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PERSISTENT CHLORINATED HYDROCARBONS (PCHC),
SOURCE-ORIENTED MONITORING IN AQUATIC MEDIA.
1. METHODS OF DATA PROCESSING AND EVALUATION
Emanuel Heinisch1, Antonius Kettrup1, Werner Bergheim2 and Sabine Wenzel3
1
Technical University Munich, Chair for Ecological Chemistry and Environmental Analytics,
Institute for Chemistry, Weihenstephaner Steig 23, 85350 Freising/ Weihenstephan, Germany
2

GSF National Research Center for Environment and Health, Institute of Ecological Chemistry,
Ingolstädter Landstraße 1, 85764 Neuherberg, Germany
3

Institute for Ecosystem Research of the Academy of Sciences, Berlin

SUMMARY

INTRODUCTION

Starting from the fact that production and application
data of the PCHC DDT, HCH, the dien insecticides, camphechlor, polychlorobenzenes, PCB, octachlorostyrene,
and HCBD have not been published the attempt is made
of a source-oriented monitoring in aquatic media. Data
basis are the results of regular routine analysis of PCHC in
surface water, particulate matter, sediment, sewage sludge
and special fishes, made in fulfilling laws by federal or
other institutions according to binding, mostly standardized methods. Such data material of about 20 institutions
from home and abroad (PL, CZ, SK, F and NL) was documented, structured, statistically evaluated and processed to
tables as well as figures like spatial profiles (e. g.
Oder/Spree system from Eisenhüttenstadt to the mouth into
the river Havel, Elbe from the mouth of the Vltava to Cuxhaven, Rhine from Lake Constance to Deltarhine) and time
series (best cases from 1983–2002). An empiric evaluation
procedure was used starting from the fact that the total
profile of all PCHC (starting substances, metabolites, isomers, congeners, intermediate and degradation products)
are determining the character of the local profile. This is
determined by differential diagnosis, leading to hints to the
main production profile, the time of stopping the synthesis
or processing of certain chemical products or stopping
agricultural, horticultural or vinicultural applications. Also
special sources like military locations or release due to
building site measures are registered. The paper in hand is
the introduction of a series of about 6 reviews.
KEYWORDS:
PCHC, surface water, sediment, particulate matter, industrial
sludge, fishes, source-oriented monitoring, Oder-Spree system,
Elbe, Berlin-Brandenburg water, Bavarian waters, Rhine, Danube.

In the fifties and sixties of the last century, due to
their very favorable price-performance ratio, DDT, HCH,
HCB and the cyclodiene insecticides were produced and
applied worldwide in amounts of some 100 000 tons per
year.
In the seventies/ eighties the application and partly also production of these substances in Western Europe and
the USA was forbidden step by step.
PCB was in use in various technical applications up
to the eighties. During the synthesis of the compounds,
intermediate products (di-, tri- and tetrachlorobenzene,
hexachlorobutadiene) were used and came up compulsory, respectively e. g. pentachlorobenzene, and octachlorostyrene.
Despite the total prohibition spread in the meantime
also to Eastern Europe, the PCHC belonging to the PBT
and vPvB substances as well as to the POPs Convention
[1] (DDT, PCB, HCB) are even nowadays being found in
partly extreme amounts in „super fund localities“, e. g. in
1999 > 800 µg DDX/kg dm in the sediment of river
Bilina, a tributary of the river Elbe in Ústí n. L. (CZ), at
the factory Spolchemie [2] and 20 000 µg DDX/kg fw in
eels from the Berlin Teltowkanal, at the enterprise BerlinChemie in 2001 [3]. From the river Mulde near Dessau
till 2002 sediment samples with > 4500 µg HCH/kg dm
and 1500 µg DDX/kg dm were determined, leftovers of
the former Chemiekombinat Bitterfeld [4, 5]. In 1999 in
the outlet canal of a plant in Eastern Slovakia which has
synthesized PCB till 1985, 50000 µg IUPAC PCB congeners/kg dm sediment were found [6].
These extreme values are exorbitantly high and exceed the normal values also of regions in which e. g. DDT
and lindane containing formulations were used in intensive horticulture or viniculture by the factor 20 to 100.
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Unexpected high contaminations appear after hydraulic engineering activities, as had to be observed e. g. with
DDX in Berlin waters from 1996 to 2003 [7, 8]. Sometimes high PCHC values are being observed in waters of
industrially and agriculturally low used areas, due to border crossing imports. This could e. g. be found in the river
Elbe near Schmilka in the Elbstandsteingebirge for HCB,
OCS and PCB in fishes [9-11]. Similar amounts were
analyzed for PCB in fishes from the river Moselle, here
the contaminants came from neighbouring France [12].
The last example mentioned are the surroundings of military devices; e. g. the US Army did not feel committed to
the restriction concerning DDT applications in their guest
states. So e. g. in the Berlin Grunewaldseen, a residential
area with lakes, parks and military training ground extremely high DDT amounts in fishes were found [3].
The different groups of polluted areas - chemical devices, plant cultivation, remobilising due to building activities, imports with the flowing wave and military activities - do not only differ from each other by the kind of
PCHC and the height of the amounts found. What is more
important is, that the residues due to production or application or remobilisation mostly have characteristic differences in their patterns of metabolites, isomers and congeners.

the nineties these activities are performed as well in the
Federal States of Saxony, Thuringia, Saxony-Anhalt, Brandenburg and Mecklenburg-Western-Pommerania and partners from the Czech Republic, Slovakia and Poland. Within
the PCHC mostly the following compounds are comprised:
• 2,4’- and 4,4’-isomers of DDT, DDE, DDD and 4,4’DDMU = DDX, sDDT
• α-, β-, δ-, ε-HCH (ballast isomers), γ-HCH (lindane) =
sHCH
• PCB congeners 28, 52, 101 (LPCB = low chlorinated
PCB), 138, 152, 180 (HPCB = higher chlorinated
PCB), altogether sPCB; in the literature also IUPAC,
DIN, leading or Ballschmiter congeners
• polychlorobenzenes PolCBz: dichlorobenzenes (DCBz):
1,2-, 1,3-, 1,4-DCBz
trichlorobenzenes (TrCBz): 1,2,3-, 1,2,4-, 1,3,5-TrCBz
tetrachlorobenzenes (TeCBz):
1,2,3,4-, 1,2,3,5-, 1,2,4,5-TeCBz
pentachlorobenzene (PeCBz) and hexachlorobenzene
(HCBz, in the literature mostly referred to as HCB)
• hexachlorobutadiene (HCBD) and octachlorostyren
(OCS), intermediate products and compulsory coming-up, resp.

Also the applications of DDT-lindane preparations
can be marked by corresponding substance patterns in
aquatic matrices. That means that besides the height of the
loads also their substance profiles give information as to
the source of the immissions. These hints are important,
because in the FRG - as well as in other western countries the production data for PCHC as well as their compulsory
coming up are not published. Also in the GDR these data
were secret, they could, however, be investigated in 1990
[13]. That means, that for the investigation of sourceeffect relations there is mainly a lack of emission/ immission data. Even if it will not be possible with the help of
monitoring investigations to find out which PCHC were
produced and came up compulsory, resp., when, where
and in which amounts, hints as to the clearing of these
questions will be given. For this purpose in a series of
publications the compounds mentioned below shall be
demonstrated. The paper in hand is the beginning presenting the aims of the project and the ways of solution.

• biocide cyclodienes (drines): aldrin, dieldrin, endrin,
isodrin, heptachlor (incl. heptachloroepoxid), chlordane, endosulfan (α- and β-isomers)

Obtaining and processing data

Data material from institutions in Prague, Dresden,
Halle/ Saale, Hamburg, Gdansk, Frankfurt/ Oder, Potsdam, Berlin, Erlangen, Oberschleißheim, München, Bratislava, Brno, Freiburg, Strasbourg, Karlsruhe, StuttartFellbach, Speyer, Wiesbaden, Darmstadt/ Kassel, Koblenz,
Saarbrücken, Bonn, Essen, Kirchhundem-Albaum and
Ijmuiden as well as from the organisations Working group
for keeping the river Elbe clean (ARGE ELBE), International Commission for the Protection of the River Rhine
(IKSR) and the German Environmental Specimen Banking
(GESB) [14-17] was documented (some institutions cross
it out four years after evaluation), structured and evaluated

Since the beginning of the eighties in the Federal Republic of Germany from the federal institutions for environment, health, food control, veterinary medicine, geology etc. routinely samples were taken from surface water,
suspended matter, sediment and several fish species and
investigated to their content of the above mentioned
PCHC. These investigations are pointing out the chemical
burdens and exceeding of limit values and environmental
standards. The methods for sampling, sample preparation
and chemical analysis used are mostly standardised regarding the environmental standards. Since the middle of

• camphechlor (toxaphene),
congeneres 26, 50, 62 (Parlar congeners)
According to partly different factors – orders, interests and local circumstances, resp. – the contents of these
compounds were determined in the following aquatic
media:
• surface water
• sediment, suspended matter, sediment deriving from
suspended matter
• fishes: eels (Anguilla anguilla), roaches (Rutilus rutilus), breams (Abramis brama), barbels (Barbus barbus) as well as some other species, which were partly
sampled and analysed according to individual factors.
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according to a standardized procedure. The names of the
institutions - which often changed - are cited in each case.
The results of the steadily growing work have been published in detail at [3], [4], [12], and [18]. In these reports
also corresponding results from literature are quoted.
The results obtained have been evaluated mostly in
the form of spatial profiling (e. g. Oder/Spree system
from Eisenhüttenstadt to the mouth near Spandau, river
Elbe from the border to the Czech Republik at Schmilka
to the mouth near Cuxhaven, the river Rhine from Lake
Constance to Deltarhein and time series (e. g. 1983-2002).
What has to be pointed out is that the dimensions of the
spatial profiling as well as of the time series are mostly
unique. These graphs can already inform about the origin
of the loads and partly also to the approximate time of the
immissions. Some examples are given in the Figures 1-15.
The evaluation procedure used in this work widely
differs from the control methods for finding out the keeping
to maximum amounts in so far as a link is established between all components determined in the result of analysis.
The total profile of all PCHC determines the sampling point, i. e. the character of the location.
The principles of this approach will be explained in detail at the evaluation of the sampling points in the following
papers. Here only some examples will explain this method
which is called differential diagnosis. If there are the parent
compound DDT and the metabolites DDE, DDD as well as
DDMU as 2,4’ and 4,4’ isomers present for DDX so the
different persistence and the probability of the occurrence
of the single compounds permit the following hints:
• Relatively high amounts of the metabolite DDE point
to applications of the insecticide. The presence of lindane (γ-HCH) at the same time confirms this assumption. The presence of high shares of DDT gives way to
the presumption that the period between the applications and the sampling was recent or at most subrecent.
• If there are high shares of DDD in the vicinity of
chemical enterprises it seems very likely that there
was a dumping of sewage or cleaning water. If there
are also larger amounts of 2,4’-DDD this suspicion is
confirmed. If, however, mostly 4,4’-DDD is present in
rural areas cattle fattening farms should be looked for.
For PCB analytical results the relations LPCB: HPCB
can give hints as to the origin of the total loads.
• Relatively high shares of the less persistent LPCB
signalize recent immissions, in the vicinity of chemical plants most probably from production or processing of PCB.
• If HPCB clearly dominate it can be assumed that these
are burdens of the past.

The presence of special starting, intermediate or
waste products from technical synthesis can be revealing.
So e. g. the presence of 1,2,4,5-TeCBz or HCBD hints to
specific synthesis processes.
If we here at first do without mentioning detailed
numbers of ranges of numbers for the single shares so
because of physical or biochemical influences of the milieus. E. g., flowing velocities influenced by the roughness of the riverbed produce different conditions for conversion and decomposition in the river Isar than in the
slowly flowing Berlin Teltowkanal. Matrix and species
differences have also to be noted. These parameters have
never been determined in model experiments. So the hints
given here are entirely results of empiric experiences
which could be confirmed in many cases because of the
large scale of the investigated materials.
RESULTS
In the following a few characteristic examples for
time series and spatial profiling are given from which the
possibilities and the limits of data evaluation made here
can be gathered.
Time series

PCHC measurements in the field covering an interval
of 10 to 20 years can not be found in research projects in
literature; the Environmental Specimen Banking is aiming
at. Such long time series permit hints to the causes of
immissions. Especially favourable for such demonstrations are enterprises producing or processing HCH because those were in use in single cases till the end of the
eighties and - even more seldom - the production period
and amount (tons/year) are known. Both facts are true for
the former GDR enterprises CKB Bitterfeld, VEB
FALIMA Magdeburg and VEB BC Berlin. Partly the
technical HCH was synthesized in these enterprises and
processed to lindane or imported HCH techn. or enriched
lindane“ were processed to lindane.
In Figure 1 time series of HCH contents in eels with
> 10 % fat of the sampling points Rudow, Barnackufer
and Griebnitzsee at Berlin Teltowkanal, in a distance of
about 3, 20 and 33 km from the outlet of VEB BC are
shown. The lindane processing in this enterprise lasted
till about 1989, then closing cleaning works followed.
So the sHCH values were at first extremely high - means
of > 5000 µg/kg fw in eels were never described before and then strikingly decreased. At Griebnitzsee which is
because of its mighty sediment a sink for PCHC from
VEB BC, still in 33 km distance from the enterprise a
textbook-like decreasing curve can be observed. The
isomers distribution first in Rudow and at Barnackufer
gives rising γ-HCH shares, due to the cleaning works.
Since about the middle of the nineties the input of ballast
isomers does not longer exist and so till the end of the
series sHCH consists only of - low amounts - of lindane.
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FIGURE 1 - HCH-Isomers in eels* from three sampling points on the Teltowkanal in Berlin.
Arithmetic means of all samples/sampling point/year. *only exemplars with >10% fat content, According to primary data from FiA/SenStadt.

FIGURE 2 - HCH isomers in surface water of the Mulde, km 7,6, near Dessau, Time series 1993-2002.
Arithmetic means of 13 monthly mixed samples each, from LAU Halle/Saale

Figure 2 shows the decrease of HCH isomers in unfiltered surface water of the river Mulde at km 7,6 from
1993-2002. The HCH loads come from the former CKB
Bitterfeld from where they reach the Mulde via Spittelwasser. The initial values from 200–300 ng sHCH/l are
very high and they decrease since 1996 to a plateau of
about 50 µg sHCH/l, with changing isomer profiles within
this plateau after that.

In Figure 3 two time series are shown about course
and distribution patterns of HCH isomers in surface water
of the river Elbe near Magdeburg and river Saale near
Groß Rosenburg. In Magdeburg at the enterprise VEB
FALIMA lindane was processed, whereas Groß Rosenburg is remote of any lindane production. At both sampling sites within the period of investigation a clear decrease of the HCH content can be observed, in Groß Rosenburg almost continuously. Striking differences are only
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detectable in the HCH isomer profiles. While in Magdeburg the shares of the ballast isomers nearly ever clearly
dominate, due to their origin in production, in the Saale
the γ-HCH share is clearly higher than that of the ballast
isomers. Since 1989 only lindane was found. Since 2002
HCH has no longer been detected. The differences in the
distribution patterns of sHCH are striking.
• The clearly higher shares of the ballast isomers within
sHCH in Magdeburg reflect production-derived origin.

• The predomination of the γ-HCH share in the Saale
points to the application of lindane forumulations.
Even more clearly these relations emerge in a comparison of the monthly distributions of sHCH within one
year in the rivers Mulde and Saale, showed in Figure 4.
Here also the ballast isomers clearly dominate in the Mulde,
whereas in the Saale almost only γ-HCH have been detected.

FIGURE 3 - Isomers of HCH in surface water from the river Elbe near
Magdeburg and the river Saale near Groß Rosenburg. Time series 1994-2002.
Arithmetic means of all samples/year, According to primary data of LAU Halle/Saale.

FIGURE 4 - Characteristic HCH isomer distribution in monthly samples of surface
water from the rivers Mulde and Saale. According to primary data of LAU Halle/Saale.
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FIGURE 5 - Isomers of HCH in sedimented suspended matter from the river
Elbe near Bunthaus. Monthly values 1990, According to primary data of ARGE ELBE.

FIGURE 6 - HCH isomers in weekly mixed means of Elbe Water near
Schnackenburg, km 474,5, 1987. According to primary data of ARGE ELBE.

A comparison of the HCH pattern in monthly samples
in sediment suspended matter within the year 1996 in the
river Elbe near Bunthaus again clearly reflects striking
differences in the share of γ-HCH within the sHCH. The
content of ballast isomers stays almost constantly during
the whole year 1990. Compared with this the lindane
shares have clear top positions in the months May to
September. These were months of classic lindane applications in 1990.

Even more striking this tendency is reflected in Figure 6 by presenting weekly samples within the year 1987,
which was selected because of the proofed application of
lindane preparations and spray cans. Here again the maximum values lie in the summer months July/ August.
Also the time course of PCB congeners in the vicinity
of a production enterprise informs not only by the hight of
the sPCB measured but also by the changes over the time
within the PCB profiles. In Figure 7 a time series of km
695,6-740,1 in the sediment of the Lower Rhine from
1999 to 2002 is given. Most outstanding are the sPCB
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every year at km 706,9r in Monheim-Hitdorf, only a few
km below the enterprise Bayerwerke in Leverkusen. The
sPCB content decreases from 453 µg/kg dm to 105 µg/kg
dm in 2002. This represents a declining curve which is
seldom so striking for PCB, especially in the matrix sediment. Also the share of the less persistent LPCB, which
was the main component in 1999, continuously decreases
reaching only 43 % of sPCB in 2002.
The time course of the polychlorobenzenes in breams
(Abramis brama) and roaches (Rutilus rutilus) in the High

Rhine at the sampling points near Rheinfelden and Grenzach, i. e. in the vicinity of large chemical enterprises in
Basel and Rheinfelden, is shown in Figure 8. It is evident
that the levels of the total polychlorbenzenes decrease
clearly and sometimes continuously. Tri- and tetrachlorobenzenes are present only in small shares and only in the
eighties if at all. This a striking difference to the other
chemical sampling points, e. g. Marl at the river Lippe
and the Bayerwerke on the Lower Rhine. What has to be
pointed out is the good correspondence of the time course
in both fish species.

FIGURE 7 - PCB in sediment-samples from the river Rhein, in the surroundings
of the chemical plant near Monheim-Hitdorf. Primary data from the LUA NRW.

FIGURE 8 - Polychlorobenzenes in breams and roaches from the river Hochrhein, near Rheinfelden and Grenzach.
Time series. Arithmetic means of all samples/sampling point/year. According to primary data from CVUA Freiburg.
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FIGURE 9 - PCB congeners in eels* from lake Großer Wannsee. Arithmetic means of all samples/
year. According to primary data from from SenStadt/FiA. *only exemplars >10% fat content.

The time series of the PCB content in eels from the
Berlin Wannsee in Figure 9 reflects a maximum in 1998.
In this year the absolute prohibition of PCB containing
devices began to take effect. So it would appear that there
were illegal disposals. In 2001 and 2002 the PCB values
clearly decrease.
Spatial profiling

The longest spatial profiles are there for eels in the
river Rhine with about 80 sampling points from Lake
Constance to Deltarhine. The presentation of the PCHC
levels in such large river courses especially strikingly
reflects local and regional maxima and minima, the causes of which are mostly good to be localised – mostly the
presence of PCHC production sites or horticultural and
vinicultural areas, resp. Also comparisons of these spatial
profiles in time intervals – i. e. a combination of spatial
profiles and time series – convey time changes in the
PCHC emissions or applications in spatial connections.
Similar observations can be made in some tributaries of
the river Rhine, like Main, Moselle and Lippe for which
there is also partly sufficient comprehensive data material.
The same can be said for river Elbe (partly from the
mouth of the Vltava till Cuxhaven), from the Oder/Spree
system (from the river Oder till Eisenhüttenstadt till the
mouth of the river Spree into the Havel near Spandau),
and for the Berlin Teltowkanal (a water used industrially
and by shipping) as well as the river Havel from Niederneuendorfer See till Jungfernsee and partly till the
mouth into the river Elbe.
A comparison of these waters shows that they are almost standing waters, like the lakes through which the

river Spree and Havel flow, slowly flowing like OderSpree-Kanal and Teltowkanal, upto busy flowing waters
with a considerable roughness of the river bed, like parts
of High Rhine. That means that the PCHC are differently
declined to conversion and degradation, also within a
matrix. Comparisons of contamination data in different
waters have always to be examined under this premise.
Like for HCH also for the PCB must be considered
that new immissions can occur until the recent past. Since
the eighties all measurements covered the six IUPAC
congeners, so there are local and regional differences not
only for sPCB but also for the easily degradable LPCB
and the high persistent HPCB. This makes interpretations
easier as to the causes of immissions and the approximate
period, like recent, semirecent, and historic (burdens of
the past). These parameters must be consulted because
usable production data for PCB are there at best for the
former CSSR. Also the very few numbers from the former GDR (where the PCB were produced from 1955–
1964 at the Deutsche Solvaywerke in Westeregeln in
comparatively low amounts of about 1000 t in total) do
not help for the interpretation of the present PCB loads.
From the spatial profile for PCB congeners in eels
from the Oder/Spree system in Figure 10 the following
information can be gathered:
Starting from the river Oder with PCB loads most
probably of polish origin there are PCB levels for the OderSpree-Kanal and the Drahendorfer Spree which are low,
corresponding to the very low PCB use in the former GDR.
On Zeuthener See, Müggelspree and Lake Müggelsee
(former Eastern Berlin) only little changes. In the Ober-
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spree there is an influence of the PCB use of the Kabelwerk
Oberspree (cable factory). The first distinct maximum can
be seen at the mouth of the Britzer Zweigkanal (BZK). This
waterway comes from former Western Berlin and brings

higher sPCB loads to the Spree. Continuously high PCB
values are present in the waterways in former Western
Berlin (Stadtspree, Unterspree) which also have higher
shares of LPCB, pointing to subrecent immissions.

