the Saarland in 1988-1990 also demonstrated the
predominant accumulation of higher chlorinated congeners [34].

Polychlorinated Biphenyls were scarcely detectable at
the industrial sites in southern Poland (1991) and eastern
Germany (1990). Depending on the pollution exposure,
the residues at the Saarland sites amounted to mean values of no. 138 of 0.007, 0.014, 0.018, 0.023 and 0.168 mg
kg-1 ww, no. 153 of 0.007, 0.007, 0.020, 0.023, 0.026 and
0.166 mg kg-1 ww and no. 180 of 0.005, 0.006, 0.018,
0.025, 0.025 and 0.125 mg kg-1 ww [34]. The Basle data
are in the same order of magnitude as the residues from
the Saarland locations with low and medium pollution
exposure.
Published PCB residue data from other bird species
such as domestic chicken and feral birds are numerous but
difficult to compare with data from the feral pigeon.
There seems to be a general trend that PCB levels increase with the trophic level and that birds at the top of
the aquatic food chain contain more PCBs than those of
the terrestrial food chain. The Basle data of feral pigeons
are similar to the data from the lower end of the range of
residues in the eggs of herbivorous and insectivorous
terrestrial birds [34, 50, 51]. With the exception of mercury (particularly as the organic compound methyl mercury), there is only a rather limited transfer of most other
heavy metals from the ovary to the egg. Lead and cadmium can also pass this barrier at small quantitites only
[52-55]. Feeding studies on laying hens with chromium,
nickel and lead showed that, compared to the control, the
eggs of the treated groups had a higher content of the
metals but not always proportional to the ingested dose
[56]. The levels of Ni and Pb in the eggs increased with
the prolongation of the dietary treatment from 30 up to 75
days. The ratio of lead transferred to the edible part of the
egg (0.1%) was higher compared to nickel (0.0334%) and
chromium (0.0026%). From a study on herring gulls from
the German Wadden Sea Coast, which were subject to a
considerable mercury intake, it was concluded that female
birds may excrete more than 20% more mercury via their
eggs as compared to male birds [57].
The only analyses of heavy metals and other elements
in pigeon eggs were done on mercury and selen by Altmeyer [34]. The selen residues in eggs from Saarland and
Leipzig were approximately 1 mg kg-1 dry weight (0.2 mg
kg-1 ww), while mercury was found at 0.07 mg kg-1 dry
weight (0.01 mg kg-1 ww) in the Saarland samples and at
2.54 mg kg-1 dry weight (0.51mg kg-1 ww) (mean, N=112
eggs) in eggs from Leipzig (recalculation into dry weight
by using factor 5, according to Altmeyer [34]). Mercury
has not been found in the Basle eggs and selen has not
been analyzed. The lead concentration amounts to
2.9 mg kg-1 ww (14.5 mg kg-1 dry weight), while the lead
contents in the eggs from Orpund and from zoo birds in
Basle in 1995 were below the detection limit (< 0.03 mg kg-1
each). The missing evidence of nitromusk compounds in
the feral pigeon eggs underlines the importance of these
substances with particular regard to aquatic organisms.
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The reports of the air-quality control authority of
Basle provide important background information on the
pollution of Basle [58]. Additional studies and reports on
the environmental conditions of Basle with regard to
pollution comprise [59-64]. Current research projects like
EXPOLIS, BRISCA [65, 66] will also allow to correlate
technical data on pollution with data obtained from risk
assessment programs, such as the egg monitoring.
Compared to caged domestic pigeons, the feral pigeons of Basle have higher residues of pollutants in their
eggs. Compared to feral pigeons of other European cities,
they show a characteristic residue pattern of pollutants.
These first results on residues in feral pigeon eggs from
Basle document in principle the applicability of this type
of biomonitoring for the risk assessment of urban pollution also in this particular conurbation. Further investigations including behavioral studies are planned to analyze
spatial residue patterns within the city. This will include
residue analysis on platinum and related metals [67].
Additional knowledge on habitat preference and feeding
strategies will improve the evaluation of correlations of
the residue pattern of the eggs, the spatial pollution pattern and the risk assessment for the human population.
The data of one single colony might be sufficient to assess
the average pollution of the city, if they prove to forage at
different places scattered widely within the city. In the
case of a colony- or flock-specific feeding site preference,
however, the monitoring helps to identify spatial differences of the pollution pattern.
The already available results together with the expected form an important basis to build up biomonitoring
programs that use feral pigeon eggs. These programs may
cover areas which are not liable to a regular and complete
survey of air-quality control measures by regional (cantons) or federal authorities. Such programs could be
linked with operations to control the feral pigeon population, similar to the Basle example [68].
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THE EPICUTICULAR WAX OF LAURUS NOBILIS LEAVES
AS A PASSIVE SAMPLER OF POLYCYCLIC AROMATIC
HYDROCARBONS IN AMBIENT AIR
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SUMMARY
Leaves of Laurus nobilis have been recently proposed
as passive samplers of PAHs in ambient air. Since 4- and
5-ring polycyclic aromatic hydrocarbons (PAHs) do accumulate in the epicuticular wax layer, an analytical protocol based on the extraction of intact leaves with dichloromethane is reported, followed by separation of
PAHs from wax by partitioning them in the nitromethanen-hexane biphasic system, and HPLC analysis. Preliminary results of an air monitoring program of an industrial
and an urban area in Ravenna are presented.

KEYWORDS:
polycyclic aromatic hydrocarbons, biomonitoring, Laurus nobilis
leaves, epicuticular wax, air pollution

INTRODUCTION
Accumulation of organic chemicals in plant leaves
deserves both toxicological attention, since pollutants in
plants may contribute to the total daily intake of animals
and human through the food chain, and environmental
interest, since vegetation can be used as an indicator of
persistent organic pollutants in the troposphere [1].
Leaves uptake of organic substances follows two main
processes: from soil to plant root and subsequent translocation to stem and leaf, or, directly from the air. Hydrophobic semivolatile organic pollutants such as polycyclic
aromatic hydrocarbons (PAHs) primarily reach leaves
from the air via gaseous dry deposition, wet deposition
and/or particle deposition [2]. PAHs are ubiquitous environmental contaminants released into the atmosphere by
any kind of combustion process. Among all PAHs,
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sixteen were identified by the U.S. Environmental Protection Agency (U.S. E.P.A.) as priority pollutants [3], many
of which are (or are suspected to be) human carcinogens
[4]. The persistence of PAHs in the environment is extremely variable; depending on their structure, in the air
they may undergo photolysis, oxidation by ozone and/or
free-radical species such as •OH, •NO2 and •NO3 [5],
affording secondary pollutants such as directly mutagenic
mono- and dinitro-PAHs derivatives [6]. Partitioning of
organic substances in the gas phase between the atmosphere and the leaf involves, as the first step, the contact
with epicuticular waxes which act as a hydrophobic protective barrier between cuticula and the atmosphere and
consist of high molecular weight n-alkanes, linear aldehydes, alcohols, carboxylic acids and esters [7].
Once the organic molecule is dissolved in this hydrophobic medium, it may revolitalise or diffuse into the
inner part of the leaf with rates depending on physical and
chemical properties of the molecule itself, on climatic
factors and on the consistency of the cuticle related to leaf
species and age. Molecules entering the deep leaf layers
may exert phytotoxic effects. In the literature, leaves of
evergreen or deciduous trees have been proposed for
detecting atmospheric deposition of semivolatile organic
pollutants such as PAHs, and vegetation-atmosphere
partition coefficients as well as PAH-vegetation binding
energies have been derived [8].
For example, recently reported measurements of air
pollution in Italy, Japan, United Kingdom and Germany
were carried out using leaves of Laurus nobilis [9], Rhododendron oomurasaki [10], Agropyron repens [11],
Populus nigra [11], Pinus sylvestris [3, 11, 12], mosses
(Pleurozium schreberi) [12], spruces sprouts [13] and
Plantago species [14]. Very recently, a study by Kuhn on
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poplar leaves revealed that PAHs with low molecular
weight migrate to the inner part of the leaf, whereas 4- to
5-ring PAHs mainly reside in the external wax layer [15].
Kuhn protocol involves dichloromethane extraction of
PAHs dissolved in the epicuticular wax, followed by
treatment of the residue with 2M KOH in methanol and nhexane extraction of PAHs present in the inner part of the
leaf. We carried out a similar study on leaves of Laurus
nobilis; the thick, leathery, shining, dark green leaves of
Laurus nobilis (a dicot xerophite plant) display a wax-rich
upper surface, with stomata on the lower surface.
When we applied Kuhn’s protocol to seventeen samples, each consisting in eight leaves of Laurus nobilis
harvested in different sites in different months, we observed that ~ 80% of 4- and 5-ring PAHs is statistically
retained in epicuticular waxes (Table 1). In particular, we
focused our attention on the following group of PAHs
taken from the E.P.A. list: fluoranthene (FLU, C16H10),
pyrene (PYR, C16H10), benz[a]anthracene (BAA, C18H12),
chrysene (CHR, C18H12), benzo[b]fluoranthene (BBF,
C20H12), benzo[k]fluoranthene (BKF, C20H12), benzo[a]pyrene (BAP, C20H12), dibenz[ah]anthracene (DBA,
C22H14) and benzo[ghi]perylene (BGP, C22H12).
Table 1 shows in detail the amount of each PAH recovered in the epicuticular wax relative to the overall
amount extracted according to the two-step protocol.

On the basis of these observations, we decided to develop a simplified protocol for PAHs analysis in Laurus
leaves for air monitoring purposes, and planned a program for air control in an industrial and an urban area of
the city of Ravenna using Laurus nobilis which started in
september 1998.

MATERIALS AND METHODS
HPLC apparatus and method:

Perkin-Elmer LC250 instrument equipped with a fluorescence detector Perkin Elmer LC240. Column: C-18
reverse-phase Supelcosil LC-18, 5-µm particle diameter,
in a 25 cm x 4.6 mm ID stainless steel column. Chromatographic conditions: linear gradient from acetonitrile/water 1:1 to 100% acetonitrile over 35 min at
1.5 ml/min flow rate. Wavelength program: 21 min
260 nm excitation, 420 nm emission; 3 min, 255 nm excitation, 390 nm emission; 11 min, 260 nm excitation, 420
nm emission. Chromatographic separation was not possible for BAA-CHR, so these co-elutants were quantified
together. Henceforth, the BAA-CHR pair will be considered as single components. Using these conditions, retention time (min) were: FLU (18.5), PYR (19.5), BAACHR (22.6), BBF (26.0), BKF (26.5), BAP (27.3), DBA
(29.1), BGP (30.9). The analyses were performed with an
external standard calibration curve from 100 to 2000 pg,
injecting 20 µl.
Partitioning of PAHs between nitromethane and n-hexane.

Nitromethane and n-hexane are virtually insoluble
solvents. The mole fraction of n-hexane in nitromethane
and of nitromethane in n-hexane is 0.038, measured by us
by 1H NMR at 25°C. The distribution coefficients D for
each single PAH and for the BAA-CHR pair, determined
as the ratio between the concentration in nitromethane and
the concentration in n-hexane, are reported in Table 2 as
mean values of a triplicate extraction experiment. According to the eq. cHn = cH0 [VH / (VH + DVN)]n, where cHn is
the concentration in hexane after n extractions, cH0 is the
initial concentration in hexane, VH and VN are the volumes of hexane and nitromethane, it can be easily calculated that six extractions with 2 ml of nitromethane extract 95.0% of PYR and 98.4% of BAP, from an initial
5 ml solution in n-hexane.

Table 1. Relative amount (%) of PAH present in the epicuticular wax (n = 17)
PAH

FLU

PYR

BAA-CHR

BBF

BKF

BAP

DBA

BGP

%

74 ± 13

77 ± 10

87 ± 7

83 ± 12

79 ± 14

86 ± 9

88 ± 12

75 ± 18

Table 2. Distribution coefficients D of PAHs in the CH3NO2/n-hexane system at 25°C (n = 3)
PAH

D

PAH

D

PAH

D

PAH

D

FLU

1.7 ± 0.4

PYR

1.6 ± 0.3

BAA-CHR

2.9 ± 0.3

BBF

3.1 ± 0.2

BKF

3.0 ± 0.2

BAP

2.5 ± 0.2

DBA

3.8 ± 0.3

BGP

2.8 ± 0.2
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Sampling sites and leave samples collection.

Sampling of plant leaves were conducted at three
sites: site A, within the industrial district, where five
Laurus nobilis plants 1.8 m tall had been transplanted in
winter 1997, site B, located at ~ 1 km northwest of the
industrial area of Ravenna and ~1 km east of the state
road “Romea” connecting Ravenna to Venice, where four
Laurus nobilis plants 1.8 m tall had been analogously
transplanted in winter 1997, and site C, located in the
Ravenna urban area (via Montanari), where three trees of
Laurus nobilis 3 m tall were present. For each sampling at
each site, a pool of several leaves were harvested from
external branches of all the trees, at an analogous distance
from the last multiple germination ring (~1 year-old
leaves). From each pool, eight leaves (~5 g fresh weight)
of similar biometric parameters were selected (leaf area =
26 ± 3 cm2 and leaf fresh weight = 0.63 ± 0.05 g), in order
to reduce the inherent variability of each specimen,[16]
and analysed as a pooled sample. Upon heating at 100°C
for 12 h a mean loss of weight of 55 ± 5% was observed.
Sample pretreatment.

Eight intact fresh green leaves were stirred with dichloromethane (2 x 25 ml x 7 min) at room temperature
without washing and drying. Leaves and other insoluble
materials were removed by decantation; the collected
organic layers were concentrated under reduced pressure
at 30°C. In order to remove polar components, the residue
was dissolved in 1 ml of n-hexane and loaded onto a 3 cm
silica-gel column (1g of Kieselgel 60 + 0.1 g of anhydrous sodium sulphate on the top), and the sample was
eluted with 25 ml of n-hexane. An experiment was carried
out in order to determine gravimetrically wax amount on
53 leaves (27.7 g fresh weight), collected in September
1999. The crude residue mass was 0.030 g (∼5.7·10-4
g/leaf). n-Hexane elution in the subsequent silica gel
chromatography afforded a fraction containing PAHs and
∼ 15% of the starting wax.
PAHs extraction procedure.

The n-hexane solution containing PAHs and wax
components was concentrated to 5 ml under vacuum at
30°C, then extracted six times with 2 ml of nitromethane.
The n-hexane solution did contain ≥ 99% of the total wax
stuff. The collected nitromethane phases were evaporated
at 25 mmHg at 40°C. The residue was diluted to 0.5 ml
with acetonitrile and analysed by HPLC. Following the
reported procedure, the minimum detectable quantity,
expressed as ng/g of leaf (fresh weight) were as follows:
FLU 1.8, PYR 0.2, BAA-CHR 0.05, BBF 0.2, BKF 0.03,
BAP 0.03, DBA 0.2, BGP 0.2.
To evaluate the efficiency of the overall clean-up
procedure, 52 leaves were extracted twice with 150 ml of
dichloromethane according to the previously reported
procedure. The collected dichloromethane phases were
spiked with three increasing amounts of standard, and we
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found that BAA+CHR, BBF, BKF, BAP, DBA, and BGP
were recovered almost quantitatively, mean recoveries
ranging from 94 to 106 %, while mean recovery of FLU
was 90 %.
Reproducibility was calculated on replicate analyses
giving the following errors: FLU 10%, PYR 20%, BAACHR 10%, BBF 15%, BKF 20%, BAP 10%, DBA 30%,
BGP 15%.

RESULTS AND DISCUSSION
We aimed to develop a simplified procedure for the
analysis of PAHs in leaves which: i) points the attention to
a small number of significant PAHs on the toxicological
point of view, ii) limits the analysis to the epicuticular wax
where these analytes prevalently dwell, iii) involves an
efficient separation of PAHs from waxes before HPLC
analysis. The last goal was dictated by the detrimental
effects on the subsequent HPLC analysis by wax constituents which are present in high amount compared to PAHs.
The procedure we report here is based on the partitioning
of PAHs and wax components between the nitromethane/nhexane system; long paraffinic linear chains of wax constituents make them very soluble in n-hexane, while nitromethane is an excellent solvent for PAHs. Unfortunately,
lower PAHs such as acenaphthene, fluorene, phenantrene
and anthracene could not be efficiently analysed for the
heavy losses during the evaporation steps.
We applied our protocol to a biomonitoring program
aimed at controlling air quality in the area of Ravenna,
where epicuticular wax is used as a passive collector of
both gas and particle PAH deposition.
Table 3 collects a first series of results, using Laurus
leaves as 4- and 5-ring PAHs samplers, in order to get
information about spatial and temporal trends of organic
immissions.
Of course, the use of leaves as passive samplers is a
coarse approximation because a gap between mean PAH
concentration in the air and final detection in a monitor
plant is expected as a consequence of: i) PAHs removal
from wax by revolatilisation, leaf surface wash-off, abrasion by particles [7] or leaf drip [17]; ii) chemical or photochemical transformations due to atmospheric chemistry
and climatic factors (temperature, pressure, radiation,
precipitation, etc.); iii) plant methabolic activity. The last
effect strongly depends on plant vitality and growth [18],
which is higher in spring and in autumn when waxes are
produced in major extent.
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TABLE 3. PAHs (ng/g fresh w.) in the epicuticular wax of Laurus leaves collected in sites A-C

Sampling Days a
Site A

1

2

3

4

5

6

7

8

9

10

11

FLU

41

13

12

16

12

< 1.8

< 1.8

7.1

5.6

9.1

20

PYR

47

21

9

13

11

21

16

6.4

11

11.7

20

BAA/CHR

5.8

5.8

12

12

7.5

12

22

6.3

12.5

6.8

31

BBF

4.1

2,7

2.2

3.5

4.4

7.6

1.6

3.2

4.9

3.8

10.5

BKF

2.5

1.5

1.2

0.7

0.5

2.2

0.7

0.8

0.9

0.8

2.8

BAP

96

123

13

18

36

77

3.8

27

3.1

27.4

8.2

DBA

30

36

< 0.2

11

2.1

< 0.2

< 0.2

< 0.2

< 0.2

< 0.2

< 0.2

BGP

8.0

5,4

1.0

1,5

4.9

12

14

3.8

1.4

1.9

3.1

TOTAL

235

210

50

80

80

130

60

55

40

60

75

FLU

41

30

16

17

< 1.8

11

17

PYR

36

24

15

12

3.5

7.2

13

BAA/CHR

15

20

9.4

7.0

3.0

1.3

13

BBF

24

5.4

2.2

6.9

1.8

1.1

4.0

BKF

7.6

1.1

0.8

1.7

0.4

0.2

1.9

BAP

20

1.2

1.2

3.5

2.7

2.9

1.0

DBA

6.1

< 0.2

< 0.2

0.7

< 0.2

< 0.2

< 0.2

BGP

14

1.6

0.9

6.4

0.6

0.4

< 0.2

TOTAL

165

85

45

55

12

24

35

Site B

Site C

a

FLU

51

32

44

< 1.8

5.8

6.2

36

PYR

91

33

50

37

5.5

12

42

BAA/CHR

20

13

17

28

12

8.3

40

BBF

85

20

21

22

10

14

33

BKF

46

3.7

4.6

4.7

2.4

3.6

6.8

BAP

20

2.2

3.1

4.0

1.4

2.1

3.4

DBA

6.5

< 0.2

< 0.2

< 0.2

< 0.2

< 0.2

< 0.2

BGP

43

2.0

3.9

3.8

1.7

1.9

2.7

TOTAL

365

105

145

100

40

48

125

Sampling days were as follows: 1 (13/10/98), 2 (06/11/98) 3 (07/12/98), 4 (07/01/99),

5 (07/02/99), 6 (22/03/99), 7 (22/04/99), 8 (22/05/99), 9 (22/06/99), 10 (22/7/99), 11 (13/12/99).
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Data collected in Table 3 show that significant
changes of total loading of PAHs in leaves are sometimes observed adopting a biomonitoring periodicity of
~1 month, even though total amount of PAHs seems to
vary in a parallel way in the three sites, suggesting crucial
roles played by climatic factors and by the physiological
activity of the plant. Rainfalls were found to be not correlated with total burden of PAHs in leaves, probably as
a consequence of the sampling periodicity adopted.
As expected, PAHs distribution is different in the tree
sites, reflecting the different origin of these pollutants. In
detail, PAHs composition in site A displays the highest
concentration of BAP. Site A is located in the midst of the
stacks of three incinerators and is close to two carbonblack facilities. Unfortunately, we are unable to identify
the main source of BAP since emission inventories of the
three incinerators and of the carbon-black facilities are not
available.
PAHs composition in site C reflects their origin due
to gasoline and diesel-powered vehicles and to heating
fuel combustion (mainly methane in the Ravenna area);
site B shows an intermediate profile. Considering mean
wind directions in a wind rose centred on the industrial
area, site B is located in a sector which is not downwind
of the industrial area, and this accounts for the low level
of BAP with respect to site A. On the other hand, site B is
downwind of the state road Romea and this reflects the
higher values of BBF with respect to site A.
We found that, in our sites, the BBF/BAP ratio can be
used as an index of airborne pollution sources: the industrial area (A) shows values of the BBF/BAP ratio (R)
ranging from 0.02 to 0.4 (mean value = 0,14). In the urban area C the R ranged from 4.2 to 9.1 (mean value =
6.5), which is similar to the values reported by Lodovici
in a biomonitoring experiment using Laurus leaves in 13
sites of Tuscany (Italy), where the R ranged from 1.4 to
13.3 with a mean value of 3.6 [9a]. Site B revealed intermediate R values, which ranged from 0.7 to 4.5 (mean
value = 2.0).
In conclusion, we report a simple protocol for the
analysis of PAHs in Laurus nobilis leaves which allows to
use the epicuticular wax as a passive sampler of higher
PAHs; a promising and simple monitoring procedure for
medium term air quality control is proposed.
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SUMMARY
In this work, we present an experimental procedure
for monitoring heavy metals concentrations in atmosphere
by means of a biophysical technique and show the results
of 1997 and 1998 measurement campaigns, focusing our
attention on the use of rye grass species (Lolium italicum
and Festuca arundinacea) as biomonitors.

shows foliar injury symptom proportional to ozone levels3. Finally, it is well-known that some plant species may
accumulate toxic compounds without damages8. In this
case, these plants may be used as quantitative monitoring
systems. Rye grass are generally used as biomonitors for
investigating organic and inorganic atmospheric pollutant
concentrations6. Particularly they are very suitable for
measuring atmospheric heavy metals` content1-5.
In this context many studies were carried out using
on-site plants but this procedure doesn’t give us information about sensitivity and repeatability of measurements, a basic requirement to assess the correct experimental procedure with plants. So, it is necessary to develop a standardised protocol for plant species exposition,
sampling and analysis, and to set up a calibration procedure with chemical-physical devices.

KEYWORDS:
Biomonitors, heavy metals, atmospheric pollution

INTRODUCTION
In literature we can find many studies, in which different plants species are used to monitor air pollution8.
We can identify three different techniques for using plants
as pollutants bioindicators. In the first case, the presence
or the absence of specific species in areas with different
pollution levels is analysed6. In the second case, damages
proportional to pollutants dose exhibited by suitable
plants are evaluated. Tobacco is an example of a plant
generally used to monitor ozone pollution, because it
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In this paper we present our experimental procedure
for measuring concentrations of eight heavy metals
(Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn) in rye grass species used
as biomonitors. We show the data collected in four measurement campaigns (June-July 1997 and 1998, September-October 1997 and 1998) carried out in our experimental test site located at IMAAA laboratory in the industrial area of Tito Scalo (Basilicata region, Italy).
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METHODS
Our experimental site includes cultivation pots, a Total Suspended Particulate (TSP) sampler and a station for
measuring meteoclimatic parameters (temperature, relative humidity, speed and direction of winds)2.

Figures 1a-1c show the concentrations of the eight heavy
metals measured in biomonitors during four seasons, and
Table 2 summarises statistical parameters evaluated over
the total sampling period.

Among rye grass species, we have selected Lolium
italicum and Festuca arundinacea, which are more suitable to local climate. For each culture cycle, three cultivation pots are prepared. A week after the sowing and germination, the pots are brought to open air and kept over a
stand positioned 1.5 m above ground level. After 15 days
of exposition, the plants are cut (first cut) and exposed
again for others 15 days (second cut). Finally plants are
transferred to new pots. Immediately after harvesting, the
vegetal samples are dried at 70° C for 24 hours and digested: 3 g of vegetal sample are placed in a beaker with
32 ml of HNO3 and 8 ml of HClO4 and put in a microwave system. The solution is filtred and stored in PTE
bottles, adding deionized water until 50 ml. The solution
is analysed for its contents of Cd, Cr, Cu, Fe, Mn, Ni, Pb
and Zn, with AAS techniques (FAAS and GFAAS).

Measured concentrations of Zn, Mn, Cu and Pb are higher than the values measured in other industrial areas. On
the other hand, Cd, Cr and Fe have values that are within
the range variability of the industrial areas 1-5-7.

For quality assurance of the analytic procedures, in
the same experimental condition and using the same protocols we carried out the analysis of standard reference
materials (CRM 281 Rye grasses from IRMM-JRC) with
certified values for Cd, Cr, Cu, Mn, Ni, Pb, Zn. The results are shrown in Table 1, in which we note a good
agreement between measured and certified values confirming the validity of all the used analytical procedures.

N

m

Sd

Min

Max

Zn

27

268

74

161

532

Mn

27

145

53

81

320

Fe

26

141

87

64

384

Cu

27

22

34

4

184

Pb

26

6

1

2,8

9,3

Ni

27

3

1

1,8

6,2

Cr

27

2

1

0,2

4,7

Cd

24

0,19

0,05

0,12

0,31

Table 2: Explorative statistical parameters. All values are expressed
in ppm/DW (N= number of sampling point, m = mean, S= standard
deviation, Min = minimum and Max = maximum

RESULTS
The first result that we would put in evidence regards the
measurement reproducibility. In fact the data collected in the
four field survey confirm that concentrations measured in
plants exposed in the same period but having also different
ages, have a short range of variability (about 20%)2. On the
basis of this observation, for each sampling period, we can
substitute the values measured in the different plants with
mean values and their standard deviation.

We can also compare data measured in plants with
heavy metals` concentration measured in the same period
in the particulate collected on filters by means of TSP
monitor. Analysing the cumulative percentage distribution
of heavy metals` concentration in TSP and in biomonitors
we can note that Cr, Cd and Ni, toxic element for plants,
have the same rank in the two distributions.

Cd

Cr

Cu

Mn

Ni

Pb

Zn

M.V.

0,120 ± 0,003

2,6 ± 0,6

9,5 ± 0.3

74 ± 1

3,8 ± 0,3

3,4 ± 0,7

42 ± 4

C.V.

0,15 ± 0,01

2,1 ± 0,4

9,6 ± 0,6

82 ± 4

2,9 ± 0,3

2,4 ± 0,2

32 ± 2

Table 1: Comparison between measured values (M.V.) and certified values (C.V.). All data are expressed in ppm/DW

33

© by PSP Volume 10 – No 1. 2001

Fresenius Enviromental Bulletin

Particularly for Cr, we observe a similar behaviour in
temporal pattern (Figure 2). In fact, both in plant and in
TSP, in 1998 we observe an increase in mean values in
comparison to concentrations measured in 1997.

Furthermore, the biomonitors seem to be able to show
evidence of the occurrence of anomalous emissions: for
example, in autumn 1997 we measured peaks in Cu concentrations not only in filters but also in plants (values
pointed out in Figure 1b).
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Figure 1a: Temporal patterns of Cadmium and Chromium in biomonitors.
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Figure 1b: Temporal patterns of Copper, Iron and Manganese in biomonitors.
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Figure 1c: Temporal pattern of Nickel, Lead and Zinc contents in biomonitors.
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2,5
2
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Figure 2: Comparison between temporal pattern of chromium
contents in biomonitors (dashed line) and in TSP (full line).
Data are normalised with zero mean and unit variance.

CONCLUSIONS
Experimental data confirm that plants, we have chosen, are suitable for biomonitoring heavy metal pollution.
In fact, measures have a good reproducibility and plants
seem to be able to follow the temporal evolution of these
pollutants and point out the occurrence of peaks. Moreover, analytical procedure, we have developed, gives good
results, when it is tested with standard samples.
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At the present we are performing the correlation
analysis among particulate concentrations, heavy metals`
concentrations and meteoclimatic parameters.

CORRESPONDING AUTHOR

Our goal is to define an integrated technique for evaluating the concentrations of these pollutants by means of
biological and chemical-physical methods. An advantage
is the possibility of increasing the number of sampling
points, allowing one to extend the sampling grid at remote
sites and repeat more frequently the measurement campaigns at relatively low costs.
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Biomonitoring of Copper, Cadmium, Lead, Zinc and
Chromium in the Kaštela Bay using transplanted mussels
N. Odžak, T. Zvonarić, Z. Kljaković Gašpić and A. Barić
Institute of Oceanography and Fisheries, Split, Croatia

SUMMARY
The bioavailability of Cu, Cd, Pb, Zn and Cr in the
Kaštela Bay was assessed using transplanted mussels
(Mytilus galloprovincialis). The results obtained suggest
that digestive gland is the preferential organ for the accumulation of the studied trace metals. Seasonal variability
of Cu, Cd, Pb and Cr accumulated in the mussels is explained by the seasonal variability of prevailing hydrodynamic conditions in the bay, causing the resuspension of
sediments. However, Zn did not follow the seasonal variability probably due to the existence of a certain regulation mechanism.
KEY WORDS: Biomonitoring, transplanted mussels, copper,
cadmium, lead, zinc, chromium.

INTRODUCTION
Heavy metal discharges to the marine environment
are of great concern all over the world. Both essential
(e.g. Fe, Zn, Cu) and non-essential (e.g. Hg, Cd, Pb) metals are toxic to living organisms when present in high
concentrations. A lot of heavy metals may be accumulated in marine organisms up to levels that may harm the
organisms and/or humans consuming them [1]. Goldberg
[2] proposed the use of mussels as the most suitable marine organism for monitoring of contamination levels of
coastal waters (“mussel watch”). Because of their high
accumulation of a number of heavy metals, relatively long
life span, large size of individuals enabling the analysis of
individual specimens, tolerance of large temperature and
salinity ranges, as well as their wide geographical distribution, Mytilus species are widely used as a surveillance
organism [3].

38

Mussels, as filter feeders, effectively filter particulate
matter out of suspensions [4]. Resuspended sediment
particles, therefore, may be a source of trace metals if
ingested by mussels. The extent to which ingested sediments can be the source of trace metals depends on the
trace metal concentration in sediment, the quantity of
ingested sediment and the absorption efficiency of ingested trace metals. Among the chemical characteristics of
sediments that might influence the absorption efficiency,
the organic contents have been shown to play a pronounced effect [5]. Dissolved trace metals may be absorbed, as well. However, the uptake/absorption of dissolved metals happens mainly through the gills [4]. Total
concentration of trace metals in the water column (particulate and dissolved forms) and the assimilation load are
major parameters determining metal accumulation in
mussels [6].
In this respect, this study was expected to provide
useful information on the seasonal metal bioavailability to
marine organism.

MATERIALS AND METHODS
Studied area

The Kaštela Bay is a semi-enclosed bay, with an average retention time of its water masses of one month
(Fig. 1). Its surface is 61 km2 and average depth is 23 m,
which gives a total volume of 1.4 km3. The narrow coastal
belt around the bay is densely populated (350,000 inhabitants) and industrialised. The bay is a recipient of about
one half of untreated urban and all industrial wastewaters
of the area [7].
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Transplantation of mussels, experimental stations,
sampling and sample treatment

To assess the availability of Cu, Cd, Pb, Zn and Cr to
marine organisms a monitoring programme was initiated in
September 1997. Mussels (Mytilus galloprovincialis) were
transplanted from the shellfish breeding farm in the Mali
Ston Bay to the Kaštela Bay on September 15, 1997. To
avoid the influence of the age and size of transplanted organisms on the bioaccumulation of investigated trace metals, the
selected organisms were of the same size (5.1 ± 0.2 cm) and
age (12 ± 1 month). Taking into account the hydrographic,
chemical and biological characteristics of the bay [7-9], four
experimental stations were selected (Fig. 1).
The water depth at the selected locations is 10 m, and
their distance from the shore varies from 50 to 400 m.
Eight round-type (d = 40 cm; h = 10 cm) net-like baskets,
each containing 50 specimens, were placed 1.5 m above
the sea bottom (Fig. 2). Sampling was performed monthly
in the period September – December 1997 and then bimonthly until September 1998. At each sampling time the
content of one basket (50 specimens) was sampled. After
sampling, the mussels were kept 24 hours in filtered (0.45
µm) clean seawater (depuration). During the depuration
period the mussels released ingested matter from the gut,
which may be contaminated by trace metals [10]. Depurated specimens were divided into two groups. The whole
soft tissue was dissected from one group (25 specimens),
and the gills and digestive gland from the other. Tissue
samples were homogenised and stored in sealed plastic
bags at -20 0C until analysis.
Trace metal analysis

About 0.5 g (wet weight) of homogenised mussel tissue sample was digested using a mixture of concentrated
nitric acid (2 ml) and 30% hydrogen peroxide (1 ml)
(Merck Suprapur) in a High Microwave Digestion Unit
MLS 1200 MEGA, according to the procedure developed
using Standard Reference Material SRM 1566a (Oyster
Tissue) (Table 1). Digested sample was diluted to 10 ml
volume with deionized water.

Table 1. Procedure developed for digestion of homogenized mussel
tissue samples

Step

Time (min)

Power (W)

1
2
3
4
5

10
2
6
1
8

330
0
550
0
440

The concentrations of copper, cadmium, lead, zinc
and chromium were measured using an atomic absorption
spectrometer (Perkin-Elmer 5100 ZL with Zeeman background corrector and autosampler AS 71).
The National Bureau of Standards-oyster tissue
(1566a SRM) was treated and analysed 10 times for each
trace metal in the same way as the mussel tissue samples
from the biomonitoring program. The results observed
showed great agreement with certified values (Table 2).
Table 2. Compliance of obtained and certified values of trace metal
concentrations in the reference material (NBS Oyster tissue 1566a)

Metal
Cu
Cd
Pb
Zn
Cr

Certified

(mg/kg)

66.3 ± 4.3
4.15 ± 0.38
0.371 ± 0.014
830 ± 57
1.43 ± 0.46

Obtained
65.2 ± 2.7
4.10 ± 0.43
0.383 ± 0.010
817 ± 33
1.25 ± 0.29

Buoy

Baskets with
mussels

Weight
Figure 2.
The way of placing the mussels.

Figure 1. The study area with sampling sites 1-4
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Copper concentration in the mussel tissues (digestive
gland, gills and whole soft tissue) was uniform throughout the
Bay (Figure 4) except at Station 3, where the concentration
was slightly lower. This may be related to the low copper
concentration in the marine sediment at this station [15, 16].
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Figure 3. Seasonal variation of Cu, Cd, Pb, Zn and Cr (mg/kg wet
weight) in the whole soft tissue, gills and digestive gland of mussels,
Mytilus galloprovincialis. Error bars show Standard Deviations
for the whole Bay (4 stations).
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This is in accordance with the results of Vale et al.,
who investigated the mobility of contaminants in relation
to dredging operations in a mesotidal estuary [14].
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Results for seasonal variations of trace metals content
in the soft tissue, gills and digestive gland of mussels are
shown in Fig. 3. Obviously, the digestive gland is the
preferential organ for the uptake and accumulation of
trace metals. The concentrations of all trace metals in
digestive glands were at least two times higher than in the
whole soft tissue and gills throughout the investigation
period and at all stations. From the digestive gland trace
metals are distributed to other organs. This compares well
with the results published for a similar study in the Mar
Grande of Taranto (Italy) [11]. It is interesting that Cu
concentrations in the whole soft tissue and gills were
similar, while Pb and Cr concentrations were slightly
higher and Cd and Zn concentrations were significantly
higher in the whole soft tissue. Assuming that the loss of
trace metals depends on the equilibrium between metal
ions, concentration in the organisms and concentration in
water column, it is possible that in this case the gills play
an important role for the excretion of these four metals
from the organism as proposed by Bryan [12]. Lower or
higher seasonal variation of trace metal content, both in
the whole tissue and organs (gills and digestive gland),
depends on trace metals and organs. The highest variations were found for Cu, Pb and Cr in the digestive gland.
The concentration of other metals in the organs and soft
tissue varied less between summer and winter months,
except Cd concentration, which showed an unexpected
increase in the digestive gland in June. The seasonal variation of metal concentration in the digestive gland might
be related to the different bioavailability of studied trace
metals, as reported by Cossa [4], rather than to the gametogenetic cycle. The long-term Secchi value variations
(13.9 m in summer and 8.7 m in winter) [13] as well as
the average flux rate of suspended particles for the period
Sept.-Oct. 1997 and Nov.-Dec. 1997, at the depth of 2 m
above the bottom at station 1 (18.6 and 27.3 g/m3 day,
respectively) [unpublished data], indicate a high seasonal
variability of suspended particles con-centration. This and
also high organic matter content in resuspended sediment
particles (more than 20 %) enhance the high absorption of
metals and seasonal variability in trace metal concentrations in mussels.
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Figure 4. Average concentrations of Cu, Cd, Pb, Zn and
Cr (mg/kg wet weight) in the whole soft tissues, gills and digestive
glands of mussels, Mytilus galloprovincialis as a function of sediment
trace metal concentrations [15,16]. Error bars show Standard Deviations for all results of investigation period.
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Cadmium concentration in the mussel digestive
gland, gills and whole soft tissue was similar at all stations (Figure 4), except in the digestive gland at station 3
where it was lowest. Contrary to some other metals investigated, Cd concentration in investigated organs and the
whole soft tissue was not related to the concentrations in
sediment.
Lead concentration in mussel soft tissue and gills was
similar throughout the bay (Figure 4). However, Pb concentration in digestive gland was slightly higher at Stations 1 and 4. At those two stations the Pb concentration
in sediment was also much higher than at the other stations. The influence of resuspended sediment on the Pb
concentrations in the whole soft tissue and gills is not
obvious.
Zinc concentration in the mussel tissues was quite
uniform throughout the bay (Figure 4), although Zn concentration in sediment varies throughout the bay. Obviously, resuspended sediment does not have significant
influence on Zn content in mussels. This might be explained by the existence of certain regulation capability of
this essential element as suggested for other Mytilus species [17], despite the fact that Mytilus galloprovincialis
showed high concentration in polluted areas [18, 19]. It
may also be the result of fast excretion of Zn through the
gills. The concentration of Zn in the gills is half of the
concentration in the soft tissue and one third of the concentration in the digestive gland. For other metals the
concentration in gills is slightly lower than in the soft
tissue.
Chromium concentration in the mussel digestive
gland, similar to Pb and Cu, follows the concentration in
sediments. From previous data it is known that, compared
to the coarse sediment particles (d > 300 µm), the finest
(easily resuspensible) sediment particles (d < 20 µm) in
the study area contained four times higher amounts of Cr
[20]. The highest Cr concentration was found at Station 4,
where the highest concentration in sediment was recorded
as well (Figure 4). Contrary, Cr concentrations in the
whole soft tissue and gills were similar throughout the
bay. The concentrations of Cu, Cd, Pb, Zn and Cr in mussel tissue are much lower than the maximum permissible
levels (MPL) in shellfish [21].

ing the resuspension of marine sediments, rather than
seasonal physiologic conditions of tested organisms.
However, Zn did not show the seasonal variability, probably due to the existence of a certain regulation capability
of this metal under the tested conditions.
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SUMMARY

INTRODUCTION

This research dealt with the study of the concentrations of some heavy metals, namely Al, As, Cd, Co. Cr.
Mn, Ni, Pb, Zn, and some polycyclic aromatic hydrocarbons (PAHs) in thalli of the epiphytic lichen, Physica
adscendens, in six areas of the Rieti town, as influenced
by different traffic pollution levels.
The results obtained showed a correlation between
vehicular traffic intensity and concentration of heavy
metals (Pb, Al, Fe, Cr, Ni and Zn) and PAHs in thalli of
Physcia adscendens. However, no significant correlations
were found between heavy metals content and polycyclic
aromatic hydrocarbon concentrations in the lichen thalli,
suggesting a different response of the lichens to the presence of high levels of heavy metals and PAHs in the ambient air.

Keywords:
Environmental biomonitoring, Physcia adscendens, air pollution,
PAHs, heavy metals, GC/MS.

Air pollution is usually monitored instrumentally by
using special automatic machines, but in the last years
lichens proved to function as very efficient bioindicating
and bioaccumulating organisms, being dependent from
atmospheric depositions for their mineral nutrition. Lichens, because of the absence of cuticle, absorb nutritive
elements as well as pollutants directly from the atmosphere during all their vital cycle (1-4). In the studies on
environmental biomonitoring epiphytic lichens are especially suitable (5).
Lichen analyses have often been used in studies that
dealt with the evaluation of heavy metals concentrations
in the ambient air because of their capacity to accumulate
a wide variety of metals without a noticeable disturbance
in their metabolic functions (6, 7). Unfortunately, very
little information is available on their response to high
levels in the air of polycyclic aromatic hydrocarbons
(PAHs), a large group of ubiquitous containinants formed
in the course of combustion of almost any fuel and whose
carcinogenicity has been widely demonstrated (8, 9).
The objective of this work was to study the concentrations of some heavy metals, namely Al, As, Cd, Co, Cr, Mn,
Ni, Pb, Zn, and PAHs in thalli of the epiphytic lichen
Physcia adscendens in six areas of the Rieti town as influenced by different traffic pollution levels.
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MATERIALS AND METHODS
For the present study we selected epiphytic lichen
Physcia adscendens, widely present in Rieti's urban area.
Six locations were chosen with different traffic pollution
levels. A description of the sites studied is given in Table 1.
TABLE 1. Description of the biomonitoring sites.
Site N°

Site Name

Remarks

TABLE 2.
Average recovery (%) for the PAHs and some heavy metals studied.
PAHs

Recovery

Heavy Metals

Recovery (%)

Naphthalene

28

Al

100

Acenaphtalene

43

As

154

Fluorene

65

Cd

85.7

Phenanthrene

73

Cr

104.3

Ni

119.4

1

Morroni Boulevard

High traffic area, near a traffic light and
a railway station.

Anthracene

71

Fluoranthene

73

Pb

108.1

2

Maraini Boulevard

High traffic area, near a railway crossing.

Pyrene

67

Zn

133.9

3

San Liberato
Boulevard

Medium traffic area during a sample fair.

Benzo(a)antrhacene

72

Crysene

75

4

Dello Sport
Boulevard

Medium traffic area

Benzo(b)fluorene

76

Benzo(k)fluoranthene

73

Salaria road

High traffic road that goes across the
whole Rieti town, near a traffic light

Benzo(a)pyrene

86

Indeno(1,2,3 cd)pyrene

74

Dibenzo(a, h)anthracene

74

Benzo(g, h, i)perylene

70

5
6

Institute for Soil
Study

Location inside a park 500 m away from
the nearest road

For each monitoring station 10 g of Physcia adscendens were collected from 4 - 5 trunks of trees at a height
of 1.0 - 1.5 m from the ground. The samples were rinsed
to eliminate dust and kept for 48 hours at 45 °C and then
ground in an agate mortar. Heavy metal extraction was
carried out on 150 mg of finely chopped lichen in a Teflon container using 7 ml 63% HNO3, 3 ml 30% H2O2 and
0.2 ml of 40% HF for 3 hours at 120 °C.
The instrumental determination of the different elements was performed by AA spectro-photometry, using
the graphite furnace technique with the standard addition
in order to eliminate the matrix effect. For PAHs analysis,
1 g of sample was extracted twice in ultrasonic bath for
20 min with dichloromethane and the extract was concentrated in rotavapor at 40 °C and then dried under nitrogen.
The dry matter was then dissolved in 1 ml of soctane and
analysed by GC/MS. The analysis was operated in Selected Ions Monitoring (SIM) modus. The selected ion and
the instrumental parameters are described elsewhere (10).
The last quantification limit (LQL) for all PAHs was 4 µg
kg-1.
In Table 2 the average recovery (%) for both PAHs
and some heavy metals is displayed. For PAHs, they were
obtained by analysing four samples of lichens previously
extracted with dichloromethane and spiked at 100 µg kg-1
for each component with a PAH mixture.
Regarding heavy metals recovery test, reference material n. 482 BCR was used. The Pearson Coefficient was
used in order to evaluate the correlations among the concentrations of the different types of pollutants determined
in the lichen thalli.
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RESULTS AND DISCUSSION
In Table 3 the data regarding the concentrations of
Al, As, Cd, Co, Cr, Fe, Mn, Ni, Pb, Ti and Zn, in thalli of
Physcia adscendens, collected at the different monitoring
stations, are reported.

Table 3. Concentrations (mg kg-1) of the studied elements in thalli
of Physcia adscendens collected at the six monitoring stations.

They showed a good correlation between the heavy
metal contents in lichen thalli and the traffic level. In
particular, Cr, Pb, Ti and, to a smaller extent, Ni occurrence, accumulated in plants growing in the streets with
slow traffic, was attributed to a higher rate of abrason in
car engines and greater emission of pollutants by cars
(Sites 1, 2, and 3).
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Similar results were obtained when the content of different PAHs in lichen thalli was assayed (Table 4). In
fact, a strict correlation was revealed between total concentration and vehicular traffic level. To be underlined is
the dramatic increase in PAHs content in Site 3 (site classified as a medium traffic area) during a sample fair. These findings seem to suggest that the lichens could to be
able to respond quickly to the increase of PAHs atmospheric contamination caused by a pollutant event.

The data on the content of PAHs in lichen thalli
(Table 6) show a strong correlation between the individual concentrations of these compounds, almost all typical
products of the car engine combustion.

TABLE 4. Concentrations (µg kg-1) of the polycyclic aromatic
hydrocarbons (PAHs) detected in the thalli of Physcia adscendens
collected in the different biomonitoring sites.

TABLE 6. Correlation Matrix (Pearson Coefficient) between
the main PAHs determined in thalli of Physcia adscendens and
the total heavy metal (HM) content.

No significant correlations were found between the
concentrations of the heavy metals studied and the PAHs
content in thalli of Physcia adscendens (Tables 5 and 6),
so suggesting a different response of the lichens to the
presence of high levels of heavy metals and polycyclic
aromatic hydrocarbons in ambient air.
On the other hand, in Table 5 some significant correlations among some elements studied, such as Cr, Ni, Pb
and Ti, are revealed. These results could depend on the
fact that they are important components, on their own or
in alloys, of many vehicle parts (i.e. car body and many
engine parts).
TABLE 5. Correlation Matrix (Pearson Coefficient) of the different
metals and total PAHs determined in thalli of Physcia adscendens.

CONCLUSIONS

The results obtained in this research confirm the usefulness of lichens in studies aimed to the evaluation of air
pollution linked to vehicular traffic because their capacity
to accumulate both heavy metals and polycyclic aromatic
hydrocarbons (PAHs). Moreover, the absence of a significant correlation between the content of heavy metals and
PAHs in the thalli collected at different biomonitoring
sites preliminarily suggest their different fate inside the
lichen thallus.
Finally, further studies should be performed in order
to evaluate the fate of the PAHs inside the lichenic thalli
and the actual sensitivity of the lichens to high concentrations of these compounds in the environmental air also as
a response to an individual intense pollutant event.
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SUMMARY
Diffusive sampling was used as a monitoring technique to assess urban background concentrations and
define highly polluted areas in two Itahan cities. The
current publication shows the results obtained during two
monitoring campaigns carried out in Catania and Bologna
during 1996 and 1997-8, respectively, for the measurement of volatile aromatic compounds, i.e. benzene, toluene and xylenes (BTX). The highest background concentrations were found during the winter campaigns. Furthermore, Catania showed higher concentration levels of
BTX than Bologna. Such effects were explained by the
different meteorology and atmospheric conditions of
dispersion.
Keywords:
Diffusive sampling, ambient air quality, volatile organic compounds, benzene, urban pollution.

INTRODUCTION
Owing to their high toxicity, the exposure of the population to benzene and other volatile organic compounds
(VOCs) has been the subject of much interest in the scientific community(1-4). Moreover, at the legislative level
regulations for limit-values for benzene(5) and recommendations for the measurement of VOC precursors(6) have
also been proposed by the European Commission. In this
context, the use of diffusive sampling as a screening technique has allowed average concentrations integrated over
certain periods of sampling with a high spatial resolution(7-10) to be obtained in an economical and effective
way. This article details the criteria and methodology
used for the application of the diffusive sampling technique for the monitoring of background concentrations of
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aromatic hydrocarbons in urban areas, showing the results
obtained during the monitoring campaigns carried out in
Catania and Bologna during 1996 and 1997-8.

Experimental Design

The final goal of these campaigns was to highlight
areas of high level of pollution and to obtain isoconcentration maps of the BTX background concentration
in the urban areas of Catania and Bologna. Sampling sites
were chosen to be representative of minimum exposure
levels in the city. The correct interpretation of the isoconcentration maps, as a result of the interpolation of the
concentrations determined in each sampling site, implied
a common criteria of selection of the sampling sites, and
with this objective the following methodology was consequently applied:

•

Collection of existing information on traffic density and possible emission sources.

•

Construction of a grid over the area under investigation taking into account the maximum number of samplers to be installed.

•

Selection for each cell of the grid the location
most representative of the background pollution
in that cell.

•

Kerbside sites along busy traffic roads or congested roundabouts were discarded.
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•

Siting priority was given to well-ventilated locations, such as large squares or public parks.

•

When in the vicinity of busy traffic roads no
large squares or public parks were available;
secondary streets perpendicular to the main road
were selected. In this case a distance of about
50 m from the main road was considered.

The diffusive samplers were exposed inside containers, which were especially designed to protect the sampler
from the rain. The presence of rain can lead to the formation of a water film on the diffusive surface of the
sampler and consequently prevent it from fiunctioning
correctly. The containers were fixed to surfaces allowing
free circulation of air e.g. metal poles, in order to avoid
the wall effect (contamination of the sample due to the
proximity of walls or surfaces capable of adsorbing or
emitting contaminants). The diffusive samplers were
transported from the laboratory to the sampling point and
back in individual airtight glass containers to avoid accidental contamination of the samples.

Sampling criteria

Continuous sampling periods of two weeks were used
for diffusive sampling. The campaign was subdivided into
two sampling periods each of one month corresponding to
different periods of the year. Each period represented the
typical meteorological conditions of the area.
Catania campaign

The campaign consisted of a winter sampling period
from 19/2/96 to 18/3/96, and a summer period from
10/6/96 to 9/7/96. The sampling was limited to the city
centre of Catania, covering an area of about 6.5 km2.
Forty-four diffusive samplers were distributed in this area
in such a way that each sampler represented the background concentration corresponding to an area of
0.15 km2. This was equivalent to a grid of approximately
380 x 380 m.
Bologna criteria

The campaign consisted of a spring-summer period
from 29/4/97 to 28/5/97 and a second winter-spring sampling period from 2/3/98 to 31/3/98. Forty-five passive
samplers were distributed around an area of approximately 34 km2. The low density of samplers (one per each 0.75
km2) strongly conditioned the selection of the sampling
sites, where each sampler represented the background
concentration of an area of approximately 870 m x 870 m.
There-fore, the siting of the diffusive samplers was strictly limited to large squares and public parks or wellventilated locations far away from busy roads or local
emission sources.
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MATERIALS AND METHOD
Perkin Elmer (PE) tubes loaded with carbopack-B were
the diffusive samplers used during the campaigns. Analyses
of the samples were performed by thermal desorption and
gas chromatography using a Perkin Eliner ATD-400 attached
to a HP-6890 Series GC System gas chromatograph with a
flame ionization detector. Analytical conditions for the analysis are given in Table 1. The calibration standards were
prepared by means of a static dilution system. A detailed
description of the calibration methodology has already been
published by the laboratory(11).
TABLE 1. - Analytical conditions
Adsorbent PE tube

Carbopack-B

Desorption temperature PE, °C
Desorption time PE, min
Adsorbent -Cold trap
Low cold trap (CT) temperature, °C
High CT temperature, °C
Desorption time CT, min

300
5
Tenax GR, 40 mg
- 30
300
5

Chromatographic column

Supelco SPB Octyl,
60 m x 0.25
Helium
137
~ 1:100
50 °C (4 °C/min) 150
(5 min)

Carrier Gas
System pressure, kPa
Global split ratio
Oven temperature programme

The sampling rates applied in this study were determined under field conditions during a field intercomparison carried out at Eltham (UK)(12). For benzene, toluene
and xylene the sampling rates were 5.25, 4.78 and 5.06
[ng/(µg/m2 week) or 1/week], respectively. These values
correspond to approximately two-week sampling periods
with average concentrations ranging from 5 to 15 µg/m3.
The values are also in agreement with uptake rates obtained by other reliable laboratories(13).
Contour areas for BTX concentrations can be calculated by means of an interpolation from the measurements
obtained by the diffusive samplers. A geostatistical gridding method "Kriging" using the Surfer software packet(14) was applied for interpolation.
RESULTS AND DISCUSSION
A main difference in the monitoring strategy between
the cities was the fact that the density of samplers was
reduced and the area covered expanded in Bologna with
respect to Catania. The denser sampling grid (1 sampler
per each 0.15 km2) used in Catania allowed us to associate the highest concentration levels to the confluence of
main access streets and traffic jams. A clearer link between population density and concentration level was,
however, visible in Bologna with the lower density of
sampling grid (1 sampler per each 0.75 km2).
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Such an effect is visible by comparing Figures 1 and 2,
which represent the traffic streets in Catania and the
density of population in Bologna, respectively, with the
polluted areas determined for benzene in both cities
(Figures 3 to 6).

Meteorological conditions were registered during the
campaigns. Table 2 shows the average temperature, wind
velocity, prevalent wind direction and atmospheric stability (on a daily basis) for each sampling period considered.

Catania

Bologna

From

19/02/96

10/06/96

29/04/97

02/03/98

To

18/03/96

9/07/96

28/05/97

31/03/98

Temperature, °C

10.0 (6 to 4)

24.5 (17 to 28)

Wind velocity, m/s

3.2 (1.7-2.9)

5.4 (1.4-12.9)

Prevalent Direction
Atmospheric Stability*

WNW
Neutral (D)

Neutral (D)

-1.3
* According to Pasquill stability classes

SSE

-1.5

-1.0

18.3 (8.3 to 32)

8.4 (-3.4 to 22)

3.0 (2.2-3.8)

2.7 (2.5-5.7)

SW
Neutral (D)

N
Neutral (D)

-1.2

(13)

TABLE 2. Average meteorological conditions during the sampling periods.

Atmospheric stability was approximately similar during the different sampling periods in both cities. Nevertheless, wind velocities were significantly higher during
the spring/summer periods and the prevalent wind direction changed notably between such periods. It could basically explain the lower concentration during the
spring/summer periods in both cities, where the wind was
coming from the coast in the case of Catania and from the
hills in the case of Bologna with a consequent cleaning

effect on the pollution levels. During the winter period, in
both cities, the upstream wind carried the emissions from
the access ring of the city, increasing the background
concentration level of the cities. Such an effect can be
also appreciated by analysing the frequency distribution
of the concentrations in the corresponding cities (Figure 7
and 8), where higher frequencies were systematically
moved towards higher concentrations (losing sharpness)
during the winter period when compared to the summer.

FIGURE 1. Benzene concentration levels in Catania 19/02/96-18/03/96
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FIGURE 2: Benzene concentration levels in Catania 10/06/96-9/07/96

FIGURE 3. Benzene concentration levels in Bologna 29/04/97-28/05/97
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FIGURE 4. Benzene concentration levels in Bologna 02/03/98-31/03/98

FIGURE 5. Main traffic streets and acute areas of pollution in Catania city.
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FIGURE 6. Density of population around Bologna city.

FIGURE 7. Frequency distribution of benzene concentration in Catania city.
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FIGURE 8. Frequency distribution of benzene concentration in Bologna city.

Toluene/benzene and m+p-xylene/benzene ratios showed a significant decline with the decrease in the concentration level.
This can be explained by the aging of the pollutants determined at lower concentrations and the longer half-life period of
benzene with respect to toluene and xylenes. The corresponding ratios are represented in Figure 9.

FIGURE 9. Average monthly ratios in Catania and Bologna
.
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CONCLUSIONS
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SUMMARY
Activated carbons were obtained from date palm
branches by chemical treatment or by single-step steam
pyrolysis. Products with highly developed porosity were
obtained from H3PO4-activation, whereas, microporous
carbons with moderate porosity resulted from KOH or
steam-activation schemes. The uptake of six phenolic
compounds from aqueous multi-component solutions was
determined. The quantities removed from each was a
function of its water solubility and degree of dissociation,
and showed no correlation with texture parameters. Removal of four polycyclic aromatic hydrocarbons (PAHs)
was also examined. The uptake increased with decrease in
solubility. In both mixtures, the percent removal followed
the sequence H3PO4 > steam-activated > KOH-treated
carbons, which confirmed the role of surface chemistry
rather than textural properties.

Keywords: Activated carbon, agricultural waste, water pollution,
water treatment.

INTRODUCTION
Application of the activated carbon adsorber system
had been found to be one of the best available technologies for treating a maximum number of synthetic organic
species that are not biodegradable or chemically stable [1,
2]. Phenol and substituted phenols take the 11th place
under the 126 chemicals which have been designated as
priority pollutants by the U.S.
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Environmental Protection Agency (EPA) [3]. Their
presence in water aroused much attention because of their
potential mutagenicity, toxicity and carcinogenicity [4]. In
addition, they impart undesirable taste and odour, and in
presence of chlorine (e.g. in drinking water) they cause
"chloro-phenolic" or medicinal taste which is objectionable. Removal of phenol and substituted phenols from
aqueous solutions by activated carbons has already been
reported [3, 5-7]. Most of these studies dealt with singlecomponent systems. On the other hand, polycyclic aromatic hydrocarbons (PAHs) represent a uniquitously
found class of organic compounds and have been identified in avariety of waters and wastewaters [8].
The World Health Organization (WHO) has recommended a limit for PAHs in drinking water [9] and the
U.S. (EPA) Effluent Guideline Division has included
PAHs in its list of priority pollutants to be monitored in
industrial effluents [10].
Needless to say that the majority of wastewater effluents contains a host of organic contaminants from several
classes of compounds, in order that removal studies involving multicomponent substrates would be more realistic. Comparatively few investigations were reported on
the removal capacity of active carbons with solutions
containing binary or ternary phenolics [11- 14].
The present study reports the preparation of activated
carbons from date palm branches, a novel agricultural
waste material. One-step activation schemes were applied.
These are: chemical activation with phosphoric acid [15],
treatment with potassium hydroxide [16] and steam pyrolysis [17].
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Testing of these carbons in removal of two different
organic categories, namely phenols and PAHs, was carried out in multicomponent mixtures. It is our interest to
elucidate: (i) possibility of obtaining good adsorbing
carbons from date palm branches under prescribed conditions, (ii) the influence of both textural and chemical
properties of the carbons in determining the adsorption
capacity of multicomponent systems, (iii) the effect of the
adsorbate on the degree of its removal, and (iv) the synergetic or competitive behaviour in presence of multicomponent systems.

MATERIALS AND METHODS
Adsorbents

Ten activated carbons were obtained from air-dried
and crushed whole date palm branches with leaves. Carbons (I- IV) were prepared by impregnation of the precursor with H3PO4 (30 or 50 vol.%) followed by thermal
treatment at 500-700 °C for 2 hours. The cooled activated
mass was subjected to thorough washing with hot water,
so as get rid of extra acid and to attain pH values of > 6.5
in the washing solution, and finally dried at 110 °C. Carbon (V) was soaked in an excess of 50 vol.% H3PO4 for
24 h, then filtered to remove excess acid and pyrolyzed at
500 °C. Carbons (VI - VIII) were obtained by impregnating 20 g of the powdered raw material with 10 ml of KOH
solution (200 g/100 ml), left overnight, then heat-treated
slowly up to holding temperatures of 500, 600, and 700
°C. Then the cooled product was thoroughly washed (pH
value up to 7.5), and finally dried at 110 °C. Carbons (IX,
X) were obtained by subjecting the agricultural waste to
direct steam pyrolysis at 600 or 700 °C. The raw material
was inserted into a stainless steel tube fitted with an internal wire diaphragm and held in a vertical position to dispose of the formed tarry matter. Heating of the pyrolysis
tube was started to attain 350 °C for ca 35 min. Then pure
steam is admitted from top of the tube using a steam generator. After reaching 600 or 700 °C (100-120 min), the
heated mass was left for 2 h at either temperature. The
cooled activated carbon was weighed to determine
burnoff and stored in tight glass containers.
Characterization of the activated carbons.

Activated carbons were characterized by the N2-77K
adsorption isotherms determined with a Gemini 2375
V3.03 instrument. Estimated texture parameters were
BET-surface area (SBET), total pore volume at p/p° = 0.95
(Vp) and the mean pore dimension (d = 2 Vp / SBET). Other
porous characteristics were estimated from the t-plots
constructed by plotting volume of gas adsorbed (Va) versus t-values of adsorption on non-porous standard carbon
as reported by Selles-Perez and Martin-Martinez [18].
The obtained α s-values were transformed into t-values
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by multiplication with 1.52 x 3.54 (Å) as suggested by the
same authors. The following porosity characteristics were
calculated as follows: total surface area (Stt ) from slope
of early straight line to zero, non-microporous surface
area (Stn) from slope of the late straight portion, and micropore volume (Sto) from intercept of the base straight
portion with V-axis.
Methods of Analysis.

The 6-component phenolic mixture used contained:
phenol (P), p-cresol (P-Cr), 2-chlorophenol (2-CP), 2nitrophenol (2-NP), 2,4-dichlorophenol (2,4-DCP), and
2,4-dinitrophenol (2,4-DNP) while the 4-component
PAH-mixture contained: naphthalene (NA), phenanthrene
(PH), pyrene (PY) and benzo (a) pyrene (BaP). In both
cases, a Hewlett-Packard 1050 HPLC instrument was
used for analysis. Further details were described elsewhere [19, 20]. The percent removal (%R) and the uptake
capacity (U, mg/g) were calculated as follows:
%Removal = [Co – Ce / C] x 100

(1)

U (mg/g) =[V / M (Co - -Ce)]

(2)

where:
Co and Ce are the initial and residual concentration of
adsorbate , V is the volume (ml) of adsorbate and M is
the mass (g) of adsorbent.

RESULTS AND DISCUSSION
i. Texture characteristics of activated carbons in relation to
the conditions of preparation

Table 1 depicts the evaluated porous characteristics.
Chemical activation with H3PO4 proved to be very effective with the present precursor, as good adsorbing carbons
are obtained with a developed porosity (SBET: 550-1040
m2/g, Vp = 0.43-0.84 ml/g). Mixed porosity carbons (micro- and meso-porous), involving both ranges almost to
the same extent, have been obtained. Heat treatment at
500 °C shows better effect, confirming previous findings
[16, 21]. Heating at 600 or 700 °C is accompanied by a
decrease in surface and total area as well as microporosity. Although both carbons (II, V) are impregnated with
the same volume of 50% H3PO4 and heat-treated at 500
°C, yet carbon V was filtered after 24 h of contact. An
extra portion of acid does not favour additional activation
in this case. Therefore, it appears that impregnation with
50% H3PO4, with an impregnation ratio around 1.0 is the
most efficient procedure to generate the optimum effect
for the present precursor at 500 °C. Chemical activation
with KOH results in poorly adsorbing carbons which are
essentially microporous with low internal pore volumes
(0.15- 0.21 ml/g).
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TABLE 1. Texture parameters of activated carbons obtained from date palm branches (P =H3PO4).

Stt is the total surface area, Stn is the non-microporous surface area; Vp is the total pore
volume; Vto is the micro pore volume and dm is the mean pore dimension.

Single-step steam pyrolysis seems to be the most promising activation scheme that yields essentially microporous carbons and develops porosity with increased temperature.

ii. Removal capacity for thephenolic compounds

In order to assess the effect of activation on the adsorption capacity, the raw dry ground date palm branches
were primarily tested showing measurable removal of
three phenolic compounds (2-CP, 2-NP and 2,4-DCP, 4.6,
12.1 and 16.2% removal, respectively).

This is equivalent to an adsorption capacity of 9.9
mg/g out of an aqueous solution containing 20 mg/l of
each of the six phenols. Table 2 cites the % removal
shown by the afore-mentioned carbons, tested with multicomponent aqueous solution containing six phenols.

TABLE 2. Removal capacity of activated carbons for substituted phenols from multi-component aqueous solutions.
Carbon Parameter
sample

P

m-Cr

2-CP

2-NP

Raw

2,4-DNP

2,4-DCP

Total uptake

%R
0.0147
0.0261
0.0298
(mg/g)
1.38
3.63
4.86
9.9
I
%R
18.4
53.9
56.3
52.0
33.7
90.1
(mg/g)
5.5
16.2
16.9
15.6
10.1
27.0
91.3
II
%R
11.1
31.0
43.9
40.2
16.1
85.9
(mg/g)
3.3
9.3
13.2
12.0
4.8
25.8
68.4
III
%R
4.1
12.7
23.7
42.4
65.7
71.1
(mg/g)
1.2
3.8
7.1
12.7
19.7
21.3
65.8
IV
%R
14.2
33.4
46.3
69.6
10.0
89.0
(mg/g)
4.2
10.0
13.9
20.9
30.0
26.7
105.7
V
%R
6.7
28.5
32.0
28.1
11.5
73.0
(mg/g)
2.0
8.5
9.6
8.4
3.4
21.9
53.9
VIII
%R
0
0
5.9
11.8
0
11.3
(mg/g)
1.8
3.5
3.4
8.7
IX
%R
9.1
40.5
19.6
4.8
33.2
50.5
(mg/g)
2.1
12.7
5.9
1.4
9.9
15.1
47.1
X
%R
7.7
39.0
20.2
5.0
36.4
48.4
(mg/g)
2.3
11.1
6.0
1.5
10.1
14.5
46.9
P = phenol; m-Cr. = m-cresol; 2-CP = 2-chlorophenol; 2-NP = 2-nitrophenol; 2,4-DNP = 2,4-dinitrophenol and 2,4-DCP = 2,4-dichlorophenol.

57

© by PSP Volume 10 – No 1. 2001

Fresenius Enviromental Bulletin

iii. Removal capacity for the polycyclic aromatic
hydrocarbons (PAHs)

The tested carbons seem to be reasonable adsorbents
for PAHs, under the test conditions of a rmixed solution
containing 8 mg/1 of each component. The mean values
of removal as well as the amounts of uptake increase in
the order: NA < PH < PY < BaP (% R = 58, 91, 97, and
97, respectively). From a quaternary PAH solution,
H3PO4 and steam-activated carbons remove an appreciable sum of 38-46 mg/g, whereas the KOH-activated carbon and the raw untreated precursor show only an uptake
of 10.7-13.6 mg/g of the PAHs, mostly of NA and BaP.
Phenol is the least, while 2,4-DCP is the most favourably removed phenolic compound (1.2-5.5 mg/g and 14.527.0 mg/g, respectively). The monosubstituted phenols
(methyl-, chloro-, nitro-) are generally removed to the
same extent. 2,4-DNP exhibits various trends of removal,
although its adsorbability is mostly lower than that of 2,4DCP. This anomalous behaviour was previously demonstrated [7] which might be ascribed to the nature of

substituent (nitro-group) and to steric effects hindering
this substituted phenol from free to diffuse through the
pore opening or its interaction with surface oxygen functional groups. As shown in Table 2, the order of removal
of the six phenolic compounds tested with ten carbons is
as follows: the H3PO4 > steam > KOH - carbons.
The chemical nature of the adsorbents surface apparently plays the most effective role in removing the phenolics.Ilt was found that the mean removal supports the
above sequence: P < P-Cr. ≈ CP ≈ NP < DNP < DCP.,
i.e., the highest adsorbable is 2,4-DCP as previously noticed in single-component system [7].
According to Eckenfelder [22], unless the screening
action of the carbon pores intervene, large molecules are
more sorbable than small molecules of similar nature. In
addition, other factors enhance the adsorbability of organic molecules by the hydrophobic carbon surface, these
are: lower solubility, branching chains, and non-ionized
molecules with lower polarity. This explains the order of
removal in the present case.

Table 3. Removal capacity of activated carbons for PAHs from multi-component aqueous solutions.
Carbon

Parameter

NA

%R

PH

PY

BaP

Total uptake

sample
Raw
I
II
III
IV
V
VI
VII
VIII
..IX
X

17.5

1.0

1.8

65.0

(mg/g)

2.0

1.0

0.2

7.5

%R

89.7

(mg/g)

10.7

100
12.0

100
12.0

12.0

100

%R

84.1

86.3

90.4

78.0

(mg/g)

10.1

10.3

10.8

9.4

%R

37.6

93.9

(mg/g)

4.5

11.3

%R

27.9

89.2

(mg/g)

3.3

10.7

100
12.0
100
12.0

100

100

12.0
12.0

76.5
9.2

12.0

12.0

12.0

%R

19.9

1.3

0.3

78.0

(mg/g)

2.4

0.15

0.03

9.4

%R

19.3

8.0

6.5

80.2

(mg/g)

2.3

0.96

0.78

9.6

%R

17.1

0

2.8

76.2

(mg/g)

2.0

%R

44.1

83.2

92.5

(mg/g)

5.3

10.0

11.11

%R

43.2

88.5

95.4

(mg/g)

5.2

10.6

11.5

58

40.6
39.8

100

%R

NA = naphthalene; PH = phenanthrene; PY = pyrene; BaP = benzo [a] pyrene

46.7

100

(mg/g)

0.34

10.7

38.0

100

9.1

45.2
11.9
13.6
11.4

100
12.0

38.4

100
12.0

39.2
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Considering the total uptake of phenolics from aqueous solution indicates that most of activated carbons from
date palm branches are effective adsorbents (47-106
mg/g). It is of interest to mention that these amounts bear
no obvious relation to any of the porous characteristics of
the adsorbing carbon. Thus, in case of H3PO4 activatedcarbons, sample IV removes double as much as sample V,
because it exhibits only half of its surface area and total
pore volume. An important role would play the chemical
nature of surface area rather than the available surface
area.Conclusion
Date palm branches proved to be a feasible precursor
for the production of activated carbons with developed
porosity. Chemical activation with H3PO4 (50 vol. % at
500 °C) appears the most suitable to generate porosity
that is partially destroyed at higher temperatures. Onestep steam pyrolysis leads to a microporous carbon, with
promoted porosity at high temperature (700 °C). Chemical activation with KOH produces microporous carbons at
an optimum temperature of 600 °C. The H3PO4 and
steam-activated carbons are good adsorbents for the tested
multicomponent mixtures (phenols, PAHs), whereas the
KOH-activated carbons remove only low amounts from
each of the mixtures. In general, the uptake capacity of
both categories (phenols, PAHs) has the following order:
the H3PO4 > steam > KOH-carbons > Raw. It appears that
the uptake of organic solutes is not simply dependent on
the adsorbent texture characteristics (surface area & pore
volume). The chemical nature of the adsorbent surface
apparently plays the most effective role in removing the
solutes. This is due to the difference in affinity of each
solute in the mixture to the hydrophobic carbon surface.
This difference can be attributed to the physico-chemical
properties of the solutes (mainly the solubility ) as well as
the competing effect among the solutes.
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THE IMPACT OF A HIGHWAY ON HYDROCARBON
CONTENT IN COASTAL SEDIMENTS - A CASE STUDY
O. Bajt

Marine Biological Station, Fornače 41, 6330 Piran, Slovenia

SUMMARY
The impact of highway pollution on the content of
fluorescing hydrocarbons in surficial sediment in the Bay
of Koper (Gulf of Trieste, Northern Adriatic sea) was
studied by UV fluorescence spectroscopy. The impact
was evident in elevated concentrations of fluorescing
hydrocarbons in sediment samples collected along the
highway. The coastal marine environment in the Bay of
Koper was affected in a rather narrow zone along the
southern shore.

Keywords:
Highway pollution, fluorescing hydrocarbons, coastal sediments

INTRODUCTION
Hydrocarbons of natural and anthropogenic origin are
widely distributed in soils and sediments throughout the
world. The awareness of the various sources of introduction into the natural environment, the modes of dispersal
of these compounds, transport mechanisms and the concentrations in different parts of the environment (air, soil,
natural waters, sediments, biota) is very important to
adequately assess the state of the environment. The most
important sources of pollution in the course of hydrocarbons are oil seepage, oil spillage, combustion of various
fossil fuels, traffic, domestic and industrial waste waters
and sewage, as well as urban runoff (1). Because of their
low solubility in water and rather low vapour pressures
the adsorption of hydrocarbons onto solid particles is a
very important process in the natural environment (2).
Hydrocarbons are relatively stable in the natural environment and they accumulate in sediments and biological

60

communities (3, 4). Traffic pollution represents one of the
main sources of pollution in urbanized areas (5). Road
runoffs are usually characterized by high BOD, high suspended solids load, raised levels of phosphorous compounds, nitrogen compounds and other salts, petroleum
products and heavy metals (6).
The aim of the present work was to investigate the effect of highway pollution on the coastal marine environment in the Bay of Koper (Gulf of Trieste, Northern Adriatic sea) in terms of fluorescing hydrocarbons content in
surficial marine sediments. Fluorescing hydrocarbons
were determined using UV fluorescence spectroscopy
according to the procedure of UNEP (7), established for
the determination of total hydrocarbons, although the
major part of fluorescence arises from polyaromatic hydrocarbons (8). This method is a fairly specific method as
only species with highly conjugated double bond systems
fluoresce strongly (8).
The disadvantage of this method is that it can provide
only information concerning the classes of compounds
whereas it can not provide the concentrations of individual compounds (8). On the other hand, the fluorescence
may be also due to degradation products generated from
oil in the natural environment (9). These compounds are
important constituents of the unresolved complex mixture
(UCM), determined usually as a background signal in GC
chromatograms. The UCM was considered as a better
measure of the level of petroleum hydrocarbons than the
resolved components (10). In addition, the fluorescence
spectroscopy is less susceptible to the influence from
biogenic compounds since biological tissue does not usually contain significant amounts of fluorescing species
(8). This method is thus suitable to detect areas of higher
concentrations of hydrocarbons and compare them with
less polluted areas (9).
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Fluorescence spectroscopy was used for determination of petroleum hydrocarbons in sea water (9, 11, 12,
13), marine sediments (14, 15, 16) and biota (8, 15, 16).
Chrysene and crude oil of different origin were most
frequently used as standards (11, 13, 15), although mixtures of different PAHs were also examined (8).

STUDY AREA
The Bay of Koper is located in the south-eastern part
of the Gulf of Trieste in the Northern Adriatic sea. Unstable water cycling, highly influenced by the rivers discharges, and a weak tidal current are characteristic for this
rather shallow bay (max. depth 18 m) (17). The investigated area is affected by sewage discharges and intensive
maritime traffic to the ports of Trieste and Koper.
The estimated quantity of petroleum carried by ships
within this area is around 30 millions tons per year. As a
consequence, rather high concentrations of hydrocarbons
were measured in the upper sediment layer (18). The
5 km long highway between Koper and Izola is a part of
the coastal highway (Figure 1) with a fairly constant traffic density of about 660.000 vehicles annually, composed
mostly of passenger cars (about 10% with diesel engines).
The estimated annual exhaust emissions of pollutants
are 52 tons of CO, 6.5 tons of HC, 12 tons of N-oxides,
145 kg of Pb, 3.6 tons of SO2 and 400 kg of particles per
kilometer (19). The drainage system of the road consists
of gulleys discharging the runoff water approximately
every 50 m directly into the coastal sea.
FIGURE 1:
Location of sampling sites within the investigated area

MATERIALS AND METHODS
The sampling sites along both sides of the bay were
located about 10 m offshore where the water depth is
about 2 m. The transect sites were extended to 200 m
offshore and 7 m water depth.
“Distilled in glass” quality hexane and methylene
chloride (Fluka) were used for the extraction of hydrocarbons. All other chemicals were of analytical grade, purchased from Merck (Germany). Na2SO4 was precleaned
by Soxhlet extraction with methanol and hexane and,
additionally, precombusted at 400 °C for 6 hours. Hg was
rinsed several times with hexane. Runoff water from a
motorway gulley between sites A and B and diluted runoff water in sea water just in front of the same motorway
gulley were collected during a spring storm in precleaned
polyethylene bottles. Hydrocarbons were extracted with
hexane (3 x 70 ml) from 1 liter of collected water. Surficial sediment samples were collected in summer period by
scuba diver inserting steel tubes into the sediments. Two
cores were taken at each site, the 2 cm top layers were
combined, freeze-dried and homogenized. Subsequently,
samples were sieved through a 0.5 mm metallic sieve and
analysed in triplicates. About 10 g of dry sediment was
used for analysis.
The samples were extracted in a Soxhlet apparatus
with 200 ml hexane-methylene chloride (1:1) for 8 hours.
The extracts were dried with Na2SO4, concentrated on a
rotary evaporator and, additionally, in a nitrogen stream.
After sulfur removal with Hg (shaking several times with
1 ml of Hg each time, until no precipitate was formed) the
concentration of hydrocarbons was determined on a
Turner 430 fluorescence spectro-meter. The extinction
and emission wavelengths were 310 nm and 360 nm,
respectively. The calculations were made on a chrysene
standard basis. The blank value of 0.02 µg was determined applying the same procedure.
To test the method, a standard reference material
(sediment sample IAEA-408, IAEA-Marine environment
laboratory, Monaco) was analyzed by UV fluorescence
and gas chromatography prior to the investigation. GC
analysis was performed using a HP 5890 gas chromatograph equipped with an on-column injector, FI detector
and HP 3396 integrator. The HP Ultra 2 capillary column
(25 m x 0.32 mm, 0.17 µm film thickness) was used for
this purpose. The detector temperature was 300 °C and
the initial injector and column temperatures were 63 °C
and 60 °C, respectively. The column temperature was
increased at 3°C/min to 290°C and there held for 15 min.
Simultaneously, the same program was used for the injector temperature. Quantification was performed with external standards.
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The concentrations of hydrocarbons obtained by gas
chromatography (sum of 21 resolved PAHs and aromatic
UCM) and fluorescence spectroscopy were 5.3 ± 0.2 µg/g
and 4.7 ± 0.3 µg/g, respectively. The certified values for
the used reference material were 6.0 ± 4.6 µg/g for spectrofluorometric determination and 3.7 ± 1.3 µg/g for GC
determination.
RESULTS AND DISCUSSION
The location of sampling sites is presented in Figure 1.
The sampling site A was located in a small, relatively
closed harbor, receiving runoff water directly from a gulley outlet. Site B was selected in the vicinity of another
gulley outlet discharging runoff water directly into the sea
water. For reference, location sites J, K and L along the
apparently unpolluted northern shore were selected.
Previous biological studies in the investigated area
did not show any significant difference in marine flora
along the northern and southern shore (20, 21) of the Gulf
of Koper. Therefore, a very similar distribution of natural
hydrocarbon-like compounds can be assumed.
The runoff of pollutants from the coastal highway between Koper and Izola is mostly dependent on seasonal
variations in meteorological conditions. Intensive rainfall
after long dry periods is characteristic in spring and autumn. The pollutants in runoff water are usually most
concentrated in the first or second flush of a storm event
(6, 22). To estimate the concentration of fluorescing hydrocarbons in runoff water from the coastal highway, two
samples were collected in the first period of a storm event
after a long dry period in the spring. The measured
concentrations were 115 µg/l directly in runoff water and
20 µg/l in the runoff water diluted with sea water just in
front of the gulley outlet.

Concentrations of fluorescing hydrocarbons, measured in surficial sediments, are presented in Table 1. Concentrations at sites located along the highway are much
higher in comparison with the concentrations at the opposite side of the bay. As expected, the highest concentration was detected in a small harbor (site A) with limited
exchange of sea water. The direct influence of road runoff
water also resulted in a higher content of fluorescing
hydrocarbons in front of the gulley outlet at site B. A
significant decrease in fluorescing hydrocarbons concentration was observed at the transection from the shore
along the highway (sites E, F, G). These concentrations of
fluorescing hydrocarbons in surficial sediments along the
highway are comparable to the concentrations from heavily polluted areas (14, 15, 23). The elevated content of
fluorescing hydrocarbons at site J is somewhat surprising
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and is probably due to a local source or the influence from
the city and port of Trieste. The measured concentrations
of fluorescing hydrocarbons at reference sites along the
northern shore (J, K, L) and in the central part of the Gulf
of Trieste and Bay of Koper (I, H) indicate a significant
level of pollution with hydrocarbons and are in accordance with the results of other studies from the Northern
Adriatic sea (3, 18, 24).
In conclusion, the results of the present study show a
significant impact of highway pollution on the content of
fluorescing hydrocarbons in surficial sediments in the Bay
of Koper. The impact is limited to a narrow zone along
the highway.

TABLE 1: Concentrations of fluorescing hydrocarbons
in sediment samples in µg/g dry weight

SAMPLING SITE

CONCENTRATION

A

131.5 ± 11.2

B

32.2 ± 3.1

C

26.7 ± 2.2

D

15.2 ± 1.7

E

12.3 ± 0.7

F

2.4 ± 0.2

G

1.1 ± 0.1

J

5.6 ± 0.6

K

1.2 ± 0.1

L

0.9 ± 0.1

H

1.1 ± 0.2

I

1.3 ± 0.2
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HYDROCARBONS, PESTICIDES AND PCBs
IN SEDIMENTS FROM
THERMAIKOS GULF, GREECE
J. Hatzianestis, E. Sklivagou and E. Georgakopoulou
National Centre for Marine Research, Agios Kosmas, Hellinikon, Hellas

.

SUMMARY
This study investigates the magnitude and distribution
of organic contaminants in surface sediments and sediment cores from Thermaikos gulf. The concentrations of
herbicides were low in surface sediments and undetectable in subsurface samples. The organochlorine insecticide
composition was dominated by DDT and its metabolites.
The PCB concentrations showed similar spatial distribution to that of DDT, the higher concentrations being found
near the city of Thessaloniki. Petroleum-related hydrocarbons were dominant in surface sediments. Polycyclic
aromatic hydrocarbon concentrations in a sediment core
were relatively low.

KEYWORDS:
sediments; herbicides; insecticides; petroleum; PCBs; PAH.

Natural hydrocarbons derive mainly from terrestrial
plants and marine algae, while the main sources of the
man-made hydrocarbons are the various petroleum inputs
into the ocean, the industrial discharges and the atmospheric fallout3.
The aim of the present study is to investigate the
magnitude and the distribution of pesticides, PCBs and
hydrocarbons in surface sediments and sediment cores
from Thermaikos gulf, an area influenced by many anthropogenic activities (civil, industrial and agricultural).

