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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

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

Cl

Cl

Cl

32

100

**

100

**

M1-32

100

320 ***

32 **

60

Cl
Cl

Cl

Cl
Cl

Cl
Cl

Cl

Cl

Cl

Cl
Cl

Cl

Cl

39

62 **

< 75

M2-32

7

Cl
Cl

Cl

Cl

Cl

50 ***

5

3

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
Cl

Cl
Cl

Cl

42A

209 **

2272

264

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
Cl
Cl

Cl

< 75 **

14 **

Cl

8

ClCl

Cl
Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl
Cl
Cl

Cl
Cl

Cl

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.

• an intermediate scenario (15% of total separate
collection), in which the target is achieved by
separating also the organic fraction and metals;

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.

• 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

Ronchi

100
80
60
40
20
0

0
40

60

80

100

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.

135

© by PSP Volume 10 – No 2. 2001

Fresenius Enviromental Bulletin

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
COLLECTION
CONSORTIUMS

Power cells
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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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

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

-1

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

141

© by PSP Volume 10 – No 2. 2001

Fresenius Enviromental Bulletin

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

150

© by PSP Volume 10 – No 2. 2001

Fresenius Enviromental Bulletin

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

Value

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)

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

Ks=10 mg/l

3

476

144

332

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).

RESULTS

PURPOSE
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.
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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.

60

% adsorbed

50

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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30
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0
0
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15

amount of carbonate dded (g)

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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FIGURE 2:
Effect of the drying temperature on the adsorption of dicofol

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.
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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
%

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

2.60
1086
13.26
17.00
19.78
24.17
28.00
39.80

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.

189

© by PSP Volume 10 – No 2. 2001

Fresenius Enviromental Bulletin

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
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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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From the above, it is obvious that the crash of the
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to cause significant response at least at the macrobenthic
level. It is notable that the January SPOC is higher than
any other BCD value throughout the year and for the
entire sampling period. This shows the important role of
the winter phytoplankton bloom crash in the energetics of
the Maliakos Gulf food web.
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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).
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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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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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On the basis of the data obtained we can see that

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.

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
10 µg kg
100 µg kg-1
1000 µg kg-1

Papiano
83.7 ± 8.9
97.4 ± 1.6
95.7 ± 1.8

500 µg kg
77.3 ± 4.0

1000 µg kg
80.7 ± 4.5

-1

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

-1

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

212

© by PSP Volume 10 – No 2. 2001

Fresenius Enviromental Bulletin

R0 : net reproductive rate
R: instantaneous rate of natural increase
T: generation time,
i.e. average age ofmothers giving birth.

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.

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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RESULTS AND DISCUSSION

MATERIALS AND METHODS
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).

219

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).

7

6
6

5
Cs (umol/g)

mol/g)
5
4
3
2

4
3
2
1

1

0

Triasulfuron adsorbed (
0
0
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20

30

40

50

60

70

4.5

5

6

7

pH

80

Policoro

time(h)

Bologna

Foresta Umbra

Figure 1. Triasulfuron adsorption kinetics on forest HA.

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

25

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
(Ž) 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%.
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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
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
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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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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More information about MESAEP and the
symposium is given on the MESAEP homepage:
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Index (SCI), SciSearch, Selected Water Resources Abstracts.

236

© by PSP Volume 10 – No 2 2001

Fresenius Enviromental Bulletin

FEB - ORDER FORM
Delivery Address (if different)

Yes, I wish to order FEB starting with Volume 10/ 2001

o

Name:.......................................................................

Printed journal
inclusive site-wide access to FEB online version

Position:.......................................................................

250 EURO plus postage/ handling
(Germany 35 EURO/ Europe 55 EURO/
International 90 EURO)

o

Organization:.......................................................................
Adress:.......................................................................

Online journal

.......................................................................

200 EURO

.......................................................................
E-Mail:.......................................................................

Minimum subscription period: 1 year
Cancellation must be generally effected
3 months before end of subscription period.

o

Will be paid in full

o

50% will be paid (postage/ handling full) because…

o
o

Methods of Payment

Member of MESAEP/ SECOTOX
contributor from developing country

o

Please send me a pre-payment invoice

o

I enclose a cheque made payable to PSP

Value Added Tax
Special-Offer to Subscribers- back issues at reduced rates!

Subscribers in 2001 are entitled to receive back issues
at reduced rates (while stocks last).
(6 double issues/ less 50%:Euro 125,00 + postage and handling).

In certain circumstances we may be obliged to charge
Value Added Tax (VAT) on sales to other EU member
countries. To avoid this, it is therefore essential to provide
us your VAT number if you have one.