FIGURE 10 - sPCB in eels* from the Oder-Spree-System, from the Oder to the mouth of the Spree 1991/93.
Arithmetic means of all samples/sampling point/year. According to primary data of SenStadt/FiA. *only exemplars with
>10% fat content., SenStadt= Senatsverwaltung, FiA= Fischereiamt, OSK= Oder-Spree-Channel sPCB = sum LPCB+HPCB

FIGURE 11 - PCB congeners in eels* from the river Elbe, Spatial profile 1999 from Prossen to Brunsbüttel. Arithmetic
means of all samples/sampling point/year. According to primary data of ARGE ELBE, *only exemplars >10% fat content.
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FIGURE 12 - PCB congeners in sediment from the Teltowkanal and neighbouring waters, spatial profiling 1989/90. According to primary data of SenStadt

FIGURE 13 - HCBD in eels* from the river Rhine, profile from Kadelburg to Markermeer, NL (1993). *only exemplars
>10% fat content, Arithmetic means of all samples/sampling points/year, According the data from CLUA Freiburg, StuttgartFellbach, CUA Karlsruhe and Speyer, HLVA Darmstadt/Kassel, LÖBF Kirchhundem-Albaum, ULP Strasbourg and RIVO Ijmuiden
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FIGURE 14 - HCB in eels* from the river Rhein. Profile from Kadelburg to Markermeer, NL, with data for comparison
from Brandenburg, Berlin and Bavaria (1993). *only exemplars >10% fat content Arithmetic means of all samples/ sampling points/ year, According the data from CLUA Freiburg, Stuttgart-Fellbach, CUA Karlsruhe and Speyer, HLVA Darmstadt/
Kassel, LÖBF Kirchhundem-Albaum, ULP Strasbourg, RIVO Ijmuiden, FiA/SenSUT Berlin and BLW München.

FIGURE 15 - Polychlorobenzenes in sediment from the river Lippe, spatial profiling 2000.
Annual values from LUA NRW
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The PCB content in eels from the river Elbe (Figure 11)
also after 1999 continuously decrease from Prossen near
the border till Gorleben, then strikingly increasing in the
area of Hamburg. Here three processes are being reflected the import of PCB from the neighbouring Czech Republic, the relatively low use of PCB in the former GDR and
the high PCB use in industrial and harbour areas from
Hamburg.
From the spatial profile of the Teltowkanal (Figure 12)
the relatively low PCB use in the former GDR can be
gathered from the low contents in sediment as well as the
high PCB use in former Western Berlin.
The HCBD contents in eels from river Rhine in Figure 13 reflect completely other maximum values. At present no explanations can be given for the highest values in
Weisweil, Taubergießen, Bac de Rhinau and Bad Honnef.
A spatial profile of HCB in eels from river Rhine in
Figure 14 shows clearly detectable maximum values on
the industrial sites Rheinfelden, Grenzach, Gimbsheim,
Bodenheim and Eltville.
The presentation of the course of the polychlorobenzene contents in the sediment of the river Lippe in 2000 in
Figure 15 shows a clear maximum value at km 41,2, Wulthener Brücke below Hüls-West, pointing to immissions
caused by the production of PolCBz. What is striking is
the decrease of the contents downstream as well as upstream. The substance pattern points to another production profile as we find in Rheinfelden/Grenzach, where
tri- and tetrachlorobenzenes were detectable only until the
middle of the eighties.
ABBREVIATIONS, NOTES
CKB: former Chemiekombinat Bitterfeld
CUA Karlsruhe, Speyer: Chemisches Landesuntersuchungsamt
CVUA Freiburg: Chemisches und Veterinäruntersuchungsamt (former CLUA)
GESB: German Environmental Specimen Bank
HLUG: Hessisches Landesamt für Umwelt und Geologie Wiesbaden
HLVA Darmstadt/ Kassel: Hessische Landwirtschaftliche Versuchsanstalt
LAU Halle Saale: Landesamt für Umweltschutz
Sachsen-Anhalt
LÖBF Kirchhundem-Albaum: Landesanstalt für
Ökologie, Bodenordnung und Forsten
LUA NRW: Landesumweltamt Essen
PBT substances: persistent, bioaccumulative and toxic chemicals
POPs: persistent organic pollutants
POPs Convention: agreement signed by 90 states on
may, 23, 2001 in Stockholm for worldwide prohibition or strong restriction of production and applica-
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tion of among others DDT, PCB, HCB, dien insecticides
RIVO Ijmuiden: Rijksinstituut voor Visserijonderzoek
SenStadt/FiA: Senatsverwaltung für Bauen, Wohnen,
Umwelt und Verkehr/ Fischereiamt, Berlin
UPLP Strasbourg: Université Louis Pasteur
VEB BC: former VEB Berlin-Chemie
VEB FALIMA: former VEB Fahlberg-List Magdeburg
vPvB substances: very high persistent and very high
bioaccumulative compounds
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SUMMARY
Petroleum products are often the major source of environmental pollution. In Poland, about 40 % of the serious hazards to the environment are results of spills of
crude oil and other petroleum products. The industrial
centres, which, by virtue of their activity, create higher
risks of soil and water contamination with petroleum
products are oil wells, long-distance crude oil pipelines,
final product pipelines, fuel storage bases, refineries, gas
stations, tank-car and tank-truck parks, motor vehicles,
industrial and communal fuel consumers.

KEYWORDS:
oil spill, Poland, scale, type, threaten.

INTRODUCTION
The world`s crude oil consumption is expected to increase to 4.6 milliard tons in the year 2010. This will
increase the risk of oil and petroleum products` penetration into the natural environment. It is estimated that on
average 0.1-0.25% of the consumed petroleum products
penetrate water and soil in the form of accidental spills.
But dumping on purpose accounts, at least, for a similar
amount of pollution [1].
In Poland, where the consumption of petroleum products amounts to about 20 mln tons/year, it can be assumed
that the volumes of accidental spills and dumping on
purpose may be some 50,000 tons each.
TYPES AND SCALE OF SPILLS
The spills can be classified according to causes (natural spills, spills as a result of human activity), type of the
released products (crude oil, petroleum products, and
refined fuels, e.g. gasoline, diesel fuels, greases and lubri-

cating oils), the scale of spills (large spills over 10,000 tons,
medium few tons and small few kilograms), the contaminated environment (soil, sea and inland waters), duration of
leakage (acute and chronic spills) [2].
The crude oil is the most frequent source of megaspills in the processes of oil head blowouts, storage (tank
leakage) and transportation (tanker accidents, pipelines
rupture). The spills of petroleum products are usually
smaller, as they are being handled in smaller amounts. Here
the main pollutants are fuels leaking in rather small
amounts, but over long periods from corroded tanks, leaky
fixtures in transportation and distribution, leaky connections, accidental spills, road accidents, and repair shops.
To the environmental pollution contribute manufacturing
facilities, military bases, power stations, and the whole
municipal infrastructure. Among the released products are
gasoline, diesel fuel, heating oils, lubricating oils, greases,
resin-asphalt substances and also used oils and hydraulic
fluids. Their concise characterization can be found elsewhere [2, 3].
According to Jacobs [4], small spills account for 95%
of oil and petroleum product losses, while mega-spills
account for the remaining 5%. Chronic leakages can be
dangerous as they systematically pollute the ground water
and their detection is extremely difficult.
MARINE OIL SPILLS
Sea spills, predominantly crude oil spills, result from
tankers and production platform accidents, but also spills
from underwater reservoirs and other storage tanks located within the on-shore terminals. Accidents of this type
momentarily release enormous volumes of crude oil and
their environmental consequences are extremely severe,
and sometimes dramatically. Smaller volumes of oil result
from oily wastes illegally disposed by ships. The biggest
registered tanker catastrophe happened in 1979 near To-
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bago, when 287,000 tons of oil poured into the sea from the
Atlantic Empress. In Europe the biggest tanker catastrophe
took place on March 17, 1978, when the Amoco Cadiz ran
aground off the coast of Brittany and 223,000 tons of oil
spilled into the sea [5].
In the period of 1969-1995 there have been 40 big oil
spills (over 100 tons) in the Baltic Sea [6]. They resulted in
contaminated beaches and thousands of dead birds. During
the 1994/95 winter the highest number of events was registered. On the seashores of Sweden, Poland, Lithuania and
Latvia over 25,000 dead birds and a record number of sick,
oil-stained ducks were found. The biggest (over 1,000 tons)
spills are listed in Table 1.
TABLE 1 - Big (over 1000 tons) oil spills in the Baltic Sea.
Ship name

Year

Benedicte
Irini
Jawachla
Tsesis
Antonio Gramsci
Globe Asimi
Jose Marti
Volgoneff

1969
1970
1973
1977
1979
1981
1981
1990

Location
Trelleborg, Sweden
Nynashamn, Sweden
Trelleborg, Sweden
Nynashamn, Sweden
Ventspils, Latvia
Klajpeda, Lithuania
Dalaro, Sweden
Karlskrona, Sweden

Oil lost
[tons]
2,700
1,000
1,500-2,000
1,000
5,500
16,000
1,000
1,000

spills are rather infrequently and happen to the land. The
last such accident occurred in 1994 in Komi Republic, a
North-European part of Russia [8]. Relatively large volumes of crude oil were released into the environment as
the results of well-head blowouts. In four such incidents
almost 600,000 tons of oil were released. Also huge volumes of petroleum were released during the Persian Gulf
War and the Iran – Iraq War (Table 2).
Contrary to the common opinion, there is no special
risk of large spills of petroleum products in refineries and
their vicinities, but there are chronic spills of crude oil and
final products [9]. Implemented protection systems prevent
petroleum hydrocarbons from penetrating outside the refinery area both as free products and with wastewater.
AREAS IN POLAND POTENTIALLY
THREATENED WITH OIL SPILLS

Each year, on average, there are three oil spills in the
Baltic Sea, of some 225 tons each. This is no surprise in a
sea where annually more than 700 ships are transporting
petroleum products. The risk of oil spills will be higher as
during the next decade the cargo of hydrocarbons reaching Baltic ports is expected to reach the level of 177 mln
tons/year. The flow of petroleum products into the Baltic
Sea is estimated to be 66,000 tons/year. It consists of municipal waste, storm water, refinery and oil terminal wastes,
ship waste and oily ballast water carried by rivers.
LAND OIL SPILLS
Megaton crude oil spills (less frequently petroleum
products) from land storage tanks contaminate soil and
nearby water reservoirs. It is worth a mention that the last
damage to a large storage tank happened 18 years ago in
Panama [7]. Oil pipelines ruptures and resulting mega-

In Poland there are many facilities, activity of which
creates a risk of environment contamination with petroleum
products [2]. To them belong, among others, oil fields with
almost two thousand oil wells, pipelines, pumps and storage
tanks situated in the area of Carpathian Mountains, Polish
plain and Baltic Shelf; crude oil pipelines, such as pipeline
Friendship with 1,300 km total length of both lines, pipeline
Pomeranian from Gdansk to Plock (237 km), pipelines of
final products from Plock to storage facilities in Boronow,
Rejowiec, and Emilianow (total length 1,088 km); fuel
storage bases in Rejowiec, Nowa Wies Wielkopolska, Emilianow, Koluszki, Boronow and 200 other bases distributed over the whole country, and also 7 ships adapted to
fuel bunkering; fuel trans-shipment stations in Zurawica,
Zawadowka, Malaszowice, Narewka, Sokolka, Szczecin,
Swinoujscie, Gdansk and Degoborze, and also Port
Polnocny (North Port); the refineries Petrochemia Plock
SA, Gdansk Refinery SA, and refineries located in the
south of Poland, such as Czechowice, Trzebinia, Gorlice,
Jaslo and Jedlicze (total processing capacity of 2 mln
tons/year); gas stations (over 6,000); tank cars (over 12,000
with a total capacity of 700,000 tons) and tank trucks for
fuel transports from bases to gas stations; cars (over 14 mln
vehicles); and, finally, industrial and municipal users of
fuels.

TABLE 2 - The largest land oil spills.
Accidents

Year

Location

Well/pipeline repture
Pipeline repture
Storage tank failure
Well head-blowout
Storage tanks failure
Iran – Iraq War
Storage tank failure
Persian Gulf War
Well head-blowout
Pipeline repture

1978
1978
1979
1980
1981
1983
1986
1991
1992
1994

Ahavazin, Iran
Mardin, Turkey
Farcados, Nigeria
Libya
Kuwait
Nowruz Field
Colon, Panama
Persian Gulf
Fergana Valley, Uzbekistan
Komi, Russia
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Oil lost
[tons]
95,000
36,700
81,400
142,900
106,000
271,000
34,300
816,000
272,000
100,000
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TABLE 3 – Spills` registration.
Characteristics
Number of risk accidents:
with combustible materials
gasoline
diesel and fuel oils
other petroleum products
Most leakages happened
Number of spills of pipelines
Mainly contaminated ecosystem
Predominant regions of spills

1997
237
114
21
50
5
on road
3
soil

1998
198
108
12
52
11
on road
2
soil

SPILLS REGISTRATION AND PREVENTION
The State Inspection of Environment Protection and
also local technical safety and ecological rescue services
carry out inspections of facilities with a big potential to
generate spills. Polish Baltic territorial waters are monitored by competent authorities and adequately protected
[6]. During the last 30 years there was no ecological catastrophe in this area.
In the recent years, the number of accidents potentially threatening land ecosystems showed a downward trend
[10]. The number of accidents involving combustible
materials, such as gasoline, heating oil, diesel oil and
propan – butan, show some downward trend as well.
Contributions of petroleum products to environmentthreatening accidents constitute 40 % of all accidents.
Undeniably, the diesel fuel spills are the most frequent
ones (50-60 cases annually). In many cases they are results of drilling holes into pipelines to steal the fuel. This
number of spills from pipelines recently shows an alarming growth (Table 3).
Petroleum product spills contaminate mainly soil, to a
lesser extent water, and contamination of air is half of
that. Most spills happen in road transportation (26-40% of
accidents). Industrial, storage and transport facilities creating high risk of spills are predominantly located in Mazovia and Pomerania.

Years
1999
2000
196
198
119
101
10
9
56
48
7
6
on road
on road
9
14
soil
soil
Mazovia
Mazovia
Silesia
Pomerania
Pomerania
Great Poland

2001
154
102

on road
13
soil
Mazovia
Pomerania
Lubuskie Prov.
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HAEMATOLOGICAL PARAMETERS OF TENCH
(Tinca tinca L., 1758) ON ACUTE AND CHRONIC EXPOSURES
OF LETHAL AND SUBLETHAL TREATMENTS OF CADMIUM
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SUMMARY
Tinca tinca were exposed to lethal (96-hrs LC50 dose
i.e., 6.5 ppm) and sublethal (10 and 25 % of LC50) treatments of cadmium for acute (24, 48 and 96 hours) and
chronic (3 weeks) periods, and alterations in haematological parameters were studied. Except higher acute sublethal
treatment (25 % of Lc50 for 24 hours), all treatments of
cadmium caused significant alterations in Hct, Hb, RBC
count, MCV, MCH and MCHC values of fish. Causes of
these alterations and possible mode of action of cadmium
have been discussed following the results of the study.

KEY WORDS:
Tinca tinca, cadmium, haematological parameters.

Blood is the most accessible element, and the blood
picture of fish is used as an effective tool for detection of
alterations in functional state of organisms due to metabolic
stress caused by pollution [12]. It is also a good indicator of
level of metal pollution in the aquatic environment [13].
MATERIALS AND METHODS
Tench (Tinca tinca L., 1758) were collected from
Mogan Lake near Ankara (Turkey) with cast nets and
were transported to fish laboratory, department of Biology, Ankara University, Ankara. A 50 L capacity water
tank supported with air pumps was used for transportation
of fish. Animals were allowed two weeks to acclimatize in
laboratory conditions. Fish were fed twice a day and water replaced twice a week. Physio-chemical parameters of
laboratory water were temperature 20.67 ±0.49 C, dissolved oxygen 7.68±0.13 mg/L, pH 7.49±0.9, photoperiodicity 12 L: 12 D, electric conductivity 0.29 ±0.02 mS/cm,
bicarbonates 97.6 mg/ L, total alkalinity 80 mg/L, chlorine
10.3 mg/L, sulphates 26.1 mg/L, calcium 29.0 mg/L, magnesium 1.2 mg/L, total hardness 77.5 mg/L as CaCO3,
cadmium < 0.005 mg/L.
ο

INTRODUCTION
Heavy metals are one of the most interactive pollutants. They can cause serious impairments in metabolic,
physiological and structural systems [1]. The contamination
of aquatic ecosystems by metals poses a threat to aquatic
organisms, in particular, and to the whole ecosystem, in
general. The cadmium, because of its long biological halflife and cumulative toxicity, has been reported as an extremely toxic heavy metal and potentially more lethal than
any other metal [2, 3]. It is a non-essential heavy metal
with no known physiological role, and is generally accumulated by organisms [4]. Cadmium is commonly present
throughout the ecosystem [5]. It causes alterations in organisms at biochemical, physiological and structural levels [6, 7]. Animals with different foraging behaviours may
have different metal burdens [8]. Tench is one of the main
fish species of commercial interest [9]. It is used as a good
test organism for heavy metal contamination, because of its
bottom feeding habit and behaviour [10]. It may be exposed
to higher level of metals. Significant concentrations of heavy
metals have been reported in bottom feeding fish [11].

A total of 7 exposures of cadmium (1-acute lethal,
4-acute sublethal, 2- chronic sublethal) were tested.
Acute lethal treatment (96-hours LC50, 6.5 ppm) lasted
for 48 hours, acute sublethal treatments (10 and 25 % of
LC50) lasted for 24 and 96 hours and chronic sublethal
treatments (10 and 25 % of LC50) lasted for 3 weeks. True
concentrations of a metal were found following Allen [14].
Circulation of a metal in aquaria was ensured by two air
pumps devoid of filters. Filters were observed to accumulate and decrease the concentration of metal in water. A
group of 8 fish (average 24.19±0.43 cm and 201.12±7.22 g)
was used for each exposure and the same number served as
control with each exposure.
Blood was collected within 35-40 seconds through
cardiac puncture in 2 ml disposable heparinzed syringes
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after stunning fish by blow on the head. Syringes were kept
at 4 C up to complete study of blood parameters.
ο

Haematocrit (Hct) determination

A three fourth of microhaeamatocrit capillaries (75 mm
L ×1.1 mm ID, Superior Germany) were filled with blood,
sealed at one side by capillary sealer (Marion Feld, Germany) and centrifuged at 11000 rpm for 6 minutes in microhaeamatocrit centrifuge (Hawksley and Sons, Co Sussex,
England). Haematocrit was read in percent directly by
microhaematocrit reader [15].
Hemoglobin (Hb) determination

Hemoglobin test kit (No.124729, Roach GmbH Mannheim, Germany) and cyanmethemoglobin method were
used. A 0.02 ml of blood was taken by pipette (Rainin
precision, R 100) and mixed with 5 ml of reagent (potassium hexacyanoferrate 0.6 mmol/L and potassium cyanide
0.75 mmol/L) in a test tube. A mixture was incubated at
room temperature for 10-20 min and absorbance was read
at 546 nm using Shimadzu spectrophotometer (UV-120 IV,
Shimadzu Cooperation, Japan). Absorbance was read of the
table of predetermined concentrations supplied with test kit.
Hemoglobin values are given in g/100 ml [16].
Total Red Blood Cell count (tRBCc)

Total RBCs were counted using an improved
Neubaur haemocytometer (Clay, Adams, NY). Blood was

diluted with Hayem`s fluid with ratio 1:200. The number
of cells was recorded in the 4 corners and 1 central group
of 16 squares using Olympus, CHK microscope at 160 ×.
The number of cells counted is given in mm3 × 106 [17].
Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin (MCH) and Mean Corpuscular Hemoglobin Concentration (MCHC) were calculated following
Gill and Pant [6] as;
MCV (µm3)= Hct (%) /RBC (mm3 ×106) ×10
MCH (pg)= Hb (g/100 ml) /RBC (mm3 ×106) ×10
MCHC (g/100 ml)= Hb (g/100 ml) /Hct (%) ×100.
Data were analyzed statistically using student’s t-test
and a significant difference was established at 0.05 level.
RESULTS
Significant alterations were observed in all blood parameters in one or in another treatment of cadmium. In
acute lethal treatment, a significant increase was observed
in Hct, Hb, MCV and MCH. A non-significant increase of
1.85 % in MCHC and 14.78 % decrease in RBCs were
recorded. In lower acute sublethal treatment (10 % of LC50
for 24 hours), a significant increase was observed in Hct
and RBC count. Hemoglobin also increased to 11.83 %,
however, statistically, it was a non-significant increase.
MCV, MCH and MCHC decreased, however, significant

TABLE 1. Haematological parameters of Tinca tinca on exposure to acute and chronic lethal and sublethal treatments of cadmium.
± SE, ( ) range, + & - percent change (+ increase, - decrease).

Exposures

Time

Hct
(%)
Control
24.06±1.01
(20.40-28.86)

96-hrs LC50

48 hrs

10 % of LC50

24 hrs

22.90±0.69
(20.20-26.53)

10 % of LC50

96 hrs

22.05±0.84
(19.38-25.51)

10 % of LC50

3 wks

21.74±0.86
(18.75-26.04)

25 % of LC50

24 hrs

28.24±1.04
(25.26-33.69)

25 % of LC50

96 hrs

21.15±0.90
(18.36-24.74)

25 % of LC50

3 wks

26.89±0.68
(23.95-30.52)

Treated
* 29.16±1.18
(25.26-34.37)
+ 21.19
* 29.65±1.69
(21.27-35.10)
+ 29.47
* 18.63±1.08
(12.76-21.73)
- 15.51
* 17.88±0.69
(14.58-20.83)
- 17.75
27.97±1.81
(20.65-35.86)
- 0.95
* 27.40±1.11
(20.43-31.52)
+ 29.55
29.54±1.27
(24.21-35.05)
+ 9.85

P< 0.05 *, n=8
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Hb
(g/100ml)
Control
5.51±0.32
(4.1-7.0)
5.41±0.37
(4.2-7.2)
5.77±0.31
(4.7-7.5)
5.58±0.42
(4.4-7.5)
7.15±0.42
(5.9-9.9)
5.72±0.33
(4.7-7.6)
6.33±0.27
(5.1-7.6)

Treated
* 6.8±0.35
(4.6-8.2)
+ 23.41
6.05±0.43
(3.8-7.6)
+ 11.83
5.05±0.37
(3.7-6.5)
- 12.47
4.7±0.30
(3.7-6.3)
- 15.87
6.53±0.48
(4.5-9.1)
- 8.67
6.48±0.37
(4.3-8.1)
+ 13.28
*5.05±0.39
(3.8-7.4)
- 20.22

RBCc
(mm3 ×106)
Control
1.15±0.05
(0.95-1.35)
1.10±0.07
(0.8-1.5)
1.2±0.03
(1.01-1.31)
1.35±0.09
(1.05-1.70)
1.49±0.17
(1.02-2.40)
1.17±0.03
(0.99-1.30)
1.51±0.07
(1.15-1.90)

Treated
0.98±0.07
(0.66-1.23)
- 14.78
*1.54±0.11
(1.08-2.0)
+ 40.0
1.11±0.08
(0.75-1.48)
- 7.5
*0.96±0.03
(0.83-1.1)
- 28.88
1.28±0.13
(0.89-2.15)
- 14.09
*1.54±0.08
(1.15-1.99)
+ 31.62
*1.08±0.05
(0.9-1.3)
- 28.47
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TABLE 2 - Haematological parameters of Tinca tinca on exposure to acute and chronic lethal and sublethal treatments of cadmium.
± SE, ( ) range, + & - percent change (+ increase, - decrease).