MATERIALS AND METHODS

INTRODUCTION
Among the trace pollutants commonly found in the
sediments are pesticides, polychlorinated biphenyls
(PCBs) and hydrocarbons. The herbicides and especially
the triazine compounds are the most popular pesticides in
Greece1. Organochlorine insecticides were banned in
Greece in 1972, but due to their resistance to biodegradation they are still present in the marine environment. The
PCBs are synthetic organic compounds, used primarily in
the electrical industry in capacitors and transformers and
also as heat- and pressure-resistant lubricating oils2. The
origin of hydrocarbons in sediments can be either natural
or anthropogenic.
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Thirteen surface sediments and two sediment cores
were collected from Thermaikos Gulf during 1995
(Fig. 1). The samples were oven dried at 40oC overnight.
5 g of the dried sediment were spiked with internal standards (androstane, pyrene-D10, CB 155) and Soxhlet extracted for 24h with 100 ml of a mixture of dichloromethane - methanol 2:1. The extract was separated into
two aliquots. The first aliquot was used for the hydrocarbons’ isolation according to the methods suggested by
IOC4. After saponification with a methanolic solution of
KOH, the hydrocarbons were extracted with hexane and
the extract was cleaned-up by column chromatography.
The glass column contained 0.5 g of activated silica and
the hydrocarbons were eluted with 20 ml of n-hexane.
The hydrocarbons were then fractionated in a glass column filled with 2 g of activated alumina. The first fraction
containing the aliphatic hydrocarbons was eluted with 5 ml
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of pentane, and the second containing the polycyclic aromatic hydrocarbons was eluted with 15 ml of a mixture of
pentane:dichloromethane 1:1. The second aliquot of the
extract was used for the isolation of pesticides and PCBs.
After changing the solvent to hexane and concentration to
a volume of 1ml, the extract was cleaned up and fractionated by passage through a column containing 5% deactivated alumina. The organochlorine compounds were
obtained by collecting 20 ml of n-hexane 5 followed by 20
ml of a mixture of diethyl ether: hexane 1:1 containing the
herbicides. The final determination was carried out by gas
chromatography using a FID detector for the hydrocarbons (Hewlett Packard 5890), an ECD detector for the
chlorinated compounds and a TSD detector for the herbicides (Varian Star 3400). The hydrocarbons in the sediment cores were determined by gas chromatography mass spectrometry (Hewlett Packard 6890 GC-MS) operating in full scan mode.
Fig. 1. The sampling locations of surface sediments and sediment
cores from Thermaikos gulf

RESULTS AND DISCUSSION
Surface sediments

The results for all the organic compounds determined
in the surface sediments of the Thermaikos gulf are presented in Table 1. The concentrations of herbicides
ranged from 0 to 0.8 ng/g dw (dry weight), with station
S31 near the Axios river outflow presenting the highest
values for all the compounds. In station S24 no herbicides
have been detected. These values are generally low and in
the same range with those reported earlier6. The major
herbicide compound identified in the sediments was atrazine.
The composition of organochlorine pesticides in the
surface sediments of Thermaikos gulf is dominated by
p,p’-DDT and its metabolites p,p’-DDE and p,p’-DDD.
The sum of concentrations of these compounds (ΣDDT)
varied from 1.7 to 22.8 ng/g dw.
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The highest values were measured in stations 9, 3 and
S3 in the inner part of the gulf, near the city of Thessaloniki. Generally, the concentration levels of ΣDDT in the
sediments of Thermaikos gulf are comparable with those
reported for other Mediterranean coastal areas, but much
lower than those from heavily polluted ones7. For the rest
of the organochlorine compounds, namely lindane and
dieldrin, the concentration levels were quite low, having
maximum values 0.6 ng/g dw and 0.1 ng/g dw, respectively.
Investigating the distribution of DDT and its metabolites between the stations, one could get some information
about new inputs and degradation processes of these
compounds. It is known that the degradation of DDT in
marine sediments is influenced by their redox potential8.
Thus, DDT is converted to DDD in reducing environments, while DDE is the major metabolite in oxygenated
sediments. In our study, the major metabolite of DDT in
sediments was DDE for all stations (Fig. 2A). Moreover,
the ratio DDE/DDT was always higher than unity, suggesting the absence of “fresh” DDT inputs in the gulf.
The sum of concentrations of the individual polychlorinated biphenyls (PCBs) ranged from 0.8 to 88.2 ng/g dw. It
should be mentioned here that the seven PCB congeners
(IUPAC Nos 101, 118, 153, 105, 138, 156, 180) determined
in this study were selected in accordance with the recommendation of ICES9 and taking into consideration that they
occur in relatively high concentrations in the technical PCB
mixtures. As in the case of ΣDDT, the inner part of Thermaikos gulf presented the highest levels of ΣPCBs. Except
for the stations in close vicinity of Thessaloniki, the concentrations of ΣPCBs in the surface sediments were in the same
range as those found in other Mediterranean coastal areas7.
The distribution of individual congeners was dominated by
hexachloro-substituted compounds (Fig. 2B). Similar composition of the PCB congeners is found in the commercial
products, Arochlor and Clophen. As a whole, the concentrations of ΣPCBs in the stations near the city of Thessaloniki
were higher than those of ΣDDT, implying that the industrial
pollution dominates in the area. In the rest of Thermaikos
gulf, the ΣPCBs levels were lower than those of ΣDDT,
indicating that the agricultural pollution is more important
than the industrial one.
The concentrations of aliphatic hydrocarbons in the
surface sediments varied between 28 and 965 µg/g dw.
The highest concentrations were measured in the inner
Thermaikos gulf (253 – 965 µg/g dw), which can be characterized as a moderately polluted area with petroleum
compounds10,11. Generally, unpolluted marine sediments
contain less than 10 µg/g dw of biogenic hydrocarbons.
This value can be increased up to 100 µg/g dw for organic-rich sediments, but concentrations higher than this level
are attributed to petroleum contamination10.
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SEDIMENT CORES
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Two sediment cores, namely C3 (2.5 m depth) and
C8 (25 cm depth) were analyzed for pesticides, PCBs, and
aliphatic hydrocarbons. In selected parts of the core C3
the polycyclic aromatic hydrocarbons were also determined.
The herbicides were not detected in the deeper parts
of the cores. The concentrations of organochlorine pesticides were low for both cores and ranged between 0.7-4.3
ng/g dw for ΣDDT, 0-1.4 ng/g dw for lindane and 0-0.9
ng.g dw for dieldrin. The highest values were measured in
core C8 which was closer to the city of Thessaloniki. The
ΣPCBs concentrations varied between 3.0-4.6 ng/g dw for
core C8 and between 0.3-1.8 ng/g dw for core C3. The
vertical profiles of ΣDDT and ΣPCBs for core C3 are
shown in Fig.3A. A clear increase of ΣDDT and ΣPCBs
concentrations from the deeper to the upper parts of the
core was observed. It is noteworthy that, residues of the
chlorinated compounds were detected even at 2.5 m
depth. The highest values occurred at the depth of 30 cm
(2.7 ng/g dw) for ΣDDT and at 15 cm (1.8 ng/g dw) for
ΣPCBs, and this probably reflects the banning of these
compounds during the last decades.

60%
0.0

40%

The gas chromatographic traces of aliphatic hydrocarbons showed a hump corresponding to a mixture of
unresolved compounds (UCM, unresolved complex mixture) with 14 –34 carbon atoms. These compounds, mainly composed of cyclic and branched hydrocarbons, are
related to weathered petroleum residues12. In the surface
sediments of Thermaikos gulf, the UCM represented on
an average more than 90% of the total aliphatics. Values
of the ratio, unresolved vs resolved compounds (U/R),
were in the range: 11.5 – 46.2. According to U/R criterion, values greater than 4 are considered as evidence of
petroleum residues13. Therefore, the values of U/R ratio in
the sediments of Thermaikos gulf were indicative of contamination by degraded petroleum.
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FIGURE 2. Percentage distributions of: A. DDT and its metabolites
DDE and DDD and B. pentachloro-, hexachloro- and heptachlorosubstituted biphenyls in the surface sediments of Thermaikos gulf.
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FIGURE. 3. Vertical profiles of:
A. ΣDDT and ΣPCBs and B. aliphatic hydrocarbons, UCM and
the ratio U/R in sediment core C3 from Thermaikos gulf.
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TABLE 1. Concentrations of herbicides (ng/g dw), organochlorine insecticides (ng/g dw, denoted as insecticides),
polychlorinated biphenyls (ng/g dw, denoted as PCBs) and aliphatic hydrocarbons (µg/g dw, denoted as aliphatics) in the surface
sediments of Thermaikos gulf. The numbers in brackets indicate the number of chlorine atoms of PCB congeners.
UCM: Unresolved Complex mixture. U/R: the ratio of unresolved to resolved compounds.
Station

3

9

S3

S6

S9

S15

S19

S22

S24

S26

S27

S29

S31

Atrazine

n.d.

0.1

n.d.

0.1

0.2

0.4

0.7

0.3

n.d.

0.6

0.4

0.3

0.8

Simazine

n.d.

n.d.

n.d.

0.1

0.1

0.2

0.2

0.1

n.d.

0.2

0.1

0.1

0.3

Alachlor

n.d

0.1

0.1

n.d.

0.1

0.1

0.2

0.2

n.d.

0.2

0.1

n.d.

0.3

Metolachlor

n.d.

0.1

0.1

0.1

0.1

0.2

0.2

0.1

n.d.

0.2

0.2

0.1

0.2

Trifluralin

0.1

0.2

0.1

0.1

n.d.

n.d.

0.1

0.1

n.d.

0.2

0.2

0.2

0.2

Metribuzin

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

0.1

Molinate

0.2

0.4

0.1

0.2

0.1

n.d.

0.1

0.2

n.d.

0.2

0.2

0.2

0.2

p,p’ – DDE

6.6

14.8

5.7

2.7

2.8

2.1

2.5

1.2

1.5

3.0

1.3

2.7

1.5

p,p’ – DDD

2.2

8.9

5.0

1.0

0.8

0.4

0.6

0.3

0.2

0.3

0.1

0.5

0.4

p,p’ – DDT

0.3

9.1

1.1

0.3

0.3

0.1

0.2

0.2

0.3

0.1

0.1

0.5

0.2

ΣDDTs

9.1

22.8

11.8

4.0

3.9

2.6

3.3

1.7

2.0

3.4

1.5

3.7

2.1

Lindane

0.1

0.2

0.08

0.1

0.09

0.1

1.0

0.1

0.08

0.2

0.2

0.6

0.2

Dieldrin

0.1

0.1

0.09

0.04

0.05

n.d.

0.07

n.d.

n.d.

n.d.

n.d.

0.05

0.08

3

9

S3

S6

S9

S29

S31

101 (5)

1.6

7.6

4.8

0.6

0.7

0.1

0.2

0.1

0.3

0.4

0.2

0.6

0.1

118 (5)

1.0

7.4

2.4

0.8

0.5

0.2

0.3

0.1

0.1

0.3

0.1

0.2

0.3

153 (6)

1.2

18.9

5.6

2.8

1.7

0.5

0.6

0.4

0.4

0.9

0.3

0.3

0.8

105 (5)

0.3

2.7

0.9

1.1

0.3

0.1

0.1

0.1

0.1

0.4

n.d.

0.1

0.3

138 (6)

1.9

18.2

6.4

2.4

1.8

0.5

0.7

0.6

0.4

1.2

0.2

0.5

0.9

156 (6)

0.2

1.8

0.5

0.2

0.1

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

0.1

180 (7)

0.7

31.6

3.9

1.1

0.8

0.2

0.2

0.2

n.d.

0.3

n.d.

n.d.

0.8

ΣPCBs

6.9

88.2

24.5

9.0

5.9

1.6

2.1

1.5

1.3

3.6

0.8

1.7

3.4

Total

253

965

446

344

292

70.8

110

49.1

44.9

50.0

56.0

28.0

36.0

UCM

246

945

435

332

283

67.9

103

46.2

42.1

47.0

53.0

26.0

34.0

U/R

36.1

46.2

40.7

28.6

29.8

23.8

16.1

15.9

15.3

17.6

22.8

11.5

16.8

Herbicides

Insecticides

Station

S15

S19

S22

S24

S26

S27

PCBs

Aliphatics

n.d. : not detected, Detection limits: herbicides 0.1 ng/g, organochlorine insecticides 0.01 ng/g, PCBs 0.02 ng/g and aliphatic hydrocarbons 0.5 ng/g.
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In the upper part of core C3 (up to 60 cm depth), the
polycyclic aromatic hydrocarbons (PAH) were also determined. The compounds with 2 to 6 rings were identified
and quantified, namely: naphthalene (2) and its methyl-,
dimethyl- and trimethyl- derivatives, acenaphthene (2),
acenaphthylene (2), fluorene (3), phenanthrene (3) and its
methyl- and dimethyl- derivatives, anthracene (3), fluoranthene (4), pyrene (4), dibenzothiophene (3) and its
methyl derivative, benzo(a)anthracene (4), chrysene (4),
benzo(b)fluoranthene (5), benzo(k)fluoranthene (5), benzo(e)pyrene
(5),
benzo(a)pyrene
(5),
dibenzo(a,h)anthracene (5), perylene (5), indeno [1,2,3cd]pyrene (6) and benzo[ghi]perylene (5). The numbers in
brackets represent the number of rings in the PAH molecules. Total PAH concentrations (the sum of the concentrations of all the compounds determined, denoted as
ΣPAH) ranged from 156 to 453 ng/g dw (Fig. 4A). The
maximum value was observed in the surface, but it is not
very high compared with those from polluted sediments14.
The vertical profile of ΣPAH concentrations (Fig. 4A)
depicted a sharp decrease from the surface up to the
15 cm depth and an almost uniform distribution for the
deeper part of the core C3.
Polycyclic aromatic hydrocarbons are mainly produced from the incomplete combustion of carbon-rich
materials (mainly the unsubstituted compounds with 4 to
6 aromatic rings) and are also ubiquitous components in
petroleum products (mainly the substituted compounds
with 2 to 3 aromatic rings and some heterocyclics)10,14.
Only a few compounds, such as perylene may have a
biogenic origin from the terrestrial plants15. We define as
«pyroyitic PAH», the sum of concentrations of the unsubstituted compounds with 4 to 6 aromatic rings, which
represents the compounds derived mainly from combustion processes.
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The concentrations of perylene represent the “biogenic PAH”. Finally, we define as «petrogenic PAH», the
sum of concentrations of the rest of the compounds identified in this study, which indicates the compounds found
mainly in petroleum.
In Fig.4B the percentage distributions of pyrolytic,
biogenic and petrogenic PAH in the upper part of sediment core C3 is depicted. Up to 15 cm depth, petrogenic
and pyrolytic PAH were found in about the same proportion relative to the total. In the deeper parts of the core,
there was an increasing trend of petrogenic PAH over
pyrolytic ones. Biogenic PAH constituted only a minor
part of the total and had a relatively constant percentage
distribution with depth.

FIGURE. 4
A. Distribution of ΣPAH (in ng/g) and B. percentage distributions
of pyrolitic, biogenic and petrogenic PAH in the upper part of
sediment core C3 from Thermaikos gulf.

453

0
Depth (cm)

The concentrations of aliphatic hydrocarbons in core
C8 varied between 100.5 and 132.2 µg/g dw, while lower
values of aliphatic hydrocarbons were measured for core
C3 (5.0-73.2 µg/g dw). UCM accounted for more than
90% of the total aliphatics in the core C8 and the upper
parts of C3 (till 65 cm depth), while in the deeper parts of
core C3 UCM decreased to 61-79 % of the total, still
representing the major component. The vertical distribution of aliphatic hydrocarbons and UCM in sediment core
C3 showed a decreasing trend with depth (Fig. 3B). The
U/R ratio in core C3 showed a decrease from surface
(U/R=15.6) up to the depth of 90 cm (U/R=4) having an
almost uniform distribution (U/R < 4) in deeper parts. The
above distribution of U/R indicated that in the upper parts
of the core (up to 90 cm depth) the hydrocarbons of petroleum origin dominated the aliphatic hydrocarbon composition, while in the deeper parts, the biogenic hydrocarbons were the major compounds.
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TEN YEARS TRENDS OF THE URBAN AIR POLLUTION
IN THESSALONIKI.
PART I: THE PRIMARY POLLUTANTS*
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SUMMARY
The temporal trends of the primary air pollutants, CO
(carbon monoxide), SO2 (sulphur dioxide) and TSP (Total
Suspended Particulates), in the urban area of Thessaloniki
(Greece) and their spatial distribution are examined statistically. A decreasing trend of CO, SO2 and TSP concentrations has been observed during the decade 1988-97
because of various improvements in pollution sources
such as, the renewal of the vehicle fleet, the improvement
of fuel quality and the emission sources control programmes.

transport telematics applications for the improvement of
traffic and environment in Thessaloniki has been presented in other publications 5-7.
In this paper the temporal trends of the primary air
pollutants, CO (carbon monoxide), SO2 (sulphur dioxide)
and TSP (Total Suspended Particulates), in the urban area
of Thessaloniki and their spatial distribution are examined
statistically for the decade 1988-97.
MATERIALS AND METHODS

Key words:
primary air pollutants, urban area, temporal trend

INTRODUCTION
The city of Thessaloniki (region of Central Macedonia in Northern Greece), having about 1.000.000 inhabitants, an important industrial region and a rapidly increasing vehicle fleet, is a typical European urban area and for
this reason an interesting example for the study of the
pollution sources evolution and the air pollutants temporal
trends.
The evolution of the Thessaloniki pollution sources
(mainly the vehicle fleet), their characteristics and the
parameters influencing their emissions have been examined in previous studies1,2. The temporal trends of some
air pollutants based on their values classes frequencies.
Have also been studied3,4. The development of various
plans including transportation planning and

70

The concentrations of the air pollutants CO, SO2 and
TSP, were determined at 3 air quality monitoring stations
operated by the Ministry of Macedonia-Thrace 8. The
characteristics of these stations are the following: 1)
Kordelio region station (KOR): urban-industrial area,
Western Thessaloniki, 2) Dimokratias Square station
(DIM): centre of the city, the most important crossroads
of the city and 3) Agias Sophias Square station (SOP):
centre of the city, an open space area with low traffic.
The CO is measured by the non-dispersive infrared
radiation absorption method, the SO2 by the fluorescence
method and the TSP by the high volume air sampler
method according to the reference methods of the Hellenic State and the directives of the European Union 8.
A regression analysis was applied for the 1988-97
annual average values of CO, SO2 and TSP. The temporal
linear trend of these values (y = ax + b), the regression
coefficient (a) and the determination coefficient R 2 are
examined for every air quality monitoring station.
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RESULTS
The annual average concentrations and the temporal
trend of CO for the period 1988-97 at the three air quality
monitoring stations in Thessaloniki are presented in Figures 1, 2 and 3. CO concentrations are slightly decreasing
in the urban-industrial area of Western Thessaloniki
(Kordelio station, Fig.1).
Figure 3 CO annual average concentrations and temporal trend
for the period 1988-1997 Agias Sophias Square of Thessaloniki

The annual average concentrations and the temporal
trend of SO2 for the period 1988-97 at the three air quality
monitoring stations in Thessaloniki are presented in Figures 4, 5 and 6. SO2 concentrations are significantly decreasing in the urban-industrial area of Western Thessaloniki (Kordelio station, Fig.4).
Figure 1 CO annual average concentrations and temporal trend
for the period 1988-1997 at Kordelio station of Thessaloniki

The regression coefficient is low (a = -0.091 with
b = 1.8093) and the determination coefficient is not very
significant (R 2= 0.4206). CO is significantly decreasing
at the most important crossroads of Thessaloniki city
centre (Dimokratias Square station, Fig.2).
Figure 4 S02 annual average concentrations and temporal trend
for the period 1988-1997 at Kordelio station of Thessaloniki

The regression coefficient is very important
(a = -14.782 with b = 170.8), the determination coefficient is very significant (R 2 = 0.8889). There are also
decreasing SO2 concentrations at the most important
crossroads of city centre (Dimokratias station, Fig.5).
Figure 2 CO annual average concentrations and temporal trend
for the period 1988-1997 at Dimikratias Square station of Thessaloniki

The regression coefficient is very important (a = -0.5315
with b = 6.6532) and the determination coefficient is
significant (R 2= 0.7906). There is hardly any temporal
trend in CO concentrations at the open space area with
low traffic of Thessaloniki city centre (Agias Sophias
Square station, Fig.3). The regression coefficient is extremely low (a = 0.0092 with b = 2.0013) and the determination coefficient is not significant (R 2= 0.0085).
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Figure 5 S02 annual average concentrations and temporal
trend for the period 1988-1997 at Dimikratias Square station
of Thessaloniki
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The regression coefficient is important (a = -6.1806
with b = 91.208), the determination coefficient is significant (R2 = 0.8337). At the open space area with low traffic of city centre (Agias Sophias station, Fig.6) SO2 is also
decreasing. The regression coefficient is important
(a = -12.018 with b = 154.8), the determination coefficient is significant (R 2 = 0.8056).

Figure 6 S02 annual average concentrations and temporal trend
for the period 1988-1997 Agias Sophias Square of Thessaloniki

The annual average concentrations and the temporal
trend of TSP for the period 1988-97 at the three air quality monitoring stations in Thessaloniki are presented in
Figures 7-9. The TSP concentrations are significantly
decreasing in the urban-industrial area of Western Thessaloniki (Kordelio station, Fig.7).

Figure 8 TSP annual average concentrations and temporal trend
for the period 1988-1997 at Dimikratias Square station
of Thessaloniki

The regression coefficient is important (a = -12.318
with b = 339.99), the determination coefficient is not very
significant (R2 = 0.5022). There is also a decreasing trend of
TSP at the open space area with low traffic of the city centre
(Agias Sophias station, Fig.9). The regression coefficient is
important (a = -13.018 with b = 279.99) and the determination coefficient is significant (R 2 = 0.8463).

Figure 7 TSP annual average concentrations and temporal trend
for the period 1988-1997 at Kordelio station of Thessaloniki

The regression coefficient is very important
(a = -21.103 with b = 350.47), the determination coefficient being significant (R 2 = 0.7935). TSP is also decreasing at the most important crossroads of the city centre (Dimokratias station, Fig.8).
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Figure 6 S02 annual average concentrations and temporal trend
for the period 1988-1997 Agias Sophias Square of Thessaloniki
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DISCUSSION
The annual average concentrations of CO exhibit a
decreasing trend at all air quality monitoring stations of
Thessaloniki for the period 1988-97. The most significant
trend has been observed at the most important crossroads
of the city centre. The CO decreasing trend is attributed
mainly to the recent considerable renewal of the vehicle
fleet (increase gasoline engine passenger cars equipped
with three way catalytic converters and decrease of old
technology passenger cars, which are the main emission
sources of CO). The improvement of fuel quality and the
emission sources control programmes during the examined period influence this trend as well.
The annual average concentrations of SO2 show an
important decreasing trend with significant determination
coefficients at all air quality monitoring stations of Thessaloniki for the period 1988-97. The decreasing SO2 trend
is attributed mainly to the improvement of fuel quality
(decrease of sulphur content). Technological innovations
in industry (decrease of oil refinery sulphur emissions),
the emission sources control programmes and the recent
considerable renewal of the vehicle fleet (buses and taxis
with new technology diesel engines, which are the main
mobile sources of SO2) influence this trend as well.
The annual average concentrations of TSP, too, show
an important decreasing trend with significant determination coefficients at all air quality monitoring stations of
Thessaloniki for the period 1988-97. The decreasing TSP
trend is attributed mainly to the recent considerable renewal of the vehicle fleet (buses and taxis with new technology diesel engines, which are the main mobile sources
of TSP). The improvement of fuel quality and the emission sources control programmes also influence this trend.
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METAL POLLUTION IN PIRAEUS PORT, A MAJOR
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SUMMARY
The heavy metal pollution in Piraeus Port and its
neighbouring coastal areas was studied during 1998, in
both seawater and sediments. The metal contents in seawater and sediment samples indicate that not only the
Piraeus port but the whole studied coastal area is affected
by polluting activities. The high percentages of dissolved
metals in seawater and of extractable metals in sediments,
which can be easily uptaken by marine organisms, indicate a poor seawater quality. Piraeus port may be considered as a source of metals for the neighbouring coastal
zone.

lot of efforts have been made in order to reduce the pollution in the ports and also to minimize the possibility of
dangerous accidents. In ports, there is also a tendency for
sediment accumulation creating a dredging need for shipping activities. In addition, dredging and/or ships maneuvering leads to seabed sediment resuspension and to the
possibility of re-introducing toxic substances to the marine environment.
The study of the pollution levels in ports is also necessary for the protection and management of the neighbouring areas as heavy polluted ports may act as secondary polluting sources and can be regarded as a hot spot
from an environmental point of view.

Key Words:
Port, Piraeus, Metals, Mediterranean, Sediments

MATERIALS AND METHODS
INTRODUCTION
The Piraeus port is located at the crossroads of three
continents, Europe, Africa and Asia. Piraeus is considered
as the third most frequented passenger port in the world
and the leading container hub in the Eastern Mediterranean. At the advent of millenium, Piraeus port welcomes
yearly as much as 6000 vessels on international voyages
while 25000 ships arrive and depart on coastal routes.
These facts establish Piraeus port at a position of a major
gateway, especially for containerized cargo, goods transferred by ferry and passengers’ arrivals and departures.
The main port areas are a central passenger port, a container terminal, a commercial port, and a ship repair and
maintenance site.
It is recognized that there are several pollution problems in ports due to the existence of many polluting activities in a relative small area. They concern all types of
pollutants (hydrocarbons, metals, nutrients etc) and a
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In April 1998 seawater, surface sediment samples and
cores have been collected from locations in Piraeus port
and from the neighbouring marinas of Pasalimani and
Microlimano (Fig. 1). Measurements of temperature,
salinity, dissolved oxygen and pH were accomplished,
using portable Yellow Springs instruments. Surface and
near-bottom seawater samples were collected with HydroBios polypropylene sampling bottles and were filtered
through pre-weighed 0.45µm Millipore membrane filters.
Handling of samples was carried out in a clean box.
Dissolved trace metals were preconcentrated on
Chelex-100 resin columns1 and eluted with a mixture of
2N:1N nitric and hydrochloric acid2 after the removal of
Ca and Mg with ammonium acetate3.
The particulate matter, retained on the filters, was
dried to constant weight and transferred to PTFE beakers
for treatment with 1:1 HNO3 at 200 oC.
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A gravity corer and a grab were used for the collection of surface sediment samples. The samples were wetsieved through a nylon net with openings of 61 µm and
dried at 40 oC. The chemical determinations were carried
out at the <61 µm sediment fraction (silt and clay) which
is considered to be the most interesting for trace metal
studies as metals are mainly associated to the small
grains4.
The methods used for the metal extraction were the
following:
(a) Shaking overnight at room temperature with diluted (0.5N) HCl. It was used for the extraction of metals
that were relatively weakly connected to the sediment.
These metals have a possible anthropogenic origin5.

(b) Treatment with a mixture of concentrated
HNO3-HF-HClO4 in covered PTFE beakers on a hot plate
of 300 oC for several hours. It was used for the determination of the total metal content of the sediment6.
Organic carbon was determined by method of Gaudette et al 7.
In addition, total metal concentrations in surface sediment samples, collected from the same sites a year ago
(1997), were measured for comparison.
Flame and flameless atomic absorption spectrophotometry were used for trace metals measurements
(VARIAN SpectrAA-200 - VARIAN SpectrAA-640Z
GTA 100). The standard deviation (Sr = (S/χ) x 100) of
the measurements was <5%.

Figure 1: The area of Piraeus port and the sampling stations
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RESULTS AND DISCUSSION

FIGURE 2:
Vertical distribution of D.O., salinity, temperature and pH.

The values of temperature, salinity and pH (Fig. 2)
are typical for a Mediterranean coastal system. Any significant stratification or reduce of dissolved oxygen were
not observed probably due to the small depth of the port
(about 10 m).
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The concentrations of the dissolved and particulate
metals that were determined in the seawater samples are
shown in Table 1. They indicate that, generally, the concentrations of dissolved metals were higher than those of
particulate metals.

Depth (m)

2
4
6
8

In the case of Zn and Ni the relative percentages were
higher than 70%. However, Fe and Cu show different
behaviour. In these cases the percentages of particulate Fe
and Cu are higher than the dissolved ones (values higher
than 80% and 55%, respectively). Metal concentrations in
samples collected from the Piraeus port were the highest
but in some cases increased concentrations have been
measured in the other stations (e.g. stations 8, 9 and 11).
There are certain similarities in the distributions of the
main metals, having human origin (Cu, Zn, Pb, and Ni),
whereas the distribution of Fe and Mn are different indicating a different origin and behaviour in the system.

10

oxygen
temperature

pH
salinity

TABLE 1. Concentration (µg/l - ppb) of dissolved (D) and particulate (P) metals in seawater.

Stations
1

2

5

6

7

8

9

10

11

D

2.53

4.00

6.19

8.04

2.50

4.21

3.00

8.45

2.69

P

19.6

37.6

84.7

22.0

22.4

50.8

10.5

33.7

66.2

D

12.2

17.6

13.7

10.8

9.3

10.6

8.2

1.4

11.0

P

4.48

5.59

2.08

1.57

2.63

2.50

2.78

3.19

2.33

D

3.20

0.99

1.54

1.95

1.01

2.44

3.93

0.41

2.50

P

2.23

1.33

2.34

1.47

0.60

1.11

1.34

0.91

2.00

D

1.24

1.87

0.70

0.74

0.69

1.18

0.66

0.78

0.51

P

1.88

1.54

2.27

1.06

0.96

1.31

0.85

1.21

0.61

D

6.38

1.85

1.75

1.82

0.95

1.34

1.76

1.31

1.35

P

0.57

0.42

0.58

0.28

0.24

0.55

0.31

0.44

0.54

D

1.13

3.01

3.21

2.75

4.08

5.75

1.09

11.2

9.20

P

0.81

1.51

2.48

1.31

1.26

1.67

0.64

1.50

2.18

metals
Fe

Zn

Pb

Cu

Ni

Mn

76

45
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The extractable and total metal concentrations in marine sediments are presented in Table 2 together with the
organic carbon and carbonate content of sediments.

Also, Cu in station 2 was relatively higher in 1998.
The downcore total metal distribution patterns show differences between the two cores.

Carbonate content determination showed that the sediments in Piraeus coastal area are relatively enriched in
carbonates (concentrations higher than 30%) like in most
Greek coasts. The organic carbon content of the sediments is higher in sites into the Piraeus port and Pasalimani marina, where the organic matter can be deposited
without being easily disturbed.Surface sediments collected from the same stations (stations 2,3,4,10) show to be,
in general, the most enriched in metals and they also have
the highest percentage of extractable metals.

In station 9 (Fig.4) the variations show that Cu and Ni
display almost identical patterns of distribution. The variation of Pb follows closely those of Cu and Ni. The distribution trends of Fe and Mn are similar. The downcore
total metal variations in station 11 (Fig. 4) show that Fe
and Ni display almost identical patterns of distribution.
The distribution trends of Pb and Zn are similar. The
variation of Cu follows closely that of Mn.
Trace metal concentrations in seawater and sediments
of Greek coastal areas are presented in Tables 3 and 4.
The comparison of the values reveal the enrichment of the
marine environment of Piraeus port in metals, because all
the areas included in the tables are considered as polluted
ones. Some high values in the various considered originate from samples near significant pollution sources.

The contents of extractable Fe and Ni were rather low
in comparison to the total ones, whereas as far as Zn and
Mn are concerned, the percentages of extractable metals
were significantly increased (Table 2). This can be regarded as an indication of the main geological origin of
Fe and Ni, the polluting activity of Zn and the labile character of Mn.

This comparison indicates that Piraeus port may be
considered as a hot spot in trace metal pollution and act as
a source of metals for the neighbouring coastal zone.

Total metal contents in surface sediment samples collected in 1997 and 1998 showed that great differences do
not occur (Fig. 3) with the exception of Zn which in
station 3 was much higher in 1997 whereas in station 5
was higher in 1998

TABLE 2: Extractable (E) and total (T) metal concentrations (µg/g-ppm) in sediments

Station
2

9

7

10

11

4

3

Metal
E

8234

2149

761

3892

1826

5105

3088

T

25003

10524

6232

17399

17115

18055

12619

E

124

175

136

183

162

111

127

T

239

213

149

319

331

294

249

E

15

13

9

20

16

40

14

T

86

109

42

148

113

144

100

E

878

102

105

455

60

852

313

T

1455

226

118

743

175

918

348

% Organic C

1.5

0.14

0.31

1.25

0.34

1.39

0.70

% Carbonate

57.6

41.8

48.4

41.8

31.9

43.7

37.7

Fe

Mn

Ni

Zn

77
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FIGURE 3: Total metal contents in surface sediment samples in stations 2, 3 and 5 in the years 1997 and 1998.

FIGURE 4: Downcore total metal variations in stations 9 & 11 for Fe, Mn, Ni, Pb, Zn and Cu.

78

© by PSP Volume 10 – No 1. 2001

Fresenius Enviromental Bulletin

TABLE 3: Comparative concentrations of dissolved metals (ppb) in seawater.

Area

Fe

Zn

Pb

Cu

Ni

Mn

South Atticaa

2.47-9.28

1.4-17.6

0.41-3.93

0.51-1.87

0.82-6.38

1.09-11.2

4.00-9.28

7.50-17.6

0.99-1.95

0.54-1.87

0.82-1.85

1.85-3.21

-

-

0.05-11.0

0.30-9.50

0.40-41.9

0.10-2.20

Saronic gulf (1986-93)8

-

-

0.03-12.2

0.10-10.7

0.20-22.5

0.12-13.0

Chalkis area9

-

0.3-38.0

0.02-12.1

0.13-2.0

0.78-34.0

0.03-8.7

Cretan sea10

-

-

0.07-0.87

0.04-0.36

0.10-0.50

0.01-0.72

Open Mediterranean11

-

0.15-2.2

<0.1

0.10-0.40

<0.5

-

Piraeusa
Elefsis bay (1986-93)

8

TABLE 4. Comparative concentrations of total metals in sediments (µg/g)

AREA

Fe

Zn

Pb

Cu

Mn

6232-25003

118-1455

-

-

149-294

24395-28046

635-724

142-157

305-313

550-595

Saronic gulf (1988)13

-

27-405

33-130

20-108

220-1020

Salonica14

-

-

56-102

45-144

-

6960

84-118

-

31.5-60

193-220

1800-4200

27.9-156.5

-

9.4-58.9

87.7-134

Chalkis area17

-

35.1-435

15.8-183

4.4-240

140-700

Izmir bay18

-

53-860

20-280

14-870

-

South Atticaa
Piraeus

Rhodes

12

15

Mytilene16

a

this study

CONCLUSIONS
The measurement results allow us to draw the following conclusions: The metal contents in seawater samples
indicate that not only Piraeus port but the whole studied
coastal area is affected by polluting activities. The distributions of the main metals in seawater samples exhibit
certain similarities, which can be attributed to a possible
human origin (Cu, Zn, Pb, Ni), whereas the distribution of
Fe and Mn are different indicating a different origin and
behaviour in the system.
The high percentages of dissolved metals, which can
be easily uptaken by biological species, indicate the relatively poor seawater quality of the studied area. The metal
enrichment in sediments collected from the same stations
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(Stations 2, 3, 4 and 10) and also their higher percentage
in extractable metals can be a rather clear indication of
anthropogenic origin of metals. The sediments in the area
of the port are significantly enriched in metals and their
management and disposal during dredging works have to
be carefully studied and planned in order to avoid the
pollution of the neighbouring areas where, in the past,
these sediments have been disposed.
In general, the downcore metal variations in both
cores show that the surface samples are relatively poorer
suggesting a possible quality improvement of the considered area, which definitely needs further study. Finally,
Piraeus port may be considered as a hot spot and act as a
source of metals for the neighbouring coastal zone.
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SUMMARY
The concentration of heavy metals in most popular
brands of cigarettes sold in Turkey was determined. Homogenised samples of tobacco were digested in HNO3HClO3 mixture and after evaporation by up to 300 °C the
residue was extracted with HNO3 and analysed with ICPMS. The minimum, average and maximum concentrations
of heavy metals (µg/g), were determined for 9 different
brands of cigarettes and the values were as follows:
Cd 0.49 - 1.70 - 2.62; Cr 1.34 - 1.63 – 2.22; Co 0.12 –
0.22 – 0.71; Ni 0.06 – 0.22 – 0.35; Cu 1.16 – 2.45 – 6.4;
As 0.63 – 0.92 – 0.96; Hg 0.20 – 0.25 – 0.28; Pb 0.32 –
1.02 – 2.3.
Key words:
Heavy metals, cigarette, cadmium, cancer risk

In the IUPAC Cadmium Workshop held in Schmallenberg, Germany, in 1988, it was stated that cadmium
compounds taken by inhalation unambiguously present a
carcinogenic effect. German Research Council (Deutsche
Forschungsgemeinschaft) MAK group placed cadmium
compounds showing carcinogenic effects as determined
from animal tests, in A2-compounds list.
Of the other heavy metals, Pb, Zn, and Ni were determined in 4, Cu in 3, Hg in 2, Cr, Mn, Mo, As, Sb, Co
in only one, other investigations. In this study, we have
determined 9 heavy metal concentrations in 9 different
brands of cigarettes with highest rates of sale.

MATERIALS AND METHODS

INTRODUCTION
Numerous previous investigations dealing with the
determination of heavy metal contents of cigarettes and
their harm to humans were concerned mainly with the Fe,
Mn, Cd, Pb, Cr, Cu and Zn concentrations. For most of
the metals, e.g. Fe (292-527 µg/g), Mn (71-176 µg/g),
Zn (33-61 µg/g), Cd (1,07-2,30 µg/g), Cr (3,4-6,7 µg/g),
and Pb (2,4-4,3 µg/g), the difference factor (ratio of maximum to minimum value) was 2±0.2 (1) . On the other
hand, Cu with concentrations of 10-34 µg/g had an exceptionally high difference factor of 3.4. Similar results were
reported by different investigations (7-14).
Among the heavy metals, Cd was the most widely investigated one. This was due to the fact that Cd, second in
volatility after Hg, is passed to the smoke via the incandascent tip of the cigarette as CdCl2. Since CdCl2 is highly
soluble in water, it is rapidly resorbed by the human body,
resulting in high concentrations in both blood and urine.
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After statistical determination of the most popular
brands of cigarettes, different samples were bought from
markets in Istanbul on March, July and October 1998.
The tobacco obtained from the samples was homogenised
after drying at 40 OC for two hours by grinding in an
agate mortar. Later they were digested in concentrated
HNO3-HClO3 mixture, and the resulting solution was
evaporated to dryness in a sand bath up to 300 0C. The
residue was dissolved in concentrated HNO3 and diluted
to a concentration suitable for determination. The concentrations of the heavy metals were determined by inductively coupled plasma-mass spectrometry (ICP-MS),
which has a detection limit which is 100 times more than
atomic absorption spectrometry (AAS) and 10 times more
than AAS with graphite furnace used in previous studies.
ICP-MS equipment used in this study was a HP 4500
ICP-MS, 27.12 MHz, which can detect simultaneously 30
elements in a minute with 0.1 µg/L detection limit (The
values have been corrected for polyatomic interferences).
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TABLE 1: Cadmium concentrations of most popular Turkish cigarettes.
Cigarette Brand

Difference factor

Cd (µg /g)
Minimum

Average

Maximum

Marlboro

1.93

2.35

2.62

1.35

Parliament

1.36

1.90

2.42

1.78

Marlboro light

0.65

1.27

1.48

2.27

Tekel 2000

1.92

2.09

2.19

1.14

LM

0.74

1.52

2.17

2.93

Monte Carlo

0.49

1.45

2.37

4.8

Winston light

1.83

1.75

2.37

1.29

Maltepe

0.69

1.53

2.23

3.23

Tekel 2001

1.50

1.52

1.53

1.04

Range

0.49

1.70

2.62

5.3

RESULTS AND DISCUSSION
The results are summarized in Tables 1 and 2. In contrast to previous recent works, we believe in reporting the
names of the brands investigated. Due to proved carcinogenic effect of Cd, results of 3 different samples are presented separately in Table 1
The cadmium concentrations varied between 0,492.62 µg /g. The factor of difference between maximum
and minimum values was 5.3. Average cadmium concentration was 1.70 µg /g.
Five brands had a cadmium concentration lower than
average and 4 brands had a concentration higher than
average.
Malboro and Tekel 2000 have the highest average
cadmium concentrations, 2.35 and 2.09 µg /g, respectively. On the other hand, Monte Carlo had the second lowest
cadmium content, but the difference factor was 4.8. Monte Carlo’s maximum cadmium content could be as high as
2.37 µg /g.
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Range of Cd concentrations in Maltepe brand was
0.69-2.23 µg /g, and the difference factor 3.23; for LM
brand, the range was 0.74-2.17 µg /g, and the difference
factor, 2.93. Tekel 2001 brand, which had the lowest
difference factor of 1.04, had a minimum of 1.50 and
maximum of 1.53 and average of 1.52 µg /g cadmium
concentration. Marlboro light compared to all others, had
the lowest average Cd concentration of, 1.27 µg /g, and
lowest maximum Cd concentration of 1.48 µg /g, with a
difference factor of 2.27 µg /g.
In contrats to the overall average cadmium concentration of 1.70 µg /g found in this study, in the eight previous studies (7-14) the average values in the range of 1.714 µg/g were found.
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The main route of heavy metals to the lungs is via the
particulates carried in the inhaled burning smoke. It was
stated in the literature that the transport of cadmium via
this way was far more effective than the other transport
pathway of other metals, such as Pb, Zn and Ni. Relative
values of cadmium being transported via the particulates
stated in the literature are as follows: 6.5 % (18), 7-10 %
(12), 10.5 % (7), and 12-15 % (11).
If an average value of transport is taken as 10 % and
average content of cadmium, 0.8 µg/cigarette,
a person who smokes a pack of 20 cigarettes could inhale
0.039 – 0.21 µg per cigarette and 0.78 – 4.2 µg of cadmium per day, according to the results given in Table 1.
Cigarettes selected in our study were all with filters.
It was known from literature that the transport rates of the
metal in tobaccos of cigarettes without filter were much
higher than those in that with filter. Szadkowski (7) and
Müller (1) strongly reiterated that a person who smoked
daily inhaled more cadmium than a person, who lived
nearby to a cadmium emission source. Considering the
literature on the toxicology of cadmium, the content of
cadmium in tobaccos must be reduced to half of today’s
value of 1.70 µg/g.

Most effective precaution that could be taken quickly
is the use of the tobaccos containing less heavy metal.
Results of the rest of the heavy metal determinations are
summarized in Table 2.
Chromium concentrations of tobaccos found in the
literature showed significant variations. In a study carried
out by Nadkarni (17) on 19 American tobaccos, chromium concentrations are found to vary between 0.246.3 µg /g. In the 3 other studies carried out by Frank and
coworkers in different years, the average and range concentration values were for 1973 (29 brands) 1.17 and
0.55-5.04 µg/g, for 1974 (72 brands) 2.01 and 0.487.56 µg/g, for 1975 (68 brands) 4.96 and 1.29-31 µg/g,
respectively. Müller (1) also reported a range of 3.46.7 µg/g for chromium concentrations. In comparison, the
chromium concentration of the 8 most popular brands of
Turkish cigarettes, in general, are lower in average and
have a lower difference factor of 1.65.
The average concentration of 0.22 µg/g was similar to
the findings of Wyttenbach et al. (13), who reported
0.3 µg/g, but the average Ni concentrations of 0.22 µg/g
was much lower than those given in literature (2.348.32 µg/g). Further study is intended to confirm this more
than ten fold difference.
.

TABLE 2: Other heavy metals concentrations of the most-popular Turkish cigarettes.
Cigarette Brand

Cr

Co

Ni

Cu

As

Hg

Pb

µg/g

µg/g

µg/g

µg/g

µg/g

µg/g

µg/g

Marlboro

2.05

0.16

0.24

1.93

0.94

0.27

0.62

Parliament

2.22

0.16

0.20

1.16

0.96

0.28

1.93

Marlboro light

1.65

0.15

0.15

2.0

0.94

0.20

2.0

Tekel 2000

1.55

0.71

0.20

1.15

0.80

0.25

0.66

LM

1.41

0.15

0.17

6.4

0.63

0.26

0.33

Monte Carlo

1.34

0.18

0.08

2.01

0.74

0.22

0.32

Winston light

1.56

0.17

0.06

2.3

0.82

0.25

2.3

Maltepe

1.50

0.16

0.51

2.2

0.84

0.26

0.42

Tekel 2001

1.39

0.12

0.35

2.87

0.86

0.24

0.62

Minimum

1.34

0.12

0.06

1.16

0.63

0.20

0.32

Average

1.63

0.22

0.22

2.45

0.92

0.25

1.02

Maximum

2.22

0.71

0.35

6.4

0.96

0.28

2.3

Difference Factor

1.65

5.92

5.83

5.51

1.52

1.40

7.19
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The data on copper were also inconsistent in the literature. Our results are similar to that of Frank et al., but
they are 7 times lower than that of Müller (1) and 6 times
lower than that of Franzke and coworkers. Our arsenic
values of 0.63-0.96 µg/g were somewhat lower than the
single value of 0.26-0.46 µg/g of Wyttenbach (13). Similarly, the values of Wyttenbach (13) and Frank (14)
(0.015-0.16 µg/g) were lower than our values (0.20-0.28
µg/g) for mercury

(6)

For lead, Frank (14) reported for the year of 1973, the
minimum, average and maximum values of 0.32, 1.02 and
1.48 µg/g, respectively, which are in good agreement
with our values. But in the case of the other four studies
(1, 7, 8, 11) differences of 10 to 15 times are observed
between our and their values.
It is our opinion that although some variations can be
expected between different cigarette brands in the content
of the heavy metals, such high differences in results in the
literature must be mainly due to the methods of determination.
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SUMMARY
The recycling activities of non-ferrous metals generate solid wastes with high contents of heavy metals. The
characterisation of these wastes is necessary in order to
assess its impact on the environment and to establish an
appropriate waste management policy. In this paper, two
different methods of characterisation, based on Spanish
regulations and 1993 EEC landfill Directive draft, have
been applied to twelve waste samples from six recycling
activities. The results obtained show that the different
leaching tests (TCLP or DIN-S4) give different results as
far as the chemical composition and ecotoxical behaviour
of the samples of waste are concerned.

Key words:
Non-ferrous metals recycling wastes, characterisation,
ecotoxicity, leaching tests.

INTRODUCTION
The recycling of non-ferrous metals is one of the first
steps in the "Ladder Principle" of resource optimisation,
which attempts to reduce damage to the environment and
decrease the volume of waste, save energy and water, and
conserve natural resources. The processes used to recover
non-ferrous metals differ according to i) the materials to
be treated, which are themselves residues from previous
processes, ii) the metals to be recycled, iii) the technology
available, and iv) the economical viability of the process.
In 1999 the Commission of the European Community has
presented a proposal of Regulation (1) establishing the
framework to develop European statistics about wastes
production and management.
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In order to establish environmental management options
the wastes require a previous characterization. The final
step of waste management policy involves the landfill of
non-recycled or reused waste in environmentally appropriate conditions. In this context the leaching tests play a
major role in assessing the compatibility of use and treatment within regulatory limits. Leaching behaviour is a
function of both the waste properties and the conditions of
the site, and with this in mind, different leaching tests are
currently under development in order to assess the behaviour of a variety of waste materials in a wide range of
possible applications (2,3).
In the present study, two methods of waste characterisation, based on the leaching test specified by Spanish
regulations (4, 5) and the test proposed within the 1993
EEC landfill Directive draft (6), have been carried out on
waste specimens generated in non-ferrous metal recycling
activities in the Basque Country (North of Spain). The
activities involved the recycling of Zn, Pb, Cu, Al and
precious metals, classified with the Code 37.1 "recycling
of metal waste and scrap" in the NACE classification of
economic activities (7). The technology used in these
industrial activities is based on the smelting and refining
of the secondary materials to be recycled by pyrometallurgical and hydrometallurgical methods. Following previous works in the characterization of hazardous wastes
(8,9), this papers aims to assess the impact on the enviromnent of the waste generated by these processes.
MATERIALS & METHODS
Experiments were conducted on 6 waste samples generated in 6 different metal recovery activities. Since each
waste was sampled twice on different days in order to
take variability into account, a total amount of 12 specimens of waste, as shown in Table 1, were characterised.
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TABLE 1. Wastes and generating activities considered in this work.

From a regulatory point of view, two different methods of characterisation based on the leachate characteristics have been used: firstly, the evaluation of ecotoxicity
parameter EC50 and, secondly, the determination of the
chemical parameters of Cd, Cr, Cu, Ni, Pb, and Zn.
The Toxicity Characterisation Leaching Procedure
(TCLP) is used for the evaluation of the toxicity characteristic H14 "ecotoxicity" of the solid waste in accordance
with Spanish regulations. The EC50 parameter, expressed in
mg/l, is evaluated using i) a Luminescence bioassay with the
marine bacterium Photobacterium phosphoreum in a Microtox toxicity analyser M-500 and ii) an Inhibition bioassay
with Daphnia magna Strauss. The threshold values of these
parameters are EC50 < 3,000 mg/1 for Luminescence bioassay and EC50 < 750 mg/1 for Inhibition bioassay, both of
them specified by Spanish regulations for the characterisation of the ecotoxicity of industrial wastes (4, 5).
Following the implementation of the DIN 38414-S4
leaching procedure, the chemical parameters are specified
in accordance with the 1993 EEC landfill Directive Draft
(6) which states the possibility of determining up to 21
chemical parameters and gives the proposed regulatory
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limits for each of them. Selection of the parameters for
analysis is a function of both the origin and the qualitative
composition of the waste samples. In this study, 6 heavy
metals, Cd, Cr, Cu, Ni, Pb, and Zn, have been analysed
using atomic absorption spectrometry (Perkin Elmer,
1100B). The results obtained are contrasted with the concentration thresholds suggested by the European standards
for landfill of wastes (Cd: 0.1 mg/l, Cr: 0.1 mg/l, Cu: 2.0
mg/l, Ni: 0.4 mg/l, Pb: 0.4 mg/1 and Zn: 2.0 mg/I).

RESULTS AND DISCUSSION
The leachate pH and ecotoxicity results, expressed in
terms of EC50, obtained from the luminescence and inhibition bioassays of the TCLP leachate of the samples of
waste considered in this work are shown in Table 2. With
these results in mind, the samples can be classified in
compliance with Spanish regulations using the values
EC50 < 3,000 mg/1 (luminescence bioassay) and
EC50 < 750 mg/1 (inhibition bioassay) for the characterisation of the ecotoxicity of waste (5).
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Table 2. Results of TCLP leachate ecotoxicity of wastes from nonferrous metal recycling activities.

In the luminescence bioassay, 58% of the waste
samples in this study should be classified as hazardous
and 42% as non-hazardous waste (Figure l (a)). In the
inhibition bioassay, 8% of the waste samples (M4-1
sample) should be classified as hazardous and 92%
should be considered as non-hazardous (Figure l (b)).

Figure 1: Waste category percentage accord-ing to the TCLP
leachate ecotoxicity (5).(a) Luminescence bioassay (b) Inhibiton
bioassay

Table 3. Results of DIN-38414-S4 leachate metal composition of
wastes from non-ferrous metals recycling activities

The pH and leachate metal concentration results
obtained from the DIN-38414-S4 leaching procedure
are shown in Table 3. When these results are compared
to the threshold suggested in 1993 EEC Directive draft,
50% of the samples should be classified as hazardous
and 50% as non-hazardous (Figure 2 (a)). Zn and Cd
are identified as the main pollutants in waste classified
as hazardous. In addition, Pb and Cu can also be found
in samples which exceed the hazardous limit, whereas
Cr and Ni are always present in those whose concentrations are lower than the hazardous limit (Figure 2 (b)).
It is not always possible to classify different samples of waste from the same kind of recycling activity
homogeneously: secondary Zn production recovered
from the waste of purely metallic products generates
Zn in both samples but Pb is only present in M4-1
sample. The recovery of non-ferrous metals in complex
electronic scrap (M5 activity) generates Cd in both
samples, but Zn is only present in sample M5-II. The
samples in the remaining activities (M1, M2, M3, and
M6) can be homogeneously classified as hazardous or
non-hazardous.
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Figure 2. (a) Waste category percentage according to the DIN-S4
leachate chemical composition. (b) Chemical parameters responsible for the waste characterisation as hazardous waste.

Taking into account the limit of ecotoxicity of the
Spanish regulations (3,000 mg/1 for Luminescence bioassay, 750 mg/1 for Inhibition bioassay) and the suggested European standards for landfill of wastes (Cd: 0.1
mg/l, Cu: 2.0 mg/l, Cr: 0.1 mg/l, Ni: 0.4 mg/l,
Pb: 0.4 mg/l, Zn: 2.0 mg/l) the ratios of the experimental
values and the unit as limit can be represented in a logarithmic plot (Fig. 3), in order to identify easily the environmental evolution of such wastes. Four regions can
bedifferentiated: Region 1 identifies high ecotoxicity and
high metal leaching in the waste samples; Region 2
identifies the absence of ecotoxiciy and pollutants mobility and Regions 3 and 4 identify ecotoxicity values
that cannot be attributed to the leaching of metals (Region 3) and high concentrations of metals that cannot be
correlated to ecotoxicity (Region 4), respectively.

Figure 3. Relationship between ecotoxicity ratio and metal ratio of wastes ((a) Luminescence bioassay, (b) Inhibition bioassay)
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CONCLUSIONS
Twelve samples of waste from 6 non-ferrous metal
recycling activities have been characterised according to
Spanish regulations and European Community suggestions. The leaching considered in such regulations (TCLP
or DIN-S4) gave different results as far as chemical composition and ecotoxicological behaviour of the waste
samples was concerned.
When the two different bioassays stipulated in Spanish regulations (luminescence of Photobacterium phosphoreum and inhibition of Daphnia magna Strauss) were
applied to these samples of waste, the classification as
ecotoxic or non-ecotoxic will differ depending on the
bioassay used. The luminescence bioassay, using Photobacterium phosphoreum,is more restrictive than the inhibition bioassay using Daphnia magna. The method of
characterisation suggested by the 1993 EEC landfill Directive draft is more restrictive than Spanish regulations
when the inhibition bioassay is applied, but equally restrictive when the luminescence bioassay is used.
The waste generated in metal recycling activities
when the luminescence bioassay is used can be classified
homogeneously according to ecotoxicity and metal concentration criteria, whereas the same classification will be
non-homogeneous when the inhibition bioassay is used.
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ABSTRACT
Measurements of aerosol trace metals (Pb, Cd, Cu,
Zn, Cr, Mn, Fe, and Al), at three sites along the Mediterranean coast of Israel during 1996-97, were used to provide data on their spatial and seasonal variations and to
assess their sources. Generally, similar aerosol trace metal
concentrations were observed at the northern stations,
both lower than at the south, however, more data are
essential to certify this pattern. The naturally (crustal)
derived elements (Fe, Al, Mn and Cr) showed similar
variability, unlike the anthropogenic trace metals (Pb, Cd,
Cu, Zn). Crustal-derived elements showed significantly
higher concentrations during autumn and spring as compared to summer. All sites had similar Pb:Cd and Zn:Cd
ratios, higher than at the northwestern Mediterranean
sites, probably reflecting a greater contribution of crustal
material.
Key words:
Atmosphere, aerosol, trace metals, Mediterranean, anthropogenic

In this study, measurements of aerosol trace metals
(Pb, Cd, Cu, Zn, Cr, Mn, Fe, and Al), at three sites along
the Mediterranean coast of Israel, were used to provide
data regarding their spatial and seasonal variations, and
assess their sources.
SAMPLING AND METHODS
Sampling

Sampling of total suspended particles (TSP) in air
was performed on the roof of the National Institute of
Oceanography (NIO) at Tel Shikmona (TS) (located on
the shore, 22m above sea level), at Maagan Michael
(MM), approximately 900m from shore, 13m above sea
level) and at Ashdod (ASH), approximately 2.5km from
shore, 30m above sea level). These sites provided samples
in a north-south transect along the Mediterranean coast of
Israel (Fig. 1).

INTRODUCTION
The large inputs of natural and anthropogenic atmospheric trace elements to the oceans were emphasized in
recent studies [5, 9, 13]. Such atmospheric inputs were
found significant through budget calculations (rivers vs.
atmosphere) and in oceanic biogeochemical processes.
The effect of such atmospheric input is enhanced in semienclosed seas such as the eastern Mediterranean, which is
bordered to the north and northwest by industrialized
European countries and to the south, by the North African
desert belt.
The Mediterranean has been the subject of considerable internationally coordinated efforts, to study and deal
with the threats of various types of pollutants in the area
[7, 20]. However, most of the available data is limited to
the northwestern basin [2, 4, 6, 8, 9, 10, 16, 17] and much
less data are found for the eastern part [11, 14, 15].
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FIG.1: Location of sampling stations along the
Mediterranean coast of Israel.
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TSP in air were collected at TS from March 1996 to
November 1997, at MM from March 1996 to December
1997 and at ASH from January 1996 to October 1997. Sampling was performed on a weekly basis, mostly every weekend for about 60 hours (on days without rain). Analyses were
performed on 76 QMA and Whatman #41 filters from
TS, 68 QMA and Whatman #41 filters from MM and
19 QMA filters from ASH. TSP was collected by high volume samplers. The filters were stored in a desiccator for 24h
and weighted before sampling. After collection, the filters
were dried (<50 0C) and stored (24h) in a desiccator before
being re-weighted. The weights of the Whatman #41 filter
were inaccurate due to their tendency to adsorb humidity
immediately. Assuming TSP distribution is homogenous on
the whole filter, we used approximately 1/8 of the filter for
heavy metals analysis. Other sub-samples were used for
nutrient analyses [12] and the rest preserved for additional
measurements.

Chemical determinations

Determinations of Cd, Pb, Cu, Zn, Cr, Mn, Fe and Al
concentrations in the aerosols were done by total digestion with HF following the procedure of ASTM [1]. The
digested samples were diluted to volume by double distilled water (DDW). The concentrations were measured
using a Perkin Elmer 1100B atomic absorption spectrometer (AAS) and a graphite furnace (GFAAS). The accuracy and precision of the methods were evaluated on the
basis of analyses of International Standard Reference
Materials: Estuarine Sediment 1646 (NIST), MESS-2
Sediment (NRCC) and Coal Fly Ash (Table 1). All elements gave results within 5% of the certified values, with
the exception of Cr in MESS-2 and NIST-1646 that was
somewhat lower, and Pb in MESS-2 that was somewhat
higher.

TABLE 1: Analyses of metals in Certified Reference Materials.
Certified

Value

Reference
Material

Element

Element

(ppm dry wt.)

(% dry wt.)

Cd

Pb

Cu

Zn

Cr

Mn

Fe

Al

MESS-2

certified

0.24 ± 0.01

21.9 ± 1.2

39.3 ± 2.0

172 ± 16

106 ± 6

365 ± 21

4.35 ± 0.22

8.59+0.26

(NRCC)

found

0.25 ± 0.04

25.3

39.4

180

92

345 ± 6

4.18

8.58

sediment

recovery(%)

(104)

(116)

(100)

(105)

(87)

(95)

(96)

(100)

Coal fly ash

certified

1.00 ± 0.15

72.4 ± 0.4

118 ± 3

220 ± 10

196 ± 6

179 ± 8

9.4 ± 0.1

14.3 ± 1.0

1633a

found

0.81 ± 0.04

75.7 ± 6.8

111 ± 4

224 ± 5

197 ± 8

172 ± 4

9.1 ± 0.4

14.6 ± 0.1

(NIST)

recovery(%)

(81)

(105)

(94)

(102)

(101)

(96)

(97)

(102)

Estuarine

certified

0.36 ± 0.07

28.2 ± 1.8

18 ± 3

138 ± 6

76 ± 3

375 ± 20

3.35 ± 0.10

6.25 ± 0.2

sediment

found

0.34

26.4

17

137

65

358 ± 9

3.28 ± 0.17

6.31 ± 0.2

1646 (NIST)

recovery(%)

(94)

(94)

(94)

(99)

(86)

(95)

(98)

(101)

RESULTS & DISCUSSION
Table 2 presents a statistical summary of the particulate trace metal concentrations in air. Similar concentrations were observed at TS and MM, both fall in-between
the ranges of particulate trace element concentrations
measured at other sites in the Mediterranean basin (Chester et al., 1996), but above those measured in remote sites
in the Atlantic and Pacific Oceans (Duce et al., 1991).
During 1996, enrichments of Zn and Pb were recorded at
TS and MM, respectively (Table 2). While the source of
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Zn enrichment is not clear, Pb enrichment was probably
attributed to the local effect of the dense traffic and the power plant nearby MM. The aerosol trace metal concentrations
at ASH were relatively high owing to the higher local and
remote soil/rock contribution. The ASH data set, however,
contains small number of samples and, at present, is not
adequately valid for comparison. The comparatively higher
aerosol Cd concentrations at ASH, which is somewhat above
the other metals, is possibly related to the contribution of
phosphorite dust from the loading terminal at Ashdod Port.
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TABLE 2: Statistical summary of aerosol trace metal concentrations (ng m-3) at stations along the
Mediterranean coast of Israel (in parenthesis values of data from 1997).
Station

Parameter

Cd

Cu

Pb

Zn

Mn

Cr

Fe

Al

TS

mean

0.28

7.7

44.6

155

22.3

3.1

906

1034

std

0.20

5.3

33.0

155

32.8

2.4

744

1103

geomean

0.22

6.3

35.1

90 (60)

14.5

2.3

731

770

n

76

75

76

75

75

72

72

70

mean

0.25

8.8

60.5

102.4

21.2

4.6

929

1132

std

0.13

5.2

42 (38)

99.0

14.8

2.3

885

1238

geomean

0.23

7.1

48.5

62.0

17.6

3.9

664

746

n

68

68

68

68

68

67

67

67

mean

0.70

na

100.3

1769.7

80.8

13.1

4343

5954

std

0.42

na

66.5

6964.3

115.2

16.0

6908

10090

geomean

0.60

na

82.2

159.2

45.5

6.3

2086

2290

n

19

na

19

19

19

19

19

16

Similar variability of the concentrations in air of the
crustal-derived elements (Fe, Al, Mn and Cr) was observed, as given by their statistically significant (p<0.05)
linear correlation (Fig. 2), while no significant correlation
was calculated between the concentrations of the anthropogenic (e.g. Pb) and crustal-derived (e.g. Al) elements
(Fig. 2). The variability of Fe, Mn, Pb and Cd concentrations in air during contemporaneous sampling at TS and
MM stations is given in Fig. 3. Similar concentrations
(data falls along the 1:1 line, Fig.3) of the dust-born elements were attributed to regional or remote (southern
Negev, Sinai and North African deserts) dust transport
events, while the local site contribution is minor. Plotting
the Pb and Cd concentrations in air for contemporaneous
samples from TS and MM shows a higher concentration
variability (Fig. 3). Samples that fall approximately to the
1:1 line represent regional or remote sources, while samples that fall below the 1:1 line show enriched concentrations at MM attributed to possible local contribution.

FIG 2: Plot of particulate Al vs. Fe, Mn vs. Fe, and Pb vs.
Al concentrations (ng m-3) in air at TS and MM.
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(Fig. 4). Statistically significant (p<0.05) higher concentrations of crustal-derived elements were recorded during
autumn and spring as compared to summer, while the
anthropogenic trace metals showed no significant differences, although the values were higher. In both groups of
elements, no significant differences were calculated between spring and winter.

100
50
0
0

50

100
Al

150

200

Mn

ASH

Al

MM

© by PSP Volume 10 – No 1. 2001

Fresenius Enviromental Bulletin

CONCLUSIONS

FIGURE 3: Aerosol trace metal concentrations (ng m-3)
of Al, Mn, Pb and Cd in samples collected contemporaneously at TS
and MM. The 1:1 line is included.
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variability, unlike the anthropogenic trace metals.
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Crustal-derived elements showed a seasonal pattern of significantly higher concentrations during
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All sites had similar Pb:Cd and Zn:Cd ratios,
higher than at northwestern Mediterranean sites,
most probably reflecting the greater contribution
of crustal material.
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93

1.

ASTM (1983) Designation - D3683-78. Standard test method
for trace elements in coal and coke ash by atomic absorption.
American Society for Testing and Materials Publisher. Pennsylvania, USA .pp.472-475.

2.

Bergametti G., Dutot A.L., Buat-Menard P., Losno R. and
Remoudaki E. (1989) Seasonal variability of the elemental
composition of atmospheric aerosol particles over the northwestern Mediterranean. Tellus, 41B, 353-361.

3.

Chester R., Nimmo M., Alarcon M., Saydam C., Murphy
K.J.T., Sandres G.S. and Corcoran P. (1993) Defining the
chemical character of aerosols from the atmosphere of the Mediterranean
Sea
and
surrounding
regions.

© by PSP Volume 10 – No 1. 2001

4.

5.

6.

Fresenius Enviromental Bulletin

Chester R., Nimmo M. and Keyse S. (1996) The influence of
Saharan and middle eastern desert-derived dust on the trace
metal composition of Mediterranean aerosols and rainwaters:
An overview. In: Impact of Desert Dust Across the Mediterranean (eds. S. Guerzoni and Chester R.). Kluwer Academic Publishers, The Netherlands, 253-273.
Duce R.A., Liss P.S., Merril J.T., Atlas E.L., Buat-Menard P.,
Hicks B.B., Miller J.M., Prospero J.M., Arimoto R., Church
T.M., Ellis W., Galloway J.N., Hansen L., Jickells T.D., Knap
A.H., Reinhardt K.H., Schneider B., Soudine A., Tokos J.J.,
Tsunogai S., Wollast R., and Zhou M. (1991) The atmospheric
input of trace species to the world ocean. Global Biogeochemical Cycles, 5, 193-259.
Dulac F., Buat-Menard P., Ezat U., Melki S. and Bergametti G.
(1987) Atmospheric input of trace metals to the western mediterranean Sea, 1, Factors controlling the variability of atmospheric concentrations. J. Geophys. Res., 92, 8437-8453.

7.

GESAMP (1989)
IMO/FAO/UNESCO/WMO/WHO/IAEA/UN/UNEP
Joint Group of Experts on the Scientific Aspects of Marine Pollution. The Atmospheric Input of Trace Species to the World
Ocean,1989. Rep. Stud. GESMAP (38).

8.

Guerzoni S., Molinaroli E. and Chester R. (1997) Saharan dust
inputs to the western Mediterranean Sea: depositional patterns,
geochemistry and sedimentological implications. Deep-Sea Res.
II, 44, 631-654.

9.

Guerzoni S., Chester R., Dulac F., Moulin C., Herut B., LoyePilot M-D., Measures C., Migon C., Rossini P., Saydam C.,
Soudine A. (1999). The role of atmospheric deposition in the
biogeochemistry of the Mediterranean Sea. Prog. Ocean., 44:
147-190.

10.

Guieu C., Chester R., Nimmo M., Martin J.M., Guerzoni S.,
Nicolas E., Mateu J. and Keyse S. (1997) Atmospheric input of
dissolved and particulate metals to the northwestern Mediterranean. Deep-Sea Res. II, 44, 655-674.

11.

Gullu G. H., Olmez I., Aygun S., Tuncel G. (1998) Atmospheric trace element concentration over the eastern Mediterranean
Sea: Factors affecting temporal variability. J. Geophys. Res.,
103, 21,943-21,954.

12.

Herut B., Krom M.D., Pan G., Mortimer R. (1999) Atmospheric input of nitrogen and phosphorus to the SE Mediterranean:
sources, fluxes and possible impact. Limnol. & Oceanog., 44,
1683-1692.

13.

Jickells T. (1995) Atmospheric inputs of metals and nutrients to
the oceans: their magnitude and effects. Marine Chemistry, 48,
199-214.

14.

Kubilay, N.N. and Saydam C. (1995) Trace elements in atmospheric particulates over the eastern Mediterranean; concentrations, sources, and temporal variability. Atmos. Environ., 29,
2289-2300.

15.

Kubilay, N.N., Saydam C., Yemenicioglu S., Kelling G., Kapur
S., Karaman C., Akca E., (1997) Seasonal chemical and mineralogical variability of atmospheric particles in the coastal region of the Northeast Mediterranean. Catena, 28, 313-328.

94

16.

Martin J.M., Elbaz-Poulichet F., Guieu, Loye-Pilot M.D. and
Han G. (1989) River versus atmospheric input of material to the
Mediterranean Sea: an overview. Marine Chemistry, 28, 159182.

17.

Migon C., Journel B. and Nicolas E. (1997) Measurement of
trace metal wet, dry and total atmospheric fluxes over the Ligurian Sea. Atmos. Environ., 31, 889-896.

18.

Sandroni V and Migon C. (1997) Significance of trace metal
medium-range transport in the western Mediterranean, Science
of the Tot. Env., 196, 83-90.

19.

Taylor S.R. and McLennan (1985) The continental crust: its
composition and evolution. Blackwells, Oxford, England, 312
pp.

20.

UNEP/WMO (1992) Airborne pollution of the Mediterranean
Sea. Report and Proceedings of the Second WMO/UNEP
Workshop. MAP Technical Reports Series No.64, UNEP, Athens.

Received for publication: October 27, 2000
Accepted for publication: December 20, 2000

CORRESPONDING AUTHOR
Barak Herut,
Israel Oceanographic & Limnological Research, National Institute of Oceanography,
Tel Shikmona, POB 8030,
Haifa 31080, Israel

FEB – Vol 10/ No 1/2001 – pages 89-93

© by PSP Volume 10 – No 1. 2001

Fresenius Enviromental Bulletin

ADSORPTION-DESORPTION BEHAVIOUR OF
METSULFURON METHYL IN
SELECTED MALAYSIAN AGRICULTURAL SOILS
Abdul Rani Abdullahl, Saraswathy Sinnakkannul and Norhayati Mohd Tahir2

2

1
Department of Chemistry, University of Malaya, Kuala Lumpur, Malaysia
Faculty of Science and Professional Arts, Putra University Malaysia, Mengabang
Telipot, Kuala Terengganu, Malaysia

SUMMARY:
The adsorption of metsulfuron methyl to tropical agricultural soils were found to best fit a Freundlich adsorption isotherm with distribution coefficients (Kd) ranging
from 0.45-46.23. A positive correlation between organic
matter content and adsorption was observed, while a significant negative correlation was seen between soil pH
and adsorption. The extent of desorption of metsulfuron
methyl was also observed to decrease with increasing
organic matter content of the soil.

Keywords:
Environmental fate, adsorption-desorption, metsulfuron-methyl,
tropical soil, organic matter, pH

INTRODUCTION
Adsorption-desorption processes in soil play a paramount role in all physical processes affecting the residue
behaviour of pesticides in the soil-plant system, such as
mobility and leaching of the chemical into surface or
ground water, volatilisation from soil surface and uptake
by plants or soil fauna. In addition, biological activity
including efficacy and chemical processes are also affected by adsorption (1).
Metsulfuron methyl is a sulfonylurea herbicide commonly used in Malaysia to control a wide range of broadleaf weeds as well as grasses in rubber and oil palm plantations. Sulfonylureas inhibit acetolactate synthase, a key
enzyme in the biosynthesis of branched chain amino acids
in plants.
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Metsulfuron methyl is generally regarded as nonvolatile, with a vapour pressure of 300 x 10-15 Pa. It is a
weak acid with a pKa of 3.3. Solubility of the chemical
varies with pH, ranging from 1.1 to 9.5 x 103 mg L-1. In
neutral and alkaline soils metsulfuron methyl exists primarily in the anionic form in solution (2). The adsorption
(3), leaching behaviour (4-5), biodegradation (6-7) and
chemical degradation (8) of metsulfuron methyl have
been well-studied in temperate climates.
The physicochemical properties of soils under tropical conditions may differ significantly from soil types
commonly found in the temperate zone. There is a lack of
information on the fate and behaviour of metsulfuronmethyl in the tropical environment, although there have
been several reports in recent years on the persistence of
the chemical in-Malaysian soils (9-11). In view of the
importance of the adsorption-desorption process to the
environmental fate of a pesticide, in particular, with regard to the potential for groundwater contamination, the
present study was undertaken to investigate the adsorption-desorption behaviour of metsulfuron methyl in several Malaysian agricultural soils.
MATERIALS AND METHODS
The commercial preparation of metsulfuron methyl
(Du Pont Agrochemicals, 20% a.i) was used in the present
study. Analytical-grade metsulfuron methyl (Du Pont
Agrochemicals, 99 % purity) was used to prepare the
calibration graph used in the quantification of the chemical by HPLC. Soil samples from the Persit, Segamat,
Kiol, Sedu and Penor series, representing plantation and
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vegetable-growing soils were taken from several research
stations of the Ministry of Agriculture. Soils taken from up
to a depth of 25 cm were air-dried overnight and passed
through a 2 mm sieve. Sub-samples of freshly collected soils
were-dried at 110 °C for 5 hr to determine initial moisture
content. Particle size distribution was determined by the
pipette method (12), while organic carbon (OC) content was
estimated using the Walkley and Black method (12). The
cationic exchange capacity (CEC) was determined using 1 M
ammonium acetate (12). Soil pH was determined using a
glass electrode in a 1:2.5 soil to water ratio. Removal of
organic matter from the soil was performed by oxidation
with hydrogen peroxide until almost all the organic matter
was eliminated (1 3).
The adsorption isotherms for the soils were determined in accordance with the batch-equilibration method
as described by Walker and Exposito (3). Triplicate samples of the air-dried soils (5 g) were shaken with a solution of the herbicide in 0.02 M calcium chloride (10 mL)
at concentrations of 0.5, 1, 2, 4, 6, 8 and 10.5 µg mL-1.
The samples were shaken on an orbital shaker for 24 hr,
allowed to stand and then centrifuged. The concentrations
of the herbicide in the clear supernatant were determined
by HPLC. Solutions of metsulfuron methyl in calcium
chloride subjected to the equilibration process without the
soil resulted in non-significant loss of the chemical. The
amount of herbicide adsorbed by soil was estimated as the
difference between that initially present in solution and
that remaining after equilibration with soil.
Desorption was measured on soil samples equilibrated with initial concentrations of 0.5, 4.0 and 10.5 µg mL-1
(14). At the end of the equilibration and centrifugation
steps described above, desorption was induced by replacement of the supernatant with herbicide-free calcium
chloride solution. Two types of desorption measurements
were taken; desorption kinetics (over a 0-30 hr desorption
period) to determine the desorption equilibrium time for
each soll sample and batch desorption, whereby the desorption of each soil sample was monitored following the
establishment of the equilibrium time determined as described earlier. Desorption equilibrium time for Segamat,
Persit
and
Kiol
soils
was
found
to
be
9 hr while for the Penor and Sedu soils the desorption
equilibrium time was 4 hr. After shaking the soil samples
at its appropriate equilibrium time, samples were centrifuged and sub-samples of the supernatant were analysed
for the herbicide. The procedure was repeated until the
herbicide was no longer detected in the supernatant.
A Gilson HPLC was used to analyse metsulfuron methyl. The column used was Jones Genesis C18 column
(15 cm x 4.6 mm) and the mobile phase was acetonitrile:water:orthophosphoric acid (60:40:0.25 by volume)
at a flow rate of 1.0 mL min-1. Detection was at 242 nm.
The retention time of the herbicide was 2.81 min.
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RESULTS AND DISCUSSION
Selected physicochemical properties of the soil used
in the present study are given in Table 1. Based on the
mechanical analysis, the Persit and Segamat soils were
classified as clay soils, while Kiol, Sedu and Penor soils
were classified as loam, silt loam and clay loam, respectively.
The Penor and Sedu soils were noted to be richer in
organic matter and moisture content and were more acidic
compared to the other soils. The Persit and Segamat soils
were also noted to exhibit high amounts of clay compared
to the other soils.

TABLE 1. Physicochemical properties of the soil samples
Segamat

Kiol

Sedu

Penor

23.3

18.1

23.4

52.9

67.4

pH

6.5

4.2

4.9

3.2

3.6

Organic matter

2.3

2.8

3.9

26.4

33.8

Organic
carbon

1.3

1.6

2.3

15.3

19.6

CEC
(cmol/kg oil)

20.1

5.7

25.9

28.2

23.6

Clay (%)

60.6

79.1

23.1

29.1

37.1

9.4

7.8

48.1

50.2

29.8

30.0

13.1

28.8

20.6

33.1

Properties
Moisture (%)

Silt
Sand (%)

Persit

Adsorption isotherms for metsulfuron methyl in the
soil samples are shown in Figure 1. The adsorption of
metsulfuron methyl to the soils was found to be in accordance with the Freundlich adsorption equation, Cs = KfCe 1/n
with r2 values >0.98, where Cs is the amount of herbicide
adsorbed (µg g-1), Cs is the equilibrium concentration
(µg mL-1), while Kf and n are constants determined from
the experimental values of Cs and Ce by applying the
linearized form of the Freundlich equation.
The distribution coefficient, Kd is defined as the ratio
of herbicide concentration in the soil and herbicide concentration in solution. Kd can also be expressed as Koc
(Koc = Kd/%OC x 100). The values obtained for the constants mentioned above are given in Table 2.
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and Walker et al (7), who also observed Freundlich adsorption isotherms for metsulfuron methyl. Walker et al
(7) also observed a significant positive correlation with a
value of 0.939 between organic matter content of soils
and the extent of adsorption of metsulfuron methyl. For
most pesticides, organic matter is undoubtedly one of the
major factors, which determine the extent of their sorption
in soils (15-16). Working with another sulphonylurea
herbicide, chlorsulfuron, Borggaard and Streibig (17) also
reported a positive correlation between chlorsulfuron
sorption and organic matter content.
Previous studies have shown that the adsorption of
metsulfuron methyl is also dependent on soil pH. Hence,
as a weak acid with a pKa of 3.3, metsulfuron methyl is
present in the ionic form in neutral and alkaline soil solutions.

FIGURE 1:
Adsorption isotherms of metsulfuron methyl in soil samples

Figure 2 shows the influence of soil pH on the adsorption of metsulfuron methyl. The Sedu and Penor soils
with the lowest soil pH exhibited the highest Kd value
while the Persit soil with the highest pH showed the lowest Kd value indicating that adsorption of metsulfuron
methyl increases as the pH of the soil decreases.
TABLE 2.
Percent organic matter (OM), Koc, Distribution coefficient (Kd) and
Freundlich constants (Kf and n) for the adsorption of metsulfuron
methyl in soils

The Kf values calculated for the soils agreed with the
distribution coefficient, Kd values. The Freundlich constant, n , which approximated unity, indicated that the
adsorption isotherms were effectively linear. The values
of Kf and Kd (Table 2), considered as a first approximation in characterising adsorption capacity were used in the
present work to compare the adsorption of metsulfuron
methyl in the different soil series. The highest values of
Kd and Kf correspond to the Sedu and Penor soils each
with a high organic matter content, while soil from the
Persit series, which had the lowest organic matter content,
was found to exhibit the lowest adsorption capacity. To
further investigate the influence of organic matter on
adsorption, the Segamat soil was oxidised with hydrogen
peroxide until almost all the organic matter was eliminated. The Kd and Kf values obtained for the oxidised
Segamat soil were reduced to 0.60 and 0.49, respectively,
illustrating the importance of organic matter in the adsorption of the herbicide. To determine by statistical approximation the degree of influence of organic matter on
the adsorption of metsulfuron methyl, the simple correlation coefficients between Kf and Kd and the organic matter
content of soils were calculated. The correlation coefficient
between organic matter and Kd and Kf were 0.95 indicating a
highly significant positive correlation between percent organic matter and adsorption. These findings are in agreement
with the results obtained by Walker and Exposito (3)
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FIGURE 2:
Influence of soil pH on adsorption of metsulfuron methyl

The influence of soil pH on adsorption was also illustrated by the observation of a significant negative correlation (r2 = -0.821) between adsorption of metsulfuron methyl and soil pH. In the present study, the pH of the
Segamat soil was also adjusted from 4.3 to 7.8 by the
addition of lime. Results from the subsequent adsorption
studies showed that increase in soil pH resulted in decreased in adsorption.
The results agreed with Walker et al (7) who also observed a negative correlation (r2 = -0.795) between the
adsorption of metsulfuron methyl and soil pH. A negative
relationship between sorption of sulfonylurea herbicides
and soil pH has also been observed in previous studies
(5, 7, 17).
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Table 3 shows the desorption of the adsorbed metsulfuron methyl in the soil samples. Less than 8 % of the
adsorbed chemical was found to have undergone desorption in the organic matter-rich Sedu and Penor soils. The
significant desorption of metsulfuron methyl in the Persit
and Kiol soils were attributed to the low organic matter
content of the soils. Similar observations were reported by
Cheah et al (18), who concluded that desorption of the
organochlorine insecticide, lindane, in soil decreased-with
increasing organic matter content.

TABLE 3. Desorption of metsulfuron methyl in soil samples

The desorption reported in the present study is higher
than that reported for chlorimuron ethyl, (14) where a
total desorption of 64 % was reported for a soil with an
organic matter content of 2.5 % and a soil pH of 6.4. The
observation that significant desorption of metsulfuron
methyl can occur, particularly in soils with low organic
matter content, is indicative of the potential for the chemical to undergo leaching through the soil profile and hence
contaminate groundwater.
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ABSTRACT
A model simulating the action of air pollutants on
buildings and monuments has been proposed, utilizing the
method of Reversed Flow-Gas Chromatography
(RF-GC). Several physicochemical constants as well as
energetic quantities are determined, throwing some light
into the mechanism of deterioration of several construction materials.

INTRODUCTION
A model [1], simulating the action of air pollutants on
buildings and monuments has been proposed. It is based
on the general concept of an open system consisting of the
exposed monument surface, over which convection and
diffusion currents cause the movement of the gaseous
pollutants, say A(g) and B(g), both parallel and perpendicular to the surface, while a simultaneous interaction
between them giving C(g) is possible. When reaching the
surface, pollutants are adsorbed on it, and this is followed
either by a reaction with the solid of the adsorbed species
A(ad) and B(ad) giving the products D and E, or by desorption back to the gaseous phase.
The RF-GC is a new technique [2], which has been
used to measure deposition velocities and reaction probabilities through the determination of rate coefficients,
namely an absorption rate constant, a desorption rate
constant and a surface reaction first-order rate constant.
From these, a dimensionless equilibrium distribution
constant is also found. Thus, three rate coefficients and
one equilibrium constant of the mechanism of figure 1
can be determined, in the absence of all convection currents, either perpendicular or parallel to the monument
surface ([4], [5]).
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The kinetics in homogeneous system`s gas has also been
studied [6]. This chromatographic tool (RF-GC) was
recently applied to measure the time distribution of ad* ,
sorption energies, ε, the local monolayer capacities, cmax
and the local isotherms, θi(p,T,ε) [7], as well as the probability density function f(ε) of adsorption energies [8] for
some probe gases on heterogeneous solid surfaces.
In the present work the method is extended to measure directly from experimental data adsorption energies
and related physicochemical parameters for some important heterogeneous systems, namely the A/B/X, where
A is namely acetylene, ethane, ethene, propene, butene, B
is ozone and X is magnesium oxide.

MATHEMATICAL MODEL
The method does not depend on analytical or numerical solutions of the classical integral equation
∞

Θ( p , T ) =

∫θ i ( p, T , ε ) f (ε ) dε

(1)

0

where Θ(p,T) is the overall experimental adsorption
isotherm, and f(ε) the probability density function for the
adsorption energies, but on a time function of the chromatographic peaks obtained by short flow-reversals of the
carrier gas:
4

H 1 / M = ∑ Ai exp( Bi t )
i =1

(2)
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where H is the peak height, M the response factor of
the detector, Ai the pre-exponential factors, and Bi the
exponential coefficients of time t, when flow reversals
were made.

c S* =

ay
aS

k1

υ L1
g D1

Ai

4

∑B
i =1

[exp( Bi t ) − 1]

(7)

i

4

The calculation of Bi values from the experimental
points H, t, and their physical content has been reported
earlier ([9], [10]). The relevant mathematical model was
based on two mass balances of the probe gaseous concentration, the rate of change of the adsorbed concentration
on the heterogeneous solid surface, and an isotherm equation for the local adsorbed equilibrium concentration on
the solid. The term “local” meaning with respect to time,
i.e. involving only a limited collection of adsorption sites
active at time t.
The necessary relations for calculating the values
ε,
θi from (eqn 2), for the adsorption of gases on
heterogeneous surfaces as a function of time, have been
derived [7], by combining (eqn. 2) with Jovanovic isotherm model:
* and
cmax

θ ( p, T , ε ) = 1 − exp( − K p )

(3)

where

K = K 0 (T ) exp(ε / RT )

(4)

R being the gas constant.

K0 =

h3
( 2π m )

3/ 2

( kT )

5/2

⋅

υ S (T )
b g (T )

(5)

∂ cy

=

ay
aS

∑ Ai exp(Bi t )

i =1
4

k1

i =1

∂ 2c*S
∂ c 2y

'
!
!
gD1 !
1
=
k1
−
&
aS νL1 ! 4
A
B
i i exp( Bi t )
!
!% i =1
ay

∑

-4
*- 4
*$
+ Ai exp( Bi t )( + Ai Bi2 exp( Bi t )( !
+, i =1
() +, i =1
() !!
#
3
!
-4
*
!
+ Ai Bi exp( Bi t )(
!"
+, i =1
()

∑

∑

Four auxiliary relations, involving Ai, Bi, and t of (eqn
2), give as functions of them [7] the gaseous concentration cy (mol/cm3) of the adsorbate A, its local adsorbed
equilibrium concentration c*s , and the two partial derivatives ∂ c S* / ∂ c y

υ L1
g D1

and

∂ 2 c S* / ∂ c 2y :

(9)

∑

where υ (cm/s) is the corrected linear flow velocity of
the carrier gas, L1 (cm) is the length of section z of the
diffusion column (Fig. 1 of the reference [7]), g is the
calibration factor of the chromatographic detector in cm
(peak height) / mol cm-3, D1 (cm2/s) is the diffusion coefficient of A in section z of the diffusion column, αy (cm2)
is the cross sectional area of the void space in the solid
bed, αs (g/cm) is the amount of solid adsorbent per unit
length of bed, and k1 (s-1) is the adsorption rate constant of
A on the surface.
It has been shown before [7], that the ratio of the two
partial derivatives, given above in (eqns 8-9), equals
(-KRT), here K is Langmuir’s constant of (eqn 4).
*
The relations for calculating ε (kJ/mol), cmax
(mol/g)
and θt from experimental data are given by (eqns 10-12):

[

K is Boltzmann constant, m the molecular mass of the
adsorbate A, h the Planck constant, and the ratio
us(T)/bg(T) of two partition functions, namely, that of the
adsorbed molecule, us(T), and that for rotations-vibrations
in the gas phase bg(T). This ratio is taken as unity, approximately.