To take advantage of this offer please tick the boxes
below when ordering a subscription to FEB for 2001.

o
o

1996
1999

o
o

1997

o

o

I am not registered for VAT

o

My VAT number is ..............................................

1998

2000

Signature:.......................................................................
Invoice address

Date:

................................

Name: .......................................................................
Position:.......................................................................

Please complete this form and return to:

Organization: .......................................................................
Adress: .......................................................................

FEB – Fresenius Environmental Bulletin
c/o PSP – Parlar Scientific Publications
Angerstr. 12 - 85354 Freising – GERMANY

.......................................................................
.......................................................................
E-Mail:.......................................................................

237

Tel: ++ 49 (0) 8161 48420
Fax: ++ 49 (0) 8161 484248
E-Mail: parlar@psp-parlar.de

© by PSP Volume 10 – No 2 2001

Fresenius Enviromental Bulletin

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.

Short descriptions of the authors, presentation of their
groups and their research activities (with photo) should
together not exceed 1 typewritten page.

Acceptance or nonacceptance of a contribution will be
decided, as in the case of other scientific journals, by a
board of reviewers.

Book Reviews are normally written in-house, but suggestions for books to review are welcome.

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.

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
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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Preparation of manuscript

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.

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!
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Structure of manuscript
1) Title page

8) Acknowledgements

The first page of the manuscript should contain the following items in the sequence given:
A concise title of the paper (no abbreviations)

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.

The names1 of all authors with at least one first name
spelled out for every author.

9) References

The 1names of University with Faculty, City and Country
of all authors.

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

2) Summary

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

3) Key words

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

1.

4) Introduction

BOOK OR PROCEEDING:

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.

2.

ORIGINAL PAPERS:

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:
3.

5) Material and Methods

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

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

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 r eceived galley proofs of his paper. In all other cases reference must
be made to "unpublished work" or "personal communication".

6) Results

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

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
sequences in which they occur. They are to be included in
the manuscript. Every table must begin with a caption that
starts with, for example, "Table 2”. The caption must
explain precisely the contents of the table. The table itself
must be written so that it can be read and understood
without reference to the text. Every column and every line
of a table must be labeled unambiguously and indicate
units wherever data are reported. References to a table are
to be handled in the same way as references to the text
(see Section References). Footnotes to a table should be
indicated by lower-case letters in parentheses and typed
directly under the table.

Precondition for publishing:
A minimum number of 25 Offprints must be ordered and
prepaid.
They are purchased at cost price [1-4 pages = 6 €; 5-8
pages = 10 €, every further page 1 €; additionally postage/
handling (Germany 10 €, Europe 15 €, International 20 €)
and VAT in Germany and EU member countries (if you
do not have a VAT-No.)]. Granting of 50% discount for
members of MESAEP, SECOTOX, contributors from
developing countries, and students. 25 offprints will be
provided free of charge only to subscribers of FEB.

Figures

Copyright

The figures should be numbered consecutively in Arabic
numerals in order of mention in the text. Every figure
must be accompanied by a legend that begins with, for
example, "Figure 4".

The articles published in this journal are protected by
copyright. All rights are reserved, especially the right to
translate into foreign language. No part of the journal may
be reproduced in any form- through photocopying, microfilming or other processes- or converted to a machine
language, especially for data processing equipment- without the written permission of the publisher. The rights of
reproduction by lecture, radio and television transmission,
magnetic sound recording or similar means are also reserved.

Photographs

Black-and-white photographs are to be submitted in TIFformat (shade of gray) or as JPEG black-and-whiteformat (shade of gray). Glossy prints with soft contrasts
are also acceptable.
SI metric system

Abstracted/ Indexed in:

SI units are to be used for all data (exceptions: L, g, bar,
h, ppm, ppb, ppt), e.g. c (NaOH) = 0,1 mol L-1. Greek/
unusual symbols/ abbreviations should be defined in the
text at their first occurrence.

Biology & Environmental Sciences, C.A.B. International,
Cambridge Scientific Abstracts, Chemical Abstracts,
Current Awareness, Current Contents/ Agriculture, IBIDS
database, Information Ventures, Research Alert, Science
Citation Index (SCI), SciSearch, Selected Water Resources Abstracts.

Submission of manuscript

The manuscripts should be sent directly to:
PSP Publishing,
Angerstr.12, 85354 Freising GERMANY.
Email: parlar@psp-parlar.de
Authors are requested to submit manuscripts in electronic
form (as an E-Mail attachement). Electronic manuscripts
eliminate the need for re-keying and thereby introduction
of new errors. They must be in exact journal format and
identical to the final hard copies. The manuscript should
be saved in the native format of the word processor used
(please use Microsoft Word). Authors should keep copies
of everything submitted.
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