Exposures

Time

MCV
(µm3)
Control

96-hrs
LC50

48 hrs

212.57±15.19
(164.88-292.94)

10 % of
LC50

24 hrs

214.87±15.85
(163.20-296.37)

10 % of
LC50

96 hrs

184.71±8.35
(155.04-215.13)

10 % of
LC50

3 wks

166.40±12.15
(114.32-210.75)

25 % of
LC50

24 hrs

201.96±15.62
(140.05-265.86)

25 % of
LC50

96 hrs

181.28±8.59
(151.73-215.54)

25 % of
LC50

3 wks

179.89±7.42
(150.70-208.26)

MCH
(pg)
Control

Treated
* 312.66±28.49
(205.77-464.26)
+ 47.08
194.86±9.21
(158.20-243.89)
- 9.31
172.61±12.65
(101.68-219.88)
- 6.55
187.09±8.35
(138.85-223.21)
+ 12.43
225.28±12.61
(166.79-295.87)
+ 11.54
183.82±14.49
(102.66-252.43)
+ 1.40
* 278.45±18.61
(204.53-362.55)
+ 54.78

47.60±1.48
(40.36-52.63)
50.11±3.71
(35.59-62.60)
48.24±2.55
(37.6-59.52)
41.28±1.14
(36.92-45.45)
50.98±4.55
(36.08-72.54)
48.91±2.65
(38.84-61.29)
42.45±2.45
(33.77-52.20)

Treated
* 71.27±4.35
(56.09-95.45)
+ 49.72
* 39.26±1.39
(32.50-45.23)
- 21.65
45.99±2.65
(30.64-51.96)
- 4.66
49.58±3.92
(33.63-63.09)
+ 20.11
53.71±5.28
(33.48-83.48)
+ 5.35
42.98±3.08
(26.87-54.78)
- 12.12
46.67±2.86
(37.50-65.48)
+ 9.94

MCHC
(g/100ml)
Control
23.15±1.55
(17.96-29.59)
23.49±1.14
(19.82-29.54)
26.14±0.85
(22.37-30.31)
26.0±2.21
(19.20-37.5)
25.27±0.97
(21.94-29.38)
27.01±0.86
(23.28-31.05)
23.53±0.72
(18.64-25.24)

Treated
23.58±1.29
(14.57-27.26)
+ 1.85
20.36±0.81
(16.27-23.66)
- 13.32
27.29±1.66
(21.11-35.88)
+ 4.39
26.97±2.64
(17.76-43.21)
+ 3.73
23.49±1.23
(19.65-29.26)
- 7.04
23.88±1.50
(16.34-30.34)
- 11.58
* 17.27±1.33
(12.76-23.69)
- 26.73

P< 0.05 *, n=8

decrease was observed in MCH only. MCV and MCHC
decreased 9.31 and 13.32 % respectively. In second lower
acute sublethal treatment (10 of LC50 for 96 hours), a significant change was recorded in Hct only, which decreased
15.51 %. All other parameters, except MCHC, also decreased. A 4.66, 6.55, 7.5 and 12.47 % decrease was observed in MCH, MCV, RBC count and Hb, respectively.
MCHC increased 4.39 %. In lower chronic sublethal treatment (10 of LC50 for 3 weeks), a significant decrease was
observed in Hct and RBC count. A non-significant decrease of 15.87 % in Hb and non-significant increase of
3.73, 12.43 and 20.11 % in MCHC, MCV and MCH, respectively, were recorded. In higher acute sublethal treatment (25 % of LC50 for 24 hours), no significant change
was observed in any blood parameter. A non-significant
decrease of 0.95, 7.04, 8.67 and 14.09 % in Hct, MCHC,
Hb and RBC count, respectively, and non-significant increase of 5.35 and 11.54 % in MCH and MCV, respectively,
were observed. In second higher acute sublethal treatment
(25 % of LC50 for 96 hours), a significant increase was
observed in Hct and RBC count. A non-significant increase of 1.40 % in MCV and 13.28 % in Hb and nonsignificant decrease of 11.58 % in MCHC and 12.12 % in
MCH were observed. In higher sublethal chronic treatment
(25 % of LC50 for 3 week), a significant decrease in Hb,
RBC count and MCHC and significant increase in MCV
were observed. A non-significant increase of 9.85 % in Hct
and 9.94 % in MCH was recorded (Tables 1 and 2).

DISCUSSION
Most of the exposures of cadmium caused significant
changes in blood parameters, since, the pattern of these
changes was non-linear and irregular. However, in general,
on acute exposures of both lethal and sublethal treatments,
Hct, Hb and RBC count showed significant elevation and
on chronic exposures displayed significant decline. The
probable reason for non-linear alterations in blood parameters could be the large variation in availability of cadmium
ions in test medium and the difference in sensitivity of test
species [18]. Simultaneously, some exposures of cadmium
did not cause any significant change or caused very little
change in blood parameters. Non-significant effect of cadmium on the blood parameters of Cyprinus carpio has been
reported [7]. This may be due to the compensation of fish
to pollutant or physiological adjustment to stressor [19] and
acquired increased resistance to metal [20].
An elevation and decline in blood parameters have
been attributed to the physiological and biochemical dysfunctions. Tort and Torres [21] have reported that the
metal exposure induced alterations in haematological parameters generally occur due to the changes in blood
water content i.e. hemodilution and hemoconcentration. A
shift in water may take place between; (i) blood and muscle, (ii) blood and environment and (iii) increased or decreased diuresis [13]. In Pleuronectes flesus and
Oreohromis aureus, the possible reason of anemia on cad-
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mium exposure has been attributed to the disturbances in
the osmolality of blood [22, 23]. Larsson et al. [24] have
reported that the possible reason of anemia in Oreochromis
aureus on cadmium exposure may be the accelerated loss
or destruction of erythrocytes and/or decreased rate of
production of erythrocytes. Gill and Epple [25] have attributed a decline in Hct, Hb and RBCs in Anguilla rostrata on cadmium exposure to: (i) impaired erythropoiesis
due to direct effect of metal on haematopoietic centers
(kidney/spleen), (ii) accelerated erythroclasia due to altered
membrane permeability and/or increased mechanical fragility, and (iii) defective Fe metabolism and/or impaired intestinal uptake of Fe due to mucosal lesions. Kidney lesions in
Oncorhynchus mykiss and pathological changes in the
intestinal tract of Fundulus heteroclitus on cadmium exposure have been reported [5, 26]. Subsequently, possible
impairment in absorption of Fe from intestine for hemoglobin synthesis in Oreochromis aureus [23], possible effect
of cadmium on haeme metabolism in Scyliorhinus canicula [21] and the effect of cadmium on ALA-D activity- the
enzyme involved in hemoglobin synthesis in Pleuronectes
flesus have been reported [22].

In some treatments of cadmium in the present study,
the change in red cell indices did not follow the change in
erythrocytes. Non-relevant relationship of red cell indices
to RBCs has been reported [1, 22, 25]. A slight increase
and/or decrease in red cell indices may also be due to disproportionality between RBCs and Hb concentration [29].
An accurate explanation for haematological changes
in present study is difficult, however, it is apparent from
the data that the cadmium on both acute and chronic exposures have caused some physiological impairments
simultaneously, particularly, swelling of erythrocytes,
haemolysis, hemodilution/ haemoconcentration and impairment in hemoglobin synthesis.

Besides, a decline in Hct, Hb and RBCs may be due
to hemolysis and hemodilution [1]. Cadmium is thiolreactive, it may deteriorate cell membrane and induce
hemolysis by accelerating aging process in circulating erythrocytes [25]. Deterioration of cell membrane of erythrocytes in Puntius conchonius on cadmium exposure has
been associated to the susceptibility of –SH groups to
cadmium [6].
An elevation of Hct, Hb and RBC count may be due
to the structural changes in erythrocytes, as observed in
Puntius conchonius on cadmium exposure. The formation
of erythrocytes is subjected to feed back regulation. Destruction of erythrocytes may result in lower oxygen uptake, which, in turn, may trigger erythopoiesis for compensation resulting in elevation of erythrocytes and related parameters [6]. An elevation of RBCs, which result in
increase in Hct and Hb, could also be a consequence of
blood cell reserve release and/or haemoconcentration [21].
Spleen of some teleosts has been reported to serve as a
potent blood storage organ. It sequestes and stores blood
cells under resting conditions and releases them in to
circulating blood during contraction associated with various stages of stress [27]. Splenic contraction may occur due
to osmotic disturbances [14]. Osmotic disturbances in
Pleuronectes flesus on cadmium exposure have been reported [22]. Increase in Hct and Hb in Oreochromis mossambicus due to haemoconcentration has been reported
[28]. Erythropoiesis may also be triggered by the direct
action of metal on haematopoietic organs or indirect by
impairing hemoglobin synthesis. Pollutants may enter the
RBCs and either oxidize or denature hemoglobin by inhibiting glycolysis or metabolism of hexose monophosphate
shunt. In result, increased amount of hemoglobin require to
replace oxidized or denatured hemoglobin, which is compensated by stimulation of erythropoietic tissues [28].
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ON EXPOSURE TO MERCURY, CADMIUM AND LEAD
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SUMMARY
Tinca tinca were exposed to acute lethal and chronic
sublethal treatments each of Hg, Cd and Pb. Behavioural
abnormalities, such as increased breathing, frequent surfacing and hypo/hyper-activity were observed in one or in
another exposure of each heavy metal. Death mimicry was
observed in acute lethal treatment of cadmium and increased
feeding was recorded in chronic sublethal treatments of
lead. In mercury and cadmium treatments erratic movement,
loss of equilibrium, lethargy, unconsciousness and vertical
position were recorded. Mortality was observed in acute
lethal treatments only.

Fish constitute a valuable commodity from the standpoint of human consumption. Aquatic pollution has direct
effect on fish health and survival. Heavy metals exert a wide
range of metabolic, physiological, ecological and behavioural effects on fish [12]. Tench has been reported as a
good test organism for heavy metal contamination [13].
Because of bottom dwelling and feeding, it may be exposed
to higher concentrations of heavy metals. The sediment has
been reported as the most concentrated physical pool of
metals in aquatic environment [14]. The present study was
conducted to investigate the behavioural abnormalities of
tench on exposure to Hg, Cd and Pb treatments, which may
result in impaired reproduction and growth.

KEYWORDS:
Tench, mercury, cadmium, lead, behavioural abnormalities.

MATERIALS AND METHODS
Fish maintenance

INTRODUCTION
In recent years concern has increased over heavy metal
pollution. Heavy metals are serious pollutants of aquatic
environment, because of their environmental persistence
and tendency to be concentrated in aquatic organisms [1].
One of the most serious results of their persistence is the
biological amplification through food chain [2]. Transfer of
heavy metals through aquatic food web to fish, human and
other piscivorous animals is of environmental and human
health concern [3]. Three heavy metals, which are nonessential, non-biodegradable and are toxic to many organisms at very low concentrations, are mercury, cadmium and
lead. Their role in the cell is not known [4, 5].
Behavioural toxicology is a tool for hazard assessment
of water pollution [6, 7]. Behavioural changes in animal are
indicative of internal disturbances of the body functions
such as; inhibition of enzyme functions [8], impairment in
neural transmission [1], disturbances in metabolic pathways [9] and ionic imbalance in blood serum [10]. The
development of response criteria in animals varies from
detailed physiological measurements to whole animal response, especially, preference/avoidance behaviour [11].

Tench (Tinca tinca L. 1758) were collected from
Mogan Lake near Ankara city (Turkey) with cast nets.
The fish were transported in 50 L capacity water tanks,
supported with portable aerators, to the experimental fish
laboratory, Department of Biology, Ankara University,
Ankara, and stocked in 150 L capacity aquaria, already
aerated with air pumps for oxygen supply. Fish were allowed to acclimatize in laboratory conditions for two weeks,
and fed twice a day with commercial fish feed. The water
was changed twice a week. Physio-chemical parameters of
laboratory water were: temperature 20.67± 0.49 C, dissolved oxygen 7.68±0.13 mg/L, pH 7.49±0.9, photoperiodicity 12 L: 12 D, electric conductivity 0.29±0.02 mS/cm,
bicarbonates 97.6 mg/L, total alkalinity 80 mg/L, chlorine
10.3 mg/L, sulphates 26.1 mg/L, calcium 29.0 mg/L, magnesium 1.2 mg/L, total hardness 77.5 mg/L as CaCO3, mercury, cadmium and lead < 0.005 mg/L.
ο

Experimental design

Three concentrations each of mercury, cadmium and
lead (1-acute lethal and 2-chronic sublethal) were selected.
Lethal treatments (96-hrs LC50 concentrations i.e., 1.0,
6.5, 300.0 ppm for Hg, Cd and Pb respectively) lasted for
96 hours and sublethal treatments (10 and 25% of 96-hrs
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LC50) lasted for three weeks. All experiments were conducted in 75 L glass aquaria, each comprising 8 fish (average length 23.69±0.46 cm and average weight 229.97±
13.31g). Mercury was used as mercuric chloride (HgCl2),
cadmium as cadmium chloride (CdCl2) and lead as lead
nitrate (PbNO3). True concentration of each metal was
achieved following Allen (15). An untreated group of 8 fish
was maintained in separate tanks for each metal and served
as control. Any change in fish behaviour was observed
carefully.

posure, some of the fish showed restlessness and irregular
erratic movement resulting in lethargy and unconsciousness. Some fish sunk to the bottom laterally turned with
minimum activity, however, showed irregular moderate
movement with intervals. Feeding was inhibited only during the last week of their exposure. The fish treated with
lead showed, in contrast to that above, decreased activity.
Most of fish laid on the bottom with minimum activity.
During the last 4 days, they showed increased activity
without any surfacing. Feeding increased during the last
two weeks.
Higher Chronic Sublethal Treatment (25 % of 96-hrs LC50)

RESULTS AND DISCUSSION
Both, parallel and non-parallel pattern of change was
observed in fish behaviour on exposure to each mercury,
cadmium and lead. Increased breathing, frequent surfacing
and hypo/hyperactivity were observed in one or in another
treatment of each heavy metal. However, death mimicry
was observed in cadmium treated, and active feeding was
observed in lead treated fish only. Burst of erratic swimming, loss of equilibrium, lethargy, unconsciousness and
vertical position were observed in mercury and cadmium
treated fish groups only.
Acute Lethal Treatment

The fish exposed to mercury showed small increase in
breathing rate and surfacing in the first few hours, which
increased for a duration of time. After 48 hours, some fish
started abrupt, irregular, erratic and jerking movement
with intervals, which resulted in loss of equilibrium, unconsciousness and, ultimately, death. If they survived after
96 hours, all remained very lethargic and had lost equilibrium. The fish exposed to cadmium showed moderate increase each in general activity, restlessness and surfacing in
the first few hours. Thereafter, some fish became more
active, whereas others sunk to the bottom with minimum
activity. After 72 hours, that fish being completely at the
bottom lost equilibrium and flowed with the water showing a peak lethargy. Those, which survived after 96 hours,
showed mimicry of death, sunk to the bottom feigning
dead, but when disturbed also active movement. The fish
exposed to lead showed hyper-activity and surfacing in
the first few hours, which decreased with time. Most of
the fish sunk to the bottom with very little movement
during most of the experimental duration. Those, which
did not survive, laid in the bottom of the aquaria laterally
turned before death, but those surviving after 96 hours
showed normal behaviour again.
Lower Chronic Sublethal Treatment (10 % of 96-hrs LC50)

The fish exposed to mercury, though affected as mentioned above within the first 8-12 hours, however, they
started to return to normal from the second day. Feeding
decreased to some extent in the last two weeks. The fish
treated with cadmium showed increased activity and surfacing within the first few hours, which gradually returned
to normal on the second day. After the fourth day of ex-

The fish treated with mercury showed avoidance behaviour with fast fin movement and restlessness within the
first 2-4 hours. Then, most of them remained near the surface in a vertical position with mouth upward. Some
showed increased restlessness. During the last 4-6 days of
exposure, a general activity and restlessness decreased. The
feeding decreased in the first two weeks, but returned to
normal during the last week of exposure. The fish treated
with cadmium showed increase in general activity and
restlessness in the first three days. Then, some showed
irregular erratic and jerking movement with intervals.
Increase in general activity, breathing, and restlessness
were after a length of duration. Some fish stood vertically
near the water surface with mouth upward and minimum
movement. During the last week of exposure, their activity
decreased at moderate level. Some remained inactive in the
bottom or near the surface in vertical position, and some
showed jerking movement with intervals, finally resulting
in lethargy and unconsciousness. Feeding was inhibited
during the last two weeks. The fish treated with lead
showed decreased activity. Most of them laid on the bottom
during the first week of exposure. Then after, activity of
some fish increased with increased breathing and opercular
movements. Very active feeding was recorded during the
last week of exposure (Table 1).
Most probably, some time, all the three metals used
the same target sites and impaired the same type of mechanisms in the body of fish showing the same pattern of
changes, and other time they used different target sites
and impaired some specific mechanisms resulting in specific pattern changes in fish behaviour. Behavioural abnormalities in various fish species on exposure to heavy
metals have been reported by several researchers. Ghatak
and Konar [16] observed frequent surfacing with irregular
opercular movement and loss of equilibrium in Tilapia
mossambica on exposure to cadmium. Hyperactivity, erratic swimming and loss of equilibrium in brook trout,
Salvalinus fontinalis on exposure to lead, and the loss of
equilibrium, frequent surfacing and sinking, burst of erratic swimming and gradual onset of inactivity in the rainbow
trout, Salmo gairdneri, on exposure to mercury have been
reported [17, 18]. Besides, golden shiner, Notemigonus
crysoleucus, when exposed to copper, piped at surface,
failed to school, became restless and sluggish and finally
lost equilibrium [10]. Similarly, lethargic response
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TABLE 1 - Behavioural parameters determined in Tinca tinca during mercury, cadmium and lead treatments.
(+) increase, (-) decrease, (+-) first increase, then decrease, (-+) first decrease, then increase, ATC (acute lethal concentration).

Parameter

1.0
+

Hg
(ppm)
10 %
LC50
0.1
+

+

+

ATC

Breathing
Opercular movement
Surfacing
Restlessness
Burst of erratic swimming
Loss of equilibrium
Lethargy
Unconsciousness
Death mimicry
General activity
Vertical position
Bottom dwelling
Feeding
Death
Ventral laid down

25 %
LC50
0.25

ATC

+
+ -

+
+

6.5

+
+
+
+

+
+

+

+

-

-

+
++

+

Behavioural abnormalities in fish have been attributed
to nervous impairment due to blockage of nervous transmission between the nervous system and various effector
sites [20], the enzyme dysfunctions that may cause paralysis of respiratory muscles and/or depression of respiratory
center [8], disturbances in energy pathways resulting in
depletion of energy [9, 21] and drop in salt concentration
in blood serum weakening the fish [10].
In the present study, the small change in fish behaviour and its return to normal may be the avoidance behaviour of animal to metals and its adaptation accordingly.
Donaldson and Dye [22] have reported that the fish exposed to concentration of metals do not reach the stage of
exhaustion, rather accommodate and adapt to the stressor.

25 %
LC50
1.265
+

+
+
+

+
+
+

+
+

+
+

+

++
+
-

+
-

+
+

and frequent surfacing along with gulping of air on exposure to copper have also been recorded in Hetropneustes
fossilis [19]. Etroplus maculates, on exposure to copper,
selenium and mercury showed irregular erratic swimming,
frequent surfacing, gulping of air, revolving, convulsions
and accelerated ventilation with rapid arrhythmic opercular
and mouth movements [1]. Hilmy et al. [4] reported exposure of Mugil cephalus to cadmium. At high concentration (24-11.5 and 75-42 ppm) in acute tests, there were
agitation, air gulping, accelerated ventilation with rapid
mouth and opercular movements. The fish, which died
from cadmium toxicity, exhibited erratic, uncoordinated
swimming movements, muscle spasms and convulsions
followed by loss of equilibrium and finally became inactive
lying on the bottom of the aquarium with opened opercula.
The uncontrolled swimming movements, convulsions, loss
of equilibrium and apparent coma in sea bass, Micropterus
salmoides and bluegill, Lepomis macrochirus on exposure
to cadmium and silver have also been reported [8].