(8)

∑ Ai Bi exp(Bi t )

ε = RT ln (KRT ) − ln (RT ) − ln K ο

Here,

cy =

∂ c*
S

c

*
max

∂ c S*
1
=c +
⋅
K RT ∂ cy
*
S

θt = 1 −

1
*
c max

⋅

∂ c S*
1
⋅
K RT
∂ cy

]

(10)

(11)

(12)

According to Jaroniec and Madey [11], the probability function f(ε) of (eqn 1), describing the adsorption
energy distribution, is defined as the derivative of the
number of adsorption sites with respect to the adsorption
energy. Since the number of adsorption sites is propor*
tional to the local monolayer capacity cmax
of (eqn 11),
οne may define f(ε) ([12], [13]) as

4

∑ A exp( B
i

i

t)

(6)

i =1

100

∗
∗
∂cmax
∂cmax
/ ∂t
f (ε ) =
=
∂ε
∂ε / ∂t

(13)
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The calculations of the physicochemical quantities ε,
θt and f(ε) pertaining to heterogeneous surfaces start
from the diffusion band of RF-GC experiments by recording the pairs H, t and calculating the pre-exponential
factors A1, A2, A3 and A4, and the time coefficients B1, B2,
B3 and B4, of (eqn 2), together with the rate constant k1,
the calibration factor g and the diffusion coefficient D1[8].
The other quantities needed, for the calculations are
known experimentally or they are physical constants from
literature.
∗ ,
cmax

The narrow fairly symmetrical sample peaks (Fig. 1),
created by the flow reversals, were recorded and their
height H or the area under the curve was calculated and
printed, together with the corresponding time, t.

The overall deposition velocity Vd (cm/s) and the reaction probability γ, of the analyte pollutant A, on the
solid material under study, are found by the relations:

Vd =

k1V 'G ε
k2
As k −1 + K 2

& Rg T
= $$
γ % 2 pM B
1

1/ 2

#
!
!
"

1
1
+
Vd 2

(14)

Minutes
Minutes

FIG. 1. Sample peaks of the system C2H6/O3/MgO obtained
by RF-GC

(15)
RESULTS AND DISCUSSION
2

where As is the total surface area of the solid (cm ),
V΄g the volume of the section L2 (cm3), MB is the molar
mass of the analyte A (kg/mol), T the absolute temperature (K) and ε the external porosity in the diffusion column.
By entering the pair values of H, t into a GW-BASIC
program, together with the other unknown quantities, the
physicochemical parameters and functions exposed and
defined before, are calculated and printed. The program
can be obtained from the authors.

EXPERIMENTAL SECTION

The method described in the present work to measure
directly from experimental data, not only adsorption energies, local monolayer capacities, and local adsorption
isotherms, but also the probability density function for the
adsorption energies as distributed over experimental time
has been applied by using various volatile organic pollutants, namely acetylene, ethane, ethene, propene, butene,
have been used as probe gases, with and without ozone,
and magnesium oxide (MgO) as a solid adsorbent. Magnesium oxide is an important construction material. The
adsorption properties like those described here may throw
some light on the mechanism of the deterioration of construction materials by air pollutants.

The MgO was a commercial product of the company
Grecian Magnesite S.A. It was ground to small pieces of
10-30 mesh, 0.6-1.25 g of which were placed in section L2
of the apparatus. Ozone was produced by an ozoneur
(model OZN-L) of Ozonia Int., at a concentration 3.3
g/Nm3. The organic gases were products of Air Luiquide
Hellas, 99%. The carrier gas N2 was supplied by the company Aeroscopio, suitable for chromatograhic analyses.

As pointed out in a previous publication [7], the gas
molecules at time t are not assumed to be exclusively
adsorbed on sites i all of the same energy εi. Figure 2(a)
shows the sweeping effect of the dynamic and changing
with time procedure on collection of sites being active at
time t and having a mean adsorption energy ε. The maxima and minima in the function ε=g(t) represent rather
transition adsorption energies before their final leveling
off with time.

Following the appearance of the continuously rising
concentration-time curve in the Flame Ionization Detector, of a Gas Chromatograph Shimadzu 8A, the flowreversing procedure of the carrier gas was started, lasting
5s for each reversal, which is shorter than the gas hold-up
time in both column sections l´ and l. The experimental
setup has been described previously [12].

Table 1 lists the values of adsorption energy (ε) of the
∗ ),
system C2H4/MgO, the local monolayer capacity ( cmax
the local adsorption isotherm (θi) and the probability
density function [f(ε)] [7, 12], at 323 K, as functions of
various experimental times. Similar results for the system
C2H6/O3/MgO are presented in Figure 2.
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The kinetic physico-chemical quantities for the adsorption phenomenon, k1, k-1, Vd and k2 , γ for the surface
reaction, calculated by the same PC program, are collected in Table 2. Owing to the synergistic effect, Vd is
smaller when homogeneous reaction in the gas phase
occurs.

TABLE 1: Time Distribution of the Adsorption Energy (ε), the
∗ ), the Local Adsorption Isotherm
Local Monolayer Capacity ( cmax

(θi) and the Probability Density Function [f(ε)] for the system
C2H4/MgO at 323 K
t, min

ε, kJ/mol

∗ , mol/g
cmax

θi

f(ε), mol2kJ-1 g-1

6

93.4

1.50 10-6

4.949 10-2

5.30 10-7

10

97.1

5.47 10-6

0.620

7.72 10-7

14

120.6

7.11 10-6

0.993

1.69 10-8

16

100.6

1.12 10-5

0.796

8.47 10-7

20

94.8

2.12 10-5

0.591

3.23 10-6

24

92.1

3.4 10-5

0.471

6.69 10-6

28

90.2

5.09 10-6

0.378

1.18 10-5

32

88.6

7.56 10-5

0.295

1.98 10-5

36

87.1

1.16 10-4

0.216

3.40 10-5

40

85.3

2.01 10-4

0.138

6.43 10-5

46

80.3

1.13 10-3

2.758 10-2

4.11 10-4

52

82.3

5.60 10

-4

-2

1.96 10-4

60

84.1

3.31 10-4

0.124

9.98 10-5

70

84.5

2.76 10-4

0.151

8.72 10-5

80

84.3

3.02 10-4

0.149

9.59 10-5

90

83.8

3.63 10-4

0.131

1.17 10-4

100

83.1

4.62 10-4

0.107

1.53 10-4

110

82.3

6.12 10-4

8.407 10-2

2.08 10-4

130

80.4

1.17 10-3

4.624 10-2

4.15 10-4

140

79.4

1.67 10-3

3.303 10-2

5.99 10-4

150

78.4

2.41 10-3

2.317 10-2

8.77 10-4

6.147 10

TABLE 2: Adsorption Parameter (k1), Desorption Rate Constant
(k-1) and Surface Reaction Rate Constant (k2) for Different
Heterogeneous Systems at 323 K.

System

k1 ,
-4

10 s

FIG. 2. Plots with the program MATHEMATICA of (a) the
adsorption energy (ε), (b) the local isotherm (θi), (c) the probability
density function [f(ε)] versus experimental time, at 323 K for the
system C2Η6/Ο3/ΜgΟ in nitrogen atmosphere.
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k-1,
-1

-4

10 s

k2 ,
-1

-3 -1

Vd ,

γ,

10 s

-9

10 cm/s

10-13

C2H6/MgO

8.21

14.81

1.91

1.80

1.51

C2H6/O3/MgO

4.84

31.43

2.58

0.84

0.71

C2H4/MgO

227.43

24.26

0.04

1.52

1.22

C2H4/O3/MgO

6.30

19.18

1.90

1.22

0.98

C3H6/MgO

7.65

9.14

1.02

1.56

1.55

C3H6/O3/MgO

7.58

231.77

0.77

0.09

0.09
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DETERMINATION OF THE HEIGHT OF THE POLLUTED LAYER
IN THE INDUSTRIAL AREA OF THESSALONIKI, GREECE
USING SPECTROPHOTOMETRIC MEASUREMENTS
N. M. Zoumakis, A. G. Kelessis, G. K. Spanomitsios3,T. I. Kozyraki, F. K. Vosniakos and N. Tabakis
Technological Education Institute of Thessaloniki, Laboratory of Atmospheric Physics, Sindos, Thessaloniki, Greece
.3National Agricultural Research Foundation, Agricultural Research Center of Northern Greece, Division of Vegetables.

DISCUSSION
AND PRELIMINARY MODEL RESULTS

SUMMARY
Data obtained with a Brewer spectrophotometer are
used to calculate the total columnar amount of sulphur
dioxide concentrations over the industrial area of Thessaloniki, in Northern Greece. Using a two-dimensional
numerical diffusion box model estimates of the effective
mixing height of the polluted layer, the mean residence
time and average vertical sulphur dioxide concentration
profiles for the surface layer can be obtained from combined simultaneous columnar and ground-level measurements. Based on the continuity equation, the air pollution
model incorporates the combined influences of advective
transport, turbulent diffusion and source emissions. Finally, the model results were validated and compared with
actual measurements.
Keywords: Brewer spectrophotometer, columnar concentrations,
numerical models, mixing height of polluted layer, mean residence time, vertical concentration profiles.

INTRODUCTION
Remote sensing measurements made with the Brewer
spectrophotometer 1,2 in the industrial area of Thessaloniki have been used to estimate the total amounts of sulphur
dioxide, nitrogen dioxide and ozone contained in a vertical column of air, extending from the ground to the top of
the atmosphere in the neighborhood of the instrument.
The total columnar amounts of these air pollutants are
deduced from the measured reduction in the intensity of
sunlight (of certain suitable wavelengths) in its passage
through the atmosphere. A very recent use of research on
the Brewer spectrophotometer is the validation of the
predicted integral SO2-burden, as well as the evaluation of
dispersion and transport of pollutants released from tall
stacks in the industrial area of Thessaloniki 3,4.
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The simulation of air pollution is essentially the problem of describing the behavior of a number of chemically
reactive species in the turbulent atmospheric boundary
layer. Considering N chemically reactive species in a
fluid the common basis for most air quallty models is the
atmospheric diffusion equation:
(1)

where the concentration Ci (x,y,z,t), i=1,2,..,N, of
each constituent must satisfy the continuity Eq. (1),
U=(u,v,w) are the components of the wind velocity, Ri is
the rate of formation of species 1 by chemical reactions,
K is the eddy diffusivity tensor and Si is the rate of emission of species i from sources. The objective of this study
is to develop and validate the airshed simulation model,
for the estimation of ground and total sulfur dioxide concentrations and their variations in space and time in the
urban Thessaloniki area.
The predicted columnar SO2 can be obtained from the
relation:

(2)

where H is the mixing height, and C (x,y,z,t), the predicted vertical profiles of SO2 concentrations from Eq. (1) in
each cell of given coordinates x,y.
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The height of the polluted layer (h) is defined as the
ratio of content of a column through the atmosphere of
unit cross section to the concentration at ground level, i.e.

h=

B
Co

(3)

where Co is the concentration at ground level and B
is equal to the measured columnar SO2 value. The mixing
height is the depth of the layer mixed by turbulence and
usually limited by a temperature inversion, since in a
given situation the height of the polluted layer (h) for SO2
may differ from the mixing height (H). The mean residence time (τ) for SO2, in the absence of precipitation and
chemical conversion can be estimated as the ratio of the
polluted height for SO2 and dry deposition velocity (U):

(4)

or, equivalently
(5)

Pollutant emissions are introduced into the model
through the term S in Eq.(1). Sulphur dioxide emissions
from ground level sources (automotive, space heating and
lower industrial emissions) are treated as surface fluxes
defined at the base of each ground level cell 5. Emissions
from elevated sources are treated as volume sources. The
approach adopted in this study is to disperse the emissions
downwind, taking into account the actual vertical and
lateral spread of the plume and the effective stack height6.
Lateral and vertical dimensions of the plume are obtained
by assuming a Gaussian profile in each direction. The
approach adopted in this work is based on that of McRae
et al.7. We further consider a horizontally homogeneous
concentration distribution, so that the Eq. (1) takes a twodimensional form.
Then for the given input parameters equations (1)-(5)
can be solved by numerical iteration for C, with boundary
conditions at
(6)

(7)

(8)
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where K is the turbulent eddy diffusivity 7-9, bo is the
background concentration of SO2, q is the emission rate of
SO2 and H is the mixing height.
Solar-ultraviolet spectrophotometric measurements
are used to provide estimates of the total columnar sulphur dioxide concentrations over the area of major Thessaloniki in Northern Greece 2. The systematic observations of the SO2 column represent an estimate of the impact of anthropogenic SO2 on the solar radiation received
at the surface of tlie earth. The mean annual total SO2
column is estimated to be 3.25, 1.9 and 2.9 matm-cm in
urban, semirural and industrial, areas, respectively, in the
region of Thessaloniki 2.
The total columnar SO2 direct-sun observations that
have been used in this study were obtained with the
Brewer spectrophotometer in the industrial area of Thessaloniki. The Brewer spectrophotometer is a commercial
monochromator capable of measuring the intensity of the
solar spectrum in a UV region (305 - 320 nm), where
sulphur dioxide has strong absorption bands 1, 2.
The ground-level SO2 measurements were performed
by using a commercial UV-fluorescence cell detector. The
simultaneous measurements of total columnar and groundlevel SO2 con-centrations are representative of the variability of the SO2 burden in the observational area 1, 2. Finally,
we compared the simultaneous local-noon columnar and
ground-level SO2 observations on days with good vertical
mixing2,3 during the period 1993-1995. Based on the continuity equation, the air pollution model, Eqs. (1)-(8), incorporates the combined influences of advective transport,
turbulent diffusion and source emissions10.
The predicted heights of the polluted layer ranged from
500 to 1600 m and the parameter ω (where ω =Δh/h, with
Δh=h-H) ranged from 1 to 25 %. The values predicted for
the mean residence timeare about 25 h and 50 h for winter
(H=700 m) and summer period (H=1500 m), respectively2,10. The height of the polluted layer and the residence
time must be expected to vary from place to place according to the dry deposition velocity2, the distance from the
significant sources and also local climate10. Figure 1 presents the seasonal variations of the mean monthly values10
of the predicted (solid line) and observed heights of the
polluted layer in the industrial area of Thessaloniki. The
observed values in Figure 1 were calculated using Eq. (3)
and the Brewer SO2 column together with surface measurements of SO2 (see Table 1). Because of the large scatter
in the observed mean daily values, only monthly averages
are considered for the comparison. The day-to-day variability is shown by error bars indicating one standard deviation
from the monthly mean. The comparison plot indicates that
the computed results agree favorably with the experimental
measurements.
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On the basis of this work, it can be concluded that the
Brewer solar UV-spectrophotometric measurements together with ground-level observations and good meteorological support can provide useful informations into the
dispersion process.
Figure 1. Seasonal variations of the mean monthly values of the
predicted (solid line) and observed heights of the polluted layer in
the industrial area of Thessaloniki. The vertical error bars indicate
the day-to-day variability from the monthly mean

Table 1. The table shows columnar and ground-level SO2
measurements and the calculated heights of the polluted layer
at local noon for all months of the year in the industrial area of
Thessaloniki.
Month

J
F
M
A
M
J
J
A
S
O
N
D

Total SO2 Column
(matm-cm)

Ground-Level
SO2 Concentration (µgm-3)

Height (H) of the
(matm-cm)
Concentration (µgm-3)
polluted layer (km)

3,9
3,4
3,7
3,1
2,4
1,7
1,5
1,8
2,2
2,8
3,3
4,1

201
169
112
73
52
32
26
33
44
67
87
186

0,55
0,57
0,95
1,21
1,32
1,52
1,65
1,56
1,43
1,19
1,08
0,63

REFERENCES
1.

A. G. Kelessis. (1988). A Study of the Variations of the Total
Amount of SO2 in the Atmosphere of Thessaloniki, Ph.D. Thesis, University of Thessaloniki, Greece.

2.

A. G. Kelessis and N. M. Zoumakis. (1993). A Study of the
Total Amount of Sulphur Dioxide over Major Thessaloniki Area Using Solar Ultraviolet Spectrophotometric Measurements,
Environ. Technol. 14, 761-770.

3.

N. M. Zoumakis, A. G. Kelessis, T. Kozyraki and F. K. Vosniakos. (1992). Estimating Vertical Diffusion from Spectrophotometric Measurements, Fresenius Envir. Bull. 1, 456-461.

4.

N. M. Zoumakis, A. G. Kelessis and C. S. Zerefos. (1992).
Atmospheric Pollution from Sulphur Dioxide in the Region of
Thessaloniki, Greece, Air Pollution Modelling and its Applications IX, H. Van Dop and G. Kallos (eds.), Plenum Press, New
York.

5.

P. M. Roth, P. J. Roberts, M. K.Liu, S. D. Reynolds and J. H.
Seinfeld. (1974). Mathematical Modeling of Photochemical Air
Pollution-I. A Model and Inventory of Pollutant Emissions,
Atmos. Environ. 8, 97-130.

6.

G. A. Briggs. (1975). Plume Rise Predictions, In "Lectures on
Air Pollution and Environmental Impact Analysis", D. A.
Haugen (ed.), American Meteorology Society, Boston.

7.

G. J. McRae, W. R. Goodin and J. H. Seinfeld. (1982). Development of a Second-Generation Mathematical Model for Urban
Air Pollution-I. Model Fomulation, Atmos. Environ. 16, 679696.

8.

N. M. Zoumakis and A. G. Kelessis. (1991). Methodology for
Bulk Approximation of the Wind Profile Power-Law Exponent
under Stable Stratification, Bound. Layer Meteor. 55, 199-203.

9.

N. M. Zoumakis and A. G. Kelessis. (1991). The Dependence
of the Bulk Richardson Number on Stability in the Surface
Layer, Bound. Layer Meteor. 57,407-414.

10.

A. G. Kelessis, N. M. Zoumakis and F. K. Vosniakos. (1999).
Spectrophotometric Measurements in the Industrial Area of
Thessaloniki, Technical Report, T.E.I. of Thessaloniki, Greece.

Received for publication: October11, 1999
Accepted for publication: December 20, 2000

CORRESPONDING AUTHOR

ACKNOWLEDGEMENTS
The authors would like to thank the Agricultural Research Center of Northern Greece and the Department of
Meteorology and Climatology of the Aristotle University
of Thessaloniki for providing their meteorological data.
We also would like to thank the reviewers for their useful
comments.

106

N. M. Zoumakis,
Technological Education Institute of Thessaloniki,
Laboratory of Atmospheric Physics,
T.E.I., P.O.Box 14561, Sindos,
Thessaloniki 54101, Greece
FEB – Vol 10/ No 1/2001 – pages 103-105

© by PSP Volume 10 – No 1. 2001

Fresenius Enviromental Bulletin

DETERMINATION OF THE NOBLE METALS
PLATINUM, RHODIUM, AND PALLADIUM
IN AIRBORNE PARTICLES
H. Wichmann, M. Bahadir
Institute of Ecological Chemistry and Waste Analysis
Technical University of Braunschweig, Germany

SUMMARY

INTRODUCTION

The widespread use of catalysts in motor vehicles has
led to considerable increase in platinum group elements
(PGE: Pt, Rh, Pd) emitted into the environment. Therefore, there is an increasing demand for information about
a possible accumulation of PGE in the environment, particularly in airborne dust particles. A new simple method
to determine the PGE in airborne particles is introduced.
These particles are collected on glass fibre filters, preconcentrated according to the nickel sulphide fire assay
(docimasy) method, which includes the complete melting
of the glass fibre filters in the reagent mixture. Measurement is carried out on an ICP-MS. Sampling close to a
highly frequented road in the city of Braunschweig, Germany, revealed the following PGE concentrations in
[pg/Nm3]: Pt: 6.0 / Pd: 33.9 / Rh: 1.2.

Key words:
Automobile catalyst, platinum group elements, Pt, Pd, Rh,
nickel sulfide fire-assay, docimasy, airborne particles

The introduction of exhaust catalysts for motor vehicles in Germany in 1984 has led to a series of examinations to highlight the possible accumulation of PGE (platinum, palladium, and rhodium), which are components of
catalytic converters and are believed to be deposited to a
large extent in the environment, particularly in soils along
roadsides.
These
catalysts
usually
contain
2-3 g PGE and reduce the pollutants in exhaust gases,
especially hydrocarbons, carbonmonoxide and nitrogen
oxides. Several studies carried out, however, revealed a
rapid increase in the concentration of these elements,
particularly along areas of high traffic flow [1]. Owing to
mechanical and thermal abrasions these elements are
released from the catalyst`s surface and emitted into the
environment. Recent studies in Germany estimated an
increase of the Pt emission into the environment to 200500 kg/a [2]. If this increase continues unabated, the PGE
concentrations may reach a level that may pose environmental and health problems.
Earlier works focussing on air pollution were carried
out by digestion of air borne dust samples using a high
pressure asher (HPA) and determination with ICP-MS.
Special pressurized microwave digestion (PMD) followed
by adsorptive voltammetry was also applied [3,4,5]. In all
cases only platinum was measured. Another study focussed on the determination of palladium [6]. The aim of
the present study was, thus, to simplify the analysis of
airborne dust particles for all three PGE, Pt, Pd, and Rh,
simultaneously by reducing the technical steps.
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SAMPLING, ANALYTICAL PROCEDURE,
AND DISCUSSION
To test the whole method, a high volume air sampler
with a flow rate of 40 m3/h and sampling inlet (PK 150 PU/G, according to VDI 1348, Riemer Messtechnik,
Hausen, Germany) fitted with glass fibre filter (diameter:
150 mm, particle size > 0.5 µm, GF 8, Schleicher &
Schuell) was used to collect airborne dust particles. The
sampling inlet was placed 1 m above ground and 0.6 m
alongside of a heavily frequented road (Hagenring) in the
city of Braunschweig, Germany. Sampling was performed
during day time (8 a.m. to 6 p.m.) under dry weather
conditions. Calculation of the norm volume (at 273.15 K
and 1013.25 hPa) according to VDI 3498 [7] resulted in a
sampling volume of 2,793 Nm3.
The nickel sulphide fire-assay (docimasy) method for
the enrichment and preparation of platinum group elements, as is used today in environmental analysis, is a
variant of the classical lead fire-assay method, which was
initially introduced in the preconcentration and preparation
of geological samples [8,9,10]. The composition of the
constituents of nickel sulphide fire-assay is subject to variation depending on the nature of the sampling material [8].
The experimental procedure described in [8] is taken
as a basis and modified as indicated: The four glass fibre
filters from the sampling are divided into small pieces and
given into a glass bottle containing a collector consisting
of 17,3 g nickel powder and 12,5 g sulphur as well as a
flux mixture of 30 g sodium carbonate, 60 g sodium tetraborate, 2 g calcium fluoride and quartz sand. The amount
of quartz sand used depends on the quantity already present in the sample to be analyzed. For samples free of
inorganic silicon 10 g of quartz sand is normally added. If
silicon dioxide is already present in the sample (here glass
fibre filters) the sand should be added to total 10 g. The
bottle is tightly closed and thoroughly shaken and contents poured into a schamotte fire clay crucible (150 x 80
mm).
An attempt to carry out the melting procedure with an
initial temperature of 1,000 °C as described in [8] leads to
low recovery rates. Improved recovery rate is achieved by
heating initially at 800 °C and slowly raising the temperature to 1,000 °C, which is held constant for 30 min. This
is followed by a further increase to 1,160 °C. The crucible
is removed after one hour and allowed to cool down.
During the cooling process the PGE accumulate in the
collector, which separates as a button. The crucible is then
broken and the button is mechanically separated from the
silica slag. The button is transferred into a 1,000 mL glass
beaker containing 400 mL HCl (conc.) and covered with a
watch glass. The beaker is heated first to 50 °C. Reducing
the temperature from 90 °C [8] to 50 °C means increasing
the dissolution time of the button, but it leads to higher
recovery rates. The beaker is wrapped up with aluminium
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foil to prevent the deposition of elemental sulphur, which
is otherwise formed by photooxidation of gaseous hydrogen sulphide, produced during acid dissolution of nickel
sulphide. After the gas evolution has subsided, the temperature is raised to 70-90 °C (below the boiling point of
hydrochloric acid) and maintained at this temperature
until the button has dissolved. The solution is allowed to
cool down and the PGE particles are filtered under reduced pressure through a teflon filter (pore size 0.2 µm).
The PGE containing residue is first washed with HCl
(18%) and then several times with ultrapure water to
remove the dissolved green coloured nickel sulphide.
The residue is dissolved in a warm mixture of 30 mL
hydrochloric acid (conc.) and 15 mL hydrogenperoxide
(30%). This procedure is repeated until the gas evolution
has subsided. The paper filtered solution is evaporated to
a volume of 1-2 mL, transferred into a volumetric flask,
and diluted to 10 mL with HCl (1 M).
Measurements are carried out on an ICP-MS (VG
Plasma Quad, FISONS, Loughborough UK). Recovery
rates obtained after spiking glass fibre filters with 1 µg
PGE each of stock solutions of platinum, palladium and
rhodium were as follows: Pt: 90%, Pd: 98%, Rh: 98%.
The detection limits were about 0.1 µg/L or 0.4 pg/m3.
Airborne dust collected close to a highly frequented city road
in Braunschweig, Germany, contained 6.0 pg Pt/Nm3, 33.9
pg Pd/Nm3, and 1.2 pg Rh/Nm3.

Earlier studies in Germany revealed the following figures:
Platinum:
Frankfurt (1997) [3]: The sampling inlet was installed 1 m
above ground and 0.5 m alongside of a heavily
frequented city road. Analytical results: 250 pg/m3 and
410 pg/m3. München (1996) [4]: The airborne dust sampling was done inside Munich city buses. Analytical results: route with highest traffic: 33.0 pg/m3, suburban bus
route: 3.0 pg/m3. Dortmund (1993) [5]: Sampling was
performed nearby the investigating institute over a period
of one year. Analytical results: 0.02 - 5.1 pg/m3.
Palladium:
Berlin (2000) [6]: Samples of ambient urban air were
taken 5 m above ground.
Analytical results: 0.2 - 14.6 pg/m3.
The results of the present study are in accordance
with these data, except for Frankfurt [3]. An increased
application of Pd instead of Pt in exhaust catalysts should
be the reason for the higher concentration of Pd.
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Society of Ecotoxicology and Environmental Safety

SEC O T O X

SECOTOX World Congress
and
Sixth European Conference on Ecotoxicology
and Environmental Safety
Krakow – Poland
20-24 August 2001
First Announcement and Call for Papers

Ecotoxicology and Environmental Safety
on the Verge of the Third Millennium:
Trends, Threats and Challenges
Motto: To Think Globally, to Act Regionally

INVITATION TO SECOTOX 2001

Dear Colleagues,
We invite you to the SECOTOX World Congress and
6th European Conference on Ecotoxicology and Environmental Safety, which will be held in Krakow, Poland. The
time of the Congress is remarkable and symbolic. The II
Millennium and the XX Century have just ended, and the
III Millennium and XXI Century started. Time to look
back, to summarize our accomplishments, successes and
failures. Time to look forth, to define our goals and priorities, our responsibilities for the Environment in all its
diversity, and to formulate individual, regional and global
tasks in our efforts to protect and save the Environment
for the next generations in this new Century of the new
Millennium, to keep it clean, healthy and sustainable.
This time is also a landmark for SECOTOX activity
and development. Thirty years ago several distinguished
scientists from all over the world gave rise to the foundation of SECOTOX. Among them was Dr. Rene Truhaut,
member of the French Academy of Sciences, who was the
creator around 1969 of the term “Ecotoxicology” in order
to define “the study of adverse effects of chemicals with
the aim of protecting natural species and populations”.
Since then, a series of successful conferences and workshops under the auspices of SECOTOX has been held in
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Europe and other parts of the world, and three very active.
Regional Sections of SECOTOX created to embody in
action the principle “to think globally, to act regionally”:
Central and Eastern European, Mediterranean and Asian
& Pacific Region.
Now, it is time to decide, how to integrate and better
co-ordinate the efforts of scientists (environmental chemists, toxicologists, biologists, medical doctors) dealing
with different aspects of assessment and long term prediction of anthropogenic/ geogenic contaminant pathways,
transformation and interactions in complex environmental
systems; evaluation, interception, attenuation and remediation of their adverse impact on the biosphere, including
humans; of transmission this knowledge to:
Regulatory bodies in order to create a basis for
providing adequate legislative/ regulatory/ standardization
framework within which enforcement procedures for
environment protection and sustainable development can
be implemented; Producers of equipment and software to
improve/adjust instrumental and computer techniques to
the needs of pollution monitoring and prediction;Designers and producers to improve techniques and
technologies for pollution prevention / reduction / remediation; Environmentalists and medical doctors to prevent
or/and reduce/eliminate consequences of the environmental deterioration and damage to health.
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SESSION TOPICS

CONGRESS ORGANIZERS

Papers relevant to the above targets are welcome and will
be considered. The contributions and Sessions/ Workshops/ Special Symposia on the following topics are particularly encouraged:

Congress Organizer:
Polish Academy of Sciences,
Institute of Environmental Engineering,
34. M. Sklodowska-Curie St., 41-819 Zabrze, Poland

Novel Approaches to Environmental Monitoring

In collaboration with:
University of Mining and Metallurgy
Faculty of Geology, Geophysics and Environment
Protection, Mickiewicza Av. 30, 30-059 Krakow

B.

Short- and Long-term Risk Assessment –
Threats and Avoidance of False Positive and
False Negative Errors

C.

Concerted Physiochemical Analysis and Biotesting
for Improvement of Risk Assessment Reliability

C1 .

Environmental Chemistry Testing:
Fractionation/ Speciation / Bioavailability

C2 .

Ecotoxicological Testing. Biomarkers and Biosensors

D.

Global Distribution and Transport of Pollutants

E.

Pathways and Effects of Chemicals in
Terrestrial and Aquatic Ecosystems

F.

Pathways and Effects of Chemicals in Marine Ecosystems

G.

Environmental Risk/ Exposure Assessment

H.

Environmental Exposure and Human Health

I.

Ecotoxicology of Naturally Occurring Substances

J.

Modes of Ecotoxic Actions and Effects

K.

Ecotoxicological Safety of New Chemicals –
Challenges and Solutions

L.

Development of Reliable Analytical Techniques and
Computer Software – Environmental Vanguard

M.

Scientifically-based Standardization of
Environmental Safety Testing Procedures

N.

Safe Products + Safe Technologies = Safe Environment

O.
P.

R.

Jagiellonian University, Department of Animal
Ecology, Ingardena St. 6, 30-060 Krakow, Poland
REGISTRATION AND INFORMATION:
SECOTOX’ 2001 Secretariat,
Polish Academy of Sciences,
Institute of Environmental Engineering,
34, M.Sklodowska-Curie St,
41-819 Zabrze, Poland
E-mail: joasia@ipis.zabrze.pl
REGISTRATION FEES (EXPECTED)
by June 20

after June 20

SECOTOX-Members

US$ 220,-

US$ 300,-

Non members

US$ 260,-

US$ 340,-

Environmental Protection and Control Strategies

Students

US$ 60,-

US$ 60,-

Environmental Policy, Regulations,
Enforcement– Liason of Science and Legislation,
Harmonization, Implementation

Exhibition area

US$ 30,- per 1 m2/day

Environmental Safety in Developing Countries –
Problems, Present and Future

Global Monitoring, Regulatory Harmonization and
International Strategies for Environmental Safety

DEADLINES
Deadline for receipt of abstracts

30 April, 2001

Deadline for reservation space for
exhibition of equipment/ chemicals,
books/ demo

15 June, 2001

For more information on SECOTOX events visit our homepage: http://www.gsf.de/secotox
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BULGARIAN ACADEMY OF SCIENCES
INSTITUTE OF CHEMICAL ENGINEERING
9th INTERNATIONAL SUMMER SCHOOL
OF CHEMICAL ENGINEERING

HEAT AND MASS TRANSFER PROCESSES,
CHEMICAL AND BIOCHEMICAL REACTORS

September 18 - 24, 2001
Sozopol, BULGARIA
The traditional International Summer School is organized by the Institute of Chemical Engineering of Bulgarian Academy of Sciences
in co-operation with the Bulgarian Society of Chemical Engineering.

BASIC LECTURERS OF THE SCHOOL:

in Stirred Vessels Using Electrical Resistance
Tomography (ERT)”
Prof. Petrov L., Inst. of Catalysis - BAS, Bulgaria
“New Development in Environmental Catalysis”

Prof. Agathos S., Catholic Univ. of Louvain, Belgium
“Pilot Scale Reactor Technology for Demonstration of in
Situ Bioremediation”

Sapoundjiev H., NRCan, CANMET / EDRL, Canada
“Heat Recovers from Dilute Methane Emissions”

Prof. Beschkov V., IChE - BAS, Bulgaria
“Methods for Treatment of Industrial Waste”
Prof. Boyadjiev Chr., IChE - BAS, Bulgaria
“Non linear Mass Transfer and Marangoni Effect”

Prof. Slavchev S., Inst. Mechanics - BAS, Bulgaria
“Influence of the Interface Rheology on Marangoni
Instability”

Prof. Boyadzhiev L., IChE - BAS, Bulgaria
“Extraction of Botanicals – New Horizons”

Prof. Szymanowski J., Poznan Polytechnik, Poland
“Recovery of Copper (II) by Solvent Extraction”

Prof. Crespo J., Univ. Nova de Lisboa, Portugal
“New Opportunities for Green Processing by
Pervaporation”

Prof. Wakeham W., Imperial College, UK
“Termoconductivity of Molten Metals”

ORGANIZING COMMITTEE

Prof. Crittenden B., Univ. of Bath, UK
“Monolithic Adsorbents in Environmental Protection”
Prof. Gorak A., Univ. Dortmund, Germany
“Reactive Separations for Environmental Applications:
Modelling and Experimental Validation”

Chairman:

V. Beschkov, D.Sc.

Organizing Secretary:

Prof. Gyenis J., Univ. Kaposvar - RICPE, Hungary
“Agglomeration and Attrition in Fluidized
Bed Granulators”
Prof. Kolev N., IChE - BAS, Bulgaria
“New Packing for Extremely Low Liquid
Superficial Velocity”
.

Prof. Mann R.,UMIST,UK
“Augmented-Reality 3-D Visualisation of Mixing
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Scientific
tary:

Secre-

Technical
tary:

Secre-

M. Valeva, Ph.D.
Ts.
Ph.D.

Sapundzhiev,

R. Popov
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REGISTRATION FEE
The participation fee (US$ 480 until July 1, 2001
and US$ 520 after this term) should be transmitted to:
BULBANK (Bulgarian Foreign Trade Bank), Ltd. –
Sofia FROM SWIFT BFTBBGSFAKAL
3100032115, Institute of Chemical Engineering,
Bulgarian Academy of Sciences,
or paid at registration.

LANGUAGE
The working language of the School will be English.
Simultaneous interpretation will not be available.

PARALLEL EVENTS:
International Workshop: “Chemical Engineering
Methods for Sustainable Use of Energy and Raw Materials”/BlackSeaSustech/ Organizer: Dr. S. D. Vlaev,
Assoc. Prof.

REGISTRATION AND INFORMATION
9th International Summer School of Chemical
Engineering Institute of Chemical Engineering,
Bulg. Acad.Sci. Acad. G. Bonchev str., Bl.103
1113 Sofia, BULGARIA
Phone: (359 2) 702-088
Fax: (359 2) 707-523
E-mail: suschool@bas.bag
www: http://www.bas.bg/iceng/suschool.html
DEADLINES
Deadline for summaries acceptance – June 1, 2001
Deadline for participation fee discount – July, 1, 2001.
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FEB - GUIDE FOR
AUTHORS
GENERAL
FEB accepts original papers (research reports as well
as theoretical accounts), review articles, short communications, research abstracts on all aspects of the environmental sciences including instrumentation, chemical,
physical, and biological methods of analysis, computer
based techniques, chemometrics, structure elucidation,
process control, automation and robotics, industrial applications, quality assurance and laboratory accreditation
and book reviews. The journal is also devoted to the development of strategies for solving environmental problems.
Acceptance or nonacceptance of a contribution will
be decided, as in the case of other scientific journals, by a
board of reviewers.
Papers are processed with the understanding that they
have not been published before (except in form of an
abstract or as apart of a published lecture, review or thesis); that it is not under consideration for publication
elsewhere; that its publication has been approved by all
co-authors, if any, as well as- tacitly or explicitly- by the
responsible authorities at the institute where the work has
been carried out and that, if accepted, it will not be published elsewhere in the same form, in either the same or
another language, without the consent of the copyright
holders.

LANGUAGE

Short descriptions of the authors, presentation of their
groups and their research activities (with photo) should
together not exceed 1 typewritten page.
Short research abstracts should report in a few brief sentences (one-forth to one page) particularly significant
findings.
Short articles by relative newcomers to the chemical innovation arena highlight the key elements of their Master
and PhD-works in about 1 page.
Book Reviews are normally written in-house, but suggestions for books to review are welcome.

PREPARATION OF MANUSCRIPTS

Dear Authors,
FEB is available both as printed journal and as online
journal on the web. You can now e-mail your manuscripts with an attached file. Save both time and money! To avoid any problems handling your text, please
follow the instructions given below.
When preparing your manuscripts have the formula
KISS ( Keep It Simple and Stupid) in mind. Most
word processing programs such as MS-Word offer a
lot of features. Some of them can do serious harm to
our layout. So please do not insert hyperlinks and/or
automatic cross-references, tables of contents, references, footnotes, etc.
1.

Papers must be written in English. Spelling may either follow American (Webster) or British (Oxford) usage
but must be consistent. Authors who are less familiar with
the English language should seek assistance from proficient colleagues in order to produce manuscripts that are
grammatically and linguistically correct.

SIZE OF MANUSCRIPT
Review articles should not exceed 30 typewritten pages.
In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten pages. In
addition up to 5 figures may be included.
Short-Communications should be limited to 4 typewritten
pages plus not more than 1 illustration.
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Please use the standard format features of
your word processor (such as standard.dot
for MS Word).

2.

Please do not insert automatisms or secret linkups between your text and your figures and tables.
These features will drive our graphic department
sometimes mad.

3.

Please only use two fonts- for text or tables
“Times New Roman” and for graphical
presentations “Arial”.

4.

Stylesheets, text, tables and grafics in shade
of grey

5.

Turn on the automatic language detection in
English (American or British)

6.

Please - check your files for viruses before you
send them to us!!

Thank you very much!

© by PSP Volume 10 – No 1. 2001

Fresenius Enviromental Bulletin

STRUCTURE OF MANUSCRIPTS
1) Title page

8) Acknowledgements

The first page of the manuscript should contain the following items in the sequence given:

Acknowledgements of financial support, advice or other
kind of assistance should be given at the end of the text
under the heading "Acknowledgements". The names of
funding organisations should be written in full.

A concise title of the paper (no abbreviations)
The names1 of all authors with at least one first name
spelled out for every author.
1

The names of University with Faculty, City and Country
of all authors.

9) References

2) Summary

Responsibility for the accuracy of references rests with
the authors. References are to be limited in number to
those absolutely necessary.

The second page of the manuscript should start with an
abstract that summarizes briefly the contents of the paper
(except short communications). Its lenght should not
exceed 150-200 words. The abstract should be as informative as possible. An extended repetition of the paper's title is not considered to be an abstract.

References should appear in numerical order in brackets
and in order of their citation in the text. They should be
grouped at the end of the paper in numerical order of
appearance. Abbreviated titles of periodicals are to be
used according to Chemical or Biological Abstracts, but
names of lesser known journals should be typed in full.

3) Key words

References should be be styled and punctuated according
to the following examples:

Below the Summary up to 6 key words have to be provided which will assist indexers in crossindexing your article.

ORIGINAL PAPERS:
1.

4) Introduction

This should define the problem and, if possible, the frame
of existing knowledge. Please ensure that people not
working in that particular field will be able to understand
the intention. The word length of the introduction should
be 150 to 300 words.

AUTHOR, N.N. AND AUTHOR, N.N. (Year) Full title
of the article. Journal and Volume, first and last page.

BOOK OR PROCEEDING:
2.

AUTHOR, N.N. AND AUTHOR, N.N. (Year) Title of
the contribution. In: Title of the book or proceeding. Volume
(Edition of Editor-s, ed-s) Publisher, City, first and last page

DOCTORAL THESIS:
5) Material and Methods

3.

Please be as precise as possible to enable other scientists
to repeat the work.
6) Results

Only material pertinent to the subject must be included.
Data must not be repeated in figures and tables.

AUTHOR, N.N. (Year) Title of the thesis, University
and Faculty, City

UNPUBLISHED WORK:
Papers that are unpublished but have been submitted to a journal
may be cited with the journal's name followed by "in press". However, this practice is acceptable only if the author has at least received galley proofs of his paper. In all other cases reference must
be made to "unpublished work" or "personal communication".

7) Discussion and Conclusion

This part should interpret the results in reference to the
problem outlined in the introduction and of related observations by the author/s or others. Implications for further
studies or application may be discussed. A conclusion
should be added if results and discussion are combined.
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10) Corresponding Author

The name of the corresponding author with complete
postal address and E-mail address.
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Tables

Offprints

Every table should be numbered in Arabic numerals in the
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STRUCTURE – ACTIVITY RELATIONSHIP MODEL FOR
TOXAPHENE CONGENERS
H. Parlar, G. Reil, D. Angerhöfer and M. Coelhan
Department for Food and Nutrition; Institute for Chemical-Technical Analysis and Chemical Food Technology,
Technical University of Munich
Freising-Weihenstephan - Germany

INTRODUCTION
Toxaphene, a broad spectrum organochlorine pesticide,
was first manufactured in 1945 by chlorination of camphene to give thousands of components, consisting mainly
of polychlorobornanes (CHBs, 95 %), polychlorocamphenes (PCC) and polychlorobornanes (5 %) containing
from six to ten chlorine substituents [1, 2]. Technical
toxaphene has a chlorine content of 67 – 69 %. Theoretically, there are 32,708 possible congeners for the bornane
skeleton and 16,458 possible congeners of Cl6, Cl7, Cl8 and
Cl9 substituted bornanes [3]. In the early 1980`s toxaphene
use was restricted in USA, Canada and other West European countries because of its toxicity, environmental persistence and bioaccumulating capabilities [1, 3, 4]. However,
it is still being manufactured and intensively used in Africa
as well as Pakistan, India, Egypt, Russia and Nicaragua [1,
4].

newly prepared hepta-, octa- and nonachlorobornanes.
Further, it was reported that Parlar 32 under goes metabolism and photolysis, in part, by reductive dechlorination at
the geminal-dichloro substituent to form M1-32, M2-32
and sometimes by dehydrochlorination to give M3-32 and
M4-32 (Table 1). Compounds 29, 39A, 39B, 40, 41A, 50,
56A, and 56 were isolated also by chlorination of 32 [11]
or from the UV-irradiated toxaphene (so called C8Standard) [16]. These substances were used to develop a
structure – toxicity relation model for toxaphene congeners. In addition to this approach, toxaphene analysis in
human blood was done to identify the relevant compounds, which were evident in the end assessment of
toxaphene toxity.
EXPERIMENTAL PART

Since the first introduction of toxaphene in 1940`s,
the annual production levels of toxaphene consistently
surpassed that of PCB`s. It is one of the major environmental contaminants of concern in the Canadian Arctic
food web [5], Great Lakes fish [6], and the Canadian East
Coast [7]. Recently, some toxaphene congeners [5] have
been reported in breast milk of Inuit women from Northern Quebec at concentration levels similar to DDE and
PCB congeners 153 [8].
Compounds Parlar 42A and 42B are the major components involved in the toxicity of toxaphene to mice,
goldfish and houseflies [9-13]. Toxaphene is metabolised
in rats [14], and degrade in iron (II) protoporphyrin systems [15] by cleavage of about half of the carbon chlorine
bonds. It is important to define more precisely the relation
between structure and toxicity for polychlorobornanes and
the chemical nature of their initial metabolic products,
since in the United States the amount of toxaphene used
continues to be larger than that of any other insecticide. It
was found that compound Parlar 42A, from a product of
chlorination of Parlar 32, is the most toxic of a series of

The structure – toxicity relation of polychlorobornanes
and polychlorobornenes were examined with male albino
mice treated intraperitoneally and female houseflies of an
insecticide – susceptible strain (SCR) treated topically,
each in the presence and absence of the synergist piperonyl
butoxide [17], as well as with with goldfish exposed for 24
hours under static conditions [11] (Table 1).
Male albino mice (18 – 20 g) were treated each ip
with different concentrating of the test compounds dissolved in 100 µL dimethyl sulfoxide. Adult female houseflies (Musca domestica L., SCR susceptible strain, 4 days
after emergence, 20 mg average weight) were treated
topically on the dorsum of the abdomen with 1 µL acetone solutions, containing different concentrations, of the
test compounds. All LD 50 values are based on 24-hour
determinations with several replications on separate days.
The mouse assay is particularly convenient because of the
very sensitive mortality response to relatively small
changes in dose. An increase in dose by a factor of only
1.4-fold usually increases the mortality from 16% to 84%,
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when assaying purified technical toxaphene fractions (C8Standard), and the toxic components (Table 1) ultimately
isolated. The organic solvents hexane, acetone and dichloromethane were glass distilled and free from interfering residues as tested by GC-MSD after concentration
from 15 mL - to 50 µL. All glassware was washed twice
with acetone, hexane and heated at 500°C for 20 h. Carbopack-C (60-80 mesh) was purchased from Supelco.
Hewlett Packard supplied octafluoronaphthalene (OFN).
Nitric acid (70- 71 %) and sulfuric acid were purchased
from J.T. Baker.

The combined hexane extract was reduced to 0.2 mL
using nitrogen gas and chromatographed on 1 g Florisil
(3 % deactivation) SPE column having 0.4 g of sodium
sulfate on top and bottom. The column was conditioned
with 8 mL DCM followed by 8 mL hexane before loading
the concentrate. The toxaphene analytes were eluted with
10 mL of hexane. Then hexane was concentrated to 40 µL
before analysis by GC-MS/ECNI.
The analytical work-up is summarized in Fig. 1. We have
used the Carbopack-C/silica gel column methodology for the
analysis of toxaphene congeners in blood.

Sample analysis was performed on Finnigan mass
spectrometer (8000A) equipped with HP 5980 Series II
gas
chromatograph
and
a
DB-5
column
(30 m x 0.25 mm x 0.25 µm) connected directly into the
ion source. Operating conditions were as follows: GC
Inlet: split/splitless, splitless injection (3 µL) with injector
at 260°C. GC temperature ramp: 70°C, initial 2 min,
18°C/min to 230°C at 3 min. 3.5°C/min to 265°C,
13°C/min to 290°C and held for 5 min giving GC run
time of 30.81 min. The MS was operated in the electron
capture negative ion mode (ECNI) with methane reagent
gas at source pressure of 1.9 torr, electron energy 200 eV,
ion source temperature at 120°C and interface temperature at 280°C. The instrument was tuned for optimal conditions with perfluorotributylamine (PFTBA) at m/z 302,
452 and 633.

Whole Blood
spike ISTD`s

Liquid – Liquid Extraction

Hexane / Acetone (9:1)

Defatting of Combined Extracts
Conc. Sulphuric acid
Conc. of organic phase (0.5 mL)

Whole blood was transferred into three centrifuge
tubes (4 mL each) and per tube, 4 mL acetic acid was
added. The mixtures were vortexed and allowed to stand
for 10 min. Then 4 mL (hexane/acetone; 9/1) was added to
each tube, vortexed, and centrifuged at 1800 rpm for 8 min.
The upper layers were transferred to 15 mL centrifuge
tubes. Extractions were repeated twice (2 x 4 mL) and each
of the combined extracts was then defatted by vortexing
with 1 mL sulfuric acid. Separated organic layers were
concentrated to 0.5 mL, using nitrogen gas. Fractionation
was performed on Carbopack - C/silica gel (0,2 g / 4 g)
column lopped with sodium sulfate (0.5 g). Each column
was washed with 12 mL of dichloromethane and 12 mL of
hexane. The concentrates were quantitatively transferred to
the bed of the columns and allowed to drain onto the bed of
Florisil. Each column was eluted with 14 mL hexane (fraction I) and then 20 mL 30 % dichloromethane in hexane
(fraction II). The eluates of fractions I and II were concentrated to 0.3 mL using nitrogen gas, transferred to appropriately labelled microvials containing 20 µL of recovery
standard (PCB 153, 1 µg/L) and then made up to 40 µL for
ECNI/MS analysis.
The second fraction from the silica gel column was
evaporated to dryness in a glass centrifuge tube (15 mL) and
1 mL of nitration reagent (H2SO4 / HNO3 1 /1) was added.
After heating at 70°C for 1 hour, the tube was cooled in an
ice bath and 3 mL of chilled high purity water was added.
The mixture was extracted with hexane (3 * 3 mL).

SPE Column Clean-up
(4 g Silica gel (4 % deactivtion)
0.29 g Carbopack-C, 0.5. g sodium sulfate)

Fraction I
12 mL of Hexane
40 µL final Volume

GC-MS (ECNI)
< 5 % toxaphene

Fraction II
20 mL of Hexane / DCM
(7:3)40 µL final Volume

GC-MS (ECNI)
< 90 % toxaphene

FIGURE 1: Flow chart for toxaphene analysis

RESULTS AND DISCUSSION
Toxicity studies

The potency of compounds generally decreased with
regard to their mammalian toxicity in the order:
42B > 42A > 39A > 32 > 39 > M4-32 > 39B > 29 > 41A
> 40 > 56 > 56A > toxaphene
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These experiments show toxic substances with a
Cl

geminal chlorine group Cl at 2, 5, 8 or 9 position, wich
are generally more toxic than the other components. The
geminal chlorine group at 2 or 5 is essential for the toxicity. If the ring system has no Cl2- group, then the toxicity
is negligible.
Dehalogenated compounds such as metabolites of 32
(M1-32, M2-32) and 50 have very low toxicity. Also
chlorobornenes M3-32, M4-32 are really inactive in the
bioassays conducted.
The behaviour of heptachlorobornanes (32) was examined in several chemical and biological systems, for example, UV-light irradiation in the presence of hexane, iron (II)
hematin in N-methyl-2-pyrolidone-acetic acid and in neutral aqueous solutions [1, 8], rat liver microsomes under
anaerobic conditions with reduced NADPH as essential
cofactor [1], bovine rumen fluid [18] and sewage primary
effluent [19]. Also examined was the photolysis of 32 in
hexane solution with ultraviolet light (>220 nm). Surprisingly, in each of these systems heptachlorobornanes 32
undergoes reductive dechlorination at the geminal dichloro
group to give hexachlorobornanes [20]. This occurs rapidly
with remarkable specificity and often with high yields, for
example, 87 % with hematin in the non-aqueous system
and 100 % with bovine rumen fluid. These findings are
similar to previous observations on the reductive dechlorination of the trichloromethyl group of the insecticide DDT
[21, 22, 23]
The observed ease of reductive dechlorination in vitro
of 32 at the geminal dichloro group by reduced microsomal
cytochrome P-450 prompted studies in vivo with topically
treated male and female houseflies of the SCR strain
(4.5 mg/kg, applied in acetone) and orally treated male
albino rats (3.1 mg/kg, administered in soybean oil) [24,
25]. The amounts of metabolites were determined as percentage of the applied dose in the treated animals and their
excreta [17]. Products in the flies at 24 hour after treatment
were: 32, 23 %; M1-32, 6 %; M2-32, 11 %; and M3-32,
7 %. Those in the faeces of rats at 72 hour after treatment
were: 32, 0.2 %; M1-32, 5.3 %; M2-32, 2.1 %; and M3-32,
1 %. Each of these metabolites also appears in very low
concentrations in the liver (0.8 to10 ng per gram of wet
tissue (µg/kg) and fat (8 to 34 µg/kg) at 7 and 72 hours
after treatment. At these times, little 32 is present in the
liver (9 to 17 µg/kg) and in the fat (335 to 453 µg/kg) relative to the administered dose. The overall low recoveries
indicate that metabolites undergo further metabolism, in
addition to direct excretion, or that metabolic attack at the
geminal dichloro group is the only one of the initial detoxification mechanisms involved.

The conversion of 32, M1-32 and M2-32 presumably involves a radical intermediate with triphenyltin hydride and
the iron (II) hematin systems [1, 17]. A radical intermediate
is probably also involved in these conversions in the biological systems examined. The mechanism of dehydrochlorination of 32 and M3-32 in the iron (II) hematin system and in
flies and rats in vivo remains to be established.

These findings on a single toxaphene component are
relevant to the more difficult problem of the metabolism of
the complex mixture of components in toxaphene itself.
Analyses [17, 20] of liver, fat, and faeces of rats orally
administered toxaphene show rapid loss of components
with geminal chlorine groups. Only in the fat do the chlorinated hydrocarbons approximate the composition of those
in toxaphene, while in the liver and faeces they consist of
derivatives of greatly reduced retention times on gas-liquid
chromatography. Thus, almost all toxaphene components
are readily metabolised. There is a great number of identified polychlorobornane components of toxaphene, each
with one geminal dichloro group on the ring at carbon-2,
carbon-3 or carbon–5, and with none, and one or two dichloromethyl groups [17, 20]. It is likely that reductive
dechlorination is one of the initial steps in metabolism of
each of these components and others with geminal dichloro
groups, at least in the variety of systems used in examining
the metabolism of toxaphene component 32. Premilary
findings [1] with 42B in the iron (II) hematin system indicate that the dichloromethyl substituent is less susceptible
to attack than other substituents, such as the ring geminal
dichloro group.

Relatively few major polychlorobornane components
of toxaphene have proper configurations for high toxicity.
This structural specificity and the available knowledge
concerning the potency of polychorobornane metabolites
suggest that metabolic reductive dechlorination in the
geminal dichloro substituent and dehydrochlorination are
likely to detoxify many toxaphene components or indicate
a series of metabolic events leading to their detoxification.
The toxicity of 32 to mice and houseflies is increased by a
factor of 5 to 8 by piperonyl butoxide, indicating the importance of cytochrome P-450-mediated detoxification
mechanisms, ether reductive or oxidative. Piperonly butoxid also increases the toxicity of several other polychlorobornanes and polychlorobornenes (Table 1). A combination of reductive dechlorination at geminal dichloro
groups, dehydrochlorination, and oxidation of carbon substituents probably contributes to the extensive dechlorination noted for toxaphene components in rats [14]. These
findings help explain the low persistence of toxaphene as
compared with that of many other chlorinated hydrocarbons in mammals [1, 17] They also suggest possible pathways for environmental degradation of toxaphene residues.
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TABLE 1 Structure – toxicity relations of Polychlorobornanes and poly chlorobornenes
Compound
Structure

Parlar
No

Relative toxicity
(32 = 100)
Houseflies
Goldfish
(Musca
domestica)

Mice

Compound
Structure

Parlar
No
Mice

Cl

Cl

Cl

Cl

32

Cl
Cl

Cl
Cl

100

**

100

**

100

M1-32

Cl
Cl

Cl

Cl

60

Cl

Cl
Cl
Cl

Cl
Cl

39

62 **

< 75

7

Cl
Cl

Cl

M2-32

50 ***

5

3

Cl

Cl

Cl

Cl
Cl
Cl
Cl
Cl

Cl
Cl

Cl

39A

44 **

~ 312

22

Cl
Cl

Cl

M3-32

320 ***

32 ***

11

M4-32

~ 115

5 **

<3

29

< 100

~ 3500

40

41A

< 75

~ 210

45

40

< 75

~ 150

40

50

< 60

~ 200

120

25
3700

70
3500

95
3990

Cl

Cl

Cl

Cl

Cl

Cl

Cl
Cl

Cl
Cl

Cl

42A

209 **

2272

264

Cl

Cl
Cl
Cl

Cl
Cl

Cl

Cl

Cl

Cl
Cl

Cl
Cl

Cl

42B

> 3000

§

> 371

§

> 527

Cl

§

Cl
Cl

Cl

Cl

Cl
Cl

Cl
Cl

Cl
Cl

Cl
Cl

Cl

39B

< 75 **

14 **

Cl

8

ClCl

Cl
Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl
Cl
Cl

Cl
Cl

32 **

Cl

Cl

Cl

320 ***

Cl

Cl

Cl

Relative toxicity
(32 = 100)
Houseflies Goldfish
(Musca
domestica)

Cl

56A

120 ***

12

<3
Cl

Cl

Cl
Cl

Cl

Cl
Cl

Cl
Cl

Cl

Cl

Cl

Cl
Cl
Cl

Cl
Cl

Cl

56

190 ***

19 **

7
Cl

Cl

Cl
Cl

Cl
Cl

Toxaphene
Parathion

Compounds 29, 32, 39, 39A, 39B, 40, 41A, 42A, 42B, 50, 56, 56A are toxaphene components. Compounds M1-32, M2-32, M3-32, M4-32 are metabolites. The values for lethal doses for 50 percent of the animals (LD50) for 32 are 75 and 12 mg/kg for mice and houseflies, respectively, and 2.9 µg/L
for goldfish. Relative toxicity is the ratio of the LD50 for 32 to that of the test substances times 100.
**
These compounds are two to eight times more toxic to mice and houseflies, that have been given preliminary treatments with piperonly butoxide,
than to normal mice and houseflies.
§
Values for a mixture of 42A (43 %) and 42B (57 %)
*** Estimated values (relative toxity for houseflies * 10)
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Total Ion Chromatogram (Tic) of Parlar’s Toxaphene Congeners by GC-MS/Ecni -Sim

FIGURE 3

TIC of whole blood extract by GC-MS/ECNI-SIM
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Total ion chromatogram of concentrated whole blood extract
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FIGURE 5 Mass spectra (ECNI) of selected peaks from concentrated whole blood extract.
A: DDE; B: Nonachlor; C: Oxychlordane

FIGURE 6 (A) Selected ions (m/z 376.7 and 412.7) of Parlar’s mixture of congeners
(B) Selected ions (m/z 376.7 and 412.7) from whole blood extract
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FIGURE 7 Total ion chromatograms of technical toxaphene standard (A) and whole blood extract (B).
Peaks identified PCC’s in A and B are black.

TOXAPHENE IN HUMAN BLOOD
A total chromatogram for pure Cl7 – Cl10 polychlorobornanes (Parlar 22-mix) is shown in FIGURE 2.
The ions selected to monitor for PCC’s include Cl7
(340.7, 342.7); Cl8 (376.7, 378.7); Cl9 (410.7, 412.7) and
Cl10 (446.7, 448.8). Fig. 3 shows total ion chromatograms
for toxaphene congeners obtained from whole blood extract. Due to their concentration and retention times,
PCB’s, chlordanes and organochlorine pesticides interfere
with the toxaphene analysis of blood. It was observed that
the small amount of oxygen in the ion source formed
[M-Cl+O] and [M-H+=] fragments of PCB’s (hexa and
hepta), which gave the same m/z ratios as toxaphene
congeners (Cl7 to Cl9) in ECNI/MS. However, this problem could be eliminated by careful monitoring of mass
spectrometer operations and running check samples of
PCB 153. The presence of heptachlor epoxide, chlordanes, DDE as well as PCB’s was confirmed by running
full scan spectra of concentrates of the whole blood extracts (FIGURE 4 and FIGURE 5). The concentration
levels of the above pollutants were much higher compared
to toxaphene levels in this particular sample extract, so it
was not possible to obtain a full scan spectra for
toxaphene peaks. However, the toxaphene chromatograms
free from these interfering pesticides and PCB’s were
obtained by nitration. During our investigations we

observed that preseparation of PCB’s from toxaphene can
be obtained using a Carbopack-C/Silica gel (0.2 g / 3.8 g,
4 % deactivation) Column and by elution with 12 – 15 mL
hexane (fraction I, PCB’s and OC’s) and 20 – 25 mL of
hexane/dichlorometane (7:3) (Fraction II, toxaphene).
PCB’s and organochlorine interferences can be removed by converting them into the polar nitro compounds. Only toxaphene and cis, trans-nonachlor remain
after the work-up. Total toxaphene values obtained were
between 162 – 174 pg/mL, whereas the amount of T2 and
T12 congeners account for 90 % of the total value. Fig. 6
and Fig. 7 show peaks identified as common PCB’s in
both a whole blood extract and a technical toxaphene
standard. After checking the selected ion monitoring
mode, the content of the microvial was further reduced to
10 µL. We then injected 3 µL of this concentrate in the
full scan mode for the confirmation of toxaphene congeners. Thus, we further confirmed the presence of the major congeners, namely, T2 (#1 (Parlar 26) or Tox 8) as
well as T12 (#4 (Parlar 50) or Tox 9), by obtaining their
full scan spectra. The confirmation of the minor
toxaphene congeners requires the use of at least 100 mL
of whole blood. This work is in a progress.
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CONCLUSION
It is evident from the results of toxicological studies
and structure-degradation relationships of toxaphene
components that only few of them are persistent in the
environment and human blood. Congeners with high toxic
effects (2,2,3-exo or-endo) are unstable under normal
conditions; they are nearly disappeared in the environmental compartments. Substances, which could be identified in human blood, do not fulfil the structural requirements, to be toxic to living organisms respectively to
human being. Also, the residues are detected in fish, fish
products, chicken, turkey. This is a very important point
in the final assesment of the toxity of the toxaphene components. Congeners, which could be detected in the human body or in other biological species, are not more
hazardous than the other organochlorine compounds in
same compartiments.
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SUMMARY
In the elaboration of a waste management plan for the
Basilicata Region, a comprehensive study was performed
to find out waste management strategies technically acceptable, cost - efficient and environmentally compatible. In
this framework a preliminary characterisation of municipal
solid waste was carried out to evaluate its relative amount
and its chemical-physical properties. This is the first step
for the implementation of an optimising procedure, which
will define an integrated waste management system suited
to the local issues and stable with respect to unpredictable
changes in the planning conditions.
KEYWORDS: Municipal solid waste, Integrated waste management, Regional resources strategies.

INTRODUCTION
Environmental burden is caused by a wrong use of
resources (energy, materials, technologies) which implies
higher consumption and waste production as well as
higher emissions of dangerous substances. Many national
and international protocols confirm the necessity of carrying out sustainable development strategies, based on the
optimal utilisation of resources, which join environmental
protection with social and economical issues1,2. In this
framework the anthropogenic activities’ system must be
reorganised to put into effectiveness the environmental
recovery interventions. Moreover, in an optimised configuration, the costs for environmental protection must be
distributed on all the productive chains, from the producers to the consumers.

Waste management systems are much involved in the
productive system changes, because they are at the same
time both a source of pollution and a potential source of
energy and raw materials3.
Therefore, waste management plans must take into
account the different issues, performing a valorisation of
waste as renewable resource, a minimisation of the waste
produced and a minimisation of the pollutant emissions
from waste disposal technologies4. These requirements
can be achieved by carrying out an integrated waste management system, in which several technologies are linked
and utilised to cope with the necessities of the population.
A preliminary analysis of the waste produced is thus fundamental to define the state of art and to assess the optimal configuration of the waste disposal system.
This paper focuses on the study carried out for the
Basilicata Region (Southern Italy) to support the decisionmakers in the elaboration of the Regional Waste Management Plan. A preliminary characterisation of the local
waste flows was carried out to evaluate the relative
amounts, the composition and the chemical- physical
properties of treated waste. This is a necessary prerequisite to define effective waste management strategies
suited to the local necessities and in agreement with the
most recent national and international directives.
THE LOCAL CASE STUDY
Basilicata region is characterised by a sparsely populated territory (more than 50% of the regional municipalities have each less than 3000 inhabitants) and by an insufficient road network which makes the collection and
transportation of waste difficult inside the region.
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At present there are no working complex waste processing technologies (except for a small composting plant
close to Matera town) and many small landfills are spread
on the territory, which usage is favoured by the little
amounts of waste produced and the presence of many
uninhabited areas.

The average per-capita MSW production ranges between 0.86 (1995) and 0.89 (1997) kilograms per day,
with a 4% annual increase, so that the estimated annual
total MSW production at 2001 (the basis year for the
planning process), is 226000 tonnes.

The evaluation of the quantity of waste produced and
the characterisation of its chemical – physical composition
is a fundamental step to assess the feasibility of an integrated waste management system. Therefore, a survey at
municipal level was promoted to estimate the regional
annual production of waste between 1995 and 1997 and the
average composition5.

The average composition of the municipal solid waste
produced in Basilicata Region in 1997 is shown in Figure 1.
Comparing the local percentages with the national average values, a higher amount of organic waste (50% instead of 39%) and a lower amount of paper and cardboard
(20% instead of 27%) and plastics (13% instead of 17%)
can be noticed.

Cloth, wood and leather
5,7%

Metals
2,8%

Others
0,8%

Glass
5,0%

Plastic and rubber
11,6%

Paper and cardboard
23,5%

Fermentable matter
50,6%

FIGURE 1 Composition of municipal solid waste in Basilicata region (1997).

MATERIALS AND METHODS
The utilisation of many integrated technologies for
waste disposal requires necessarily a pre-selection of the
produced waste into homogenous streams, to be sent to
different treatment processes (Figure 2).
The new regulatory framework sets separate collection of raw materials as a necessary process of every
waste management system. Increasing targets of separate
collection will inevitably change the composition of the
residual waste streams with important consequences on
the choice of the subsequent waste disposal technologies
and on the final landfill6.
Besides that, a fundamental role is played by the mechanical pre-treatments (screening) in the choice of suitable technologies. In fact, the residual waste from

separate collection may be further splitted up by a rotary
drum in two different flows: a moist one, suitable for
biological treatments, and a dry one, which can be advantageously incinerated.

Therefore, to evaluate the effects of the drum screen
size on the waste fractions’ composition, a screening
selection of solid waste was carried out utilising a rotary
drum screen with a surface of 3,6 m2 (three meshes of
2 x 0,6 m) and variable sizes of screen meshes (20, 40, 60,
80, 100 and 120 mm) (Figure 3). This equipment makes
possible the variation either of the rotary speed (4-20
rounds/minutes) or of the drum inclination, so that different operative conditions can be obtained.
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LANDFILL

WASTE
SEPARATE
COLLECTION

SCREENING

LANDFILL

TREATMENTS

FIGURE 2 Towards an integrated waste management system

Rotary Drum

Screen
UNSEPARATED
FRACTION

DRY
FRACTION

MOIST
FRACTION
FIGURE 3 Rotary drum screen used in the research.

The screened samples were composed of by municipal solid waste without any treatment coming from 8
towns of Basilicata Region (the most representative relatively to their dimensions and social-economical characteristics), with a number of inhabitants ranging from 2.000
to 100.000.

• an intermediate scenario (15% of total separate
collection), in which the target is achieved by
separating also the organic fraction and metals;
• a Ronchi scenario (35% of total separate collection, law's issue at 2003), in which the achievement of such a high target is obtained by improving separate collection of glass (68%), paper and
cardboard (45%), organic fraction (35%) and metals (10%), including also the separate collection of
cloth, wood and leather (25%).

For the material screened to 20, 40, 60, 80, 100 and
120 mm the following operations were executed:
• merceological analysis;
• chemical-physical analysis and valuations of the
reaction to combustion;
• density and compressibility of the separated fractions.
Concerning the targets of separate collection, three
different scenarios were hypothesised:
• a base scenario (5% of total separate collection),
that correspond to the actual situation, in which the
target is achieved by separating only the usual materials (plastic, paper and cardboard, glass);

In these scenarios plastic recovery is limited to the
PET bottles collection, but it may be increased by including also the PVC films of packaging.
Starting by the qualitative characterisation of the
MSW in Figure 1, and taking into account the three different targets of total separate collection, we calculated
the recoverable fraction of each component for the three
hypothesised scenarios. The relative amounts are shown
in Table 1.
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TABLE 1 Recoverable fractions obtainable with three different targets of total separate collection.

COMPONENTS

Total

Recoverable (t/y)

(t/y)

Base

Intermediate

Ronchi

Organic Fraction

115034

0

23007

40262

Paper and cardboard

45200

6780

6780

20340

Plastic

28250

1413

1413

4238

Glass

15820

3164

3164

10696

Textile, wood and leather

7910

0

0

1978

Metals

11978

0

599

1198

Others

1808

0

0

0

226000

11357

34963

78712

TOTAL

RESULTS
The characterisation of the dry and moist fractions
produced by screening is important to assess the suitable
subsequent waste processing treatments7.
As said before, the screening mesh dimension influences the average composition of the two streams and, in
general, the choice of its optimal value depends on many
factors (waste characteristics, availability of technologies,
collection and transportation costs, etc.). The curves of
Figure 4 represent the relative percentages of the waste
components of the residual dry fraction after screening
with
five
different
wire
mesh
dimensions
(40, 60, 80, 100 and 120 mm). It can be seen that at
40 mm only the 30% of the organic fraction is sent off,
while with a 120 mm wire mesh the residual dry fraction
is composed for the most part of metals, paper and cardboard and plastics.

The "dry fraction" has got a considerable energy content and can be conveniently transported to an incineration plant, to get also energy recovery, while an aerobic
stabilisation of the "moist" fraction is appropriate to avoid
the unpleasant production of biogas in landfills due to
anaerobic degradation8 and to reduce organic waste volume.
The inert residues from incineration and the organic
stabilised fraction (OSF) can be at last conveniently landfilled with a very low production of greenhouse gases and
with the lowest volume. To estimate the annual requirement of landfill volume in the hypothesis of an integrated
waste management system, it is therefore necessary to
evaluate the amounts of residues landfilled from both the
processes, varying the screening meshes size and the
separate collection target.

Percentage of separation (%)

100
90
80

Fermentable

70

Paper & Cardboard

60

Plastics

50

Glass&Inerts

40

Cloth, Wood & Leather
Metals

30
20
10
0
40

60

80

100

120

Wire mesh dimension (mm)
FIGURE 4: Percentages of waste components in the "dry" fraction after screening.
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Utilising the values of Table 2 9,10 we estimated the
amounts of residues from incineration to be landfilled in
the different hypotheses of separate collection and screening meshes dimensions (Figure 5.a).
It can be seen that increasing the target of separate collection from 5% to 15% there is no appreciable difference,
because the recovery of the organic fraction and metals
does not influence significantly the features of the dry
fraction.
The amounts of OSF are described in Figure 5.b, and
were calculated by taking into account an average reduction
of organic fraction weight equal to 40%, due to the water
losses10. Taking into account the previous results we calculated the landfill volume variations cor-responding to the
three considered scenarios, relatively to the different wire

Base

Intermediate

meshes dimensions (Figure 6). It can be noticed that the
lower is the screening meshes dimension, the lower is the
required landfill volume for incinerating waste. As an
example, at the actual separate collection target, the annual needs of landfill volume is reduced to about 50%
with a 120 mm wire mesh size, and up to 75% with a 40
mm wire mesh size. On the other hand, also the increase
of the separate collection target induces the reduction of
the residual waste volume. As an example, without a
preselection, increasing the separate collection target from
5% to 35%, a 30% reduction of the annual required landfill volume is achieved (i.e. from the actual 360000 m3/y
to 252000 m3/y). Therefore, a preselection with a 80mm
screening wire mesh (the most utilised size) and a 35%
separate collection target will give a 75% reduction of the
annual required landfill volume.

Base

Ronchi

Production of OSF (kt/y)

30
25
20
15
10
5
0
40

60

80

Ronchi

100

100
80
60
40
20
0
40

120

60

80

100

120

Wire mesh dimension (mm)

Wire mesh dimension (mm)

b)

a)
FIGURE 5: Evaluation of material flows in different hypotheses of separate collection and screening dimension:
a) residues from incineration; b) organic stabilised fraction

Base

Intermediate

Ronchi

400000
Landfill volume (m 3/y)

Inert residues (kt/y)

Intermediate

120

35

350000
300000
250000
200000
150000
100000
50000
0
40

60
80
100
120
Wire mesh dimension (mm)

only
landfill

FIGURE 6: Annual requirement of landfill volume for the local case.
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A complete representation of the integrated waste
disposal system proposed for Basilicata region is given in
Figure 7. All the secondary raw materials from public
collection are exported to the surrounding regions (in
which there are already suited treatment plants), while the
separated fermentable fraction is sent to a composting

plant inside the region. The annual amounts of highquality compost that may be produced ranges from 7000
to 12000 tonnes depending on the target of separate collection which can be achieved (respectively 15% and
35%), with a relative production of residues to be landfilled, which varies from 2000 t/y to 4000 t/y.

TOXIC
WASTE

Medicine
Power cells

COLLECTION
CONSORTIUMS

Contaminated

containers

SEPARATE
COLLECTION

Paper & Cardboard

MARKET OF
SECONDARY
RAW MATERIALS

SEPARATION
SEPARATION
CENTRES

Glass
Plastics
Metals

Rejects

Fermentable
Losses
Product

COMPOSTING

Residues
Losses

Moist fraction

MUNICIPAL
SOLID WASTE

AEROBIC
Residues
INCINERATION
Residues
SCREENING

Dry fraction

Losses

SANITARY
LANDFILL

FIGURE 7: The integrated waste disposal system planned for Basilicata Region.

LOCALISATION OF THE
WASTE DISPOSAL PLANTS
Geographic features are important to define the placing of plants as well as their capacity. Nevertheless, complex technologies as incinerators have a minimum capacity determined by the optimal working conditions and,
therefore, require a fixed amount of waste to be incinerated. To comply with these characteristics, the small
amounts of waste produced by each users' basin must be
gathered before to be sent to the treatment plants. Taking
into account also the social issues, it is necessary to prearrange some transfer stations for the aggregation of waste
before its transport to the screening platforms.

Such stations may reduce the transport costs and will be
localised according to the following criteria:
Assuring a distance from each village less than
20-25 km, to be reached with the small collection vehicles
usually utilised at urban scale; Collecting at least 25 ton
per day (equivalent at about 20000 inhabitants).
Figure 8 shows the possible settlement of waste processing technologies on the regional area and the involved
waste streams.
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FIGURE 8
Territorial organisation of the integrated waste management system
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CONCLUSIONS
The necessity of performing sustainable development
strategies requires a re-organisation of the entire productive system to decrease the environmental impact of anthropogenic activities. In this framework, the waste management system planned for the Basilicata Region, based
on the integrated use of many technologies, allows one to
obtain a more efficient waste disposal and the recovery of
secondary raw materials and energy. In the new perspective a considerably smaller volume of landfills is required,
with a lower impact on land use. At present we characterise the composition of the waste streams for each step of
the waste processing. The influence of many exogenous
parameters on the system's configuration will be further
investigated by utilising a linear programming model,
evaluating also the economic and environmental impacts
of each hypothesized scenario.
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BIODEGRADABILITY TESTING OF A PETROLEUM REFINERY
WASTEWATER BY RESPIROMETRY
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SUMMARY

MATERIALS AND METHODS

A study was undertaken to evaluate aerobic biodegradation of a petroleum refinery wastewater (before and
after API separator) using an automatic laboratory respirometer. Seed activated sludge was acclimated with a
small quantity of wastewater under study, in fill and draw
type reactors. Relatively high initial substrate to seed
biomass ratios of 20 and 15 were used to encourage
growth conditions. Each wastewater sample was diluted
to five concentrations and oxygen uptake data was recorded till the beginning of the endogenous phase. Oxygen uptake data were analyzed using Monod and Haldane
kinetics. Results showed that the refinery wastewater was
inhibitory and kinetic data only followed the Haldane
equation.

Wastewater and seed

Petroleum refinery wastewater (RFWW) was collected from the Consumer’s Co-operative Refineries Limited, Regina, at two points, one before (samples 1B and
2B) and one after (samples 3B and 4B) the API separators
in the treatment plant. Initial biomass for seeding was
obtained from an activated sludge plant at Yorkton, Saskatchewan.
Acclimation

Biomass acclimation, growth and maintenance were
carried out in two separate vertical cylindrical plexiglass
seed reactors with a total volume of 3.82L each. Details
on the seed reactors and their operation are available in an
earlier publication (1).
Experimental set-up

KEYWORDS: Respirometry, petroleum refineries, wastewater,
aerobic biodegradation, kinetic analysis

INTRODUCTION
Petroleum refineries generate large amounts of wastewater, and this wastewater contains toxic organic pollutants
that pose a potential threat to environment, if discharged
without adequate treatment. It was decided to use the respirometric technique for biodegradability studies on petroleum refinery wastewater, because it closely represents the
activity in the aeration tank of an activated sludge plant and
there was no information available on any biodegradability
study conducted with actual petroleum refinery wastewaters using respirometric technique. Therefore the specific
objectives of the study were 1) to determine the biodegradability of a petroleum refinery wastewater using a respirometer (by batch studies); and 2) to calculate biokinetic
constants for such a wastewater.
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A single reactor respirometer (Arthur Technology,
Wisconsin) was used in conjunction with a heating circulator (model no. 200DS) and refrigerated chiller (model
no. KR30A from PolyScience, Division of Preston Industries Inc., Niles, Illinois) and strip chart recorder (model
no. SE 120, Asea Brown Boveri, Goerz Electro Ges.,
Wien, Austria). The strip chat recorder was calibrated and
kept at a constant speed of 60 mm/h. Except for the electronic module and the strip chart recorder, all other components were immersed in a temperature control bath of a
50:50 mixture of methanol and water. Evaporation losses
of this mixture from the respirometer jacket were minimized by covering the tank with a thick foam sheet having the necessary cutouts. KOH solution was prepared by
adding 235g of KOH to 1000mL of reagent grade water,
and 400mL of it was used in the CO2 scrubber column.
Methodology

All the experiments were conducted at a controlled
temperature of 20±0.2 oC. The total sample volume used in
the respirometer was constant at 1000mL. Each sample of
the wastewater was studied at five dilutions of 80, 60, 40,
20 and 0 %, i.e., at 20, 40, 60, 80 and 100% strength,
respectively. For petroleum refinery wastewater sample 2B,
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an additional run was conducted at an additional strength of
30% (70% dilution). The initial concentration of substrate,
(So mg COD/L) to seed biomass (Xo in mg VSS/L) ratios for
the wastewater samples under study were as follows.
•
•

refinery wastewater samples 1B and 3B --- So/Xo = 20
refinery wastewater samples 2B and 4B --- So/Xo = 15

Oxygen uptake was recorded, for a period until the
start of the endogenous phase was observed. At this point,
there was a decline in the maximum oxygen uptake rate.
Solids (methods 2540D, 2540E), COD (method 5220C)
and total phenols (method 5530C) were measured according to Standard Methods (2).
Batch tests

A separate batch test was conducted for each wastewater
sample to determine the true biomass yield coefficient, and
the unit COD of the biomass in a 2000 mL conical flask. Air
was supplied to the contents through a filter and a diffuser
(same as used in the respirometer). Tests were conducted on
an undiluted 1750 mL volume of wastewater, except in the
case of refinery wastewater sample 2B, where 40% dilution
(60% strength) was employed. These tests were conducted
after the respirometric studies were completed on a given
sample, and the initial substrate to biomass seed ratio was
kept at the same ratio as used in the respirometric test for a
given sample. Aeration was continued until no appreciable
biomass growth was observed. Solids, total COD and soluble
COD were analyzed at an interval of 4 h by withdrawing
70 mL of the mixed liquor. Data obtained were used in the
calculation of biomass yield Y and unit COD per unit biomass Ox, as per the following equations.

µ
S
(4)
µ = max
Ks + S
where
µmax = maximum value of specific growth rate (h-1),
Ks = Monod growth saturation constant at which specific
growth rate is one-half the maximum rate (mg SCOD/L),
and S = soluble substrate concentration in mg COD/L.
(5)
µ
S
max

µ=

Ks + S +

S2
Ki

where Ki = inhibition constant in mg SCOD/L and other
terms as defined earlier.
The critical substrate concentration, and the critical
growth rate were calculated from the Haldane curve,
using equations 6 and 7.
S*= K s K i

(6)

where
S* = critical substrate concentration in mg SCOD/L
µ* =

µmax
1+2 K s Ki

(7)

where µ* = critical growth rate (h-1)

∆Xvss
Average true yield, Y =
∆SCOD

(1)

1 (TCOD − SCOD)
Ox = Σ
n
X vss

(2)

RESULTS AND DISCUSSION

where
∆Xvss = increase in biomass in mg VSS/L, ∆SCOD =
decrease in soluble chemical oxygen demand mg/L, n is
the number of measurements, TCOD is total chemical
oxygen demand mg/L, and SCOD is soluble chemical
oxygen demand, mg/L.
Analysis of data

Oxygen uptake data obtained from the respirometric studies were converted to growth data using the following
equation.
(3)
O2 uptake
Xt = X0 +

The growth data were calculated for the entire range of
dilutions of a sample. A set of growth curves was drawn on a
semi-log scale. From the slope of these curves, the specific
substrate growth rate (µ, h-1), for each of the initial substrate
value was calculated. These values in turn were used in
nonlinear curve fitting of Monod (3) and Haldane (4) growth
kinetics described by equations 4 and 5, respectively.

1

 − Ox 
Y


where
Xt = biomass at the end of respirometric test in mg VSS/L,
X0 = initial biomass in mg VSS/L, and
O2 uptake = cumulative oxygen uptake in mg/L.

The refinery wastewater characteristics are presented in
Table 1. All samples essentially had similar SCOD values,
within a narrow range of 147 to 152 mg/L; this indicates that
API separators had no influence on the soluble part of the
compounds. The limited data also showed that API separators removed solids probably upto 90%. The results of the
batch test conducted to determine Y and O x are summarized
in Table 2. The yield coefficients obtained were comparable
to those reported in the literature, and since COD was used in
the calculation, they were less than those determined using
BOD. The typical yield coefficients for noninhibitory and
aerobic heterotrophs reported were 0.68 and 0.40, based on
BOD and COD, respectively (5).
The yield coefficients for refinery wastewaters were lower
than those for municipal wastewater, because of the inhibitory
nature of the substrate. The lowest yield of 0.12 was observed
for the refinery sample 1B, containing 116 mg/L of total phenols. The second sample with a total phenol concentration of
31 mg/L had a much higher yield coefficient of 0.25.
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TABLE 1. Characteristics of petroleum refinery wastewater

Parameter

Sample 1B

Sample 2B

Sample 3B

Sample 4B

pH

7.8

7.7

8.1

7.9

TCOD

2043

3526

493

615

SCOD

147

152

150

148

PCOD

1896

3374

343

467

TSS

1011

1051

120

88

VSS

606

894

80

76

FSS

405

157

40

12

Phenol, Cp

116

31

15

17

SCOD/TCOD

0.07

0.04

0.3

0.24

SCOD/C p

1.26

4.91

9.96

8.64

TCOD/C p

17.6

114.2

32.7

35.9

PCOD/VSS

3.13

3.78

4.29

6.15

Note: all units in mg/L, except pH; SCOD = soluble COD, PCOD = particulate COD
TABLE 2. Summary of batch tests conducted to determine y and Ox

Sample No.