Cd
(ppm)
10 %
LC50
0.65

+

ATC
300.0

Pb
(ppm)
10 %
LC50
30.0

25 %
LC50
75.0
+
+

+

+-

-+

-+

+

+
+

+
+

+
+

The increase in swimming activity with increased breathing rate may be due to impairment in oxygen consumption. The animals, which have higher metabolic activity,
could require higher level of oxygen and thus would have
higher respiration or breathing rate [23]. The lethargic
conditions and loss of equilibrium in fish are attributable
to the disturbances in metabolic reactions resulting in the
depletion of energy. Lethargy and loss of equilibrium in
tench may be due to depletion of energy in the body of the
animal. McLeod and Pessah [18] have reported that the
active metabolism reflects the oxygen consumption of the
fish under conditions of maximum energy expenditure. A
drop in the metabolic production of cellular energy in the
form of high-energy bond in blue gill sunfish, Lepomis
macrochirus, on exposure to copper, has been reported
[21]. Decreased and increased glucose levels in Heteropneustes fossilis and Labeo rohita, respectively, on exposure to cadmium [24] and in Cyprinion watsoni, on exposure to zinc and copper, have been reported [25]. The
varying levels of blood glucose are indicative of abnormal
carbohydrate metabolism and are possibly the result of
impaired hormonal control [26]. The release of adrenocortical hormones in flounders, Pleuronectes flesus, on cadmium exposure have been reported [27]. Lethargy and
loss of equilibrium in fish, Cyprinion watsoni due to impaired carbohydrate metabolism and subsequent depletion
of energy have been reported [9]. Smet and Blust [28]
have reported that the alterations in enzyme activities of
carp, Cyprinus carpio, on exposure to cadmium suggest
an increased participation of proteins in energy metabolism in response to an increased energy demand to cope
with stress situation.
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The decrease in general activity of fish may be attributed to impaired metabolism of the animal. McLeod
and Pessah [18] observed depression in active metabolism
in mercury treated rainbow trout, Salmo gairdneri and
attributed it to damage to tissues or a vital system. Depression in active metabolism directly reduce the “scope
for activity” which in turn may result in impaired swimming ability and other general depilatory symptoms. According to McLeod and Pessah [18], the signs of toxicity
such as loss of equilibrium, erratic swimming and gradual
onset of activity may be due to neurological damage.
However, Ellgaard and Guillot [21] have reported that the
changes in locomotor activity in blue gill sunfish, Lepomis macrochirus may be due to the direct effect of metal
on enzymatic reactions of respiration. Veena et al. [1]
have reported that the mercury compounds react directly
or catalytically with a group of lipids in the membranes of
cells of the central nervous system and promote hydrolysis and hydrolytic decomposition. The uncontrolled
swimming movements, convulsion, loss of equilibrium
and apparent coma have been attributed to the inhibition
of acetylcholinesterase causing death by paralysis of muscles of respiration and depression of the respiratory center
[8]. Koyama and Tlazawa [29] have reported that the
violent swimming and tetany observed with some crabs
administrated by cadmium may be due to muscle spasms
and are attributable to the low calcium and high inorganic
phosphorus levels in the plasma. The present study reveals that several vital mechanisms were impaired in the
body of tench on exposure to each of mercury, cadmium
and lead, and the behaviour of fish can be used as indicator of metal pollution in aquatic environment before carrying physiological and biochemical studies.
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SUMMARY
PCB analysis in soil samples from numerous locations surrounding the 110/35 kV transformer station (TS)
northeast from Zadar, Croatia indicated significant contamination levels. Some samples showed extremely high
PCB levels (over 100 mg/kg), and, therefore, it was decided to collect surface samples from the most polluted
parts of the ground in order to investigate possibilities for
its remediation.
One of the greatest challenges was to obtain a homogenous field for investigation, highly polluted with
absorbable PCBs. Therefore, contaminated soil parts were
excavated to about 25 cm below surface, stones and plants
were removed, and then they were mixed in a large volume
cement mixer for about 3 hours to homogenize PCB distribution. This homogenized PCB-contaminated soil was
disposed off, placed in 10 plots on a nearby surface (about
10 m from the polluted part of the transformer station)
and prepared for sowing.
All the plots were raked before sowing to remove the
rest of the stones. Then the plots were randomly selected
and sowed with Dactilis glomerata (L.) and Alfa alfa (L.)
to start the open field phyto-bioremediation experiments.
Their PCB pollution level was continuously controlled by
GC-ECD analysis.
KEY WORDS: Croatia, war wastes, PCBs, soil, field remediation,
phytoremediation.

INTRODUCTION
Various chemicals are used worldwide in agriculture
and industry. However, viewing their persistence, bioaccumulation, toxicity, carcinogenicity and other ecological
properties, there is a demand for cost-effective and envi-

ronmentally sound bioremediation technologies. For the
bioremediation of recalcitrant soil pollutants, inoculation
with efficient microorganisms (bioaugmentation) and
amendment with nutrients (biostimulation) are considered
to be advantageous and interesting [1, 2], since these technologies will lead to a higher degree of confidence in the
success of remediation. Most soil bioremediation research
in the past two decades has focused on the role of microorganisms. However, there is mounting evidence that plants
play an important role in the direct and indirect removal of
persistent organic pollutants [3], such as poly-aromatic
hydrocarbons by alfalfa (Medicago sativa L.), switch grass
(Panicum virgatum L.) [4], several other crop plants [5], and
chlorobenzoic acid produced by several forage grasses [6].
Not only do plants directly extract and remove many
pollutants from soil by mineralization/absorption/ translocation/transformation/volatilization/stabilization [7, 8], but
they also indirectly enhance the microbial biomass in the
rhizosphere [3, 9]. Plants benefit from the increased solubilization of minerals, synthesis of vitamins, siderophores
and other growth-stimulating materials, and protection
from pathogens mediated by microorganisms [10]. The root
surfaces provide a suitable habitat and support for bacterial
growth [3, 10]. A number of researchers have described
increased xenobiotic degradation in the rhizospheres of a
variety of plant species [9, 11-13]. However, their potential
for use in vegetation to remove soil contaminants, i.e. phytoremediation, still remains largely unknown, yet the benefits to be realized seem to be feasible and considerable.
Recent studies have shown the potential of some leguminous crops, such as alfalfa, lupin (Lupinus perennis L.) and
chickpea (Cicer arietinum L.) to tolerate and decontaminate crude oil pollution [5, 14]. Furthermore, several studies suggest that free-living Rhizobia can also tolerate and
biotransform soil contaminants [15], such as polychlorinated biphenyls (PCBs) [16-18], and halobenzoates [19].
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The analysis of PCBs in soil samples from numerous
locations at 110/35 kV Zadar TS area (at some locations at
two depths), indicated significant contamination of this
investigated area [20-22]. Because some of the samples
show very high levels of PCBs (over 100 mg/kg), it was
decided to collect surface samples from the most-polluted
part of the ground to investigate the possibilities for remediation. A prerequisite for phytoremediation was the selection of the proper species. Plants growing well at contaminated sites have to be tested to observe if they are merely
resistant or also possess the ability to metabolize the contaminants in question. In such an investigation, one of the
greatest challenges is to obtain and prepare a homogenous

field for investigation, polluted with absorbable contaminants such as PCBs. Therefore, experimental fields contaminated with PCBs were created. The aim of this paper
was to describe this challenge.
MATERIALS AND METHODS
Area of investigation and creation of experimental fields

Northeast from Zadar city center there is the 110/35 kV
electricity TS (Fig. 1). In 1991, during the recent war in
Croatia, the transformers were destroyed and PCBs entered into the environment.

FIGURE 1 - 110/35 kV electro transformer station (TS), Zadar, Croatia.
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FIGURE 2 - Scheme of the 110/35 kV electrical TS in Zadar with holes excavated into concrete/
asphalt base and in soil close to the place where capacitor batteries were hidden during the war.
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The scheme of 110/35 kV electrical TS in Zadar with
holes excavated into concrete/asphalt base close to the
places where capacitor batteries were hidden during the
war is shown in Fig. 2. On 27th February, 2003 the excavation of contaminated soil under concrete/asphalt base
was carried out. Concretes, asphalt and gravel, possibly
interfering in PCB-GC/ECD analyses of the contaminated
soil samples, were removed.

twice with water under high pressure (Kärcher miniwash).
After that, the contaminated soils were excavated and
stones and plants were removed from them.
Previous analytical research [22] has shown highly
changeable levels of PCBs in the soil samples around the
places of the hidden capacitor batteries. Therefore, for
creation of experimental fields it was necessary to have
homogenous distribution of PCBs and the excavated soils
were mixed and homogenated in a large volume concrete
mixer. (Fig. 3).

On 22nd and 23rd of July, 2003 removal of contaminated dust from the polluted area was carried out rinsing it

H2

1m

1.6m

H1
1.6m

0.8m
1.6m

4m
0.25m

H1
0.25m

H3
0.25m

0.25m

RS1
0.25m
12.6m

FIGURE 3 - Dimensions of the excavated surfaces.

The homogenized soil was disposed and placed on a
nearby-surface, about 10 m far from the TS-polluted asphalt/concrete surface area. It was divided into 10 plots (1 x
3 m each, layer thickness 0.2 m) with a total area of 30 m2
(2 x 15 m).
Homogenized soil was prepared for sowing and soil
samples were taken and analyzed for their PCBs` content.

9=AA

10=AA

7=CP

8=DC

On September 22, 2003 all the plots were raked out before sowing, including the control plots. Stones were removed and plots were randomly selected as shown in Fig. 4.
Three plots were sowed with Dactilis glomerata (L.), another three with Alfa alfa (L.), and the three control plots
were not sown. Plot 4 was used for bacteriological investigations.

5=DC

3=AA

1=CP

6=CP

4=BI

2=DC

CP = control plot
AA = Alfa alfa (L.)
DC = Dactilis glomerata (L.)
BI = Bacteriological investigation

FIGURE 4 - Randomly selected and sown plots of PCB-contaminated soil

1489

© by PSP Volume 13 – No 12b. 2004

Fresenius Environmental Bulletin

PCB determination in soil samples

Chlorinated hydrocarbon derivatives were analyzed
after extraction, purification and concentration steps,
using a gas chromatograph equipped with an electron
capture detector (ECD).
Contaminants were extracted from the air-dried soil
samples and sieved through a 2 mm sieve using an ASE
200 extractor with an acetone/hexane (1/1 v/v) mixture.
The extracts were purified using an aluminum oxide column [23], while chlorinated insecticides were separated
from the PCBs with a miniature silica gel column [24].
After concentration to 1 ml, the eluates were analyzed by
high resolution ECD-GC. During all analytical procedures, the Mirex standard was used as internal standard
[25]. Details of these methods employed have been described in numerous published papers [26–30] The laboratory has very successively participated in 17 inter-

calibration exercises for the analysis of organochlorinated contaminants in various matrices of marine
ecosystems from 1972 to 2002, organized by IAEA,
Monaco [31, 32], and very good results from the intercalibration methodology employed were obtained with
both packed and capillary columns.
RESULTS AND DISCUSSION
The distribution of PCBs in the soil collected from
several plots and a mixture of soil samples from the plots
is presented in the following figures. In Fig. 5, the distribution of the total PCBs is expressed in equivalents of
Aroclor 1248 and 7 key PCB congeners (28, 52, 101, 118,
138, 153 and 180). In Fig. 6, the distribution of PCB 28,
PCB 52, PCB 44, and PCB 66 is presented.
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In Figs. 7 and 8, the distribution of PCB 118, PCB
105, PCB 101 and PCB 18, and PCB 153, PCB 138, PCB
187, PCB 128, PCB 180 and PCB 170 are presented,
respectively.

2002-10007 (European Commission - The fifth framework
programme - Call Identifier INCO-COPERNICUS ICFP501A2PR02) between the EC and Rudjer Boskovic
Institute, Zagreb, Croatia.

From the distribution of the PCBs, at the first glance
it seems that the congener levels are relatively changeable. However, from the distribution of the relative standard deviations (Fig. 9) calculated for total PCBs, the sum
of the 7 key congeners and all the identified congeners,
the range of the relative standard deviations is quite satisfactory. The lowest relative standard deviations were
obtained for PCB 138 (11.1%) and the maximum was
observed for PCB 66 (32.9%). Due to the extremely variable PCB contents in the soils collected for the investigation of phytoremediation, a relatively homogenous distribution of PCBs was obtained in the soils transferred to the
plots for open field phyto-bioremediation.
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SUMMARY

INTRODUCTION

In this study the anaerobic treatability of p-nitrophenol
was investigated in an anaerobic/aerobic sequential reactor system. The studies were carried out in continuous
mode and the effluent of the anaerobic migrating blanket
reactor (AMBR) was used as feed for the aerobic completely stirred tank reactor (CSTR). The stainless steelAMBR had a 13.5 L effective volume. The CSTR consisted of an aeration tank (effective volume = 9 L) and a
settling compartment (effective volume = 1.32 L). Since
the IC50 value of p-nitrophenol (p-NP) was found to be
26.5 mg L-1 (anaerobic toxicity tests), the AMBR was
started with a p-NP concentration of 10 mg L-1, which
was increased to 40 mg L-1 during continuous reactor
operation. The COD, p-NP and p-aminophenol values
were monitored in the effluent and compartments of the
AMBR. Furthermore; the COD and p-NP removal efficiences, NO2-N, NO3-N, and NH4-N were determined in
the aerobic CSTR. COD and p-NP removal efficiencies
were 93 % and 94 % in AMBR, and 73 % and 52 % in
CSTR at a loading rate of 3.85 g p-NP m-3 day-1. The
maximum methane production rate and percentage were
approximately 1000 ml day-1 and 50 % at this loading
rate, respectively. The ratio of total volatile fatty acids
(TVFA)/bicarbonate alkalinity (BA) showing the anaerobic reactor stability was lower than 0.4 and p-NP was
transformed to p-aminophenol (p-AP) in the anaerobic
phase. Mineralization of p-AP and phenol was determined
in the oxidative CSTR stage. The total p-NP and COD
removal efficiencies were averaged to be 97 % and 98 %
in the used (anaerobic /aerobic) sequential reactor system
at a loading rate of 3.85 g p-NP m-3 day-1.
KEYWORDS: Industrial wastewater, anaerobic treatment, anaerobic/aerobic sequential reactor system, anaerobic migrating
blanket reactor (AMBR), completely stirred tank reactor (CSTR),
nitro compounds, p-nitrophenol (p-NP), p-aminophenol (p-AP).

Nitrophenols are toxic, inhibitory and biorefractory
versatile industrial organics and widely used in the manufacture of explosives, pharmaceuticals, pesticides, pigments, and dye or rubber chemicals [1-5]. Since these
chemicals are frequently used for industrial, agricultural
and defense purposes, usually they find their way into the
effluents from these sources. These compounds present
significant health risks, since they have mutagenic and
carcinogenic activity and may bioaccumulate in the food
chain [5, 6]. Among the nitrophenols, 2-NP, 4-NP and
2,4-DNP are listed by the U.S. Environmental Protection
Agency (EPA) as "Priority Pollutants". Furthermore, the
U.S. EPA recommends restricting their concentrations in
natural waters below 10 ng L-1 [1, 3, 6]. Biological treatment systems may have promising applications for the
removal of nitrophenol pollutants since the microorganisms are able to degrade these compounds [6]. Under
anaerobic conditions nitrophenols readily transformed to
their corresponding amines. On average, aromatic amines
are 500-fold less toxic than their corresponding nitroaromatics. This suggests that anaerobic conditions will at
least detoxify nitrophenolic wastewater, if not completely
mineralize them [6, 7]. Combined anaerobic/aerobic processes are a viable alternative for the often difficult traditional treatment of xenobiotic compounds [8].
AMBR was developed as a high rate anaerobic treatment system that combines compartmentalization, continuous flow, short hydraulic retention time, simple design,
no gas-liquid separation, no feed distribution system and
no recycle [9]. AMBR staging was beneficial for more
favorable conditions through volatile fatty acid degradation, high level of biomass in the first compartment and
removal of recalcitrant substances since this provides
sufficient contact between microorganisms and toxic
substances. The studies related to AMBR include only the
treatments of some industrial wastewaters, such as syn-
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thetic wastewaters, containing only dry milk [9] and sucrose [10] as substrates. To our knowledge, no study has
been conducted so far to treat p-NP at increasing loading
rates using AMBR/CSTR sequential system.
The present paper deals with the effect of increasing
p-NP loading rates on total and methane gas production,
removal of COD and p-NP under anaerobic conditions in
the AMBR. Furthermore, the effect of aerobic stage on
the removal of remaining COD, p-NP and intermetabolite
products was investigated in a sequential anaerobic
AMBR/ aerobic CSTR system.
MATERIALS AND METHODS
Experimental setup

A continuously fed stainless steel anaerobic reactor
(AMBR) and an aerobic reactor (CSTR) were used in
sequence for the experimentation. The AMBR with an
active volume of 13.5 L was divided into three compartments, whereas the CSTR consisted of an aerobic (effective volume 9 L) and a settling compartment (effective
volume 1.32 L). A schematic illustration of the lab-scale
sequential AMBR/CSTR combination is presented in
Figure 1. The AMBR-effluent was used as the influent of
CSTR. The AMBR was fed from an anaerobic upflow/
anaerobic sludge blanket reactor containing granulated
biomass from the Pakmaya baker`s yeast factory in Izmir,
Turkey. The activated sludge used in CSTR was also
taken from this factory.

Composition of synthetic wastewater

Increasing concentration of p-NP (0-40 mg L-1) was
used during continuous AMBR operations. Glucose as primary substrate giving a COD concentration of 3000 mg L-1
and Vanderbilt mineral medium as nutrients were used
together with p-NP. This medium was prepared in distilled
water by dissolving per L 0.4 g MgSO4, 0.4 g NH4Cl, 0.4 g
KCl, 0.3 g Na2S, 0.08 g (NH4)2HPO4, 0.05 g CaCl2, 0.04 g
FeCl2, 0.01 g CoCl2, 0.01 g KI, 0.01 g Na(PO3)6, 0.5 mg
AlCl3, 0.5 mg MnCl2, 0.5 mg CuCl2, 0.5 mg ZnCl2, 0.5 mg
NH4VO3, 0.5 mg NaMoO4, 0.5 mg H3BO3, 0.5 mg NiCl2,
0.5 mg NaWO4, 0.5 mg Na2SeO and 0.01 g cystein [8].
Anaerobic conditions were maintained by adding 0.5 mg L-1
of sodium thioglycolate in order that reductive conditions
prevailed in the anaerobic AMBR. To prevent the accumulation of total volatile fatty acid (TVFA) and provide a
neutral pH, 5000 mg L-1 NaHCO3 was added to the AMBR.
Operation conditions

The AMBR reactor was first operated for 45 days
without p-NP under steady-state conditions, then through
156 days with p-NP concentrations increasing from 10 to
40 mg L-1. The influent COD concentration was kept constant at approximately 3000 mg L-1 throughout the continuous operation. Glucose giving 3000 mg L-1 COD was used
as co-substrate to provide the electrons for the reduction of
p-NP. Subsequently, p-NP in AMBR was increased in steps
from 10 to 15, 20, 25, 30, 35 and 40 mg L-1 (p-NP loading
rates increasing from 0.96 g m-3day -1 to 3.98 g m-3day -1).
Reactor temperature was kept at 37 ± 1 ºC using an elec-

FIGURE 1
Schematic configuration of lab-scale sequential AMBR/ CSTR combination.
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FIGURE 2
ATA test for increasing p-NP concentrations (n=3 mean values)

tronic heater located in the lower part of the reactor. No
waste sludge was applied in the AMBR reactor, but granules (of what??) were provided during the continuous
operation. Sludge retention time (SRT) in the aerobic
CSTR was adjusted to 20 days dosing mixed biomass
from the aeration basin of the reactor. The feed flow was
reversed once a week in AMBR over the horizontal plane.
A weekly change in flow direction was chosen to prevent
pH drop due to VFA accumulation in the initial compartment of the AMBR. By reversing the flow scheme, the
biomass accumulation in the last compartment was also
reversed and prevented. Sufficient contact between substrate and biomass was maintained using intermittent
gentle mixing. Three mechanical mixers (Heldolp) were
mounted with paddles to ensure gentle mixing with a
rotational speed of 60 r/min using a timer.
Analytical Methods

Total suspended solid (TSS) in the AMBR and the
maximum steady-state of lactate (MLSS) in CSTR were
measured by membrane filtration technique [11]. COD
values in influent and effluent samples were determined
by closed reflux colorimetric method [11]. Gas productions were analyzed with the liquid displacement method.
Total gas was measured by passing the gas through distilled water containing 2 % (v/v) H2SO4 and 10 % (w/v)
NaCl [12], and methane by using distilled water containing 3 % NaOH (w/v) [13]. Temperature and pH were
controlled with an electronic digital heater and a pH meter
(WWT pH 330), respectively. The redox potential was
analyzed using a Sen Tix ORP digital electrode (WWT
pH 330). Ammonia nitrogen, nitrite nitrogen, nitrate nitrogen and phenol were determined spectrophotometrically using the Merck kits no. 14752, 14547, 14773 and
14551, respectively. ATAs were performed at 35 ºC using
serum bottles with a capacity of 150 ml as described by
Owen [14]. The Tris HCl acid method was used for UVVIS analysis of p-NP at 400 nm, whereas p-AP was meas-

ured at 440 nm by using the p-methylaminobenzaldehyde
method [15, 16].
RESULTS
Batch Studies
Toxicity study of p-nitrophenol to anaerobic granule microorganisms: Anaerobic toxicity (ATA) tests were per-

formed in serum bottles on the basis of methane productions. For each experiment, control and test bottles were
maintained at 35°C and incubated for 48 hours at increasing p-NP concentrations (0-60 mg L-1), which caused 50 %
decrease in methanogenic activity (decrease in methane
production) and was calculated as IC50 value. In our
study, IC50 value for p-NP was found to be 26.5 mg L-1 as
shown in Figure 2.
Continuous Studies
Effect of p-nitrophenol loading rate on COD removal efficiencies in AMBR: The operation of the AMBR with p-NP

was started at an influent p-NP concentration of 10 mg L-1
(p-NP loading rate of 0.96 g m-3day-1). Figure 3 shows the
removal of COD with increasing p-NP concentrations.
The COD removal efficiency was 88 % at a p-NP loading
rate of 0.96 g m-3day-1 and increased to 92%, when increasing the p-NP loading rate to 1.53 g m-3day-1. The
maximum COD removal efficiency in AMBR was measured to be 94 % at a p-NP loading rate of 3.85 g m-3 day-1,
resulting in a COD concentration of 120 mg L-1 in the
effluent of the AMBR. This indicated that glucose was
utilized as co-substrate by the anaerobic microorganisms.
Effect of p-nitrophenol loading rate on the p-NP removal
efficiencies in AMBR: Effect of p-NP loading rates on its

removal efficiencies are shown in Figure 4. 82 % p-NP
removal efficiency was obtained at a loading rate of 0.96 g
m-3day-1 and 92 % at 1.53 g m-3 day-1. The maximum p-NP
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removal was 95 % at p-NP loading rates of 2.89 g m-3day-1
and 3.85 g m-3day-1. The corresponding effluent p-NP
concentration was measured as 3.5 mg L-1 in AMBR.
These results show that p-NP together with glucose were
utilized as carbon and nitrogen sources by the anaerobic
microorganisms.
Effect of p-nitrophenol loading rate on total gas and methane production in AMBR: The effects of p-NP loading

biodegradation of p-NP showed that it is readily reduced
to p-AP (up to 100%) as intermediate product under anaerobic conditions [7, 15]. Karim and Gupta (2001) [7]
showed that 2-aminophenol, 4-aminophenol, and 2-amino4-nitrophenol were the main intermediate metabolites in
the anaerobic degradation of 2 NP, 4NP and 2.4 DNP,
respectively. The present study showed that p-NP was
increasingly reduced to p-AP under anaerobic conditions
in AMBR (Figure 6), for instance p-AP concentration in
effluent of AMBR was found to be 3.5 mg L-1 at a p-NP
loading rate of 0.89 g m-3day-1, 4 mg L-1 at 3.85 g m-3day-1,
8 mg L-1 at 2.89 g m-3day-1 and maximal 10 mg L-1 in the
effluent of AMBR at a maximum p-NP loading rate of
3.89 g m-3day-1. These results indicated that p-NP was
reduced to the intermediate product p-AP by anaerobic
bacteria present on the surface of the granule in AMBR
reactor.
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rates on the gas production and percent methane content
of anaerobic sludge in AMBR are investigated and depicted in Fig. 5. The daily total gas and methane production rates were recorded as 1400 and 800 ml day-1, respectively, and methane rate was 50 %, when 0.96 g m-3day-1
of p-NP was introduced to the AMBR. At a p-NP loading
rate of 3.85 g m-3day-1 the maximum COD and p-NP
removal efficiencies were obtained (total gas and methane production, 2040 and 1000 ml day-1, and methane
rate 54 %), respectively. This result shows that p-NP
degrading methanogens produced methane utilizing p-NP
together with glucose-COD as carbon and energy sources.