Test Duration
(h)

∆Xvss mg/L

∆TCOD
mg/L

∆SCOD
mg/L

Yield Y,
Mg Xvss /mg
SCOD

Avg. Ox,
mg COD/mg
Xvss

RFWW 1B

32

8

447

61

0.12

2.59

RFWW 2B

48

25

1020

100

0.25

3.26

RFWW 3B

48

30

177

100

0.3

2.88

RFWW 4B

48

23

177

102

0.22

4.29

TABLE 3. Haldane kinetic constants for refinery wastewater samples

Parameter

Sample 1B

Sample 2B

Sample 3B

Sample 4B

Ks (mg SCOD/L)

1.00 or less

1.00 or less

2

6

Ki (mg SCOD/L)

12

14

61

65

-1

µ max (h )

0.006

0.03

0.05

0.03

Sum of squares

0

2.0 x 10-5

2.4 x 10-5

2.0 x 10-5

0.95

0.87

0.74

0.84

Correlation*
*

Correlation coefficient for the experimental and Haldane curve fit data

TABLE 4. Critical kinetic parameters

Sample

Critical Specific
Growth Rate,
µ *(h-1)

Critical Substrate
Concentration,
S*(mg/SCOD/L)

Critical Substrate
Concentration,
(mg TCOD/L)

RFWW 1B

0.004

4

48

RFWW 2B

0.02

4

86

RFWW 3B

0.04

11

35

RFWW 4B

0.02

20

84
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In the determination of biokinetic constants by respirometry, calculation of Ox and Y was reported to be a
difficult step (6,7). An accurate determination of these
parameters depends on wastewater characteristics and the
accuracies associated with the measurement of solids and
COD. The values of Ox in all the samples were affected
by the large amount of VSS present, as part of the wastewater, hence they were not consistent. Assuming that the
biomass conforms to a formula C5H7NO2, the oxygen
required for unit biomass would be 1.42mg/mg Xvss, and
the results should have been in this range. The value of
Ox varies depending on the composition of biomass and
the substrate system used. However, the variability reported was very small (7). Pitter and Chudoba (5) based
on a number of studies, summarized O x values for mixed
cultures and reported average values ranging from 1.39 ±
0.09 to 1.43 ± 0.03. The results obtained for Ox, hence
were not considered. Instead a value of 1.46 mg O2/mg
biomass (5) for refinery wastewater was assumed.

wastewater treated at the plant. This gives a dimensionless
parameter for comparison. It may be possible to incorporate
relative critical specific growth rate in sewer surcharge formula by adding a term, which will reflect an increase in
charges with a decrease in critical specific growth rate.
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SUMMARY
European policy for the protection of the environment, and specially with regard to the problem of limiting
the effects of eutrophication of rivers and coastal ecosystems from different types of pollution sources such as (a)
agriculture and land use, (b) point source emissions, i.e.
industrial waste and sewage discharge from urban areas
and (c) atmospheric deposition, is carried out through the
application of a range of EU Water Directives. The JRC
in collaboration with DG XI and EEA are initiating a
programme to identify and develop a network of small
river basins-coastal zones across a range of European
climatic conditions (Norwegian Sea, Baltic Sea, North
Sea, Atlantic, Mediterranean and Black Seas) and investigate methodologies for assessing the efficiency of the
application of selected Water Directives in terms of water
quality and socio-economic cost-benefit.

KEYWORDS: Water Framework Directive, European environmental policy, river-basin-coastal zones, socio-economic costbenefit, water quality, eutrophication.

Although considerable work is being carried out by
National Authorities to monitor and protect national river
basins and associated near coastal zones these are most
often carried out individually without reference to similar
activities in other countries. By selecting a limited number of basins (in agreement with responsible National
Agencies) over a range of European conditions characteristic of the pollution problems encountered by Member
States, the development of comprehensive, intercomparable data will be facilitated that more closely correspond to
the needs of such a study. Further, identifying such areas
will also contribute to the development of a wide range of
information needed to investigate the effect of EU Water
Policy Directives on reducing different types of pollution
sources; focus both Community and national resources on
the development of methodologies that are intercomparable at river basin-coastal zone scale; and justify the longterm investment in monitoring techniques that will be
needed to estimate the efficiency of the application of EU
Water Directives in terms of water quality and socioeconomic cost-benefit.

BACKGROUND

RATIONALE
It is becoming increasingly accepted at the scientific,
industrial and political level that use of all major European watersheds has long-term and wide ranging impacts
not only on soil and freshwater resources and their protection, but also on the quality and quantity of water run-off
to coastal areas. In order to develop adequate political and
technical measures to allow sustainable development of
both fresh and marine coastal waters integrated assessment of these systems needs to be undertaken taking into
account the characteristics of the major European river
basins and the coastal areas under their influence.

Eutrophication and other chronic pollution events
have become a major problem in many coastal areas of
Europe and have important implications in the sustainable
development of these important economic, social and
natural resources. The link between human activities and
nutrient and other pollution loads to the coastal zone is
not direct but complex. Substances are transported to the
coastal zone through river and land runoff (including
ground-water seepage), and by direct industrial and
wastewater emissions from the coast, as well as by atmospheric deposition.
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Among these, river loads are generally the most important. Pollution inputs from the watershed, from either
point or diffuse sources, to the river system depend on
land use, soil properties, runoff, agricultural practices,
population density, waste water purification treatment etc.
Once in the river system, the nutrients are assimilated,
transformed or eliminated during their transfer from the
river to the coastal zone (the aquatic continuum). The
filtering capacity of the different components of the
aquatic continuum (rivers, lakes, reservoirs, estuaries,
deltas, wetlands etc.) varies according to the geomorphologic characteristics of the system, the discharge or residence time of the aquatic system and the nutrient inputs
from the watershed.
The overall uncertainty concerning emissions of nutrients or other pollutants and the retention of such substances along the aquatic continuum from the source to
the sea makes it difficult to quantify the impact of different management decisions on the watershed. This is also
true for both their discharges to the coastal zone and the
subsequent incidence of such substances on the coastal
ecosystem water quality. This uncertainty can be removed
by linking long-term monitoring programmes of the
coastal zone to integrated watershed scale in-situ observations supported by landscape-river system-coastal sea
models. The combined approach can be used to estimate
the biogeochemical transformations from the watershed to
the coastal zone as a function of natural processes, human
activities and regional scale meteorological conditions. To
this end a demonstration project in the 5th EU Framework
Programme has been proposed and set-up by the Joint
Research Institute (Environment Institute), in collaboration with DG11 and EEA, entitled European WatershedCoastal Zone Pollution Exchange (EW-CZPE).
EUROPEAN WATERSHED-COASTAL ZONE
POLLUTION EXCHANGE (EW-CZPE)
OBJECTIVES
At present these are to (i) determine the long-term
changes of the European river basin-coastal zone at local,
regional and continental scale and identify and quantify
the effect of current anthropogenic activities on the
coastal ecosystem in the context of its natural variation
(ii) determine the natural capacity of coastal ecosystems
to assimilate nutrients originating from land-based
sources. (iii) estimate the level of nutrient reduction required to protect water quality and living resources from
human induced nutrient changes. This will be done by
developing, at selected sites, an observational network in
close cooperation with national Institutes having already
funded activities in this area of research. Such a system
will be supported by setting up in parallel a modelling
network in order to compare different river basin-coastal
zone processes at an European level.

The establishment of a network of case-study watersheds must take advantage of already existing national or
regional initiatives with the aim of enhancing their integration in an European context, filling gaps in knowledge, and
satisfying a set of geographical and partnership criteria:
1. representativeness of different regions in Europe
to cover a range of climatic and ecosystem characteristics
and to assure that multiple soil and water pollution problems are considered. A number of watersheds that discharge into estuaries will also be selected in order to provide estimates of basin-wide fluxes to coastal zones;
2. involvement of academic bodies and agencies with
natural resource responsibilities within the watersheds while
setting goals and establishing research priorities.

Among others the creation of a network of European wellmonitored micro-watersheds (some tens to hundreds km2)
would allow a range of short and medium term studies on:
•

Relations between anthropogenic inputs (organic
matter, nutrients, chemicals), retention/release
during their transfer to water bodies, and the evolution of downstream aquatic ecosystems,

•

Impact of preventive and remedial measures and
environmental policies on those polluting effects
(Pressure, State, Impacts, Response approach),

•

Calibration and validation of models (e.g. for
diffuse sources of nutrients, erosion transfers, release from sediments, marine eutrophication).

As a long-term objective such a network could also
contribute to the study of Pan European socio-economic
aspects of the implementation of EU Directives; improve
the knowledge of water quality and quantity management
under different economic and political conditions (e.g. EU
candidate countries); justify cross-border nested environmental investigations and help develop a common and
harmonized data-base of water quality and quantity parameters.
Such well-monitored watersheds are already used by
Member States for a wide range of studies:
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-

Assessment of land use, point sources and diffuse losses level,

-

Investigation of retention/release phenomena in
primary water recipients, "buffer zones",

-

Characterisation of physico-chemical and biological status of water bodies (lake, wetlands, estuary, and coastal water) into which the watershed drains.
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The creation of a permanent network of such monitored micro catchments, would thus allow exchange of
knowledge between researches concerned with these problems and the crossvalidation, with different types of soils,
climates and land use, of models and of policies and measures for impact evaluation, at the European dimension.

•

SCIENTIFIC RESEARCH THEMES
A number of specific research themes have been
identified which will make up the main core activities of
the Network and thus contribute to the assessment of the
efficiency of the application of EU Water Directives.
These include:

Based on changes in land use and land use management in selected European watersheds, consider
the possible effect of modifications in policy and
legislation and their impact on sources of pollution
and associated activities (non-point versus point,
industry versus agriculture etc.) in order to obtain
an estimation of current and likely future quality of
water and soil resources. Identify and value
changes induced by abatement measures. Compare
least cost means of achieving policy targets; economic optimisation approaches.

• Compilation of European water quality time series
and existing knowledge of nutrient loads from selected river basins to coastal areas.
PROJECT FRAMEWORK
* A network of case-study of small river basin-coastal
areas representative of different regional and climatic conditions in Europe
* An integrated approach to the management of water
quality to investigating the im-plications of EC Legislation
(Directives) and policy on environmental conditions
* Regional estimates of pollutant loading (eutrophication and other chronic pollution events) to coastal waters in
relation to prevailing human

• Consider spatial dependent and time-lagged processes of pollutant emissions from point (urban and
industrial) and diffuse (agriculture, atmosphericindustry) sources, and their dynamics and interactions in surface and ground-water environments.
Particular attention will be given to diffuse sources
of agricultural origin, a re-emerging priority in
Europe.
• Pathways of pollutant emissions from point and
diffuse source origin. Accurate prediction of how
contaminants are transported in surface waters remains a challenging problem. Quantify and discuss
the role of the buffering and retention capacity in
the agricultural and forested landscape, and in
streams, rivers and lakes/reservoirs.

• Determination of the long-term changes of riverine
loads in European rivers and streams. This issue
will consider up-scaling or extrapolation of results
from small-scale studies to entire river basins.

METHODOLOGIES
The success of such plans passes through the development of harmonized methodologies. Harmonized
Quantification and Reporting Procedures for Nutrients [1]
(HAR-P) were developed to help the implementation of
the Convention for the Protection of the Marine Environment of the North-East Atlantic [2] (OSPAR) strategy in
controlling eutrophication and reducing nutrient input to
marine ecosystems by 50%. The HARP guidelines provide grounds to estimate normalized values of nitrogen
and phosphorus losses from both point and nonpoint
sources and help assess the effectiveness of the pollution
reduction strategy.
In order to undertake such assessments a number of
methodologies have been developed which consist in distributing non-point source pollution loads among different
land-use, management practices and different pathways.
Such an approach allows the determination of the critical
areas contributing the most to the total loads, localizes areas
where alternative management practices are required and
gives an indication about the type of abatement measures to
be used. The pathways considered in the allocation procedure include erosion, surface runoff, artificial drainage, interflow, groundwater resurgence, and atmospheric deposition in
the primary receiving water body.
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Three main types of methodologies, namely simple
loading models, mid-range loading models, and detailed
loading models, are typically used to undertake assessments. These are briefly described below.

land-use and management practices. The nutrient mass
balance is then coupled with simple water, sediment and
nutrient transport and routing modules.
c) Detailed physically based loading model.

a) Simple loading models.

Simple loading approaches provide quick loading
values with a minimum data requirement. They are based
on simple loading functions or export coefficients which
relate the pollutant load to parameters such as slope, soil
type, land-use, management practices, breeding intensity,
etc. Different degrees of sophistication can be used in the
determination of loading functions.
b) Mid-range loading models.

In this approach, the nutrient cycle is simulated in a
simplified manner in relation to climate, soil properties,

Detailed physically based loading models, on the
other hand, describe the different processes involved with
nutrient losses from the selected watershed. This includes
a detailed description of the water cycle, of the sediment
generation transport and deposition, and the nutrient
transformation, transport and losses in the different phase:
dissolved, adsorbed or gaseous phase. Furthermore, this
type of model transforms potential losses such as drainage
below the root zone and soil detachment into actual losses
taking into consideration sedimentation and riverbank
sediment detachment, denitrification in ground water and
hydromorphic zone, etc.

FIGURE. Information System for river basin -coastal zones.
Development of regional based indicators for river basin-coastal zone sites; val idation according to the DSPIR framework (EEA-TCs)
Investigate techniques for estimating socio-economic impacts of the application of EU Water Directives
Identification of vulnerable zones and associated risks

As has been stated earlier, the objectives of this network are to establish relationships between anthropogenic
activities and the nutrient loads to inland and coastal waters, and to assess the impact of preventive and remedial
measures on the nutrient loads. It is thus of primary importance for the success of this network to dispose of
appropriate and harmonized quantification and reporting
procedures such as HARP. It is also necessary to develop
and evaluate at the local scale methodologies

that could be used by the appropriate organizations to
upscale enviromnental assessment of micro-watersheds to
larger river basins watersheds
Assess the natural capacity of coastal ecosystems to assimilate nutrients and other selected materials, determine
the long-term changes of the European coastal zone at
local, regional and continental scale and identify and quantify the effect of current anthropogenic activities on the
coastal ecosystem in the context of its natural variation.
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MANAGEMENT CONCEPTS AND
STRUCTURES
Statutory authorities responsible for managing rivers
and coast zones are often separate and do not communicate. This is also often true for national policy targets and
international agreements. Identify management structures
and investigate why some structures work better than
others. How are stakeholder issues addressed, and, particularly, how their interests are represented within the
management structure (this is essentially the social science perspective on the river-coast continuum)?
CATALOGUE
In the framework discussed above the Joint Research
Centre, DG XI and EEA are jointly investigating the possibility of the production of an European catalogue of existing sites, with harmonised description of their characteristics, available monitoring capacities, and historical data
collection. Such a catalogue, it is believed, will provide
fundamental background information on sites being studied
in Europe, and would be a useful tool for selecting sites to
assess the impact of environmental policies (e.g. Urban
Waste Water Directive or Nitrates Directive implementation), or for assessing harmonised criteria or standards on
pollution effects on water quality (e.g. eutrophication criteria, pesticides or detergent impacts, etc). The catalogue will
be based on a questionnaire to be sent to Member State
institutes who are responsible in this type of activity in their
respective countries.
The aim of the questionnaire is to obtain an idea of
the number of watersheds presently being studied in
Europe, their characteristics and environmental problem
being investigated, and the information available so that
selections would be easier for further studies, forums, or
data and methods exchange.
The questionnaire is thus divided into five main sections: General catchment information, Landuse characteristics, Environmental pressure, Data and statistics, Team
addresses. The data provided on each of the Watersheds
will be used to develop an Information System of European Micro-River Basins and form the basis of a Catalogue to be published by the Commission.
THE MEDITERRANEAN REGION
In the context of sustainable development of the enviromnent, the Mediterranean area is of particular importance due to the intense human activities that occur
around this semi-enclosed sea. To a permanent coastal
population of presently around 130 million and rapidly
growing, can be added a very strong seasonal flow of
tourism. Urbanisation, disposal of industrial and domestic
waste, intensive agriculture and husbandry, soil

degradation, desertification and forest fires are in fact
only a few among many factors which have in the past,
and continuing today, a strong negative effect on environmental quality in the region. This is reflected in the
number of international (UN) and regional organisations,
and the European Union that have launched programmes
in the area.
The European Union through programmes such as
ECOS OVERTURE, FAIR, INTERREG, LIFE, TERRA
etc. [3] places emphasis on research into the protection and
management of the environment. Also the MEDA programme, as part of the creation of a Euro-Mediterranean free
trade zone has accompanying measures in the fields of
energy policy, environment, water policy, maritime transport, agriculture and reducing food dependency, regional
infrastructure etc. In the framework of the present discussion on the development of an European observational
network, the problem of quantity and quality of water is
one that goes right to the heart of the concept of policy
measures for long-term sustainable development of the
whole Mediterranean basin.
A question that can thus be legitimately asked is to
what extent do selected EU Water Directives contribute to
the sustainable development of this scarce natural resource, and to the protection of the environment in EU
countries having a Mediterranean coastline; at what cost
and over how long a time framework?
The development of such a network would be of great
importance in the Mediterranenan area where the water
resource is already scarce and the environmental stress
accute. Such a network would be the basis for an accurate
source identification and pollution allocation. It would be
a basis for prioritizing water needs and pollution production in order to develop coherent management strategies
for pollution abatement based upon environmental, economical, sociological and cultural consideration. The
development of such control actions would bring together
different stakeholders with possibly divergent interests.
The use of Mediterranean watersheds would help
study some specific problems linked to the impact of
irrigation and drainage of nutrient losses, extreme erosion
problems and the transport of nutrient via their adsorbed
form, the role of wetlands in pollution abatement, salt
water intrusion. Such a network could also help prioritize
watersheds where demonstration projects could be implemented for educational purposes, as this is also one of
the key issues in the development of short to middle and
long term management programs in support of a sustainable development in agriculture for example.
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POTENTIAL SITES
Presently the project is starting to obtain information
on potential small river basin-coastal sites in Europe that
have characteristics that would permit the development of
methodologies for the testing of the efficiency of the
application of Directives. Contacts and discussions have
started with a number of groups working in the Mediterranean, as well as other areas in Europe, on the identification of sites that could contribute to studies on different
aspects of EU Directives.
CONCLUSION
The need for timely and coherent information on river
basins and coastal zones and their interactions has also
been widely recognised by the EU and Member States in
the framework of the application of a wide range of Directives related to Water (Framework Water Directive,

Nutrient, Waste Water Directives etc.). In order to assess
the efficiency of the application of these Directives information is needed from a wide range of investigations. The
costs of applying such Directives by Member States are
very large and, therefore, the efficiency and cost implications are critical factors that have to be assessed to determine the most efficient procedures (standards and regulations) to be applied by the EU.
In an effort to develop appropriate methodologies for
the integrated environmental assessment of small scale
coastal zones in Europe, the Joint Research Centre in
collaboration with DG XI is establishing an European
Watershed-Coastal Zone Pollution Exchange Network in
Europe based on existing local, regional and national
initiatives. The success of such demonstration project
would possibly help the extension of such management
plans to other watersheds [4].

FIGURE. Potential Nodes in the Mediterranean Regionaa The figure is reproduced with the permission of
Dr. F. Elbaz-Poulichet, Laboratoire Hydrosciences Unite Mixte de Recherche CNRS-Universite Montpellier II-IRD, France

*Coastal watershed-lagoon in Southern France (shell-fish production, vineyards, tourism)
*Agricultural catchment onthe North Adriatic Sea (large supply of nutrients, shallow
coastal lagoon, intensive shellfish production)
*Mixed use catchment in Southern Spain (agricultural activities, toxic spill of heavy
metals, influence on a natural park)
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SUMMARY
This study provides data on the loss on ignition (LOI)
and total organic carbon (TOC), reflecting the organic matter
conten and polycyclic aromatic hydrocarbons (PAHs) present in the marine inter-tidal sediments at Sa<ntander Bay,
Northern Spain. The area under study is an estuary of high
ecological value with a relevant socio-economic influence
over the region due to the presence of harbour, industrial and
tourist activities. Analyes of LOI, TOC and 16 PAHs were
performed in 50 cm vertical samples of sediments from two
zones that represent urban/industrial area (station 4) and a
rural area (station 9). Relationships between the concentration values of global parameters LOI, TOC and PAHs in
each centimeter of sediment have been obtained. The results
lead to a better knowledge of the vertical profile concentrations, which can be applied to environmental impact assessment and the management of sediments in potential dredged
actions.
KEYWORDS:
Bay, inter-tidal, sediments, TOC, LOI, PAH, profiles

i) study of radionuclide activity in order to determine the
sedimentation rates and age profiles, ii) geochemical study
in order to obtain the heavy metals concentration profiles,
and iii) determination of concentration of organic micropollutants in sediments. Organic micropollutants like PAHs
are found mainly accumulated in the organic matter of marine sediments playing an essential role in the behaviour and
fate of pollutants in the aquatic environment (4, 5). Eleven
different zones were previously studied in the Bay (6) according to ten anthrophogenic and natural parameters, providing the development of a sampling strategy with 7 intertidal zones. Determination of loss on ignition (LOI), total
organic carbon (TOC) and chemical analysis of polycyclic
aromatic hydrocarbons (PAHs) were performed in 50 cm
vertical samples of sediments from zones 4 and 9, which are
representative areas of industrial/urban and rural activities.
The objective of the present study is to obtain the concentration profiles of global parameters LOI and TOC, which
reflect the organic matter contents, and the concentration
profiles of 16 PAHs in 50 cm vertical samples of sediments
as well as the relation between the analyzed parameters.
MATERIALS AND METHODS

INTRODUCTION
Coastal zones represent one of the most dynamic and
complex natural environments, in which human activities
and natural systems interact. The Santander Bay (Northern Spain) is an important tourist zone and harbour, with a
rich ecosystem, where fishing and shell-animals collection are formed together with some industrial activities.
This area is particularly sensitive, therefore, a better
knowledge of the relationships between natural and socioeconomic variables is essential for sustainable coastal
zone management. From this point of view the recent
sediments can be used as an indicator of these relationships. A global study (1-3) of sediments characterization,
focused on determination of the environmental situation
of the Santander Bay area, has been carried out from
different approaches:

In order to create a sampling strategy, the Santander Bay
was divided in eleven zones depending on natural, geographic and anthropogenic characteristics (Figure 1). In the
present study sediment samples were taken from stations 4
and 9, which represent areas with very different PAH concentrations in their superficial sediments (0-5 cm) (6). The
sampling procedure consists of collecting the sediment
sample from the inter-tidal area with a stainless steel corer
tube (20 cm ID x 50 cm height). The tube was introduced
by hand in the sediment and sealed with Teflon caps. Undisturbed corer samples were carefully transferred into precleaned containers and stored in the dark at -10 °C until
analysis. The sub-sampling prior the analysis was made by
slicing off sections of sediment of 1 cm height starting at
the top of the core. Analyses of TOC, LOI and PAHs were
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performed by duplicated form over each sample. Sediment
was analyzed for dry weight, determined by drying at
105°C for 24 h, and LOI was subsequently determined by
drying to constant weight at 550 °C. The TOC concentration was determined by NDIR measuring the CO2 involved
after combustion and wet treatment with HCl in an Euroglass TOC 1200 equipment (7).
Analysis of 16 PAHs (Naphthalene (Naph), Acenaphthylene (Aceph), Acenaphthene (Ace), Fluorane
(F1), Phenantrene (Phen), Anthracene (Ant), Fluoranthene
(Flu), Pyrene (Pyr), Benzo[a]anthracene (BaA), Chrysene
(Chr), Benzo[b]fluoranthene (BbF), Benzo[k]fluoranthene
(BkF), Benzo[a]pyrene (BaP), Dibenzo[a, h]anthracene
(DBA), Benzo[g, h, i]perylene (BP) and Indeno[1,2,3cd]pyrene (Ind), was performed using methods reported
previously (6). The extraction process was based on
method 3540B USEPA (8) with certain modifications.

A 50 ml Soxhlet extractor with paper thimbles was used
to extract 5 g of dried sample and 5 g of anhydrous sodium sulphate with a dichloromethane/acetone mixture
1/1 (v/v), for 20 h at 4 cycles/h. The extract was concentrated in a 250 ml Kuderna-Danish with a 10 rnl reception
tube and a 3 ball Snyder Column. Silica gel cartridges
were used to clean up the extract prior to concentration,
using 0.5 g silica/ml sample and eluting with 3 ml dichloromethane/ml sample. Finally, a solvent exchange
process in two stages to acetonitrile was carried out and a
reduction to 1 ml under nitrogen at 35 °C. The samples
were analyzed using high performance liquid chromatography (Waters 2690), equipped with a photo diode array
detector (Waters 996), a C-18 column, and using acetonitrile/water for elution. The flow rate was 1 ml/min, with a
run time of 80 min, and an acetonitrile temperature gradient of 55 °C (2 min), 28 min to 85 °C (13 min), 2 min to
100 °C (30 min) and 5 min to 55 °C.

FIGURE 1 Position of the sediment sampling stations

Analysis of 16 PAHs (Naphthalene (Naph), Acenaphthylene (Aceph), Acenaphthene (Ace), Fluorane
(F1), Phenantrene (Phen), Anthracene (Ant), Fluoranthene
(Flu), Pyrene (Pyr), Benzo[a]anthracene (BaA), Chrysene
(Chr), Benzo[b]fluoranthene (BbF), Benzo[k]fluoranthene
(BkF), Benzo[a]pyrene (BaP), Dibenzo[a, h]anthracene
(DBA), Benzo[g, h, i]perylene (BP) and Indeno[1,2,3cd]pyrene (Ind), was performed using methods reported
previously (6). The extraction process was based on
method 3540B USEPA (8) with certain modifications.
A 50 ml Soxhlet extractor with paper thimbles was used
to extract 5 g of dried sample and 5 g of anhydrous sodium sulphate with a dichloromethane/acetone mixture
1/1 (v/v), for 20 h at 4 cycles/h. The extract was concen-

trated in a 250 ml Kuderna-Danish with a 10 rnl reception
tube and a 3 ball Snyder Column. Silica gel cartridges
were used to clean up the extract prior to concentration,
using 0.5 g silica/ml sample and eluting with 3 ml dichloromethane/ml sample. Finally, a solvent exchange
process in two stages to acetonitrile was carried out and a
reduction to 1 ml under nitrogen at 35 °C. The samples
were analyzed using high performance liquid chromatography (Waters 2690), equipped with a photo diode array
detector (Waters 996), a C-18 column, and using acetonitrile/water for elution. The flow rate was 1 ml/min, with a
run time of 80 min, and an acetonitrile temperature gradient of 55 °C (2 min), 28 min to 85 °C (13 min), 2 min to
100 °C (30 min) and 5 min to 55 °C.
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RESULTS AND DISCUSSION
Figure 2 shows the TOC and LOI concentration profiles from stations 4 and 9. LOI contents show a clear
decreasing behaviour with the depth. TOC values ranged
between 1.4% and 2.8% with a nearly constant profile. In
both the stations LOI values are higher than TOC values.
Relationship between LOI and TOC (Figure 3) shows a
correlation valid only for values obtained in station 9. In
Figure 4 the concentration profiles are shown for the sum
of 16 individual PAHs in stations 4 and 9. Figs. 2 and 4
show by error bars the standard deviation of the average
values. In both stations the maximum values are obtained
in the 1 cm layer and the profiles decrease with the depth,
especially in station 4.
The higher values in station 4 may be caused by sampling at a site close to urban/industrialized area. The relationship between ∑16PAHs and TOC contents is shown
in Figure 5. A clear enrichment of PAHs with the total
organic carbon in station 9 was observed. The individual
PAH concentrations in stations 4 and 9 obtained in sediment samples from 0 to 50 cm depth are evaluated as
average values. In all cases the concentrations are higher
in station 4 except for Acenaphthene and Fluorene.

The concentration of BbF in station 4 is the highest
individual PAH value obtained. The contribution of the
highest volatile PAHs (Naph to Pyr), to the total concentration in station 4 is only 20% of the total ∑16PAHs
concentration, whereas the less volatile compounds (BaA
to Ind) represent 80%. In station 9 this contribution is
opposite, because the more volatile PAHs represent 70%
of the total concentration and the less volatile only 30%
of the total concentration (Figure 6). These differences
between concentrations in stations 4 and 9 are related to
the textural composition of the sediment (3).
In order to know from a management point of view the
implications of the PAH concentrations obtained in potential dredged actions, the values have been compared in
Table 1 with the Dutch standards for contaminated sediments (9). In station 9, the concentration of the ∑10PAHs
regulated, is close to the threshold value of 1.0 mg/kg
which may characterize the area as the background level in
the Santander Bay. In station 4 the concentration obtained
is higher than the test value that implies sediment processing activities under controlled conditions (10).
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FIGURE 6
Contribution of the highest and less volatile PAHs to the total concentration

TABLE 1
Dutch standards for contaminated sediments (9), and average concentrations obtained in sediment samples

PAH (mg/kg)

Naph

Phen

Ant

Flu

Chr

BaA

BaP

BkF

BgP

Ind

∑10PAHs

Threshold value

1

Test value

10

Action value

40

Station 4

1.02

0.48

0.27

0.37

0.28

0.22

1.60

0.97

Station 9

0,46

0,39

0,15

0,19

0,22

0,11

0,20

0,18

2,52

2,63

10,4

0,08

2

CONCLUSIONS
This study was focused on the characterization of organic matter and PAHs in 50 cm deep sediments of the
Santander Bay, by means of the determination of LOI,
TOC and PAH profiles from two stations, N° 4 and 9,
which represent two main areas of the Bay. Station 9
showed the highest values of organic matter and both the
stations LOI values higher than TOC, with profiles decreasing with the depth of sediment. The individual and
∑16PAHs profiles obtained, elucidated very low values in
station 9. In station 4, the recently deposited sediments
(<25 cm deep) presented high concentrations with values
of ∑10PAHs higher than the test value proposed by the
Dutch regulations.

The results lead to a better knowledge of the vertical profile concentration of organic matter and PAHs,
and can be applied to environmental impact assessment
and to the management of sediments in potential
dredged actions.
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SUMMARY
This paper describes the design of a laboratory plant
for the simulation of biological processes in phosphorus
elimination. Some preliminary experimental results obtained at this plant are presented here, the technique
adopted is based on the use of synthetic wastewater in an
anaerobic-aerobic sequencing batch reactor (SBR), where
sludge is produced under different operational conditions.
Different concentrations of carbonaceous matter have
been tested with a range of residence times for each of the
stages. Furthermore, an in situ characterization of the
protozoa population and filamentous microorganisms
associated with every experimental period is shown.

As a rule, biological processes are generally aimed at
wastewater purification focusing on the elimination of the
carbonaceous matter in solution, while more complex techniques (process of nitrification and denitrification) are used
for the elimination of nitrogen. On the other hand, phosphorus elimination has been usually carried out by means
of chemical precipitation processes with sulphate of alumina or with ferric chloride. High reagent costs as well as
high operational costs associated with the evacuation and
re-use of the resulting sludge have prompted investigations
regarding the application potential of biological systems for
phosphorus elimination.

KEYWORDS: Biological phosphorus removal, anaerobic, aerobic,
settling, protozoa, filamentous microorganisms, activated sludge,
sequencing batch reactor.

For these reasons, we are carrying out a project of research which should contribute to clear up the microbial
behaviour for phosphorus removal from wastewater.

INTRODUCTION
Future legal requirements for urban wastewater purification and quality (European Directive 91/271/EEC)
leads to the application of several processes to eliminate
nitrogen and phosphorus in habitats with populations of
up to 10,000 individuals, located in vulnerable areas of
fresh water catchments, estuaries and coastal water, with
an implementation deadline of 31st December 1998.
Among these nutrients, phosphorus is the main cause
for eutrophication problems in the surrounding environment. Phosphorus is the element limiting plant growth,
and the main source supplying this element is household
wastewater. It is well known that a large part of phosphorus comes to form part of the aquatic environment in
association with the insoluble fraction of sediments. In
addition, as there is no other source, i.e. an atmospheric
"reservoir", of phosphorus (as it is the case with nitrogen
and carbon), it seems to be the nutrient controlling the
phytoplankton population.

Several research lines about biological phosphorus
removal (BPR) in wastewater are based on modified
treatment of active sludge. This treatment consists of the
introduction of an anaerobic zone ahead of this treatment
followed by an aerobic zone 1,2. In the anaerobic zone, the
concentration of soluble orthophosphate should be increased, while the concentration of organic soluble matter
decreased. In the aerobic zone, on the other hand, the
concentration of soluble orthophosphate should be decreased to levels below those of the influent. In this way,
the aim to decrease water soluble phosphorus is obtained.
As far as the bacterial population developed under these
conditions is concerned, abundant research has been carried out during the past few years. All the findings so far
show that the common feature of all of these bacteria is
their capacity to synthesize poly-phosphates and polyhydroxyalkanoates (PHA) 3-7 or glycogen by incorporating them as internal cell components; poly-phosphates are
formed during the aerobic phase, while PHA or glycogen
in the anaerobic phase.
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Some bacteria suitable for poly-phosphate accumulation in active sludge treatment processes have been isolated and identified. Several authors 10-12 pointed out that
BPR was produced by Aeromona and Pseudomona genera in some treatment plants. This amounts to more than
50% of the microbial population in these plants. The
bacteria of the genus Acinetobacter were separated from
the rest for the first time by Fuhs and Chen 13, who have
shown that this genus was able to remove phoshate and
degrade poly-B-hydroxybutyrate (PHB) under aerobic
conditions, while releasing soluble orthophosphate in
anaerobic conditions.

This paper describes the design of a laboratory plant
for the simulation of biological processes in the elimination
of phosphorus. Some preliminary experimental results
obtained at this plant are presented here: the technique
adopted is based on the use of synthetic wastewater in a
anaerobic-aerobic sequencing batch reactor (SBR), where
sludge is produced under different operational conditions.
Different carbonaceous matter concentrations have been
tested with a variety of residence times for each of the
stages. Furthermore, an in situ characterization of the protozoa population and filamentous microorganisms associated with each experimental period is shown.

AIR INPUT
CONTROLLER

DISSOLVED OXYGEN SENSOR

WATER INPUT
LEVEL SENSORS
SAMPLING VALVE

WATER OUTPUT

00 rpm

MAGNETIC STIRRER
Figure 1. Sequencing batch reactor (SBR)

MATERIALS AND METHODS

RESULTS AND DISCUSSION

A sequencing batch reactor (Figure 1), specifically
designed and constructed, was used for experimentation.
The reactor was programmed to operate in a continuous
mode through the following steps: filling of the reactor
with synthetic wastewater (see composition in Table 1),
stirring, anaerobic phase, stirring and aeration, aerobic
phase; settling; emptying of the reactor (an hour later),
and re-initiation of the cycle.

The performances in terms of COD and phosphate
and ammonia removal are presented in Table 4. It can be
observed that set-up 3 shows the largest reduction for
phosphate and ammonia concentrations, nevertheless the
COD reduction is similar for set-up modes 1, 2, 3 and 4.
With mode 5, phosphate release, greater nitrate concentration and less COD reduction were observed.

Activated sludge from a conventional wastewater
treatment plant was used for the batch tests. The operational parameters were adjusted to the setting indicated in
Table 2. The various set-up modes tried in the experiment
are shown in Table 3. Equations 1 and 2 describe the
calculation procedure for the control variables (SRT and
COD load). All analyses were performed in accordance
with the Standard Methods for the Examination of Water
and Wastewater14. Five samples were taken daily from
synthetic wastewater, cycle start, end of anaerobic phase,
end of aerobic phase, and final effluent.

Set-up mode 3 is apparently optimal for nutrient removal, since it provides enough food for heterotrophic,
nitrification and phosphorus removal organisms. With
mode 5, there is not enough carbon, so that only the autotrophic organisms (nitrification) may grow, and consistently the nitrate concentration goes up (Figure 3) while
COD reduction goes down. This set-up implies that the
phosphorus organisms have died and phosphate is quickly
released to water.
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Table 1. Synthetic wastewater composition

Components

Table 3. Description of operational set-up modes

LOAD

SRT

7.57

Set-up mode

(kg COD/ kg MLSS day)

(days)

PO43- -P (mg L-1)

17.0

Set-up mode 1

0,38

10

NH4+

25.8

Set-up mode 2

0,24

15

Set-up 1: 293

Set-up mode 3

0,24

26

Set-up 2: 289

Set-up mode 4

0,14

26

Set-up 3: 288

Set-up mode 5

0,05

20

pH
-1

-N (mg L )

CH3-COONa (mg L-1 COD)

Value

Set-up 4: 119
Set-up 5: 49
Table 2. Operational parameters of the SBR

PARAMETERS

Table 4. Set-up mode performance

Unit

Value

1

5,5

L d-1

22

Contact time in anacrobic phase

h

Contact time in aerobic phase

h

Contact time in settling

h

Volume of reactor (V)
Daily flow (Q)

Hydraulic Retention Time (HRT)
Dissolved oxygen (in aerobic)

% red.
NH4+ -N

% red.
PO43—P

% red.
COD

2,5

Set-up 1
Set-up 2

58
31

68
80

96
92

2,5

Set-up 3

95

93

91

1

Set-up 4

73

39

93

h

12

Set-up 5

89

-12

76

mg L-1

1.5-2.5

Figure 2. Phosphate concentrations during the cycle
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Figure 3. Relation between Vorticella convallaria and nitrification

Equation 1. Sludge Age or Sludge Retention Time (SRT)

Equation 2. COD Load

(CODinf -CODef)

MLSS
LOAD = Q*

SRT = V *

V * MLSS

Qw * MLSS + Q * TSSef

COD inf: Chemical Oxygen Demand in influent
COD ef: Chemical Oxygen Demand in effluent

V: reactor volume
Q: daily flow
MLSS: mixed liquor suspended solids
TSSef: total suspended so lids of effluent
Qw: bypass flow

CONCLUSIONS
Figure 2 sums up phosphate concentration evolution
during the cycle for the five modes studied. Here, it
showed that phosphate release takes place during the
anaerobic phase and an uptake occurs during the aerobic
phase for systems 1, 2, 3 and 4, and with set-up 5, where
there are no phosphorus bacteria, the slope of phosphate
concentration curve is zero.

From the investigations carried out, it is possible to
draw the following conclusions:

The observation of filamentous microorganisms in
every set-up modes shows that there is a low density of
them. There are only 1 to 5 flocs. There is no dominant
species. This low density is caused because the SBR is
operating as a treatment plant with selectors.

Phosphorus accumulation by the bacteria is influenced by the quantity of carbon available within the medium as well as by the sludge age. In this way, it only
takes place in a significant amount when high COD loads
(> 0.24 kg COD/ kg MLSS day) are available. If the
quantity of available carbon is sufficient, the sludge age
increases the percentage of phosphorus reduction.
We have obtained a good set-up with a COD load of
0.24 kg COD/ kg MLSS day and a sludge age of 26 days.

With reference to protozoa population, a typical density for activated sludge systems is observed; the sessile
ciliates were always the dominant group, and only at the
beginning the swimming ciliates were observed. There is an
oscillation of the species Vorticella convallaria (Figure 3),
which has been associated with nitrification processes in
some studies.

The results show that the proportion among different
bacteria groups (phosphorus accumulators, nitrifiers and
denitrifiers) determines the efficiency in nutrient elimination. Further investigations for quantification of the mentioned groups and their evolution with different extents of
substrate concentration as well as different cellular retention times are presently in progress in our laboratory.
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SUMMARY
Effluents from biological treatment processes contain
a variety of soluble organic matter, including residual
influent substrate, soluble microbial products, and non- or
slowly biodegradable organic materials. Several experimental studies were carried out in lab-scale batch reactors
to determine kinetic parameters and microbial product
formation at the practical F/M ratios. The results show
that biomass associated organic matters exist, which cannot be degraded even in long term in the system. The
kinetic parameters observed were as follows:
YH=0.72, Ks=10 mg/l, µm=2.9 gün-1, bH=0.035 gün-1,
Kx=0.325, kh=2.2 .

KEYWORDS: Soluble residual microbial products, activated
sludge, kinetic parameters, respirometric method, COD fractions.

INTRODUCTION
Effluents from biological treatment processes contain
a variety of soluble organic matter, including residual
influent substrate, soluble microbial products, and non- or
slowly biodegradable organic materials. Most of the studies show that only a little part of the effluent is original
substrate and the major part of it is microbial 1-5. This
organic residue cannot be removed from solution even
after extended periods of contact of wastewater with activated sludge. On the contrary, an increase of organic
matter in the solution may be observed after exceeding a
certain period of contact.
Production of refractory compounds by activated
sludge microorganisms was observed by Chudoba 6 in
laboratory activated sludge systems using synthetic substrates composed of pure, simple and completely degradable organic compounds. The compounds produced can
be classified at least into three categories:

1. Compounds excreted by microorganisms at their interaction with the environment
2. Compounds produced as a result of substrate metabolism and bacterial growth.
3. Compounds released during the lysis and degradation
of microorganisms.
Soluble organic materials comprise a wide variety of
compounds with a large fraction having high molecular
weight molecules 7-9. Some of these SMP (Soluble Microbial Product) are partially biodegradable.
Studies in the literature mainly concentrated on proving the presence and production of SMP in biological
processes and used small F/M ratios, which are not generally used in practice. Therefore, the major purpose of this
study was to examine the long term fate of the COD
(Chemical Oxygen Demand) remaining after aerobic
treatment of synthetic wastewater using the practical F/M
ratios. A series of experimental studies were carried out in
lab-scale batch reactors to determine kinetic parameters.
Formation and Composition of
Soluble Microbial Product (SMP)

SMP is composed of a wide range of organic compounds that differ in structure and molecular weight.
Namkung and Rittman 7 found that 80 % or more of the
SMP from biofilm reactor had molecular weight greater
than 500 daltons, when phenol was the feed substrate.
Parkin and McCarty 10 determined that 54 % of effluent
SCOD (Soluble Chemical Oxygen Demand) had molecular
weight greater than 1800 daltons. Likewise, Grady et al. 9
found 52 % of effluent SOC (Soluble Organic Compounds)
was in a molecular-weight range greater than 10.000
daltons. Numerous other workers found a wide variety of
high and low molecular weight compounds in biological
treatment effluents, namely, humic and fulvic acids, antibiotics, steroids, enzymes, structural components of cells, and
products of energy metabolism.
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MATERIALS AND METHODS
The second characteristic of SMP is that it is biodegradable, although the kinetics may be relatively slow.
Some researchers 11-14 used a semi-continuously fed batch
reactor. In these studies glucose was fed daily to increase
the liquid concentration by 1000 mg/l every day. During
the first 32 days of feeding, 1570 mg COD/l of SMP was
built up. This build-up represented about a
5 % conversion of glucose COD to SMP COD. It is reported, however, that the residual soluble COD declined
to only 324 mg/l by day 66, even though new glucose was
continually being fed. Thus, almost all of the previously
formed SMP, as well as the newly formed SMP, were
degraded.
A vast amount of results on the effect of sludge age
on the formation of SMP is contained in the literature.1, 2, 5
In general for sludge recycle systems that operated with
relatively high sludge ages, the fraction of influent COD
converted to SMP increased as the sludge age increased.
Conversions ranged from about 2 % to as much as approximately 30 %. Work with chemostats, 1,2 carried out
with very low sludge ages, showed the opposite trend: the
conversion of influent COD to SMP increased as the
sludge age decreased. A comparison of the recycle and
chemostat results suggests that a minimum conversion to
SMP occurs at the same intermediate sludge age.
Stock (fill-and-draw) reactors and chemostats (CSTR)
fed with acetate and glucose were used by Kuo et al. 15 to
investigate the production of SMP during anaerobic treatment. These reactors were maintained at solids retention time
(SRT) from 15 to 56 days with organic loading rates (OLR)
from 0.18 to 0.50 g COD/L.d. Results showed that longer
SRTs resulted in higher levels of SMP, with SMP ranging
from 17 to 59 mg COD/L when acetate was the sole carbon
and energy source. And from 50 to 291 mgCOD/L in normalized production of SMP during anaerobic treatment
which appears to be lower, when compared with aerobic
production of SMP reported in the literature.
Chudoba13 carried out experiments on degradation of
pure and easily oxidizable compounds under batch and
continuous conditions. He used acclimated activated
sludge with θc =10 days. After the completion of COD
removal, the mixture was aerated further for 2-4 more
hours and the filtered mixed liquor tested for BOD5 and
COD. The experiments have shown that after degradation
of simple and biologically easily oxidizable organic compounds, undegradable organic residues remain in the
effluent. The residual matter probably consisted of the
metabolic waste products of activated sludge microorganisms. The residual soluble COD was found to be around
10 % of the COD in the feed stream.

In the experimental part of this study, lactose was
used as a synthetic substrate to represent milk industry
wastewater. A series of experimental studies was carried
out in lab-scale batch reactors to determine the kinetic
parameters and microbial product formation at the practical F/M ratios by using respirometric (Oxygen Uptake
Rate measurements) and classical methods
So/Xo or F/M ratios reflecting applicable values in
practice were chosen between 0.2 to 1.5 to predict the
effect of organic loading. Several experiments were performed at periodical intervals for the following
COD/Biomass ratios:200/1000, 250/1000, 300/1000,
400/1000, 500/1000, 750/1150, 750/1000, 165/225,
600/600 and 495/325. For SS, VSS, COD and Lactose
analyses, approximately twenty to thirty milliliter of samples were withdrawn from the reactor at 15, 30, 45, 60,
90, 120, 150, 180, 240, and 300 min intervals. Formation
of soluble microbial products concentration (Sr) was observed at the following COD/Biomass ratios: 200/1000;
250/1000; 300/1000; 400/1000; 500/1000 and 750/1000.
Soluble residual microbial product (Sr) concentration was
determined on a daily or an alternate day basis in the
reactor supernatant; American Standard Methods16 were
adopted for the analyses.

RESULTS
The experimental results for the Sr production are illustrated in Figures 1a to 1f. The experimental studies
show that the microbial products consisted of decomposed cell tissue and cell wastes in the reactor. Since the
reactors were fed by using the batch system and aerated
continuously, the reaction medium was in endogenous
decay phase. As a result, biomass concentrations decreased as expected with an increasing aeration period for
each of the F/M values. The (Sr) beginning with a lower
value, increased in a monthly period, despite some fluctuations, reaching its maximum value at about the 28th or
30th day. Then a slow degradation period followed showing that SMP can be degraded during the long aeration
process. The increase of COD in time is in conformity
with the above observed results. As an example, for
F/M=0.2, beginning with a soluble COD level of 14 mg/l
at the start of the experiment this level increased to 25 mg/l
after thirty days. The experimental studies showed that
even in the long term, after the original substrate is gradually consumed, the residual COD remains at 7-22 % without being degraded in the effluent (Figures 1a to 1f).
A major amount of this residue is of microbial origin.
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Figure 1. The values of X (Biomass) and Sr (residual product) in relation to time (days)

Symbol explanations:

a) F/M=200/1000mgCOD/mgMLSS
b) F/M=250/1000mgCOD/mgMLSS
c) F/M=300/1000mg COD/mgMLSS
d) F/M=400/1000mg COD/mgMLSS
e) F/M=500/1000mg COD/mgMLSS
f) F/M=750/1000mg COD/mgMLSS
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In the determination of kinetic constants by the classical method, hourly measurements from batch reactors
with F/M or S/X ratios from 0.2 to 1.5 were used in the
following Gates-Marlar equation, which is proposed by
Akal 17.

ln



S
Y
= A. ln 1 +
(So − S ) − B.t
So
 Xo


(1)

The heterotrophic yield coefficient, YH 18, the active
fraction of the VSS concentration in the mixed liquor,
fa 19, the maximum specific growth rate for heterotrophic
biomass, µm20, the half-saturation coefficient, Ks 18, the
maximum specific hydrolysis rate, kh18, the half-saturation
coefficient for hydrolysis of slowly biodegradable substrate, Kx 18, the readily biodegradable organics, Ss 20, and
the endogenous decay coefficient, bH 21 have been observed based on OUR (Oxygen Uptake Rate) measurements. Kinetic and stoichiometric constants resulted from
respirometric studies and distribution of COD fraction are
given in Tables 1 and 2.
Table 1. Distribution of COD fractions in synthetic wastewater
for four solutions prepared with lactose
Experiment
Number

DISCUSSION
Soluble microbial products have proven to be the major components of the organic matter of the effluents from
biological processes. SMP accumulation is inevitable in
biological systems, because its formation is associated
with microbial growth and cell maintenance, while its
biodegradability is not high.
In this study, the production of SMP has been investigated for long retention times (30 to 100 days) and observed that SMP increased with increasing F/M, which
was changed by gradually increasing So concentration.
Soluble microbial product concentrations (Sr) beginning
with lower values increased in a monthly period despite
some fluctuations, reaching its maximum value at about
the 28th or 30th day. Then a slow degradation period followed showing that SMP can be degraded in long aeration
periods. The results show that the residual product concentration accounted for 7-22 % of the influent substrate
concentration in the reactor.
The synthetic substrate contained 35 % readily biodegradable, and 65 % slowly biodegradable fractions.
Some important kinetic and stoichiometric parameters for
process design have been found as follows:

ST1
Total soluble
COD

SS1
Readily
biodegradable
COD

XS1
Slowly
biodegradable
COD

1

474

202

272

YH=0.72

2

533

170

363

3

476

144

332

Ks=10 mg/l

4

500

170

330

µm=2.9 gün-1
bH=0.035 gün-1

Table 2. Kinetic and stoichiometric constants for lactose solution

YH

µm

bH

KS

Kx

kh

fa

0.72

2.9

0.035

10

0.325

2.2

0.91

Kx=0.325
kh=2.2 .

As shown in Table 1, approximately 35 % of lactose
is readily biodegradable and 65 % slowly biodegradable.
The observed kinetic constants based on Akal’ s method
and respirometric method are given in Table 3. Based on
the results, although there is no important difference between the two methods, the respirometric method gives a
higher µm value.

These results cannot be extrapolated directly to milk
industry wastes, since milk wastes include other forms of
organic matter, such as butter, enzymes, suspended solids
etc. together with lactose. But they may give some idea
for comparison.

Table 3. Determination of kinetic constants by Akal’ s and respirometric method

Gates-Marlar

Respirometric

µm

2.5

2.9

KS

12

10
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SUMMARY
Bacterial extracellular polymers have been found to
be important in bioflocculation of activated sludge. In this
study ethylene diamine tetra acetic acid (EDTA) method
of extracting bacterial extracellular polymers is examined.
Following extractions, it is observed that EDTA extracted
significant amounts of biopolymers. However, the chemical treatment causes serious changes in sludge properties.
Sludge particle size is reduced from 21 µm to 14.6 µm,
filtration properties of sludge deteriorates, indicated by an
increase of capillary suction time (CST) from 48.1 sec to
232 sec and the viscosity of sludge increases from 5.5 cP
to 7.1 cP. The effects are so dramatic, that it is concluded
that beyond extracting biopolymers, this technique damages the microbial cell walls and solubilizes some cells.

KEYWORDS Activated sludge, extracellular polymers, EDTA,
centrifugation, blending, physical properties of sludge.

INTRODUCTION
In understanding bioflocculation mechanisms, great
effort has been directed towards the understanding of
extracellular polymeric (ECP) materials of microorganisms: their structure, nature and their ways of interaction.
These polymers, composition of which are polysaccharides, proteins, lipids and nucleic acids, have been documented to cause the microorganisms to form flocs (1 - 3).
To be able to quantify and analyze their composition,
ECPs are extracted from activated sludge flocs or pure
culture bacterial surfaces. The extraction aims at solubilizing the surface polymers and removing them from the
polymer matrix at the bacterial surface. Then these soluble polymers are analyzed.

There are wide varieties of polymer extraction techniques
developed, which can be grouped into two categories:
1.
2.

physical extraction techniques,
chemical extraction techniques.

Physical extraction techniques rely on mechanisms
like shearing or heat solubilization of polymers from
bacterial surfaces by methods like centrifugation (4, 5),
blending (6), sonication (7, 8) or steaming (9, 1 0).
Chemical extraction techniques employ a variety of
chemicals to solubilize polymers and remove them from
the sludge floc structure. Chemicals like acids and bases
(4), chelating agents including EDTA (7, 11, 12) and
EGTA (14), enzymes (15, 16) and cation exchange resins
(17) are commonly used for this purpose. Extracted
polymers are either analyzed directly in the dissolved
phase or are precipitated out by using an alcohol and
quantified gravimetrically following drying (1). One critical aspect of polymer extraction is that the extraction
technique is expected to be strong enough to extract as
much polymers as possible; at the same time it needs to
be mild enough not to cause any cell disruption or lysis. If
cell lysis happens, the intracellular polymers leak out into
the extracellular medium rendering the quantitative and
compositional analysis of polymers unreliable.
From the chemical extraction methods listed above,
chelating agents are probably the most widely used. The
principle of action is complexing the divalent and multivalent cations and removing them from the sludge floc
structure. Cations play an important role in bioflocculation acting as bridging agents in bringing together the
individual microorganisms and microbial colonies to form
flocs (14, 18).
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EDTA techniques, since it was suggested by Nishikawa
and Kuriyama in 1968, has been extensively used in ECP
extractions. On the other hand, from a literature examination,
it can be seen that at much lower doses, EDTA is used in
medical microbiology as a bacterial sensitizer due to its
ability to complex the divalent cations linking the lipopolysaccharides of the bacterial outer membrane (OM) (19). This
technique increases the permeability of the OM, permitting
the entrance of otherwise impossible relatively large antimicrobial agents into the cells.

sample was measured at least 6 times and an average was
calculated and reported. Viscosity measurements were
done at different shear rates and sludge solids concentrations. The apparent viscosity at a particular shear rate was
calculated dividing the shear stress by the shear rate. The
reported viscosity values in this work were measured at
a shear rate of 73.4 sec-1 and a solids concentration of
12,000 mg/L. Further details of the methods used are
described elsewhere (21).

PURPOSE

RESULTS

The purpose of this study is to examine the polymer
extraction capabilities of EDTA and its effects on sludge
properties. Two other relatively mild polymer extraction
techniques, centrifugation and blending, are also applied
and the results are compared. The findings are evaluated
with reference to the previous studies (19) discussed
above.
MATERIALS AND METHODS
Waste activated sludge was obtained from Northside
wastewater treatment plant in Durham, NC, USA. 400 mL
of concentrated sludge was mixed with 400 mL of 2 %
EDTA (disodiurn salt) solution. Following a 3 hour refrigeration, samples were centrifuged. The centrate (liquid) was
analyzed for its polymer content (20, 1), and the pellet (solids) was resuspended in phosphate buffer (NaCl = 4 g/L,
KCl = 0.1 g/L, KH2PO4 =0.06 g/L, Na2HPO4 = 0.445 g/L,
pH = 7.2) and analyzed for its physical properties including
particle size, filterability and rheology with the instruments
specified below. A control sample into which no EDTA
was added was used for comparison. Similarly, 250 mL
concentrated sludge sample were centrifuged at 5000 G
for 20 min, whereas another 250 mL sample was blended
for 5 min.
The centrates were analyzed for their polymer contents
(20, 1), and the pellets were resuspended in phosphate
buffer and analyzed for the physical properties listed above.
Control sludges, which were not cenüifuged and blended,
were used for comparison. Extracted polymers were precipitated in 95% cold ethanol and analyzed gravimetrically
(20). Particle size was measured by a laser particle counter
(Spectrex SPC-510, USA) in dilute sludge samples. For
each measure-ment the instrument provides an average
parlicle size. These measurements were conducted at least
4 to 5 times for each sample and an average was calculated
and reported in the results. Filterability was measured by a
capillary suction time (CST) instrument (Venture Innovations, USA) and sludge rheological properties were analyzed by a Brookfield viscometer equipped with an ultra
low viscosity adapter. Capillary suction time value for each

The results obtained regarding the quantity of polymers extracted and sludge physical properties following
three polymer extraction techniques are summarized in
Table 1. These results show that EDTA technique released a very high quantity of ECPs from activated sludge
flocs. This technique extracted 73 mg of polymers per
gram of dry activated sludge. This value is over 6 times
higher than the control sample, which went through the
same process just without the addition of any EDTA to
the sludge. The net quantity of polymers released (samplecontrol) is about 62 mg per g of dry activated sludge. On
the other hand, centrifugation method at 5000 G (7500 rpm)
released about a net of 20 mg polymers per g of dry activated sludge and blending for 5 min released a net of
7.3 mg polymers per g of dry sludge.As the polymers are
extracted from the sludge, the properties of sludge are
expected to change. When we examined such properties of
sludge following EDTA extraction, we observed a decrease
in particle size (Table 1), and a dramatic increase in CST
indicating that sludge has become more difficult to dewater. Following EDTA treatment, the decrease in particle
size is about 30% compared to a control sample. One of our
reference techniques, blending, decreased the particle size
by about 19%. Decrease in particle size is a direct indication of floc break-up in activated sludge. Extent of floc
break-up is more severe in EDTA treated sludge than in
blended sludge.
A major consequence of floc break-up is a decrease in
sludge filterability, which is a measure of sludge dewaterability. A well flocculated sludge, in general, filters
and dewaters easily, whereas a deflocculated sludge with
small particle sizes is much harder to dewater. This effect
can clearly be seen in our results. CST of EDTA treated
sludge is about 5 times higher than that of untreated control sludge. A CST of 232 seconds is a remarkably high
value (Table 1). In our reference methods, the final CST
values are much lower. In blended sludge CST increased
to about 106.7 sec, which was about 3 times higher than
the control (unblended) sludge. In centrifugation, even
though there is about 5 times increase in CST, the final
CST is a reasonably low value.
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Table 1. Comparison of sludge properties following three polymer extraction methods.

METHOD OF POLYMER EXTRACTION
SLUDGE
PROPERTY
MEASURED
Polymer
Extracted
(mg/g sludge)

EDTA (mM)
0

27

11.6

73

Centrifugation (G)
1

5000

0

5

4.1

24

10.6

17.9

22.4

18.2

Avg. particle
size (µm)

21

14.6

NM

NM

CST (min)

48.1

232

7.04

38.5

Filterability
coefficient
(kg2/m4 sec2)
Viscosity at
12000 mg/L (cP)
NM: not measured

1.18 10-5
5.5

1.35 10-6

3.02 10-5

7.1

Blending (min)

6.3

9.95 10-6
4.8

36

10

1.54* 10-5
8.1

6.7
5.17 10-6
12.2

DISCUSSION
Since CST is dependent on sludge solids content, a
better evaluation of the filterability results can be done by
examining the filterability coefficients of sludge which is
formulated to be independent of sludge solids concentration (22). Table 1 shows an order of magnitude of reduction in filterability coefficient when the sludge is treated
with EDTA. This indicated that the sludge dewaterability
decreased greatly. In other two extraction methods, the
decrease in filterability is much less (Table 1). In a previous study higher doses of EDTA weres observed to increase the CST value of sludge, however, the effect was
dependent on sludge type and characteristics and the dose
of EDTA applied (13). One important fact to note is that
the concentrations of EDTA applied in the study of
Erikkson and Alm (13) was ten to thousand times less
than the original dose suggested by Nishikawa and Kuriyama (8) and hence the dose applied in this study.
Upon polymer extraction by these 3 methods, the
sludge viscosity changed too (Table 1). In EDTA and
blending treatments the final viscosity of sludge increased, whereas in centrifugation the viscosity of sludge
decreased. This is a finding not easy to explain. Theoretically, when ideal suspensions are deflocculated, the viscosity is expected to decrease (23). But obviously this is
not the case here. We can only speculate that the sludge
being a concentrated, heterogeneous suspension fonned
by compressible and porous flocs, behaves different than
expected of an ideal suspension.

The results obtained in this study using EDTA are notably different than the results obtained by using either
centrifugation or blending. Results show that the amount
of polymers extracted by EDTA is much higher than that
extracted by centrifugation or blending. lt is also found
that the particle size is reduced by about 30%, whereas in
5 min blending, which itself can be considered a severe
method, there is only about 20% decrease in particle size.
The most remarkable changes are in filterability coefficient of sludge, which decreases by about one order of
magnitude at the end of EDTA treatment. In other two
methods applied, the filterability of sludge is not affected
as much. One important observation we have is on the
floc structure of activated sludge. Visual observations
show that at the end of the EDTA technique, the sludge
floc structure almost disappears. The sludge turns into a
brown mucous-like substance for which it is impossible to
identify the individual flocs or the two phases, the solid
and the liquid upon settling. Contrary to this, the flocs are
always identifiable and the sludge settles with a distinct
interface following the other two extraction methods.
These observations lead to the conclusion that EDTA at
27 mM concentration could have destroyed the whole floc
structure in activated sludge rather than only extracting
the extracellular polymers from sludge. The support for
this argument comes from the field of medical microbiology. A 3 mM concentration of EDTA was found to effectively sensitize the grain-negative enteric bacteria and
P. aeruginosa (a polysaccharidic extracellular polymer
producing bacteria) to an antibiotic, rifampin (24).
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The action of EDTA was explained by its chelating
ability of the stabilizing divalent cations from their binding sites at the bacterial outer membrane (OM) lipopolysaccharides (19). By this chelation reaction, the permeability of the OM increased, permitting the passage of
large antibiotic molecules. Under certain conditions, these
sensitizing agents rupture the OM completely making it
possible to the passage of macromolecules (19). A 10 mM
EDTA concentration was also found to completely inhibit
the growth of these bacteria even without the presence of
antimicrobial agents.
In the light of these findings as well as our own results, it is obvious to us that a 27 mM EDTA dose, which
has been commonly applied since Nishikawa and Kuriyama for sludge polymer extraction, is a harsh technique.
One can argue that activated sludge microorganisms are
embedded within a protective sludge floc matrix,
whereas, the pure culture bacteria for which the above
discussed results were obtained (24) are not as well protected. Therefore, the effects may not be as severe in the
case of activated sludge. However, we believe a concentration of 27 mM of EDTA is high enough to rupture the
cell walls even in a well protected floc structure like in
the case of activated sludge. Our visual observations regarding the formation of a mucous type brown material
from a well flocculated activated sludge, and the failure to
observe a well defined floc structure at the end of the
treatment is a good indication of cell rupture.
When the cells rupture, the intracellular polymers
(which have the nature and composition similar to ECP)
leak out of the cells and contribute to the ECP analysis as
if they are extracellular polymers. This makes the quantitative and qualitative analysis of sludge extracellular
polymers completely inaccurate. So we believe that part
of the 73 mg polymer per g of activated sludge, we extracted with EDTA technique, is of intracellular origin.
It is suggested here that extreme care should be exercised when using chemical techniques like EDTA during
extraction of bacterial extracellular polymers. EDTA may
be less destructive if used at lower doses. However, in the
way it is commonly applied in literature this method
should not be used for extracellular polymer extraction
when qualitative and quantitative analyses of extracellular
polymers are important.
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SUMMARY
In this paper, leather tanning wastewater treatment alternatives for protein recovery and nitrogen removal were
studied. Experiments were conducted on various tanning
wastewaters and also synthetic samples with reference
amino acids related to proteins of leather tanning industry.
Acidification permitted more than 90 % protein removal at
a pH value of 4.6 for sheepskin wastewater. Copper was
the most effective metal facilitating 76% protein removal
from sheepskin wastewater. Bovine leather wastewater
proteins were removed up to 50% efficiency by acidification below pH 5.

KEYWORDS: Leather tanning industry wastewater, metal salt
addition, acidification, protein removal, organic nitrogen removal

INTRODUCTION
Material recovery as a part of pollution control as
well as conservation of resources have become major
topics in industrial waste management efforts. Almost all
types of industrial activities have been re-evaluated to
enable or to increase material recovery. The modifications
carried out so far vary from simple measurements to
complete technology changes. Leather tanning industry
has an immense potential for material recovery, but is the
least studied branch of industry in this respect. One of the
reason may be the extent of that in many countries leading
industry. Presently, the tendency is to collect certain industrial activities in industrial parks and to make up organized industrial districts. There is a vast array of chemicals and natural products in the wastes and wastewaters of
leather tanning industry such as lanolin (wool fat), hairs,
or chromium.

Proteins have been, although not commonly, used for
production of gelatin from shavings. Protein removal from
wastewaters has not been practised until now in Turkey.
Wastewaters contain significant amounts of organic nitrogen,
mainly proteins. Nitrogen removal is costly and poses problems due to nitrification inhibitors commonly existing in
leather tanning wastewaters. Protein removal will help to
reduce the need for nitrogen treatment while providing a
security for recovery.

Shih et al.1 studied precipitation of lysozime, alfachemotrypsin and bovine serum albumin in aqueous solution. Precipitation was carried out using sodium chloride,
sodium sulfate and sodium phosphate salts at different pH
values. Precipitation efficiency was related to initial protein concentration and a coefficient of distribution in solid
and aqueous phases was defined. Chen and Berg2 investigated the effect of polyelectrolytes on flocculation
mechanism of protein removal. Caprylic acid precipitation of proteins has been studied by several researchers 3,4.
Chishti et al. (1992)5 studied protein recovery from primary settling sludge. Proteins were solubilized using
NaCl and NaOH and then HCl, H2SO4, trichloroacetic
acid, sodium lignosulfate and ammonium sulfate for protein precipitation were applied. Optimum pH for HCl
treatment was found to vary between 3-4 and a protein
recovery of 62-64 % was obtained. The optimum pH
value and maximum protein recovery for H2SO4 were
found to be 3 and 80 %, respectively.
In this paper, results of an experimental study conducted on leather tanning wastewaters were presented.
Among the methods applied for the removal of proteins,
acidification and metal salt addition were selected considering their applicability to these wastewaters. Synthetic
solutions of some amino acids occurring in hydrolysates
of leather tanning industry wastewaters were also employed for comparison.
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MATERIALS AND METHODS
Acidification, metal salt addition and coagulationflocculation were the methods tested for protein precipitation. At first, synthetic solutions were prepared using analytical grade (Merck) cysteine (C3H7NO2S), hydroxyproline
(C5H9NO3) and glycine (H2NCH2COOH) as reference amino
acids with initial concentrations of 10, 000 mg L-1.
These concentrations were selected by an experimental
study to assess their solubility within the pH range from 2 to
12. Wastewater samples were obtained from leather tanning
industry. Composite I was a flow-mixed wastewater dump of
liming and bating processes of a bovine leather processing
factory. Composite I contains 52% of total wastewater volume and 76% of total nitrogen. Composites II and III were
flow-sampled combinations of liming, deliming, bating

and degreasing processes of a sheepskin processing plant.
These composites contained 90 % of total nitrogen discharge and represent 65 % of total wastewater. The characterization of these composites is given in Table 1.
All experiments were carried out in 250-mL beakers
mixing the samples with a magnetic stirrer. pH values
were adjusted using H2SO4 and NaOH. ZnSO4 . 7H2O,
CuSO 4 . 5H2O and MgSO4 . 7H2O were used as precipitating agents. Concentrations of metal ions in the synthetic samples were calculated on a stoichiometric basis.
The metal ions were assumed to be associated with the
carboxylic groups of the amino acids. AlCl3 and FeCl3.
6H2O were used for coagulation-flocculation experiments.
All chemicals used were reagent grade and all analyses
were done according to Standard Methods .

TABLE 1. Characterization of composite samples I – III.

Parameter

Unit

Composite I

Composite II

Composite III

COD

[mg L-1]

38000

N.D.

58300

Total TKN

[mg L-1]

5770

N.D.

2545

Soluble TKN

[mg L-1]

3050

2405

2390

NH3-N

[mg L-1]

1835

1370

1010

Total Organic N

[mg L-1]

3935

N.D.

1535

Soluble Organic N

[mg L-1]

1215

1035

1380

N.D.: not determined; TKN = total Kjeldahl nitrogen; COD = chemical oxygen demand

RESULTS
Table 2 shows the results of metal precipitation of
synthetic amino acid solutions. Hydroxyproline has a high
solubility (962 mg L-1 at pH 5.2) but solubility changes
with pH with a minimum at the isoelectric point of hydroxyproline (pH 5.7, 427 mg L-1). In the experimental
line pH 5. 2 was adjusted and the initial concentration of
hydroxyproline (655 mg L-1) was below the maximum
solubility. Therefore, TKN removal during experiments
was totally attributed to metal salt precipitation. Both zinc
and copper caused about 25% of TKN removal. Glycine
has a high solubility at all experimental pH values. Therefore, TKN removals obtained by addition of metal salts
can be explained as metal salt precipitation.

Glycine removal was 24% with zinc sulfate and 47%
with copper sulfate, respectively. Cysteine precipitation
was relatively high in the acidic pH range with zinc and
copper salts, however, in the alkaline pH range removal
with magnesium sulfate was limited.
Zinc salt addition to sheepskin wastewater samples at
low pH values effected only limited soluble organic nitrogen removal (see Table 3). However, a significant removal
with copper was obtained. This high efficiency of copper at
a relatively low dose correlates with the glycine removal of
47% in the synthetic solutions (Table 2).
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TABLE 2. Results of metal salt addition experiments for synthetic samples

TKN(mg L-1)

Hydroxyproline

Glycine

Cysteine

Removal (%)

Metal

pH

Initial

Final

ZnSO4

5.2

655

485

26

CuSO 4

5.2

655

500

24

ZnSO4

8.5

1145

865

24

CuSO 4

10.5

1145

610

47

ZnSO4

4.6

655

480

27

CuSO 4

2.0

655

295

55

MgSO4

10.0

655

590

10

TABLE 3. Results of metal salt addition experiments for composite samples I and III

Soluble Organic N (mg L-1)

Metal

Composite II

Composite III

Removal (%)

Type

Dose*

pH

Initial

Final

CuSO 4

300

4.6

1035

245

76

ZnSO4

500

5.0

1380

1275

8

ZnSO4

750

5.0

1380

1190

14

ZnSO4

1000

5.0

1380

1190

14

* mg L-1

FIGURE 1. Results of acidification experiments for composite samples I and III
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CONCLUSIONS
Protein removal and their reuse have been practised
for some industrial wastes such as leather tanning wastes.
These applications, however, mostly concern with solid
wastes. Many of the procedures used for protein separation and conversion such as alcohol precipitation, trichloro acetic acid precipitation, or alkali hydrolysis are
not directly applicable to wastewaters. But the methods of
acidification or metal salt precipitation can be considered
to be suitable for this purpose.
Generally, reuse and recovery applications win recognition to a greater extent worldwide. In Turkey reuse
applications also have become more and more common
and still gain in importance, especially in the leather tanning industry, housed in certain districts, utilizing waste
materials such as meat, shavings and solvents. Soluble
proteins in leather tanning wastewaters are highly complex in nature. Therefore, only relatively non-specific, but
effective methods (acidification, metal salt formation)
with promising results for protein removal have been
evaluated and they significantly correlated with synthetic
amino acid solutions. In case of the copper salt formation
the supernatant needs to be treated to remove excess copper ions which are toxic for the environment. There is a
need for further studies in this field.
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SUMMARY
The adsorption process of dicofol (4-chloro-(α-(4chlorophenyl)-α-(trichloromethyl)benzene-methanol) on
carbonate apatite from n-hexane solution has been studied. Partitioning of pesticide between apatite and solution
was investigated after batch equilibration using pesticide
concentration ranging from 84 to 1050 mg/l. The equilibrium time was estimated in 20 min. Data fitted to
Freundlich type adsorption isotherms. Analysis of the
solution was carried out by spectrophotometric UV at
λ = 232 nm, while the solid was characterized using infrared spectroscopy (FTIR) and X-ray diffraction (XRD).
The FTIR results show that this adsorption could be due
to the incorporation of dicofol hydroxy groups into apatitic OH-vacancy.

KEYWORDS : Dicofol , adsorption, apatite

INTRODUCTION
Pesticides can be defined as poisonous substances capable of killing or repulsing all undesirable animal or
plant species. Agriculture is not the alone user of pesticides to eliminate enemies of cultures and to store foodstuff, many other industrial users exist as well (e. g. park
or garden services). Pesticide industries wastewaters
could also be a source of pollution of the environment.

Among the pesticides, dicofol, an organochlorine
compound with developed formula,

is generally used as an acaricide for numerous cultures
(tomato, banana, apple, ...) in variable concentrations
(0.5 to 2 kg AI/ ha) [1]. Once applied on the soils,
this pesticide could contaminate superficial waters, underground waters and the atmosphere. It accumulates in
body fat of organisms to a plateaulevel by way of absorption, and also in the environment. The sorption of this
molecule in the soils was studied [2, 3]. For this reason,
the treatment of its effluent, and especially its elimination
proves to be indispensable.
The use of calcium phosphate apatites with the general formula Ca10(PO4)6(OH)2, for the treatment of industrial wastewaters has recently proved to be very successful. Indeed, heavy metals (Cd 2+, Pb 2+, Zn 2+ ) were easily
eliminated by these materials [4-6]. The elimination of
imazapyr by apatites has also been demonstrated [7].
Carbonated apatites (Ca10-x(PO4)6-x (CO3)x(OH)2-x k is
a vacancy) show an important reactivity owing to the
presence of cationic and anionic vacancies ( ) and the
disorder established following the substitution of PO43ions by CO32- ions [8, 9]. They are considered to be the
most analogous materials to the mineral part of calcified
tissues. Thus, the present study deals with the adsorption
of the dicofol by a carbonated apatite (AMC) in order to
eliminate it, and to unterstand the physico-chemical behavior of such biomaterials following a possible contamination by such pesticide.

174

© b y PSP V olu m e 1 0 – N o 2. 2001

F rese n ius E n viro m e n t al B ulle ti n

EXPERIMENTAL
Preparation

Carbonate apatite (AMC) was prepared from
(NH4)2HPO4, Ca(NO3)2, 4 H2O and NaHCO3 reagents
(Ca/P=1/4, Ca/CO3=1/8 molar ratios). The synthesis has
previously been described elsewhere [7, 9].

The result shows that the adsorption process can be
better described by the Freundlich isotherm equation. In
fact, the Freundlich isotherm could be described by the
following relation:
X/m = K f Ce 1/nf

Methods

The samples were examined by X-ray diffraction
(XRD) using a Siemens D5000 diffractometer. IR analysis of the apatite was recorded with an Avatar 360 FTIR
spectrometer supplied with OMNIC software. The tablets
were prepared by grinding 2 mg of the sample with 300 mg
of KBr and pressed (5t cm-2) under vacuum conditions.
Before every analysis, the background was measured and
subtracted from the spectrum of the sample. The spectra,
attributed to apatite before and after the adsorption of
dicofol, were collected according to the kinetic curve. The
dicofol (Riedel de Haën) was analyzed by using UV spectrophotometer at λ=232 nm.

where X/m is the amount of adsorbed pesticide
(µg g-1 apatite), Ce the concentration of the pesticide in the
aqueous phase (µg ml-1 solution) at equilibrium, K f and nf
are constants of Freundlich, which characterize the isotherm of adsorption.
The adsorption isotherm of dicofol is reported in
Fig.3. The values of n (1/n = 0.9883) is around 1, this
indicates that the adsorption is linearly proportional to the
solution concentration. The Freundlich K value (115.7)
represents the degree or strength of adsorption. Thus, the
present apatite could be considered as a good matrix for
adsorption of dicofol as it is for imazapyr [7].

Adsorption procedures

Batch-type adsorption experiments were conducted to
generate adsorption data. Thus, 0.5 g of the carbonate
apatite sample were treated with 10 ml of hexane solution
containing different concentrations of the pesticide, and
shaken mechanically until equilibration. The supernatants
of all preparations were filtered and analyzed by UV
spectrophotometry lfor the calculation of the pesticide
concentration. The amount of dicofol adsorbed on various
matrices was calculated by the difference between the
initial and final concentration of the dicofol in solution.

RESULTS AND DISCUSSION
The X-ray diffraction allows to characterize the apatite material before and after adsorption (Fig. 1). AMC
apatite presents a diagram corresponding to a poorly crystallized phase. After the adsorption, the apatitic structure
was kept, and non-significant changes in the diagrams
were noted. Equilibrium times were obtained at 2 different concentrations by shaking the samples and analyzing
the supernatants after 2, 5, 10, 20, 80, and 160 min. The
results obtained are shown in Fig. 2. The isotherm corresponding to the dicofol adsorption was obtained by using
the following initial concentrations: 212, 296.8, 593.6,
746 and 1050 ppm. For lower concentrations, it was not
possible to get to exact results owing to the errors and to
the technique used.

The apatite obtained after the adsorption of the dicofol at different equilibrium times was dried at room temperature and analyzed by IR spectroscopy.
The adsorption on carbonate apatite produced IR
band at 633 cm-1, attributed to the vibration of OH- ion in
an apatitic environment, which gradually intensifies from
5 min until 20 min of adsorption. Peaks at 873 cm-1 and in
the range 1400-1500 cm-1 can be assigned to ν2 and ν3
vibrations Of CO3 2- ions substituting phosphate groups,
respectively. The substitution of trivalent groups (PO4 3-)
by bivalent groups (CO3 2-) in the apatitic network leads
to the loss of one electric charge, which is compensated
by the weak retention of OH anions and the creation of
anionic vacancy in the hydroxyl channels ( ). Thus, the
band at 633 cm-1 attributed to hydroxyl groups in the pure
apatite (AMC) is absent or at least weak. The increase of
this band with the adsorption time could be due to the
incorporation of dicofol hydroxyl groups into apatitic OHvacancy.
This work enabled us to study the interaction of dicofol pesticide solubilized in n-hexane solution and apatite
material. Despite the fact that n-hexane solution has no
relevance to environment media, but the data and results
obtained in this paper help us to estimate in our future
works the potential decontamination properties of apatite
for industrial wastewater and aqueous solutions using
other more advanced techniques.
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Figure 1: X-ray diffraction of pure (a) and adsorbing (b) apatites

Figure 2: Adsorption rate of dicofol in apatite at two different concentrations [2.1 .10-4 M (a); 2.9 .10-3 M (b)]

Figure 3: Adsorption isotherm for dicofol in apatite; (X/m) is the adsorbant amount (µg g -1);
Ce is the equilibrium solution concentration (mg l -1)
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Figure 4: IR spectra of pure apatite (a) with dicofol at different stirring times (5 min (b), 10 min (c) and 20 min (d)).

CONCLUSION
The results obtained in this work allow to conclude
that the adsorption of dicofol on carbonate apatite is
rapid. The mechanism of adsorption was explained by
the incorporation of dicofol hydroxy groups into apatitic OH vacancies. This result was confirmed by using
the IR spectroscopy. Further works on the adsorption
of dicofol and pp'-DDT pesticides on different apatitic
matrices are in progress.
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SUMMARY
The fate of oil-type pollutants in ground waters from
the Danube River (Yugoslavia) alluvion (in the area of an
oil refinery) was being surveyed during a long period of
time. Based on detailed analyses of extracts (group composition, GC analysis of n-alkanes and isoprenoid aliphatic alkanes, and GC-MS analysis of polycyclic alkanes) isolated from the ground water samples taken five
times from the same borehole during a period of approximately two years (beginning with the winter ‘97/’98
up to the winter ’00), gradual but intensive microbiological degradation of oil-type pollutants has been asserted.
However, following an almost complete degradation of
„crude oil“ n-alkanes, formation of „new“ n-alkanes was
observed in the examined ground waters. The distribution
of newly formed n-alkanes suggested that they most
probably represent a product of metabolic processes of
micro-organisms which might have participated in the
degradation of hydrocarbons originating from oil-type
pollutants.
KEYWORDS: Alluvial ground waters, oil-type pollutants, biodegradation, n-alkanes, steranes, triterpanes.

The survey of the fate of oil-type pollutants in ground
waters of the examined alluvion was continued in this
paper. For this purpose the results of detailed analyses of
oil-type pollutants (group composition of the extract,
n-alkanes, isoprenoid aliphatic alkanes pristane and phytane, polycyclic alkanes of the sterane and terpane type)
in ground water samples taken at the same depth of the
same borehole, but in five different time intervals during a
period of 28 months (winter ‘97/’98; spring ’98; autumn
’98; autumn ’99; and winter ’00) are compared.

MATERIALS AND METHODS
In this study, 5 samples of oil-polluted ground waters
were investigated. The samples were taken from one
borehole within the Pancevo Oil Refinery. The location of
the refinery was shown in one of our previous papers [1].
The sampling depth within the piezometer was about 3 m.
As mentioned, the first sampling was in November 1997
(sample I), the second in May 1998 (II), the third in September 1998 (III), the fourth in September 1999 (IV) and
the fifth in February 2000 (V). Hence, approximately, the
sampling was carried out in a period of 28 months.

INTRODUCTION
It was shown earlier that oil-type pollutants in the
ground waters of the Danube River alluvial sediments
were degraded microbiologically in a relatively short
period of time (ca. ten months) and that the degradation
intensity considerably depended on the ground water
depth [1]. n-Alkanes, the dominant hydrocarbons in most
crude oils, were first to be degraded. It is also generally
known that this class of hydrocarbons is most exposed to
microbiological degradation in reservoir rocks [2, 3].

Chloroform was used as solvent. Saturated hydrocarbons were eluted with petroleum-ether (column chromatography). Aromatic hydrocarbons were extracted by a petroleum-ether-benzene mixture (2:1 ratio), and NSO-compounds were determined by difference. n-Alkanes and
pristane and phytane, as constituents of the saturated hydrocarbon fractions were analysed by gas chromatography
(GC) using a Varian 3300 gas chromatograph (FID) fitted
with a capillary column coated with BP-1 and using hydrogen as a carrier gas at 1 cm3/min flow rate.
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Polycyclic alkanes of sterane and triterpane types
(urea non-adducts) were analyzed by gas chromatography-mass spectrometry (GC-MS) using the single ion
monitoring (SIM) method. Steranes were identified from
m/z 217 and triterpanes from m/z 191 fragmentograms. A
Hewlett Packard 5890, Series II gas chromatograph was
used, fitted with a capillary column coated with HP-5MS
and helium as carrier gas (flow rate 1 cm3/min), coupled
to a Hewlett-Packard 5972 MSD operated at 70 eV.
RESULTS AND DISCUSSION
The amounts of organic matter isolated from the
ground waters and the composition of extracts are shown
in Table 1.In samples III-V, the organic matter, in fact,
dominated over the water itself (600-1000 g/dm3, Table 1).
In samples I and II its content was considerably lower
(0.608 and 0.106 g/dm3, Table 1), but still sufficiently high
to serve as unambiguous proof of the presence of oil-type
pollutants, since the corresponding usual values for natural
surface waters are significantly below 1mg/dm3. The important amounts of saturated hydrocarbons (in most samples they represented the dominant fraction, Table 1) corroborated the above-mentioned statement that the isolated
organic matter represent an oil-type pollutant. Namely, the
dominance of saturated hydrocarbons over aromatics and
NSO-compounds is typical for crude oil and for some oil
derivatives’ group compositions [3]. Also, a gradual decrease in the relative content of saturated hydrocarbons was
noticeable in samples I to IV.
The alkane fractions’ gas chromatograms (Fig. 1a) represent one additional proof of oil-type pollutants’ character
of extracts isolated from ground water samples
I-IV, offering, at the same time, an explanation of the observed gradual decrease of the proportion of saturated hydrocarbons (Table 1). Namely, the bimodal distribution of
n-alkanes, involving a smooth participation of odd and
even homologues, observed with samples I-IV, despite the

differences in total abundance, is characteristic of crude oil
alkane fractions [1, 3]. On the other hand, the dominance of
isoprenoid aliphatic alkanes pristane and phytane over
n-alkanes C17 and C18, respectively (gas chromatograms in
Fig. 1b), surely enough suggested that these extracts were
exposed to biodegradation [2, 3]. Hence, gradual decrease
in the abundance of n-alkanes from samples I to sample IV
(Fig. 1) reflected a gradual microbiological degradation of
oil-type pollutants in the examined borehole in the period
from November 1997 to September 1999. Surprisingly,
however, sample V originating from the ground water
sample taken in February 2000, did not conform with the
regular changes resulting from biodegradation and observed with the group compositions (Table 1), as well as
the Pr/n-C17 and Phyt/n-C18 ratios (Fig. 1b) of samples I-IV.
In sample V the proportion of saturated hydrocarbons was
higher relative to sample IV (40.6 compared to 32.8%,
Table 1). Moreover, unexpectedly, even number carbon
atom n-alkanes appeared, and they were dominated by C16
and C18 members (Fig. 1a).
The observed increase in the total amount of saturated
hydrocarbons (the values given in Table 1 are schematically shown in Fig. 2a) as well as the significant decrease in
the Phyt/n-C18 ratio (Fig. 2b), resulted from the increase of
the content of n-alkanes. The distinction of the gas chromatogram of this sample, i.e. the difference of the distribution
and the abundance of n-alkanes in sample V from the trend
observed with samples I-IV raised the question of possible
contamination of this ground water by a new type of pollutant in the period between September 1999 and February
2000. In order to check such an assumption, polycyclic
alkanes of the sterane and triterpane type were also analyzed in urea non-adducts of alkane fractions isolated from
samples IV and V. The distributions of structural and
stereochemical isomers of these biological markers in crude
oils are quite typical [3]. Also, they were shown to be relatively resistant towards biodegradation [2, 4]. Hence, they
may be used for the identification of oil-type pollutants in
the environment [5].

TABLE 1.
Organic matter content in the oil-polluted ground water samples and the composition of the extracted organic matter

Sample

Organic matter

Alkanes

Aromates

NSO-compounds

(g/dm3)

(%)

(%)

(%)

I

0.608

70.2

10.7

19.0

II

0.106

55.5

19.9

24.7

III

1000

42.8

43.2

14.0

IV

880

32.8

19.2

48.1

V

600

40.6

28.0

31.4
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Figure 1. Gas chromatograms of alkanes isolated from the investigated samples (a)
and the Pr/n-C17 and Phyt/n-C18 ratios in the alkane fractions
of the oil-polluted borehole ground water samples (b).

Pr – pristane, Phyt – phytane.
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Figure 2. The change in the content of saturated hydrocarbons (a) and the
Phyt/n-C18 ratios (b) in the investigated samples.

Figure 3. Fragmentograms of steranes (m/z 217) and triterpanes (m/z 191) from the urea nonadduct
of the alkane fractions isolated from sample IV and sample V.

1 – C27-13β(H),17α(Η) diasterane (20S); 2 - C27-14α(H),17α(Η) sterane (20R);
3 - C28-14α(H),17α(Η) sterane (20R); 4 - C29-14α(H),17α(Η) sterane (20R);
a - C27-18α(H)-22,29,30-trisnorhopane (Ts); b - C27-17α(H)-22,29,30-trisnorhopane (Tm);
c – C30 - 17α(H),21β(H) hopane; d - C31-17α(H),21β(H) homohopanes (22S and 22R);
e – oleanane.
(A detailed identification of the corresponding peaks was discussed in our previous papers [6, 7]).
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The question is still undissolved whether some of
these micro-organisms participated in the preceding degradation of the petroleum n-alkanes. Nevertheless, in
general, the interesting fate of n-alkanes in the investigated piezometer may be attributed to microorganisms. Their role may be described by the degradation of „crude oil“ n-alkanes (smooth distribution of odd
and even carbon number homologues; maximum at C19;
samples I-IV; Fig. 1a) in the first stage, followed by the
synthesis of new n-alkanes dominated by even carbon
number homologues with maxima at C16 and C18
(sample V; Fig. 1a)
CONCLUSIONS
The results observed, unambiguously indicate an important role of micro-organisms in changing the composition of oil-type-pollutants in the ground water of alluvial
sediments. These changes are characterized by an almost
complete degradation of „oil-type“ n-alkanes (smooth
odd/even distribution; maximum at C19), followed by the
synthesis of new n-alkanes dominated by even carbon
number homologues and maxima at C16 and C18.
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SUMMARY
In the present work, adsorption-desorption study
of dicofol pesticide (4-chloro-α-(4-chloro-phenyl)-α(trichloromethyl) benzene –methanol) in hexane medium
was investigated. Adsorbents used were a nonstoichiometric hydroxy apatite and a pure fluorapatite.
The influence of drying temperature and carbonate ions
on the adsorption phenomenon was also carried out.
Analysis of the solution, carried out by UV spectrophotometry, showed that non- stoichiometric hydroxy apatite
adsorbed this molecule more than the fluorapatite. Adsorption of dicofol by non-stoichiometric hydroxy apatite
suggests that the mechanism of adsorption was incorporation of hydroxyl groups into OH- vacancies. However, on
fluorapatite a physical adsorption mechanism was involved. The desorption study reveals that the percentage
of dicofol desorbed in solution was higher by using pure
fluorapatite.

KEYWORDS: Dicofol, adsorption, desorption, apatites

Dicofol with structural formula
OH
Cl

C

Cl

CCl 3

is widely used in agriculture for numerous cultures (tomato,
banana, apple….). It is accumulated in body fat to a plateau
level through absorption as well as in the environment.
The aim of the present paper is to remove this hazardous molecule from waters by using a nonstoichiometric hydroxy apatite (NSHA)and a pure fluorapatite (FA) [Ca10-x(PO4)6-x(CO3)x (Y)2-x x(Y = OH- or F -)
is a vacancy]. This study was stimulated by the successful results obtained with the non-stoichiometric hydroxy
apatite in removing imazapyr pesticide [1] and also the
sorption of heavy metals (Pb2+, Mn2+, Cu 2+, Fe2+…) from
industrial wastewater [2-4]. To optimize the use of this
material, we have examined the influence of some parameters such as the amount of carbonate and dry temperature on the dicofol adsorption.
EXPERIMENTAL

INTRODUCTION

Preparation

During the last years, the potential for water contamination from pesticides and its associated health risks have
posed growing concern. This great concern is justified by
the fact that these chemicals are not only specially manufactured to be highly toxic to specific organisms but also
because they are widely introduced into our environment
in massive quantities. Water contamination by pesticides
represents a real and severe problem.

Carbonate apatite was prepared by coprecipitation of
two aqueous solutions at room temperature. The first was
obtained by dissolution of 20 g of diammonium phosphate (NH4)2HPO4 in 250 ml of deionised water and addition of different amounts of monosodium carbonate
(NaHCO3) (0, 5, 10, 15g). The second solution was gotten
by dissolution of 8.85 g of calcium nitrate (Ca (NO3)2,
4H2O) in 125 ml of deionised water.
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The solution of calcium was quickly transferred to the
solution containing the phosphate and the carbonate, and
then agitated for few seconds in order to have a good
homogeneity. The precipitate obtained ACxC (where x is
the initial weight of NaHCO3) was left to mature at room
temperature for 24 hours and then strained and washed by
deionised water, and dried at different temperatures
(25, 40, 80, 100, 150, 200°C). AC10C (samples dried
at 80°C ) was chosen for carrying out this study. The
non-carbonate apatite was prepared by the same method
without adding monosodium carbonate [1].
The pure fluorapatite (FA) was prepared by coprecipitation of two aqueous solutions. The first solution was
obtained by dissolution of 187.5 mg of Ca(NO3)2 4H2O in
1L of water. The second one was prepared by dissolution
of 56 g of the above-mentioned phosphate with 5.9 g of
ammonium fluorine (NH4F) in 0.85 L of water and adding
150 mL of concentrated NH4OH. The precipitate was then
washed, filtered, and dried at 900°C overnight [5]. These
materials were chemically analysed before adsorption
process. Results of these analyses are shown in Table 1.
Table 1: Chemical analysis of Ca2+ and PO43- ions (% wt) in
AC10C and FA apatites

Apatites

%Ca

%P

Ca/P

AC10C

31.40

16.40

1.48

FA

35.80

16.70

1.66

Desorption

After the adsorption process, described above, 5 ml of
the supernatant was withdrawn and the amount of adsorbed dicofol on AC10C and FA was calculated. The
remaining slurry was again brought to 10 ml by the addition of 5 ml of hexane, and equilibrated for 20 min. These
steps (supernatant withdrawing and replacing, and reequilibrating) were repeated three successive times. The
concentration of dicofol present in the desorption solutions was determined, and the amount of dicofol adsorbed
on the apatite after each adsorption step was calculated by
difference.
RESULTS AND DISCUSSION
Preliminary tests were carried out in order to determine the effect of carbonate amount and drying temperature on the adsorption of dicofol.
Effect of carbonate

Figure 1 summarizes the influence of the amount
of added NaHCO3 on the percentage of dicofol adsorbed. We can see that this parameter has practically
no effect on the product adsorption. Nevertheless, adsorption measurements indicate that the maximum
adsorbed quantity corresponds to the apatite prepared
with 10 g of NaHCO3.
Figure 1: Effect of CO32- ions on the adsorption of dicofol
70

The stoichiometry of apatites is characterised by Ca/P
molar ratio, which is equal to 1.67. From the calculated
molar Ca/P ratios, it is clear that NSHA is not
stoechiometric while FA is a stoichiometric apatite.
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Techniques

The dicofol (Riedel of Haën) was analyzed by using UV
spectrophotometer at λ=232nm. The analysis for calcium
was carried out by complexiometry and phosphate was determined by colorimetry using molybdate reagent.
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Adsorption procedure

Batch-type adsorption experiments were carried out
to generate adsorption data. Thus, 0.5 g each of carbonate
apatite sample was treated with 10 ml of the hexane solution containing different concentrations of the pesticide,
and shaken mechanically until equilibration. The supernatants of all preparations were filtered and analysed for
the pesticide concentration by UV spectrophotometer.
The amount of dicofol adsorbed on various matrices was
calculated by the difference between the initial and final
concentrations of the pesticide in solution. The effects of
carbonate contents and drying temperature of the apatite
on the adsorption of dicofol were tested.

Effect of temperature

In the following histogram, we have represented the
influence of drying temperature on the percentage of
adsorbed dicofol.
The graph shows that at the gelatinous state, the apatite
weakly adsorbed the dicofol. The maximum of adsorption
was obtained by a pre-treatment of the apatite at 80 °C. This
suggests that the cristallinity plays a major role in the adsorption process. The good compromise between these two
effects is achieved in the apatite prepared with 10 g of
NaHCO3 reagent and dried at 80°C (AC10C).
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In Table 2, we have reported the quantities and the
percentages of dicofol adsorbed on AC10C and FA for
various concentration. It appears that the amount of dicofol adsorbed increases with concentration for the two
apatites. However, the corresponding adsorption percentage is more important in the case AC10C. It reached 86%
from 0.63 10-3 M and remained constantly for higher
concentrations.

FIGURE 2:
Effect of the drying temperature on the adsorption of dicofol
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In the case of FA this percentage increased with concentration. The maximum value was 59% with an initial
concentration equal to 2.5 . 10-3M. So the apatites type
displayed different capacities to adsorb the dicofol.
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The extent of adsorption as well as the affinity between pesticide and support depended on nature of the
apatite. The amount adsorbed by using AC10C was
higher than that with FA (Table 2 ).
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Adsorption study

The equilibrium states were obtained by shaking the
samples and analyzing the supernatants after 2, 5, 10, 20,
80 et 160 min with the two types of apatites. Results obtained are shown in Figure 3.
As it can be seen, the dicofol adsorption on AC10C
reach equilibrium after only 20 min, while the equilibrium
is not well reached on FA apatite. Indeed, following the
first adsorption of dicofol by FA we suppose it probably
assisted by an additional surface adsorption phenomenon
[6]. The good adsorption of dicofol pesticide on AC10C
and the successive partial adsorption–desorption processes of this molecule on FA, was explained by using
IR spectroscopy [7].

Adsorption of dicofol pesticide in apatites is best
shown by adsorption isotherm patterns, which may be
obtained by measuring adsorption at a number of different
concentrations. It is found that they may be best described
by the empirical Freundlich equation:
X/m = KC1/n
where :
X/m = amount of dicofol adsorbed by g of adsorbent,
C = equilibrium concentration,
K, 1/n = Freundlich constants.
The values for constant K and 1/n are given in Table 3. The
adsorption data plotted using the Freundlich isotherm (µg/g
and µg/ml) for dicofol on AC10C and FA are reported in
Figure 4. When the n value is around 1, the adsorption is
linearly proportional to the solution concentration.

FIGURE 3.
Adsorption rate of dicofol pesticide in
(a) AC10C and (b) FA apatites.
Initial pesticide concentration: 77.6 µg/ml

The n values obtained in the present paper are 1.00 for
dicofol on AC10C and 0.75 on FA.
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The Freundlich K values represent the degree or
strength of adsorption. However, the values of K relative
to the adsorption of dicofol on AC10C and FA are 115.7
and 3.8 (Table 3), respectively. This shows that the capacity of adsorption of dicofol was higher by using AC10C
than FA. This is explained by the fact that in the AC10C
the content of anionic vacant spaces is higher than that of
FA, and these empty spaces are filled by F- ions. This is in
agreement with data showing a relationship between the
sites of vacant spaces of the apatite and their adsorption
capacity.
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TABLE 2 : Dicofol adsorption by AC10C and FA

AC10C
Initial
concn
(10-3M)

Equi.Concn
(10-4M)

0.20
0.63
0.78
0.95

0.70
0.89
1.10
1.40
1.89
1.99
2.40
3.20

1.17
1.40
1.64
2.30

FA

Amount adsorbed
µmol/g
%

2.60
1086
13.26
17.00
19.78
24.17
28.00
39.80

Initial concn
(10-3M)

Equi.Concn
(10-4M)

0.20
0.34
0.43
0.76
1.00
1.60
2.50
2.90

0.12
0.19
0.24
0.39
0.53
0.78
0.98
11.67

65
86
85
85
85
86
85
86

Amount adsorbed
µmol/g
%

1.79
2.95
3.80
7.28
9.80
15.88
29.52
33.95

41
43
44
47
49
52
59
58

TABLE 3 : Adsorption isotherms of dicofol in the two apatites

AC10C
Dicofol

Kf(ads)
115.7

FA
2

1/n
0.988

r
0.994

FIGURE 4 :
Adsorption isotherms of dicofol on AC10C (a) and FA (b)

µg/g)
2

120

amount adsorbed (10

140

1/n
1.330

r2
0.995

Desorption study

The study of desorption on AC10C by hexane shows
a weak recovery of dicofol. Thus the parameters in Table
4 show low percentage values of dicofol desorbed in
terms of three leachings. They vary from 14 to 17% with
initial concentrations of 1,17.10-3 to 2,3.10-3M. This indicates a very strong adsorbate-adsorbent relationship attributed to the incorporation of dicofol hydroxyl groups
into apatitic OH- vacant spaces. This was confirmed by
using IR spectroscopy [8].

a)

160

Kf(ads)
3.8

(a)

100
80

(b)

60
40
20
0
0

100

200

Equilibre
concentration
(µg/ml)
Equilibrium
concentration
(µg/ml)

300

A similar study carried out with FA showed (Table 5)
that the percentage of dicofol desorbed was 78 % for an
initial concentration of 2,9.10-3M suggesting that a physical adsorption mechanism has been involved. This may be
explained by the fact that this type of apatite lacks the
sites encountered in the AC10C
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TABLE 4: desorption of dicofol pesticide from AC10C

AC10C
Desorption with hexane (µmol/g)
Initial concn
10-3M
1.17
1.40
1.64
2.30

Amt adsorbed
µmol/g
19.78
24.17
28.00
39.80

1st

2nd

3rd

Total

%

1.40
1.30
2.02
2.60

1.04
1.08
1.00
1.80

1.08
0.92
1.02
1.64

3.52
3.30
4.04
6.04

17
14
14
15

TABLE 5: desorption of dicofol pesticide from FA

FA
Desorption with hexane (µmol/g)
Initial concn
10-3M
1.00
1.60
2.50
2.90

Amt adsorbed
µmol/g
9.80
15.88
29.52
33.95

1st

2nd

3rd

Total

%

5.0
5.5
8.0
9.1

1.70
5.33
6.80
10.53

0.44
0.15
6.50
7.00

7.14
11.98
21.30
26.63

73
75
72
78

CONCLUSION
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BIODEGRADABILITY TESTS OF DAIRY AND CHEESE
WHEY WASTEWATERS USING ENZYMES
M. X. Loukidou and A.I. Zouboulis
Division of Chemical Technology, Department of Chemistry, Aristotle University, Thessaloniki, Greece

SUMMARY
The objective of this investigation was to study the
effectiveness of bioaugmentation by applying an enzymatic supplement in the biodegradability of dairy wastewaters and raw cheese whey. Enzymatic methods have
shown promise for remediating high strength wastewaters. It has been found that this process was able to enhance the removal of pollutants, expressed by the gross
parameters of BOD5 and COD, and influence the behavior
of total solids and odor sufficiently positively.

KEYWORDS: Bioaugmentation; enzymatic supplement; dairy
wastewater; cheese whey; SBR.

sludge settleability also has been encountered usually as
well as the need for settling tanks of larger volum&.Therefore, these factors may add supplementary costs to
the respective treatment budget [2].
On the other hand, direct treatment of cheese whey in
a municipal conventional biological unit is considered as
a difficult task due to high biological load. Furthermore,
the installation of cheese whey treatment units in every
dairy industry is not considered as financially and technically feasible. In most small scale units, cheese whey is
stored in tanks and it may be utilized as an animal food
supplement, such as forage to pigs, although the greatest
amount of it is being discharged without any particular
treatment [3].

The liquid wastes produced by dairy and cheese industries constitute one of the most difficult-to-handle
industrial wastewaters [1]. The annual production of
cheese whey in Greece was estimated at 48,150 tons/y or
around 3,370,000 kg COD/y. The liquid wastes in dairy
processing facilities can be divided into two main categories. The first one refers to washing and pasteurization
waters which constitute almost two-thirds of the effluents
and are mainly harmless. The second category refers to
cheese whey, classified also into raw whey and milk sugar.
The raw whey, a greenish-yellow liquid, is usually highstrength wastewater due to its high nutrient content [1].

Bioaugmentation is considered as the addition to
wastewater of bacterial cultural products, containing different strains of microorganisms or enzymes, to provide a
sufficient quantity and diversity of microorganisms or
constituents which can help to improve the treatment
performance [3]. The application of bioaugmentation in
wastewater treatment was originally the result of efforts to
solve some urgent operational problems, such as shock
loading in wastewater treatment plants or to make a remedial response for spilling emergencies and to recover
the biomass activity [4, 5]. Enzymes are generally the
active agents be capable for biochemical transformations
which take place through bioremediation. It must be
stressed also that enzyme extraction and purification are
time-consuming and expensive processes [6].

Several treatment options varying in degrees of efficiency have been utilized for dairy wastes. The main
applicable methods are biological processes. Although
dairy wastes are readily degradable and contain no toxic
matter other than cleaning agents, biological treatment
may not be effective due to high variations in waste flow
rates and characteristics. The problem with inadequate

The main aim of this investigation was to examine the
possibility of biodegradability enhancement of dairy and
cheese whey wastewaters by the use of a commercial enzymatic supplement. This innovative technology was applied
for the biological treatment of a difficult and strong wastewater, containing high concentrations of pollutants using a
laboratory-scale sequencing batch reactor (SBR).

INTRODUCTION
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MATERIALS AND METHODS
The enzymatic supplement examined, denoted as
TK 100, is a ready-to-use bio-enzymatic formulation
(bacteria/enzyme blend, SEPTY SAFETY INC., USA),
specifically designed to promote accelerated grease liquefaction and digestion. It is composed of several types of
bacteria, which can generate biologically active substances (enzymes), suitable for decomposition of refractory organic matter in wastewaters, providing rapid hydrolysis of fats, oils and greases to fatty acids.
Hydrolysis is then followed by biological absorption
and digestion by grease digesting microorganisms. The
enzyme was pretreated for 4 hrs prior to contact with the
wastewater, using 1 L of tap water per 100 g of enzyme.
For maximum activity, water temperature was adjusted to
be between 40-50 °C. A series of tests was performed to
determine the performance of enzymatic supplement in
terms of COD and BOD5 removal and of sedimentation
characteristics (SVI values).
Dairy wastewaters and cheese whey were collected
from a dairy and food industry, located near the city of
Thessaloniki (North Greece). The dairy wastewater samples (feed) contained (on an average): 4400 mg/L COD,
4000 mg/L BOD5 and 5760 mg/L total solids, while the
cheese whey samples contained 55520 mg/L COD and
45100 mg/L BOD5 and 47373 mg/L total solids, for each
operational cycle.
Considering the advantages of the Sequencing Batch
Reactor (SBR) [7, 8], a laboratory scale model of a cylindrically shaped plastic tank with a total volume of
60 L was used. The content was mixed with a suitable
mechanical stirrer, while sufficient aeration was provided
by a compressor through a ceramic diffuser located at the
bottom of the reactor and producing bubbles of medium
size. The bioreactor was operated with 20 L of wastewater
(dairy wastewater or cheese whey) and the appropriate
quantity of enzyme. To demonstrate the effect of nutritive
amendments for the wastewater treatment system, a control
experiment was also performed for both wastewaters i.e.
without any enzyme addition. Each experiment had a duration of 5 or 7 days. A daily cycle was comprising:
30 min without aeration (although with stirring), during
which wastewater was fed directly into the bioreactor,
followed by 20 h aeration, and finally by 3 h settling (without aeration and stirring). 500 mL of supernatant were
decanted and analyzed for several parameters.
The dissolved oxygen (DO) level in the bioreactor was
measured regularly and the air flow was adjusted to maintain
a DO level above 2 mg/L at ambienttemperature.

The pH value was also controlled and maintained
within the optimum range for enzymatic activity i.e. between 6 to 8.5.
Lower pH values (cheese whey) were increased by addition of NAOH (1:1) solution fed directly into the bioreactor,
while elevated pH values (dairy wastewater) were reduced
by addition of appropriate quantities of HCI (1:1).
Influent (weekly taken) and effluent samples (daily
taken) were analyzed for organic content (COD, BOD5),
pH, total solids (TS) and Sludge Volume Index (SVI). All
measurements were carried out during the sample collection day and according to Standard Methods [9].

RESULTS AND DISCUSSION
The study was consisted of two separate operational
cycles using the enzymatic supplement for the treatment
of both wastewaters: dairy and cheese whey. This supplement, in contrast to chemical one, can ensure an optimal growth and activity of various types of microorganisms and, therefore, the biomass can be more resistant to
shock-loading and present better sludge settling characteristics (lower Sludge Volume Index) and better nitrification-denitrification performance [10]. Enzyme encounters
its substrate (the target pollutant) and splits the substrate
into component parts or removes part of the molecule.
During the operation of SBR using as influent dairy
wastewater varying the dosage of enzyme performed
batch biodegradability tests. The performance of control
test, during which SBR was fed only with dairy wastewater (without the presence of enzyme), was compared with
two experimental runs, during which 2.5 and 5 g/L of
enzyme, respectively, were added in the bioreactor.
The variation in COD was considered as satisfactory,
and the values of treated wastewater were around 1000 mg/L,
although, it has to be mentioned, that the system could not
achieve equilibrium within the applied residence time of
wastewater in the bioreactor (Fig. 1). The changes in
BOD5 content were found to proceed more effectively,
compared to COD, and the final values were observed in
the order of 95% (final BOD5: 240 mg/L). The higher
removal could be expected in view of the specific dairy
wastewater character, as most of the constituents contained in it were expected to be easily biodegradable
[111, and the BOD5/COD ratiowais 0.9.
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The level of total solids (TS) may be used to evaluate
wastewater strength and treatability [11]. TS in dairy
influents may originate from coagulated milk, cheese and
fine or flavoring ingredients such as fruits or nuts, therefore, most of them are expected to be volatile solids. It is
characteristic that the removal of TS was not substantially
influenced by the presence of enzyme (Fig. 2), although
the disappearance of unpleasant smells was observed. The
influence of enzyme on Sludge Volume Index (SVI), a
commonly used settleability measurement is also presented in Fig. 2. It was found that the addition of enzyme
produced lower and steadier SVI values than the control
experiment. The start-up period of bioreactor was characterized by an initial SVI of 300 ml/g, while the settleability was found to improve remarkably during the test and
finally stabilized to approximately 20 ml/g. As sludge
flocculation and separation is a complex process, it was
difficult to identify the exact mechanism which was the
base of observed improvements. A possible explanation
may be due to the fact that a large part of COD existed in
particulate form, and the enzymatic hydrolytic action
could trigger further biomass aggregation [12].
During the second operational cycle, the biodegradability of cheese whey, a high organic strength wastewater, was examined by using the same enzymatic formula-

tion. Enzyme batch dosages of 5, 10 and 20 g/L were
examined. The results showed that the enzymatic treatment proved was effective for the management of high
organic load influents, while simultaneously the biodegradation of this wastewater was taking place within the
first 4 days. It appears that the effect of enzymes would be
primarily due to nutrient addition, hence optimizing the
respective balance and operation of the bioreactor. Selected treatment results are presented in Figs. 3 and 4.
Over the test period of this study the treatment efficiencies for organic content and TS were improved. Especially, the change in BOD5 was started quickly and satisfactory reductions were achieved.
During the second cycle, low SVI values (Fig. 4) and
apparent floc formation were observed, i.e. the enzymatic
supplement was presenting a significant effect on the
effluent clarity. The TS concentrations did not change
significantly during this cycle (data not presented) and,
therefore, additional facilities for separation of solids will
be required, such as coagulation/flocculation, increased
settling times, etc. The disappearance of extremely unpleasant odors and insects were also achieved, compared
to the control test.

FIGURE 1:
COD and BOD5 changes during the biodegradability tests of daiary wastewaters
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FIGURE 2: TS and SVI changes during the biodegradability tests of daiary wastewaters

FIGURE 3: COD and BOD5 changes during the biodegradability tests of cheese whey

FIGURE 4: SVI variation during the biodegradability tests of cheese whey
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DISCUSSION

REFERENCES

This study has demonstrated that enzymatic supplements
can be an interesting alternative option to the conventional activated sludge process in order to improve the
effectiveness of biological treatability of dairy wastewaters, producing high degree removal of organic carbon
and satisfactory clarified effluent. The tested biosupplement holds a potential for considerable improvement, not
only of the overall treatment efficiency, but also of sludge
management characteristics. However, it has to be mentioned that the dosage of biosupplement varies for each
particular case and depends on specific wastewaters characteristics. The biological treatment operation using enzymes is simple, and therefore, the SBR process can be
successfully used as pretreatment step, before discharging
dairy plant wastewaters into a municipal sewer system.
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BENTHIC CARBON DEMAND AND WATER COLUMN
CARBON SUPPLY IN AN AEGEAN EMBAYMENT
(MALIAKOS GULF, HELLAS).
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SUMMARY

MATERIALS AND METHODS

Benthic carbon demand (BCD) was calculated by sediment community oxygen consumption (SCOC), using sediment corers incubations. BCD was compared with sedimenting particulate organic carbon (SPOC). During winter SPOC,
most of which comes from the phytoplankton bloom crash,
exceeds BCD suggesting that the amount of carbon reaching the sediment can sustain energetically the benthic
communities. On the contrary, low sedimentation rates of
carbon in the summer are lower compared to the increased BCD, which occur due to increased temperature.
KEYWORDS: Sediment carbon demand, particulate organic
carbon, benthic pelagic coupling, Mediterranean.

INTRODUCTION
Marine benthic communities are dependent on the
food supply from the material that comes from the
overlying water column (1-3). There is strong evidence
of changes in benthic metabolic activity associated
with variations in particulate matter fluxes (4, 5). The
most critical parameter determining the response of the
benthos is the quality of the sedimenting material,
primarily its carbon content (6) and secondly its variable fractions (7-9).
In this paper, we present the results of experiments on
benthic carbon demand (BCD) and its possible coupling
with sedimenting particulate organic carbon (SPOC) in an
Aegean Sea embayment through the year. An attempt has
been made to detect whether the water column carbon
supply can sustain the benthic carbon demands.

Maliakos gulf (Fig. 1) covers ca. 110 km2 and it is divided by two headlands into two parts. In the SW end of
the gulf, Spercheios River, one of the major rivers in
Hellas, flows into the sea. The western part forms a basin
with a maximum depth of 27 m, while closer to the river
mouth, depth does not exceed 10 m. On the eastern side,
the gulf is connected to the Aegean Sea through the Orei
Channel and the North Evoikos Gulf, through the
Knimida Channel. This part has an average depth of 36 m.
Sampling was conducted from January to October 1996
on a monthly basis at three stations in Maliakos gulf (Fig. 1):
in the shallow SW area influenced by the Spercheios River
(inner compartment, Stn I at 7 m), in the outer gulf influenced more by the Aegean Sea (outer compartment,
Stn O at 23 m) and in the intermediate basin (middle compartment, Stn M at 23 m). Sampling took place from January
to October 1996. Temperature was measured by conductivity-temperature-density (CTD) probes.
In this work, only bottom water temperatures (1 to 2 m
above sediment surface) are mentioned. BCD was estimated as described in (10) with slight modifications. The
upper 12-15 cm of sediment was subsampled with a Ponnar
grab (0.05 m2 surface area) using sediment corers of 5.7 cm
inner diameter and 30 cm height. The overlying water was
carefully siphoned off leaving 1-2 cm height of sea water.
The sediment in Maliakos Gulf has green-brown top layer
and dark gray bottom layer for most of the year (11). Only
undisturbed corers that showed this pattern were selected
for incubation. Incubations were initiated 5-6 hours after
collection; during this period the corers were held in a dark
cool container. In the laboratory, the corers were filled until
overflow with aged seawater (>one month) of known dissolved oxygen (DO) concentration (usually 7.0 to 7.5 mg l -1).
The water was added gently to walls of the corers to ensure
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minimum disturbance of the sediment surface. The corers
were sealed with their conical rubber stoppers so that no air
was trapped in the overlying water and then were placed in
the dark at in situ temperature. After 24 to 36 hours the
incubations were terminated and the amount of DO in the
overlying water of the corers was measured. Oxygen concentrations were then expressed in carbon equivalents
(gC m-2 d-1) based on the general equation: (CH2O)? + O2
↔ ?CO2 + ?H20. SPOC was measured with sediment traps.

Details can be found elsewhere (11, 12) In short, a pair of
sediment traps with height:inner diameter ratio of 6:1 was
deployed in each station, approximately 2 m above the
sediment surface and were left for 0.5 to 2.5 hours. The
collected material was filtered on combustible Whatman
GF/C filter and organic carbon was determined by the wet
oxidation method as described in (13). Sediment organic
carbon (OC) in the top layer (0-3 mm) was determined by
wet oxidation (14).

Knimida C

N.Evoikos
G

2 km

FIGURE 1. Map of Maliakos Gulf with inner (I),
middle (M), and outer (O) sampling stations

RESULTS AND DISCUSSION
The bottom water temperature showed the expected
seasonal pattern with the lowest values (11-13°C) during
winter and highest (20-26°C) during summer throughout
the gulf. The temperature was positively correlated with
BCD (Spearman rank correlation r=0.5, N=29, p<0.01),
indicating that benthic respiration was higher during
summer.

Maliakos Gulf has shown an inconsistency between the
water column and the macrobenthic communities (16).
Although the water column is productive, with the winter
phytoplankton bloom reaching 5 µg l-1, the macrobenthic
communities remain poor in number of species (4-59) and
individuals (180-597 ind. m-2) throughout the year (16).

Comparing the BCD and SPOC (Fig. 2) it is obvious
that the supplied POC from the overlying water column is
adequate for the BCD only during the winter. Possibly,
this is a result of two processes: (a) the rapid crash of the
winter phytoplankton bloom (Fig. 3) that consisted of
highly labile organic matter (4, 5) and (b) the lower sediment respiration rates of benthic organisms during the
periods of low temperatures (15).

It has been suggested (16) that a possible reason for
this, apart from sediment instability, could be the low
organic carbon supply from the water column. From the
present paper this is evident for most of the year, with
the exception of the winter phytoplankton bloom period.
(16). From the present paper this is evident for most of
the year, with the exception of the winter phytoplankton
bloom period.
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FIG. 2: Seasonal variations of sedimenting particulate organic carbon (SPOC) and benthic carbon demand (BCD) in Maliakos Gulf in 1996.
In BCD values columns represent the mean value of two replicates (bars).
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SUMMARY
This research covers the determination of the existing
situation of trihalomethane (THM) levels in the distribution system of Ankara City and also focuses on the investigation of effectiveness of granular activated carbon
(GAC) adsorption for the removal of natural organic
matter (NOM) that are THM precursors and also THMs.
For this purpose, a survey was carried out at 14 selected
points in the city and the THMs were observed to be present in the Ivedik Water Treatment Plant (IWTP) filter
effluent and in the distribution system (DS). THM concentrations increased within the DS, however, total THM
(TTHM) levels did not exceed the EPA Stage I Limit of
80 µg/L.

KEYWORDS: Activated carbon; adsorption; natural organic
matter; trihalomethanes

INTRODUCTION
Chlorine reacts with the natural organic matter (NOM)
in source waters, and leads to the formation of a variety of
chlorinated organic compounds, the so-called disinfection
by-products (DBPs), including trihalomethanes (THMs)1.
The THMs, representing 5-20% of the chlorinated products,
have potential health effects such as cancer, liver, kidney,
nervous system and reproductive effects. Once THMs occur
within the treatment plant, their formation continues in the
distribution system (DS) due to the presence of residual
chlorine and additional contact time. The current regulations
in USA for DBPs demand a Stage I Limit of 80 µg/L for
total THMs (TTHM), and a more stringent level of 40 µg/L
is proposed to be in effect in the early 2000s as the Stage II
Limit 2. The Commission of the European Communities has
proposed a Council Directive (1995) with parametric values
of 40 µg/L for chloroform and 15 µg/L for bromodichloromethane.

The Swedish regulation for TTHM is composed of
two parts: the guide level of 20 µg/L and a limit value as
50 µg/L 3. Similarly, there is a limit of 25 µg/L for
TTHMs in Germany. In Turkey neither the THMs nor the
other chlorinated organics are regulated under the Drinking Water Standards proposed by the Turkish Standards
Institute (TSI 266).
Among the treatment alternatives studied for the removal of NOM and THMs from drinking water, granular
activated carbon (GAC) has been of special interest due to
its ability to remove a wide range of compounds such as
THM precursors, THMs, odor and color causing compounds and also other toxic compounds. Preliminary
investigations done, related to the drinking water of Ankara City, revealed that the NOM content of the treated
water is as high as 2.45 mg/L (as non-purgeable organic
carbon - NPOC) and may result in relatively high DBP
concentrations 4. Thus, the objective of this study is to
figure out the existing situation of THM levels in IWTP
and the DS of Ankara City. As a part of the study, the
effectiveness and capacity of GAC for NOM and THM
removal was investigated.
MATERIALS AND METHODS
Sample

The water sample used in this study was from the filter
effluent of IWTP that receives raw water from Çamlidere
and Kurtbogazi reservoirs located 80 km from the city
center (Table 1). The raw water from Kurtbogazi reservoir
was aerated first in the cascade and then transported to the
rapid mix inlet where it was mixed with relatively cleaner
Çamlidere reservoir water. The treatment applied in the
plant was as follows: prechlorination, coagulation and
flocculation, sedimentation, filtration and post-chlorination.
The water was then transported to Ankara city via
distribution system. The filter effluent water characteristics
of IWTP are given in Table 1.
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The water samples were taken in 15 L glass bottles and
divided into 1 L glass bottles, immediately after arrival at
the laboratory. They were kept at +4°C until the experiments were conducted. Addition of sodium thiosulphate to
quench the reaction of chlorine with NOM was deliberately
omitted, since it was observed to increase tremendously the
UV (A) values and hence result in wrong UV (A) readings.
TABLE 1. Filter Effluent Water Characteristics (Oct.1998)

The carbon to be used in continuous carbon column
tests was crushed into smaller particle size and sieved in
order to satisfy the optimum column to particle diameter
ratio, which was suggested as 36 to eliminate the wall
effects and channeling 6. After sieving, the portion of
carbon passing 250 µm (60 mesh) and retained on 175 µm
(80 mesh) sieves was taken and washed several times
with deionized water in an ultrasonic water bath until all
the carbon fines were removed. The washed carbon was
dried at 105°C for two days and cooled in a desiccator. It
was kept in airtight bottles until being packed in the adsorption columns.

Parameter

Value

pH

7.28

Turbidity

NTU

Isotherm Test

UV (A)

0.045

AOX

0.06 mg/L

Total solids

0.37 mg/L

Alkalinity

90 mg/L

NPOC *

2.45 mg/L

Four bottles were filled with 280 mL of samples and
dosed with varying amounts of pulverized carbon. The
bottles were then tightly closed with glass caps and placed
on a shaker (60 rpm) at 21°C for 24 h. After 24 h, the
samples were taken from bottles and filtered through
0.45 µm Millipore filter paper, pre-washed with distilled
water, and then analyzed for UV(A) and NPOC.

TTHM

10-30 µµg/L
Carbon Column

* NPOC of raw water: 4.5 mg/L

Activated Carbon

GAC used in the experiments was Filtrasorb 100
(Calgon Company). For adsorption isotherm test, carbon
was pulverized to a size of less than 56 µm to reduce the
equilibrium time 5.

The rapid small-scale column test (RSSCT) was used.
Four adsorption columns with EBCTs of 0.40, 1.24, 2.00
and 2.67 min were operated with the flow rates indicated
in Table 2. The sample was pumped to the columns in
upflow mode through teflon (PTFE) tubing. Samples
taken from the column effluent at different time intervals
were analyzed for UV(A), NPOC and THMs.

Table 2. Column Specifications Used in The Adsorption Experiments (All columns have the diameter of 0.8 cm)

Column
number

Bed depth
(cm)

Flow rate
(mL/min)

EBCT
(min)

Bed volume
(mL)

Carbon Weight
(g)

1

2

2.50

0.40

1.00

0.71

2

6

2.44

1.24

3.02

1.92

3

10

2.52

2.00

5.03

3.23

4

15

2.82

2.67

7.54

4.60

Analyses:

UV(A): UV (A) measurements were performed by
Jenway Model 6105 Spectrophotometer at a wavelength
of 254 nm in order to eliminate the possible interferences
from UV-absorbing organics other than those of interest;
and UV-absorbing inorganics, notably ferrous iron, nitrate, nitrite, and bromide as suggested in Standard
Method No 5910 B 7.

NPOC: The NPOC was measured by Shimadzu 5000 A
Model TOC Analyzer according to Standard Method
No 5310 B 7. Samples were acidified to pH 2-3 with 0.06 mL
of diluted hydrochloric acid and purged with high purity air
at a flow rate of 150 mL min-1 for 15 minutes to remove the
inorganic content of the samples. Each sample was injected
automatically for at least three times to obtain reproducible
results.
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THM: THM measurements were performed with
Chrompack 438 A Model Gas Chromatograph (GC)
equipped with an electron capture detector. The column
used in the GC was CP-Sil 13 CB for halocarbons. The
temperature was kept at 110ºC and the carrier gas (high
purity nitrogen) flow rate was adjusted to 40 mL min-1. The
analyses were done according to EPA Method 501, where
10 mL of sample are extracted with 2 mL of n-pentane by
shaking for 1 min 8. Phase separation occurs within 1 min
and the upper phase was collected into 2 mL vials having
screw caps with PTFE septa. Samples were preserved at
+4ºC until the analyses were performed. 0.7 µL of sample
was injected into the column for each measurement. To
prepare calibration standards, different doses of THMs
were injected into 100 mL of organic and THM-free water
first, and then extraction by n-pentane was carried out. The
organic and THM-free water was prepared by passing the
distilled water through a bench-scale GAC column. To
increase the reproducibility of the results, samples were
injected for at least three times.

RESULTS AND DISCUSSION
The THM survey in the DS showed that the TTHM
concentrations at the selected points did not exceed the
EPA Stage I Limit of 80 µg/L (Figure 1). However, at two
points in the city, Oran and Yüzüncüyil, the TTHM levels
were close to this limit. When distances from the IWTP
were considered, it was observed that these points are
among the farthest locations, leading to the conclusion that
THM concentrations increase within the DS due to the
presence of residual chlorine and additional contact time.
The AOX values were higher than the TTHM concentrations as expected, since AOX includes both TTHMs and
also other chlorinated by-products that may be produced.
The NPOC concentrations varied between 1.94-2.85 mg/L
in the DS, with a value of 2.45 mg/L at the IWTP filter
effluent. The survey carried out in Ankara DS has revealed
that TTHM concentrations are not at alarming levels. However, this does not mean that there is no problem and the
water is safe. Since the EPA Stage II Limit of 40 µg/L
is proposed to be in effect in the early 2000s, more strict
actions are required for the control and removal of THMs
and NOM. The NPOC removal efficiency of the IWTP is
46% with effluent NPOC of 2.45 mg/L, which must be
further reduced to minimize the THM formation.
As the NOM and TTHM levels were determined in
IWTP and DS, the effectiveness of GAC treatment was
evaluated for their removal. The capacity of Filtrasorb
100 was determined by an isotherm test and Freundlich
Isotherm constants K and n were found as 17.612 (mg/g)
(L/mg)1/n and 1.656, respectively.

A comparison of these values to those determined
by other investigators for various portions of humic
substances in Table 3 indicated that Filtrasorb 100 is
almost equally as effective as the other carbon types,
and NOM existing in the filter effluent of IWTP is basically fulvic in nature 9. This has been further confirmed
by the specific UV absorbance (SUVA) value of 1.84
L/m.mg of the sample water. It has been reported that
there is a positive correlation between the humic content
and SUVA 10; and a SUVA value of 1.84 L/m.mg indicates the presence of humic acids at IWTP water at a
percentage of less than 40.
The performance of GAC for NOM and THM
removal was evaluated from the breakthrough curves.
The normalized NPOC (NPOC/NPOCo: effluent NPOC/
influent NPOC) and UV(A) breakthrough profiles are
presented in Figure 3. Normalized UV(A) values started
from zero whereas an initial breakthrough at about 10%
of the total NPOC was observed, which is thought to be
caused by non-adsorbable fraction of NOM. Some organics such as simple aliphatic acids, alcohols and sugars
were reported not to absorb light in the UV region although they contain organic carbon 11.
The breakthrough curves never reached an effluent
concentration identical to the influent NPOC
concentration due to the existence of non-adsorbable
NOM fraction. The adsorbability of NOM varied widely
from location to location and the organic matter
remaining in the effluent at steady state was about 10 to
25% of the influenting NOM concentration 12.
Furthermore, there was some evidence for biological
activity in carbon columns, as obvious from the steady
state percent exhaustion NPOC values. In the column
with the shorthest EBCT, the steady state NPOC was
about 80% of the influent, whereas it was only 60% in the
column with the longest EBCT. All the columns were
very effective in adsorbing THMs as the effluent THM
concentrations were almost zero even after the passage of
8000 bed volumes of water (Figure 2).
To assess the impact of EBCT on performance, 50%
NPOC or UV(A) removal data was taken as a criterion.
As seen from Table 4, EBCT had a significant effect on
performance. The treated volumes of water increased as
the EBCT increased. This indicates an increase in the
service life of the carbon columns. A five-fold increase in
EBCT (from 0.40 to 1.24 min) resulted in 154% increase
in bed volumes (BV) of water treated at 50% UV(A)
exhaustion. Correspondingly, the carbon usage rate
(CUR) decreased (CUR is calculated by dividing the
weight of carbon used in the column by the volume of
water treated to 50% breakthrough). Service times corresponding to 50% UV(A) and NPOC removals were
slightly different, being higher for UV(A).

199

© b y PSP V olu m e 1 0 – N o 2. 2001

F rese n ius E n viro m e n t al B ulle ti n

FIGURE 1 TTHM and AOX levels in Ankara
Distribution System (October 1998)
(Values in parenthesis are the distances -kmfrom the sampling points to IWTP )

FIGURE 2 Normalized TTHM breakthrough profile
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Table 3. Comparison of Activated Carbon Adsorption Capacities 9

Freundlich Parameters
Humic Substances

Carbon Type

Peat Fulvic Acid Remaining After Coagulation

Peat Fulvic Acid < 1000 Molecular Weight

IWTP Filter Effluent

K

1/n

Filtrasorb 400

20.224

0.592

HD-3000

20.007

0.451

WV-G

15.123

0.624

Filtrasorb 400

31.146

0.610

HD-3000

18.535

0.553

WV-G

21.184

0.621

Filtrasorb 100

17.612

0.604

Table 4. Comparison of Column Performances (50 % Exhaustion)

Column

EBCT

Volume Treated

Volume Treated

ServiceTime

CUR

Number

(min)

(BV)

(L)

(min)

(kg/m3)

UV(A)

NPOC

UV(A)

NPOC

UV(A)

NPOC

UV(A)

NPOC

1

0.40

1300

900

1.31

0.90

524

362

0.54

0.79

2

1.24

2000

1700

6.03

5.13

2471

2101

0.32

0.37

3

2.00

3300

2800

16.59

14.07

6583

5584

0.19

0.23

4

2.67

4000

3000

30.16

22.62

10695

8020

0.15

0.20
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CONCLUSIONS
•

•

•
•
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at IWTP were below the EPA Stage I Limit of
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GAC adsorption seemed to be an effective process
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SUMMARY

MATERIALS AND METHODS

The aquatic photodegradation of 11 new unsaturated
1,3,5-triazine herbicides in water was investigated and the
kinetics of the process using LC-MS techniques were
followed. This process was relatively rapid, and a dependence of its rate on the structure of the compounds
was found. Considering their herbicidal activity, 6 of
them were found to be very suitable for application. The
photodegradation products (metabolites), identified by
LC-MS technique, are similar to those products from
other triazine herbicides, and are important parameters for
their application.
KEYWORDS: Triazine herbicides, aquatic photodegradation,
HPLC-MS analysis

Materials

Methanol, water (HPLC grade) and acetone (residue
analysis grade) were products of Baker (Deventer).
Synthesis

Synthesis of 12 triazine derivatives was performed by
a method described before 2. They were purified by column chromatography (Silicagel, Merck) and characterized
by thin layer chromatography ( Silicagel ready-made
plates, Merck F60254) with eluent system n-heptanediethylether (3:1, v/v), Gas Chromatography (Hewlett
Packard 5890 GC), UV/Vis (Hewlett Packard 8452A
spectrophotometer), Mass spectrometry (LKB 2091, Japan) and 'H-NMR spectrometry (JEOL-PS 100, 100 MHz
in DMF).
Photodegradation

INTRODUCTION
The application of pesticides is very important for the
agriculture, but it raised some serious ecological problems, connected with their stabillty and the metabolites
obtained 1. In our previous papers we reported the synthesis of some new derivatives of 1,3,5-triazine with good
herbicide and bactericide activity 2-4. They have one or
two unsaturated groups, that enable them to be applied in
polymeric form. These forms, especially when they are
water-soluble polymers, have many advantages 5. Analysis of their aquatic stability and determination of their
photo-degradation products in order to obtain some information concerning their ecological behavior was of
importance. Photodegradation of 5 products using HPLC
analysis was studied before 6. It was of interest to investigate kinetics of this process for 10 compounds and the
dependence of its rate on their chemical structure. It was
also deemed important to determine the photodegradation
products ( metabolites) obtained.

Photodegradation of the compounds in water (1 ppm
concentration) was performed in a Suntest CPS equipment ( Heraeus, Hannover, Germany), supplied with an
air-cooled Xenon lamp (Hanau, 1.1 kW, 765 W/m2) at λ =
290 nm. The separation of photodegradation products was
achieved using a stainless steel cartridge column (125 x
4.6 mm), packed with 5 µm Lichrosorb particles, coated
with C18 phase (Merck, Darmstadt,Germany). All separations were performed using a gradient elution of a waterethanol mixture ( from 20:80 to 100:0 ratio) at a flow of 1
mL.min-1 for 30 minutes. Analyses were done by a liquid
chromatograph (LC 1090, Hewlett Packard, Waldborn,
Germany), equipped with a diode array detector (DAD)
and coupled to a HP 5989A Engine and a HP 5988A
quadrupole mass spectrometer. A HP UX9857X and
59970C data system (Hewlett Packard, Palo Alto, CA,
USA) was used. Eluent system was methanol:water
(75:25, v/v for compounds No l-3 & 6) and a gradient
elution with the above solvent (ratio from 20:80 to 1 00:0,
v/v) for the rest of them.
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Full scan mass spectra were acquired with a scan
range of 140-350 amu, at a rate of 428 amu/sec, using
electron impact ionisation (EI) for compounds No 1-3, 5
& 6 and chemical ionisation (CI) for the rest of them. The
typical temperatures applied were 135, 214 and 250 °C
for the stem, tip and ion source, respectively.

On the basis of the data obtained we can see that
1)

RESULTS AND DISCUSSION
The compounds studied in the present work have the
following general formula, where the meanings of A1 and
A2 are shown in Table 1:

among the compounds, containing allyloxy group
(A2): the highest rate of photodegradation was observed for compound No 4 (with two allyloxy groups
in its molecule). Its degradation was completed
within 90 min. Compounds No 6 & 5 (containing
chloroaniline residues) followed No 4, but with lower
rate till the end of 60 -90 min, respectively, they
reached appr. 70 % of degradation, but the process
was totally completed after 240 min.It was interesting
to note that the degradation of the compound No 7, in
which Cl atoms are in 2, 3 -positions in the benzene
ring, was considerably slower and took 480 min. Obviously the place of the chlorine atoms is of importance for the process.
The rate of photodegradation of the compounds containing aliphatic amines as A1 residues was as follows:
No 3 (70 % after 180 min, 100% at the end of 240 min)
> No 1 (70% after 120 min, 100% at 300 min)
> No 2 (70% after 300 min, 100% at 360 min).
According to these data we can assume the following
order of degradation in this group:
No 4 >> 6 > 5 >3 > 1 > 2 > 7. Considering their herbicidal activity (5, 6, 7 > 1 > 4 > 3 >2) 10,11, we can
recommend compounds No 4, 5 & 6 as suitable for
application. Among the compounds, containing
chloroaniline residues (5, 6 & 7), when there was no
difference in their herbicidal activity, then their stability should be a valuable factor for the practice.

TABLE 1. Meanings of A1 and A2 for the compounds with forrnula I

No

Al

A2

1

-N(C2H5)2

-OCH2CH=CH2

2

-NHC2H5

-OCH2CH=CH2

3

-NHCH(CH3)2

-OCH2CH=CH2

4

-OCH2CH=CH2

-OCH2CH=CH2

5

-NHC6H4-Cl (p)

-OCH2CH=CH2

6

-NHC6H3C12 (2, 4)

-OCH2CH=CH2

7

-NHC6H3C12 (2, 3)

-OCH2CH=CH2

8

-N(CH3)2

-NHCH2CH=CH2

9

-N(C2H5)2

-NHCH2CH=CH2

2) Among ihe compounds containing allylamino
residue (A2) the rate of degradation is decreasing in
the order:
No 9 (70 % at 60 min, 100 % at 120 min) →
No 8 (70 % / 120 min, 100 % /360 min) →
No 10 (70 % /300 min, 100 % /360 min) →
No 11 (70 % / 60 min, 100% / 480 min).
On the basis of these data we can see that the compound No 11 (containing two unsaturated but allylamino groups) was more stable than the other derivatives. Obviously the character of the unsaturated
group is also of importance.

10

-NHC2H5

-NHCH2CH=CH2

3)

11

-NHCH2CH=CH2

-NHCH2CH=CH2

Photodegradation of the compounds in water was
studied irradiating their solutions in a Suntest equipment.
At the same conditions a commercial pesticide Prometrin
(No 12) was studied. Kinetics of the process were followed using a LC-DAD-TSP-MS technique (eluent system methanol- water).

The photodegradation of the compounds (in all
cases) is higher in comparison to that of the commercial product Prometrin, in which molecule
there are no unsaturated groups. Its degradation
under the same conditions was 70 % till 360 min
and 100% at 480 min.
Next step of our investigations was to separate and identify photodegradation products, obtained for each compound. For this purpose we used LC-MS technique with
EI for the compounds No 1-3, 5 & 6 and CI for the rest of
them. Data obtained are presented in Table 2.
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TABLE 2.
Mass spectrometric data for products obtained during photo degradation

Compound

Main

No

M+ ion

M+ ions [m/z] monitored

[m/z]
1

243

239 (Cl & AO a →OCH3), 225 (Cl → OH), 217 (AO a → OCH3)

2

215

211 (Cl → OCH3) , 197 (Cl → OH)

3

118

225 (Cl → OCH3), 21l (Cl → OH), 187 (isoPrb → NH2),
169 (Cl → OH & isoPrb → NH2)

4

228

polymeric product was obtained

5

291

279 (Cl → OH), 269 (Cl & AO a → OCH3),
253 (Cl → OH & AOa → OCH3)

6

331

291 (AO a → OH), 273 (Cl & AO a → OH), 187 (anilinec →NH2)
183 (Cl → OCH3 & anilinec → NH2), 169 (Cl → OH & anilinec → NH2),
129 (AO a → OH, Cl → OH & anilinec → NH2).

7

331

187 (anilinec → NH2), 183(Cl → OCH3, anilinec → NH2),
168(anilinec → NH2, Cl → OH), 143 (OCH3, OH & NH2),
129 ( 2 OH & NH2).

8

214

210 (Cl → OCH3),196 (Cl → OH), 186 (DMAd → NH2), 174 (Aame → NH2),

168 (Cl → OH & DMAd → NH2), 156 (Cl → OH & AAme → NH2)
9

242

224 (Cl → OH), 210 (Cl → OCH3) & 202 (Aame → NH2)

10

214

196 (Cl → OH), 186 (EtAm f → NH2), 156 (Cl → OH & AAme → NH2),
174 (Aame → NH2)

11

226

222 (Cl → OCH3),208 (Cl → OH), 200 (AAm e →NHCH3)
186 (Aame → NH2),168 (Cl → OH & AAme → NH2) and
146 (2AAm e → 2NH2)

a) allyloxy residue; b) isopropylamine residue; c) chloroaniline residue,
d) dimethyl amine residue; e) allylamine residue; f) ethylamine residue.
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On the basis of these data metabolites, produced by substitution of the corresponding Cl, A1 or A2 groups in the
triazine molecule, were identified, which enabled us to draw up the scheme of photodegradation of the compounds
(Scheme 1 and 2):

SCHEME 1.
Photodegradation products obtained
of compound No 6 (Main M+ ion)

SCHEME 2.
Photodegradation products of
compound No 11 ( rMain M+ ion)
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CONCLUSIONS
On the basis of these results we can assume that
photodegradation of the studied triazine compounds was
relatively rapid. The photodegradation products (metabolites) are the same produced from other commercial triazine herbicides, so the presence of one or two unsaturated
groups did not produce any different products. These
investigations can be useful to predict ecological behaviour of the compounds during their application.
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SUMMARY
An HPLC method to analyze imazamox residues in
three soil types and in maize plants is reported. The
method allows for a rapid and quantitative detection of
imazamox both in soils and maize plants. The limit of
detection was 10 ng. Recoveries in soils were satisfactory
and varied from 82.2% to 99.5%, depending on soil type
and initial concentration, while in plants they were
slightly lower but still satisfactory. Its reproducibility and
the accuracy make this method a selective and sensitive
tool for routine analyses.

somewhat higher than 30 days. Due to the low dosages
usually applied in agronomic practice, it is difficult to
develop sensible and reproducible analytical methods,
which determine imazamox residues in soils and plants.
The present paper reports one such method to determine
imazamox residues in soil and maize as a preliminary step
to further research on imazamox adsorption and degradation in soil and on its uptake and accumulation in maize.
Three soils representative of Central Italy were used and
maize was chosen considering the possible introduction of
imazamox for this crop in Italy.

KEYWORDS: imazamox; analytical method; soil; maize; HPLC

MATERIALS AND METHODS
Chemicals and Apparatus

INTRODUCTION
Imazamox, 2-[4,5-dihydro-4-methyl-4-(1-ethylethyl)5-oxo-1 H –imidazol-2-yl]-5-methoxy-methyl-3-pyridinecarboxylic acid, is an imidazolinone herbicide applied at
rates of 35-80 g a.i. ha-1 in pre- and early postemergence
to control weeds in a broad spectrum of crops.

Standard imazamox was kindly supplied by Cyanamid
Inc. (Princeton NJ, USA). A Perkin-Elmer Series 410 HPLC,
equipped with an LC 95 UV detector at 250 nm wavelength
and with a C8 column (4.6 mm i. d.; 25 cm length) was used
for imazamox residue determination.
Sample preparation, contamination and recoveries

Imidazolinone herbicides have shown to have a weak
adsorption to soil components (1) and a relatively long
persistence in soils, depending on soil type and climatic
conditions (2, 3, 4). As a result of this, some imidazolinone
herbicides produce a carry-over effect in rotational crops
(2, 5). Imazamox has proved to be potentially dangerous to
several rotational crops when applied in post-emergence to
soybean at doses of 35 g a.i. ha-1 (6).

Three soil types, taken from the 0-20 cm layer, at
three sites in Central Italy (Perugia, Lake Trasimeno and
Ancona) were used. Determination of pH, cation exchange capacity, organic carbon content and particle size
distribution was performed according to ASA-SSSA
methods (8, 9) (Table 1).

Cobucci et al. (7), by means of a bioassay procedure,
found a mean field DT50 of 25.9 days for imazamox in
two different soil types with initial dosages of 40 and 80 g
a.i. ha-1. This suggests that half-life values, which take
into account only degradation phenomena, would be

For each soil type, a suitable amount of moist soil
was air-dried and sieved (<2 mm) to remove plant material, soil macrofauna and stones. After sieving, the soil
was homogenized for 3 h in a rotary cylinder and stored at
20°C in the dark for 3 days (pre-incubation).

SOIL
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TABLE 1. Physico-chemical properties of the three soils used

pH (H2O)
Organic carbon (%)
C.E.C. (meq 100g-1)
Sand (%)
Silt (%)
Clay (%)

Perugia

Lake Trasimeno

Ancona

8.1
1.22
16.5
23.5
47.5
29.0

8.1
0.76
15.5
64.5
13.9
21.6

8.1
1.10
16.0
10.5
42.1
47.4

RESULTS AND DISCUSSION
For the imazamox recovery studies, triplicate soil samples (100 g) were each contaminated with methanolic solutions containing 1 µg, 10 µg and 100 µg of imazamox to
obtain concentrations of 10, 100 and 1000 µg kg-1, corresponding approximately to 1/10 field rate (1/10x), field rate
(x) and 10 times the field rate (10x), respectively.
Each sample was immediately extracted three times
with 100 ml of 0.02M CaCl2 solution. After centrifugation
at 5000 rpm for 10 min, the extracts were combined, respectively. The pH was adjusted to 2.0 with HCl (1:1) and
imazamox was partitioned in CHCl3 (40 ml x 3 times).
The CHCl3 phase was evaporated to dryness,
rinsed with 1 ml of the mobile phase and submitted to
HPLC analysis, using a CH3CN/ H2O/HCOOH
(30/69/1) mixture as mobile phase and a flow rate of
0.7 ml min-1. Under these conditions the retention time
of imazamox was 8.5 min.

PLANT MATERIAL
Maize (Zea mays hybrid Balka) seeds were used. The
seeds (100) were placed on filter papers in growth dishes
(750 cm2) moistened with water and put in a growth chamber
in the dark at 25°C and a relative humidity of 75%. After 4
days the seedlings were submitted to day-night conditions
(12 h of light, 5000 lux, and 12 h of darkness) at 25°C.
8 days after seeding the plants were collected and imazamox
was added to the samples so to obtain concentrations of
0.5, 1.0, 7.0 and 8.5 mg kg-1, which corresponded to treatment at 0.07, 0.14, 1.0, and 1.2 times the recommended field
rate, respectively. 20 g subsamples in triplicate were homogenized for 3 min each with 100 ml of a CaCl2 solution
0.02M, centrifuged for 15 min at 5000 rpm, filtered under
vacuum and acidified to pH 2 with HCl (1:1). The residues
were partitioned in CHCl3 (2 x 50 ml), evaporated to dryness, rinsed with 1 ml of mobile phase and analyzed by
HPLC, as the soil samples.

Figure 1 shows the chromatograms of standard imazamox, unspiked soil (Perugia) and maize samples, and
soil (Perugia) and maize samples fortified with imazamox. As can be seen by the chromatograms, the peak of
imazamox is well separated from the peaks of soil and
plant matrices and there is no interference between them.
The limit of detection of the method, determined at a
signal to noise ratio of two (10), was 10 ng.
Recoveries of the herbicide from soils at different initial
concentrations and from maize plants are reported in Table 2.
They are satisfactory, and varied from 82.2% to 99.5% in the
three soils depending on soil type and initial concentration.
Data at 1/10x show high variability because they are near to
the level of quantification (LoQ) of imazamox. Recoveries in
maize plants varied from 77.3% to 85.0% depending on
initial concentration, and while lower than in soils, they are
still to be considered satisfactory.
Table 3 shows the data obtained for “within day” analyses in order to determine the reproducibility and accuracy of
the method (10). Reproducibility was quantified as the Relative Standard Deviation (RSD), being the percent ratio between the standard deviation of the data and the mean determined concentration. Soil RSD values varied from 0.3% to
10.6% in the different soil types and at different initial concentrations. The higher values were found at the lowest
dosage, for which a reproducibility lowering is allowable.
Plant RSD values varied from 0.5% to 5.6%, thus indicating
a good reproducibility of the method developed. Accuracy is
the percent ratio between the mean concentration determined
and the expected concentration. The values found in the
present experiment for soil and plant varied from 77.3%
to 99.5%, indicating a good degree of constancy in the
recoveries. In conclusion, the HPLC method described in
this paper allows rapid and quantitative detection of imazamox in soils and maize plants. Its reproducibility and
accuracy, together with the good recoveries observed
make it a selective, reproducible and sufficiently sensitive
method. Furthermore, the absence of interference caused
by solvents, reagents or soil and plant matrices and the
good peak resolution, make this procedure particularly
suitable for routine experiments, since further purification
steps are not required as reported elsewhere (11).
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FIGURE 1.
Chromatograms of a) standard solution of
imazamox, b) d) unspiked soil (Perugia) and
maize samples and c) e) soil (Perugia) and
maize samples fortified with imazamox
(* = imazamox).

TABLE 2.
Recoveries of imazamox from the three soils at the three initial concentrations and from maize at the four initial concentrations.

soil
-1

10 µg kg
100 µg kg-1
1000 µg kg-1

Papiano
83.7 ± 8.9
97.4 ± 1.6
95.7 ± 1.8

Lake Trasimeno
84.9 ± 7.7
89.5 ± 1.0
99.1± 0.3

Ancona
82.2 ± 2.5
99.5 ± 1.3
93.9 ± 1.2

7000 µg kg-1
80.0 ± 1.7

8500 µg kg-1
85.0 ± 1.7

maize
-1

500 µg kg
77.3 ± 4.0

-1

1000 µg kg
80.7 ± 4.5

TABLE 3
“Within day” assay reproducibility and accuracy of imazamox in the three soils and in maize plants.

soil
a.c.
(µg kg-1)
10
100
1000
500
1000
7000
8500

-1

c.d. (µg kg )
mean ± S.D. (n =3)
P
LT
A
8.37 ± 0.89
8.48 ± 0.77
8.22 ± 0.25
97.4 ± 1.6
89.5 ± 1.0
99.5 ± 1.3
957 ± 18
991 ± 3
939 ± 12
maize
386.5 ± 20
807 ± 45
5600 ± 119
7225 ± 145

a.c. = actual concentration; c.d. = concentration determined;
S.D. = Standard Deviation; R.S.D. = Relative Standard Deviation;
P = Perugia; LT = Lake Trasimeno; A = Ancona.
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R.S.D. (%)
P
10.6
1.6
1.9

LT
9.1
1.1
0.3
0.5
5.6
2.1
2.0

Accuracy (%)
A
3.0
1.3
1.3

P
83.7
97.4
95.7

LT
84.8
89.5
99.1
77.3
80.7
80.0
85.0

A
82.2
99.5
93.9
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SUMMARY
Survival and fecundity data, recorded in experimental populations of the archiannelid polychaete
Dinophilus gyrociliatus were used to investigate the
life-table response to enhanced zinc concentrations.
Results evidencing a decrease of net reproductive rate
(R0), stable rate of population increase (r) and reduction of generation time (T), highlight a complex effect
of zinc, in which reduction of fecundity is compensated
by the concomitant decrease of generation time.

Its short life cycle and its easy maintenance in the
laboratory make it particularly suitable for studies about
the effect of environmental conditions at the population
level (2, 3). Adult D. gyrociliatus are about 0.8 mm in
length, live some 10 weeks, reproduce throughout the
year and begin to reproduce about 11 days after the
zygote stage (4). A single ovary produces eggs of two
sizes, the small eggs develop into dwarf males and the
large ones into females. Male and female eggs develop
into a deposited egg capsule, where the males copulate
with the female and die soon after. Following sperm
transfer the young females emerge from their egg capsule.

KEYWORDS: Dinophilus gyrociliatus; Metal pollution; Reproduction; Fecundity; Growth-rate; Compensation.

MATERIALS AND METHODS
Culture techniques and test procedures

INTRODUCTION
Polychaetes are usually the most abundant macroscopic marine benthic animals and account for the greatest number of species living under many deleterious environmental conditions. Their use, in monitoring the quality
of the marine environment, seems to be of particular interest, because of the direct contact of the water column
with the sediment. Moreover, several polychaete species
exhibit short life cycles and can easily be transported and
cultured in laboratory. Therefore, they look as good candidates to perform life-cycle bioassays, in which test
animals are exposed to a pollutant for one or more complete life cycles. Generally, such bioassays are difficult
and expensive to perform due to the adverse effects of a
pollutant than the acute lethal bioassays.
The aim of this investigation was to evaluate Dinophilus gyrociliatus, a small interstitial polychaete, in shortterm life-cycle bioassays against a range of zinc concentrations. D. gyrociliatus have been extensively studied due to
its progamic mode of sex determination (1).

The population of Dinophilus gyrociliatus used has
been collected from the port of Genoa and maintained in
laboratory in artificial unsterilized seawater at a salinity of
30 ‰ , a temperature of 24 °C and a 12 h Light/12 h Dark
photoperiod. Worms were fed with Tetramin, a fish food
with a high content of protein (50%). In the test procedures, ZnCl2 was added to culture seawater to obtain concentrations of 0.25, 0.5, 1.0, 1.4 and 1.6-µg ml -1. Zn concentrations were chosen from a little lower value than that
found to be lethal for the wild strain, that originated the
test laboratory population (5). Experiments were performed in two different periods. In the first period, the
concentrations of 0.25, 0.5 and 1.0 µg ml –1 were tested,
while the 1.4 and 1.6 µg ml –1 concentrations were tested
in the second period. Parallel to each series of test experiments, control cultures (Control 1 and Control 2) were
established in the standard medium. Experiments begun
with 1-day postemergence female juveniles. Five juveniles were placed in 20 ml glass dishes and seven replicates were kept for each test and control procedure. At
regular intervals of 2 days in the first experiment series
and 3 days in the second, survival and fecundity were
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assessed. Survival was assessed by counting the worms
remaining in the bowls and fecundity was assessed by
counting the number of newly released female juveniles.
After each counting, the juveniles, together with the nonhatched eggs and eggs capsules, were removed.

R0 : net reproductive rate
R: instantaneous rate of natural increase
T: generation time,
i.e. average age ofmothers giving birth.
In addition, the stable age distribution, under the recorded
schedules of births and deaths, and the reproductive value
(vx) of the age classes were calculated. Data were generated
with the aid of a program written in dBaseIII by one of the
authors. Significance of mean differences of population
parameters between tess and controls has been tested by an
independent t-test using the SPSS statistical package.

Data analysis

Life tables for each replicate were calculated from recorded data. Starting from these, the following population
parameters have been calculated:

TABLE 1
Means ± Standard Deviations of the net reproductive rate (R0), instantaneous rate of natural increase (r),
and generation time (T) in the test populations and their controls.

Zn

CONTROL

µg ml-1

AGE

R0

p

r

p

T

p

CLASS

Mean ± S.D.

t test to

Mean±S.D.

t test to

AGE

t test to

control

CLASSES

control

hours

control

Mean ± S.D.
Control 1

-

48

55.63 ± 9.07

-

0.6045 ± 0.04

-

8.14 ± 0.44

-

0.25

1

48

37.02 ± 8.50

0.002

0.5879 ± 0.05

0.507

7.31 ±0.48

0.005

0.5

1

48

37.74 ± 7.99

0.002

0.5879 ± 0.05

0.542

7.17± 0.67

0.008

1

1

48

34.68 ± 6.49

<0.001 0.6158 ± 0.05

0.631

7.37 ± 0.26

0.002

Control 2

-

72

61.86 ± 6.95

-

5.78 ± 0.52

-

1.4

2

72

33.50 ± 11.02

<0.001 0.8381 ± 0.10

0.672

4.73 ± 0.30

0.002

1.6

2

72

37.88 ± 10.40

<0.001 0.8751 ± 0.04

0.349

4.59 ± 0.33

<0.001

-

0.9041 ± 0.03

RESULTS
Means of the calculated values of R0, r and T are
reported in Table1.
Comparison of the test values with their controls, evidence a dramatic effect of treatments on the lifetime expectation of female offspring (R0) and on the average age
of mothers giving birth (T). Both these parameters are
significantly reduced by all treatments while no clear
trend linking their values with the tested Zn concentrations is apparent. The instantaneous rate of natural (r), on
the contrary, is unaffected in all treatments.

Figs. 1 and 2 report the stable age distribution, forecasted from the observed schedules of births and deaths and
the distribution of the reproductive value among the age
classes. The stable age distribution exhibit very little variations between treated populations and their controls, while
the reproductive value evidence not only the expected general decrease in the treated populations, but a different distribution of the specific vx values among the age classes. In the
treated populations, indeed, a shift toward relative higher v x
values in younger age classes exists.
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FIGURE 1
Stable age population structure and age class reproductive value from the first experiment data
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FIGURE 2
Stable age population structure and age class reproductive value from the second experiment data
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DISCUSSION
Results highlight a complex effect of zinc enrichment
that not only brings about a simple depression of fecundity but also promotes earlier maturations and shorter
generation times. Reductions in fecundity and generation
times exert opposite effects on the instantaneous rate of
population increase. Therefore, the two combined variations evidence a sort of life-history compensation against
the stress induced by enhanced zinc concentrations.

Indeed, due to this compensative effect, the treated
experimental populations would maintain their potential
of growth in spite of the reduced fertility.
Complex effects of contaminants on the life cycle
have been recognised in some polychaete species. In
Ctenodrilus serratus and in Ophriotrocha diadema, Reish
and Carr (6) found a significant increase in the fecundity
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at low concentrations of metals such as cadmium, copper
and mercury, while higher concentrations of the same
metals caused reduced reproductions. In one of the
Capitella capitata species complex (Capitella sp.I), Levin
et al. (7) demonstrated an enhancement of population
growth rates due to reduced maturation times and increases in age-specific fertility, following organic enrichment. Recently, Hansen et al. (8) observed a significant stimulatory effect of low concentrations of
4-n-nonylphenol on body volume and average brood size
of the same Capitella sp.I.
Up to recent times, some 48 species in 20 families of
polychaetes have been used as test organisms in assessing
the effects of toxicants in the marine environment (9).
Tests conducted are of different types: acute, chronic and
life-cycle tests. Among these, the latter, life-cycle tests,
are far more sensitive than the acute and chronic tests.
However, assessing toxicity by life-cycle endpoints appears to be remarkably more complex and full of fundamental unsolved problems. In our opinion, further research efforts, focused on the interactions between toxicant and life cycle traits, are required before routine lifecycle-based tests can be proposed.
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SUMMARY
The biological activity of humic matter extracted from
pasture and forested alpine soils, located in a unique climatic
area, was investigated with Picea abies seedlings and
Zea mays roots. The humic extracts were characterized by 13
C-NMR-spectra and by the amount of indole-3-acetic acid
(IAA). Results evidenced that the forest humus, endowed
with a higher phenolic C and IAA content, exhibits a better
influence on peroxidase activity, esterase and peroxidase
polymorphism and redox membrane activity.
KEYWORDS:
Humic matter, NMR spectra, IAA content, peroxidase and esterase activities, NADH oxidase.

INTRODUCTION
lt is well known that humic substances may affect plant
metabolism, the transport of nutritive ions in plant roots
and the mechanisms of plant growth regulation (1, 2). The
nature of the response often depends on the concentration
of the humic substances, and high concentrations are usually inhibitory. The range of the optional concentration and
the precise effect varies between different plant species (1).
These are also reports that the exact response depends on
the source of the humic substances (2). The biological
effect of the humic substances is influenced also by the
molecular weight, and the major activity is related to the
low molecular weight fraction.Ilt has been shown that the
low molecular fraction is taken up by plants both actively
and passively, whereas the high molecular weight
(> 50,000 daltons) are taken up only passively (1).

It is therefore likely, that only the low molecular humic
substances are taken up by a mechanism dependent on
metabolism irrespective of whether they are derived from
high and low molecular weight (1).
Recent studies (3) verified that humic matter contains
indole-3-acetic acid (IAA), even if the concentration of
IAA is not enough to justify the overall auxin-like activity.
Moreover, humic substances can accept electrons
from a wide spectrum of donors and transfer these electrons to a wide spectrum of acceptors, so that humic substances may possibly interact with the surface redox activity of plasma membranes (4). It is known that the plasma
membrane redox enzymes can transfer electrons from
apoplastic or cytoplasmic donors to different types of
acceptors. This transport has also been influenced by
auxin, suggesting that the redox activity may play a role
in hormone action (5, 6).
The aim of this paper is to evaluate the influence of
humic substances extracted from pasture and forested
soils on invertase, esterase and peroxidase enzymes and
on redox activity in plants.
Invertases affect the mobilization of carbohydrates in
plant seedlings and are involved in the plant growth (7),
esterases are enzymes involved in embryogenesis (8),
while peroxidases are ubiquitous enzymes in plants. Peroxidases are involved in numerous developmental programs and environmental stimuli like stress, pathogen
attack, and fruit ripening. Peroxidases might also influence plant growth, as these isoenzymes may decarboxylate IAA in vitro (8).
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MATERIALS AND METHODS

RESULTS AND DISCUSSION

Study sites and soils.

Eight experimental sites, located on the plateau of
Monte Bondone (Viote), central Alps (Trento, Italy), have
been designated as Haplic Luvisols (9). They were chosen
on the basis of having a homogeneous morphology and
parent material.
Four soils are grassland (scorzonero aristalae agrostidetum tenuis) and four, under reforestation (Picea
abies (L.) Karsten), of about 50 years old. Samples were
collected from the main rooting horizons (Ah) of each
experimental soil and then air dried, stored and analysed
by usual procedures (10).
Preparation of humic solutions

Humic substances were extracted with 0.1 N KOH
(1:10, w/v) by shaking the suspension for 16 h at 50 °C. The
mixture was centrifuged at 5,000 x g for 30 min, and the
supernatants were dialyzed in Visking tubes (15,000 mol wt
cut-off) against distilled water to pH 6.0. The solution was
filtered through a column of Amberlite IR 120 H + form (2).
Nuclear magnetic resonance measurements

Quantitative 13C-NMR spectra of the humic substances
were obtained as described by Piccolo et al. (11).
Determination

Determination of IAA. Quantitative determination of IAA in
humic substances was carried out using an enzyme immunoassay, Phitodek-IAA (Sigma Chemical Company, St. Louis,
Missouri USA), according to producer instructions.

Nuclear magnetic resonance spectroscopy (NMR) is
proving to be a powerful tool in the characterization of organic and humic matter. Data (Table 1) do not reveal marked
differences between pastures and forested soils and this
could be related to the young age of reforestation. Even if the
differences among the carbons are not statistically significant, a trend may be evidenced. Aromatic, peptide and carbohydrate C reach higher values in pasture and this is related
to the different composition of litters (16); while aliphatic C
is higher in reforestation, probably because of the higher
content of lignin derived from the needles (17). The phenolic
and carboxyl C of reforested sites are higher than pasture as
found also by Fyles and Fyles (18).
In a previous paper (19), comparing the NMR spectra
of pasture and forest, we noticed a similar trend for aliphatic, carboxyl, peptide and carbohydrate C and a different trend for aromatic and phenolic C. This behavior
could be related to different climatic conditions and vegetal associations which create a different ecosystem.
The effectiveness of the acidity of the humic substances is known to influence plant metabolism, moreover,
the phenolic component is considered to have a hormonelike activity, which exerts a direct action on plant growth
(20), as phenolics exert a protective role towards the auxin,
retarding the IAA oxidation (21). This trend is confirmed
by the IAA content in the humic substances (Table 1), that
shows a higher level in the reforestation.
Comparing the data regarding the biological activity
of humic substances it appears that both the humus from
pasture and from reforestation sites significantly affects
the activity of the in vitro peroxidase (Table 2). In
particular, in the pasture the average stimulation is 185 %
(control = 100 %) while in the reforestation is 138 %.

Invertase, peroxidase and esterase activities

The Norway spruce seedlings were grown in sterile
conditions for 12 days in Petri dishes containing filter
papers (Whatman n° 3) wetted with 0.1, 1, and 2 mg C L-1
of the extracted humic substances or with IAA or gibberellic acid (GA) or with 1 mM CaSO4 (control). The invertase activity was evaluated according to Arnold (12),
esterase activity measured as described by Junge and
Klees (13) and peroxidase was determined according to
Putter (14) in the 12 day-old seedlings. The esterase and
peroxidase isoenzymes were resolved on polyacrylamide
gel according to Laemmli (15). The effects of humic
substances on surface redox activity were tested on 4 dayold seedlings of Zea mays (L.) var. Mitos. Maize seeds
were germinated in the dark at 26 °C over an aerated
1 mM CaSO4 solution. The redox activity was determined
according to Pinton et al. (4). All biological data recorded
were the means of three replicates, and the standard deviation was always within 5%.

With regards the esterase and peroxidase electrophoretic
patterns (figure not reported), our results show that humic
substances and IAA enhanced the isoenzymatic polymorphism in Norway spruce seedlings with reference to the
control, suggesting that humic substances exhibited an
auxin-like activity. For invertase activity (Table 2) the results
show that the reforestation is similar to the control, while the
pasture is different both to the control and the reforestation.To determine the redox activity, roots of intact maize
seedlings were used, as this plant is suitable as species to
study the response of plants to humic substances (22).
Maize roots (Table 3) oxidize external NADH and reduce exogenous ferricyanide (K3Fe(CN)6) at a rate of 0.07
mM gfw-1 min-1 and of 0.58 mM gfw-1 min-1, respectively
(control). The rate of NADH oxidation was about 19-fold
times higher when assayed in the presence of ferricyanide;
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ferricyanide reduction increases from 0.58 mM gfw-l min-1
to 2.05 mM gfw-1 min-1 with the addition of the electron
donor. Humic substances differently affected oxidoreductase activities in maize roots.

is confirmed but the level of inhibition is lower. All humic
substances inhibited the reduction of ferricyanide in a similar
way. The inhibition of NADH oxidase activity observed
could lead to a delay in cell wall formation and might be
regarded as part of the complex mechanism, by which humic
substances enhance plant growth (4).

All the humic substances decreased the rate of NADH
oxidation and ferricyanide reduction when agents were
present separately and NADH oxidation measured in the
presence of ferricyanide. The trend was not clear when
the reduction of ferricyanide was measured in the
presence of NADH. The inhibition of NADH oxidation in
the presence of humic substances from reforestation sites is
higher than pasture. In the presence of ferricyanide the trend

The IAA level, the stimulation of the in vivo peroxidase
and esterase activity and the redox activity show the best
biological effect of humic substances from the forested soils.
The biological activity of humic matter may be related to the
content of phenolic groups and to the IAA level. In particular
phenolic groups, retarding IAA oxidation, play an important
role in influencing plant growth.

TABLE 1
Organic and humic matter

Relative intensity (total area %)

Soils
Pasture
Forest

(0-48)
Aliphatic
C%
12.92a
13.62a

(48-105)
Peptide/Carbohydrate
C%
37.05a
36.18a

(105-145)
Aromatic
C%
23.5a
21.83a

(145-165)
Phenolic
C%
6.43b
7.63a

(165-190)
Carboxyl
C%
20.08a
20.75a

IAA %

0.0081b
0.0198a

Data with different letters differ significantly (p = 0.05).

TABLE 2
Biological activity of humic substances in humus from pasture and reforestation sites.

Enzymatic activities
Soils
Control
Pasture
Forest

Invertase
mg sucrose gfw-1 h-1
135.5b
164.7a
144.2b

%
100
113
106

Esterase
OD gfw-1min-1
0.45a
0.38b
0.47a

%
100
85
105

Peroxidas
∆OD gfw-l min-1
0.016c
0.029a
0.022b

Data with different letters differ significantly (p = 0.05).

TABLE 3
Oxidation of external NADH and reduction of exogenous ferricyanide by maize roots.

Rate of NADH oxidation
(mM gfw-1 min-1)
Soils
Control
Pasture
Forest

in absence of
K 3Fe(CN)6
0.07c
0.06d
0.07c
0. 15a
0.003f
0.02e
0. 13b

in presence of
K 3Fe(CN)6
1.35a
1.28a
1.03b
1. 10b
1.07b
1.03b
1.00b

Data with different letters differ significantly (p = 0.05).
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Rate of K 3Fe(CN)6 reduction
(mM gfw-1 min-1)
in absence of
NADH
0.58a
0.42b
0.32c
0.3 Ic
0.32c
0.45b
0.34c

in presence of
NADH
2.05d
2.27c
1.96d
2.56b
2.84a
1.78e
1.74e

%
100
185
138
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ADSORPTION OF TRIASULFURON ON
DIFFERENT SOILS AND HUMIC ACIDS
Maria D. R. Pizzigallo, Rosaria Mininni and Pacifico Ruggiero
Dipartimento di Biologia e Chimica Agroforestale ed Ambientale, Università degli Studi di Bari, Bari – Italy

SUMMARY
The adsorption of herbicide triasulfuron on three different soils and their humic acids (HA) has been studied. The
results varied according to the type of HA (40% and 23% for
HAs from agricultural soils, 50% for HA from forest soil).
Adsorption was higher at low pH and decreased with increasing pH. Adsorption at natural pH of soils (7.6 and 8.1
for agricultural soils and 4.6 for forest soil) was high and
irreversible only in forest soil, whereas in agricultural soils
the amount of herbicide adsorbed was low and completely
desorbed in aqueous solution. Both for soils and HAs, adsorption data were best fitted to the Langmuir isotherms. The
autoclaved soils showed an average reduction of about 25%
in the triasulfuron removal.
KEYWORDS: triasulfuron, herbicide adsorption, humic acids

INTRODUCTION
The efficiency of herbicides is related to their fate in
soils and their bioavailability depends on their retention and
degradation on soil constituents. The fate and behaviour of
pesticides in soils are important factors when their efficiency
of action and environmental dissipation are evaluated. Sulfonylurea herbicides are commonly used as selective herbicides to control broadleaf weeds in different crops. Their use
is increasing due to their low application rates, low toxicity,
and the high rate of degradation by hydrolysis that reduces
their life cycle and the soil residues1. However, some authors
have calculated, using a computer simulation model, that
significant quantities of soil residues would be still present
12-18 months after application2. This might be due to lowering of the hydrolysis reaction rate of sulfonylureas and to the
soil characteristics as well. In fact, adsorption and degradation of such molecules are strongly influenced by the soil pH
and the organic matter content.

Triasulfuron, less soluble and less mobile than other
sulfonylureas3, has been studied to assess the role of the
microbial activity under different conditions of temperature
and humidity4. To predict more accurately the fate of
triasulfuron as function of the soil characteristics, the
adsorption of triasulfuron in different soils and humic
acids, the effects of pH and microbial activity have been
investigated.
MATERIALS AND METHODS
Triasulfuron (puity 96.6%, Lab-Service) was used in adsorption experiments without further purification. Two agricultural soils originating from Southern Italy (Azienda Pantanello, Policoro) and from Northern Italy (Azienda Rompulec, Bologna) were in investigation. A forest soil (Puglia,
Foresta Umbra) was also selected as a reference to test the
role of organic matter and the influence of pH in the adsorption processes. The major properties of the soils investigated
are reported in Table 1. The humic acids (HA) of each soil
were extracted with a 0.5 M NaOH - 0.1 M Na4P2O7 mixture, separated and purified following the IHSS standard
procedure5. The yields of humic acids, determined as percentage of total soil organic matter, were 21% and 23% for
Policoro and Bologna soils and 35% for the forest soil. Afterwards humic acids were characterized by determining
moisture content, ash, functional groups and E 4/E6 ratio. The
results of these analysis are presented in Table 2.
Additional characterizations of HA were done by FT-IR
analysis and fluorescence spectroscopy. To assess the
triasulfuron disappearance from the initial solution as a
function of various factors, such as incubation time, soil
type, humic acid type, pH, herbicide concentration and
microbial activity, several incubations were carried out. In
each test, the control solutions were used in the absence
of soil or humic acid.
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TABLE 1
Chemical and physical properties of the soils.

Policoro

Organic
matter (%)
1.3

Bologna

2.0

21.5

38.5

40.0

8.1

Foresta Umbra

17.9

10.4

46.7

42.9

4.6

Soil

Clay (%)

Silt (%)

Sand (%)

pH

28.3

40.8

30.9

7.9

TABLE 2
Content of functional acid groups, E4/E6 ratios, ash and moisture contents of the humic acids extracted from the different soils.