Effect of p-nitrophenol loading rate on aromatic amine
(p-aminophenol) production: Earlier works on anaerobic
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FIGURE 5
Effect of p-nitrophenol loading on methane production rates in AMBR (n=3 mean values).
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TABLE 1
Produced intermediates and treatment efficiencies in anaerobic/aerobic sequential reactor system (n=3 mean values).

Parameter

SCOD
p-NP
p-AP
Phenol
NO2-N
NO3-N
NH4-N

Anaerobic
(mg L-1)
Efficiency
Influent.
Effluent.
%
3080
210
93
40
2.2
94
0
13.8
0
2,7
0
0
0
0
9,92
12,52

Aerobic
(mg L-1)
Influent. Effluent.
210
57
2.2
1.05
13.8
0.4
2,7
0,9
0
7,2
0
110
12,52
6,16

Effects of p-nitrophenol concentration on total volatile
fatty acid (TVFA)/bicarbonate alkalinity (BA) ratio in every
compartment of the AMBR: Since CO2 often exceeds weak

acids in aqueous anaerobic systems with microbial activity, sufficient bicarbonate alkalinity must be present to
neutralize it and is, therefore, of prime importance. If the
acid concentrations (H2CO3 and TVFA) exceed the available alkalinity, the reactor will become acidic (sour),
severely inhibiting microbial activity, especially that of
methanogens [8]. The reactor is stable, when the
TVFA/BA ratio is lower than 0.4. If the TVFA/BA ratio
is lower than 0.8, the reactor system is moderately stable
or unstable, as reported by Behling et al. [17]. In this
study, as shown in Figure 7, this ratio varied between 0.02
and 0.01 in the effluent of AMBR and between 0.02 and
0.08 in every compartment of AMBR at all p-NP concentrations used. This result showed that the intermediates
and anaerobic degradation products could be optimally
converted to methane, when the anaerobic AMBR was
stable at a p-NP concentration of 40 mg L-1, corresponding to an organic loading rate of 0.289 g COD L-1day-1.
Treatment efficiencies of anaerobic/aerobic sequential
reactor system and resulting intermediate products: The

total COD and p-NP removal efficiencies in the system
were monitored by AMBR effluent transfer to an aerobic
CSTR. The treatment efficiencies of this anaerobic/ aerobic sequential reactor system and the intermediates produced were compared for 40 mg L-1 initial p-NP concentration in AMBR influent. As shown in Table 1, 93 % and
73 % COD removal rates were obtained in anaerobic and
aerobic reactor effluents, respectively, while 96.8 % total
COD removal was recorded for the sequential reactor
system. 95 % and 52 % p-NP removal efficiencies were
measured in the anaerobic and aerobic reactor effluent,
respectively, while 97 % p-NP removal efficiency was
obtained in the whole system. In the reductive anaerobic
phase the biotransformation of p-NP to p-AP (13.8 mg L-1)
and phenol (2.7 mg L-1) was observed for 40 mg L-1 p-NP
influent concentration. Some reports indicated that p-AP
is mineralized by anaerobic bacteria [15, 18]. This indicates that p-AP is partly biotransformed to other products
under anaerobic condition besides its utilization by anaerobic bacteria in AMBR. These products possibly are 2,6-

Efficiency
%
73
52
97
67

Anaerobic/Aerobic
Efficiency
%
98
97
97
67

51

51

bis(1,1-dimethylethyl)-4-methyl-phenol and phenol [19]
and by-products of the anaerobic degradation of p-NP. In
this study, p-AP and phenol in the effluent of the anaerobic AMBR were recorded to be 13.8 mg L-1and 2.7 mg L-1,
respectively, being reduced to 0.4 mg L-1 and 0.9 mg L-1
under aerobic conditions in the aerobic stage of the sequential reactor system, indicating 97% p-AP and 67 %
phenol removal efficiencies in both stages.
The p-AP formed in AMBR under anaerobic conditions was bioconverted to ammonia (N-NH4) and nitrates
by the aerobic bacteria in the CSTR. Some of the ammonia was then converted to nitrite and nitrate via nitrification, resulting in a total system removal efficiency of 51 %
(see Table 1). Biological conversion of amines by aerobic
bacteria generates ammonia and nitrates as the endproducts. In this study, the p-NP and COD removal efficiencies in the whole system were found to be 97% and
98% at p-NP loading rate of 3.85 g m-3 day-1.
DISCUSSION AND CONCLUSIONS
The AMBR showed no noticeable deterioration of effluent quality during the continuous operation in which the
p-NP loading rate increased from 0.96 g to 3.85 m-3day-1.
This study with AMBR reactor shows that it has intrinsic
characteristics that provide stability, even if studied at high
p-NP concentrations and loadings as high as 40 mg L-1
and 3.85 g m-3 day-1, respectively, although the IC50 value
of p-NP was found to be 26.5 mg L-1. In this study, glucose was used as the primary substrate and consumed as
energy source and electron donor for anaerobic p-NP
biotransformation, i.e., 40 mg L-1 of p-NP can be detoxified and degraded with a removal efficiency of 94 % in an
AMBR. When p-NP loading rates were increased from
0.96 to 3.85 g m-3day-1 during continuous operation, the
maximum p-NP removal efficiency and the maximum
COD removal efficiency in AMBR were measured to be
95 % and 94 %, respectively. The total COD and p-NP
removal efficiencies of anaerobic/aerobic sequential reactor system were 98 % and 97 % at a p-NP concentration
of 40 mg L-1 and a p-NP loading rate of 3.85 g m-3 day-1,
respectively. Maximum methane production was 54 % at
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a p-NP loading rate of 3.85 g m-3 day-1. The VFA/BA
ratio was lower than 0.4 at all loading rates, indicating the
stability of the AMBR. The main intermediate metabolites of p-NP were found to be p-AP and phenol. The pNP was transformed to p-AP in the anaerobic phase with
a removal efficiency of 94 %. A mineralization of 97 % of
p-AP was found in the aerobic phase.

[9]

Increased knowledge of the stability of AMBR reactor-type during high p-NP loading rate indicated the importance for the application of this process to industrial
wastewaters. Moreover, this study demonstrated the activity of an anaerobic (AMBR)/aerobic (CSTR) sequential
process system for the efficient biodegradation of p-NP by
the treatment of p-NP-containing industrial wastewaters.

[11] APHA-AWWA. (1992) Standard Methods for Water and
Wastewater, 17th edit. Washington DC.

Angenent, L.T Banik, G.C. and Sung, S. (2001) Anaerobic migrating blanket reactor treatment of low-strength wastewater at
low temperatures. Water Environ Res. 73(5), 567-574.

[10] Angenent, L.T. Abel, S.J. and Sung, S. (2002) Effect of an
organic shock load on the stability of an anaerobic migrating
blanket reactor. Journal of Environmental Eng. 128(12),
1109-1120.

[12] Beydilli, M. Paulosathis, I. and Tincher, W.C. (1998) Decolorization and toxicity screning of selected reactive azo dyes
under methanogenic conditions. Water Sci. Tech. 38 (4-5),
225-232.
[13] Roza–Flores, E. Donlon, B.A. Lettinga, G. and Field, J.A.
(1997) Biodegradation of selected azo dye under methanogenic conditions. Water Sci. Tech. 36 (6-7), 65-72.
[14] Owen, W.F. (1992) Bioassay for monitoring biochemical methane potential and anaerobic toxicity. Water Res. 13, 485.
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SUMMARY

INTRODUCTION

The concentrations and chemical distribution of major
(Al, Ca, Fe, Mg, Ti) and minor (Cu, Cr, Mn, Sr, Pb, Ni,
V, Zn) elements in the sediments of the Tafna river and its
estuary (north-west of Algeria) were determined using a
BCR sequential extraction procedure and ICP-AES analysis.
The observations indicate that the major proportion of
most of the metals seems to be associated with the residual
fraction. This implies that they are strongly linked to the
sediments and should, therefore, be classified to be of geological origin. Based on the comparison with some polluted
estuaries, it appears that the Tafna river sediments are not
highly contaminated. Calcium, manganese and strontium
are the most easily extractable elements showing the highest percentage in the carbonate fraction (i.e., metals that can
pass easily into the water under changing environmental
conditions). To overcome interference and matrix effects in
ICP-AES detection and to improve the detection limits,
extractants suitable to separate the sample matrix from the
elements in each experiment were employed. The accuracy
was evaluated by comparing the total concentrations with
the sum of the four individual fractions, and proved to be
satisfactory.
This method is expected to be useful in offering more
accurate information about major and minor elements in
the calcareous sediment of the arid area of North Africa.

KEYWORDS:
metal partitioning, sediment, ICP-AES, Tafna River, Algeria

The behavior of metals in sediments cannot be reliably
predicted on the basis of their total concentrations, since
their availability depends on the chemical form in which the
metals are present in the sediment.
Major elements in fluvial sediments are very important
in view of their assimilation by aquatic organisms. Aquatic
microorganisms form an outer shell of calcium carbonate,
which then accumulates over geological time in the aquatic
sediment by forming limestone deposits, using the calcium
ion. Some of the minor elements cause serious problems
due to their toxicity and ability to be accumulated in the
biota. Due to human activities during the last few decades, the levels of these elements in the environment have
been seriously increased, particularly in sediments, which
conserve important environmental information [1]. In these
ecosystems, sediments are the main sinks for these elements, but when environmental conditions change (pH,
sediment redox potential, etc.), sediments can also act as a
source of metals [2-4]. However, the determination of
specific chemical species is difficult. In sediments, metals
can be present in various chemical forms, and generally
exhibit different physical and chemical behaviour in terms
of chemical interactions, mobility, biological availability
and potential toxicity. It is necessary to identify and quantify the metal forms to gain a more precise understanding
of the potential and actual impacts of elevated metal levels in the sediment.
For this purpose, we have selected the sequential extraction procedure proposed by the European Union's
Standard Measurement and Testing Program [5-10], and
applied it to some sediment samples of the Tafna River
and its estuary.
The scheme is basically a simplified Tessier procedure
[11] and consists of three successive extraction steps that
allow us to associate the metals in a first phase to car-
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bonate. This fraction is the most labile and, therefore, the
most dangerous for the environment. In the second phase,
the metals are bonded or coated to the surface of iron and
manganese oxides, and the third phase shows the amount
bondable to organic matter and sulphides, which can be
released under oxidative conditions.
A fourth phase, the “residual or inert fraction”, was
added for determination. The metals that correspond primarily to this fraction are those associated with minerals,
forming a part of their structure.
The application of sequential extraction procedures is
still subjected to discussion. One of the problems is the
limited selectivity of the extractants, and the other aspect
is trace element redistribution among the phases during
the extraction procedure, which can lead to some anomalies in the final results [12-15].
The purpose of this work was to get some indications
of metal distributions in calcareous sediments samples
collected from the Tafna River and its estuary in order to
predict possible environmental risks associated with these
metals.

Metal partitioning studies have been published for a
lot of major natural sediment in Europe [10, 16-17], North
America [18], and South Africa [6]. But metal partitioning
in sediments of North Africa is less developed [19], particularly in Algeria. Therefore, this work is also an attempt
to contribute in this regard. Spectroscopic techniques, such
as electron paramagnetic resonance (EPR) in the case of
manganese extraction, were used to validate the BCR protocol with well-defined samples.
MATERIALS AND METHODS
1. Study area and sediment sampling

The Tafna River is 170 km long and located in the
north-western region of Algeria (Fig. 1), draining a basin
of 7245 km² and reaching from the Algerian/Moroccan
border in the west to roughly 30 km east of Tlemcen city.
This region of Mediterranean climate is characterized
by a semi-arid regime of rainfall and temperatures along
the axis of the Tafna River.
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FIGURE 1 - Sampling locations at the Tafna river.
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Sediment samples were taken up on 16th January 2002,
at a depth of 5 cm at 4 locations along the lower Tafna
river (Isser River Xi, Tafna river (Pierre du Chat) Xp,
swamp (Rachgoun) Xm, and at the estuary Xe), as indicated in Fig. 1.
The collected samples were stored in hermetically
sealed plastic bags until treatment in the laboratory. There,
the samples were dried overnight at room temperature in a
horizontal laminar-flow hood (class 100 clean air) and
crushed using an agate mortar to obtain a fine powder,
followed by separation through a sieve to obtain the
lower fraction (< 63 µm). This fraction represents more
than 95 % of the sediments (granulometric analyses by
CILAS 850 granulometer). For total metal determination,
the sediment was mineralized with an acid mixture of HF
+ HCl + HNO3 (volume ratio of 2:12:6) in Teflon flasks
at 120 °C. But the partitioning into the different fractions
by the BCR sequential extraction procedure was also
applied to the fine fraction (< 63 µm), as suggested by
many authors [20-22].
The BCR extraction procedure was realized in four
sediment samples (1 g) in polypropylene centrifuge tubes
with suitable amounts of the extract solution as shown in
Fig. 2. A fourth step was added to the BCR procedure to
obtain the residual or inert fraction (Fraction 4). The residue of Fraction 3 was totally mineralized with an acid
mixture (HF + HCl + HNO3 = 2:6:2) in Teflon flasks at
120 °C, as described above.
Sediment (1g)

40 ml of acetic acid (0.11 M)
Fraction 1:

Shaking 16 h

Carbonate bound

Fraction 2:

40 ml of hydroxylamine (0.1M) in nitric
acid (pH~ 2), shaking (16 h)

Fe-Mn Oxide bound

Fraction 3:
Organic matter and sulphide

Digestion by 10 ml of H2O2 (l0 %) in nitric
acid (pH~ 2) for 1h (85°C) and reduce the
volume to a few ml (in two times).
50 ml of ammonium acetate 1M in nitric acid
(pH~ 2), shaking (16 h)

2. Analytical methods

All reagent used in this study were of analytical grade
(Merck, Germany) and Milli-Q deionized water (Millipore system) was used for all dilutions. Metal (Al, Ca, Fe,
Mg, Ti, Cr, Cu, Mn, Sr, V, Pb, and Zn) determination in the
fractioned aliquots and mineralized sediments was carried
out with a Varian (Liberty II axial view) Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES).
The calibration of ICP-AES was performed using standard
solutions (1000 mg L-1, from Merck) prepared by dilution
in the same matrix of the fractionation aliquots. The ICPAES was equipped with a pneumatic V-Groove-Nebulizer
and an inert PTFE spray chamber Sturmun-Master. The
optimal instrumental conditions for the matrix used were
plasma power 1.0 kW, photomultiplicator tension 650 V,
integration time 2 s, background correction in dynamic
mode, nebulizer pressure 300 kPA, argon auxiliary flow
1.5 L min-1, argon plasma flow 15 L min-1, and pomp peristaltic rate of 1 ml min-1. The wavelengths chosen for
ICP-AES analysis and the average detection limits in the
same matrix of the different extraction steps are reported
in Table 1. The analytical procedure for the determination
of total concentrations was checked by means of the analysis of reference sediment materials (MESS-1 and BCSS1, from NRCC) and the results are also summarized in
Table1.
The pH values were measured with a WTW P3-pH
meter. Sediments and solid residues of extraction were
EPR-analyzed. The spectra of the crude sediments and the
residues of extraction were recorded at 77 K on a Varian
E-109 spectrometer operating at a microwave frequency
of 9.3 GHz (X band) in the 1,000-4,000 G field range
centred at 3200 G, a scan time of 4-8 min, and 100 kHz
field modulation amplitude of 6.3-8.0, depending on the
spectral line-width. The magnetic field of the sample was
calculated with a “strong pitch” as reference (g = 2.0028).
Crude sediments were introduced under nitrogen atmosphere into the quartz tubes. An EPR quartz Dewar purchased from Spectrometric Spin Techniques was used to
record the EPR spectra at liquid nitrogen temperature.
RESULTS AND DISCUSSION
1. Total metal content

FIGURE 2 - BCR sequential extraction method scheme
(Quevauvillier et al. [29]).

A mechanic shaker (IKA) was used for all extraction
experiments and the extracts were separated by centrifugation at 3,000 g using an X340 Prolabo centrifuge. Extracts were then filtered through 0.45 µm Millipore membrane filters and acidified with HNO3. The resulting solutions were stored at 4 °C until ICP-AES analysis.
Each fraction was individually analyzed by ICP-AES
and standard solutions were prepared in their specific and
different batch extract solutions to avoid any analytical
deviation.

The averaged total metal amounts found in Tafna
River sediments at the different sampling points by conventional digestion technique and the average-shale values [23], commonly used as background values in sediment studies [24-28], are presented in Table 2.
We distinguish between two types of elements. The
major ones, such as aluminum, calcium, iron, magnesium,
and titanium, expressed in mg g-1. They are the basis of the
sediment composition and their contents generally vary
according to the origin and the nature of the soil basin.
Some of the minor ones, such as chromium, copper, manganese, strontium, lead, nickel, vanadium and zinc (expressed
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TABLE 1 - Wavelengths, detection limits and concentrations comparison of certified sediment material for the metals analyzed.

Elements

Wavelengths

Detection limits

MESS-1
obtained

µg.l-1
1,50
0,03
1,50
0,10
0,06
2,00
4,00
0,30
14
5,50
2,00
0,90

nm
394,401
315,877
239,562
383,826
323,452
324,754
267,716
257,610
220,353
231,604
292,402
213,856

Al
Ca
Fe
Mg
Ti
Cu
Cr
Mn
Pb
Ni
V
Zn

BCSS-1
certified

mg.kg-1
54700 ± 2000
58400 ± 2100
4610 ± 800
4800 ± 460
34000 ± 1600
30500 ± 1800
8400 ± 800
8680 ± 540
5450 ± 150
5430 ± 170
26.2 ± 1.4
25.1 ± 3.8
54 ± 10
71 ± 11
485 ± 29
513 ± 25
28 ± 8
34 ± 6
28 ± 4
30 ± 3
65 ± 2
72 ± 17
181 ± 11
191 ± 17

obtained

certified
mg.kg-1
59400 ± 1400
62600 ± 2200
4950 ± 500
5430 ± 530
37100 ± 1300
32900 ± 1000
11900 ± 1000
14700 ± 1400
4500 ± 90
4400 ± 150
19.5 ± 0.2
18.5 ± 2.7
87 ± 14
123 ± 14
212 ± 12
229 ± 15
20 ± 5
23 ± 3
56 ± 3
55 ± 4
81 ± 2
93 ± 5
105 ± 14
119 ± 12

TABLE 2 - Averaged total metal contents in Tafna river sediments and the shale values [23].

Sample
Xi
Xp
Xm
Xe
Shale
value [23]

Al

Ca

Mg

Ti

Cr

Cu

Mn

129±1
130±1
146±8
137±5

Fe
mg.g-1
24,5±0,4
27,2±1,8
24,6±0,7
29,7±1,1

37,8±0,9
38,6±0,6
35,9±0,6
34,6±1,6

14,8±0,1
18,8±0,8
15,4±0,4
16,4±0,7

3,30±0,23
3,36±0,35
3,87±0,46
3,54±0,01

49,8±1,4
56,2±4,2
54,7±6,5
52,7±6,9

18,2±0,1
22,0±1,6
29,3±3,7
23,8±0,6

301±8
300±11
350±11
323±7

80

22,1

47,2

15

4,6

90

45

850

in mg kg-1), are naturally present in weak quantities in sediments, but can be significantly increased by pollution
input, which can be transported to the surface of the sedimentary column via the atmosphere or streaming waters of
the river [9].
A comparison of the metal concentrations with the
average shale values (Table 2) reveals that the Ca levels
are considerably higher, exceeding the shale values. The
reason for these findings is the geochemically calcareous
nature of the soil of the Tafna River.

Ni
Sr
mg. kg-1
18,6±0,7 185±7
19,5±0,4 192±4
30,4±3,2 267±6
26,3±2,0 229±5
68

300

Pb

V

Zn

13,7±0,2 60,8±1,6 59,8±3,0
16,1±0,7 70,4±4,3 63,3±4,3
27,1±0,5 110±7
105±4
20,4±0,6 65,6±3,2 60,2±4,1
20

130

95

2. Chemical Partitioning

The sequential extraction procedure used was based
on the Community Bureau of Reference (BCR) method
[5-10]. This procedure for the standards of the European
Commission (see Fig. 2) proposed a three-step sequential
extraction method for sediment reference material (CRM
601) contents of Cd, Cr, Cu, Ni, Pb and Zn [29, 30]. A
fourth step, the residual fraction, was added. The metals
that correspond to this fraction are those associated with
minerals, forming a part of their crystalline structure.

In the present study Al, Fe, and Mg were found in
important quantities, but not exceeding the averaged shale
values. Thus, we can clearly exclude the possibility of
anthropogenic contributions while comparing the concentrations of these major elements, even though sometimes
some discrepancies appear related to the nature of the samples. Al and Fe are often used as international standards for
minor elements, because they are practically insensitive to
physico-chemical variations. Ti is included in the aluminosilicates, and also considered as element of constitution.

The reference material (CRM-601) was used to verify
the accuracy of the sequential extraction method under
identical experimental conditions. The results presented in
Table 3 are in good agreement with those certified by the
BCR procedure.

For Cr, Cu, Mn, Ni, Sr, and V, the values in the studied
samples are smaller compared to those for average shale.
Pb and Zn concentrations are quite similar, which confirms
that there is no contamination for these elements in the
Tafna river area.