Policoro HA
-1

Bologna HA

Foresta Umbra HA

Total acidity (meq g )

3.99

4.50

5.46

COOH (meq g-1)

2.76

2.80

3.27

Phenolic OH (meq g-1)

1.23

1.70

1.66

E4/E6

6.16

6.43

5.69

Ash (%)

2.3

0.9

1.2

H2O (%)

4.1

4.4

8.4

To choose the most appropriate incubation time, the
humic acids were treated with triasulfuron for various
times, ranging from 2 to 72 hours. An incubation time of
48 hours was considered to be optimal because within this
time the adsorption occurred without any advanced hydrolytic process. In fact, a preliminary test on triasulfuron
degradation in aqueous solution at pH 4.5 had shown the
hydrolysis half-lives to be 20.5 days.
HA-triasulfuron suspensions were obtained equilibrating
10 mg of HA with 5 ml of herbicide aqueous solution
(10 ppm) at natural pH of HA suspension (pH 4.5), under
stirring at 25 °C for 48 h. Mixtures were centrifuged, the
supernatant was separated and extracted twice by partitioning technique using dichloromethane as a solvent. The organic fractions obtained were all analysed by HPLC. Control
samples were treated similarly. Chromatographic analyses
(detector UV at λ = 240 nm) were carried out using an isocratic elution with acetonitrile/water (50 mM in acetate

ammonium, 20/80) as mobile phase and with a flow rate of
1 ml min-1. A C-18 column was used (30 x 3.9 cm). Pellets
of solid phase were washed twice with 5 ml of water and
treated according to the procedure described for the samples.
Triasulfuron solutions (10 ppm) were combined under
stirring with 10 mg of HA for 48 h at variable pH values
ranging from 4.5 to 7. The preferred initial pH of the solutions was adjusted using 0.1 M solutions of HCl or NaOH.
Suspensions containing 10 mg of HA and different concentrations of herbicide (from 5 to 25 ppm) were stirred for 48 h
to obtain isotherms of adsorption. For soil interactions, 2 g of
forest soil and 8 g of agricultural soils were added into 10 ml
of aqueous triasulfuron solution. The pHs of the suspensions
were 4.6 for Foresta Umbra, 7.6 for Policoro, and 8.1 for
Bologna. In addition, corresponding experiments were obtained using sterilized soil (autoclaved for 20 min at 120 °C).
The soil adsorption isotherms were obtained by similar manner as for the HA’s.
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RESULTS AND DISCUSSION
The triasulfuron adsorption kinetics on the HA of the
forest soil is shown in Figure 1. The adsorption kinetics of
the other HAs show similar trend.

Triasulfuron adsorbedµ(µmol/g)

On the basis of the results obtained, the incubations
were carried out for a period of 48 hours, during which
the maximum adsorption is observed, whereas the herbicide hydrolysis process can be neglected. This was evidenced by a hydrolysis test made at the lowest pH employed (pH 4.5), which revealed a long half-life time of
triasulfuron (20.5 days). This time is longer than the ones
reported earlier by other authors6,7.

The main differences among the humic acids of the agricultural soils and forest soil are the higher acidity and degree
of humification of the latter. The higher acidity is due to the
higher content of carboxyl groups, also shown in the FT-IR
spectra, which, in the case of forest humic acids, present a
more intense band at 1720 cm-1 (stretching of C=O carboxyl).
The fact that the humification degree for the forest
soil is higher than that of the agricultural soils is demonstrated by the lower E4/E6 ratio and the shift to longer
wavelength of the maximum of the fluorescence emission
spectra. Among the studied HA-triasulfuron suspensions,
the maximum adsorption occurs at the lowest pH and
decreases with pH increase (Figure 2).
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6
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5
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4.5
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6

7

pH

80

Policoro

time(h)
Figure 1. Triasulfuron adsorption kinetics on forest HA.

Bologna

Foresta Umbra

Figure 2. pH effect of triasulfuron adsorption on HA

Triasulfuron adsorption tests on HA resulted in an average adsorption of 23% for Policoro HA, 40% for Bologna
HA, and 50% for Foresta Umbra HA. These percentages
show that the process is strongly influenced by the type of
humic acid. The adsorption is partially irreversible, because
in all the washing solutions the herbicide desorption was
lower than 15%.

The differences in the triasulfuron adsorption on
humic acids are pronounced at lower pH values and
decrease remarkably with the reduction of the acidity.
Data of the triasulfuron isotherms adsorption were
fitted using Langmuir, Freundlich, and linear equations
(Table 3) and, among these, Langmuir equation gave
the best data interpolation.

The highest adsorption in forest HA could be due to
its higher acidity and degree of humification as revealed
by a low E4/E6 ratio, the fluorescence and FT-IR results
(spectra not shown).

Due to the different adsorption assessed during the
preliminary tests of soil-herbicide interaction, a different quantity of soil had to be used (2 g of forest soil
and 8 g of agricultural soil) to combine with the same
concentration of triasulfuron.
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TABLE 3 Adsorption mean constants and correlation coefficients of Langmuir,
Freundlich and Linear equations of triasulfuron on the three HA employed

Freundlich
Humic acids

Kf

Langmuir
R2

1/n

K1

Linear
K2

R2

R2

Bologna

0.354

0.857

0.839

-0.005

-43.1

0.903*

0.887

Policoro

0.281

0.758

0.897

0.008

19.3

0.972**

0.814

Foresta Umbra

0.225

1.262

0.956*

-0.015

21.9

0.971**

0.923*

*, ** significant at 0.05 and 0.01, respectively

Under the experimental conditions adopted, 85% of
triasulfuron was removed after the incubation with the
forest soil, whereas only 12 % and 8.5 % were removed by Policoro and Bologna soils, respectively.
Moreover, agricultural soils completely desorb the
herbicide in the washing solutions, whereas the amount
desorbed by the Foresta Umbra soil is lower than 3 %.
Due to the low adsorption obtained after the interaction between the agricultural soils and the triasulfuron, the isotherms were not achievable. Instead, for the
forest soil, it was possible to interpolate the experimental results using the before-mentioned equations, where
Langmuir equation provided the best results (Figure 3).
The soil sterilization, using the same experimental
conditions as with non-sterilized soils, results in a
reduction of triasulfuron adsorption of about 25%.

0.25

x/m (µmol/g)
µ

0.20

0.15

mol/ g)
0.10

x/m (
0.05

0.00
0

5

10

15

20

Ce ( µmol/l)
Figure 3.Triasulfuron adsorption in Foresta Umbra soil
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Generally, the physico-chemical properties of a given
pesticide, such as molecular size, ionizability, water solubility, lipophilicity, and the soil properties, such as the
amount and the type of clay minerals, organic matter content and pH, govern the pesticide behaviour into the soil.
In particular, the organic molecules can be sorbed or bound
to humic compounds by various types of forces, like hydrogen bonds, van der Waals forces, charge transfer complexes, covalent binding and hydrophobic sorption8,9.
The results of this study indicate that pH and organic
carbon content are the most significant factors in controlling triasulfuron adsorption on soils. The adsorption results
obtained with triasulfuron indicate that its interaction with
different HA is influenced by the nature of HAs. A higher
adsorption on the forest HA is due to the higher acidity and
humification degree of the organic matrix. Triasulfuron
sequestration in soils, according to Sarmah et al.10, is
strongly influenced by pH and the organic content, the
former resulting in a negative correlation and the latter in a
positive one. Triasulfuron, being a weak acid (pKa 4.64) at
pH 4.5 (testing pH) presents prevalently a non-ionized form
due to the fact that the surface pH of the humic substances
can be assumed to be 0.5 to two units lower than the pH of
the bulk solution11. At the same pH, the non-ionized form
allows a minor repulsion with organic colloids that have a
net negative charge. This helps the formation of hydrogen
bonds or hydrophobic interactions between triasulfuron and
HA colloids, owing to the decreasing solubility and
increasing hydrophobicity of triasulfuron with decreasing
pH. This assumption explains the high and partially irreversible adsorption on the forest soil, that has a lower pH
and a higher content of organic matter compared to the
other soils analysed.
The present results confirm that the microbial activity
plays a role in the removal of the triasulfuron from the
incubation mixtures10. In fact, part of its disappearance is
likely due to biodegradation processes.
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SUMMARY
The effect of the additive, polyethylene glycol
4000 (PEG), on the laccase-catalyzed removal of
2,4-dichlorophenol (DCP) from synthetic wastewaters
was studied over the DCP concentration range 2-16 mM.
Results showed that PEG had a significant protective
effect on laccase activity. The amount of enzyme required
to obtain 50% pollutant removal was reduced 35-, 39- and
20-fold less than that required without PEG for 4, 8 and
16 mM DCP solutions, respectively.

KEYWORDS: laccase, chlorophenols, polymerization, polyethylene glycol, wastewater.

INTRODUCTION
Aromatic pollutants are present in effluents from several industrial processes, such as petroleum refining, pulping and bleaching, dyeing and textiles manufacturing.
These compounds are often toxic towards several biological systems besides being suspected carcinogens (1).
Compliance with increasing discharge limits requires the
development of technologically and economically viable
methods for reducing the release of these contaminants in
receiving waters. Several biological, chemical and physical methods are currently employed to perform this task
but these methods are not devoid of drawbacks. For example, disposal processes based on adsorption on activated carbon or on chemical oxidation can be designed to
obtain low final concentrations of pollutants, but their
costs become prohibitive as the concentration of organic
compounds in a waste increases (2). The efficacy of biological disposal methods based on the use of mixed cultures of microorganisms can be strongly reduced by the
presence of inhibitory compounds such as phenols (3).

For these reasons, overall treatment costs of many industrial wastewater could be reduced by a selective removal of
toxic compounds from a complex mixture. The use of this
approach could render the remaining components of a complex industrial wastewater more amenable to treatment in a
conventional biological process (4). Enzymes are known to
be highly selective catalysts and, for this reason, they are
good putative candidates to perform the selective removal of
targeted substances in industrial wastewater. Laccase
(E.C. 1.10.3.2 para-benzenediol: oxygen oxidoreductase),
a multi-copper oxidase, has been reported to catalyze the
oxidation of several phenolic pollutants (5). The enzyme acts
on phenolic compounds producing aryloxyradicals, which
undergo non-enzymatic coupling reactions leading to the
formation of oligomers with a low water-solubility (5). Consequently, the reaction products can be easily removed from
solution by centrifugation or simple filtration. These enzymes
are susceptible to inhibition by their reaction products and
adsorption and/or entrapment in precipitating polymers (6).
Some investigators demonstrated that the addition of
hydrophylic polymers or proteins markedly reduced the
inactivation rate of horseradish peroxidase (HRP) (6, 7).
They postulated that the additives interact by hydrogen
bonds with the end polymers thus preventing the enzyme
from adhering to the precipitating products. In the present
study, the effect of polyethylene glycol 4000 on the laccasecatalyzed removal of 2,4-dichlorophenol was evaluated with
the aim of verifying eventual enhancement in enzyme performance due to the additive and to quantify the minimal
amounts of enzyme and additive required to obtain specific
extents of removal of the targeted pollutant. To this end,
laccase purified from solid-state cultures of the white-rot
fungus Lentinula edodes SC-495 was used (8). Laccase from
this source proved to be an effective catalyst for the removal
of olive mill wastewater phenolics (9, 10). To the best of our
knowledge, this is the first report describing the enhancing
effect of PEG on laccase-mediated pollutants removal.
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MATERIALS AND METHODS
Materials

2,4-Dichlorophenol was purchased from Aldrich
(Milwaukee, WI). Laccase was purified from solid-state
cultures of Lentinula edodes SC-495 (8). All solvents were
of HPLC-grade and purchased from BDH (Dorset, UK).
Enzyme incubations

Different initial concentrations of 2,4-dichlorophenol
(DCP) (2, 4, 8, 16 mM) were incubated at 30° C in 0.1 M
acetate buffer, pH 4.2, containing 20% ethanol (v/v) with
increasing amounts of laccase activity (0.01, 0.02 0.05, 0.1,
0.25, 0.5, 1.0 IU). Enzymatic reactions were allowed to
proceed for 15 h and stopped by adjusting the solution to
pH 2.3 with H2SO4. Incubation mixtures were centrifuged
(11000 x g, 5 min) and filter-sterilized (0.22 µm) prior to
chromatographic analysis. Appropriate controls with heatdenatured laccase were used to evaluate eventual substrate
volatilization and/or autoxidation. Residual laccase activity
and protein concentration in the supernatants were determined after passing them through a Pharmacia PD-10
(Uppsala, Sweden) gel filtration column equilibrated with
Milli-Q water. This was done in order to eliminate residual
DCP and chromophoric compounds, which could interfere
with protein and activity assays.

Figure 1 clearly shows that for any DCP concentration, the amount of substrate transformed increased with
increasing amounts of laccase doses (LD). However, with
each additional increase in LD, there were diminishing
returns on the amount of DCP precipitated, regardless of
the initial pollutant concentration. Within the LD intervals
tested, data obtained in the absence of polyethylene glycol
were best-fitted by a polynomial equation model, as
shown in Figure 1. In the present study, incubations of
DCP with laccase conducted in the presence of 2 g L-1
PEG 4000 as an additive gave a marked augmentation in
the treatment efficiency. The amount of substrate transformed drastically increased with small increasing
amounts of laccase doses (Figure 1).

Analytical methods

Laccase activity was assayed spectrophotometrically
using 2,6-dimethoxyphenol as a substrate and monitoring
the formation of 3,5,3',5'-tetramethoxy-diphenoquinone at
477 nm (ε = 27500 M-1 cm-1). One International Unit (IU)
was defined as the amount of enzyme required to produce
one µmole product min-1. Residual DCP concentration was
determined by reversed-phase high performance liquid
chromatography using a 150 x 4 mm i.d. Micropak S C18
column (5 µ). The mobile phase (70% methanol: 30%
50 mM KH2PO4 at pH 3.5 with H3PO4) was pumped at a
flow rate 0.5 ml min-1 and the absorbance profiles recorded
at 282 nm using a diode array detector (9065 Varian Palo
Alto, USA). A calibration curve was constructed using
DCP concentrations ranging from 8 to 0.02 mM. Trials
were conducted in triplicate and fitted by the Table curve
software (Jandel Scientific, Germany).
RESULTS AND DISCUSSION
Different initial concentrations of 2,4-dichlorophenol
(DCP) were used to evaluate the minimum amount of catalyst needed to obtain specific extents of removal of the pollutant (Figure 1). Reactions were performed in a buffered
medium containing 20% ethanol to avoid possible artifacts
due to the low water-solubility of DCP. Incubations were
allowed to go to completion using a reaction period of 15 h.
No DCP removal was observed in the presence of
heat-denatured laccase.

FIGURE 1 Residual 2,4-dichlorophenol concentration in 16 mM
(A), 8 mM (B) and 4 mM (C) solutions after 15 h incubation with
different amounts of laccase activity (0.01, 0.02, 0.05, 0.1, 0.25, 0.5,
1.0 IU ml -1 reaction mixture) in the absence ( m) and in the presence
( ) of 2 g L -1 PEG 4000 as an additive. Equations fitting data points
are shown along with related r2 and F values. Each data point is the
mean of three parallel experiments and standard deviation of data
were less than 7%.

227

© b y PSP V olu m e 1 0 – N o 2. 2001

F rese n ius E n viro m e n t al B ulle ti n

In fact, more than 90% DCP removal from solution
was achieved with less than 0.1 IU ml-1 reaction mixture at
all the concentrations tested. No DCP removal was observed in control incubations containing heat-denatured
laccase and the additive. Data were best-fittted by the exponential equation models shown in Figure 1 and a high
correlation (r2 > 0.95) between predicted vs observed values was found. The extrapolation of laccase doses from
fitted curves to obtain specific degrees of DCP removal in
the presence and in the absence of PEG suggests that the
presence of the additive strongly augmented laccase performance. For example, enzyme needed to achieve a 50%
DCP removal (16 mM initial concentration) in reactions
conducted with and without the additive were 0.031 and
0.64 IU ml-1, respectively.

100

The enhancing effect due to the additive was more
evident when comparing enzyme doses for 50% removal in 8 mM (0.010 vs 0.39 IU ml-1) and 4 mM
(0.004 vs 0.14 IU ml-1) DCP solutions. To optimize the
use of PEG, the possibility of reducing the amount of
the additive was also evaluated.
Figure 2 shows that a 40-fold reduction in PEG
concentration did not give a marked reduction in the
stimulating effect of the polymer for laccase-catalyzed
DCP removal at a 8 mM starting concentration. For
example, DCP removal efficiencies obtained in the
presence of 2 and 0.05 g L-1 PEG using 0.05 IU of
laccase ml-1 reaction mixture were 63 ± 2.2 and 62.8 ±
2.8%, respectively.
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FIGURE 2 Per cent removal of 2,4-dichlorophenol (8 mM) from solution as a function of laccase dose (0.01, 0.02, 0.05 IU ml -1) and
PEG 4000 (0, 0.05, 0.2, 2.0 g L-1). Each data point is the mean of three parallel experiments. Standard deviations of data were less than 7%.

These results suggest that the PEG dose required can
be strongly reduced is in agreement with previous findings reported by other investigators (6). The presence of
PEG did not modify the initial reaction velocity of laccase-catalyzed DCP oxidation, as assessed by polarographic measurements (data not shown). On the other
hand, the polymer slightly enhanced L. edodes laccase
stability under the conditions used for DCP treatment,
increasing the half-life of the enzyme from 26 to 31 h.
Though, it should be pointed that these values of halflife largely exceeded the selected incubation period for
DCP polymerization (15 h). Therefore, no conclusions
can be drawn on a possible stabilizing effect on laccase
activity, to explain that the improvements in enzyme
performance are due to the polymer.

The protective effect exerted by polyethylene glycol on HRP was first demonstrated by Nakamoto
& Machida (5). They demonstrated that the apparent
inactivation of HRP was caused mainly by its reaction
products, which adsorbed the enzyme and hindered the
access to the active site of substrate. They suggested
that the additive blocked hydrogen bonding sites on the
phenolic polymers, thus preventing the enzyme from
adhering to the precipitating products. This hypothesis
was confirmed in the present study. In fact, both residual laccase activity and protein concentration measured
in supernatants from PEG-containing mixtures were
found to be from five to ten-fold higher than those
measured in enzymatic incubations conducted in the
absence of the additive.
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CONCLUSIONS
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Polyethylene glycol 4000 was effective in augmenting
laccase-catalyzed removal of 2,4-dichlorophenol from
solution. The presence of the additive markedly reduced
catalyst requirements, thereby improving the technical
feasibility of the process. The effect of the polymer was
also evident at a concentration as low as 0.05 g L-1. In addition, it should be taken into account that this additive is
non-toxic and has been declared fit for human consumption
(11). The nature of the soluble and insoluble products,
tough, must be characterized before an enzymatic treatment
process can be proposed on an industrial scale. In fact,
other investigators proved that the toxicity of reaction
products varied depending on the parent phenol being
treated, the source of enzyme and the reaction pH (12).
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SUMMARY
The temporal trends of the secondary air pollutants
NO2 (nitrogen dioxide) and O3 (ozone) in the urban area of
Thessaloniki (Greece) and their spatial distribution are
examined statistically. The decreasing trend of primary air
pollutants during the decade 1988-97 is not observed in the
case of photochemical pollutants (NO2 and O3). The improvement of fuel quality, the technological innovations in
industry and the recent considerable renewal of the vehicle
fleet did not influence similarly the trend of secondary
pollutants. The photochemical pollutant temporal evolution
in the areas with high traffic shows that the increasing
vehicle fleet (mainly the fleet of the new technology passenger cars) is a determinant factor for their levels.

The development of various plans including transportation planning and transport telematics applications for the
improvement of traffic and environment in Thessaloniki
has been presented in other publications 5-7.
In this paper the temporal trends of the secondary air
pollutants NO2 (nitrogen dioxide) and O3 (ozone) in the
urban area of Thessaloniki and their spatial distribution
are examined statistically for the decade 1988-97.

MATERIALS AND METHODS
KEYWORDS:
Secondary air pollutants, urban area, temporal trend

INTRODUCTION
The city of Thessaloniki (region of Central Macedonia in Northern Greece), having about 1.000.000 inhabitants, an important industrial region and a rapidly
increasing vehicle fleet, is a typical European urban area
and for this reason an interesting example for the study of
the pollution sources evolution and the air pollutants
temporal trends.
The evolution of the Thessaloniki pollution sources
(mainly the vehicle fleet), their characteristics and the
parameters influencing their emissions have been examined in previous studies 1, 2. The temporal trends of some
air pollutants based on their value classes frequencies
have also been studied 3, 4.

The concentrations of the air pollutants NO2 and O3
were determined at 3 air quality monitoring stations operated by the Ministry of Macedonia-Thrace 8. The characteristics of these stations are the following: 1) Kordelio
region station (KOR): urban-industrial area, Western
Thessaloniki, 2) Dimokratias Square station (DIM):
centre of the city, the most important crossroads of the
city and 3) Agias Sophias Square station (SOP): centre of
the city, an open space area with low traffic.
NO2 is measured by the chemiluminescence method
and O3 by the ultraviolet radiation absorption method
according to the reference methods of the Hellenic State
and the directives of the European Union 8.
A regression analysis was applied for the 1988-97
annual average values of NO2 and O3. The temporal
linear trend (y = ax + b) of these values, the regression
coefficient (a) and the determination coefficient R2 are
examined for every air quality monitoring station.
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RESULTS
The annual average concentrations and the temporal
trend of nitrogen dioxide (NO2) for the period 1988-97 at
the three air quality monitoring stations in Thessaloniki
are presented in Figures 1, 2 and 3.

NO2 concentrations are slightly decreasing at the urbanindustrial area of Western Thessaloniki (Kordelio station,
Fig. 1). The regression coefficient is low (a = -2.9009 with
b = 68.18) and the determination coefficient is not very significant (R2 = 0.316).

NO2 is slightly increasing at the most important
crossroads of Thessaloniki city centre (Dimokratias
Square station, Fig. 2). The regression coefficient is low
(a= 0.6 with b = 46.2) and the determination coefficient is
not significant (R2 = 0.031).
The temporal trend is slightly decreasing at the open
space area with low traffic of Thessaloniki city centre
(Agias Sophias Square station, Fig. 3). The regression
coefficient is not very high (a = -5.1802 with b = 83.536)
and the determination coefficient is not very significant
(R2 = 0.5897).

FIGURE 1
NO2 annual average concentrations and
temporal trend for the period 1988-97 at
Kordelio station of Thessaloniki

FIGURE 2
NO2 annual average concentrations and temporal trend for the period 1988-97 at Dimokratias
Square station of Thessal oniki

FIGURE 3
NO2 annual average concentrations and
temporal trend for the period 1988-97 at
Agias Sophias Square station of Thessal oniki
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The annual average concentrations and the temporal
trend of ozone (O3) for the period 1988-97 at the three air
quality monitoring stations in Thessaloniki are presented
in Figures 4, 5 and 6.

The temporal trend is decreasing at the most important
crossroads of Thessaloniki city centre (Dimokratias Square
station, Fig. 5). The regression coefficient is important
(a = -7.9 with b= 93.6) and the determination coefficient is
not very significant (R 2 = 0.4964).

The O3 concentrations are increasing at the urbanindustrial area of Western Thessaloniki (Kordelio station,
Fig. 4). The regression coefficient is significant (a = 2.35
with b = 43.456), the determination coefficient is not very
significant (R 2 = 0.5502).

There is also a slightly decreasing temporal trend of O3 at the
open space area with low traffic in Thessaloniki city centre
(Agias Sophias Square station, Fig. 6). The regression coefficient is not very high (a = -4.3167 with b = 79.233) and the
determination coefficient is not very significant (R 2 = 0.419).

FIGURE 4
O3 annual average concentrations and
temporal trend for the period 1988-97 at
Kordelio station

FIGURE 5
O3 annual average concentrations and
temporal trend for the period 1988-97 at
Dimokratias Square station

FIGURE 6
O3 annual average concentrations and
temporal trend for the period 1988-97 at
Agias Sophias Square station
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DISCUSSION
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The annual average concentrations of NO2 exhibit a
variable trend at the air quality monitoring stations of
Thessaloniki for the period 1988-97.
The NO2 trend is slightly decreasing at areas where
the vehicle traffic is relatively low (urban-industrial area
and open space area of the city centre). The trend is
slightly increasing at the most important crossroads of
Thessaloniki city centre. The determination coefficient is
not very significant in all cases.
The improvement of fuel quality, the technological
innovations in industry, the emission sources control
programmes and the recent considerable renewal of the
vehicle fleet (gasoline engine passenger cars equipped
with three way catalytic converters, buses and taxis with
new technology diesel engines) contributed significantly
to the decreasing trend of the primary air pollutants
(SO2, CO and suspended particulates). These advances
did not influence similarly the trend of the secondary
pollutant NO2. The NO2 temporal evolution at the areas
with high traffic shows that the increasing vehicle fleet
(mainly the fleet of the new technology passenger cars)
is a determinant factor for the levels of NO2.
The annual average concentrations of O3, too, show a
variable trend at the air quality monitoring stations of
Thessaloniki for the period 1988-97.
The O3 trend is decreasing at the city centre areas (the
most important crossroads and the open space area of
Thessaloniki city centre). The trend is increasing at the
borders of the city (urban-industrial area). The determination coefficient is not very significant in all cases.
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The above-mentioned technological and other
advances (fuel quality, renewal of the vehicle fleet etc)
did not contribute to the decrease of the secondary pollutant O3. This photochemical pollutant is strongly related
with the evolution of the vehicle fleet. The increasing
vehicle fleet (mainly the new technology passenger cars)
combined with the known physico-chemical behaviour of
O3 (transport from the centre to the borders of the city,
where lower concentrations of the primary pollutants are
observed) could be correlated to the temporal increasing
trend of O3 at the borders of the city.
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MESAEP & SECOTOX
11th International Symposium
SECOTOX

ENVIRONMENTAL POLLUTION AND ITS IMPACT ON LIFE
IN THE MEDITERRANEAN REGION
October 6-10, 2001, Limassol – Cyprus

FIRST ANNOUNCEMENT

THE SYMPOSIUM

MAIN SUBJECTS

The 11th International Symposium on „Environmental
Pollution and its Impact on Life in the Mediterranean
Region“ is jointly organized by the Mediterranean Scientific Association of Environmental Protection (MESAEP)
and the Society of Ecotoxicology and Environmental
Safety (SECOTOX).

SCOPE & OBJECTIVES
This 1st Symposium of the new Millennium aims at to
address new challenges in promoting the integration
across different environmentally related disciplines and in
developing scientific knowledge and scientifically sound
decision-making tools. The ultimate goal of the Symposium is to contribute in an active way towards a Sustainable Development of the Mediterranean region.
The specific objectives of the Symposium are:
-

-

to exchange recent findings related to the pollution
processes in the Mediterranean region and adjoining
countries
to discuss the state of the art in environmental monitoring and research as well as current technologies
and legal measures to prevent or to reduce the degradation of environmental compartments

-

to present proposals and recommendations to the
regulatory authorities on environmental quality and
safety in the Mediterranean and the neighbouring
countries, and

-

to discuss ways to bridge the gap between research
and decision making and to produce data which can
be transformed into more concrete information

-

Atmospheric chemistry and climate change

-

Pathways and effects of chemicals in terrestrial,
aquatic, and marine ecosystems

-

Ecotoxicology and radioactivity in water, soil, and
sediments

-

Biological and chemical methods for environmental
control and risk assessment of chemical substances

-

Environmental exposure and human health

-

Integrated, holistic approaches: to bridge the gap between research and decision making. From data to
concrete information.

-

Remediation of soils and evaluation of water quality

-

Technologies for treatment and recycling of wastes

-

Ecotoxicological safety of new chemicals - challenges and solutions

-

Environmental modelling, management, law, and
education

-

Environmental policy – regulations, harmonization,
and implementation

ORAL & POSTER PRESENTATIONS
The program of the Symposium will include plenary
and keynote lectures as well as posters. Oral and poster
contributions will be regarded as scientifically equivalent
in the program. All presentations (oral and posters) will
be in English. Special focus will be devoted to the brief
presentation of selected posters of original papers in full
audience sessions. No parallel sessions are foreseen.
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REGISTRATION FEE

INFORMATION

Non-members

€ 260

MESAEP and SECOTOX members

€ 180

Students

€ 90

Accompanying persons

€ 90

Mailing Address for the Preliminary Registration:
Werner Bergheim
GSF- IÖC
P.O. Box 1129
85758 Neuherberg - GERMANY
Fax: +49-89-31873371
E-Mail: bergheim@gsf.de

Additional €50 will be charged
to registrations paid on site.
DEADLINE SCHEDULE 2001
March, 15th.

Return of preliminary
registration form

April, 15th.

Mailing of second circular

June, 1st.

Deadline for guaranteed hotel
accommodation

June, 10th.

Deadline for submission of abstracts

July, 10th.

Notice to authors

August, 10th.

Payment of early registration fees

September

Third circular and symposium
programme

October, 6th.

On site registration and submission
of full papers for publication

Local Information:
Dr. St. Canna-Michaelidou
State General Lab.
Kimonos Str. 44
1451 Nicosia - CYPRUS
Tel.: +357-2-301440
Fax: +357-2-316434
E-Mail: stellacm@spidernet.com.cy
Scientific Information:
Dr. D. Kotzias
CRC
J.R.C. - Ispra,
Environmental Inst.,
21020 Ispra – ITALY
Tel.: +39-033278964
Fax: +39-0332789222
E-Mail: dimitrios.kotzias@jrc.it

SYMPOSIUM LOCATION
Cyprus, the island of Goddess of Love Aphrodite, is
located at the crossroads of Europe, Asia, and Africa, with
more than 9000 years of history and culture, lovely environment and mild Mediterranean climate. You can find
superb mountain scenery, fascinating coastlines and
beaches as well as places of great historical and archaeological importance. The Symposium will be held in Limassol, the second big city of Cyprus, developed on the
ruins of ancient Amathus and named as the city of „joy
and entertainment“. It is located in the south-west coast
with beautiful beaches, 45 min by car from the Larnaca
airport, Nicosia, the Troodos mountains and Paphos.
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PHOTOINDUCED REACTIONS OF
SELECTED AZO DYE METABOLITES IN WATER
Perihan Ekiçi, Daniela Angerhöfer and Harun Parlar
Department of Chemical, Technical Analysis and Chemical Food Technology
Technical University of Munich, Freising-Weihenstephan, Germany

ABSTRACT

INTRODUCTION

The photochemical reactions of eight azo dye metabolites [o-aminotoluene (1), 4,4´-thiodianiline (2),
4,4´-diaminodiphenylmethane (3), p-chloroaniline (4),
2,4-toluylenediamine (5), p-kresidine (6), 2,4-diaminoanisole (7), and 2-naphthylamine (8)], which are frequently detected in aquatic systems, were investigated in
water under UV-light. Direct photolysis was investigated at two wavelengths (> 230 and > 290 nm) and
under varying partial pressure of oxygen. Indirect
photolysis processes were studied by irradiation of the
azo dye metabolites in the presence of different trapping
agents to identify reactive oxygen species possibly participating in the reaction. Kinetic experiments were
executed to determine quantum yields and environmental lifetimes (ELT) of the metabolites. The stability
of these substances against oxygen directly depended on
their structure, with p-chloroaniline (4) and 2,4-diaminoanisole (7) being most stable and o-aminotoluene (1)
and 2-naphthylamine (8) being least stable. Photolytic
half-life times varied between ca. 15 min and more than
2 h (with λ > 230 nm) and between a little more than
1 h and ca. 22 h (with λ > 290 nm).
Several products could be identified by HRGC-MS.
Furthermore, a new photooxidation reaction could be
observed during the conversion of 2-naphthylamine (8)
in the presence of oxygen. A phenazine derivative could
be identified as the end product. Generally, it can be
assumed that the oxidation processes are more important
for the environmental conversion of azo dye metabolites
than reductive processes.

KEYWORDS:
Azo dye metabolites, photodegradation, conversion products
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Azo dyes belong to the most intensively investigated
classes of dyestuffs; the use of this substance class formerly ranged from dyestuffs to pharmaceutical products.
The apparently general reaction of this substance group,
the in vivo reductive cleavage of the azo linkage, has
prompted concern about the potential hazards associated
with the exposure to azo dyestuffs, which could be metabolized under release of known carcinogens, such as
benzidine. Although general consideration of the kinetics
of azo dye metabolism indicates that accumulation of the
intermediate amines is not very probable, it cannot be
excluded under all conditions. Therefore, the use as food
dyestuffs has been discontinued in many countries, but
they are still extensively applied to textiles, leather, fats,
oils, wood, metal finishes, plastic and paper products.
Following the new legislation of the European Communities of July 17th 1994, the application of azo dyes in textiles is restricted to those colorants of this substance class
which cannot under any conditions be converted to one of
20 conversion products listed by the EC [1, 2].
Poor framing of these regulations, analytical problems, and the complexity of the manufacturing and retailing chain contributed to the confusion created by these
restrictions. In addition to the problems caused by the
possible formation of these hazardous substances by temporary contact with the consumer goods, e.g. textiles or
style jewelry, which may be coloured with azo dyes, there
is another uncertainty regarding the persistence and effects of the metabolites in aquatic systems, especially in
waste water. Aromatic amines formed by biotic and
abiotic conversion processes of azo dye colorants are
mostly toxic [3]. In aquatic systems, these substances
undergo various reactions. Alterations in their chemical
structure can result in the formation of new xenobiotic
compounds, which may be more or less toxic than the
parent compounds and may, in any case, represent undesirable chemical residues in aquatic systems or in sediments. Total degradation of the azo dye metabolites is the
only pathway for a final elimination of these xenobiotics
from the environment.
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This process also may proceed either abiotically or
biotically. In order to estimate the behaviour of the metabolites, more knowledge about their abiotic and biotic
conversion processes is urgently needed.
Formerly, degradation reactions of selected azo dye
metabolites in water under UV-light (λ >230 nm) have
been studied and quantum yields together with half-life
times have been published [4], but not the photoreactions
of aromatic amines under environmentally relevant conditions (λ >290 nm). Also, the products have not been identified during this former investigation. Therefore, we studied
the degradation of eight azo dye metabolites and their photoproducts under simulated tropospheric conditions and, for
comparison, with shorter wavelengths. The test substances
[o-aminotoluene (1), 4,4´-thiodianiline (2), 4,4´-diaminodiphenylmethane (3), p-chloroaniline (4), 2,4-toluylenediamine (5), p-kresidine (6), 2,4-diaminoanisole (7), and naphthylamine (8)] were selected by their stability in test
solutions and chemical purity.
EXPERIMENTAL SECTION
All azo dye metabolites (Table 1) were obtained
from Fa. Ehrenstorfer, Augsburg – Germany. The purity of
these substances was checked by gas chromatography. All
solvents used were of analytical reagent grade; amounts of
impurities being lower than 0.001%. In all cases, bidestilled
water was used. Stock solutions of 10–2 M were prepared
from all metabolites, filtered through a short 1 cm silica gel
column (60-100 mesh), and injected directly without further purification. Trapping agents were of p. a. quality. D2O
(Merck KGaA) was >99.95 % and H218O (Sigma Aldrich)
10 atom%.
Materials:

The samples (50-175 mg) were
dissolved in 300 ml distilled water/methanol 2:1 to give a
concentration of 170-590 ng/µl, and a quartz waterjacketed
cooling finger containing a mercury high-pressure lamp
[HPK 125 W Philips a) with quartz filter, wavelengths
> 230 nm; and b) pyrex filter, wavelengths above 290 nm]
was placed in the solution. Varying the partial pressure of
oxygen was achieved by either degassing the solution and
saturating it with oxygen or argon or by leaving it untreated. In experiments with different pH values,
O2-saturated water was used. The pH was adjusted using
the following buffers: 500 mL of 0.1 M potassium hydrogen phthalate (KCH6H4O4)/223 mL of 0.1 N HCl, diluted
to 1.000 L with water (pH 3), 500 mL of 0.1 M potassium
dihydrogen phosphate (KH2PO4)/291 mL of 0.1 N NaOH,
diluted to 1.000 L with water (pH 7), and 500 mL of
0.05 M sodium bicarbonate (NaHCO3)/107 mL of 0.1 N
NaOH, diluted to 1.000 L with water, or 500 mL of
0.025 M sodium tetraborate (Na2B4O7)/183 mL of 0.1 N
NaOH, diluted to 1.000 L with water (pH 11). Irradiation
times were approximately 17 hours. The quantum yields ΦS
[Φ S = number of reacted molecules (Nm)/number of absorbed quants (Nab)] were determined under the assumption
that all quants were absorbed by the metabolites independent
Photolysis experiments:
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of their UV behavior because of the high concentration
(10–2 mol/l). The number of quants was theoretically estimated from the spectral flux distribution of the HPK 125
Philips lamp. Decrease of concentration of the parent compounds (number of reacted molecules) was determined by
gas chromatography (HRGC-FID). The degradation of azo
dye metabolites under UV irradiation under simulated environmental conditions (pH 7) was also carried out in oxygen
saturated distilled water with an initial concentration of the
compounds of approximately 10–3 mol/l. Trapping experiments were carried out with the agents listed in Table 9 at
wavelengths above 290 nm. For the determination of the
influence of ion strength, sodium chloride, potassium chloride, or dihydrogen phosphate was added in concentrations
up to 1%. Products were identified by mass spectrometry
(HRGC-MS).
The GC measurements were carried out with a
Dani gas chromatograph model 4107. The column used was
a capillary glass column DB5, length 30 × 0.1mm i. d., and
the GC conditions used were as follows: injection port temperature 220°C, carrier gas nitrogen, flow rate
25 ml/min, column temperature isothermal, detector: FID.
HRGC-FID:

HRGC-MS: The HRGC-MS

measurements were carried out
with a HP 5890 Series II GC that was coupled to a Finnigan 8200 MS. The column used was a 25m DB 5, i.d.
0.2 mm, film thickness 0.25 µm, and the GC conditions
used were as follows: carrier gas He, 25 cm3/s, split ratio
1:10, injector: 250°C, injection volume: 1µl, temperature
program: 45°C (5 min) → 7° C/min → 280°C splitless.
EI measurements were performed under the following
conditions: 70 eV, interface: 320°C, transfer line 230°C,
emission current: ca. 0.1 nA, ion source temperature:
200°C, scan range: m/z 60-460, scan interval: 0,5 sec, scan
gain: 1.6 kV, threshold: 1000, solvent-cut: 14 min, start
acquisition time: 14,5 min, end acquisition time: 41 min.
RESULTS AND DISCUSSION
The UV spectra
(Figure 1) of the azo dye metabolites investigated were
measured in pure bidestilled water at pH 7. The characteristic
absorption bands of aromatic amines resulting from π→π*
transitions (1Lb-band) are found at 234-340 nm. The nonbinding electrons of the nitrogen occupy a pure p-orbital by
this way giving maximal overlap with the π-electrons of the
ring shifting the π→π* transitions to longer wavelengths
than those of benzene. Substitution at the nitrogen by electron donating methyl groups increases the electron density
on the nitrogen and the interaction with the π-electrons of the
ring system. With increasing number of the substituents, the
1
Lb-band is shifted from 234 nm (aniline) to 243 nm for
N-methylaniline and 251 for N,N-dimethylaniline. UV-λmax
of the 1Lb-bands of the compounds investigated are listed in
Tab. 1. The absorbance maxima show that all substances
investigated can absorb sunlight under tropospheric conditions (λ > 290 nm).
UV-behaviour of azo dye metabolites:
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FIGURE 1 - UV-spectra of the azo-dye metabolites investigated

4,4'-Thiodianiline (2)

o-Aminotoluene (1)

AU

AU

210

235

260

285

310

210

335

235

260

wavelength [nm]

285

310

335

360

385

wavelength [nm]

p-Chloroaniline (4)

4,4'-Diaminodiphenylmethane (3)

AU

AU

210

235

260

285

310

335

210

235

wavelength [nm]

260

285

310

335

310

335

wavelength [nm]

p-Kresidine (6)

2,4-Toluylenediamine (5)

AU

AU

210

235

260

285

310

335

210

235

wavelength [nm]

260

2,4-Diaminoanisole (7)

AU

210

285

wavelength [nm]

235

260

285

wavelength [nm]

247

310

335
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TABLE 1 - Substances investigated, GC-FID and HRGC-MS conditions, and 1Lb-band and ε-values in destilled water at pH = 7
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Determination of the quantum yields:

The quantum yields (Φ S) obtained for the light induced reactions of azo dye metabolites in dependence on
the partial pressure of oxygen are shown in Table 2. First
of all, the results show that the photoinduced reaction of
the azo dye metabolites directly depends on the partial
pressure of oxygen. In the absence of O2, the reaction is
totally blocked in most cases. Second, there are no significant differences between the quantum yields determined in different wavelength ranges. This confirms the
assumption that the photooxidation processes take place
from the excited states of the metabolites and are not due
to oxygen species, which can be potentially formed in the
wavelength range below 290 nm.
The quantum yields in dependence on the pH, which
have been measured only with a quartz filter, are also
given in Table 2. As had been expected, the metabolites
are photochemically very stable at lower pH values. This
can be explained by the formation of the respective ammonium salts. The protonated amines cannot easily be
oxidized. These results also confirm the assumption that
the photooxidation reactions are the deciding processes
during the degradation of azo dye metabolites in aquatic
systems. Other photoinduced reactions, such as dehalogenation or isomerization, are nearly negligible.

Photokinetic experiments:

For the determination of the reaction kinetics of the photodegradation of the metabolites, decrease of concentrations
was followed over a time span of 17 h. In Table 3, photochemical parameters and half-life times under experimental
conditions at different wavelengths are listed. The data
demonstrate that there is a significant difference between
the UV-stability of the various compounds depending on
their structure. Some of them, such as o-aminoazotoluene
(1), 4,4’-thiodianiline (2), and 2-naphthylamine (8) were
very easily and completely mineralized to CO2, NH3,
HCHO, or H2O. This is in agreement with the Φ S-values.
The reaction rate constants derived from these experiments,
which are in the range 3.5 to 8.2 × 10–4 (K/s–1), also confirm the obtained results.
The compounds 2,4-diaminoanisole (7), 4,4’-diaminodiphenylmethane (3), 2,4-toluenediamine (5), and p-kresidine
(6) gave reaction rate constants of 1.2 × 10–4 to 2.3 × 10–4.
These metabolites were only partly degraded under these
experimental conditions, while p-chloroaniline (4) remained nearly unchanged during the whole irradiation
time. The rate of UV-induced degradation of the substances
investigated in the wavelength range above 230 nm is approximately 10 times higher than that in the range above
290 nm. Under simulated tropospheric conditions, the halflife times vary between 86.2 to 1352.9 min, but the stability
ranking remains the same.
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The pseudo first-order rate constant for direct phototransformation (k), and thus the lifetime (τ) of a chemical
in water, can be computed from
-

the experimentally determined quantum yield of
disappearance of the compound upon excitation

-

the experimentally determined light absorption
spectrum of the compound in aqueous solution
above 290 nm, which is the lower spectral limit
of sunlight reaching the earth’s surface

-

the solar light intensity available in the spectral
range which coincides with the light absorption
spectrum of the compound [5].

τ=

1
k

and

k = Φ ka

and

λ

k a = Σ λ 2 2.303 ⋅ 10 3 ⋅ I 0 ( λ ) ⋅ ∆λ ⋅ ε (λ )
1
τ=

lifetime (s); the half-life (t1/2) then is defined as
t1/2 = ln2 ⋅ τ
k=
pseudo-first-order rate constant for direct photolysis (s–1)
Φ=
quantum yield of disappearance upon excitation for
the wavelength range λ1 to λ2 (mol ⋅ einstein–1)
ka =
pseudo first-order rate constant for light absorption (s–1)
I0 (λ) = incident sunlight intensity at wavelenght λ
(einstein.cm-2 ⋅ s-1 ⋅ nm-1)
∆λ =
wavelength range (nm)
ε (λ) = molar extinction coefficient (litre ⋅ mol–1 ⋅ cm–1)
2.303 = factor for conversion of decadic molar extinction
coeffi cients of the compound into a Napierian basis
(ln 10)
103 =
factor for conversion of ε (λ) from litre ⋅ mol–1 ⋅ cm–1
into cm3 ⋅ mol–1 ⋅ cm–1

The sunlight intensities used for the calculations are
yearly averaged, mid-day sunlight intensities, corrected for
the reflection from the water surface for altitude 40 to 50
degrees north (in Europe, this region lies approximately
between Rome and Amsterdam). These light-intensity data
are derived using the computer programme SOLAR [6].
On the basis of the photolytic lifetimes calculated, the
abiotic environmental lifetimes (ELT) of the compounds
can be estimated by multiplication of the obtained values
with a corrective factor (F = 1155), which is derived from
outdoor experiments [6]. The photolytic lifetimes as well as
the resulting ELTs are given in Table 3. With the ELT, it is
possible to develop a ranking list regarding the abiotic
stability of the azo dye metabolites. p-Chloroaniline (4), the
most persistent substance in this compound class, has indeed been found in rivers near textile plants in higher concentrations than other azo dye metabolites [7].
2,4-Toluenediamine (5) and 4,4’-diaminodiphenylmethane
(3) are also rather stable under these conditions.
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TABLE 2
Quantum yields (ΦS) of the azo dye metabolites in dependence on the pH value and on the partial pressure of oxygen at pH 7 (T = 22 °C);
irradiation with a HPK 125 Philips lamp and either a quartz filter (λ >230 nm) or a pyrex filter (λ >290 nm);

Compound

Φ s (λ >290 nm)
0

hs

Φ s (λ > 230 nm)

Φ s (λ > 230 nm); hs

s

0

hs

s

pH ≅ 3,0

pH ≅ 7,0 pH ≅ 11,0

1

3.5 × 10-4 1.9 × 10-2

7.0 × 10-1

n.d.

1.7 × 10-2

8.2 × 10-1

n.d.

8.2 × 10-1

8.0 × 10-1

2

2.7 × 10-4 1.8 × 10-2

5.5 × 10-1

n.d.

1.3 × 10-2

5.4 × 10-1

n.d.

5.4 × 10-1

5.5 × 10-1

3

n.d.

4.9 × 10-3

2.0 × 10-2

n.d.

4.9 × 10-3

2.0 × 10-2

n.d.

2.0 × 10-2

2.0 × 10-2

4

n.d.

2.0 × 10-4

2.0 × 10-4

n.d.

2.1 × 10-4

2.2 × 10-4

n.d.

2.2 × 10-4

2.0 × 10-4

5

n.d.

2.7 × 10-3

2.7 × 10-3

n.d.

2.7 × 10-3

2.5 × 10-3

n.d.

2.5 × 10-3

2.7 × 10-3

6

n.d.

2.2 × 10-3

2.3 × 10-3

n.d.

2.2 × 10-3

3.4 × 10-3

n.d.

3.4 ×10 -3

3.3 × 10-3

7

n.d.

5.0 × 10-3

3.0 × 10-2

n.d.

5.3 × 10-2

3.0 × 10-2

n.d.

3.0 × 10-3

3.0 × 10-2

2.2 × 10-4 1.0 × 10-2

4.5 × 10-1

n.d.

0.9 × 10-2

4.8 × 10-1

n.d.

4.8 × 10-1

4.5 × 10-1

8

0 = degassed and saturated with argon;
hs = degassed and stirred for ½ h under normal conditions;
s = degassed and saturated with oxygen

TABLE 3
Rate constants (K/s–1) and half-life times (t½) of the azo dye metabolites in water under UV-light (irradiation with a
HPK 125 Philips lamp and either a quartz filter (λ >230 nm) or a pyrex filter (λ >290 nm);
pH 7, solution degassed and stirred for ½ h under normal conditions; irradiation time 17 h) and abiotic stability ranking list;

Compound

λ > 230 nm

λ > 290 nm

t (min)

ELT

Ranking

(days)
K [s-1]

t1/2 [min]

K [s-1]

t1/2 [min]

o-Aminotoluene (1)

7.7 × 10-4

15.1

5.2 × 10-3

132.7

265.4

212.9

7

4,4´-Thiodianiline (2)

8.2 × 10-4

14.1

2.7 × 10-3

255.5

511.0

409.9

4

4,4´Diaminodiphenyl-methane (3) 2.2 × 10-4

52.1

2.0 × 10-3

345.0

690.0

553.4

3

p-Chloraniline (4)

7.2 × 10-5

160.0

5.1 × 10-4

1352.9

2706.0

2170.4

1

2,4-Toluylenediamine (5)

1.43 × 10-4

80.4

1.4 × 10-3

492.8

985.6

790.5

2

p-Kresidine (6)

1.2 ×10-4

95.8

4.7 × 10-3

146.8

293.6

235.5

5

2,4-Diaminoanisole (7)

2.3 × 10-4

50.0

5.1 × 10-3

136.0

272.0

218.1

6

2-Naphthylamine (8)

3.5 × 10-4

33.0

8.0 × 10-3

86.2

172.4

137.9

8

t = photolytical lifetimes;
ELT = abiotic environmental lifetimes
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TABLE 4
Trapping agents used for the irradiation with wavelengths above 290 nm

Trapping agent

Oxygen
species

D2O solvent

1

O2

9,10-Dimethylanthracene

1

O2

2,5-Dimethylfurane

1

Terpinolene

conc. (mol/l)

Expected comp.

Ref.

––

8

2.5-7.5 × 10–5

Endoperoxide

9

O2

2.5-7.5 × 10–5

Ozonide

10

1

O2

1.0-5.0 × 10–4

Hydroxylated product

11

α- Terpinene

1

O2

1.0-5.0 × 10–4

Ascaridole

12

Limonene

1

O2

1.0-5.0 × 10–4

Products

13

Imidazole + N,N-dimethyl-p-nitrosoaniline

1

O2

Allylthiourea

1

O2

N3–

1

O2

1.0 × 10–2 + 5.0 × 10–5 Transannular peroxide
1.0-5.0 × 10–3

Iminoaminosulfonic acid

14
15

1.0 × 10–4 –1.0 × 10–2 ––

16

1.0 × 10–3 –1.0 × 10–4 NO2–

17

Hydroxylamine

O2– •

Peroxide dismutase

O2– •

traces

O2– •

18

Tetrazolium salts

O2– •

2.0-3.0 × 10–1

O2– •

19

Riboflavin

O2– •

1.0 × 10–2

––

20

Ethanol

•

OH

1.0-8.0 × 10–3

Acetaldehyde

21

2-Propanol

•

OH

5.0 × 10–4 -2.0 × 10–2

Acetone

21

Methional

•

OH

1.0-2.0 × 10–3

Ethylene

22

N,N-Dimethyl-p-nitrosoaniline

•

OH

3.0 × 10–3

OH adduct

23

OOH

excess

Cumene

•
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Phenol, Acetophenone,
Hydroxycumene

24
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Characterization of possible reactive oxygen species
during the photolysis:

To decide whether active oxygen species were induced by
excited azo dye metabolites, o-aminoazotoluene (1) was
used as a model substance because of its complex
photooxidation pathway. To characterize the possible role
of oxygen species during the irradiation, typical trapping
reactions (Table 4) were performed. The three following
points were of interest:
-

-

whether o-aminoazotoluene can be excited under
tropospheric conditions
whether excited o-aminoazotoluene can transfer it’s
energy to ground state oxygen
what kind of oxygen derivative can be formed by this
energy transfer.

During the irradiation of o-aminoazotoluene (1) in water in the presence of 9,10-dimethylanthracene at wavelenth
above 290 nm, no endoperoxides could be detected [9].
If dimethylfurane was used as trapping agent for 1O2 [10],
the ozonide was formed in very small concentrations along
with other trace products. However, the ozonide was also
formed in the absence of o-aminoazotoluene (1). In contrast
to α-terpinene and limonene [12, 13], which in the presence of 1O2 yielded different conversion products in fingerprint analysis, e. g. ascaridole, terpinolene, a strong
1
O2-quencher [11], did not react under these conditions.
Analysis of the products in comparison to those of
Rose Bengal showed that o-aminoazotoluene has no effect
on these reactions. Experiments with imidazole in combination with N,N-dimethyl-p-nitrosoaniline, which in the
presence of 1O2 normally lead to the production of transannular peroxides and should influence the absorption band
of N,N-dimethyl-p-nitrosoaniline at 440 nm [14], could not
be carried out because of the photolability of N,N-dimethylp-nitrosoaniline. If thiourea or allylthiourea [15] was used as
trapping agents for 1O2, the anticipated aminosulfonic acids
could not be detected. An attempt to quench the reaction
with N3– ions [16] also produced no effect in this case. The
relative degradation rate of o-aminoazotoluene was not
altered under these conditions. If the reaction was carried
out in D2O, which is known to increase the lifespan of
singlet oxygen [8], the degradation rate was also not
changed. These studies confirm that the participation of
singlet oxygen in the photoinduced conversion of o-aminoazotoluene can be excluded.
A possible production of OH radicals was tested by
addition of ethanol, which is oxidized by •OH to acetaldehyde, and 2-propanol, which is transformed into acetone [21]. Both substances were stable under the reaction
conditions. Addition of N,N-dimethyl-p-nitrosoaniline
[23] could not be executed because of its photolability.
These negative results excluded the presence of •OH
in the reaction solution. To investigate the possible participation of the superoxide anion during the

photolysis of o-aminoazotoluene in aqueous systems, hydroxylamine was added [17], but the expected NO2– could not
be detected. Peroxide dismutase [18] and tetrazolium salts
[19] are unsuitable as trapping agents under these experimental conditions because they themselves absorb above 290 nm
and are photochemically unstable. Support for the absence of
O2– • under normal irradiation conditions was obtained from
studies with riboflavin, which in the presence of EDTA or
methionine gives O2– •; addition of riboflavin significantly
increased the degradation rate of o-aminoazotoluene. This
shows that o-aminoazotoluene can react with O2– •.
Assuming that it can produce O2– • by sensitization in the
presence of EDTA or methionine in analogy to riboflavin,
the tranformation of o-aminoazotoluene (1) should be accelerated by addition of these substances. However, both compounds had no measurable effect on the degradation of the
metabolite. Thus, o-aminoazotoluene cannot generate O2– •
even in the presence of EDTA or methionine. Nevertheless,
the experiments indicated that o-aminoazotoluene (1) can
take the role of methionine or EDTA during the photolysis of
riboflavin and contribute to the generation of O2–
If o-aminoazotoluene (1) can react with ground state
oxygen (3O2) to form peroxides from the excited state, it
should react with cumene to give hydroxycumene and
acetophenone in analogy to humic substances in natural
waters. Indeed, after irradiation of o-aminoazotoluene (1)
in the presence of cumene the expected products could
unambiguously be identified. The structures of the products are given in Figure 2. Also, addition of an excess of
quinone totally blocked the oxidation of this metabolite.

Conversion pathways and identification of the products:

The structure elucidation of the degradation products of the
azo dye metabolites was executed only with the help of
mass spectroscopy and by comparison to standards. The
postulated pathways are only putative. The given yields of
the individual compounds are not validated.
Key product after photolysis of o-aminoazotoluene (1)
was 1a (Figure 3), which probably was formed indirectly
via •OOH radicals. These can be formed by energy transfer
from the excited o-aminoazotoluene to ground state oxygen
in the presence of water. The formation of 1a can also be
explained by an attack of •OH radicals. Therefore, two
additional experiments were executed with cumene and
quinone, respectively, as scavenger to decide whether •OH
really contributes to the degradation of o-aminoazotoluene
(1). In the presence of cumene, no significant difference of
rate constants was found, but phenol could be identified in
the solution. These results were confirmed by the total
blocking of the oxidation by quinone in concentrations of
10–3 M. Consequently, it can be assumed, that •OOH is
responsible for the allyloxidation of the methyl group in the
o-position of the ring system.
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FIGURE 2
Irradiation of o-aminoazotoluene (1) in the presence of cumene; λ > 290 nm

CH3

*

CH3

N N

CH3
3O
2

NH2

CH2OOH

N N

NH2

1a

1

CH3

CH3

OH

NH2 +

N N

+

C CH3
O

1

FIGURE 3
Possible degradation pathway of o-aminoazotoluene (1)
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FIGURE 4
Possible degradation pathway of 4,4’-thiodianiline (2)
16

H2N

S

NH2

O

hν
λ > 290 nm
O2 , H2O

2

O

H2N

S

18

2a

16

S
O

2b

253

H2N

NH2

NH2

© b y PSP V olu m e 1 0 – N o 3. 2 0 0 1

Frese nius E n viro m e n t al B ulle tin

The second step of the photodegradation was the
cleavage of the (=N–C)-bond which directly led to
o-aminobenzylalcohol (1b). This substance could be identified in only very small amounts. Probably, it is a semilabile intermediate and reacts with a high rate to the corresponding o-aminobenzaldehyd (1c).
The photooxidation of 4,4’-thiodianiline (2) (Figure 4) led
to the sulfoxide 2a which was the main photolysis product.
The oxidated derivative (2b) was found in only negligable
amounts. It can be assumed that excited 4,4-thiodianiline
reacts directly with ground state oxygen and forms the
sulfoxide 2a. Whether peroxide or hydroxy radicals take
part in this reaction remained uncertain; in experiments
with H218O, no intake of 18O into the endproduct could be
detected by mass spectrometry
After irradiation of 4,4'-diaminodiphenylmethane (3) in
aqueous solution in the presence of oxygen, two oxidation
products, 4,4’-diaminobenzophenone (3a) and 4,4’-diaminobenzidine (3b), (Figure 5) were detected by HRGC-MS.
Comparison to standards was not possible because no authentic reference substances were available. It can be assumed that the first step of the reaction, which led to
4,4’-diaminobenzophenone (3a), is controlled by the triplet
excited state of 6,which reacts with ground state oxygen.
The resulting ketone looses its carbonyl group in a chelotropic cleavage and directly forms benzidine (3b). This
reaction has been studied very intensively because of the
interesting, unusual mechanism, especially the conversion
of 3a to 3b. For this reason, 4,4'-diaminobnzophenone was
separately irradiated in bidestilled water saturated with O2.
Under these conditions, the reaction to 3b was nearly
blocked. Additional experiments in the absence of oxygen
showed that the reaction of 4,4-diaminobenzophenone was
not controlled by the partial pressure of oxygen. Instead, it
could easily be accelerated by the presence of typical triplet
sensitizers, such as acetone (triplet energy 79.0 kcal/mol) or
phenanthrene (triplet energy 62.2 kcal/mol), but not by
benzil (triplet energy 58.0 kcal/mol) or diacetyl (triplet
energy 55.5 kcal/mol), if the substance was irradiated in an
organic solvent, for instance acetonitrile. The reaction
could also be quenched with trans-1,3-pentadiene (triplet
energy 66.6 kcal/mol). The uniformity of the photochemical reactions was checked by difference (ED) diagrams
[25]. The rate constant kT of the triplet rearrangement,
which can be derived from the Stern-Vollmer plot using
trans-1,3-pentadiene for a quencher, was approximately
0.7 × 10–7 s–1. These results confirm that the transformation
of 3a to 3b is completely controlled by the triplet state.
The triplet energy of the reaction lies between 62.2 (phenanthrene) and 79.0 (acetone) kcal/mol.
After irradiation of 2-naphthylamine (8), four degradation products could be found (Figure 6). During the first
step of the reaction, two ring-hydroxylated products, 8a
and 8b, were formed in a ratio of 3:1. Both products were
further photooxidized to 1,6-dihydroxynaphthylamine (8c).
Furthermore, a dimerization reaction took place leading to

a dihydrophenazine derivative (8d) by elimination of two
molecules of water. This product is normally stable under
irradiation with wavelengths above 290 nm. In the case of
4,4-diaminodiphenylmethane (3), p-chloroaniline (4),
2,4-diaminotoluene (5), p-kresidine (6), and 2,4-diaminoanisol (7), no degradation product could be detected by
HRGC-MS under the experimental conditions used here.
Probably, they are too polar to be analyzed by HRGC-MS.
In conclusion, these results illustrate that oxidation by
ground state oxygen plays a significant role during the
indirect photolysis of the azo dye metabolites. The stability
of these substances against oxygen directly depends on
their structure. Components with easily oxidable functional
groups, such as –S–, Aryl-CH3, or the dien-structure, for
example 4,4’-thiodianiline (2), can rather easily be degraded because of the comparatively reactive sulfide bridge
located between the aromatic rings. o-Aminoazotoluene (1)
and p-kresidine (6) with their reactive CH3-group are also
relatively easily oxidized. The same is valid for
2-naphthylamine (8) being a quasi dien. In contrast to these
four compounds, p-chloroaniline (4) and 2,4-diaminoanisole (5) are very inert against oxygen. The reason for
this is the lack of reactive functional groups. The only
exception is 4,4’-diaminodiphenylmethane (3) with its
double aryl-CH2-group which should be far more reactive
against oxidation than has been found in these tests. Probably, this compound occurs in a resonance form in aquatic
systems at natural pH values. This assumption is supported
by the good solubility of this substance.
For extrapolation of these results to environmental systems, significant restrictions have to be made. Although it
is possible with the test systems used for these experiments
to determine reaction rate constants and half-life times in
aqueous solution under variation of different parameters,
several factors remain which are not so easy to control.
Natural waters as well as waste water contain numerous
substances which can influence the hydrolysis reaction.
Catalysis by salts or photosensitizers, binding to humic
substances or other suspended materials, or accumulation
and by this retention in organisms are only some of the
possibilities which should be considered. Distribution between the phases in natural systems can be calculated even
with extended simulation programs only for a limited set of
data and should be transferred to environmental conditions
with great care. The situation is especially difficult with
systems with constant exchange of water, such as rivers,
because the input and output of the varying contents cannot
easily be allowed for. Adsorption to suspended material
together with sedimentation is also governed more by turbulences in running water than in water systems with limited water movement and, therefore, difficult to calculate.
Nevertheless, former correlation studies [5, 6, 26] have
shown that extrapolations are possible at least sometimes
and, as long as conditions are not extreme, can even give
good agreement between data measured in limited, seminatural systems and data calculated from laboratory experiments under standard test conditions.
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FIGURE 5
Possible degradation pathway of 4,4'-diaminobenzophenone (3)
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FIGURE 6
Possible degradation pathway of 2-Naphthylamine (8)
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SUMMARY

INTRODUCTION

Predenitrification is commonly regarded as one of the
most efficient activated sludge systems in terms of organic
carbon utilization and nutrient removal balance. This paper
outlines comparative evaluation of predenitrification with
alternating activated sludge system for total nitrogen removal. Performance evaluation is made on the basis of
model simulation using AQUASIM computer program and
the general characterization of Istanbul sewage. The alternating system is observed to provide a higher nutrient removal efficiency at the same volume and sludge age
through appropriate manipulation of control parameters.

KEYWORDS:
Alternating activated sludge, AQUASIM,
nitrogen removal, predenitrification, model simulation

Nitrogen removal from wastewaters has a vital importance for the protection of waterbodies from eutrophication. In 1991, a new wastewater directive was promulgated for building up a unified basis of nutrient pollution
control in Europe [1]. Single activated sludge systems
such as predenitrification, alternating system, step-feeding,
sequencing batch reactor (SBR), Bardenpho are commonly
applied treatment alternatives for meeting these nutrient
discharge standards.
Predenitrification system involving an anoxic tank
prior to aerobic reactor with an internal recycle is a widely
applicable continuous treatment alternative for nitrogen
removal [2]. It is more carbon efficient than the others, as it
requires no additional carbon source for the conversion of
nitrate nitrogen in the anoxic zone. But the rate of nitrogen
removal is closely related to the recycle ratio provided in
the system. Nowadays, alternating activated sludge systems
are becoming more and more popular because of their
simple operation without any internal recycle.
In addition to the aerated fraction, AF, this activated
sludge alternative involves another control parameter
mainly the cycle time ratio, CTR, presumably of equivalent
function as the internal recycle ratio. The flow diagrams are
schematized in Figure 1.
The purpose of this study is to compare the nitrogen
removal efficiencies of predenitrification and alternating
activated sludge systems for Istanbul wastewaters based on
model simulation using AQUASIM computer program [3].
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FIGURE 1
Schematic diagram of the treatment system configurations

T Anoxic

CONCEPTUAL APPROACH FOR SIMULATION
The nitrogen efficiency of an activated sludge system
basically depends upon the total sludge age, θX, together
with other relevant parameters of the treatment system
configuration. For a predenitrification flow scheme, the
ratio of the anoxic to the total volume, VD/V and the total
recycle ratio, RT, are the significant parameters; the latter
is composed of the sludge recycle ratio, RS, a fixed value
for the selected design and an additional internal recycle
ratio, RI, basically variable control parameter. Nitrogen
removal may be increased by selection of higher VD/V
and RI levels up to certain maximum limits on the basis of
practical and economical constraints.
An appropriate aerobic sludge age, θXA, was selected
for the simulation to sustain nitrification in the system. The
upper limits are conventionally set as 4 for RI and 0.5 for
VD/V [4], [5]. It should be noted that changing VD/V ratio
for a selected θx imposes a similar change on the aerobic
sludge age. The tested values for these parameters were set
as 15 d for θX, 1 for RS (Q= QS= 1 m3/d) and the 0.8 m3 for
total reactor volume. This simulation was carried out for a
unit flow rate Q=1m3/d. The sludge age, θX, sludge recycle
rate, RS and the total volume of the reactor were kept constant for the predenitrification and alternating system.

Simulations of predenitrification system were performed with different VD/V below the value of 0.5 by
changing the internal recycle flow in the range of 1 to 4.
The alternating activated sludge system involves aerated
fraction, AF, and cycle time ratio, CTR, as control parameters. The aerated fraction is the ratio of aerated time to the
total hydraulic retention time and in this sense, it is compatible with the VD/V in predenitrification system.
The cycle time ratio is specifically defined for this
scheme and reflects the ratio of the total cycle time to the
hydraulic retention time [6]. In this simulation the AF was
selected in the range of 0.3-0.7, around 0.5 as proposed in
the literature [7], [8]. The optimum cycle time ratio was
investigated in the range of 0.05–0.7 covering the narrow
range of 0.01 - 0.07 values suggested by [9].
The endogenous decay model proposed by Orhon
and Artan [10] was introduced to AQUASIM computer
program developed by Swiss Federal Institute for
Environmental Science and Technology (EAWAG).
Average characteristics of Istanbul wastewater were
introduced into the program. The wastewater
characteristics and kinetic and stoichiometric constants
of Istanbul sewage are listed in Table 1 and 2.
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TABLE 1
Kinetic and stoichiometric constants of Istanbul wastewater [11]

Average
Value

Parameter
Maximum heterotrophic growth rate (1/day)

4.5

Maximum autotrophic growth rate (1/day)

0.38

Half saturation constant (mg COD/l)

6

Endogenous decay rate for heterotrophs (1/day)

0.2

Endogenous decay rate for autotrophs (1/day)

0.05

Heterotrophic yield coefficient (g cell COD/g COD)

0.67

Autotrophic yield coefficient (g cell COD/g COD)

0.24

Maximum hydrolysis rate for rapidly hydrolizable COD (1/day)

3.1

Maximum hydrolysis rate for slowly hydrolizable COD (1/day)

1.2

Hydrolysis half saturation constant for rapidly hydrolizable COD (g COD/g COD)

0.2

Hydrolysis half saturation constant for slowly hydrolizable COD (g COD/g COD)

0.5

Soluble inert fraction of endogenous biomass

0.1

Particulate inert fraction of endogenous biomass

0.2

Anoxic correction factor for growth

0.58

Anoxic correction factor for hydrolysis

0.9

TABLE 2 - Characterization of Istanbul wastewater [12]

Average Value
[mg/l]

Parameter
COD total
soluble
biodegredable
readily biodegredable
rapidly hydrolizable
slowly hydrolizable
TKN
TP
SS
VSS
Alkalinity

585
180
500
55
95
350
60
9.3
350
260
350
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EVALUATION OF THE RESULTS
FIGURE 3
The effect of CTR on TN profile for alternating system

The simulation results for the predenitrification system are displayed in Figure 2. As shown in this figure, the
effluent quality was observed to be improved by increasing VD/V ratios for a given internal recycle ratio, except
for the simulation carried out with a VD/V ratio of 0.2.
One of the assumptions to explain the performance of the
system with a low VD/V ratio may be the increased carry
over of dissolved oxygen into the anoxic zone negatively
affecting the denitrification capacity and resulting in the
increase of NO3-N concentration.

FIGURE 2
TN profile for the predenitrification system

As shown in Figure 3, an optimum CTR value of 0.2
was observed for the selected AF value. This observation
is confirmed in Figure 4, where the process simulation
carried out at a constant CTR value of 0.2 identifies the
same AF value of 0.5 as the optimum operation set-up
yielding the lowest effluent TN concentration. This result
is also confirmed in Figure 3 displaying the TN profiles
for both AF=0.5 and AF=0.6.
The simulation also indicates that an improvement
in the effluent quality in terms of TN concentration may
be achieved in the alternating system as compared to the
conventional predenitrification configuration flow
scheme. This is evidenced by comparing the optimum
effluent TN levels of 9 mg/l obtained by means of predenitrification, with 5 mg/l characterizing the optimized
operation of the alternating activated sludge system.
FIGURE 4
The effect of AF on TN profile for alternating system

The results show that there is always an optimum
VD/V ratio for a given set of system parameters (in this
case VD/V=0.4), above which the smaller aerobic
sludge ages limit the nitrification potential and lead to
the increased effluent NH3 -N concentration and, therefore, the effluent total N concentration. The simulation
results for the predenitrification system also indicate
that compliance with the EEC directives of
10 mg/l may be secured by a VD/V value of 0.4 and RI
value of 4. The second part of the simulation relates to
alternating activated sludge system as shown in Figure
3. For this purpose the aerated fraction was first set as
0.6, a level compatible with the optimum anoxic volume fraction of the predenitrification system. The
CTRs were changed in the range of 0.05-0.7 to obtain
the lowest total N level.
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CONCLUSION
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SUMMARY

INTRODUCTION

In this study, chemical treatability of septage was investigated. The septage, taken from the equalization tank
of an existing septage treatment plant, was coagulated by
different chemicals such as alum, alum plus polyelectrolite (PE) and lime plus PE in varying dosages. After coagulation-flocculation and sedimentation TSS, COD and
total phosphorus (TP) parameters of the liquid phase were
measured. Capillay suction time (CST) was measured as
an indication of the dewaterability of the sludge generated
from coagulation. The best results were obtained by alum
plus PE and the optimum dosages for alum and PE were
found to be 200 mg/l and 2 mg/l, respectively. The COD
and TSS removal efficiencies were satisfactory and the
phosphorus concentration of the liquid phase was appropriate for the nutrient balance required by activated sludge
microorganisms. Dewaterability of sludge was also at
satisfactory levels. These results imply that dewaterability
of sludge could be considered as an additional parameter
for the determination of optimum coagulants.

KEYWORDS:
Septage, chemical treatment, sludge, CST, dewaterability

Raw septage that accumulates in a septic tank or
similar treatment facilities; is a highly putrescible material
that may contain high levels of grit, grease and debris.
Frequently, the stabilization of septage prior to discharge
into the environment is necessary in order to minimize the
potential for disease transmission, vector attraction and
odor emission. The objectives of the treatment of septage
are the dewatering and/or stabilization of septic sludge in
order to minimize the potential for odor and vector attraction and to meet the discharge requirements for disposal
in sewer networks or surface water for the liquid phase of
the septage.
Around Istanbul, many small villages that are built in
the catchment areas of drinking water resources employ
septic tanks for sewage disposal. Currently, the septage
(night soil) from septic tanks has been dumped at different disposal sites in an unplanned manner. The appropriate handling and disposal of that is very important for
Istanbul, since the disposal areas are very sensitive to
pollution. In the past, Istanbul Water and Sewerage Administration (ISKI) constructed two treatment plants for
septage. One of them was located on the Asian side and
the other on the European side. The treatment plants were
based on grit removal and batch activated sludge process
and both with a capacity of 1000 m3/day. The quantities
of suspended solids (SS) and biochemical oxygen demand
(BOD) overloaded the biological reactor and as a result
the treatment plants began to experience a poor effluent
quality. Therefore, upgrading of the existing plant was
needed to meet the discharge standards. Residues of the
septage from the treatment facilities could be disposed at
a sanitary landfill. In this case, the requirement of Turkey’s “Solid Waste Control Regulation” is that the water
content of the sludge should not exceed 75% in order to
be accepted at sanitary landfill sites [1]. The liquid phase
of the septage should meet the requirements of “National
Water Pollution Control Regulation” [2].
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MATERIALS AND METHODS
The regulation requirements for discharge to surface
water are BOD5=45 mg/l, chemical oxygen demand
(COD) =110 mg/l and TSS =45 mg/l.
A project was initiated to upgrade the existing septage treatment plants. After several meetings and discussions, it was concluded that a pretreatment unit before
biological treatment was necessary in order to reduce the
TSS and settleable BOD5 to acceptable levels. About 80%
of TSS, 70% of BOD5 and 90% of total phosphorus (TP)
could be removed with chemical treatment processes [3].
The use of chemicals provides a stable and efficient
treatment preventing the effects of diurnal variations in
wastewater loading [4]. Chemical processes could increase the capacity of treatment plant for higher flow
rates, and thus, the required plant area could be smaller
[5].
The traditional approach for determining the optimum
chemical type and dosage requires an analysis of the quality of the clear phase in terms of turbidity, TSS, COD, etc.
after coagulation, flocculation and sedimentation. But it
should be noted that the resulting residue, defined as
chemical sludge, requires further treatment for proper
disposal. Generally, one of the thickening processes following dewatering or direct dewatering operations can be
applied to chemical sludges. Proper dosage and type of
the conditioning chemicals strongly depends on the dewaterability of the original sludge. Hence, dewaterability
of sludge originating from coagulation-flocculation might
be considered as an additional factor in the selection of
chemical type and dosage.
In this study, the influent of a septage treatment plant
located in Istanbul was investigated to determine an appropriate method for pretreatment.

The domestic septage used in the study was obtained
from the equalization tank of an existing septage treatment facility in Istanbul and stored at 4 °C until use. The
septage treatment system consists of an equalization tank
with volume of 100 m3, a batch activated sludge reactor
with volume of 214 m3 and sludge drying beds. The characteristics of the septage are seen in Table 1.
The coagulants used in the chemical treatability studies were alum, alum+polyelectrolite (PE) and lime+PE.
Alum [Al2(SO4)3⋅18H2O] was of extra pure grade and
used in the experiment in varying dosages of 100 to
600 mg/l, lime [Ca(OH)2] was of analytical grade and
both were obtained from Merck. The Zeta G-57, commercial grade cationic PE with medium charge and medium
molecular weight was used as a coagulant aid. The standard jar test apparatus was used in the experiments. All of
the experiments were carried out at the room temperature,
20±2°C, with a sample volume of 500 ml. pH was adjusted to 6.5 for alum using NaOH and H2SO4 and pH
values of around 10 were achieved for lime experiments,
in which these pH values are optimum for the given coagulants [6, 7]. After the addition of chemicals, the samples underwent rapid mixing for 2 minutes at 100 rpm for
alum and alum+PE, while 10 minutes at 100 rpm for
lime+PE. Following the rapid mixing, the samples were
slowly mixed for 30 minutes at 50 rpm. After the completion of coagulation-flocculation, the samples were allowed to settle for 60 minutes.
The COD, TSS and TP parameters of supernatant
were determined after settling for 1 hour. All measurements were performed according to the Standard Methods
[8]. As an indication of dewaterability of resulting sludge,
capillary suction time (CST), an easy and widely accepted
parameter [9-14], was measured by the Triton-W.P.R.L.
type 92/1 capillary suction apparatus.

TABLE 1 - Septage characteristics

pH

TSS
mg/l

VSS
mg/l

COD
mg/l

BOD5
mg/l

TKN
mg/l

NH3-N
mg/l

TP
mg/l

7.4

2320

1470

4650

2450

520

390

46
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FIGURE 1 - Changes in TSS, COD and TP with varying alum dosages
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FIGURE 2 - Changes in COD and TP with varying PE dosages
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RESULTS AND DISCUSSION
Physicochemical Treatment Studies:

Dewaterability of Sludge:

The reductions in TSS, COD and TP are shown in Figure 1.
As can be seen from this figure, it is possible to reduce TSS
concentration up to 30 mg/l by using an alum dosage of 600
mg/l. This alum dosage may be considered high; the TSS
concentration could be reduced to 50 mg/l by a reasonable
alum dosage of 200 mg/l. In fact, a sharp decrease in TSS
concentration is observed for alum dosage of up to 200 mg/l,
while the TSS concentration decreases gradually after this
point. The same tendency can be seen for COD. COD concentration decreased to 940 mg/l from 4650 mg/l for an alum
dosage of 200 mg/l. It could be concluded that the optimum
alum dosage is 200 mg/l when considering the TSS and
CODconcentration in the clear phase of the septage. On
the other hand, phosphorus removal efficiency increases with
increasing alum dosages up to 600 mg/l. The TP concentration of the clear phase dropped to 32 and 15 mg/l for 200 and
600 mg/l of alum dosages, respectively, while original concentration was 46 mg/l.

In order to investigate the effects of chemical type and dosage on the sludge dewaterability, CST of the sludge was
measured for each case. In sewage sludge suspension four
different types of water can be distinguished according to
their physical boarding to the sludge particles. These are: 1)
free water, 2) interstitial water, 3) surface water and 4) intracellular water. The CST method can be used as a measurement to remove the free water of sludge by filtration. The
results of dewaterability studies are presented in Figure 3.
CST of the original sludge without any chemical addition
was 880 seconds; CST was lowered to 650 seconds for 100
mg/l of alum and 317 seconds for 800 mg/l of alum, which
still was far from being suitable for mechanical dewatering.

In order to further removal of COD and phosphorus, PE
in varying dosages, between 2 and 12 mg/l, was added to
samples containing 200 mg/l of alum. All of the physical and
chemical conditions were the same as when only alum was
used. As can be seen from Figure 2, COD concentration was
reduced to 625 mg/l for a PE dosage of 2 mg/l and to 510 mg/l
for a 12 mg/l PE dosage. Additional COD removal efficiencies
of 35 % and 45 % were obtained for PE dosages of 2 mg/l and
12 mg/l, respectively. TP concentration was reduced drastically to 15 mg/l from 32 mg/l for a 2 mg/l PE dosage. In this
case, additional TP removal was increased to 53 %.
In the case of increasing PE dosages, TP removal efficiency showed slight improvement, with additional removal
of 61 %. The aim of this study, however, was not to remove
phosphorus, as phosphorus concentration after coagulation is
important for the nutrient balance in biological treatment. It
has been seen that phosphorus concentration after coagulation is though high enough for biological treatment.
When using alum and PE together as coagulants, the
effluent COD was 625 mg/l for dosages of 200 mg/l of
alum and 2 mg/l of PE. The same COD concentration was
obtained for 500 mg/l alum dosages when only alum was
used. Similarly, in the case of alum plus PE, optimum TP
concentration was 15 mg/l for 200 mg/l alum and 2 mg/l
PE, whereas the same TP concentration was reached for
550 mg/l, in the case of only alum.
As an alternative, lime and PE were used as coagulants. In order to obtain similar treatment efficiencies as for
alum plus PE, the required dosages of the chemicals were
1000 mg/l of lime Ca(OH)2 and 40 mg/l of PE. In this case,
supernatant concentration of COD, TSS and TP were
680 mg/l, 95 mg/l and 16 mg/l, respectively.

The dewaterability of chemical sludge cannot be adequate
without conditioning, in which only alum is used as a coagulant (Figure 3). When alum and PE were used together as
coagulants, the dewaterability of chemical sludge was better
than that of alum sludge. The CST was as low as 23 seconds
for 200 mg/l of alum and 40 mg/l of PE, which exhibits good
dewaterability. It can be seen from Figure 3b that the dewaterability of sludge improves with increasing PE dosages.
But rate of increase is not high enough after the 20 mg/l dosage of PE. Addition of PE into the sludge causes the superflocculation, hence free water of sludge can easily be filtered.
This can be seen in Figure3b even at a dosage of lower than
5 mg/l of PE. Increasing of PE dosage (>20 mg/l) would not
change the value of CST significantly. In fact, measurement
method of CST facilitated to obtain these experimental results
[11]. The amount of free water was fixed after a certain dosage
of PE. Were the method modified to correct these errors, it
could be seen that the CST values increase after the optimum
PE dosage. The excess doses of PE cause an increase of filtration resistance [12]. Therefore, 20 mg/l of PE dosage can be
considered as the optimum value.
When lime was used as coagulant, the dewaterability
of sludge was not affected by a dosage of PE up to
12 mg/l, but for between 12 and 20 mg/l of PE a sharp
decrease in CST was observed (Figure 3c). The CST
values for 1000 mg/l of lime plus 20 mg/l and 40 mg/l of
PE dosages were 51 seconds and 28 seconds, respectively.
A comparable CST was obtained for alum plus 20 mg/l of
PE and for lime plus 20 mg/l of PE.
Another sludge conditioning study was carried out using settled raw septage sludge. In order to obtain a certain
amount of settled sludge, septage was allowed to settle for
2 weeks at room temperature. The same PE, as used in
coagulation studies, was used as conditioner. The results of
this study are given in Figure 4. It can be seen from this
figure that, after the dosage of 1.2 mg-PE/g dry weight
(DW), small decreases of CST values were observed and
that 4.7 g-PE/kg dry weight (DW) was required to obtain
well-conditioned sludge. In this case, CST of the conditioned sludge was 25 seconds.
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CONCLUSIONS

REFERENCES

Coagulation of septage with alum and polyelectrolite
can remove considerable amounts of organic matter, suspended matter and phosphorus before the biological
treatment stage in terms of the SS, COD, TP and sludge
dewaterability. It can be concluded that optimum alum
and PE dosages are 200 mg/l and 2 mg/l, respectively.
This result implies that sludge dewaterability as well as
supernatant SS, COD, TP, etc. could be considered as
parameters in choosing the optimum coagulant. Based on
these results, an activated sludge septage treatment plant
has been upgraded with the addition of a chemical stage
before biological treatment.
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KINETICS AND THERMODYNAMICS OF
REMOVAL OF NICKEL IONS FROM WASTEWATER
BY USE OF NATURAL AND MODIFIED ZEOLITE
M. Panayotova
Department of Chemistry, University of Mining and Geology, Sofia – Bulgaria

INTRODUCTION

SUMMARY
Natural and modified (by means of heating and/or
treating with NaOH, NaCl, HCl, CH3COONa) zeolite has
been tested in a batch process for its ability to remove Ni2+
from wastewater. The role of some of process parameters
on removal effectiveness has been investigated for unmodified zeolite. Wastewater to zeolite ratio of 100:1 has been
found as the optimum. Use of zeolite with finer particles
increases its uptake ability. Best results have been obtained
at pH=5-6 of water to be treated. Presence of Ca2+ and
Mg2+ in the wastewater (in relatively high concentrations)
decreases the uptake of Ni2+. The uptake process obeys the
kinetic equation for the first order irreversible reactions.
Initially the process of Ni2+ uptake is relatively fast - overall rate constants k=3.81x10-3 and k=4.16x10-3 min-1 have
been determined for the first 30 min for solutions containing 10 and 50 mg/dm3 of Ni2+, respectively. Concentrations
of 1-2 mg/dm3 can be reached for less than half an hour, at
an initial Ni 2+ concentration of 10-15 mg/dm3. The uptake
equilibrium is best described by the Langmuir adsorption
isotherm. The apparent equilibrium constant found, as well
as the values of Langmuir constants show moderate to low
affinity of natural zeolite to Ni2+. Zeolite modification with
CH3COONa and NaCl increases (by 25-30 %) its ability to
remove Ni2+ from wastewater and decreases mobilization
of Ni2+ caused by contact of loaded zeolite with acidified
water (pH=2.5). Contacting with 2 mol/dm3 of NaCl solution can easily regenerate loaded natural and modified
zeolite. Investigations made have shown that natural and
modified zeolites can be used for treating wastewater released by mines, metallurgical enterprises processing Nibearing material or resulting from Ni-plating process, as
well as for additional conditioning of liquid wastes from
Ni-Cd batteries recycling.

KEYWORDS:
Nickel, wastewater, zeolite

Nickel is known as hazardous pollutant with general
toxicity causing skin allergies and asthma. Cancer of the lung
and nasal sinus is the most serious consequence from long
term exposure [16]. Mining, mineral processing and metallurgical enterprises dealing with Ni-bearing ores and concentrates, stainless producing metallurgy, Ni-plating activities
and enterprises producing and recycling Ni-Cd batteries are
the main sources of air, water and soil pollution with nickel.
Precipitation [10] reverse osmosis [3] and adsorption on
activated carbon [21] are methods most often used to remove
Ni2+ from wastewater. These methods are relatively expensive. Use of cheap, abundantly available material, such as
zeolite, to remove Ni2+ from wastewater represents an interesting alternative. Zeolites are an attractive native material
for removing heavy metal ions from industrial and processing effluent water because of the following advantages: low
cost, stability and abrasion resistance, low swelling capacity,
their exchangeable ions are relatively harmless Na+, Ca2+ and
K+ ions, no secondary pollution can be caused during zeolites preparation and use, and relatively easy regeneration.
Natural zeolites from different countries have been investigated for their selectivity with respect to hazardous
heavy metal ions including Ni2+ [14, 15, 22]. Although zeolites affinity with respect to Ni2+ is not very high (compared
to the other heavy metal ions), zeolites have been applied to
remove Ni2+ from wastewater from metallurgy [1, 14, 19];
electroplating plants [9], and for recovery of metals from
hydrometallurgical solutions [5]. An increase in zeolites
uptake ability achieved by their modification has been reported for heavy metal ions different from Ni2+ [7, 13].
The aim of the present work was to investigate:
(a) ability of Bulgarian natural zeolite to remove Ni2+
from wastewater, (b) influence of some process parameters, of Ca2+ and Mg2+ presence in the wastewater on the
uptake, and (c) influence of zeolite modification on its
uptake ability with respect to Ni2+. Also, it was aimed to
determine equations describing (a) kinetics of Ni2+ uptake, and (b) equilibrium sorption of Ni2+. Dependencies
obtained could be used to predict removal of Ni2+ from
wastewater by use of zeolite and would contribute to the
implementation of zeolite technology.
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MATERIALS AND METHODS
Natural Bulgarian zeolite - clinoptilolite was used.
Its chemical composition was the following, in mass %:
SiO2, 68.70; Fe2O3, 2.28; TiO, 0.15; Al2O3, 11.83;
CaO, 2.66; MgO, 0.76; MnO, 0.04; Na2O, 1.60; K2O, 4.01;
P2O3, 0.14; SO3, 0.225; ignition loss, 7.62; total, 100.02.
Cation-exchange capacity of clinoptilolite, determined as
described by other authors [11] was 134.30 meq/100 g.
Natural zeolite was modified by heating and by placing it
in contact (at ratio solution to mass of zeolite = 1dm3:100 g)
with some chemicals (with or without heating) as it is shown
in Table 1.

For the first order reversible reactions:

Solutions containing Ni2+ in concentrations of 50 and
10 mg/dm3 were prepared by dissolving corresponding
quantities of Ni(NO3)2 in distilled water. Solutions of
Ca(NO3)2 and Mg(NO3)2 prepared with distilled water were
added to Ni(NO3)2 solutions in order to obtain the corresponding ratio of Ca2+ and Mg2+ to Ni2+. Concentrations of
metal ions were determined with an ICP-AES analysis.
Composition of zeolites was determined by means of classical silicate analysis. Solutions pH value was measured
with a Metrohm E 588 pH-mV-meter. Experiments were
conducted batchwise: 1.0 g of zeolite contacting with solutions was shaken with an ESZTERGOM (Hungary) shaker
(20 strokes/min, throw of 6 cm). Experiments were conducted at room temperature. Desorption experiments were
made in order to check how strongly Ni2+ ions were immobilized by zeolite. One gram of loaded natural and modified
zeolite that showed the highest uptake was placed in contact for 6 hrs with 0.1 dm3 of (a) distilled water acidified to
pH=2.5 by HNO3 addition, and (b) 2 mol/dm3 NaCl solution. Each experimental result was obtained by averaging
the data from two parallel experiments.

For the second order irreversible reactions:
(Co - Cτ) / (Co. Cτ) = k . τ

Influence of any of process parameters on the effectiveness was investigated by calculating Ni2+ uptake by
zeolite at changing the investigated parameter and keeping other parameters constant.
Uptake efficiency was calculated using the equation:
Uptake, % = [(Co-Ceq) /Co] . 100

(1)

where Co is the initial and Ceq is the equilibrium concentration of pollutant, mg/dm3.
Kinetic equations for the first order reversible [2] and
first and second order irreversible reactions [20] are the
equations most often used to describe the removal of heavy
metal ions from polluted water by use of natural material. It
has been stated that ion exchange adsorption is the main
mechanism of heavy metal ions uptake by zeolite [15]. That
is why the kinetic equation describing adsorption [12] was
also considered. Data fitting to equations mentioned above
was tested in the usual way [8], i.e. processing the data in
suitable manner and checking whether they obey one of the
following straight lines found after mathematical transformations of the corresponding kinetic equations:

ln [1-(Co-Cτ)/(Co-Ceq)] = - k’. τ

(2)

2+

where: Cτ - concentration of Ni at any time τ, k’ – overall rate constant, Co and Ceq – as described above.
For the first order irreversible reactions:
ln (Co/ Cτ) = k . τ

(3)

(4)

where k denotes the reaction rate constant in (3) and (4)
and Co, Cτ and τ are as described above.
For adsorption:
ln (dw / dτ) = ln a - α . w

(5)

where: w – amount of substance adsorbed for time τ, a
and α - constants depending on the adsorbent / adsorbate
system and on the temperature.
Rate constants were determined in the classical way [8].
Uptake data found were processed for fitting to different
adsorption isotherms, as described by other authors [18].
RESULTS AND DISCUSSION
It has been found that modification by treating with
NaOH causes zeolite desilication, a decrease in Si/Al
ratio, and an increase in the relative quantity of Na+, Mg2+
and Ca2+ in the zeolite. Treatment with NaCl and
CH3COONa causes an increase in Na+ and a decrease in
Ca2+ relative amounts in zeolite, leading to an increase in
the ratios Na+/K+ and Mg2+/Ca2+. Treatment with HCl
increases to some extent Si/Al ratio and also increases the
relative amount of K+ in zeolite, so decreasing Na+/K+ ratio.
Heating of zeolite does not cause changes in concentrations
of metal ions naturally present in the zeolite.
Solution to zeolite mass ratio of 100:1 was found to
be the optimum one by means of experiments made under
the following conditions: concentration of solutions,
10 and 50 mg/dm3 Ni2+; solutions’ pH value of 5; contact
time, 5 hours; zeolite particles size, 0.09 – 0.325 mm;
solution to zeolite ratios (v:m), 20:1, 50:1, 100:1, 200:1.
Kinetics of Ni2+ uptake by natural zeolite (at
v:m=100:1, pH = 5, and particles size of 0.09 – 0.325 mm)
is presented in Figure 1. Concentrations in the range of
1 – 2 mg/dm3 can be reached at an initial Ni2+ concentration
of 10 - 15 mg/dm3. These values are near to the maximum
permissible concentrations for Ni2+ in industrial wastewater
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that can be emptied in rivers (Bulgarian Standard, 1986).
Significant correlation has been found between the amounts
of Na+ and K+ released into the solution and the quantity of
immobilized Ni2+. This fact points out the important role of
ion exchange in the uptake.
The uptake process is very fast in the beginning as it
can be seen from the figure. Actually, the significant
removal of Ni2+ was in the first 30 - 60 min. Then, up to
the fifth hour a slight increase in the uptake of Ni2+ was
observed only at the higher Ni2+ concentration. Probably,
during the first hour more easily accessible zeolite cations
are being exchanged. It is likely that exchangeable ions
situated deeper in zeolite channels are being exchanged in
the following hours.

To investigate the influence of zeolite particles size on Ni2+
removal, tests were made under the following conditions:
solutions concentration - 10 and 50 mg/dm3 Ni2+;
solutions pH value of 5; contact time – 10 min;
v:m ratio = 100 : 1.
Results obtained are presented in Table 2.
Use of zeolite with finer particles leads to an increase in Ni2+
uptake both at higher and lower nickel concentration. Most
probably, this is due to the higher number of sites available
for exchange. Application of zeolite with more coarse particles considerably decreases Ni2+ removal.
The influence of solution pH value on Ni2+ uptake was
investigated under the following conditions:
solutions concentration - 10 and 50 mg/dm3 Ni2+;
contact time – 10 min; v:m ratio = 100 : 1;
zeolite particles size: 0.09-0.325 mm;
pH value of solutions to be treated
(referred to as pHini.): 3.0, 5.0, 7.0, 9.3, and 10.8.
The results obtained are presented in Table 3.

FIGURE 1
Kinetics of Ni2+ uptake by natural zeolite:
(a) 10 mg/dm3 Ni2+, (b) 50 mg/dm3 Ni2+

Having in mind the results shown in the table, it can be
stated that higher Ni2+ removal due to zeolites’ uptake
(most probably by ions exchange adsorption) can be
observed at pH = 5-6.

Uptake of Ni

2+

,%

Having in mind that initially the uptake is fast, a contact time of 10 min was chosen in order to reveal more
clearly possible differences in Ni2+ removal, due to the
influence of process parameters.
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The influence of Ca2+ and Mg2+ presence in-water-to-betreated for Ni2+ uptake was investigated at ratios
CMg2+/CNi2+ =1:1 and CCa2+/CNi2+ =2:1 and 5:1, keeping
constant all other parameters of the process. Concentrations of Mg2+ and Ca2+ used are in the range of concentrations of these metal ions in the natural Bulgarian water.
Results obtained are presented in Table 4.
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It has been found that the process of Ni2+ uptake is
best described by the kinetic equation for the first order
reversible reactions. For solutions containing 10 mg/dm3
Ni2+, correlation coefficients, r=0.984 and r=0.891, were
found correspondingly for the first 30 min until a steady
state has been reached, and for the whole investigated
time interval. For solutions containing 50 mg/dm3 Ni2+,
correlation coefficients, r=0.880 and r=0.856, were
found correspondingly for the first 30 min, and for the
whole investigated time interval. Overall rate constants
determined for the first 30 min were k=3.81x10-3 and
k=4.16x10-3 min-1 for solutions containing 10 and
50 mg/dm3 of Ni2+ , respectively.

As it can be seen from the table, Ca2+ and Mg2+ significantly interfere with the uptake of Ni2+. The decrease in
Ni2+ uptake could be explained by competing ion exchange leading to a decrease in sites of zeolite available to
Ni2+ ions. This statement is confirmed by results from the
analyses made, that showed a decrease in Mg2+ and Ca2+
concentrations in the solution and an increase in the solid
zeolite phase in amounts equivalent to the decreased
amount of immobilized Ni2+. Ouki and Kavannagh [15]
also observed diminution in heavy metal ions uptake by
zeolite in presence of Ca2+. Serious interference of K+,
Ca2+ and Mg2+ with the ion exchange of heavy metals has
been mentioned [5].
The influence of zeolite modification on the Ni2+ uptake was
investigated under the following experimental conditions:
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solutions containing 50 mg/dm3 Ni2+;
v:m ratio = 100:1; pHini.=5.0; contact time, 10 min;
zeolite particles size, 0.09-0.325 mm.
Results obtained are presented in Table 5.
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TABLE 1 - Conditions for zeolite modification

Type of modification

Temperature (K)

Modifying solution

Contact time (h)

A

378

-

2

B

503

-

C

373

D

168

2 mol/dm NaOH
3

295

F

24

3

2 mol/dm NaOH

295

E

24
3

2 mol/dm CH3COOH

373

168

3

24

3

2 mol/dm NaCl

G

295

2 mol/dm NaCl

168

H

373

2 mol/dm3 HCl

24

I

3

295

2 mol/dm HCl

168

TABLE 2 - Influence of zeolite particles size on Ni2+ removal

Zeolite particles
size (mm)
<0.09
0.09-0.325
0.325-0.400

Removal at an initial concentration of
10 mg/dm3 Ni2+
82.87 %
74.57 %
31.30 %

Removal at an initial concentration of
50 mg/dm3 Ni2+
40.41 %
35.40 %
13.82 %

TABLE 3 - Influence of pH value of wastewater on Ni2+ removal

Removal at an initial concentration of
10 mg/dm3 Ni2+
41.45 %
74.57 %
66.29 %
61.53 %

pH
3
5
7
8

Removal at an initial concentration of
50 mg/dm3 Ni2+
18.62 %
35.40 %
34.42 %
32.37 %

TABLE 4 - Influence of presence of Ca2+ and Mg2+ in wastewater on Ni2+ removal

Ratio
CMg2+/CNi2+ =1:1
CCa2+/CNi2+ =2:1
CCa2+/CNi2+ =5:1
No Ca2+ or Mg2+
addition

Removal at an initial concentration of
10 mg/dm3 Ni2+
47.28 %
53.89 %
37.72 %
74.57 %

Removal at an initial concentration of
50 mg/dm3 Ni2+
18.59 %
21.02 %
13.84 %
35.40 %

TABLE 5 - Influence of zeolite modification on Ni2+ removal

Modification 1

None

A

B

C

D

E

F

G

Ni2+uptake(%)

35.40

33.92

30.94

51.81

52.54

53.45

19.24

12.86

1

as described in Table 1
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H
36.22

I
36.05
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As it can be seen from the table, zeolite treatment with
HCl decreases the efficiency of Ni2+ uptake. It has been
shown [11] that cation exchange capacity of zeolites is reduced by the presence of K+ and that the smaller is Si/Al
ratio the greater is the ion-exchange capacity. Treatment with
HCl increased relative K+ amount in the sample, and also
increased Si/Al ratio to some extent. Consequently, lower
uptake capacity can be expected. Higher Ni2+ removal observed for zeolites treated with NaOH could be assigned to
the influence of the decreased Si/Al ratio. Modification with
NaCl or CH3COONa leads to an increase in Ni2+ uptake
capacity with about 25-30 %, probably due to the raised
relative concentration of more easily exchangeable Na+ as a
result of the modification. Analyses made showed that Na+
ions were the predominately exchanged ions for the modified
zeolite. Good correlation has been found (r= 0.954) between
the amounts of immobilized Ni2+ and Na+ released in the
solution by Na+-modified zeolite.
The isotherm for Ni2+ uptake by zeolite (at pHini.=5,
contact time of 360 min, v:m=100:1 and particles size
0.09-0.325 mm) is presented in Figure 2.

2+

Amount of adsorbed Ni , mg/g

FIGURE 2
Adsorption isotherm of Ni 2+

The apparent equilibrium constant Ka, that may be calculated as the product of the Langmuir equation parameters
KL and M, can be assumed as relative indicator for zeolite
affinity to Ni2+ [17]. In our case Ka=0.210. Figures obtained
for KL, M and Ka are in the range of values found for heavy
metals’ adsorption on natural materials, such as soil [18]
and natural and activated bentonite [17] and show medium
to low affinity of zeolite to Ni2+.
Placing values found for M and KL in Langmuir
equation, a predictive expression describing Ni2+ sorption
by zeolite could be obtained:
x/m = (9.181x10-2 x2.289x C)/(1 + 9.181 x10-2 x C) (7)

Zeolites’ cation selectivity in ion exchange reactions is
determined by the type of zeolite, distance between anionic
sites, cationic radii and cationic hydration energy of ions to
be removed [15]. Relatively low ionic radius (ri=0.69 Å) and
high enthalpy of hydration (∆H=-2105 kJ/mol) of Ni2+ [6]
compared to the other heavy metal ions (for example, Pb2+
with ri=1.21 Å and ∆H=-1481 kJ/mol, Cd2+ with
ri= 1.03 Å and ∆H=-1807 kJ/mol) could explain its relatively low uptake by zeolite.
Desorption experiments showed that Ni2+ were more
strongly immobilized by zeolite modified with NaCl and
CH3COONa compared to natural zeolite. Contacting with
solution containing 2 mol/dm3 of NaCl easily regenerated
loaded natural and modified zeolite.

2,5

CONCLUSION

2
1,5
1
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0

100

200
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400

Equilibrium concentration, mg/dm

500
3

Processing the data obtained and fitting to adsorption
isotherms showed that the equilibrium is best described
by the traditional linear Langmuir isotherm (coefficient of
correlation r=0.999) presented in the form:
C / (x / m) = 1 / (KL . M) + C / M

(6)

where: KL and M, Langmuir constants; x, concentration
of the solute adsorbed; m, mass of the adsorbent; and C,
equilibrium concentration of the solute.
Values obtained for Langmuir constants are correspondingly KL=9.181x10-2 dm3/mg and M=2.289 mg/g. The
constant M is generally accepted as the adsorption maximum of the adsorbent with respect to the specific solute,
and KL is related to the energy of adsorption [18].

271

1. Natural Bulgarian zeolite – clinoptilolite could be
used to remove Ni2+ (present in relatively low concentrations) from soft slightly acidic to neutral
wastewater. Concentrations of 1-2 mg/dm3 can be
reached at contact time less than half an hour at an
initial concentration of 10-15 mg/dm3 Ni2+ in water
to be treated. Presence of Mg2+ and Ca2+ in the
wastewater significantly decreases the uptake of
Ni2+. Use of zeolite with finer particles increases its
uptake ability. Zeolite modification with NaCl and
CH3COONa increases its uptake ability and decreases Ni2+ mobilization by acidified water. Contacting with 2 mol/dm3 of NaCl solution can easily
regenerate loaded natural and modified zeolite.
2. The process of Ni2+ uptake by natural zeolite obeys
the kinetic equation describing the first order reversible reactions. It could be stated that the ion exchange adsorption is the main mechanism of Ni2+
uptake by zeolite on the basis of correlation found
between the uptake of Ni2+ and amounts of Na+ and
K+ released into solution by zeolite. The uptake
equilibrium is best described by the traditional
Langmuir isotherm. The apparent equilibrium constant and values of Langmuir constants found show
moderate to low affinity of natural zeolite to Ni2+.
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LAND-BASED SOURCES OF COPPER
ALONG THE TURKISH COAST OF THE BLACK SEA
Mustafa Ünsal
Çanakkale Onsekiz Mart University, Faculty of Fisheries, Çanakkale/TURKEY

SUMMARY

MATERIALS AND METHODS

The land-based sources of copper have been studied
along the Turkish Black Sea coast. Total copper concentrations were determined in surface sediments and mussels collected from 29 stations in the western and eastern
parts of the southern Black Sea between 1992 and 1996.
The results strongly suggest that the copper pollution
is of terrigenous origin and that the mines and refineries
are its main sources in the Black Sea.

KEYWORDS: Metal, Concentration, Mussel, Sediment, Station

INTRODUCTION
The Black Sea borders several cities and countries. It
is an important area for fishing and aquaculture. It receives an enormous quantity of pollutant-containing
sedimentary material from the northern, western and
southern regions fed by some big rivers and several
creeks. Untreated domestic and industrial wastewaters
from the heavily populated and industrialized cities also
enter the sea directly through the sewerage outlets.
Sediments are reservoirs for all kinds of pollutants including heavy metals. They are, therefore, available as a
medium for the long term monitoring of many contaminants in aquatic environments and have been the subject
of several investigations (1-4).
Mussels have been used as indicator organisms for
monitoring trace metal pollution because of their ability to
filter large quantities of water and so accumulate large
amounts of pollutant from the environment (5-10). The
mussel, Mytilus galloprovincialis, chosen for this study is
abundant along the shore of the Black Sea (11).
The aim of this study is to determine, therefore, the
sources of copper along the Black Sea coast of Turkey.

Surface sediment samples were collected in 1992 and
1995 from the south-western and in 1993 and 1996 from
the south-eastern Black Sea coast of Turkey using an
Ekman grab sampler. A total of 29 stations (10 contaminated sites and 2 reference sites in the west and 14 and
3 in the east, respectively) were visited (Fig. 1A, B).
Mussels were collected from the same stations as the
surface sediments. Unfortunately, mussels were not available at some of sampling stations. Before analyses, sediment samples were wet sieved through a plastic sieve
with a 100 µm screen and only the fraction <100 µm was
taken for analysis. The soft parts of the mussels were used
for analyses. At least three individuals taken from each
station were pooled to obtain a composite sample.
Determination of total copper in sediments and mussels
was carried out by a GBC flameless Atomic Absorption
Spectrophotometer (Model 902) according to the methods
described by UNEP/FAO/ IAEA/IOC (12).

RESULTS AND DISCUSSION
South Western Black Sea

Spatial distributions of total copper concentrations in
surface sediments from the south-western Black Sea are
shown in Fig. 2. The values represented in this figure are
the averages of all sampling periods at each station. With
few exceptions yearly variations in metal abundance were
not so significant, while variations among the stations were
more considerable. The extremely high levels of copper
obtained for 1992 (216.69 ppm) and 1996 (445.15 ppm) in
sediments from St.9 in Inebolu reflect the local pollution
(Fig.2). This station was the most polluted of the western
Black Sea and had the highest contamination factor (CF) in
1992 and 1995 (Table 1). The copper pollution at St.9 resulted mainly from two sources: copper-bearing materials
from a copper mine in this area (in Küre) are carried by
Zarbana Creek and by torrent waters.
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The effect of mining activity on the metal content of
sediment was pointed out also by some investigators (13).
On the other hand, copper ore, which is being loaded from
Inebolu harbour, is the other source of the high Cu concentrations in this region. The St.9 was followed by St.1
in Igneada (Fig. 2) with a value of 36.67 ppm, which
reflects probably the influence of Danube River.

Copper-containing particulate matters originated from
Danube and Sakarya rivers, both have a large catchment
area, are transported by these Rim Currents and settled
down by anticyclonic eddies. Copper concentrations in
mussel as a function of locations are shown in Fig. 3 for the
years 1992 and 1995. With the exception of St.9 located in
Inebolu, average concentrations appear to have declined
from 1992 to 1995.

The concentrations of heavy metals in sediments depend not only on pollution inputs but also on other factors
(14). Of these factors, the circulation is may be the most
important in the western Black Sea. The currents flowing
towards eastern direction parallel to the coast, called as
Rim Current, form many cyclonic and anticyclonic eddies
on their way (15,16).

A correlation could be expected between Cu concentration in sediment and in mussels. All the results showed
well the existence of copper pollution and its reflection in
mussels as a monitoring organism. The concentrations are
at the same levels as those reported for the polluted areas
in the N.W. Mediterranean (in Marseille), for the Romanian coast and the Bosphorus entrance (17-19).

FIGURE 1A
Sampling stations in the south-western Black Sea (R : reference stations)

FIGURE 1B
Sampling stations in the south-eastern Black Sea (R : reference stations)
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TABLE 1
Contamination factors (CF) for the surface sediments from the eastern and western Black Sea

Western
Black Sea
1992

Stations

4.92

1
2

-2.23

3
4

Eastern
Black Sea

--

1995

Stations

1993

11

0.007

--

1.71

12

0.37

--

2.16

13

1.88

14

13.9

--

1996

--

1.13
1.84

5

2.51

2.45

15

11.69

6

2.86

2.13

16

12.61

7

2.63

2.85

17

4.27

1.88

18

44.71

59.67

19

13.93

--

0.94

20

14.98

--

21

11.09

--

22

29.03

--

23

174.6

--

24

388.61

8

-29.05

9
10

--

-1.51
-5.09

208.68

South Eastern Black Sea

The distribution of total copper concentrations in surface sediments of the south-eastern Black Sea is represented in Fig. 4. The values shown at each station in this
figure are the average of all sampling periods. As it is
seen from this figure, considerable variations among
copper concentrations were observed at different stations.

Several creeks together with three big rivers Kizilirmak,
Yesilirmak and Çoruh and their tributaries have been
observed to drain formerly and/or actually productive
mining areas and flow into the eastern Black Sea. The
total amount of Cu transported by these rivers and creeks
is more than 71000 kg/year (22).

The Cu concentrations obtained in 1993 showed
some anomalies with unexpectedly high values in samples
from Sts. 24, 23 and 18 (14767, 6634 and 1699 ppm,
respectively), which receive effluents from the copper
refineries. In a previous study, sediment samples taken
from the bottom of these effluents contained the highest
copper concentrations among the 14 stations sampled
(20). Sediments from the other stations contained also
very high Cu concentrations that were not observed in any
polluted area neither in the Mediterranean Sea nor in
other seas. The highest Cu concentrations were measured
in the eastern part of Black Sea (21). These high levels of
Cu derived probably from the activities of several copper
mines occurred in the eastern Black Sea region (Fig.5).

Average concentrations of copper and their spatial
variations in mussels from the south-eastern Black Sea are
shown in Fig. 6. The distribution of Cu in mussels is
quite dependent on the location of stations, the highest
concentrations (33.49 and 9.31 ppm in 1993 and 1996
respectively) being obtained in those from Hopa region
(St.24) as was the case in sediments (Fig. 4). The results
from St.24 are in agreement with the previous studies
(10). In earlier studies, any correlation could not be not
found between copper concentration in sediments, water
and in bivalve tissues (5, 6, 23, 24). However, mussels
from St.24 contained extremely high Cu associated with
very high concentrations in sediments. It was indicated
that molluscs are relatively poor regulators of metals and
used therefore as monitoring organisms (25).
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FIGURE 2
Copper concentration in sediments from sampling stations in the
south-western Black Sea (R: reference stations)

40

FIGURE 3
Copper concentration in mussels from sampling stations in the
south-western Black Sea (R: reference stations)
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FIGURE 6
Copper concentration in mussels from sampling stations in the
south-eastern Black Sea (R: reference stations)
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FIGURE 4
Copper concentration in sediments from sampling stations in the
south-eastern Black Sea (R: reference stations)
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FIGURE 5
Copper mines along the Turkish coast of the Black Sea (modified) (21)
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DIEL VARIATION OF NUTRIENTS AND CHLOROPHYLL
IN SEA BREAM AND SEA BASS CAGES
IN THE MEDITERRANEAN

I. Karakassis, M. Tsapakis, E. Hatziyanni and P. Pitta
Institute of Marine Biology of Crete, Heraklion, Greece

SUMMARY
The water column in a fish farm was sampled seven
times at three depth layers from 8:00 to 19:00 h to determine short term changes in water quality. NH4 ions were
the dominant form of dissolved inorganic Nitrogen (DIN)
at the surface layer and peaked at noon, showing an increase by a factor of 7 in comparison to the values recorded
at the beginning and the end of the sampling period. PO4
and SiO2 also increased during the day with maximal values at the surface. Chla showed little response to this
change in nutrient content except for the deep layer, which
showed a consistent increase. Our results support the idea
that monitoring of these variables should be properly designed to avoid bias due to diel variability.

KEYWORDS: Mediterranean; nutrients; chlorophyll; sea bream;
sea bass; cage farming

INTRODUCTION
The effect of fish farming on benthic ecosystems has
been demonstrated in several parts of the world in terms
of both sediment geochemistry (1-4) and benthic fauna
(5-10). However, there is limited published information
on the effects of fish farming on plankton. Most of it
concerns freshwater (11-13) or low salinity environments
(14), while a significant portion of relevant literature is
obscure and contained in reports of, or to, agencies, universities or international working groups with special
interests (15). In a review integrating such information
sources (16), it was concluded that in marine waters,

several studies have failed to establish a relationship between enhanced nutrient concentrations and phytoplankton growth. A response of plankton community to hypernutrification became evident only in the microtidal and
low-salinity marine environment of the Baltic (14) and,
particularly, in highly sheltered bays. In a study comparing natural to mariculture-induced variability in water
quality, it has been shown (17) that, even in microtidal areas,
mariculture could be a major source of variability for phosphate and ammonium ions but not for chlorophyll a (Chla) or
particulate organic carbon (POC).
Seasonal changes in environmental variables related
to aquaculture have been studied for marine sediments
(3, 4) and the water column (17). It is unlikely that
changes in sediment characteristics could be detected at
very short temporal scales (of days or hours). However,
for the water column, it is reasonable to assume that excretion of solute wastes, taking place within a few hours
after feeding (18), might induce significant changes in
water quality. Although such changes have been reported
for effluents of fish ponds (19, 20), there is little information on how these changes affect the cultivation medium
in fish cages, particularly at small time scales.
The present study addresses the impact of dissolved
wastes from sea bream and sea bass, farmed in sea cages.
The study focuses on short-term variability (in the scale
of hours), particularly in the Eastern Mediterranean,
where tidal range is negligible (<50 cm) and, therefore,
water transport of material may not be assisted through
standard water renewal processes. The aim of the study
was to assess the extreme concentrations that could be
attained within a day for different descriptors of water
quality and to investigate the response of the phytoplankton to these changes.
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MATERIALS AND METHODS

RESULTS

Cephalonia fish-farm (18-20 m depth) is situated in a
semi-enclosed bay, which is connected to the surrounding
marine area (the Eastern Ionian Sea) by a narrow opening
of 3 miles at the Southern part of the bay. The fish farm is
the oldest in Greece and produces more than 700 tons of
sea bream (Sparus aurata) and sea bass (Dicentrarchus
labrax) in sea cages every year. Data on the environmental impacts of fish farming in this area have been
reported for sediment geochemistry and macrofaunal
communities (4, 9, 10) and for water column effects (17).
A current-meter (AANDERAA CR-7) was deployed at
10 m water depth for a total period of one year and it was
found that the annual average current velocity in the farm
site was 3.5 cm sec-1 (P. Drakopoulos, Institute of Marine
Biology of Crete, unpublished data). During the particular
day when sampling for the present study was carried out,
the current velocity remained lower than the measuring
threshold of the AANDERAA CR-7 device (1.1 cm sec-1).
Vertical profiles of salinity and temperature were measured by means of a SEABIRD-19 CTD.
Samples were collected by means of 5 l Niskin
bottles at 1, 10 and 20 m water depth in the middle of a
fish farming unit (ten cages arranged in two rows), containing ca 140 tons of sea bream and sea bass. Sampling
started at 8:15 am (i.e. before any food was given to the
fish) and was repeated at 09:50, 11:30, 13:50, 17:00,
18:00 and 19:00. Samples for photosynthetic pigment
analyses were filtered through glass fibre filters
(Whatman GF/F). The filters were extracted in 90% acetone for 24 h and the fluorescence was measured by
means of a Turner fluorometer (21). The filtrate was kept
frozen at -20o C and analysed for phosphates, silicates,
nitrites and nitrates after Strickland and Parsons (22), and
for ammonium after Ivancic and Deggobis (23).

The water column was quite homogeneous in terms
of temperature and salinity. The difference between
maximal and minimal temperature was 0.5 oC and salinity
varied vertically by only 0.39 psu (Table 1).
Ammonium ions at the surface comprised only 15%
of the DIN during the beginning of the sampling and was
found to remain above 50% for most of the day, reaching
up to 90%. The concentration of NH4 peaked at noon
hours (12:00-14:00 h) at the surface layer (Fig. 1) reaching 7 µM, exceeding the early morning concentration by a
factor of seven. The signal of NH4 increase was less evident down the water column with the bottom layer showing an increase by a factor of less than 1.5 and the intermediate depth layer by a factor of three. The concentrations of nitrates and nitrites showed some fluctuations
during the day, with peaks during the first hours after the
feeding started and a second, less pronounced, peak after
the maximal ammonium concentration. The overall dissolved inorganic Nitrogen (DIN) followed the temporal
pattern shown by the NH4 concentration.
The temporal variation in phosphate concentration
(Fig. 1) was, in general, similar to that of the ammonium
ions, showing an increase during the noon hours (by a
factor of 2 at the surface water layer) and then a decrease
to the levels found before the beginning of the sampling
series. The fluctuation was again less conspicuous down
the water column.
Silicates were also found to increase during the day
showing an increase by a factor of 2 to 4 in the afternoon
for different water layers (Fig. 1) and then decreased to
minimal levels towards the end of the sampling period.
During the entire sampling period, the N:P molar ratio
(Fig. 1) remained above 27 with an overall average of 75.
The most conspicuous fluctuations of N:P ratio were
found in the deep layer, where PO4 was almost depleted
during the afternoon.
The concentration of chlorophyll a and phaeopigments
(Fig. 2) showed little change throughout the day with the
exception of the bottom layer, which showed a consistent
increase throughout the day resulting in approximately
double concentration values by late afternoon.

TABLE 1
Summary of results of the CTD profiles taken at the Cephalonia fish farm

Temperature (oC)

Salinity (psu)

min

18.54

38.746

max

19.07

39.133

average

18.87

39.026
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FIGURE 1
Diel variability in nutrient concentration and N:P ratio at different depth layers beneath fish cages
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1.80
1.60

3.00

Chla (µg l-1)

2.50

1.40
1.20

CPE (µg l-1)

2.00

1.00
0.80

1.50

0.60
0.40

1.00

0.20
0.00
08:00
1.40

0.50

10:00

12:00

14:00

16:00

18:00

20:00

Phaeopigments (µg l-1)

0.00
08:00
0.70

1.20

0.60

1.00

0.50

0.80

0.40

0.60

12:00

14:00

16:00

18:00

20:00

12:00

14:00

16:00

18:00

20:00

0.30

1m
10m
20m

0.40
0.20
0.00
08:00

10:00

Chla/CPE

10:00

12:00

14:00

16:00

18:00

20:00

0.20
0.10
0.00
08:00

time (h)

280

10:00

© b y PSP V olu m e 1 0 – N o 3. 2 0 0 1

Frese nius E n viro m e n t al B ulle tin

DISCUSSION
The diel patterns studied in the present paper are influenced by multiple factors such as feeding and excretory
rhythms of the fish stock, temperature fluctuations affecting
microbial processes in the water column and the sediment
and variation in light availability, which determines phytoplankton activity and nutrient uptake. The present study was
designed to address the overall effect of these factors on the
water column variables investigated. However, more detailed
studies are needed in order to obtain a quantitative estimate
of the contribution of each factor to the overall effect.
Our results showed that there is a large amount of nutrient loss to the environment in the form of solute release. The
high concentrations of ammonium determined are consistent
with other studies addressing the issue of nitrogen loss into
the environment. For trout farming in Sweden, it has been
calculated (24) that 48% of the nitrogen supplied through the
fish feed is directly released into the marine environment in
solute form and 12-20% is accumulated in the sediment. In
several other studies (25), the total nitrogen loss has been
estimated to be as high as 80%, dominated by ammonia and
urea from fish excreta.
The high concentrations of phosphate found in our samples during the peak (0.2 – 0.34 µM) exceeded by a factor of
4 to 7, the amounts typically found in undisturbed coastal
waters of the Eastern Mediterranean (17, 26, 27). This increase is consistent with the mass balance model for P in
cage farming (2) predicting that ca 28% of phosphorus is lost
in solute form in the marine environment plus the 2-4% from
sediment fluxes. If phosphorus is the limiting nutrient in the
Mediterranean as it has been suggested (28), it seems that the
soluble fraction of fish farming wastes does not induce local
imbalance by modifying the N:P ratio in favour of phosphorus. The results of this study showed that throughout the day,
N:P ratio was by far higher than the Redfield ratio (16:1) and
substantially higher than the ratios found in offshore Mediterranean marine ecosystems (29).
More than 99% of the silicon supplied through the fish
feed is lost into the environment (30) and it is also considered that the release of dissolved Si directly from fish to
water would be insignificant. Although the increased silicate concentrations found at the bottom water layer (and
the lower ones at the intermediate depth layer) may be
attributed to the high benthic fluxes below the farm (30), it
is difficult to explain the increase in silicate at the surface
water layer, which follows the NH4 peak. However, the
increase in silicate can be explained by the presence of
mussels on the floating structures as well as on the sea bed
below the cages since it is known (31) that bivalve beds
show a significant release of silicates.

Marine teleosts are predominantly ammoniotelic, and a
large number of studies on different marine species (32) have
shown that total ammonia-nitrogen comprises 70-90% of
nitrogen excretion. While NH4 makes up the bulk of nitrogenous waste of fish, it is in equilibrium with the highly toxic
NH3 (33), although in seawater high salinity and sodium
chloride have both been shown to decrease ammonia toxicity
(18). It has been suggested (34) that even ammonium may
have some toxic effect when present in high concentrations.
In this context, the build up of ammonium in the water column could impose risks for the farmed stock, particularly in
microtidal areas such as the Mediterranean. In such systems,
management could not take advantage of standard natural
processes of water renewal by, e.g., adjusting feeding time to
tidal exchange as suggested (32). The results presented here
indicate that even in sea cages, water quality could change
substantially during the day. This change is possible only
under extreme conditions i.e. very low velocity of water
currents in microtidal systems, and water quality becomes
even poorer due to the significant decrease in water circulation imposed by the cages (15).
The excretion of N and P wastes by farmed fish (and
particularly S. aurata and D. labrax) after the supply of fish
feed has been reported in papers dealing with ponds and
other land-based rearing facilities (19, 20, 32, 35). One of
those studies (35) involving time intervals similar to those
used in the present paper for determining postprandial ammonia excretion, reported maximal excretion at 5-6 hours
after feeding of the seabream and seabass stocks. The dynamics of phytoplankton in fish ponds (20) showing phytoplankton “bloom-and-crash” cycles is not comparable to the
conditions prevailing in cages. As can be inferred from other
studies in marine mesocosms (26, 36), “bloom-and-crash”
cycles are a typical consequence of water confinement even
with no nutrient addition, whereas in the sea and during the
same period, fluctuations of phytoplankton biomass are
much less pronounced and controlled by different processes.
Investigations of the effect on water quality variables
of different sources of variability such as seasonal, bathymetric, between areas and stochastic (i.e. among replicates)
have shown (17) that the effect of mariculture was never a
prime source of variability (with the exception of ammonium). In that paper, Chla and POC were not found to be
affected by fish farming wastes despite some peaks in ammonium and phosphate. This inconsistency between nutrient enrichment and lack of significant chlorophyll a increase may be attributed to limited utilisation of the excretory wastes due to rapid flushing, so that phytoplankton are
not present long enough to capitalise on the high production of nutrients (37). The results of the present study illustrate this hypothesis by demonstrating that even under very
low water current speed, the increase in nutrient concentration around cages is only transient.
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In the report on the requirements for monitoring of ecological effects of fish farming (38), it has been suggested that
monitoring of nutrients (particularly dissolved N and P) and
chlorophyll (as an indicator of phytoplankton biomass) may
provide medium to high interpretative value for fish farming
effects at relatively low cost. The results of the present paper
support the idea that monitoring of these variables should be
properly designed in order to avoid bias due to diel variability.
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DECOLORIZATION OF AZO DYE SOLUTIONS
PHOTOINDUCED BY FERRIC OXIDES
Feng Wu, Zongping Wang and Nansheng Deng
Department of Environmental Science and Engineering, Wuhan University, Wuhan, P. R. CHINA

SUMMARY
Decolorization of azo dye, Reactive red 2, in aqueous
solutions photoinduced by ferric oxides (α-FeOOH,
β-FeOOH and amorphous(am)-Fe(OH)3) was investigated
under irradiation with a 250W high pressure mercury
lamp with λ ≥ 313 nm. Obvious decolorization occurred
in the presence of these ferric oxides, especially amorphous-Fe(OH)3. Effects of pH, ferric oxide dosage and
initial dye concentration on photochemical decolorization
of the dye solutions were examined.

Whatever mechanism is predominant, photodegradation of organic compounds in the presence of ferric oxides
is affirmative.
We had conducted a series of studies on photochemical decolorization of azo dye solutions induced by different ferric species including Fe(III)-OH [5], Fe(III)-oxalate
[6], and Fe(III)-citrate [7]. As a part of the whole systematic study, this paper presents the primary observation on
the photoinduced decolorization of an azo dye, Reactive
red 2 in the aqueous solutions in the presence of ferric
oxides. This work will improve our understanding on the
photoactivities of different ferric species.

KEYWORDS: Decolorization, Irradiation, Dye, Ferric oxides
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INTRODUCTION
Since the later 70s, semiconductor photocatalytic
oxidation of organic compounds has been extensively
investigated. Besides the most popular photocatalyst
TiO2, many species of ferric oxides such as α-Fe2O3,
γ-Fe2O3, α-FeOOH, β-FeOOH and γ-FeOOH were used
for their special photochemical properties of oxidizing
organic compounds [1,2].
Cunningham et al. [3] presented evidence for the
photocatalytic formation of hydroxyl radicals in illuminated suspensions of α-FeOOH. Hydroxyl radicals can
oxidize many kinds of organic compounds. The photooxidation of organic compounds in an aerated iron oxide
suspension could be due to three mechanisms [4]:
(i) a ligand-to-metal charge transfer process resulting in
photoreduction of ferric oxides and oxidation of organic
compounds; (ii) photoproduction of e--h+ couple as in the
photocatalytic system containing TiO2; and (iii) the üOH
radicals resulting from the oxidation of surface -OH
groups: > Fe-OH + hν → Fe 2+ + üOH

NaO3S

C

N
N C
Cl

SO3Na

MATERIALS AND METHODS
A commercial textile azo dye, Reactive red 2
(Wenzhou Dyestuff Co. Ltd., P. R. China), was
used as received. FeSO4? 7H2OFeCl3? 6H2ONaOHHCl
and H2O2 used were all analytical grade and the water was
distilled.
Three ferric oxides, α-FeOOH, β-FeOOH and amFe(OH)3 were prepared respectively according to the
methods mentioned in references 8, 9, and 10. The products were used without further analysis. The colorcomparison-tubes (o.d.1.5 cm, length 11.5 cm) were used
as photochemical reaction cells. Each cell contained
10 mL dye solution. Different ferric oxides were added
into the dye solutions. Irradiation of these solutions under
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near-UV light was performed with a high pressure mercury lamp (λ ≥ 313 nm, 250W) in a rotating photochemical reactor [7]. The light and the cells were kept parallel at
a fixed distance of 7 cm. During the irradiation, an air
pump (Shanben-X6500, Shanghai, China) was used to
aerate the dye solutions. At different time intervals, a tube
of dye solution was sampled and centrifugated for two
minutes at 4000 rpm with a centrifuge LD5-2A (Beijing,
China). The absorbance of the top solution was measured
at λmax 540 nm of the dye with spectrophotometer UV120-02(Shimadzu). The pH was measured using a pHS-4
digital pH-meter. Measurements were made in triplicate
in each experiment. The error for decolorization efficiency is less than 5%.

2. pH effects

Effects of pH value of dye solutions on the decolorization efficiency were examined at three pH values, 2.0,
3.0 and 4.0. Irradiation times for α-FeOOH, β-FeOOH
and am-Fe(OH)3 were 30, 30, and 4 minutes, respectively.
As shown in Figure 2, results indicated that photoinduced
decolorization efficiency decreased with pH value increasing. Ferric oxides are easier to dissolve at Low pH
value to release free ferric ions and form Fe(III)-OH
complexes, which undergo photolysis to produce hydroxyl radicals. These hydroxyl radicals might contribute
to decolorization of dye solutions [5]. Among the three
ferric oxides, am-Fe(OH)3 is the most dissolvable species
at low pH value, so the photoinduced decolorization efficiency was the highest in the presence of it.
FIGURE 2 - pH effect on decolorization efficiency

RESULTS AND DISCUSSION
Decolorization efficiency (%)

70
1. Effects of ferric oxides on the photochemical
decolorization of dye solutions

Since ferric oxides can adsorb dye molecules resulting from decolorization of the solution, we did a control
experiment to show the photoinduced decolorization by
ferric oxides under the condition of pH 2.0, initial dye
concentration 20 mg/L, and ferric oxides dosage 5 mg.
Reaction time for α-FeOOH, β-FeOOH and am-Fe(OH)3
were 30, 30, and 10 minutes, respectively. Results are
presented in Figure 1.
Photoinduced decolorization occurred in the presence
of three ferric oxides. Especially when am-Fe(OH)3 was
added, the decolorization efficiency reached 98% after
irradiation for only 10 minutes. In addition, the direct
photolytic decolorization of dye solutions without any
ferric oxides was examined, the decolorization efficiency
was 7% after 90 minutes irradiation.
FIGURE 1
Decolorization efficiency of dye solutions containing ferric oxides.
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3. Decolorization kinetics

Under the condition of pH 3.0 and initial dye concentration 20 mg/L, the photochemical decolorization of the dye
solutions containing α-FeOOH or β-FeOOH was pseudozero order reaction, while when containing am-Fe(OH)3, the
reaction was in agreement with the pseudo-first order law.
Kinetics analysis results are listed in Table 1, where r0 and r1
represent correlation coefficients calculated respectively
under pseudo zero and first order law; t represents reaction
time in unit of minute. When the sampling number is 6, the
critical correlation coefficient ra = 0.9741 (a= 0.001). Time
intervals for α-FeOOH and β-FeOOH were 6 minutes, and
for am-Fe(OH)3, 5 minutes.

60

TABLE 1
Decolorization kinetics analysis

40

Ferric oxides

20
0
α-FeOOH

β-FeOOH

am-Fe(OH)3

-r0

-r1

Reaction
order

Kinetics equation

α-FeOOH

0.9838 0.9640

Zero

C/C0= 0.976 - 0.015t

β-FeOOH

0.9910 0.9845

Zero

C/C0=1.0000 - 017t

am-Fe(OH)3

0.9873 0.9944

First

ln(C/C0)=0.018 –0.058t
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Effects of initial dye concentration and ferric oxide
dosage on the photoinduced decolorization of dye solutions at pH 2.0 were also examined. Results are displayed
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FIGURE 3
Initial dye concentration effect on decolorization efficiency
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TABLE 2
Effect of ferric oxide dosage on photochemical decolorization of
dye solutions

Ferric oxides

Irradiation
time (min)

Decolorization efficiency (%)
5mg

10mg

15mg

α-FeOOH

30

53.5

51.3

52.1

β-FeOOH

30

68.8

92.7

91.3

am-Fe(OH)3

4

49.7

63.7

75.8
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BIOLOGICAL DEGRADATION OF WINERY WASTES
AND THE EFFECT OF AN OZONE PRETREATMENT
F. J. Benitez, J. Beltran-Heredia, F. Real and J. L. Acero
Departamento de Ingeniería Química y Energética. Universidad de Extremadura. Badajoz. SPAIN

SUMMARY
Wastewaters generated in the wine distillery are degraded in experiments by aerobic microorganisms in a
batch reactor, where the initial substrate and biomass
were varied. Final removal of organic matter measured as
COD around 90% was obtained, while the total phenolic
content was reduced in the range of 65-80%.
The application of the Contois model to the experimental
results provided values for qmax and Ks of 0.396 mg
subs/(mg VSSΑh) and 10.61 mg subs/mg VSS, respectively, as well as a cellular yield coefficient YX/S=0.537 g
biomass produced/g substrate consumed and a kinetic
constant for the death phase of kd=3.3x10-2 h-1. The effect
of an ozonation pretreatment on the latter aerobic degradation is also reported and discussed.
KEYWORDS: Winery wastewaters, aerobic degradation, organic
matter removal, ozone pretreatment

As little research has been reported with regard to the
application of purification technologies for the disposal of
wine distillery residues, the degradation of them has been
studied in the present work. The process is carried out, in
a first phase, by means of a single aerobic degradation;
and later in a second phase, by means of a combined
treatment, with an ozone pretreatment followed by an
aerobic degradation. In both cases, the objectives were to
obtain data on the removal of the pollutant organic matter,
represented by the reduction of the chemical oxygen demand and the total phenolic content. Furthermore, as the
design of equipments requires the knowledge of the kinetics of the processes which take place, the kinetic study of
the biological stages was conducted according to the
Contois model [5], with the aim to provide rate constants
useful for the design of bioreactors, where these aerobic
stages are carried out in the treatment plants.

INTRODUCTION

MATERIALS AND METHODS

Wine distilleries produce large volumes of wastewaters
(WDW) whose composition varies widely according to the
raw material distilled. But, in general, all of them have an
acidic pH and have a high organic content with chemical
oxygen demand (COD) in the range of 10-60 g/L [1]. Usually these effluents are disposed of into evaporation ponds
or eliminated through public channels, and caused a largescale environmental problem, to which little attention has
been paid by this industry until recently.

The original wastewaters were Αvinasses collected
from an industrial distillery plant located at the Extremadura Community (south-west of Spain). These effluents
were analysed according to the procedure described in the
Standard Methods [6]. The values obtained for the main
chemical characteristics and compositions were: pH, 3.55;
COD, 29 g/l; total phenolic compounds, 644 mg/l; total
solid concentration, 11.40 g/l; total volatile solids, 7.34 g/l
and the volatile suspended solids, 924 mg/l.

Biological waste treatment methods have been recognized as a viable way for the degradation of wastewaters
with high organic contaminant load coming from wine distilleries [2]. However, the presence of some substances,
specially phenolic compounds, which, in general, are toxic to
biological treatments [3], inhibit the efficiency of these processes. For these situations, some chemical pretreatments,
which remove phenolic compounds and facilitate later biological treatments, have been investigated. Among them,
ozonation has proved to be a promising technology, since
ozone has many of the oxidizing properties desirable for
wastewater treatments [4].

The aerobic degradation experiments were performed
in a completely mixed batch reactor with a constant temperature of 28°C. An air stream was introduced into the
reacting medium through a bubble gas sparger. Initially,
this biological reactor was inoculated with an activated
sludge taken from a municipal wastewater treatment plant,
after several previous experiments carried out for the acclimatization of this biomass. When the acclimatization
period was finished, the aerobic degradation experiments
were conducted by introducing into the reactor the amount
of biomass required to obtain the desired initial concentration and loading the adequate volumes of wastewater to
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attain the predesignated initial concentration of substrate to
be degraded in each experiment. These experiments lasted
around 5 days, and periodically samples were withdrawn
to analyse the substrate (expressed as mg of COD/l) and
biomass (expressed as mg of VSS/l) concentrations, as
well as the total content of phenolic compounds present in
the reacting mass.
On the other hand, the ozonation experiment of the
combined process was conducted in another glass batch
reactor provided with a cover containing inlets for bubbling
the gas fed and stirring, and outlets for sampling and venting.
This experiment was started when the impute ozone partial
pressure was adjusted to the desired value (4.8 kPa). The gas
flow rate and ozone reaction time were 40 l/h and 6 hours,
respectively. Then the ozone-oxygen stream was fed to the
ozonation reactor, and several samples were also taken periodically to analyse the COD concentration. When the experiment was finished, a volume of this ozonated wastewater
was loaded into the bioreactor, and an aerobic degradation
experiment was performed in the same way as described
previously, the final concentration of substrate from the
ozonation stage being the initial substrate concentration for
the biological stage.

RESULTS AND DISCUSSION
The wine distillery wastewaters were, firstly, degraded
by aerobic microorganisms in a group of experiments, where
the initial substrate concentration So was varied between
29800 and 9120 mg of COD/l, and the initial biomass Xo
ranged from 2800 to 520 mg of VSS/l. During the experiment, in addition to the concentration of substrate, the biomass X and the total phenolic compounds (TP) were determined. Figure 1 shows the substrate degradation curves for
the experiments performed by varying the initial substrate
concentration and keeping constant the initial biomass concentration (Xo=730 mg of VSS/l).
As an example, Table 1 summarizes the values obtained for these parameters in one of those experiments,
with similar trends being observed in the remaining runs.
Thus, in the case of the substrate degradation, it was observed that the COD decreased continuously through
bioreaction time. The final removal obtained was around
90% in all the experiments, which demonstrated the excellent efficiency of the aerobic process in the degradation
of the organic matter present in this type of wastes.

FIGURE 1
Evolution of the substrate concentration with reaction time in the aerobic treatment.
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TABLE 1
Single aerobic degradation experiment taken as example

t
(h)
0
14
24
38
48
72
86
120

COD
X
(mg subs/l) (mg VSS/l)
28600
21900
17100
15800
11900
5620
3890
2780

1900
4050
5760
6260
5560
5350
4690
3080

TP
(mg/l)

qΑ103
(mg subs/mgVSSΑh)

612
468
422
402
372
296
240
155

215.1
73.2
58.4
46.3
42.9
35.4
31.2
18.7
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dX/dt
(mg VSS/hΑl)
239.1
130.8
75.1
37.5
12.5
-32.9
-55.0
-77.2

µnΑ102
(h-1)
12.6
3.22
1.30
0.59
0.22
-0.61
-1.17
-2.51
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Regarding the biomass, as it is seen in the experiment
shown in Table 1, its evolution followed the typical
growth-cycle phases for batch cultivation [7]: after an
acclimatization period (lag phase), the population of microorganisms is well adjusted to its new environment.
Then the cells multiplied rapidly and an important increase in the biomass concentration was observed (exponential growth phase), until a maximum size of population was reached (the stationary phase). At the end, a
decline in the cell number took place (death phase of
microorganisms). This evolution could also be observed
in the rest of the experiments of this group. Finally, the
phenolic compound content (TP) also decreased continuously with time (see Table 1 ), and an important level for
the removal of this parameter was reached in all cases, in
the range of 65-80 %.
In the exponential growth phase, when the population
of microorganisms is perfectly adjusted to the environment, the rate of production of biomass and the rate of
substrate decomposition are related to the mass of cells
present . The descriptors µ and q have been used to the
specific growth rate of biomass and the specific substrate
decomposition rate, respectively [7]. Specifically, q is a
single parameter which characterizes the degradation
process. Among the expressions provided by the literature, which relate the specific rate, q, to the substrate
concentration, the Contois model [5] is the most suitable:

q = q max

S
Ks X + S

q = 0.396

S
10.61 X + S

Other kinetic parameters useful in the design of bioreactors are related to the biomass evolution during the whole
cycle for batch cultivations [9], like the cellular yield coefficient, YX/S, and the kinetic constant, kd, for the biomass decrease during the death phase of microorganisms. The first
one is defined as the ratio: g of biomass produced/g of substrate consumed, and by taking into account the definition of
µ and q, it can be written for the total growth rate, µt:

µt = YX / S q

(4)

However, this expression only holds for the exponential growth phase. For the whole growth cycle of microorganisms, the death phase must be also taken into account,
when the decline in the cell number takes place. As Bailey
and Ollis [7] pointed out, relatively few studies have been
made on this phase, because many industrial batch microbiological processes are terminated before the death phase
begins. Usually the death rate of the microorganisms’
population during this period is assumed to follow a first
order kinetics [7]:

-

dX
= kd X
dt

(5)

where kd is the previously mentioned kinetic constant for
the decrease rate of biomass in the death phase. Therefore, the global expression for the net specific growth rate
µn must be:

(2)

µ n = YX / S q - k d

According to this Eq. (2), a plot of 1/q vs X/S must
lead to a straight line for every experiment conducted,
whose intercept and slope will be 1/qmax and Ks/qmax ,
respectively. For this purpose, the specific rate, q, must be
previously evaluated for each time of bioreaction. For this
evaluation, the term dS/dt is calculated by fitting the experimental data (S,t) to a polynomic expression by leastsquare regression analysis, and dividing by the biomass
concentration X at any time. Followed this procedure,
Table 1 also shows the values calculated for q in the experiment selected as an example. Similar results were
obtained in other experiments. Once the specific rates
q are known, Eq. (2) can be used, as described above, for
all the experimental data obtained. After least square
regression analysis, the slope and intercept are determined, which lead to the following values: qmax = 0.396
mg subs/(mg VSSΑh) and Ks = 10.61 mg subs/mg VSS.

(3)

which correlates satisfactorily all the experimental results.

(1)

where qmax represents the maximum rate of substrate
decomposition and Ks is the Contois saturation constant.
In order to obtain these specific kinetic parameters for this
model, Eq. (1) can be linearized in the form [8]:

K X
1
1
=
+ s
q
q max
q max S

Therefore, Eq. (1) can be transformed into:

(6)

According to this Eq. (6), a plot of µn values versus q values in the experiments must lead to a straight line, whose
slope and intercept will be YX/S and kd, respectively. For
this purpose, the specific growth rate µn must also be calculated at any time of each experiment, in a similar way as
the specific substrate decomposition rate, q, was evaluated.
That is, the term dX/dt was determined by fitting the experimental data (X,t) to a polynomic expression by means
of a regression analysis; and later, this term was divided by
the biomass concentration X at any time. Table 1 also
shows the values obtained for both parameters in the experiment taken as an example: the decreasing values of
dX/dt and µn with reaction time during the exponential
growth phase, and their negative values during the death
phase can be clearly seen. A general plot of µn versus q
according to Eq. (6) is performed, and after least square
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regression analysis, a slope of 0.537 and an intercept of 0.033 are obtained. In conclusion, it is proposed, a value of
YX/S = 0.537 g of biomass produced by g of substrate consumed for the cellular yield coefficient, and a value of kd =
3.3x10-2 h-1 for the kinetic constant for the death phase of
microorganisms.
In a second phase, the degradation of these wine distillery wastewaters was performed by the combined process constituted by an ozone oxidation followed by an
aerobic degradation. In the ozonation stage, it was observed that the substrate concentration decreased continuously with reaction time, with a final value of 17.52 g of
COD/l. The phenolic compounds reduction was 60 % and
the ratio: consumed ozone/COD reduction, was 0.05 mol
ozone/g COD. With this effluent, the aerobic degradation
stage was conducted and the changes in concentrations
observed for substrate, biomass and total phenolic compounds during bioreaction time were quite similar to the
trends observed in the single aerobic degradation of the
unpretreated wastewaters. Thus, in this stage reductions
of 78 % and 62% for the substrate and the total phenolic
compounds are obtained.
Later, the kinetic study for this aerobic step of the combined process was also performed in a way similar to that
conducted in the single aerobic treatment, by applying the
Contois model to the experimental data. For this purpose, the
parameters dS/dt and q were also evaluated, and according to
Eq. (2), a plot of 1/q values against X/S was drawn. Figure 2
shows this plot, and by regression analysis, the slope and
intercept were determined which provide the following kinetic parameters: qmax = 1.138 mg subs/(mg VSSΑh) and
Ks = 65.91 mg subs/mg VSS. As can be seen, the value for
qmax is higher than that obtained in the single aerobic process
of the untreated wastewaters; that is, the main kinetic parameter for the substrate decomposition has increased with
the previous chemical ozonation.

It suggests that the ozonation pretreatment enhances the
later aerobic degradation probably due to different effects;
among others, the removal of an important amount of
phenolic compounds, which potentially inhibit the biological oxidation, and the break-up of long chain organics
into readily biodegradable short fractions must be considered.
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SUMMARY
The spectral behavior of fluorescent DOM was studied over the Po River-Adriatic Sea mixing gradient with
the aim of investigating the role played by the DOM
composition in metal distribution during estuarine mixing
process. The relative contribution of the two (humic-like
and amino acid-like) components to the fluorescent DOM
was evaluated by synchronous fluorescence spectroscopy
to describe qualitative DOM changes over the mixing.
The relationships found between the dissolved Cd, Cu and
Fe concentrations and the fluorescent DOM composition
indicate that metal-organic complexation can be affected
by variations in the relative contribution of humic-like
material to DOM.
KEYWORDS:
fluorescent DOM, trace metals, estuarine mixing, Po River delta

Since in most estuarine waters a linear relationship between fluorescence intensity and salinity was found, a
conservative behavior of terrestrial DOM over its mixing
with seawater was previously proposed. However, newer
investigations provided evidence for different fluorescent
properties of marine DOM arising likely from the input of
organic matter of autochthonous origin (5,6). Possible
differences in organic ligands between terrestrial and
marine DOM can affect trace metal interactions, which
are largely determined by the organic composition and the
metal affinity to specific functional groups (7).

Compared with quantitative DOC measurements,
the spectrofluorimetric approach is a possible tool (8)
for detecting and monitoring qualitative DOM variations, which are expected over the estuarine mixing,
according to the relative contribution of terrestrial and
autochthonous components.

INTRODUCTION
Metal distributions in aquatic environments are strongly
influenced by the presence of the organic matter in particulate as well as in dissolved (DOM) form. It is generally accepted for the latter that humic-type DOM of terrestrial origin exerts the main influence on metal speciation and distribution in estuarine waters (1), however, little is still known
about the nature of the metal-organic complexes. While
recent studies (2,3,4) have investigated organic complexation
by size fractionation of organic ligands, we approached the
problem by studying the spectral behavior of fluorescent
DOM during estuarine mixing. The aim was to determine
whether qualitative and quantitative characterization of
DOM by fluorescence spectroscopy could give information
on the role played by the different DOM components in
dissolved metal distribution.

Two main fluorescence signals can be observed in natural DOM samples (8, 9): the “amino acidic-like” fluorescence, which is referred to young production by recent biological activity, and the “humic-like” fluorescence, which is
generally related to old material, such as humic-type compounds of terrestrial origin. The relative contribution of the
two fluorescing components to the DOM was recently proposed as a parameter able to detect changes in DOM quality
over the estuarine mixing (10). This fluorescence parameter
was used to investigate the role played by the DOM composition in the dissolved Cd, Cu and Fe distribution over the Po
River-Adriatic Sea mixing process.
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MATERIALS AND METHODS
The Po River delta, as the largest Italian river providing
over 50% of the freshwater input to the North Adriatic Sea
(Italy), was investigated over the estuarine mixing area.
Surface water samples were collected during two sampling
surveys from eight stations over a salinity gradient from
0 to 37 psu: a riverine station (Po) and seven coastal to marine stations (1-7), as shown in Fig. 1. The two samplings
were performed in different river flow conditions (11):
one on October 10, 1995 (2420 m3/s) and the other on
March 4, 1996 (1380 m3/s).
Particulate matter was separated by filtering 6-20 litre
samples through a polycarbonate membrane (Nuclepore,
147 mm, 0.4 µm) under N2 pressure. Preweighed filters were
washed to remove seasalts and dried in a laminar air flow hood
before reweighing to determine total suspended solids (TSS).

The filtrate was used for dissolved metal determination:
1 litre samples were preconcentrated (NH4+ charged-Chelex
100 resin extraction; HNO3 2.5 N elution) and analyzed by
electrothermal (Cd, Cu) or flame (Fe) atomic absorption
spectrometry (12,13).
The DOM was characterized by synchronous fluorescence spectroscopy (14) of unconcentrated filtered (Millipore
HA 0.45 µm) samples. Spectra were collected in the excitation wavelength range of 250-500 nm with 25 nm ∆λ (10,
15). Two fluorescent signals were recorded: T (350 nm Ex
max, F.U.) for the “humic-like” and A (276 nm Ex max,
F.U.) for the “amino acid-like” or “newly produced” DOM
component (8, 9). The A/T ratio was used to describe qualitative changes in DOM composition.

FIGURE 1 - Map of sampling stations
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RESULTS AND DISCUSSION
Due to the different river flow conditions (2420 vs.
1380 m3/s), both solid transport (Fig. 2a) and humictype T DOM (Fig. 2b) were higher in October than in
March sampling.

While in both sampling times the T DOM decreased
linearly over salinity and traced the dilution of the riverine DOM with seawater, uncoupled behavior was observed for the A DOM component (Fig. 2b), suggesting
the contribution of autochthonous production in the seawater samples. Due to the latter contribution, the DOM
composition was changing between the two samplings as
well as over the mixing.

Dissolved Fe and Cu are plotted in Fig. 3a as a function of salinity. Fe concentrations, which were similar in
the river waters at both sampling times, behaved conservatively in both seasons showing a similar decreasing
trend over the dilution gradient. By contrast, Cu enrichment was observed passing from riverine to coastal stations. As previously observed in estuarine waters (3), the
mobilization process from particulate matter seems responsible for the enhanced metal concentrations in the
dissolved form. As expected in view of the higher content
of both suspended matter and humic-type DOM, the Cu
increase in the October sampling was sharper than that in
March. However, particularly in October sampling conditions, a relation linking the dissolved metal concentrations
to the DOM would be expected to confirm the role of
metal-organic complexation. Whereas, on the one hand,
no relation was found between metals and A DOM component, on the other hand, the metal trends of Fig. 3a were
found to remain quite unchanged when plotted as a function of the humic DOM T. By contrast, better relationships were found using the A/T ratio (Fig. 3b), which in
particular could explain the unclear trend of Cu (Fig. 3a)
observed in October samples (R2=0.75 vs. 0.51). These
results suggest that qualitative changes in DOM can also
influence metal concentrations in the dissolved form.

As far as Cd is concerned, it is generally accepted
that in estuarine waters mobilization from particulate
matter is affected by inorganic complexation which
gives variable but systematic increase of dissolved Cd
with chlorinity (16). While chlorinity can be regarded as
an important parameter, it was suggested (17) that other
factors can also play an important role controlling Cd
since both the intensity and the location over the mixing
of the dissolved Cd maximum can vary.

As shown in Fig. 4a, marked increases in dissolved
Cd concentrations were observed over the mixing area.
Consistent with previous estuarine studies, the formation
of highly soluble Cd-chloro complexes seems responsible
for the dissolved Cd distribution in both sampling times
over the 0 to 25 psu salinity range, the maximum being
located at 25 psu.
While at salinities above 25 psu Cd concentrations
tended to decrease in both samplings, two Cd levels, being distinct for each and surprisingly higher in March than
October, were observed. This definitely contrasts with the
high riverine input of particulate matter and humic DOM
in October, and even in the marine stations (>25 psu) no
relation between Cd and T DOM or TSS was discerned
which could explain the different Cd concentration levels
or support the role of metal-organic complexation. By
contrast, by means of the A/T ratio (Fig 4b) it was possible to identify a single linear trend for both samplings,
linking dissolved Cd distribution to qualitative DOM
variation, indicating that Cd concentrations decrease as
the relative contribution of humic-like material to the
DOM decrease.

CONCLUSIONS
Results from samplings performed over the Po River
estuarine mixing in different flow conditions provided
evidence for dissolved metal-organic association. Nevertheless, despite the clear ability of the spectrofluorimetric
approach to trace the riverine humic DOM and to distinguish it from autochthonous contributions, the use of the
humic-type T parameter proved less effective than expected to show metal-organic relationships. Particularly in
non-conservative metal behaviors, where organic complexation can exert a primary role, the fluorescence parameter A/T proved effective showing that qualitativequantitative changes in DOM composition can also affect
dissolved metal concentrations. Consistent with previous
findings, our results indicate the humic-type as the main
DOM component involved in metal-organic complexation, but they further suggest the role of the relative contribution of humic-like material to the DOM.
While confirming the hypothesis recently proposed
by Guo et al. (7), that the DOM composition changes
between estuarine and oceanic environments largely
affect OC-metal interactions, our findings suggest that
the combined application of size fractionation and
fluorescence techniques can enlarge the knowledge on
metal speciation in marine environments.
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TRACE ELEMENTS ON ACTIVATED BENTONITE
G. Seren1, Y. Bakircioglu1, F. Çoban2 and S. Akman3
1
2

Trakya University, Department of Chemistry, Edirne, Turkey

Istanbul Technical University, Faculty of Engineering, Department of Geoglogy, Avcilar, Istanbul, Turkey
3

Istanbul Technical University, Department of Chemistry, Maslak, Istanbul, Turkey

SUMMARY

INTRODUCTION

In this study, activated bentonite was used for the
separation and preconcentration of cobalt, copper and
manganese prior to their determination by flame atomic
absorption spectrometry (FAAS). The bentonite used in
this study was obtained from west part of Turkey, Enez,
Edirne. Optimum conditions for the separation and
preconcentration of analyte elements were investigated.
Bentonite was further purified by treating the material
with 4.0 mol L-1 hydrochloric acid for the removal of
contaminants before use. Both batch and column methods
were used for the separation of the above metals. In the
batch method, the effects of pH and shaking time on retention and elution were investigated. The elements were
quantitatively retained by the collector at pH 4 and again
quantitatively eluted with of 0.1 mol L-1 EDTA for
Co and Mn and 2.0 mol L-1 HCl for Cu and Mn.

The presence of heavy metals in the environment can
be detrimental to a variety of living species. Therefore,
the elimination of heavy metals from water and waste
water is important to protect public health [10]. Many
methods have been proposed for the trace metal removal.
Flow-preconcentration systems [3], liquid-liquid extraction [15], co-precipitation [6, 14], sorption [7, 13], ion
exchange [4, 11] and adsorption have been successfully
applied as separation procedures.

Blank values were low and recoveries were 99.2±2%,
99.6±1% and 99±1% for Co, Cu and Mn, respectively, at
95% confidence level. The relative standard deviations for
the determinations were found to be 1.0-8.8%. Detection
limits (3σ) were 1.5 µg L-1 for Co, 0.9 µg L-1 for Cu, and
1.4 µg L-1 for Mn. The maximum loading capacity was
found to be 0.22 mg g-1 bentonite for copper using batch
procedure. The method was applied to the analysis of the
elements studied in waste water and ground water.

The adsorption is greater for clays such as montmorillonite or bentonite with a Si:Al ratio 2:1 than for clays
such as kaolinite with a Si:Al ratio 1:1 [5, 12].

KEYWORDS: Bentonite, preconcentration,
manganese, atomic absorption spectrometry

cobalt,

copper,

Particularly, ion exchangers have been suggested to
be effective and reliable collectors for preconcentrations
in off/on-line combination with atomic spectrometric
methods [2]. Because of the variations in the compositions of the soil and clay minerals from different localities, each requires specific study [1, 9].

In this study, an inorganic ion exchanger, bentonite,
was used as an adsorbent. It is an inexpensive clay mineral readily available in Turkey. Coarse components of
the bentonite are mostly feldspar, biotite, crystobalite and
rock fragments, and these constituents are present in varying proportions. Montmorillonite is the predominant constituent of clay size. The others are illite and crystobalite
in lesser amounts. For its characterisation, detailed
chemical and mineralogical analyses were performed by
using XRD, DTA/TG, XRF [8].
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MATERIALS AND METHODS
A Unicam model 929 AA flame
atomic absorption spectrometer with deuterium lamp and airacetylene burner was used for the determination of the analyte elements. The hollow cathode lamps for cobalt, copper
and manganese were operated at 15mA, 3mA and 12mA,
respectively. The wavelengths for cobalt, copper and manganese were set at 240.7nm, 324.8nm, and 279.5nm, respectively, and slits widths at 0.5nm for Cu and 0.2nm for Co and
Mn. All pH measurements were made with Orion 720A
model pH-meter and combination glass electrode.The adsorption properties of Na+ and K +ions were determined by
Jenway PFP 7 model flame photometer.
Apparatus and materials:

An activated bentonite from the west part of Turkey was used, in which mont-morillonite (65-80%) is the
major component and feldspar (20-30%), illite+mica
(5-10%) and crystobalite (5% max.) are the minor ones.
Bentonite was washed with 4.0 mol L-1 hydrochloric acid
and subsequently with distilled water several times to remove contaminants prior to use. It was dried at 110°C for
one hour. All chemicals used were of analytical grade. Standard stock solutions (1000 mg L-1) of Co(II), Cu(II) and
Mn(II) were prepared by dissolving appropriate amounts of
metals or compounds. Reference solutions were prepared
daily by further dilution with distilled water.

The height of filling was 0.6 cm. The pH of a studied
solution was adjusted to 4 and was passed through the
column at a flow rate of about 10 mL min-1, which was
found to be optimum. Samples, blanks and standards were
treated in the same way, with the only exception that the
volume of real samples passed through the column were
increased depending on their metal concentration. Cobalt,
copper manganese were eluted from the column with
2.0 mol L-1 HCl, 4.0 mol L-1 HCl and 0.1 mol L-1 EDTA.
If necessary, the elute was diluted and cobalt, copper and
manganese contents were determined by FAAS. The
bentonite column was regenerated by washing with
hydrochloric acid and then distilled water.

Reagents:

EXPERIMENTAL
The pH of the standard metal solution
(1 mg L-1 of Co(II), Cu(II) and Mn(II)) was adjusted to a
preselected value by the use of 0.1 mol L-1 HCl or NaOH.
0.10 g of activated bentonite was added and the mixture
of bentonite and sample was shaken at room temperature
for different periods of time between 1 to 10 minute. The
analytes were eluted from the bentonite with 10 mL of
0.1 mol L-1 EDTA and 4.0 mol L-1 HCl depending on the
kind of elements and determined by FAAS. The maximum loading capacity of the bentonite was determined
using the batch procedure as well. For this purpose 0.3 g
of activated bentonite was dispersed in 10 mL of 20 mg
L-1 Cu(II) solution. The pH of the solution was adjusted to
4.0, at which maximum retention is reached. After shaking for 10 minutes, copper in the supernatant was directly
determined and maximum loading capacity of the bentonite with respect to Cu(II) was calculated.
a) Batch procedure:

RESULTS AND DISCUSSION
The loading capacity of the bentonite for copper is
determined by the batch method as described in the experimental section. The capacity was calculated to be
about 0.22 mg Cu2+/g bentonite. In spite of its relatively
small sorption capacity, bentonite can be used to collect
copper and other heavy metals from large volumes of
waste water samples for purifying procedures, because
bentonite can be easily obtained in high enough amounts.
After treating the bentonite with hydrochloric acid for
one day, the material was completely purified and blank
values were below detection limits.
The retention of each metal was determined by the
batch procedure as described before. The effect of pH on
the retention of cobalt, copper and manganese on bentonite is shown in Fig.1. All the elements are retained
quantitatively on bentonite at pH ≥4.
FIGURE 1
The effect of pH on the retention of the analytes

110
100
90
80
70
60
50
40
Co
Cu
Mn
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A small portion of glass wool
washed with HCl and distilled water was placed at the
bottom of a glass column (1.3x20 cm) and 0.3 g bentonite
was placed into the column. Then another small glass
wool plug was inserted on the top of the bentonite.
b) Column procedure:
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Effect of shaking time on the retention of the Co(II),
Cu(II), and Mn(II) ions on bentonite is illustrated in Fig.2.
The sorption rate is so fast that after shaking the mixture
even manually for about only one minute, a quantitative
collection of the elements on the bentonite was achieved
at pH 4. One minute is, therefore, selected as optimum for
three elements in all experiments.
By applying the column procedure, the adsorption of
Na+ and K+ (6 mg L-1, 2 mg L-1, 10mL solution; pH 4) were
determined. It was found that Na+ and K+ are not adsorbed
by bentonite. This shows that in the presence of high concentration of Na+ and K+ (e.g. sea water) the studied elements
can be successfully retained by bentonite.

The detection limits, based on three times the standard
deviation of the blanks (n=10), were 1.5 µgL-1, 0.9µg L-1,
1.4 µg L-1 for Co, Cu and Mn, respectively, and the relative
standard deviations were between 1.0 and 8.8%. When using
the column technique, the results are much reproducible
because the experiments are performed with the same bentonite, so some of the uncertainties in the batch method,
which cannot be controlled, e.g. uncertainties in the weighing and adjusting the volumes, are removed.
TABLE 1
Effect of eluents on the recovery of the elements
(bentonite 0.3 g; pH 4; eluent volume 10 mL)

Recovery % a
Eluent

FIGURE 2
The effect of shaking time on the retention of the analytes

HCl, 2.0 mol L-1
-1

HCl, 4.0 mol L
110

Retention, %

a

99.6±1

99±1
86±2

86±8

81±3

60±2

-1

92±4

87±2

62±9

99.2±2

62±4

100±2

EDTA, 0.1 mol L

70

74±4

74±6

-1

80

Mn

100±2

HNO3, 4.0 mol L

90

Cu

-1

HNO3, 2.0 mol L

100

Co

Average of three determinations with 95% confidence level.
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If higher concentration factors are required, the column procedure has to be applied. Bentonite column is
prepared as given in the experimental section in detail.
For the determinations of column parameters, firstly,
optimum flow-rates were investigated over the range of
1-30 mL min-1. Cobalt, copper and manganese were
quantitatively retained at flow-rates of 5, 2.5, 10 mL min-1,
respectively. Therefore, the three elements were passed
through the column at a flow-rate of 2.5 mL min-1.

In the analysis of real samples using preconcentration
procedures, the sample volume is one of the important
parameters used to obtain a sufficient concentration factor. Therefore, the effect of changes in the volume of
sample solution passed through the column on the retention of Co, Cu and Mn was investigated. Volumes of 250,
500 and 1000 mL of sample solutions containing 0.40,
0.20, 0.10 and 0.05 mg L-1 of Co, Cu and Mn were passed
through the column. The data in Table 2 indicate that the
recoveries of the analytes were approximately quantitative
up to a sample volume of 1000 mL.

The elution studies were performed by using different
eluents at different flow-rates. Cu and Mn could be quantitatively eluted with 2.0 mol L-1 hydrochloric acid
whereas Mn and Co could be quantitatively eluted with
0.1 mol L-1 EDTA at a flow-rate of 2.5 mL min-1
(Table 1). The elution yields using 4.0 mol L-1 HCl or
0.1 mol L-1 EDTA reached 99% for Co.
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TABLE 2
Effect of sample volume on the recovery of trace elements
(bentonite 0.3 g; pH 4; eluent volume 50 mL;
eluent 2.0 mol L-1 hydrochloric acid)

Sample
volume
mL

Concentration

Recovery %

of element
µg mL-1

Co

Cu

Mn

250

0.40

94.0

98.0

85.0

500

0.20

92.5

96.3

83.0

1000

0.10

91.7

99.0

80.0

1000

0.05

91.0

98.2

76.5
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TABLE 3
Determination of Co, Cu and Mn in waste water and ground water
(bentonite 0.3 g; pH 4; sample volume 250 mL; eluents volume10 mL; eluents 2.0 mol L-1 hydrochloric acid for Cu and Mn; 0.1 mol L-1 EDTA for Co)

Conc.
Ground water
µg mL-1

Conc.
Waste water
µg mL-1

Added
µg mL-1

Ground water a

Waste water a

µg mL-1

µg mL-1

Co

0.012±2.1x10-3

0.05±2.3x10-3

2.00

2.01±4.2x10-2

2.05±3.2x10-2

Cu

0.038±1.1x10-3

0.011±3x10-3

2.00

2.04±3.0x10-2

2.01±1.3x10-2

Mn

0.042±4.5x10-3

0.082±1.6x10-3

2.00

2.04 ±9.1x10-2

2.08±2.2x10-2

Element

a

Average of three determinations with 95% confidence level
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CHANGES IN PHYSICO-CHEMICAL PROPERTIES OF SOILS
FERTILIZED BY AGRO-INDUSTRIAL RESIDUES
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SUMMARY
Cyclic fertilization of two soils by olive oil-mill
sludge compost (alpechin) and vinasse, improved their
agrotechnical properties. THESE soils were classified as
Typic Xeropsamment and Typic Xerorthent. The effect of
fertilization was studied by X-ray diffraction, and measurement of water sorption and water retention from gaseousphase. Incorporation of fertilizers increased both
water sorption and water retention, especially in case of
sandy soil. Relative calcite content in the clay and silt
fractions was changed after addition of fertilizer, this
distribution was dependent on soil type.

KEYWORDS:
Waste fertilizers; Alpechin; Vinasse; Water sorption and retention.

INTRODUCTION
Crop response to the application of agricultural and
agroindustrial waste fertilizers is well documented, however,
there are few studies on the effect of such fertilization on soil
properties, and the conclusions are sometimes controversial
(1,2). Organic fertilizers derived from agricultural and agroindustrial wastes contain significant amounts of organic
matter and nutrients, thus they may be used for fertilization
or improvement of agricultural soils, either directly or after
suitable treatment (3). Humification and mineralization of
the wastes can contribute to changes in soil physical and
chemical properties favoring nutrition and growth of plants.
Thus, soil may be an ideal recycling substrate for many
wastes products, based on the physical, chemical and microbiological interaction between the components and microorganism of soils and wastes. After a period of biodegradation
soil fertility can be enhanced because of the increase of organic matter and nutrient content (4).

Agricultural use of "alpechín" (wastewater from olive
oil production) and vinasse (a liquid by-product from sugar
beet industries), both with a high organic matter content,
K and Mg, is recognized as an environmentally and economically appropriate method of waste disposal (5). Today,
discharging into rivers of these by-products create an
increasing pollution problem in many countries (6,7), thus
their agricultural utilization may be of vital importance.
Soil fertility is related to soil-water interaction, which is
strongly dependent on its specific surface. This value is
measured by various methods, usually by sorption of various
organic or inorganic molecules. A suitable method to know
the soil-water system seems to be the water sorption determination. It may be measured at various relative humidity
p1/p0 conditions using respective coefficients derived from
the “known“ number of sorbed water molecule layers. This
has been applied in soil mechanics (8) and the comparison
with other methods of specific surface measurement indicated consistent results (9,10).
Water sorption was studied here to explain the reason of
changes in properties of two soils of different characteristics
after their fertilization with two agroresidues. This study was
supported by X-ray diffraction tests.
MATERIALS AND METHODS
Two surface soils were used in this work. Soil 1 is classified as Typic Xeropsamment, of sandy texture and medium
calcium carbonate content. Soil 2 is a Typic Xerorthent, of
loam clay sandy texture and high calcium carbonate content.
Some characteristics of these soils are shown in Table 1.
The waste fertilizers used were "alpechin" (A),
a composted olive oil mill sludge, and vinasse (V), the byproduct at the production of alcohol from sugar beet
molasses. The waste fertilizers were applied during three
years to containers of 4L capacity, each filled with 6.1 Kg
of either one of the two topsoils.
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TABLE 1
Selected chemical and physical properties of the soils.

Soil

OM* (%)

pH

CaCO3 %

CEC**
cmolc kg-1

Clay
< 2µm
%

Silt
2-50µm
%

Fine Sand
50-200µm %

Coarse Sand
> 200 µm %

1

0.14

8.5

8.6

3.9

7.6

2.5

2.5

87.4

2

0.53

7.9

27.0

9.4

21.3

21.1

12.8

44.8

*

Organic matter content. **Cation exchange capacity.

Every year the soils of each container (except the
untreated control) were mixed either with 67.8 g of
alpechin or with 250ml of vinasse of 5% wt/v dissolved in
water. Thereafter, the whole soil samples were air dried,
sieved (< 2 mm) and stored at 4ºC before further study.
X-ray diffraction (XRD) was used to identify the minerals
present (11) in the clay and silt fractions of the soils (separated by suspension), and to find the possible changes after
fertilization. X-ray diffraction patterns of powder samples
were obtained using a Siemens Kristalloflex D-500 diffractometer with Ni filtered Cu Kα radiation.
To estimate the soil-water interactions, water sorption
(WS) and water "retention" (WR) were measured as described by Stepkowska (12), and shown in Figure 1. In
WS test, 0.5 g of the air dry powder (WS) or of the oven
110°C dry powder (WSo) were put in triplicate in aluminum containers (3 cm x 2 cm x 1 cm) and placed for two

weeks at 30°C and atmospheric pressure, successively in
desiccators over solutions producing the following relative water vapor pressures (p/po): 0.5 (over the saturated
Mg (NO3)2 solution), 0.95 (over the 10% H2SO4 solution)
and 1.0 (over distilled water). After finishing WS test, the
WR test is carried out in the same samples. In WR test the
relative humidity was decreasing successively in an
analogous way. In this work different water vapor pressures were used to measure water sorption and retention.
At the relative water vapor pressure p/po = 1.0 (p = 0.023 bar
at 20 °C and 0.042 bar at 30 °C) the soil water suction
(soil potential) was 10.2 cm, pF about 1. At p/po = 0.99 the
soil suction is 6.1 cm, pF > 3 (13). At these conditions water
is sorbed or retained on the surfaces of particles within clusters and aggregates (in micropores): at p/po = 0.5 in bimolecular layer, and at p/po= 1 up to four-molecular layer (8,14).
At p/po= 1.0 the capillary condensation may occur in
mesopore and in macropores (15).

FIGURE 1
Water sorption (WS) and retention (WR) and stating heating (SH)
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RESULTS AND DISCUSSION
Smectite dominates in the clay fraction of soil 1
(Fig. 2a). The peak at 15.31 Å of high intensity and no
broadening to either side indicates a good crystallinity. The
remaining peaks are low and broad, except that at 4.48 Å
(corresponding to 0,20 peak of dioctahedral clay minerals).
Addition of A and V caused a slight decrease of the smectite peak intensity at 15.31 Å (Fig.2 b,c), so that, the remaining peaks were better discernible: illite at 10.04, 5.04
and 3.34 Å, kaolinite at 7.13 Å, calcite peak at 3.04 Å and
quartz at 4.26 and 3.34 Å. Calcite peak was very low and
broad in the clay fraction of untreated sample (Fig. 2a), and
also in the soil treated with V (Fig. 2c).
The silt fraction of soil 1 (figure not shown) contained also an appreciable amount of smectite; the peaks
of illite at 10.04 and 5.04 Å were very small. The strongest peaks belonged to quartz (at 4.28 and 3.35 Å) and
calcite (3.04 Å). Some feldspar was discernible at 3.20
and 2.13 Å. In this silt fraction after addition of fertilizers,
the ratio of peak intensity at 4.48 Å to the intensities of
d00l peaks, increased as compared with the untreated sample, indicating more random particle orientation.

Calcite content was higher in both fertilized samples,
especially in silt fraction of the soil amended with A (data
not shown ). Thus the addition of both fertilizers to soil 1
caused an increase in calcite content in the silt fraction,
whereas only alpechin addition caused it in the clay fraction, resulting in clay particle cementation. There is also a
more random orientation of clay minerals in the silt fraction after fertilization, which was the reason for the decreasing of the peak intensity ratio at 4.48 Å to the d001
peaks. The XRD diagrams of the clay fraction of soil 2
showed the presence of smectite, illite and kaolinite, the
first two mainly in mixed layers. The peaks are low and
broad (Fig.3a). Strong calcite peaks were detected in the
original sample. The intensities of calcite peaks (3.04,
3.84, 2.49, 2.28 and 2.09) became lower after treatment
with A (Fig.3b), and after treatment with V they disappeared completely (Fig.3c).
Thus, the addition of fertilizers to this soil removed the
carbonates from the clay fraction (partly by A addition,
completely by V addition). Therefore, the intensities of
the remaining peaks apparently increased. Silt fraction
behaves differently, since calcite peaks are present in all
the samples of soil 2 (data not shown).