The recovery rates of all metals found during the sequential extraction procedure can be judged by comparing
the sum of each fraction with the total metal concentrations.
Recovery values could be regarded to be quantitative within
the precision of the method. In the majority of the cases, the

In order to determine the precision of the analytical
processes, the samples were analyzed in duplicate. The
average values of the variation coefficients obtained are
less than 10 % and can be considered satisfactory for environmental analysis.
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TABLE 3 - Comparison of the results obtained for extractable metals (mg.kg-1) with those in certified material (CMR 601).

CRM 601

Fraction 1
(Carbonate bound)

Fraction 2
(Fe-Mn Oxide bound)

Fraction 3
(Organic matter and
sulphide)

Fraction 4
(residual)

Sum of the four fractions

Total metal determination

Concentration (mg.kg-1)
Cd
Cr
Cu
Ni
Pb
Zn
Cd
Cr
Cu
Ni
Pb
Zn
Cd
Cr
Cu
Ni
Pb
Zn
Cd
Cr
Cu
Ni
Pb
Zn
Cd
Cr
Cu
Ni
Pb
Zn
Cd
Cr
Cu
Ni
Pb
Zn

Certified values
4,14 ± 0,23
0,36 ± 0,04
8,32 ± 0,46
8,01 ± 0,73
2,86 ± 0,35
264 ± 5
3,08 ± 0,17
1,43 ± 1,01
5,69 ± 3,19
6,05 ± 1,09
33,1 ± 10,0
182 ± 11
1,83 ± 0 ,20
18,3 ± 4,5
116 ± 26
8,55 ± 1,04
109 ± 13
137 ± 30
-

sums of the extracted fractions agree with the independently
determined total metal concentrations within a 10% range,
supporting the overall accuracy of the extraction procedure.
The results, mean percentage values of two replicates,
obtained for all the metals are given in Fig. 3. We observed
that approximately 90 % of Ca was extracted with acetic
acid (pH ~ 5) in the carbonate fraction and the percentages
of magnesium remain constantly between 18-20 % in the
different sites. Iron is a metal of constitution, and that is
why it is found widely in the residual phase (84-92 %),
characterized by low mobility. It was found in high quantity in crystalline oxides and layer silicates [31]. Aluminum
and titanium are the major refractory elements and enter
the composition in clays forming stable oxides, such as
TiO2 and Al2O3. They represent 98 and 100 % in the residual fraction and have low reactivity to variations of
physico-chemical parameters.
Cu and Cr showed slightly different phase distribution
among the river samples. Both metals mainly accumulated

Obtained values
4,08 ± 0,03
0,23 ± 0,07
8,04 ± 0,48
9,10 ± 0,20
2,85 ± 1,65
260 ± 15
3,76 ± 0,02
2,78 ± 0,14
10,2 ± 1,7
5,80 ± 0,15
33,9 ± 0,1
181 ± 10
1,5 ± 0,1
22,1 ± 7,9
116 ± 19
9,9 ± 0,1
114 ± 2
139 ± 25
2,06 ± 0,01
81,9 ± 11,7
82,5 ± 20,1
48,8 ± 6,3
111 ± 18
210 ± 30
11,4 ± 0.1
107 ± 10
217 ± 19
73,6 ± 6,1
262 ± 7
791± 40
12,5 ± 0,2
138 ± 10
251 ± 25
78,1 ± 14,7
262 ± 11
811 ± 22

in the residual fraction with percentages about 80 %, but
they were also present in carbonate and oxidizable phases.
The increasing percentage (10 %) of Cu and Cr in the
oxidizable fraction of the estuary sediments can be explained by the sewage input from Tafna city, which carries a large burden of organic matter that favors the entry
of Cu and Cr in the form of organic complexes [32-34].
Cu and Cr evidenced the same mobility at all sites, and
anthropogenic contributions were less important. Contrary
to this, Burgos and Rainbow [35] have reported that these
metals have a high mobility, which facilitates their accumulation by benthic invertebrates living in sediments.
As expected, the Mn and Sr contents were high in all
samples, when taking the rock type in the Tafna basin into
consideration. It is interesting to note that manganese and
strontium were mainly released from the carbonate fraction
[19]. The average manganese concentration was relatively
high (319 mg kg-1), and more than 80 % were found in the
carbonate fraction. This observation was confirmed by the
EPR spectra of the sediment collected from site Xp of the
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FIGURE 3 - Partitioning of metals in several phases of sediments according to SM & T sequential extraction scheme.

Tafna River (Fig. 4). This technique can provide information on the Mn oxidation state, its combinations with
carbonates (calcite, magnesite or dolomite) and their structural environments [36]. Fig. 4 shows the EPR spectra
obtained from crude sediment and after carbonate phase
extraction. The spectra consist of a well-resolved signal
with a hyperfine structure of six principal lines (A = 89
Gauss) and transition centred at g = 2. Between these six
lines, also ten narrow lines were observed, which resulted
from a forbidden transition rather than from the fine structure. Indeed, the Mn2+ ion, characterized by a high spin
level (having fine unpaired electrons), possesses a sextet
state, generally identified by its fine structure (parameter
D evaluated at 80 Gauss. This value agrees well with that
found for Mn2+ incorporated into calcite crystals [36].
This result was recognized by the acid treatment at
pH~5. After this treatment, the six intense lines of the
EPR spectrum disappeared, signifying that the resonance
of Mn(II) ions associated with CaCO3 (calcite) also dis-

appeared, which confirms the efficiency of the acid treatment at pH~5 in the fractionation of manganese to eliminate carbonate (BCR scheme) from sediments. The presence of a large signal centered at g ~ 2 refers to Mn being
at oxidation state III. This signal is comparable to a study
reported for suspended particulate matter of the Seine
river estuary [36-38].
Manganese and strontium are very biodisponible in
the Tafna samples (around 80 % in the first fraction). This
biodisponibility is owed to the carbonate fraction and its
content in the samples (rich in carbonates).
The Pb level in Tafna river is associated to residual,
Fe-Mn oxide, and carbonate fractions, making up above
40 %, 25 %, and 20 %, respectively. The organic fraction
showed the lowest value, accounting only ~ 10 %. The
proportion of Pb fractions followed the order residual >
Fe-Mn oxide > carbonate> organic. This agreed with the
studies of sediments from other rivers [33, 34]. Metals
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CONCLUSION

bound to these different phases will behave differently in
the sedimentary and digenetic environment.

This study served to evaluate the distribution of thirteen elements in selected semi-arid sediments of the
downstream part of Tafna river and its estuary. The results obtained are a first approach to assess the environmental levels of these metals in function of their availability in the ecosystems.

30000
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10000

Concerning the total concentrations in sediments, the
results confirm that there is no considerable pollution in
Tafna river with regard to these elements. The results also
show satisfactory agreement between the total concentrations of metals and the sum of the individual fractions.
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FIGURE 4 - EPR spectra of sediments at Tafna (Xp) sampling point
without and after acid treatment (pH~5).

The chemical partitioning of Ni varied throughout the
downstream river. Approximately 60 % was found in the
residual fraction and the rest distributed mainly between
the other fractions. The mobility of this element increased
in the estuary sample, because of the increase of both
carbonate and oxidizable fractions [39].
Vanadium is a common element in alkaline and argillaceous rocks and in sediments it accompanies iron oxides, argillaceous minerals and the organic fraction [40].
In our study, V was mainly associated with the inert phase
and cannot cause an environmental problem [41].

Calcium, manganese and, strontium were found mainly
in the carbonate fraction. The analysis of aluminium, titanium and iron distribution evidenced to be highly associated with the residual phase. They are the most abundant
metals in all sediment samples, because they are the most
common elements in the earth’s crust. We can conclude
from the chemical partitioning data that there are significant differences in the distribution of the metals studied.
Ca, Mn and Sr are the most mobile metals, since they
present the highest percentages in the acid-soluble fraction,
but the lowest in the residual fraction. We can, therefore,
expect that the exchange of these elements between the
sediments and the water column will take place easily.
Electron spin resonance spectroscopy (EPR) has been
applied and EPR spectra prove the presence of Mn(II)
embedded in calcite lattices in the form of solid solution
of Mn2+. This manganese associated with calcite disappears
after acid treatment at pH~5, which again confirms the
efficiency of fractionated particulate manganese to eliminate carbonate (BCR scheme) from sediment. The low
concentrations of Cu, Cr, Pb, Ni, V, and Zn in the sediments are found mainly in the residual fraction, underlining that they are less available and less dangerous.
ACKNOWLEDGEMENTS
The authors wish to thank Mr H. Vezin for recording
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Zn was distributed through all fractions and highest in
the residual fraction (more than 60%). This is in accordance with an earlier study of Ma and Ure [32] in Chinese
river sediments. Contrary to this, Gardolinski et al. [33]
and Lu et al. [34] have reported that Zn is to be found in the
more reactive fractions of polluted sediments. The results
obtained in this study show that the order of the proportions for the thirteen elements in the residual fraction was
Ti ≈Al > Fe > Cr > Cu > V > Ni ≈ Zn > Pb> Mg > Sr >
Mn > Ca.
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TROPHIC CONDITIONS AND STOICHIOMETRIC NUTRIENT
BALANCE IN THE INNER SARONIKOS GULF (CENTRAL AEGEAN
SEA) AFFECTED BY THE PSITTALIA SEWAGE OUTFALL
A. Pavlidou, H. Kontoyiannis and R. Psyllidou-Giouranovits
Hellenic Centre for Marine Research, 47th Km of Athens-Sounio Av., 19013 Anavyssos, Greece

SUMMARY

INTRODUCTION

This work aims to assess the trophic state and the
stoichiometric nutrient balance in a coastal environment
influenced predominantly by sewage discharges.
Dissolved nutrients (ammonia, nitrate, nitrite, total
inorganic nitrogen, reactive silicate and inorganic phosphate) were measured on a monthly basis, over a grid of
11 stations, during the period 2000-2002, in order to estimate the impacts of the Athens municipal treated sewage
disposal and the spatial distribution of the eutrophication
into the Inner Saronikos Gulf.
The effluent plume undergoes most of its initial dilution immediately after it is discharged through the multiport diffusers at 63 m. The positively buoyant plume then
rises until it is trapped below the pycnocline (warm-period,
May-November) or until it reaches the surface (cold-period,
December–April).
In general, relatively high ammonium and phosphate
concentrations are measured near the Psittalia Sewage Treatment Plant, whereas for nitrate and silicate an increase with
distance from the sewage outfalls is recorded, which is
related to organic load mineralization. The sewage
spreads predominantly towards the south-southwest of
Psittalia.
The annual mean integrated nutrient values, characterize the study area as a mesotrophic marine environment.
Plots of atomic N:P, Si:P and Si:N ratios in the study
area indicated stoichiomeric N-limitation.

KEYWORDS: Sewage, nutrients, trophic state, eutrophication,
Psittalia, Saronikos Gulf.

Eutrophication is a topical concern in many coastal
systems, since the anthropogenic nutrient enrichment may
result in a change of the trophic state of an ecosystem [1].
Excess nutrients (N and P) discharged from sewage treatment plants have been identified as one of the major pollution point sources leading to eutrophication in the coastal
waters. High nitrate and phosphate levels often stimulate
algal blooms, some of which are toxic or harmful in coastal
marine waters.
Eutrophication has also influenced the water quality
of Saronikos Gulf over the last two decades.
The study area covers the Inner Saronikos Gulf surrounded by the islands Aegina and Salamina and the outer
Saronikos Gulf (Fig. 1).
The Inner Saronikos Gulf is rather shallow (maximum depth ~100m) and is affected by the Athens municipal treated sewage outfall that is discharged south of the
Psittalia island at station 1. Until 1994, the sewage of the
Athens City was discharged untreated into the surface waters of Saronikos Gulf. Since 1994, the sewage generated
by the city of Athens (population approximately four
million) has been primarily treated in Psittalia Treatment
Plant, diverting the effluent from untreated shoreline discharged to sea-surface to primarily treated deepwater by
using multi-port diffusers at the depth of 63m.
In the inner Saronikos Gulf the main nutrient load
was presumed to be due to the sewage effluents.
In this paper we use nutrient concentrations in order
to evaluate the impacts of the Athens municipal sewage
disposal into the trophic status of the inner Saronikos Gulf
and the stoichiometric nutrient balance. The characterisation of the trophic level of the inner Saronikos Gulf is based
on nutrient concentration scales evaluated for the hellenic
coastal ecosystems [2, 3].
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MATERIALS AND METHODS
The study area covers the Inner Saronikos Gulf and
includes 10 sampling stations in the Inner Saronikos Gulf
and one station in the Outer Saronikos Gulf (station 11),
which is considered to be a reference station (Fig. 1).

sattached to a Rosette Multi-Bottle Sampler (General Oceanics). At station 1 samples were also collected below the
pycnocline, at the depth where the wastewater field was
detected.
Phosphate and ammonium were measured on board
with a Perkin Elmer UV/VIS (Lambda 2S) spectrophotometer [4, 5], whereas silicate, nitrite and nitrate were measured
with a BRAN+LUEBBE nutrient autoanalyser [6, 7].
To determine the trophic state in the area, a concentration scale proposed by Karydis [3] was used, dividing the
area into 4 different trophic levels: oligotrophic (<0.07 µg- at
l-1, P-PO4; <0.62 µg-at l-1, N-NO3; <0.55 µg-at l-1, N-NH4;),
lower mesotrophic (0.07-0.14 µg-at l-1, P-PO4; 0.62-0.65 µgat l-1, N-NO3; 0.55-1.05 µg-at l-1, N-NH4;), upper mesotrophic (0.14-0.68 µg-at l-1, P-PO4; 0.65-1.19 µg-at l-1, NNO3; 1.05-2.20 µg-at l-1, N-NH4;) and eutrophic (>0.68 µg-at
l-1, P-PO4; >1.19 µg-at l-1, N-NO3; >2.20 µg-at l-1, N-NH4).
RESULTS AND DISCUSSION

FIGURE 1 - Location of sampling stations in the study area.

Water samples were collected monthly during the period 2000-2002, at different depths (2, 10, 20, 30, 50, 75, 100,
and 2-3m above the sea bottom), using NISKIN bottle

The sewage plume is detected in hydrographic CTD
(Conductivinty, Temperature, Depth) profiles by a local
salinity minimum that is accompanied by a corresponding
minimum in dissolved oxygen concentration and a higher
beam attenuation coefficient indicating a higher light attenuation caused by the lower water transparency occurring
within the plume. The treated effluent plume is highly
buoyant due to its large content in fresh water and rapidly
ascends towards the sea-surface. During the stratification
period (May-November) it is trapped within the seasonal
pycnocline whereas during the mixing period (DecemberApril) it reaches the sea-surface.

FIGURE 2 - Profiles of density, salinity, dissolved oxygen, beam attenuation coefficient (B.A.C.) and
chlorophyll-a fluorescence at station 1 during August 2000 (left panel) and January 2001 (right panel).
(Beam attenuation coefficient is higher when and where seawater transparency is lower)
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Figure 2 shows typical examples of the plume’s presence within the pycnocline at depths between 45-65 m during the stratification period (left panel) and at the surface
layer, upper 25 m, during the homogenisation/mixing period
(right panel).
Throughout the year, the spreading of the plume is
governed by advection caused by the prevailing circulation
pattern at the particular layer where the plume floats. The
circulation in the Inner Saronikos is mainly wind-driven [8]
and predominantly cyclonic that is induced by northerly
winds. As a result the sewage plume tends to spread mostly
to the south-west of station 1.
The south-westward spread is supported by the observed nutrient distributions. According to the nutrient distributions observed during the period 2000-2002, the wastewater field discharged from the Psittalia Sewage Treatment
Plant, most of the sampling period seemed to be dispersed
towards southwest of Psittalia. High phosphate and ammonium values were detected within the layer 40-60m, depending on the sampling period, due to the presence of the sewage effluent from the Treatment Plant (Fig. 3). During the
cold period, the chemical signal of the sewage effluent,
with relatively higher nutrient values, was detected at the
surface of the water column [9].
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FIGURE 3 - Vertical distribution of phosphate along a transect
south west of Psittalia, representative of the warm period.
TABLE 1 - Nutrient mean concentrations (µg-at L-1) in the
study area and their classification into different trophic
states. P-PO4 (µg-at P L-1), N-NO3, N-NO2, N-NH3, and total
inorganic nitrogen (DIN) (µg-at N L-1), Si-SiO4 (µg-at Si L-1).
Stations
station 1
station 1
station 1
station 1
station 1
station 1
station 1
station 2
station 2
station 2
station 2
station 2
station 2
station 2

Number
of Data
175
175
175
175
175
175
175
188
188
188
188
188
188
188

Nutrient

Mean (range) ± S.D.

Classification

P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P
P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P

0.48 (0.13-1.34) ± 0.27
0.86 (0.22-3.49) ± 0.60
0.29 (0.10-0.63) ± 0.18
1.29 (0.11-4.72) ± 1.44
2.44 (0.55-5.84) ± 1.44
2.11 (0.80-4.32) ± 0.70
5.90 (1.51-14.6) ± 3.46
0.33 (0.08-0.77) ± 0.19
1.27 (0.37-2.60) ± 0.49
0.23 (0.07-0.65) ± 0.18
0.48 (0.05-2.56) ± 0.54
1.98 (0.57-3.73) ± 0.88
2.34 (0.85-4.35) ± 0.93
7.28 (1.84-15.2) ± 3.62

upper mesotrophic
upper mesotrophic
upper mesotrophic
eutrophic
upper mesotrophic
upper mesotrophic
eutrophic
oligotrophic
eutrophic
upper mesotrophic

0.0

station 3
station 3
station 3
station 3
station 3
station 3
station 3
station 4
station 4
station 4
station 4
station 4
station 4
station 4
station 5
station 5
station 5
station 5
station 5
station 5
station 5
station 6
station 6
station 6
station 6
station 6
station 6
station 6
station 7
station 7
station 7
station 7
station 7
station 7
station 7
station 8
station 8
station 8
station 8
station 8
station 8
station 8
station 9
station 9
station 9
station 9
station 9
station 9
station 9
station 10
station 10
station 10
station 10
station 10
station 10
station 10
station 11
station 11
station 11
station 11
station 11
station 11
station 11
warm-period
warm-period
warm-period
warm-period
warm-period
warm-period
warm-period
cold-period
cold-period
cold-period
cold-period
cold-period
cold-period
cold-period

180
180
180
180
180
180
180
180
180
180
180
180
180
180
185
185
185
185
185
185
185
210
210
210
210
210
210
210
180
180
180
180
180
180
180
195
195
195
195
195
195
195
180
180
180
180
180
180
180
180
180
180
180
180
180
180
88
88
88
88
88
88
88
231
231
231
231
231
231
231
110
110
110
110
110
110
110

P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P
P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P
P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P
P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P
P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P
P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P
P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P
P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P
P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P
P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P
P-PO4
N-NO3
N-NO2
N-NH3
DIN
Si-SiO4
N:P

0.27 (0.09-0.68) ± 0.13
1.32 (0.42-3.51) ± 0.61
0.20 (0.06-0.62) ± 0.14
0.36 (0.02-3.20) ± 0.59
1.88 (0.66-4.26) ± 0.81
2.16 (0.87-4.08) ± 0.74
7.88 (2.94-19.1) ± 3.65
0.24 (0.06-0.62) ± 0.11
1.20 (0.24-6.32) ± 1.03
0.23 (0.06-0.63) ± 0.15
0.36 (0.02-2.00) ± 0.49
1.78 (0.58-6.64) ± 1.13
1.99 (0.83-3.26) ± 0.67
8.08 (2.39-21.4) ± 4.46
0.28 (0.08-0.69) ± 0.14
1.22 (0.40-2.14) ± 0.44
0.21 (0.07-0.65) ± 0.16
0.22 (0.03-0.72) ± 0.18
1.65 (0.61-2.76) ± 0.61
2.22 (0.90-3.85) ± 0.89
7.07 (2.04-15.3) ±3.41
0.27 (0.12-0.79) ± 0.12
1.27 (0.23-2.83) ± 0.52
0.21 (0.06-0.75) ± 0.16
0.34 (0.03-1.45) ± 0.34
1.82 (0.60-3.22) ± 0.63
2.17 (0.73-5.14) ± 0.93
7.67 (1.55-20.4) ±3.64
0.23 (0.05-0.75) ± 0.17
0.78 (0.37-1.47) ± 0.32
0.21 (0.07-0.58) ± 0.14
0.33 (0.01-1.33) ± 0.37
1.32 (0.54-2.97) ± 0.59
1.60 (0.53-2.89) ± 0.50
7.45 (1.59-23.1) ±4.84
0.22 (0.08-0.65) ± 0.11
1.04 (0.53-1.97) ± 0.34
0.18 (0.06-0.50) ± 0.12
0.19 (0.04-0.57) ± 0.16
1.42 (0.75-2.65) ± 0.45
1.81 (0.81-2.97) ± 0.64
7.91 (2.66-20.0) ±4.24
0.16 (0.06-0.38) ± 0.06
0.58 (0.01-1.72) ± 0.33
0.17 (0.05-0.36) ± 0.09
0.21 (0.06-0.69) ± 0.16
0.95 (0.25-2.02) ± 0.44
1.42 (0.71-2.99) ± 0.50
6.75 (1.93-17.11) ±3.78
0.15 (0.03-0.31) ± 0.06
0.52 (0.19-1.60) ± 0.32
0.15 (0.06-0.50) ± 0.11
0.23 (0.03-0.84) ± 0.17
0.90 (0.41-2.48) ± 0.50
1.40 (0.68-2.24) ± 0.41
7.68 (2.58-24.7) ±5.42
0.11 (0.05-0.18) ± 0.04
1.18 (0.38-2.87) ± 0.84
0.12 (0.05-0.26) ± 0.04
0.24 (0.01-0.64) ± 0.19
1.54 (0.01-3.10) ± 0.99
1.97 (1.15-3.05) ± 0.53
16.8 (6.32-41.5) ±12.3
0.24 (0.09-0.53) ± 0.11
0.96 (0.46-1.31) ± 0.31
0.14 (0.10-0.21) ± 0.03
0.40 (0.17-1.48) ± 0.37
1.49 (0.75-2.46) ± 0.49
1.81 (1.24-2.31) ± 0.36
6.95 (4.64-16.2) ±3.18
0.25 (0.13-0.40) ± 0.08
1.12 (0.69-1.36) ± 0.25
0.34 (0.16-0.48) ± 0.09
0.33 (0.19-0.86) ± 0.20
1.75 (1.14-2.55) ± 0.45
2.05 (1.60-2.44) ± 0.24
7.07 (5.98-8.87) ±0.79

upper mesotrophic
eutrophic
oligotrophic
eutrophic
upper mesotrophic
upper mesotrophic
eutrophic
oligotrophic
eutrophic
upper mesotrophic
upper mesotrophic
upper mesotrophic
oligotrophic
upper mesotrophic
upper mesotrophic
upper mesotrophic
eutrophic
oligotrophic
eutrophic
upper mesotrophic
upper mesotrophic
upper mesotrophic
oligotrophic
upper mesotrophic
upper mesotrophic
upper mesotrophic
upper mesotrophic
oligotrophic
upper mesotrophic
upper mesotrophic
upper mesotrophic
oligotrophic
oligotrophic
lower mesotrophic
upper mesotrophic
upper mesotrophic
oligotrophic
oligotrophic
lower mesotrophic
upper mesotrophic
lower mesotrophic
upper mesotrophic
oligotrophic
upper mesotrophic
oligotrophic
upper mesotrophic
upper mesotrophic
oligotrophic
upper mesotrophic
upper mesotrophic
upper mesotrophic
upper mesotrophic
oligotrophic
eutrophic
upper mesotrophic

Nutrient concentrations indicated a statistically significant decreasing shift with distance (P<0.05) from the sewage treatment plant (station 1) to the outer Saronikos Gulf
(station 11), whereas, the N:P ratio showed a statistically
significant increasing trend (Table 1). It seems that the N:P
ratio increases with decreased eutrophication [10,11].
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Seasonal variability for the totality of nutrients was also observed, showing higher concentrations mainly in cold
sampling periods, probably associated to the discharges of
the primary treated sewage and/or to the higher municipal
load during cold period.
In all the sampling stations, the inorganic nitrogen
and phosphorus, except ammonium, corresponded to an
upper mesotrophic to eutrophic state according to the
nutrient concentration scale of Karydis [3]. Ammonium
levels showed upper mesotrophic water for station 1 and
oligotrophic water type for all the other stations (Table 1).
The stoichiometric balance criterion in all cases, except of station 11 (reference station), confirmed that the
mean ratio calculated did not reach the Redfield ratio
Si:N:P 16:16:1.

All the stations of the Inner Saronikos Gulf (0.5 - 11 Km
from the sewage outfall) indicated ratios Si:N >1, N:P
<16 and Si:P<16.
Plots of atomic N:P, Si:P and Si:N ratios in the study
area (including all the data; n=635 for the cold period,
n=1361 for the warm period) during the “cold” and “warm”
sampling periods indicated stoichiomeric N-limitation by
about 48% during the “cold” period and 57% during the
“warm” period. Furthermore, the analysis of data indicated significant Si-limitation of 34% during the “cold”
period and 17.5% for the “warm” period, whereas the Plimitation was not probable (0.94% for the “cold” period
and 7.3% for the “warm” period [12, 13] (Fig. 4 and 5).
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FIGURE 4 - Scatter diagrams of atomic nutrient ratios
in the study area during the cold sampling periods, P,
dissolved inorganic P, N, dissolved inorganic N, Si, dissolved Si.
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FIGURE 5 - Scatter diagrams of atomic nutrient ratios in the study
area during the “warm” (stratified water column) sampling periods,
P, dissolved inorganic P, N, dissolved inorganic N, Si, dissolved Si.
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The mean N:P ratio ranged between 6.75 and 8.08,
whereas at station 1, the mean N:P atomic ratio was calculated 5.90, which is expected for areas influenced by
waste waters [14, 15]. The nutrient concentrations of the
stations located in the Inner Saronikos Gulf gave a mean
N:P ratio of 6.89 during the cold period, (6.87 at station
1) and 6.02 during the warm period (4.65 at station 1).
Mean Si:P ratio calculated 7.74 in warm period and
7.95 in cold period, showing an increase with distance
from the sewage outfall.
The nutrient concentrations gave a mean Si:N atomic
ratio of 1.29 and 1.15 in warm and cold periods, respectively, with an increasing trend with distance from the
sewage outfall. Decreasing Si:N ratio may exacerbate
eutrophication by reducing the potential for diatom
growth, in favor of noxious flagellates [10,16]. However,
this is not the case of the Inner Saronikos Gulf, since the
Si:N ratio is higher than the theoretical one, although the
N:P and Si:P ratio were significantly declined, which may
lead to increased blooms in the future.
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SUMMARY
Sonolytic-vapor stripping removal of perchloroethylene (PCE) from water was investigated in bench-scale
batch experiments. Sonication is an advanced oxidation
process, and its application in water treatment concerns
the degradation of recalcitrant organic contaminants in
aqueous solutions. Vapor stripping is a mass transfer
process involving the removal of volatile organic compounds from liquid phase to gas phase. Experimental
results in this study demonstrated that combining ultrasound (US) and vapor stripping (VS) simultaneously, the
removal of PCE increased beyond the additive effect of
US and VS treatments.

KEYWORDS:
Ultrasonic; vapor stripping; perchloroethylene, removal efficiency.

INTRODUCTION
Remediation of dense non-aqueous phase liquids
(DNAPLs) is one of the most difficult environmental
challenges in groundwater treatment. DNAPLs containing
industrial chlorinated solvents, such as trichloroethylene
(TCE) and perchloroethylene (PCE), are toxic, slightly
soluble, and their densities are greater than that of water
(ρ > 1). Many advanced water treatment systems including vapor stripping/carbon adsorption, biological treatment, and advanced oxidation processes have been applied to remove DNAPLs from water [1]. The technologies mentioned above have their advantages and disadvantages in terms of their practical applications, costs, and
process efficiencies. Physical treatment processes, such as
air stripping and carbon adsorption, have a major disadvantage in hazardous waste management, because these
processes do not degrade contaminants. In contrast, biological and advanced oxidation treatment methods are capable
of degrading recalcitrant organic compounds. Advanced
oxidation processes (AOPs) have several advantages over
biological treatment methods, such as their suitable applications to portable water systems and the fact that they can

degrade contaminants more rapidly [2]. Several potential
AOPs include ozone (O3), hydrogen peroxide (H2O2),
O3/H2O2, photo oxidation (UV/O3 and UV/H2O2), Fenton’s reagent, and ultrasound (US). Over the last years,
sonication has gained a great deal of attention for the degradation of organic compounds in water. Ultrasonic irradiation of aqueous solutions results in the formation and the
collapse of cavitation bubbles generating high temperatures, pressures and reactive free radicals (•OH) inside the
bubbles [3]. Recent work in sonication has focused on
optimizing ultrasonic irradiation of aqueous solutions adjusting several parameters and combining ultrasound with
other advanced oxidation processes [4]. Power intensity
and frequency are key parameters for sonolytic destruction of recalcitrant organic contaminants [5]. In addition,
combining ultrasound with other AOPs, such as H2O2,
Fenton’s reagent, ozone (O3), or ultraviolet light (UV),
shows promise for potential applications in water treatment due to the production of high magnitudes of oxidizing species such as •OH radicals and localized transient
high temperatures [6, 7]. Combining US with O3 has been
shown especially promising for degradation of organic
compounds due to effective sonolytic decomposition of
O3 molecules to •OH radicals [8, 9]. Previous studies
reported that high frequency sound waves could increase
the mass transfer of O3 from gas to liquid phase [10, 11].
Sierka and Amy [10]; Olson and Barbier [11] indicated
that the greater mass transfer of ozone in the combined
US/O3 treatment process was due to ultrasonic mechanical effects. Olson’s study [11] concluded that using O3
and US treatments simultaneously, the mass transfer of O3
increased by approximately 65 % relative to that obtained
by O3 and US in series. In contrast, Weavers and Hoffmann [8] believed that an enhancement observed in the
mass transfer of O3 under an ultrasonic field was due to
higher concentration gradients.
The aim of this study was to investigate if coupled ultrasound (US) and vapor-stripping (VS) system involves
synergistic treatment effects resulting in a greater removal
of PCE than the overall removal obtained by individual
US and VS experiments.
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FIGURE 1
Removal of PCE by US, VS, and combined US and VS: Gas flow rate = 0.5 L/min., power density = 200 W/L.

EXPERIMENTAL METHODS
The 600 W ultrasonic power supply (Sonics & Materials VibraCell, Model VC 600 – 120 v, 10 amp, 50/60 Hz)
has a 20 kHz acoustic frequency, which was transmitted to
the piezoelectric transducer within the converter and
changed to mechanical vibrations. A titanium probe connected to the transducer intensified the mechanical vibrations to produce acoustic pressure in liquid. The power
density used in the experiments was 200 W/L. For vaporstripping experiments, a fritted-glass diffuser was connected
to lab-supplied air in a ventilation hood. For each experiment, the gas injection rates were adjusted to 0.5 L/min
using a bubble flowmeter. A total 0.5 L of contaminated
liquid solution was prepared by mixing an appropriate
amount of saturated PCE solution with the artificial
groundwater resulting in a nominal 50 mg/L initial concentration. At each 2-min sampling interval, about 1 mL
irradiated liquid sample was withdrawn from the reactor.
The sample was injected into a 10 mL headspace vial,
which had been sealed with crimped aluminum caps with
a 10 mm Teflon-faced septum, and, subsequently, was
analyzed using a Hewlett Packard gas chromatograph,
Model 5890, Series II.
RESULTS
Fig. 1 shows the removal of PCE from liquid by ultrasound (US), vapor stripping (VS), additive, and combined US + VS treatments. Error bars in Fig. 1 represent
two standard deviations of average concentrations from

four replicate experiments. After 10 min, degradation
efficiencies of PCE by US at 200 W/L were in a range of
20 – 25%, whereas VS at 0.5 L/min removed PCE with a
treatment efficiency of greater than 90%. Because PCE is
a highly volatile compound, vapor stripping removed it
more effectively than ultrasound did.
Experiments were also conducted using US and VS
treatments simultaneously. Pseudo first order rate constants by the concurrent use of US and VS (kUSVS) were
compared with these by additive results obtained from
individual US and VS experiments (kAD). The kAD values
were described to be summation of the first order rate
constants (kUS + kVS) from the US and VS experiments.
The kUS and kVS values are the pseudo first order rate
constants obtained from the US and VS experimental
runs, respectively.
DISCUSSION AND CONCLUSION
Combining ultrasound with vapor stripping enhanced
the removal of PCE beyond the additive effect of US and
VS. The pseudo first order removal rate constant for PCE by
the concurrent use of US and VS (USVS) was 0.40 min –1,
while the additive effect (US + VS) was only 0.26 min-1.
The apparent enhancement in the removal rate constants
relative to the additive values (kAD) was greater than 50 %.
From similar research involving treatment of benzene, toluene, ethylbenzene, and o-xylene (BTEX compounds), using
sonication combined with vapor-stripping, Mohammad and
Peters [12] concluded that the combined process increased
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the removal of BTEX compounds by more than 50 %,
when compared to the overall removal by individual ultrasound and vapor stripping treatment methods. Similar
results were also obtained by Olson and Barbier [8] reporting about 65 % enhancement in the mass transfer of
O3 due to ultrasound. Further studies should focus on
ultrasonic mass transfer effects contributing to the greater
removal of PCE from liquid in the combined ultrasonic
and vapor stripping system.

[11] Olson, T.M., and Barbier, P.F. (1994) Oxidation Kinetics of
Natural Organic Matter by Sonolysis and Ozone. Water Res.,
28 (6), 1383 – 1391.
[12] Mohammad, J., and R.W. Peters, R.W. (2003) In-Situ Remediation of Petroleum-Contaminated Groundwater Using Air
Sparging and Sonication, Paper presented at the 2003 National Ground Water Association Remediation Conference on
“Site Closure and the Cost of Cleanup”, New Orleans, LA,
(November 13-14).
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ADSORPTION AND WET OXIDATION OF
METHANOL ON Pt/PUMICE CATALYST
Göksel Özkan
Department of Chemical Engineering, University of Gazi, Ankara, 06570, Turkey

SUMMARY
This study is focused on the use of natural and acidwashed pumice, a volcanic rock with high porosity, in the
adsorption and the catalytic oxidation of methanol, a volatile organic component of wastewaters, under batch reaction conditions. The pumice was ground to 1 mm-sized
particles and washed with H2SO4. The adsorption experiments were carried out with natural and acid-washed particles and their equilibrium adsorption capacities were determined in inert gas (N2) atmosphere at 30 °C and atmospheric pressure. Pumice was used as a supporting adsorption material in oxidation studies, and the catalysts were
prepared by covering it with Pt. The experiments were
carried out in 250 mL batch reactors under dry air conditions and, after activation of the catalysts, the conversion
ratios of methanol into CO2 were determined. Methanol
was adsorbed by 35.6 % on acid-washed and 25.6 % on
natural pumice materials under semi-batch conditions at
50 °C. The conversion ratios were found to be 50.5% with
acid-washed Pt/pumice catalyst and 19 % with natural
pumice-supported catalyst.

pared with the others [4]. Zhang and Chuang [5] showed
that lignine, an impurity not removed by biochemical
means, was eliminated with wet oxidation by 99% using
Pd-Pt-Ce/alumina catalysts. Pumice was very popular as
catalyst-supporting material due to its porous structure
and chemical properties [7-9].
It was also reported that both the use of metals and
metal oxides increases the catalytic function in contact with
the supporting material, but the film mass transfer resistance in wet oxidation was higher with metal oxides [2,
5, 7]. There are numerous studies reporting on the partial
coverage of supporting materials with hydrophobic polymeric material in order to eliminate this adverse effect.
Cheng and Chuang [10] showed that methanol could be
eliminated by 30-40% at lower temperatures (25-75 °C)
and atmospheric pressure using Pt/rashing FCC catalysts
made hydrophobic with teflon. Liotta et al. [7] claimed
that the selectivity was much higher in natural pumice
supporting catalytic liquid phase reactions.
In this study, the adsorption of methanol on natural
and acid-washed pumice in a batch and wet oxidation
system, as well as on a Pt-catalyst covered with pumice,
were investigated.

KEYWORDS:
wet oxidation, methanol, adsorption, pumice.

EXPERIMENTAL

INTRODUCTION
Photocatalytic, biological and batch oxidation methods
were employed in the elimination of volatile organic compounds from wastewaters. One of the most popular techniques is batch oxidation, which works at elevated pressures (10-40 bar) and temperatures (200-300 oC) [1-3]. In
the recent years, efforts have been concentrated on high
conversion catalytic systems working at lower pressures
and temperatures. The studies described in the literature
employed various catalysts, such as noble metals (Ru, Pt,
Pd), metal oxides (Cu, Mn, Co, Cr, V, Ti, Bi and Zn),
metals salts and complexes, in oxidation processes. It was
observed that noble metals were much more active com-

The oxidation experiments were carried out in 250 ml
Pyrex glass reactors placed in a temperature-controlled
waterbath under dry air as shown in Fig. 1. The adsorption experiments were performed in inert N2 atmosphere.
Preparation of the Catalyst

The physical properties of the catalyst and the supporting material ground to a particle size of 1 mm are
listed in Table 1. In the first part of the experiments, the
natural pumice was washed with boiling pure water and
dried before being used.
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The gas samples were analyzed using an on-line GC
equipped with a 2 m colomn (1/8 in. o.d.) packed with
Propak T and a thermal conductivity detector (TCD).

5
3

Oxidation Experiments

1

6

7

2
GC

4

1. Water batch, 2. Bath reactor, 3. Thermometer, 4. Gas
Chromatography, 5. Rotameters, 6. Air Tube, 7. N2 Tube

In catalytic wet oxidation experiments, carried out in
a shaking waterbath at two different temperatures, 1 g
Pt/pumice catalyst and 50 g methanol solution (4% by
volume) were transferred into the reactor and the carrier
gas (dry air) was introduced continuously at a flow rate of
30 ml/min controlled with a flowmeter. 1 ml aliquots of
the liquid samples were taken from the system at different
times during batch-reactor experiments with constant
stirring at 50 °C and analyzed by GC as described above
(the oxidation experiments were carried out with acidwashed pumice only).

FIGURE 1- Schematic representation of the expemental setup.

RESULTS AND DISCUSSION

TABLE 1 - Physical properties of the pumice.
Composition
Component
(% )
SiO2
49.20
TiO2
Al2O3
15.74
H2 O
CaO
9.47
P2 O5
FeO
7.13
MnO
MgO
6.73
Color
Na2O.K2O
4.01
Density, kg/m3
Surface area of natural pumice (BET), m2/g
Surface area of washed pumice (BET), m2/g

Composition
(% )
2.51
0.43 – 0.95
0.35
0.20
Light beige
1,000-2,000
7.5
20.2

The second part of the experiments was carried out
with pumice of the same dimensions washed with concentrated H2SO4. Both the natural and acid-washed pumice
samples were used in adsorption experiments. The catalytic oxidation experiments were also carried out with the
use of Pt-covered natural and acid-washed pumice.
In the acid washing procedure, the pumice samples
were boiled with hot 10% H2SO4 solution for 15 min,
washed with hot pure water and then their particle sizes
were determined again.
Both natural and acid-washed pumice samples were
covered with Pt using the absorption technique. The absorption of H2PtCl6.6H2O solution onto the pumice samples and
the calcination and activation of the catalysts were carried
out according to the technique outlined by Özkan [11].
Adsorption Experiments

1 g of both pumice materials was placed in the reactor
and 30 ml of 1-12 % (w/w) methanol solutions were added. The mixtures were kept for 24 hours under inert N2
atmosphere at 30 °C with constant stirring. The liquid
samples taken from the solution at the end of the experiments were analyzed using a Unicam 610 model gas
chromatograph equipped with a 25 m long capilar colomn
(BP20 0.25µm film) and a flame ionization dedector (FID).

Adsorption results

The purpose of this study was to utilize pumice, a
natural and cheap volcanic rock material with a highly
porous structure, in the elimination of volatile organic
compounds from industrial wastewaters. The adsorption
of methanol, one of these industrial wastes, on pumice
washed with H2SO4 was investigated in detail. As can be
seen in Table 1, the major components of pumice are SiO2
(49%) and Al2O3 (15 %). Both metal oxides are known to
be good adsorbents and used as surface-increasing supporting materials in many catalytic systems.
In the adsorption experiments at different methanol
concentrations, the natural pumice samples with 1 mm
particle size were used as adsorbent and the adsorption
equilibrium constants were determined after 24 hours
Similarly the adsorption experiments were carried out
with acid-washed pumice. Fig. 2 shows the pumice amountdependent change in equilibrium concentrations of methanol for both experiments.
Adsorbed CH3OH, g/g pumice

Component
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0.030

Acid washed pumice
Natural pumice

0.025
0.020
0.015
0.010
0.005
0.000

0
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4

6

Cencentration,%( w / w)

FIGURE 2 - Adsorption isotherms of methanol
on natural and acid-washed pumice at 30 °C.
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The adsorption ratios of methanol at equilibrium conditions were calculated and plotted in Fig. 3.
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FIGURE 3 - Adsorption percentage ratios of
methanol on natural and acid-washed pumice at 30 °C.

As seen from Fig. 3, natural pumice only adsorbs 18.325.4 % of methanol per g, and this does not cause a significant change in methanol concentration. On the other
hand, the adsorption ratios change between 25.9 and 35.6 %
on H2SO4-washed pumice causing a decreasing trend in
methanol concentration.
Wet oxidation results

In this part of the study, the catalytic oxidation of
methanol in liquid phase was carried out after covering the
high adsorption capacity-pumice samples with Pt.

conversion ( %)

The oxidation experiments were carried out in a batch
system at atmospheric pressure and 50 °C with a solution
containing 4% methanol in volume. A conversion rate of
50.5% could be reached with acid-washed pumice/Pt catalyst under these conditions (Fig. 4).
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FIGURE 4 - The conversion of methanol on acidwashed pumice / Pt catalyst in batch reactor at 50 °C.

Although the conversion rates obtained in this study
seem to be lower compared with those observed in the
literature, they are quite satisfactory taking into account
the working temperature and pressure. It can conveniently
be concluded that the appropriately pretreated pumice
(acid washing) is a highly suitable material for catalytic
wet oxidation systems.
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DETERMINATION OF HEAVY METAL CONCENTRATIONS
IN OPEN AND PROTECTED CROPPING SYSTEMS
Nurcan Köleli
Mersin University, Faculty of Engineering, Department of Environmental Engineering, Mersin, Turkey

SUMMARY

INTRODUCTION

Excessive levels of heavy metals introduced to soil can
lead to elevated uptake of heavy metals by plants, which
will cause a great damage to plants, and also affect human
health upon consumption of crops grown on the contaminated soil. Pb, Cu, Cr, Zn, Cd and Ni concentrations of
agricultural soils in Mersin, Turkey, have been analyzed in
order to compare heavy metal distribution in open and
protected cropping systems. In this study, soil samples have
been collected from an intensive agricultural area in the
city of Mersin, Turkey. A total of twenty-three soil samples
were taken from previously determined different points at
protected and open cropping areas. The analyzed concentrations were compared to those from uncontaminated
background soils. Elevated concentrations of Pb, Cu, Cr,
Zn, Cd and Ni have been detected in the protected and
open cropping systems relative to the background soil
samples. According to the results of this study, the levels
of these metals were found with mean values of 264 mg/kg
Cr, 153 mg/kg Ni, 2.3 mg/kg Cd, 32 mg/kg Cu, 89 mg/kg
Pb and 146 mg/kg Zn in the protected area, and 317 mg/kg
Cr, 151 mg/kg Ni, 1.8 mg/kg Cd, 27 mg/kg Cu, 69 mg/kg
Pb and 163 mg/kg Zn in the open area. The data showed
that all of the soil samples analyzed contained Cr and Ni
concentrations above the accepted maximum limits as
adopted by Turkey. Mean Cr concentrations in the protected
and open areas were 3.2 and 2.6 fold, respectively. Ni concentration was about 2 fold in both the protected and open
area. 25 % of the soil samples analyzed for Cd exceeded
the maximum critical concentration as adopted by Turkey.
The data also show that the cadmium concentration in the
protected area was greater than that in the open area.
These results indicate that there is a heavy metal pollution
in the inspected agricultural areas in Mersin.

KEYWORDS:
heavy metal, cropping system, agricultural area.