FIGURE 2 - XRD of clay soil 1: a) untreated;
b) treated with A;c) treated with V

FIGURE 3 - XRD of clay soil 1: a) untreated;
b) treated with A; c) treated with V
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Water sorption, water retention

A change in WS and WR values at p/po = 0.5 and 0.95
indicates the change in specific surface, to which they are
proportional, being inversely proportional to particle thickness (14). A change in WS and WR values at p/po = 1.0
indicates also a change in specific surface and possibly in
macropore water content (16). If these values are higher than
twice the values measured at p/po = 0.5, this indicates either
particle delamination by water sorption or macropore water
formed by capillary condensation (17). A large increase in
WSo (water sorption after oven drying) as compared to WS
(after air drying) indicates a disturbance of cementing bonds
between clay particles (14).
The results of WS, WSo and WR tests of the soils
with and without waste fertilizers are shown in Table 2.
All the WS and WR values of untreated soils are in accordance with the clay fraction content: 21.3% and 7.6%
for soils 2, and 1, respectively (Table 1). Indeed: WS and
WR of soil 2 >> WS and WR of soil 1. Thus WS and
WR are approximately proportional to the clay fraction
content, which is logical: the particles in clay fraction
present the highest specific surface.
When waste fertilizers are applied to soil, the organic
matter input may influence water sorption and water retention in the following ways: direct effect due to organic
particles themselves, which have a high water sorption
capacity (18).

Organic molecules may intercalate in the interlayer
space of clay particle facilitating the particle delamination. An indirect effect due to the modification of other
physical properties: bulk density, porosity, pore size distribution, etc. (2).
The addition of A and V caused an increase in water
sorption (WS) and water retention (WR) at most of the p/po
conditions, indicating a change in specific surface. This
increase is especially pronounced at the saturated water
vapor pressure (p/po=1), indicating either an increased mesoand macro-pore water content (16) or further increase in
specific surface due to water sorption (particle delamination).
The relative increase in WS and WR of the soils with
the addition of fertilizers is the highest in soil 1, which
has a low clay fraction (7.6%) and high sand content
(89.9%). Tester (18) indicated that this improvement
seems to be related to the decrease in bulk density of soils
with coarse texture. This behavior normally occurs in
soils with a clay fraction content lower than 15% (19).
In soil 2 at p/po=1 somewhat higher WS and WR
were observed after fertilization, but they were more
noteworthy after V addition. This can be connected with
the complete disappearance of calcite from the clay fraction, so, the cementing bonds are removed and, consequently, the water sorption increases. In general, at any
p/p0 value the addition of vinasse caused a higher increase
in water sorption (WS ) than alpechin addition, in both
soils. That is particularly noteworthy for p/p0 =1.

TABLE 2
Water sorption (WS) and water retention WR) of air dried soils, and water sorption of soils dried at 1100C
(WSo) (in weight percent ), without and with fertilizers, at the given p/po.

Soil

1

1A

1V

Test

W at p/po
0.5

0.95

1.0

WS

0.8

1.2

1.0

WR

0.8

1.2

1.7

WSo

0.6

1.2

WS

1.0

WR

Soil

Test

W at p/po
0.5

0.95

1.0

WS

1.7

2.6

4.4

WR

2.0

3.2

3.5

0.8

WSo

1.7

2.7

5.3

1.7

4.0

WS

1.9

2.8

3.9

0.9

1.8

2.6

WR

1.8

3.2

4.6

WSo

0.9

1.4

6.7

WSo

1.8

3.3

4.0

WS

1.1

1.8

6.2

WS

1.9

3.2

7.0

WR

0.9

1.9

6.7

WR

1.8

3.7

7.5

WSo

0.9

1.6

4.9

WSo

1.7

4.0 10.9

2

2A

2V

Mean values of three determinations. Standard deviation ranged between 0.1 and 0.3 %,
except for WSo at p/po = 1.0 of soil 2, where it was about 1 %.
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SUMMARY
Dry deposition measurements of trace metals were
carried on in a sub-urban area of Belgrade during July and
August 1999. In the field experiments, deposition fluxes
were determined using a Frisbee type aerodynamically
designed sampler. Greased and ungreased Teflon plates
mounted on the sampler facing upward and downward,
have been used. Particle resuspension rate was determined
by simultaneous sampling on different surfaces at various
exposure times. Deposition flux to the greased plates was
about four times the flux to the ungreased plates.

KEYWORDS:
Dry deposition; Resuspension; Trace metals; Airfoils

INTRODUCTION
The process of dry deposition is one of the key
mechanisms for removal of particles from the atmosphere.
It is influenced by meteorological (wind speed, relative
humidity) and micrometeorological (roughness length,
friction velocity etc.) parameters, as well as the surface
properties (shape, roughness, stickiness and wetness).
Resuspension of previously deposited particles additionally complicates the determination of dry deposition rate.
Particles striking the surface may rebound if their kinetic
energy after impact is sufficiently large to overcome the
surface attraction forces. Previously deposited material
may be resuspended into the flow if the lift forces are
greater than the forces holding particles to the surface.
Resuspension has been found to be strongly dependent on
time, wind speed and particle size (1).

Dry deposition of trace metals is of special interest for
investigation of the impact on the biosphere; however, relevant measurements on natural surfaces are complex and
difficult to perform. Therefore, artificial surfaces are usually
applied, when dry deposition is to be determined by the
accumulation method. The accumulation method has been
preferred for coarse particles that dominate dry deposition in
both urban and nonurban areas. According to Davidson (2)
over 70% of the deposited mass of lead (exists primarily in
the fine-particle mode), zinc and cadmium was due to the
fractions larger than 10 µm. In spite of the results showing
that artificial collectors overcollect coarse and undercollect
fine particles compared to the natural surfaces (3,4), artificial
surfaces still provide a simple way for obtaining information
on temporal and geographical trends in atmospheric dry
deposition. It is almost impossible to compare the results
obtained on a variety of artificial surfaces presented in the
literature. Obviously, there is no accordance on the shape or
the chemical composition of the appropriate surrogate surface. Many types of collectors have been used, including
bucket samplers, which have been widely criticized (5).
Trapping of coarse particles in the bucket was partly avoided
by using low rim Petri dishes (4, 6), but it was really
overcome by a Frisbee-type, aerodynamically shaped
sampler (7).
The aim of this work was to propose and evaluate a
modified design of a Frisbee type sampler, with two Teflon
plates, one facing upward, and the other facing downward.
The idea was to make a leaf-like design. As dry deposition
includes both downward and upward fluxes (8, 9), and the
bottom surface of the vegetation leaf is usually rough, the
deposition on the bottom surface should not be overlooked.
The influence of the exposure time on average deposition flux values was also investigated, with the intention to
determine the shortest exposure time for the chosen experimental set-up and analytical method. In addition, the influence of the resuspension and characteristics of the surface on
dry deposition fluxes of trace metals were investigated.
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EXPERIMENTAL
Site description

The field experiment was conducted during July and
August 1999, at the ground of the Institute of Physics,
Belgrade. The experimental site is situated in the suburban area of Belgrade, 50 m far from the river Danube
and 200 m from a heavy traffic road.
The collector was developed according to the previous design of the dry/wet precipitation collector (10).
Petri dishes were replaced with six low-speed airfoils,
mounted on a polyethylene holder, at the height of 2 m
above a grass-covered terrain. Each airfoil (Fig. 1) consisted of a solid piece of Teflon coated aluminium, with
two Teflon plates (D = 49 mm) positioned one on the top
and the other on the bottom side for the measurement of
downward and upward dry deposition fluxes. Aerodynamic artificial surfaces were used to obtain control over
boundary layer and surface conditions. According to the
calculation (7) boundary layer thickness over the deposition plate is nearly uniform and without any flow separation. The airfoil is symmetric about its vertical axis; thus
the variations in wind directions have negligible effect on
the deposition process.

Prior to the exposure to atmospheric deposition,
blanks for both airfoils were made in the field and prepared in the same way as the samples, except that the
exposure times was less than five minutes. Five Teflon
plates were used for the purpose of chemical analysis and
one for physical characterization by automatic image
analysis system.

Meteorological variables

The sampling surfaces were exposed to atmospheric dry
deposition under ambient conditions. During the experiment,
average wind speeds were low, no precipitation occurred and
insolation was strong. Therefore, atmospheric stability, according to Pasquill stability categories (11), could be characterized as class A-C, i.e., high to week stability. The height
of the grass, h, was 30 cm, therefore, the aerodynamic surface roughness, z0 (z0=0.15 h), was 4.5 cm, and the aerodynamic displacement height, d, (d=0.75 h) was 22.5 cm.
The friction velocities were calculated from wind speed
velocities at 24 m using the well-known expression for
vertical wind speed profile at near neutral atmospheric
stability condition (12).

FIGURE 1 - Low speed airfoil
Chemical analysis

The preparation work and chemical analyses were
done in a Class 100 clean laboratory. The dry deposition
material was extracted with 10 mL bidistilled and deionized water, using an ultrasonic bath for one hour. Solutions were filtered and poured into quartz measuring vessels. Samples of deposited particles to greased Teflon
plates were irradiated (4 hours) by an UV lamp to destroy
organic substances that may interfere determination.
Trace metals (Pb and Cu) concentrations were determined
by differential pulse anodic stripping voltammetry
(DPASV), by the method of standard addition. (6).
Determination limit was 0.1 ng mL-1.
Automatic image analysis system

Ungreased Teflon plates were exposed for 4, 6, 8 and
12 hours in order to determine the most suitable exposure
time for the experimental set-up. Exposure time of
8 hours was chosen and simultaneous sampling was performed on greased (Apiezon L) and ungreased Teflon
surfaces. The grease was used to eliminate the surface
resistance for particles (no bounce off or resuspension).
After exposure, the plates were carefully removed from
the airfoil, put into the Petri dishes and treated according
to the procedure that will be described further on.

The particles of interest have projected area diameters
larger than 1 µm. The Leitz optical microscope was used
to examine Teflon plates and the optical images were
viewed by a Sony video camera. A Snappy Video Snapshot frame grabber recorded the output of the
CCD-camera. Image processing of gray-scale frames was
performed using an IBM PC with the support of specially
designed software (OZARIA v.2.5) that included some
standard image processing operation (13, 14) for particle
recognition. Thirty randomly chosen images from each of
sampled Teflon plates were prospected. The morphology
and particle size distributions were determined.
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RESULTS AND DISCUSSION
Dry deposition fluxes to ungreased Teflon plates, both
upward and downward oriented, for Pb and Cu contents, for
8 and 12 hours exposure times are presented in Table 1. Dry
deposition fluxes of Pb and Cu were generally high for both
top and bottom surfaces. Knowing that resuspension increases with wind speed and particle diameter and that wind
speed is highly variable, exposure time should be as short as
possible. Minimal exposure time depends on the analytical
method sensitivity and accordingly, 8 hours exposure time
was chosen. Knowing that deposition fluxes are usually
very inhomogeneous, it was necessary to determine the
coefficient of variation, Cv. According to Mage (15), for the
0.33 < Cv2 < 1, distribution is lognormal or pseudolognormal. Cv2 values for upward dry deposition fluxes, both
for Pb and Cu, were within the range of 0.37 to 0.66 indicating a lognormal distribution. This denoted a presence of
inhomogeneous flux dominated by a small number of coarse
or giant particles. Cv2 for downward dry deposition fluxes i.e.
deposition to upper plates (ungreased Teflon), for the exposure times 8 and 12 hours, were found to be 0.04 - 0.30,
indicating a homogenous flux dominated by small particles.
According to the dry deposition model for atmospheric
coarse particles (8), the flux ratio FR, defined as the ratio of
upward to downward flux, is indicative of the size of deposited particles. When FR is over 0.1 it is likely that dry deposition mass is dominated by particles having an aerodynamic
diameter greater than 5 µm. The average ratio of upward to

downward flux, FR, obtained from our results is unusually
high: it varies in the range of 1.15 - 1.65, but the values of
FR for particular samples were scattered in the range of 0.44 3.82. This can be partly explained if deposition processes are
dominated by inertial deposition. In other words, inertial
velocity vI, (component of velocity related to wind velocity),
for particles with dimensions of 5 - 100 µm, far exceeds
sedimentation velocity (vI >> vS).
Accordingly, the deposition velocity in downward direction is vd ↓ = vI + vS and the deposition velocity in
upward direction, vd ↑= vI - vS , if vI >> vS , than it follows:
vd ↓ ≈ vd↑. The contribution of inertial deposition is
roughly equal to both, top and bottom surfaces, as particles
have equal probability of traveling upwards or downwards
on air eddies. In that case, both surfaces upward and downward are equal and it can be related with similar corresponding deposition fluxes. FR values much greater than 1 cannot
be explained by Noll’s theory (8) and might be the consequence of the flux inhomogeneity.
The dry deposition fluxes to the greased plates
(Table 2) were about four times higher than the fluxes to ungreased plates (particle perfect retention on greased surface). It
illustrated the significance of the resuspension processes. The
values of flux ratio FR being 1.07 (Pb) and 1.06 (Cu) were
similar as for ungreased plates, but Cv2 values are less than 0.1
(for top and bottom), indicating homogeneous flux.

TABLE 1.
Heavy metals dry deposition fluxes to Teflon plates (ng m-2 s-1)

Exposure time = 8 hours;

Ungreased Teflon (N=5)

Pb ↓

Pb ↑

FR

Cu ↓

Cu ↑

FR

Xa

0.210

0.257

1.15

0.353

0.492

1.26

Sa

0.114

0.182

0.37

0.153

0.401

0.72

Cv

0.543

0.708

0.433

0.815

2

0.295

0.501

Cv

-1

-1

0.188
0

0.664
-1

Av.wind s.:1.1 m s (max = 5.7 m s ); T=25.7 C; RH=66%; Friction vel.=3 cm s
Exposure time = 12 hours;

Ungreased Teflon (N=5)

Pb ↓

Pb ↑

FR

Cu ↓

Cu ↑

FR

Xa

0.225

0.369

1.65

0.692

0.598

1.18

Sa

0.045

0.255

1.13

0.318

0.365

1.31

Cv

0.200

0.691

0.459

0.610

2

0.040

0.478

Cv

-1

-1

0.211
0

0.372
-1

Av.wind s.:1.1 m s (max = 5.1 m s ); T=20.7 C; RH=74%; Friction vel.=3 cm s

↓ ↑ arrows indicate the direction of fluxes; Xa = arith. Mean; Sa = stand. arith. Deviation; Cv = Sa/Xa - coefficient of variation; FR = F ↑ / F ↓ = flux ratio
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TABLE 2
Heavy metals dry deposition fluxes to Teflon plates (ng m-2 s-1)

Exposure time = 8 hours;

Greased Teflon (N=5)

Pb ↓

Pb ↑

FR

Cu ↓

Cu ↑

FR

Xa

0.915

0.944

1.07

1.670

1.777

1.06

Sa

0.110

0.170

0.17

0.205

0.306

0.09

Cv

0.120

0.180

0.123

0.172

0.015

0.030

Cv

2

0.014
-1

0.032
-1

0

-1

Av.wind s.:1.1 m s (max = 5.7 m s ); T=25.7 C; RH=66%; Friction vel.=3 cm s

↓ ↑ arrows indicate the direction of fluxes; Xa = arith. Mean; Sa = stand. arith. Deviation; Cv = Sa/Xa - coefficient of variation; FR = F ↑/ F ↓ = flux ratio

FIGURE 2
Accumulated mass versus exposure time for Pb and Cu
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12
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8
6
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8
7
6
5
4
3
2

2
4

6

8

10
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Dry deposition fluxes have also been measured for the
exposure times of 4 and 6 hours. Accumulated masses (Pb and
Cu), as a function of exposure time are presented in Fig. 2
indicating the linear dependence (r > 0.9) for the time interval
up to 8 hours. The results of size distribution analysis of the
deposited particles showed that on the upper plate, size distribution maximum was at about 2 µm; coarse particles, which
dominate mass distribution, were present in a small number
too. On the lower plate, coarse particles were present, but
small particles were rare. Spherical particles were mainly
occurring in the range of small particles, but coarse spherical
particles were also found. The accumulated mass per unit area,
M (g m-2) depends on the exposure time, the arrival flux of
particles at the surface Jin, the fraction of rebound F, and the
resuspension rate β.
For the constant average Jin, F and β, according to (7)
accumulated mass M is

M=

(1 − F) J [1 − exp(− βt )]
in
ß

6

8

10

12

t(h)

t (h)

For sufficiently long period (t→∞), mass would reach a
balance value what is practically impossible in an experiment
in the field as none of the parameters are constant.
The instantaneous value of β has been found to be dependent
on many variables, such as wind speed, particle size, relative
humidity and time period after particle deposition.In order to
investigate the influence of the sampling time on the accumulated mass, a two-component experiment was performed.
In the first component, the mass of particles deposited on
ungreased Teflon plates was determined in subsequent intervals (0, t1), (t1, t2) and the sum is M1(t). The component M2
was obtained measuring the deposition mass on another
identical plate in the entire time interval (0, t2).
Following the calculations based on Eq. 1 and presented in
details elsewhere (16), the average resuspension rate was
determined from the Eq. 2.
M1 − M 2 1
= βt
M1
2

(1)
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The calculated value for the resuspension rate β for Pb
was 4.7 10-6 s-1, what was in agreement with previously
determined value (1.0 ± 0.35 10-6 s-1) (16). The obtained
values may be compared to the resuspension rate of Pb on
vegetation surfaces (1,8 - 2,6 x 10 –6) from a similar field
experiment (7). Reported values of the resuspension rate
cited in the literature (17) vary from 10-13 s-1 to 10-2 s-1.
In wind tunnel experiments, it was observed that the resuspension rate decrease with time, essentially defining two
regimes (1,18). The first regime lasts < 1 min and is
characterized by higher resuspension rates. In the second
regime, resuspension rate also decreases, and after about
30 min falls to 10-6 - 10-7 s-1. Such a short time scale phenomenon cannot be quantified in an experiment in the field.
Besides the strong dependence on wind speed, it may be one
of the most important reasons for very different results for
the resuspension rate. Frisbee-type aerodynamically designed artificial sampler appeared to be easy for handling
and sampling performed on six identical pairs of Teflon
plates gave a possibility of estimating the homogeneity of the
flux and a better accuracy of the results.
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SUMMARY
During these last decades many applications of heterogeneous photocatalytic reactions have been reported in
gas-solid and liquid-solid systems both for inorganic and
organic pollutants’ abatement. In this paper some case
studies, i.e. the photocatalytic oxidation of toluene in gassolid phase by using TiO2 as the catalyst, the photocatalytic oxidation of cyanide ions in aqueous suspensions of
TiO2 and the photocatalytic oxidation of phenol by using
mixed WO3/WS2 powders in liquid-solid phase are reported. Moreover the possibility of coupling the photocatalytic method with the use of membranes is presented
for the 4-nitrophenol photodegradation carried out in
aqueous medium.
KEYWORDS:
Heterogeneous photocatalysis, oxidation of pollutants, cyanide
photodegradation, phenol photodegradation, mixed powders.

NTRODUCTION

A drawback to the industrial utilisation of photocatalysis
for the purification of aqueous effluents stems from the
difficulty to carry out the expensive liquid-solid separation, due to the formation of milky suspensions after mixing the catalyst in water. Moreover, the composition of
the actual wastewaters is generally more complex than
that of the synthetic solutions containing dissolved pollutants and the presence of suspended inert solids may shield
the impinging photons and/or dirty the surface of the
catalyst particles reducing the efficiency of the system.
Coupling other technologies to the photocatalytic
method is a useful alternative and the membrane technology is one of the candidates, especially when muds must
be treated and/or the separation of undesirable inorganic
species present together with organic pollutants is needed.
In this paper we present some case studies to illustrate the capabilities of heterogeneous photocatalysis.

MATERIALS AND METHODS

Heterogeneous Photocatalysis over semiconductor
oxides has been widely studied since Fujishima and
Honda [1] reported the photo-splitting of water on TiO2
electrodes. In recent years, the photocatalytic method has
been found effective for the achievement of the photooxidation of many inorganic and organic pollutants, present in liquid and gaseous environments [2]. This method
offers some advantages compared to the traditional ones
because the reactions occur usually at room temperature
and atmospheric pressure, UV radiations of low intensity
are needed and noxious compounds at very low concentration levels can be oxidised.
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Toluene photo-oxidation: The photoreactivity experiments were carried out in a cylindrical reactor, whose
dimensions were: 1 cm internal diameter, 2 cm external
diameter, and 30 cm height. A porous frit at the bottom of
the reactor was used to support the fixed catalytic bed
and to distribute the inlet gas. The reactor was vertically
mounted in a thermostatted chamber with a Pyrex window
on a wall. A 400 W (Polymer GN ZS Helios Italquartz)
medium pressure Hg lamp was used and the radiation
power, measured by means of a radiometer (UVX Digital), was 5 mW/cm2. The catalyst used was TiO2 (Merck,
anatase phase, BET specific surface area 10 m2/g).
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The amount of catalyst was 8 g, corresponding to a
catalytic bed height of ca. 10 cm. The reactant mixture
was prepared by bubbling air through saturators containing
double-distilled water and toluene (Carlo Erba, RS) at room
temperature. The temperature of the reactor was always kept
at 413 K. The gas flow rates and the toluene molar ratio used
were in the ranges 0.17÷10 cm3/s and 4·10-4÷3·10-2 respectively. The water molar ratio was maintained constant at
2.5·10-2 with the exception of the runs, for which water was
eliminated to study the catalyst deactivation. The runs lasted
170, 350 or 470 h and the gases leaving the reactor were
analysed by means of a gas chromatograph.
Cyanide photo-oxidation: The photoreaction was performed in a 1.5 l Pyrex batch cylindrical photoreactor using
polycrystalline home prepared TiO2 (anatase phase, BET
specific surface area 57 m2/g) as the catalyst. The photoreactor was irradiated by medium pressure Hg lamps (Helios
Italquartz) having different powers and a mixture of N2 and
O2 was continuously bubbled in the aqueous suspension.

The kinetics of the photo-oxidation reaction were investigated by varying the initial cyanide concentration
(0.192÷4.04 mM), the catalyst amount (0.1÷3g/l), the initial
pH (9.9, 11.6, 12.8, 13.9) and the irradiation power (500,
750, 1000 W). The quantitative determination of the cyanide
was performed by means of a ion sensitive electrode
(ORION mod. 94-06) in an expandable ion analyser
(ORION EA 920), after filtration of the suspension through a
0.45 µm cellulose acetate membrane (HA, Millipore). The
investigation of the intermediates was performed by using an
ionic chromatograph (Alltech).
Phenol photo-oxidation: The photo-catalysts were mixed
WO3/WS2 powders (BET specific surface area 3÷4 m2/g)
prepared according to two different procedures:

(i) WO3 (Carlo Erba) was sulfurized in a cylindrical Pyrex
reactor fed with a flux of gaseous H2S. The reaction was
carried out at different temperatures (573-873 K) and for
different times;
(ii) WS2 (Aldrich) was oxidised by O2 or air in the same
experimental conditions reported above.
The WO3/WS2 molar ratio was determined by a gravimetric
method calcining the samples in air at 873 K for 3 h and
determining the WS2 content from the weight loss. The surface composition was obtained from X-ray photoelectron
spectroscopy (XPS).
The photoreactor was similar to that employed for the
cyanide photo-oxidation and the amount of photocatalyst
was 1.5 g/l. The initial concentration of phenol was 200mM
and the initial pH 4.5.

A 1000 W medium pressure Hg lamp was used as irradiation source and oxygen was continuously bubbled through
the solution. Samples of suspension were withdrawn and,
after their filtration, the liquid was analysed. The phenol
concentration was determined by a standard colorimetric
method and the formation of the main intermediates was
investigated by HPLC.
4-nitrophenol photo-oxidation: To avoid the separation
procedure needed after the photo-oxidation reactions, TiO2
powder was incorporated in a polymeric matrix. The particular morphology of the membranes for ultrafiltration was
obtained by the phase inversion method using a three components system consisting of a polymer, a solvent and a nonsolvent. A co-solvent was added to improve the phase inversion process. The polymeric support was a commercial polysulphone (PSF), the solvent N-methyl-pyrrolidinone, the
non-solvent water and the co-solvent 1-octanol. The system
was completed by TiO2, incorporated in the polymeric mixture before the gelation bath. Membrane samples containing
TiO2/PSF w/w ratios ranging from 0.2:1 to 1:1 were prepared and characterised by scanning electron microscopy
(SEM) and permeability tests at different pressures after
irradiation. The photocatalytic behaviour of the membranes
was tested by performing the photo-oxidation of
4-nitrophenol dissolved in water (20 or 40 mg/l). Two kinds
of photoreactors were used: the first one was a batch photoreactor irradiated by a 125 W medium pressure Hg lamp and
O2 was bubbled at atmospheric pressure through the solution,
the second one was a flow photoreactor irradiated by a
500 W medium pressure Hg lamp but consisting of a pressure cell system, equipped with a quartz frit. In this last case
the solutions were saturated with oxygen before their
introduction inside the reactor.

RESULTS
Toluene photo-oxidation: Benzaldehyde was found as the
main product while benzene was only a transient product in
the first steps of the photoreaction [3]. In Figure 1 is reported
the toluene fractional conversion to benzaldehyde versus
irradiation time for two typical experiments carried out in the
presence and in the absence of water. When water vapour
was present a maximum molar conversion of benzaldehyde
of 0.19 was achieved after ca. 2 h, while a steady-state conversion of 0.08 was achieved after 70 h. The run lasted 350 h
and no conversion decrease was observed after the achievement of steady-state conditions. For the run carried out in the
absence of water vapour, the photoreactivity continuously
decreased down to negligible values. The results obtained for
benzaldehyde photoproduction after elimination of water at
steady-state conditions and its re-introduction, indicated that
a sharp decrease of the toluene conversion occurs in the
absence of water (from 0.08 to 0.04 after ca. 6 h and then to
0.01 after ca. 180 h). When water vapour was re-introduced,
the photoreactivity increased and then decreased down to
conversion values not far from 0.01.
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Cyanide photo-oxidation: The main oxidation products
were found to be cyanate, nitrate and carbonate ions [4,5].
In Figure 2 the cyanide, cyanate and nitrate concentrations
versus irradiation time are reported for a typical run. It can be
noted that nitrate ions appear only when the cyanide concentration reaches a negligible value. Moreover, the oxidation of
the cyanate ions becomes significant only after the almost
complete disappearance of the cyanide ions.

Membranes with more than 20% of TiO2 showed
a good photocatalytic activity and a complete disappearance of 4-nitrophenol occurred in about 6 h. Unfortunately, a complete mineralisation was not achieved and
work is in progress to improve the system performance
and to clarify the behaviour of TiO2 trapped into the
polymeric matrix.

The cyanide photo-oxidation rate increased with increasing the catalyst concentration and the irradiation power,
although a steady state rate was achieved at 2 g/l of TiO2,
due to shielding effects. On the contrary, the presence of
chloride ions was detrimental, because the concentration of
dissolved oxygen decreased down to values for which it
became the rate limiting reactant, due to the increase of the
ionic strength of the solution.

FIGURE 1
Toluene fractional conversion to benzaldehyde versus irradiation
time for runs carried out in the presence (♦) and in the absence (l)
of water vapour.

Different mixed WO3/WS2 systems were prepared by sulfuration of WO3 or by oxidation of
WS2. In both cases the composition of the powders was
easily tailored by varying the amount of the starting powder,
the time, or the temperature of the reaction [6]. The photoreactivity experiments showed different behaviours of the
samples depending on the content of WS2 and WO3 in the
powders. The most photoactive samples (about 50% surface
molar composition, as determined by XPS analyses) enabled
to obtain the total conversion of phenol after 3 h of irradiation. Figure 3 shows the photoactivity of two WO3/WS2
powders compared with that of WO3 and WS2. The plots
refer to powders with about the same WS2 molar fraction (x
= 0.4), but obtained respectively by sulfuration of the oxide
and oxidation of the sulfide.

Toluene fractional conversion
to benzaldehyde

No reactivity was observed by using CO2 or N2 instead
of O2. FT-IR spectra of the TiO2 catalyst before and after
toluene adsorption have shown that surface OH groups are
involved in the adsorption of the organic molecules which
result stabilised on the surface by hydrogen bonding between
the delocalised p electrons of the aromatic ring and the hydroxyl groups.
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FIGURE 2
Cyanide (♦), cyanate (n), nitrate (? ) and nitrogen balance (l)
concentrations versus irradiation time. Initial pH=12; 500 W
medium pressure Hg lamp; TiO2 amount 0.15 g.l-1.

Phenol photo-oxidation:
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The results indicate that WO3 and WS2 are poor catalysts for the phenol photo-oxidation, whilst the mixed
WO3/WS2 systems reveal an enhanced photoactivity compared with that of the pure tungsten chalcogenides.
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FIGURE 3
Phototocatalysed conversion of phenol: WS2 (n), WO3 (u), WO3
sulfidised (? ), WS2 oxidised (l).
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4-nitrophenol photo-oxidation: SEM observation and
TOC analyses indicated that the home prepared membranes have a good photostability. No significant variations of the morphology and porosity and release of organic species were observed.
The permeability (determined by measurements of
permeate fluxes using distilled water) increased by increasing the TiO2 content in the membranes [7].
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DISCUSSION
Toluene photo-oxidation: The results have confirmed
that the photocatalytic oxidation of toluene can be performed in a gas-solid regime. Benzaldehyde and benzene
were the main products of the photo-reaction. O2 was
essential for the occurrence of the photoreaction while
water played an important role in the maintainance of the
catalytic activity. The presence of benzene can be explained by hypothesizing that photodecarboxylation of the
benzoic acid deriving from the oxidation of benzaldehyde
occurs during the first hours of the process. This insight
can be related to a more oxidant behaviour of the fresh
photocatalyst. In this system the catalyst deactivation
seems to be irreversible and this is probably due to the
dehydroxylation of the catalyst surface.
Cyanide photo-oxidation: The photocatalytic method
was found to be effective to photo-oxidise dangerous free
cyanides to innocuous cyanate and nitrate ions. The cyanide photo-oxidation reaction proceeded according to zero
order kinetics at high concentration of cyanide, turning to
pseudo first order kinetics when low cyanide concentration values were reached. The photoreactivity results were
well described by the Langmuir-Hinshelwood kinetic
model. Cyanate ion was the first product of the photoreaction. The further step was the oxidation to CO2 and
nitrate ion. The significant oxidation of the cyanate ions
occurred after the disappearance of the cyanide ions. This
suggests a competition for the adsorption sites on the
catalyst surface between cyanide and cyanate ions. The
rate-determining step for the photo-oxidation process
could be the reaction between radicals and cyanide ions
over the catalyst surface. A satisfactory nitrogen molar
balance was achieved by considering the measured values
of the cyanide, cyanate and nitrate concentrations.

the photocatalyst and products gives serious advantages
over the traditional approaches. In the light of the above
results it can be concluded that heterogeneous photocatalysis can be successfully used to perform different kinds
of photo-oxidation reactions involving pollutants both in
gas solid and in liquid-solid regimes. In our opinion, its
fate is not only to grow as a field of basic research but
also to give a contribution to solve some actual problems.
Indeed, all the potentialities of the photocatalytic method
have not been up-to-date exploited and in particular some
attention deserves the possibility to use photocatalysis in
tandem with other methods.
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SUMMARY
In this study, historical monument samples, which
were provided from Harput (in Elazig in Turkey), were
characterized. The effect of acid rain on these samples
were investigated. The effects of pH, contact time and
temperature on the solubility of calcium at the monuments
were also examined. The concentrations of calcium in the
run-off solutions are the highest at low pH. The maximum
concentration of calcium at pH=2 and 25°C for one hour
was found to be 190 mg/L for Esadiye Mosque(E1). The
increasing of contact time and temperature also increases
the erosion of the monuments.

The pH of the rain will change during the rain fall from
time to time. At the beginning of the rain, the concentration
of SO3 in the air will be maximum, and the pH will be the
lowest minimum. The pH will be higher because of the concentration of SO3 will be lower with passing time.
Stone monuments are the most susceptable materials to
acid rain. Monuments that are made of calcerous stone react
with acid rain. Acid rain will not react with sandstone
monuments. The reaction can be summarized as follows:

KEYWORDS :
Acid rain, monuments, solubility of calcium, erosion.

INTRODUCTION
Rain is naturally slightly acidic because of the presence of CO2 in the air, that dissolves in water to from
carbonic acid. The reaction can be written as follows:
H2O + CO2 ⇔ H2CO3 ⇔ H+ + HCO3-

The pH of the rain will be lower because of the higher
concentration of SO3 at urban areas, high traffic areas and
industrial areas. Similar reactions can be written for the
nitrogen oxides, but SO3 is considered to be the most
important constituent in air pollution [1].

(1)

The pH of natural rain can be calculated from the above
equilibria as about 5.6. In urban and industrialized areas,
the oxides of sulfur and nitrogen gases are produced from
cumbustion of fossils fuels. Sulfur dioxide is the most
commonly produced gas. SO2 can be oxidized to SO3 by
oxygen or ozone under the influence of UV light and
catalytic dust particles and other agents in the air. Then,
the SO3 dissolved in water to produce sulfuric acid. The
reaction can be written as:
UV, catalists
SO2 + ½ O2 → SO3

(2)

SO3 + H2O ⇔ H2SO4 ⇔ H+ + HSO4

(3)

H2SO4 + CaCO3 ⇔ Ca+2 + SO4=+ H2O+ CO2(gas) (4)
The dissolution of calcite involves more equilibria
than the simple one represented by eq. 4. Three reactions
considered to occur simultaneously are given as [1]
CaCO3 +H+⇔ Ca+2 + HCO3-

(5)

CaCO3 + H2CO3 ⇔ Ca+2 + 2HCO3-

(6)

CaCO3 + H2O ⇔ Ca+2 + OH-+ HCO3-

(7)

The different mechanisms controlling the dissolution
of calcite depend on several conditions such as pH, flow
hydrodynamics etc. Below pH∼4 the dissolution is transport controlled. Between pH∼4 and 6 the reaction would
appear to be controlled by surface kinetics. As the pH rises
above 6, the reaction tends to become pH-independent
mechanism and the rate is surface controlled [2].
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The amount of calcite dissolved would be one mole
for each mole of hydrogen ion (eq.5). According to eq. 4,
the effect of hydrogen ion is reduced, because 1 mole of
calcite would be dissolved for every 2 mole of hydrogen
ion. Thus, the predicted stoichiometry of the reaction of
carbonate stone with hydrogen ion would be between 1
and 2 depending on the degree of out gassing [3]. In this
study, the characterization of the historical samples that

are made of stone, brick and binding materials (Arapbaba
Small Mosque, Milk Castle, Esadiye Mosque and Bath,
Hoca Bath, Kursunlu Mosque and Sarahatun Mosque) in
Harput were carried out and the effects of acid rain on
these samples were investigated. The solubility of calcium
at monuments were determined and the effects of pH,
contact time and temperature on the interaction were also
examined.

TABLE 1
The names, symbols and some properties of monument samples

Sample name

Symbols

Sampling place and properties

Building date

Arapbaba Small Mosque

A1

North wall, outer surface

1270-1280

Esadiye Bath

ES

West wall, inter surface

1144-1167

Kursunlu Mosque

K1

South wall, outer surface, stone

1740

Kursunlu Mosque

K2

South wall, outer surface, binding material

Esadiye Mosque

E1

East wall, inter surface

Esadiye Mosque

E2

Entry Door, outer surface, North, calcerous sandstone

Esadiye Mosque

E3

South wall, , inter surface, brick

Sarahatun Mosque Minaret

S1

Outer surface, North, block stone

Sarahatun Mosque Minaret

S2

Outer surface, North, block stone

Harput Milk Castle

KA1

Inter castle, South-West, outer surface, sandstone *

KA2

Inter castle, South-West, outer surface, sandstone, bazalt stone

KA3

Filling and binding material,

M1
M2

Outer surface, North-West,

Hoca Bath

1144-1167

1478

1634

M3
*

Castle was used as safe residental building from first period to Ottoman from time to time. There are still walls of castle that belong to Artuk, Seljuk and Ottoman.

MATERIALS AND METHODS
Experimental work was carried out according to
Standard Analysis Methods and solutions were prepared
from chemical substances in analytical grade [4, 5, 6].
Monument samples

The monument samples were obtained from Harput,
which is a historical place near Elazig in Turkey. Elazig
has serious environmental problems especially atmospheric problems. Samples taken from the monuments
were kept, to protect from moisture and other effects, in
nylon bags. Before the experimental procedures, samples
were washed in order of deionized water, ethyl alcohol
and diethyl ether for removing of impurities. The symbols
and some properties of samples are given in Table 1.

Minerological constituents of samples were determined by XRD technique. The determination of SO2 was
carried out by gravimetric method. After SiO2 was precipitated, Al, Fe, Ca, Zn and Mg in solution were determined by Atomic Absorption Spectrophotometer (AAS)
and K was determined by Atomic Emission Spectrophotometer (AES).
pH of solutions were adjusted by using EDT GP 353
pH-meter. 100 ml of pure water was taken in 250 ml
beaker. H2SO4 was used for pH=2 to 7 and saturated NaOH
was used for pH=8 and 9. If solution volume is more than
100 ml, 100 ml of solution was interacted with sample.
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The determination of calcium ion in solution

The effect of contact time

The effects of pH, contact time and temperature on
the dissolution of calcium were examined. The nature
of acid rain, the time of rain and the temperature of the
seasons were considered at the selection of pH, contact
time and temperatures.

Samples were treated with various contact times at
25°C and in pH=5. 30, 60, 90, 120, 240, 480, 900,
1200 and 1440 minutes were chosen as contact times. As
defined above, solution was filtered and calcium
concentration was determined.

The effect of pH

The effect of temperature

Historical monument sample was interacted with 100 ml
of adjusted solution at 25°C for one hour. pH values were
chosen as 2, 3, 4, 5, 6, 7, 8 and 9. Each run-off solution was
filtered through a Watmann filter. The volume of the run-off
was measured, and the calcium concentration in solution was
determined by atomic absorption.

Samples were interacted with 100 ml of the solution (pH=5) for one hour at the temperatures of 5, 10,
15, 20 and 25°C. After solution was filtered, the
calcium concentration in the run-off solution was determined by atomic absorption.

TABLE 2
The chemical and minerological constituents of samples
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FIGURE 1
The variation of calcium concentration with pH
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FIGURE 3
The variation of calcium concentration with temperature
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The chemical and minerological constituents of samples were given in Table 2. The main constituents of A1,
KA1, KA2, KA3, M1, M2, E2, E3 is SiO2 and ES, K1,
K1, E1, S1, S2, M3 samples mainly consist of CaCO3.
Moisture is below 1 % in many of samples. The maximum ratio of moisture was found to be 2.4% and 2.1% in
E1 and E3 samples, respectively.
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Calcium ion concentration in solution
The pH effect: The amounts of calcium ions solution
at various pH values are given in Figure 1. Figures were
shown two parts because of there are many values. The
maximum concentration of calcium at pH=2 and 25°C
for one hour was found to be 190 mg/L for Esadiye
Mosque (E1) and minimum concentration in the same
conditions was 20 mg/L for Esadiye Bath. The results
show that the concentration of calcium in the solutions is
the highest at low pH.

Contact time (hour)
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The contact time effect: The amounts of calcium ions
into solution at various contact time values are given in
Figure 2. The maximum concentration of calcium for 24
hours (at pH=5 and 25°C) was found to be 133 mg/L for
Esadiye Mosque (E3) and minimum concentration in the
same conditions is 40 mg/L for Harput Milk Castle
(KA1). The dissolution rate of Ca2+ ions is high for most
of all samples in first four hours. The dissolving ratio of
calcium is average 47% for four hours. After that the
dissolving continued uniformly by time.
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SUMMARY
The fungicidal activity of 13 diazobenzene dyes and
3 reference compounds was determined on 36 fungal
strains and the strength and selectivity of the fungicidal
effect was distinguished by the spectral mapping technique. Calculations proved that both the strength and
selectivity of the fungicidal activity of diazobenzene dyes
considerably depended on the chemical structure of the
dye and on the type of fungi. It was found that spectral
mapping technique is a useful tool to separate the strength
and selectivity of fungicidal activities.

diazotrophic cyanobacteria (14), fungi (15) and the Gramnegative soil bacterium Myxococcus xanthus (16). It was
further established that dyes in wastewater can serve as
sensitizers of various indirect pho- toeffects and inhibit
the growth of Escherichia coli (17).
The objectives of the present work were to determine the fungicidal activity of some diazo- benzene
derivatives towards fungi and the separation of the
strength and selectivity of the fundicidal effect by the
spectral mapping technique.

KEYWORDS: diazobenzene dyes, fungicidal activity, spectral
mapping technique

MATERIALS AND METHODS

INTRODUCTION
Synthetic dyes are extensively used in many fields of
up-to-date technology such as in the various branches of
textile industry (1,2), in paper production (3) in agricultural research (4, 5), in the control of the efficacy of sewage (6) and wastewater treatment (7), for the determination of specific surface area of activated sludge (8),
ground water tracing (9), etc. The accurate amount of
dyes produced in the world is not known. It is supposed to
be over ten thousand tons per year. Exact data on the
quantity of dyes discharged in the environment are also
not available. It is assumed that a loss of 1-2% in production and 1-10% loss in use is a fair estimate (10). Due to
large-scale production and the extensive application of
synthetic dyes they can cause considerable environmental
pollution and are health risk factors. The impact and toxicity of dyes released in the environment have been vigorously discussed (11,12). As several thousand different
synthetic dyes are employed exhibiting various biological
activities, it is understandable that our knowledge concerning their behavior in the environment and health
hazard connected with their use is yet incomplete. Synthetic dyes present in industrial effluents and wastewaters
can contaminate soil and inhibit the growth of soil microorganisms such as nitrogen fixing cyanobacteria (13),
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The diazobenzene dyes were commercial preparations
and used as received
I

azobenzene = 1,2-diphenyldiazene;

II

Sudan Yellow = 4-dimethylaminoazobenzene;

III PMOAB = p-methoxy-azobenzene;
IV Sudan III = 1-[[4-phenylazo)phenyl]azo]-2-naphthalenol;
V

Sudan IV = 1-[[2-methyl-4-[(2-methylphenyl)azo]
phenyl]azo]-2-naphthalenol;

VI

Sudan Red = 1-[[3-methyl- 4-[(3-methylphenyl)azo]
phenyl]azo]-2-naphthalenol;

VII Sudan Black B = 2,3-dihydro-2,2-dimethyl-6-[[4-phenylazo)-1-naphthyl]azo]-1H-perimidine;
VIII Orange G = 7-hydroxy-8-(phenylazo)-1,3-naphthalenedisulfonic acid disodium salt;
IX

Thorin = 1-(2-arsonophenylazo)-2-hydroxy-3,6-naphthalenedisulfonic acid disodium salt;

X

Amido black 10B = 4-amino-5-hydroxy-3-[(4-nitrophenyl)azo]-6-(phenyl-azo)-2,7-naphthalene disulfonic
acid disodium salt;

XI

Congo Red = 3,3'-[[1,1'-biphenyl]-4,4'-diylbis(azo)bis
[4-amino-1-naphthalene sulfonic acid disodium salt;
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XII Evan's Blue = 6,6'-[(3,3'-dimethyl[1,1'-biphenyl]-4,4'diyl)bis(azo)]bis[4-amino-5-hydroxy-1,3-naphthalenedisulfonic acid;
XIII Trypan Blue = 3,3'-[(3,3'-dimethyl[1,1'-biphenyl]-4,4'diyl)bis(azo)]bis[5-amino-4-hydroxy-2,7-naphthalenedisulfonic acid tetrasodium salt.

Nystatin (compound XIV), fenpropimorph (XV),
carboxin (XVI) and chlorothalonil (XVII) were used
as reference compounds.
Unless otherwise noted, 0.2 M stock solutions of test
compounds were prepared in methanol prior to use. The
fungi tested were taken from the collection of the Plant
Protection Institute, Hungarian Academy of Sciences
(Budapest, Hungary). Zygomycetes, Muco- rales: Mucor
racemosus Fresenius [further strain 1], Rhizopus nigricans Ehrenberg [2], Asco- mycetes, Endomycetales: Saccharomyces cerevisiae Hansen [3], Eurotiales; Aspergillus
niger van Tiegh. [4], Penicillum oxalicum Currie & Thom
[5], Dothideales; Alternaria solani Sorauer [6],
Botryodiplodia theobromae Pat. [7], Didymella applanata
(Niessl.)Sacc. [8], Septoria lycopersici Speg. [9], Venturia inaequealis (Cooke) Winter [10], Hypocreales; Nectria haematococca Berk. & Broome [11], Fusarium graminearum Schwabe [12], F.oxysporum Schlechtendahl
tomato [13], Piricularia oryzae Cavara [14], Trichotecium
roseum Link. [15], Trichoderma harzianum Rifai [16],
Verticillium albo-atrum Reinke et Berthold [17], Sphaeriales; Ascochyta pisi Lib. [18], Fulvia fulva (Cooke) Cif.
[19], Cladosporium cucumerinum Ellis et Arth. [20],
Mycosphaerella tulasnei (Janz.) Land. [21], Colletotrichum coccodes (Wallr.) Hughes [22], C. lindemuthianum (Sacc. et Magn.) Bri. et Cav. [23], C. dematium
(Pers.) Grove [24], C. graminicola (Cesati) Wilson [25],
Glomerella cingulata (Stoneman) Spaulding et Schrenk
[26], Myrothecium roridum Tode [27], Endothia parasitica (Murill) Anderson et Anderson [28], Thielaviopsis
basicola (Berk. & Broome) Ferraris [29], Helotiales;
Botrytis allii Munn. [30], B. cinerea Pers. [31], Basidiomycetes, Ustilaginales: Schroeteria decaisneana (Boudier) de Toni [32], Ustilago zeae (Beckm.) Unger [33],
Sorosporium cenchri Hennins [34], Oomycetes, Peronosporales: Pythium irregulare Buisman [35], Phytophthora
cactorum Pethyb. [36].
The strains of real fungi (Zygo-, Asco- and Basidiomycota) were maintained on potato dextrose agar slants at
22±1ºC. For producing conidia, the strains were grown on
malt agar slants (MEB and agar-agar, 17 and 11 g/L,
respectively, supplemented with inorganic salts and vitamines (18). Inocula were prepared by suspending conidia
(105 cell/mL), sporidia or vegetative cells (104 cell/ mL)
in sterile distilled water containing glucose and TWEEN
40 (2.0 and 0.2 g/L, respectively). P. irregulare and P.
cactorum (Peronosporales, Oomycota) were maintained
on green pea agar (GPA). For both species, four-day-old
colonies, grown on cellophane film on the surface of GPA
plates, were gently triturated in grean pea broth and these

suspensions (50 mg mycelium ml-1) were used as inoculum. Toxicity tests: the melted PDA was inoculated with
suspensions of the fungus (105 propagules for one Petri
dish) and a 5 mm deep layer was dispensed into dishes
(90 mm diameter). Filter paper discs (5 mm diameter)
impregnated with 10-6 M of test compound were placed
centrally on the agar plate (one disc per dish) and growth
inhibition zones were measured after 48 hours incubation
at 22±1 °C. The activity to peronosporaceus fungi was
determined by the same manner on GPA, and the growth
inhibition zones were measured after 72 hours incubation
at 18±1 °C. The data matrix consisting of the diameter of
the inhibitory zones (12 compounds x 36 fungi) was
evaluated by the spectral mapping technique (19). The
dimensionality of the spectral maps was reduced to two
by the nonlinear mapping technique (20). As diazobenzene dyes I, II, III and VII showed no inhibitory effect,
they were omitted from the calculations.

RESULTS AND DISCUSSION
The antifungal effect of diazobenzene dyes and reference compounds are compiled in Table 1. The fungicidal
activity of dyes shows considerable differences suggesting that the various dyes exert different impact on the
fungi in the environment and the molecular structure
markedly influences the biological impact of dyes. The
sensitivity of test organisms towards dyes also shows high
variations indicating that some fungi can tolerate this
class of environmental pollutants the sensitivity depending on the character of the fungi. The saprophytic and soil
originated species exhibited lower sensitivity towards
diazobenzene dyes than biotropic ones or species originated from phyllo- sphere. The potency values of individual synthetic dyes and fungi calculated by the spectral
mapping technique are compiled in Table 2. The data in
Table 2 entirely support our previous qualitative conclusions. The strength of the overall biological activity of
dyes show high variation among the dyes proving again
that their biological activity strongly depend on their
chemical structure. As expected, reference compounds
exhibited the highest antifungal activity, however, some
azobenzene dyes showed marked inhibitory effect too.
The response of fungi towards dyes also exhibit considerable diversity, although the differences between the sensitivity of fungi were lower than the differences among the
antifungal activities of dyes. Diazobenzene dyes together
with chlorothalonil (XVII) form a well defined clusteron
the two-dimensional nonlinear selectivity map (data not
shown). This result indicates that the differences among
the selectivity of the antifungal effect of dyes is relatively
low and it is similar to that of chlorothalonil. Surprisingly,
fungi did not form well-defined clusters according to their
taxonomical position on the two-dimensional nonlinear
selectivity map. These results can be tentatively explained
by the supposition that the selectivity of the sensitivity of
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fungi towards diazobenzene dyes and reference compounds does not depend on the taxonomical position of
fungi. It is probably defined by the enzyme set of fungi
suitable for the decomposition of this class of environmental pollutants. The mode of action of diazobenzene
dyes is not well understood. The fact that their activity
was linearly related to the effect of membrane damaging
reference compounds indicated that the lipophilic ring
structure of dyes probably inserts into the hydrophobic
membrane bilayer while the polar substructures bind to
the polar head groups of phospholipids.

The binding results in membrane disfunction and growth
inhibition of test organisms. It can be concluded from the
data that diazobenzene dyes accumulated in ground waters
and soil may exert a noxious effect on the fungi present in
the environment. It was established that both the chemical
structure of diazobenzene dyes and the character of the fungi
may influence the antifungal effect. As spectral mapping
technique successfully separated the strength and selectivity
of the antifungal activity its application in future environmental protection studies is highly recommended.

TABLE 1
Antifungal effect of diazobenzene dyes and reference compounds. Roman numbers refer to diazobenzene dyes and reference compounds,
arabic numbers refer to fungi in MATERIALS& METHODS. Compounds I, II, III and VII were ineffective.
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TABLE 2
Strength of the microbiological effect of diazobenzene dyes towards fungi and the sensi- tivity of fungi towards synthetic dyes.
Potency values (arbitrary units) are calculated by the spectral mapping technique. Roman numbers refer to diazobenzene dyes
and reference compounds, arabic numbers refer to fungi in MATERIALS&METHODS section.
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THE EFFECT OF AIR POLLUTION
ON THE FORESTS

SUMMARY
The first remarkable research about the effects of air
pollution on forests in Turkey has been carried out in
1951. People are generally interested in visible effects of
air pollution in urban areas. In fact, effects of air pollution
on forests and plants covering the rural areas and, especially, sensitive mountainous forested regions have been
neglected in the last period of years.
Nowadays many researches conducted on this subject
and have clearly shown that air pollution has an important
effect on forest decline.
KEYWORDS:
Air Pollution, sulphur concentration of needles, forests, Turkey

INTRODUCTION
Air pollution is a well-known phenomenon and primarily originates from burning fossil fuels (coal and petroleum). Gasses like SO2, NOx, Cl, F, and O3, small dust
particulates (<10 µm), hydrocarbons (CH and PAN),
waste and exhaust gasses from different emission sources
pollute the air. These pollutive materials affect living
organisms and trees by several ways. The destruction of
the chlorophyll tissues causes decreasing of carbohydrate
synthesis which is required for respiration and growth of
the trees. Under dry air conditions, these pollutive materials accumulate on the leaves of the trees as a dry deposition. Under wet or moist air conditions, the pollution
gasses are transformed to acids and cause acidic rainfall
on earth surface and plants. Acidic rain may create a
spoiling process in the soil profile by leaching the toplayered bed. A decrease of alkaline saturation may also
cause decomposition of clay minerals and soil reaction
falls down to the aluminium buffer level.

The effects of air pollution on the forests are different
and mainly depending on atmospheric moisture conditions.
Polluting gasses in dry air diffuse together with CO2
through the respiratory pores. Initially in carbohydrate
(C6H12O6) synthesis water is ionised in chlorophyll of the
leaves and one atom oxygen is released. This oxygen
atom is capable together with CO2 from the air or H2O
from soils to synthesize carbonic acids. Additionally,
pollutive gasses reach the chlorophyll and are converted
into acids such as H2SO3, H2SO4, HNO3, HF, and HCl.).
The presence of ozone in the air surrounding the leaves
accelerates this converting process. The following destruction in chlorophyll tissues makes the plants less incremental and often causes their death phase. [Kantarci
1991, 1997/1, 1997/2, Kantarci and Karaöz 1994, Tolunay 1997, Bayçu 1997).
Under moist air conditions these pollutive gasses came
into contact with water molecules and can cause drastic and
fatal effects on the leaves (burning, brown spots and drying).
Particularly PAN (peroxy acetyl nitrate), formed by the
combination of NOX+O3+CH, is very effective.
In periods of wet air conditions the afore-mentioned pollutants are converted into acidic forms in air causing acidic
rainfall. Rain drops and snow crystals containing these acids
reach the soil and leaching processes are initiated. A decreasing of the soil pH value (reaction to the aluminium buffer
level) can damage the plant roots (Kantarci 1986, 1987,
1992, 1995, 1997/1, 1997/3, Eruz 1990, Çepel-Eruz-Karaöz
1993, Karaöz 1994, Eruz-Karaöz 1997 for acidic rainfall and
Kantarci 1992/2 for acidic snowing).
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STANDARDS ON LIMITS
OF AIR POLLUTION IN TURKEY
The Regulation related to "Protection of Air Quality"
in Turkey (issued 1986) is based on the Air Pollution
standards related to human health.

Country basis

1 hour
period

Short
period

Long
period

Winter
season

900

400

150

250

900

400

200

-

-

-

60

-

3

(SO2, µg/m )
Industrial areas
3

(SO2, µg/m )
Special Protection
areas (SO2, µg/m3)

Forest declining in the northern and southwestern
parts of Anatolia are caused by industrialisation and polluted air coming from the Middle European countries.

These values are fatal for all forest trees which are
under the effect of SO2. The resistance values of the forests are as follows (Kantarci 1994, Kantarci et al. 1994,
Kantarci et al. 1996/1, 1996/2, 1996/3, Kantarci 1997/2):

(dry and very cold conditions, stony or shallow soil)

50-80 µg/m3

Sensitive Tree species

50 µg/m3

Medium Level Sensitive Tree species

80 µg/m3

Less Sensitive Tree species

Preliminary work on the effects of air pollution in
Turkey dealing with the influence of copper industry
began 1951 (Irmak and Hus). Damages occurred in the
sixties and the first measurements have been published by
Acatay (1968) for the same area.
The thermal power plants producing electricity and
established in southwestern parts of the country in the
area of Mugla, Yatagan, Yeniköy and Kemerköy are a
further source of air pollution effects. Studies done in this
area evidenced that sulphur concentration in the leaves of
some coniferous forests has reached a very high level
(see Table 1).

30 µg/m3

Sensitive and poor ecosystems

Good ecosystems

The Anatolian peninsula is surrounded by the cool Black
Sea with a humidic climate in the north, and the warm
Mediterranean Sea with a dry climate in the south. From
the western part of Anatolia to the eastern plateau, which
is high and cold, and additionally influenced by the parallel stressing of the mountain ranges in the north and
south, very different climate regions are created. Central
Anatolia and Inner Thrace have a continental climate that
is hot and dry in summer and cold in winter. The high
mountain ranges with their sensitive ecological systems
are often misused and overgrazing or disturbing the natural flora are also main factors of declining, change in the
ecological balance and destruction (Kantarci 1988).

Recent studies elucidated that the sulphur accumulation in forests around industrialised cities is generally
very high (see Table 1).

120 µg/m3

SENSITIVE ECOLOGICAL REGIONS
IN TURKEY AND THE EFFECTS OF
AIR POLLUTION ON FORESTS

CONCLUSIONS

Ecosytems are characterized by site and living societies
which generate a living union. They have reached an internal
balance because of generating mutual effects and relations
among the growth site factors and their living societies.
When such a natural ecosystems is destroyed by any outer
effect (for example air pollution), some parts or the total
sytem may be negatively affected. This decline, especially in
ecologically sensitive or poor ecosystems, will be more
drastically than any other effect (Kantarci 1988).

Field and laboratory studies proved that air pollution
and its effect on forests has reached a critical level. For
example, in Samsun province the sulphur concentration of
maritime pine (P. pinaster) leaves is 2430 to 3380 ppm
and similar concentrations are found in the red pine (P.
brutia) leaves in Mugla region (see Table 1).
In intensively used and effected areas a sulphur concentration level of 10680 ppm has been observed. In noneffected and clean areas the sulphur concentration of
leaves normally ranged from 1000-2000 ppm.
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TABLE 1 - Sulphur accumulation in leaves of Turkish forest trees.
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TABLE 1 (continued)

326

© b y PSP V olu m e 1 0 – N o 3. 2 0 0 1

Frese nius E n viro m e n t al B ulle tin

REFERENCES
[1]

ACATAY, A. 1968. Gaseous Hazards of Murgul Copper
Plants (in Turkish). I.Ü. Orman Fakültesi Dergisi, A serisi, Cilt
18, Sayi 1, pp. 1 - 17, Istanbul.

[2]

BAYÇU, G. 1997. Effects of Acidic Precipitation on the
Coniferous Species of "Kaz" Mountains in "Biga" Peninsula.
Air Quality Management at Urban, Regional and Global Scales.
Environmental Research Forum Vol. 7/8. (pp. 525-529). Edit.
S. Incecik, E.Ekinci, F.Yardim, A.Bayram. Trans tech Publications Switzerland.

[3]

ÇEPEL, N., ERUZ, E., KARAÖZ, M. Ö. 1993. Effects of Acid
Deposition on Forest Sites of Izmit and Bahçeköy-Istanbul and
Some Measures (in Turkish) . Türkiye'de Dogayi Koruma
Vakfi Arastirma Projesi. I.Ü. Orman Fakültesi Ormancilik
Arastirma ve Gelistirme MerkeziIstanbul, 25 pp.

[16]

KANTARCI, M. D. 1992. Effects of Harmful Substances on
Forest Soils (in Turkish).
Dokuzuncu Türkiye-AlmanyaPolonya Çevre Müh. Sempozyumu Kitabi. 5-7 Ekim 1992 (pp.
405-422). Edit: Günay KOCASOY, ISBN 975-518-011-7.
Yay. Sira No. 516. Bogaziçi Matbaasi-Istanbul 1992/2.

[17]

KANTARCI, M. D. 1994. Investigation on Land Properties,
Land Use and Problems of Thermic Power Plants in Surroundings of Kerme Bay. (in Turkish). Gökova Körfezi Çevre
Sorunlari ve Çevre Yönetimi Sempozyumu Kitabi. 28-30 Haziran 1994. pp. 183-208. Edit. Aysegül Iyilikçi Pala. Dokuz Eylül Üniv. Müh. Fak. Çevre Müh. Böl.- Izmir.

[18]

KANTARCI, M. D., KAYADENIZ, I., BAYAT, C. 1994.
Expert Reports of Orhaneli Thermal Power Plants (in Turkish).
(Photocopy) (V+115 pp.) ISTANBUL.

[4]

ÇEPEL, N., ERUZ, E., KARAÖZ, M. Ö. 1994. Research
Results of Acidification of Rain at Belgrad Forest in Istanbul
(in Turkish). I. Ulusal Ekoloji ve Çevre Kongresi. 5-7 Ekim
1993, Atatürk Kültür Merkezi, Izmir. Ege Üniversitesi Fen Fakültesi Dergisi, Seri B, Cilt 16/1, pp. 299-307.

[19]

KANTARCI, M. D. 1995. The Direct and Indirect Effects of
Air Pollution on Plants (in Turkish). II. Hava Kirlenmesi Modellemesi ve Kontrolu Sempozyumu, 22-24 Mart 1995. ITÜ
Meteoroloji Mühendisligi ve Çevre Müh. Ortak Yayini. p
p.234-253, Istanbul 1995.

[5]

ÇEPEL, N., DÜNDAR, M., ERTAN, E. 1980. Research About
Damages of Gasses in Samsun-Gelemen Nursery (in Turkish).
I. Ü.Orman Fakültesi Dergisi, Seri A, Cilt 30 (1), pp. 642.

[20]

KANTARCI, M. D., MÜEZZINOGLU, A., KAYADENIZ, I.
1996/1. Expert Report of Yatagan Thermal Power Plants (in
Turkish). (Preparing for publishing).

[6]

ERUZ, E. 1990. Problems of Green Areas in Izmit (in Turkish). Cografya Arastirmalari, Atatürk Kültür Dil ve Tarih Yüksek Kurumu, Cilt 1, Sayi 2, Türk Tarih Kurumu Basimevi, Ankara.

[21]

KANTARCI, M. D., MÜEZZINOGLU, A., KAYADENIZ, I.
1996/2. Expert Report of Yeniköy Thermal Power Plants (in
Turkish). (Preparing for publishing).

[22]

[7]

ERUZ, E., KARAÖZ, M. Ö. 1994. Research Results of Acid
Rain and its Effects on the Trees in Istanbul (in Turkish). I. Ü.
Deniz Bilimleri ve Isletmeciligi Enstitüsü Bülteni, Sayi 11, pp.
22-32, Istanbul.

KANTARCI, M. D., MÜEZZINOGLU, A., KAYADENIZ, I.
1996/3. Expert Report of Kemerköy Thermal Power Plants (in
Turkish). (Preparing for publishing).

[23]

KANTARCI, M. D. 1997/1. Effects of Exhaust Gasses on
Plants (in Turkish). pp. 80-103. Türkiye'deki Humbold Bursiyerleri Dernegi Yay.Nu.1-1997. REM Matbaacilik, A. S. Istanbul

[24]

KANTARCI, M. D. 1997/2. Air Pollution Effects on Forests
and Examination of Limits in Regulation of Turkish Protection
of Air Quality (in Turkish). Türkiye'de Çevre Kirlenmesi
Öncelikleri Sempozyumu II.Cilt I (pp. 409-421). Gebze Ileri
Teknoloji Enst. Çevre Müh. Bölümü-Kocaeli.

[25]

KANTARCI, M. D. 1997/3. Importance and Position of Calcium on Plant Nutrition (in Turkish). Çevre Korumasinda Kireç (pp. 98-118). Edit. Prof. Dr. Kriton Curi. Bogaziçi Üniv.
Barkisan Holding-Istanbul.

[26]

KANTARCI, M. D. 1997/4. The Effects of Air Pollution and
the Combination of Species of the Forests of the Mountainous
Areas of Marmara Region Based on the Vertical Climate
Zones. Air Quality Management at Urban, Regional and
Global Scales. Environmental Research Forum Vol. 7/8. (511518). Edit.: S. Incecik, E. Ekinci, F. Yardim, A.Bayram. Trans
Tech Publication Switzerland.

[27]

KANTARCI, M. D., KARAÖZ, M. Ö. 1998. Determination of
Air Pollution by Sulphur Concentrations of Forest Tree Leaves
in Bodrum and Resadiye (Datça) Peninsula (in Turkish). Bodrum Yarimadasi Çevre Sorunlari Sempozyumu, 15-19 Subat
1998 Bildiriler Kitabi, 1. Cilt, pp. 287-298. Edit: Ayse FILIBELI, Abdurrahman BAYRAM, Deniz DÖLGEN, Tolga ELBIR.

[28]

KARAÖZ, M. Ö. 1994. Effects of Yatagan Thermal Power
Plants on yet undied Pinus brutia Ten. Forests (in Turkish).
Gökova Körfezi Çevre Sorunlari ve Çevre Yönetimi Sempozyumu Kitabi. 28-30 Haziran 1994. pp. 222-235. Edit.
Aysegül Iyilikçi Pala. Dokuz Eylül Üniv. Müh. Fak. Çevre
Müh. Böl.- Izmir.

[8]

ERUZ, E., KARAÖZ, M. Ö. 1997. Ecological Aspects of Air
Pollution in Istanbul (in Turkish). Türkiye'de Çevre Kirlenmesi
Öncelikleri Sempozyumu II. I.Cilt. 22-23 Mayis 1997, pp. 387398. Gebze Ileri Teknoloji Enstitüsü, Çevre Mühendisligi
Bölümü, Gebze-Kocaeli

[9]

GERAY, U., ERUZ, E., TANRIVERDI, K. 1985. Expert
Report on Causes of Forest Decline and Amount of Damages in
Yatagan State Forest (in Turkish).

[10]

GÜNAY, T. 1986. Report on Hazardous of Mugla-Yatagan
Thermal Power Plant on Forests (in Turkish). 43 pp. Orman
Genel Müdürlügü Eskisehir Toprak Tahlil Laboratuvari,
Eskisehir.

[11]

IRMAK, A., HUS, S. 1951. The Damages of Murgul Copper
Plant and Suggestion of Measures (in Turkish). I. Ü. Orman
Fakültesi Dergisi, Seri B, Cilt 1, Sayi 2, pp. 44-48

[12]

KANTARCI, M. D. 1986. Investigation on Effects of Acid
Rain on Istanbul-Feneryolu Afforestation Areas and its Source
(in Turkish). ÇEVRE-86 Sempozyumu, 2-5 Haziran 1986, Izmir, 11 pp.

[13]

KANTARCI, M. D. 1988. Ecological Sensitive and Regional
Ecological Sensitive Terrestrial Ecosystems in North-South
Cross Section of Turkey (in Turkish). ÇEVRE-88 Dördüncü
Bilimsel ve Teknik Çevre Kongresi, 5-9 Haziran 1988- Izmir.

[14]

KANTARCI, M. D. 1991. Anthropogenetic Influences on
Terrestrial and Quatic Ecosystems in Turkey and Subject of
Evaluating of Environment Influences (in Turkish). Çevresel
Etki Degerlendirilmesi (ÇED) Uygulamadan Örnekler. Türkiye
Çevre SorunlariVakfi Yayini 9106.Y.0011.41. pp. 87-127.

[15]

KANTARCI, M. D. 1992. Resadiye (Datça) Peninsula (in
Turkish). Datça Yarimadasi Çevre Sorunlari Sempozyumu Kitabi. 6-9 Haziran 1992 (20 pp.) Edit.Ayse FILIBELI. Dokuz
Eylül Üniv. Müh.Mim. Fak. Çevre Müh. Böl. Izmir 1992/1.

327

© b y PSP V olu m e 1 0 – N o 3. 2 0 0 1

Frese nius E n viro m e n t al B ulle tin

[29]

KARAÖZ, M. Ö., TOLUNAY, D. 1996. Effects of Yeniköy
(Mugla) Thermal Power Plant on Surrounding Forests (in Turkish). This work was supported by the Research Fund of the
University of Istanbul. Project number: 650/210994, 16 pp.

[30]

KARAÖZ, M. Ö. 1997/1. Effects of Air Pollution on Forests in
Izmit-Karlitepe (Keltepe) (in Turkish). Etkisi. Dogayi Korumada Kent ve Ekoloji Sempozyumu Kitabi. pp. 80-89. 18-19
Aralik 1997. ITÜ, Mimarlik Fak. Taskisla, Istanbul.

[31]

KARAÖZ, M. Ö. 1997/2. Relationships Between Death of
Trees of Kazdagi Forests and Sulphur Contents of Their Needles (in Turkish). Yerlesim ve Çevre Sorunlari: Çanakkale Ili,
9 Eylül 1996 Bildiriler Kitabi (Karaöz 8.). Edit: Ayse FILIBELI. Dokuz Eylül Üniv. Müh. Fak. Basimevi-Izmir.

[32]

KARAÖZ, M. Ö. 1997/3. Sulphur Concentrations of Forest
Tree Leaves on Mountainous Area of Biga Peninsula in Turkey.
Air Quality Management at Urban, Regional and Global Scales.
Environmental Research Forum Vol. 7.8. (530-535). Edit.: S.
Incecik, E.Ekinci, F.Yardim, A.Bayram. Trans Tech Publication Switzerland.

[33]

KARAÖZ, M. Ö. 1997/4. Determination of Air Pollution by
Sulphur Contents of Forest Tree Leaves in Thrace (in Turkish).
Trakya'da Sanayilesme ve Çevre Semp.II. 6-8 Kasim 1997
Bildiriler kitabi (pp. 327-336). TMMOB Yayin No.202, Edirne.

[34]

KARAÖZ, M. Ö., TOLUNAY, D. 1997. Effects of Yeniköy
Thermic Power Plant on Calabrian Pine (Pinus brutia Ten.)
Forests in Yeniköy-Mugla TURKEY. XI. World Forestry
Congress 13-22 October 1997. Antalya. Vol.1:187.

[35]

MAKINECI, E. 1997/1. The Investigation of Air Pollution
Effects by Determining Sulphur Content in Leaves of Forests
and Mistletoess on Istranca Section. Air Quality Management
at Urban, Regional and Global Scales. Environmental Research
Forum Vol. 7.8. (519-521). Edit.: S. Incecik, E. Ekinci, F. Yardim, A. Bayram. Trans Tech Publication Switzerland.

[36]

MAKINECI, E. 1997/2. The Investigation on Organic Matter
Accumulation and Amount of its Combustible in Natural Terrestrial Ecosystems of Gelibolu Peninsula (in Turkish).Yerlesim ve Çevre Sorunlari: Çanakkale Ili, 9 Eylül 1996
Bildiriler Kitabi (Makineci 9.). Edit: Ayse FILIBELI Dokuz
Eylül Üniv. Müh. Fak. Basimevi-Izmir.

[37]

MAKINECI, E. 1998. The Examination of Gelibolu Forest
Fire (1994) in Point of View of Air Pollution (in Turkish). Tarim ve Orman Meteorolojisi' 98 Sempozyumu 21-23 Ekim
1998. Istanbul Teknik Üniversitesi, Uçak ve Uzay Bilimleri Fakültesi, Meteoroloji Mühendisligi Bölümü. Editor: Levent
SAYLAN. Öz Ofset A. S. Istanbul-TÜRKIYE 1998. pp. 181187.

[38]

[39]

[40]

TOLUNAY, D. 1994. Sulphur Concentrations of Various
Forest Tree Leaves Between 25 March - 15 April Which were
Planted in Hazardous Area of Yatagan Thermal Power Plants
(in Turkish). Gökova Körfezi Çevre Sorunlari ve Çevre Yönetimi Sempozyumu Kitabi. 28-30 Haziran 1994. pp. 431-440.
Edit. Aysegül Iyilikçi Pala. Dokuz Eylül Üniv. Müh. Fak. Çevre Müh. Böl. - Izmir.

[41]

TOLUNAY, D. 1997. The Effects of Waste Gases from Yatagan Thermal Power Plant to the Diameter Increment of the
Pinus brutia Ten. Forest. Air Quality Management at Urban,
Regional and Global Scales. Environmental Research Forum
Vol. 7.8. (549-554). Edit.: S. Incecik, E. Ekinci, F. Yardim, A.
Bayram. Trans Tech Publication Switzerland.

ÖZTÜRK, B. 1998. I.T.Ü. Sulphur Accumulation of Crimean
Pine Needles in I.T.Ü. Garden and Belgrad Forest (in Turkish).
Tarim ve Orman Meteorolojisi' 98 Sempozyumu 21-23 Ekim
1998. Istanbul Teknik Üniversitesi, Uçak ve Uzay Bilimleri Fakültesi, Meteoroloji Mühendisligi Bölümü. Editor: Levent
SAYLAN. Öz Ofset A. S. Istanbul-TÜRKIYE 1998. pp. 176180.
SEVGI, O. 1997. Sulphur Amounts of Epiphytic Lichen (Parmalia furfurcea (L.) Ach.) on High Mountains Area in Biga
Peninsula. Air Quality Management at Urban, Regional and
Global Scales. Environmental Research Forum Vol. 7.8. (522524). Edit.: S. Incecik, E. Ekinci, F. Yardim, A. Bayram. Trans
Tech Publication Switzerland.

328

Received for publication: October 11, 1999
Accepted for publication: February 15, 2001

CORRESPONDING AUTHOR
Ömer Karaöz
University of Istanbul
Faculty of Forestry
Department of Soil Science and Ecology
Bahceköy, Istanbul – TURKEY
Fax: ++90 212 2261113
F E B – V ol 1 0 / N o 3 / 2 0 0 1 – p a g es 3 2 3 - 3 2 8

© b y PSP V olu m e 1 0 – N o 3. 2 0 0 1

Frese nius E n viro m e n t al B ulle tin

MONITORING TRACE METAL LEVELS IN KIRSEHIR-TURKEY:
SERUM COPPER AND ZINC LEVELS OF HEALTHY SUBJECTS
M. Soylak1, L. Elçi2, Ü. Divrikli1 and S. Saraçoglu1
1
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SUMMARY
In the present work, the concentrations of copper and
zinc in blood serum samples of 94 (60 male + 34 female)
healthy people living in Kirsehir, Turkey, were determined by flame atomic absorption spectrometry.
The mean concentrations of copper and zinc were found
to be 1.61 ± 0.10 mg/l and 1.13 ± 0.33 mg/l, respectively.
The mean serum copper and zinc concentration of persons living in Kirsehir, Turkey, were found in the upper
limits of the world values.

In the present study, the serum copper and zinc concentrations of ninety-four healthy people aged between 19 and
65 living in Kirsehir, Turkey, were determined by flame
atomic absorption spectrometry.

MATERIALS AND METHODS
Reagents and Apparatus

KEYWORDS:
Copper,
zinc,
healthy
subjects,
flame atomic absorption spectrometry, Kirsehir-Turkey

serum,

INTRODUCTION
The determination of the trace amounts of heavy
metal ions in biological materials such as hair, blood,
urine etc. are of increasing interest of many clinical and
research laboratories [1-4]. Serum is an important bioindicator for trace element status. Many factors such as
eating habit, age, sex etc. are known to influence serum
trace metal values. Determinations of serum and zinc
concentrations have been continuously performed by
various researchers around the world [5-10].
Copper and zinc are essential micronutrients for human. They activate enzymatic and hormonal processes in
human body. Zinc deficiency can result from inadequate
dietary intake, impaired absorption, excessive excretion.
Copper is involved in the functioning of the nervous system, in maintaining the balance of other useful metals in
the body, such as zinc, and possibly other body functions.
The mean concentrations of copper and zinc in serum are
0.7-1.3 mg/l and 0.5-1.7 mg/l, respectively [10, 11].
Kirsehir is in middle Anatolia region of Turkey and has
approximately 50.000 population. According to our literature search, no report has been published about the serum
copper and zinc levels of Kirsehir, Turkey.

All chemicals used were of super pure grade unless stated
otherwise; aqueous reagents were prepared in doubledistilled de-ionised water. 1000 mg/l of stock solutions of
copper and zinc were prepared by dissolving their nitrate
(Merck-Darmstadt, Germany) in distilled water. To prepare working standards, serial dilutions were made with
the double-distilled water.
Copper and zinc determinations were performed using a Perkin-Elmer Model 3110 flame atomic absorption
spectrometer. All measurements were carried out in
air/acetylene flame without background correction. The
operating parameters were set of as recommended by the
manufacturer.

Sampling and Determinations
of Copper and Zinc in Serum Samples

Blood samples were collected from 60 males and 34 females at November-December 1998 in a Health Center in
the city center of Kirsehir, Turkey. After centrifugation at
1500 rpm for 10 min, serum samples were separated and
stored at -20 oC until analysis. Serum was thawed and
mixed before assay. The concentrations of copper and
zinc in the serum samples were determined by flame
atomic absorption spectrometry (FAAS) according to
procedure given by Tietz [12].
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RESULTS AND DISCUSSION

ACKNOWLEDGEMENTS.

Blood serum samples of 94 healthy subjects aged between 19 and 65 from Kirsehir, Turkey, were analyzed for
copper and zinc by flame atomic absorption spectrometry.
Mean concentration of copper in serum samples without
discriminating the sexes was found as 1.61 ± 0.10 mg/l,
ranging from 0.39 to 2.23 mg/l. The mean serum level of
zinc was 1.13 ± 0.33 (range: 0.59-2.25 mg/l). These levels of
copper and zinc were in the upper levels of the mean world
values given in Literature [6, 10, 11]
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The levels of copper and zinc in serum samples of different
sexes were compared. While average concentrations of
copper for male and female were 1.57 ± 0.12 mg/l and
1.63 ± 0.27 mg/l, respectively, the mean concentrations of
zinc for male and female were found as 1.12 ± 0.33 mg/l and
1.16 ± 0.31 mg/l, respectively. No significant difference was
observed in the serum copper and zinc levels between males
and females.
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The variation of the serum copper and zinc concentrations in different age groups was also investigated
(Table 1). The lowest and highest copper concentrations
were found in 19-25 age group (1.52 ± 0.15 mg/l) and
50+ group (1.70 ± 0.32 mg/l), respectively. The concentration of zinc was found at the approximately same level
(range: 1.11-1.15 mg/l) in all age groups.
TABLE 1
The level of serum copper and zinc in the age groups (mg/l)

Age Group

N

Copper

Zinc

19-25

21

1.52 ± 0.15

1.11 ± 0.15

26-35

34

1.60 ± 0.16

1.11 ± 0.09

36-50

19

1.68 ± 0.36

1.15 ± 0.31

50+

20

1.70 ± 0.32

1.12 ± 0.12

n: number of person
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The influences of the smoking habits on the serum zinc
and copper concentrations were also examined. Thirty three
of 94 people in the present study were smokers. The percentage of smoking persons was 35 %. The changes in the concentrations of copper and zinc of smoking and non-smoking
groups are given in Table 2. The levels of copper and zinc in
the serum samples for the smoking group were found as
1.52 ± 0.29 mg/l and 1.03 ± 0.38 mg/l, respectively.

Copper

Zinc

Smoking

33

1.52 ± 0.29

1.03 ± 0.38

Non-Smoking

61

1.62 ± 0.14

1.15 ± 0.33
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THE EFFECT OF LITHIUM CHLORIDE ON
HETEROTROPHIC BACTERIAL ACTIVITY
Ruben Sommaruga
University of Innsbruck, Institute of Zoology and Limnology, Innsbruck, Austria

SUMMARY
In this study, the effect of the hydrological tracer LiCl
was tested on the activity of a natural heterotrophic bacterial assemblage. The effect was assessed following the
[3H]-thymidine incorporation by bacteria under three
treatments: 1) 400 mg Li+ l-1 (concentration of the solution intended to be injected into the lake), 2) 5 µg Li+ l-1
(the expected end concentration after dilution), and 3) a
control (no LiCl). After 6 h, a significant inhibition (31%)
on the incorporation of [3H]-thymidine was observed at
the highest concentration, but not at the lowest.

Heterotrophic bacteria were selected as test organisms because their small cell size and relatively high abundance
warrant a rapid contact with the tracer. Moreover, measurements of bacterial activity using the [3H]-thymidine method
[5] provide a rapid and easy assessment of the bacterial response to different stress factors.

KEYWORDS: Toxicity,
thymidine, alpine lakes.

The lake selected for the hydrological study was
Gossenköllesee (area: 1.7 ha, maximum depth: 9.9 m)
situated above the tree line at 2417 m above sea level in
the Central Alps, Tyrol, Austria (47° 13’N, 11° 01’E).
Information on the limnological characteristics of this
system is published elsewhere [6].

hydrology,

tracer,

aquatic

bacteria,

INTRODUCTION
Lithium chloride (LiCl) is a conservative tracer used in
hydrological studies. Among the main advantages of this
tracer are its high solubility in water and the low background concentration found in freshwater systems (0.0751.1 µg l-1) [1]. Unfortunately, the potential toxic effect of
LiCl on the biota has been largely ignored; therefore, limited information is available on this scientific literature.
Nevertheless, the use of LiCl in hydrological studies has
been questioned because of its proven effect on the biological activity [2]. For example, experiments with the freshwater snail, Elimia clavaeformis have indicated that Li+ at
concentrations as low as 150 µg l-1 reduces its feeding rate
by 50% [2]. Furthermore, based on results from toxicity
studies on Li+ with fish larvae, zooplankton, and a snail,
Stewart & Kszos [2] suggested that the results reported by
Tate et al. [3] on algal phosphorus dynamics in a mountain
stream may have been affected by the concomitant use of
Li+ as a tracer (see also Tate et al. [4]). Within the framework of a tracer hydrological experiment designed to
estimate the water residence time in an alpine lake, the
potential toxicity of LiCl on the activity of planktonic
heterotrophic bacteria was tested.

MATERIALS AND METHODS

Water samples for the experiments were taken from
Gossenköllesee on June 18, 1997 from 4 m depth and
placed in sterile bottles (500 ml). Lithium chloride
(p.a. Merck) was added immediately to the samples to give
a final concentration of 5 µg Li+ l-1 and 400 mg Li+ l-1. This
wide range was selected because the concentrations approximately corresponded, respectively, to the expected
final concentration in the lake after mixing and the concentration of Li+ in the aqueous solution to be injected into the
lake (Thies et al. unpub. data). Controls were included
without the addition of LiCl. The samples were transported
to the laboratory in Innsbruck where they were maintained
close to the in situ temperature (4°C) and immediately
processed. [3H]-Thymidine (85 Ci mmol-1, Amersham,
England) was added at saturating concentrations (10 nM) to
eight replicates from the different treatments and incubated
at in situ temperature and darkness for 1 h.
Total time of exposure to LiCl was 6 h. Incubations
were finished by the addition of formaldehyde (3% final
concentration). Bacteria were then collected by filtering
samples through 0.2 µm pore-size cellulose nitrate filters
(Sartorius, Goettingen, Germany).
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Filters with the contents were pre-washed 10 times
with 1 ml ice-cold 5 % (w/v) trichloroacetic acid (TCA),
then extracted for 10 min with 5 ml ice-cold TCA and
finally washed 10 times with 1 ml TCA and two times
more with 5 ml ice-cold 80 % ethanol (v/v). The dry filters were placed into scintillation vials with 10 ml of
scintillation cocktail (Ready Safe, Beckman, CA). Disintegrations per minute were determined in a Beckman
LS 6000 IC scintillation counter, after the filters had dissolved completely in the cocktail. All samples in the different treatments were corrected for abiotic incorporation
by subtracting the radioactivity in two formaldehydekilled controls (3 % final concentration).

in the lake water (control) and in the 5 µg l-1 treatment was
23 µS cm-1, in the highest LiCl concentration it was 140-fold
higher. Although the decrease in bacterial activity observed
under the highest LiCl concentration was modest (31% after
6 h), these results indicate that the use of this tracer in hydrological studies must be done with caution and that its potential toxicity in the biota must be assessed. In this experiment,
measurements of bacterial activity were done at 4°C (in situ
temperature); however, toxicity may increase with temperature, i.e., at higher bacterial division rates. Finally, a strong
mixing during the process of injection of the aqueous
LiCl solution must be assured to prevent toxic effects by a
highly concentrated discharge.

RESULTS AND DISCUSSION

ACKNOWLEDGMENTS

The results from the experiments designed to test the potential toxicity of LiCl showed that after 6 h the bacterial
activity as measured by the incorporation of [3H]-thymidine
was significantly reduced (ANOVA, P= 0.0035) in the
treatment receiving the highest Li+ concentration (Fig. 1).
No effect, however, was found at the final concentration of
5 µg Li+ l-1 (P=0.914).

I thank Hansjörg Thies, Ulli Nickus, and Christoph
Arnold for their help during the experiment and for providing information on lithium concentrations.

FIGURE 1

Bacterial activity ([3H]-thymidine incorporation) in the different
treatments after 6 h exposure to lithium chloride. The asterisk indicates
a significant difference (P<0.05) between the treatment and control.
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The concentrations tested in this study represent the
worst and best situations that heterotrophic bacteria could
experience during the hydrological tracer experiments,
i.e., the immediate concentration in the lake and that after
dilution takes place. The critical concentration (e.g., 50%
reduction in bacterial activity) of LiCl was above the
highest concentration tested.
The exact mechanism of the toxic effect of Li+ in different organisms is not well understood. Stewart & Kszos [2]
found that addition of sodium ameliorated the toxic effects in
Ceriodaphnia dubia when Li+ was used at a concentration of
500 µg l-1. They suggest that sodium competes with lithium
at Na+-binding sites on proteins that regulate the ion balance.
Nevertheless, when lithium is used in the form of LiCl, large
changes in conductivity could also affect the ion balance of
aquatic organisms. For example, while conductivity at 25°C
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