Toxic heavy metal contamination is a common problem at many agricultural soils. The determination of soil
contamination and adoption of acceptable standards for
permissible heavy metal concentrations in soil are the key
to the protection of ecological function of soils and for
sustainable agriculture. There are nationally accepted concentration limits for heavy metals in soils in Turkey. The
buildup of heavy metals in soils may constitute a hazard,
not only to plant growth, but also to the consumers of
harvested crops [1]. Soil pollution in cropping systems is
an important problem in Turkey, especially in the city of
Mersin.
Mersin, which is located in the coastal area of the
Mediterranean region, is one of the big cities in Turkey.
The city of Mersin built on Delicay and Müftü creeks
creates narrow coastal floodplain. It has a great potential
for agricultural practices with fertile alluvial soils and
suitable climate. This agricultural potential has attracted
people to the area, and eventually has caused a rapid development of industry and trading in Mersin.
Mersin has an agricultural area of about 406.000 ha
and a population of about half a million people. The weather
is very hot in the summer and mild in the winter, with an
average annual precipitation of 596.2 mm. Over the last
three decades, Mersin has experienced dramatic changes
in farm practices as a result of dissemination of improved
agricultural technology. Mersin has the most intensive
agricultural activities in respect to protected and open
agriculture systems. Protected agriculture was introduced
to Mersin in over the last three decades. By 2000, the total
area covered by greenhouses was about 9.480 ha - about
2.3% of total area of registered farms.
Numerous studies have been performed on heavy metal
contamination derived from agricultural activities, in soils
in various countries [2-4]. Upto date no studies of heavy
metal contamination from agricultural activities have been
carried out in Mersin. Thus, the objectives of this study are
to investigate the extent and degree of heavy metal contamination of soils influenced by agricultural activity.
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MATERIALS AND METHODS
The study area (between 32o56ı and 31o11ı East longitude and 37o26ı and 36o01ı North latitude), is one of the
largest greenhouse activities in Turkey. The twenty soil
samples were randomly collected in 10 different locations. In addition, three soil samples where consumption
of fertilizers and pesticides is minimum level were collected as background soil. Surface soils (0–20 cm in
depth) were sampled by hand auger. After air-drying at
25oC for 5 days, the soil samples were disaggregated and
sieved to fractions <2 mm. The soil samples were digested using the US EPA Method 3050 [5]. The solutions
were analyzed by atomic absorption spectrometry (AAS)
for 6 metals including Cr, Ni, Cd, Cu, Pb and Zn. The soil
samples were analyzed for pH, CaCO3, organic matter
and texture using standard procedures [6].
RESULTS AND DISCUSSION
Physicochemical characteristics of soils

Mean values and ranges for various physical and
chemical properties of soils are presented in Table 1. All
soils sampled had high pH values ranging between 7.7 to
8.3. Nearly all soils were calcareous. The organic matter
content was higher in the protected area than in the open

area. Soils varied widely in texture. In general, the sand
fraction was higher than the clay and silt fraction.
The heavy metal concentrations in soil

The range and mean concentrations of Cr, Ni, Cd, Cu,
Pb and Zn in the protected, open area and uncontaminated
area (control) shown in Table 2. As shown in the table,
the levels of these metals were found with mean values of
264 mg/kg Cr, 153 mg/kg Ni, 2.3 mg/kg Cd, 32 mg/kg
Cu, 89 mg/kg Pb and 146 mg/kg Zn in the protected area;
317 mg/kg Cr, 151 mg/kg Ni, 1.8 mg/kg Cd, 27 mg/kg
Cu, 69 mg/kg Pb and 163 mg/kg Zn in the open area.
These levels are significantly higher than those in Western Europe soils reported by Angelone and Bini [7]. Türkdoğan et al. [8] also reported elevated concentrations of
Cd, Pb, Cu and Co are in soils, fruit and vegetables in the
city of Van in Turkey where higher rates of endemic
cancer were observed.
According to the Turkey Soil Environmental Conservation Act accepted concentration limits for heavy metals
in agricultural soil (pH≥6) are 100 mg/kg Cr, 75 mg/kg Ni,
3 mg/kgCd, 140 mg/kg Cu, 300 mg/kg Pb and 300 mg/kgZn.
The data showed that all of the soil samples analyzed
contained Cr and Ni concentrations above the accepted
maximum limits. Mean Cr concentrations in the protected
and open areas were 3.2 and 2.6 fold, respectively. Ni
concentration was about 2 fold in both areas.

TABLE 1 - Some physicochemical properties of soils.

Properties
pH (1:1)
CaCO3 (%)
Organic matter (%)
Sand (%)
Silt (%)
Clay (%)

Protected Area
Mean
Range
8.0
7.7-8.3
12.4
12.0-12.5
4.6
1.0-8.5
51
34-84
30
2-30
34
12-54

Mean
7.9
12.0
3.2
46
30
38

Open area
Range
7.7-8.0
11.0-12.2
0.8-7.7
20-53
1-30
28-52

TABLE 2 - The range and mean concentrations of Cr, Ni, Cd, Cu, Pb and Zn in soils (mg/kg).

Protected Area
n=10*

Cr±S.D.**
(range)
264±66
(157-361)

Ni±S.D.
(range)
153±53
(49-222)

Cd±S.D.
(range)
2.3±1.2
(1.0-4.2)

Cu±S.D.
(range)
32±3
(25-36)

Pb±S.D.
(range)
89±24
(60-145)

Zn±S.D.
(range)
146±91
(71-392)

Open area
n=10

317±76
(228-436)

151±82
(90-252)

1.8±1.0
(0.7-2.1)

27±5
(19-27)

69±16
(25-69)

163±93
(84-303)

64±9
(57-74)

191±12
(178-199)

0.06±0.02
(0.04-0.08)

6.7±3
(4-9)

25±11
(17-37)

25±4
(21-28)

100

75

3

140

300

300

Area

Control area
n=3
Limited level***
*

Number of samples.
**
Arithmetic mean±standard deviation.
***
Upper limit (pH≥6) as Turkey Soil Environmental Conservation Act in 2001.
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Composition of the soil material in Mersin is formed
by the alluvium material and of the sandy clay and sandy
silty clay. Alluvial soils are formed by A and B Horizons.
These soils are formed by the completely transported materials. Thus, these materials mentioned above are transported and irregularly deposited in the base of the valley and
slopes of the mountain. A general distribution of Cr and
Ni in all area may be mainly attributed to geological
sources. The ophiolites in Mersin contain some chromite
mines, extend for more than 1500 km2 [9]. There has also
been a chromium factory in operation in Mersin since 1984.
This factory has stored its wastes on storage heaps at the
west side of factory.
At %25 of the soil samples analyzed, the Cd concentrations were above the accepted maximum limit. The Cd
concentration was higher in the protected area than in the
open area. Mineral fertilizers, especially P fertilizers are
considered as one of the major sources of heavy metals in
the agricultural environment [10, 11]. Elevated soil and/or
plant Cd concentrations as a result of application of Cdcontaining P fertilizers have been reported by many investigators [12-14]. In Turkey, the use of phosphate fertilizers may be responsible for the largest input of Cd to soils.
The mean concentrations of Cd, Pb and Ni in monoamonium phosphate (MAP) used in Turkey was 102, 11 and
95 mg/kg P, respectively (Köleli, unpublished data). Organic fertilizers such as farm manure can also be of local
importance in elevating soil Cd levels [15]. Based on the
analysis of 298 soil samples, Turkish soils were classified
as Zn-deficient [16]. Zinc deficiency increases Cd uptake
by plant [16].

Cd and Ni levels in the soils of Mersin. The results suggest
that the soils have been contaminated by heavy metals.
Elevated levels of heavy metals including Cr and Ni were
found in the open and protected areas with mean values of
290 and 152 mg/kg, respectively. These significant concentrations greatly influenced the metal concentrations in soils.
Therefore, these contaminated soils can influence the
metal uptake by plants grown in the soils. Heavy metal
contaminants are of most concern because they persist and
may enter the human food chain. There is also a potential
risk of movement of metals into the groundwater. Thus,
their levels must be controlled. Edible crops for human or
animal consumption should be restricted within heavily
contaminated soil. Agricultural soils need to be continuously monitored and contaminated area not used for agricultural purposes such as crop planting. There is the need
for further investigations in other agricultural areas in
Mersin.
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In comparison with open area soils, relatively higher
concentrations of Cu are found in soils sampled at protected area. This may be reason using of Cu-funguside
such as CuSO4, Cu(OH)2, CuOCl, CuO.
In comparison with background area soils, Cd, Cu
and Zn concentrations are higher than protected and open
area cropping systems. Thus, sources of these metals may
be agricultural activities such as fertilizer and/or pesticides. At low concentrations, several heavy metals such as
Fe, Mn, Zn, Cu, Ni and Mo, are essential micronutrients
for plants [17]. But elevated concentration of these metals
in the soil surface causes a variety of environmental problems, including toxicity to plants, animals and humans.
These metals possess bioaccumulation property, and the
possibility of the amount of these metals reaching a critical value and threatening human health increases the
importance of this issue.
CONCLUSIONS
Due to a rapid increase in pesticide and fertilizer consumption in the agricultural areas, heavy industrial activities and an increasing population in Mersin, soil contamination has become an important concern around the province. This study was focused mainly on Pb, Cu, Mn, Zn,
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SUMMARY
This study was conducted to determine the concentrations of lead in roadside topsoil and plants in roadside from
two highways (TEM and D100) connecting Istanbul and
Sakarya in the NW of Turkey. The concentrations of lead
were measured by atomic absorption spectrophotometry
(Perkin Elmer SİMAA 6000). Lead analyses showed that
there was a considerable contamination in both soil and
plants (corn shoot). The concentration of lead in the roadside soil and the plants were influenced by the traffic intensity. The mean lead concentrations in soils from TEM and
D100 were 110.12 mg/kg and 137.07 mg/kg, respectively.
The average lead values in roadside corn shoots at TEM
and D100 are 15.84 mg/kg and 39.22 mg/kg, respectively.
The Pb concentrations of roadside soil and plant at D100
were higher than that of TEM. This could be the result of
higher accumulation time of lead in D100, since it was built
earlier than TEM. The Pb levels assessed in this study can
be considered as toxic.

KEYWORDS:
Lead contamination, soil, plant.

The major agents of these pollutants are heavy metals and
the lead is among the most dangerous. Heavy metals can
accumulate in plants and topsoil from atmospheric deposition by nutrition (in plants), sedimentation, impaction and
interception. Topsoil and roadside plants including vegetables, trees and grasses in urban area are main indicator of
heavy metal contamination from atmospheric deposition [13]. Affect of this kind of pollution has recently been observed in animals [4], mosses [5], seaweeds [6] and storm
water [7]. Huge number of recent publications concerning
roadside environmental pollution indicate that the importance of the problem.
The present study aims to assess the lead contamination in roadside plants and topsoil of the TEM (Transmission European Motorway) and D100 connecting Istanbul
and Sakarya where SE Europe and SW Asia meet. There
has been substantial evidence that high levels of lead in the
environment could affect Pb level blood, intelligence and
behavior [8-11]. In this study, the lead was chosen to
investigate. In addition, Pb is the main heavy metal emission from car exhaust. Other metals, such as Cd, Zn, Ni
and Cu need further investigation in the area. Some measurements will be suggested to decrease the lead contamination in the selected profile.

INTRODUCTION
The Marmara region, Istanbul Metropolis and Sakarya Cities located, is the most densely populated and industrialized area of Turkey. This area lies in the conjunction of the continents SE Europe and SW Asia where the
D100 (State road) and TEM (Transmission European
Motorway) passes. The continuous demand for land use
and rapid urbanization needs extensive industrial and infrastructural development in the area, and this causes more
and more traffic load and industrial emissions. As a consequence of this, in and around the D100 and TEM, there
has been great pressure on the local environment.
The urbanized areas have different sources of pollutants, such as vehicle emissions and industrial discharges.

MATERIALS AND METHODS
The study area

In this study, the Camlıca (Istanbul)-Sakarya section
of TEM and D100 has been chosen to explore the extension of lead contamination. The study was undertaken
along the 133 km of TEM and 131 km of D100 (Fig. 1).
This part of the motorways has long been played a ‘bridge
role’ between SE Europe and SW Asia. The area is heavily loaded by traffic, population and industry. The infrastructural quality of the TEM is in the international standards and constructed later than D100 and it is a fare-based
road. On the other hand, the D100 has lower standards and
transportation and it is free of charge. In 2001, the traffic
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levels were 45266 and 90212 vehicles per day in D100 and
TEM, respectively (Ministry of Transportation). It is noteworthy that the residence time of a vehicle during transportation on D100 within 130 km road profile was almost
two times greater than on TEM.

homogenized with a mortar and a pestle. 0.5 gr of the
sample was micro-wave digested in 10 mL of 0.5 M of
37% HCl. To remove any insoluble materials, the digested solutions were filtered through the standard filter designed for a wide range of laboratory applications (MFMillipore membrane filter, mixed cellulose ester, 0.45 µm)
and made 100 mL with deionized water [12]. These were
then stored in plastic bottles. Where available, samples of
corn shoots were collected (April 2003) at the same distances from the motorways as the soil samples. Corn was
chosen as plant is the main vegetable grown in the investigation area. Similar procedure with soil has been followed to prepare the plant samples.

In the investigated profile, the roadside vegetation is
typically Mediterranean namely bush, oaks and mixed
broadleaf groves. Some agricultural fields (corn, potato,
olive etc.) and pines, corkwoods and pastures are also
abundantly present. Quartzite, sandstone, schist, limestone,
dolomite are the main rock type seen in the formations at
investigated area. Most of the clayey-silty-sandy material
found in the soil profile was derived from these rocks.

To understand the variations Pb with depth and distances, at two points of each motorway, systematic sampling was conducted for both soil and corn shoot.

The sampling and analyses

Soil sampling was conducted in October 2002 while
plant samples were taken in April 2003. Total 86 samples were collected along the roadside of the TEM and
D100. 40 samples were collected from TEM, the remaining 46 samples were from D100. Both soil and plant
samples were randomly collected about 7 km intervals at
both motorways (Fig.1).

In order to avoid contamination, all sample bottles
and glassware used in sample preparation and analyses
were rigorously cleaned. This involved soaking and multiple rinses with deionized distilled water, soaking in 1 M
of HCl for an additional 16 h followed by rinsing in distilled deionized water. After drying all the items were
carefully bagged with gloved hands.

The soil samples were taken from the top 10 cm layer
of the soil profile (5 cm depth in general) at about 10 m
distances perpendicular to the motorways. All the soil
samples were digging up agricultural soil. These samples
were collected by using a stainless steel trowel. The samples were kept in plastic bags for analyses. The plant and
soil samples were dried in an oven at 60 0C and 105 0C,
respectively, for 24 hours to remove moisture content.
The dried samples were sieved in a 2 mm plastic sieve to
remove pebbles and larger roots. The samples were then

The lead concentrations of the samples were determined by GF-AAS (Perkin Elmer Model SİMAA 6000).
To assure quality control of the analytical procedure,
parallel analyses of certified Pb-solution have been carried out. The blank samples (1 every 10 samples) were
run to avoid the possibility of contamination during the
digestion process. All the analyses were replicated three
times. The results were expressed as mg/kg.
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TABLE 1
Lead concentrations of roadside soil and plants of TEM and D100 motorways.

Sample
TEM-1
TEM-2
TEM-3
TEM-4
TEM-5
TEM-6
TEM-7
TEM-8
TEM-9
TEM-10
TEM-11
TEM-12
TEM-13
TEM-14
TEM-15
TEM-16
TEM-17
TEM-18
mean
D100-1
D100-2
D100-3
D100-4
D100-5
D100-6
D100-7
D100-8
D100-9
D100-10
D100-11
D100-12
D100-13
D100-14
D100-15
D100-16
D100-17
D100-18
D100-19
D100-20
mean

Pb (mg/kg)-soil
53.1
64.99
55.86
68.48
71.09
64.61
231.24
424.09
66.41
66.36
71.96
67.40
65.24
75.30
62.51
176.02
70.17
227.34
110.12
108.48
116.72
76.11
393.00
115.78
76.78
79.99
107.42
76.43
311.11
68.65
90.97
76.50
162.34
191.80
88.65
89.12
104.54
189.89
216.37
137.07

Pb (mg/kg)-plants
9.56
11.86
not available
12.87
15.39
not available
20.19
29.97
not available
9.31
17.75
not available
10.09
14.20
not available
19.07
10.75
24.89
15.84
not available
20.02
not available
143.79
24.24
not available
21.55
25.46
not available
63.66
15.89
23.25
not available
35.28
55.26
18.23
not available
23.48
39.68
39.25
39.22

Explanation

Tunnel entrance
Junction-toll spot

Toll spot
Climbing line

Junction

Climbing line

Paint factory

Junction

TABLE 2
Correlations of Pb concentrations of soils and plants (corn shoots) in the
vicinity (10 m) and 100 away from the TEM and D100 motorways.

Sample*
TEM-3-soil
TEM-6-soil
D100-1-soil
D100-9-soil
D-100-15-soil
TEM-4-plant
TEM-14-plant
D100-11-plant
D100-16-plant
D100-19-plant

Pb (mg/kg), 10 m away
55.86
64.11
108.48
76.43
191.80
15.39
14.20
15.85
18.23
39.68

* The sample numbers are in accordance with Table-1.
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Pb (mg/kg), 100 m away
13.74
8.36
17.15
6.75
20.86
2.61
3.85
3.15
2.14
4.24
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RESULTS
The lead concentrations of roadside soils and plants
(corn shoot) are shown in Table 1 for TEM and D100
motorways. In order to see if there was any meaningful
Pb-level variation with distances, at some sampling points
in both motorways, soil and plant samples were taken
from 100 m away from the motorways, and the values
were presented in Table 2.
As can be seen from Table 1, the lead concentrations of
the soil samples were between 53.1 mg/kg and 424.09 mg/kg
for TEM while these values ranged from 68.65 mg/kg to
393.00 mg/kg for D100. The lead concentrations in corn
shoots were between 9.31 mg/kg and 24.89 mg/kg, and
15.89 mg/kg and 143.79 mg/kg for TEM and D100, respectively. The mean lead concentration in TEM was
110.12 mg/kg and 15.84 mg/kg for soil and plant, respectively. On the other hand, the mean lead values in D100 are
137.02 mg/kg and 39.22 mg/kg for soil and plant, respectively. The average Pb levels were significantly higher at
D100 than TEM. Table 2 displays that the lead levels
constantly decrease with increasing distances (from 10 m
to 100 m) from the motorways.

At most sampling points, in our study revealed that
the roadside soil Pb values were higher than the permitted
Pb levels of The Turkish Environmental Ministry. According to the guidelines released in 2001, the maximum
Pb levels of the soil must be lower than 50 mg/kg. With
this in mind, any agricultural activity must be banned
around the TEM and D100. Any public park, school and
playground built in and around these roads have to be
reconsidered.
More importantly, as of 1998, 95 % of transportation
of both passenger and freight has been carried out ‘on land’
in Turkey [21]. To our knowledge, this figure did not
changed in recent years. To reduce the hazardous effect of
lead contamination on roadside environs, transportation
should be directed in favor of sea and railways. Use of
unleaded petrol and LPG could also be encouraged.

DISCUSSION AND CONCLUSIONS
Average concentrations of Pb in soils and corn shoots
at D100 were higher than those of TEM. This could be the
result of greater residence time of vehicles on D100 during transportation. As the D100 was constructed (in
1950’s) earlier than TEM (in 1990’s), the lead may be
more accumulated in roadside soils (and thus corn shoots)
on D100. Li et al. [13] stated that the newly built parks in
Hong Kong were generally less contaminated with heavy
metals (Cu, Pb, Zn) since the shorter accumulation time of
the metals. The mean Pb levels of the roadside topsoil at
TEM (110.12 mg/kg) and D100 (137.07 mg/kg) were comparable to that of Hong Kong urban park soil (93.4 mg/kg)
Pb values [13]. High Pb values (up to 234 mg/kg) were
found in gutter sediments related to high traffic density
area in Ibadan, Nigeria [14].
In general, the highest lead values are found in junctions, climbing lines and toll spots where the traffic intensity is mostly present on both roadside. The close relationship between lead concentrations and traffic intensity has
been demonstrated in detail by many authors [13, 15-20].
Although the insufficient number of analyses regarding the variation of Pb levels with distance from the motorways (TEM and D100), it can be concluded that the Pb
content of the soil and corn shoot decreased with increasing distance (Table 2). According to Viard et al [20],
levels of Pb on the roadside soil could be linked to the
traffic intensity. The traffic originated Pb pollution can be
observed up to 320 m distance from the highway [20].
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THE REMOVAL OF DYES FROM
WATER BY MODIFIED BENTONITE
A. Haluk Aydın, Elif Şahin and Gülten Akçay
Dicle University, Faculty of Science and Art, Department of Chemistry, 21280 Diyarbakir, Turkey

SUMMARY
Colour removal is an important task in textile
wastewater treatment. Dodecylammonium bentonite
(DOB) was used as sorbent for reactive blue 160 (RB),
reactive yellow 84 (RY), direct blue 71 (DB), and direct
yellow 50 (DY). Langmuir and Freundlich sorption parameters were calculated and the adsorption data fitted
well to the Langmuir isotherm.
The monolayer adsorption capacity of DOB increases
and follows the orders RB>RY>DB>DY and DB>RB>
RY> DY for the dyes at 298 K and 308 K, respectively.
The thermodynamical equilibrium constant (K0), standard
free energy (ΔG0), enthalpy (ΔH0) and entropy (ΔS0)
changes have been also calculated to predict the nature of
adsorption.

KEYWORDS:
Adsorption, organic pollutants, organo-clay, bentonite, water
treatment, dye wastewater, thermodynamical parameter.

INTRODUCTION
The treatment of spent textile dye baths to remove
their color is one of the challenging problems in the field
of enviromental engineering. Diverse nature of dyes, persistent colors and varying concentrations, inhibitory effects
and non-biodegradability make the procedure difficult and
undependable. Textile dyes generally are made of synthetic, organic, and aromatic compounds and may contain
some heavy metals embodied in their structure. The complex aromatic framework of dyes and presence of heavy
metals induce toxicity, and, in particular, they may be
mutagenic, teratogenic or carcinogenic [1].
The economical removal of dyes and organics remains
an important problem, although a number of systems have
been developed with different adsorption techniques. Adsorption has been found to be superior to other techniques
for water re-use with regard to initial costs, simplicity of
design, ease of operation and insensitivity to toxic substances [2].

Clays have proven to have very good adsorptive properties due to their high surface areas. However, their sorption capacity for organic molecules is very low due to their
hydrophylic character, except for those, which are higly
water-soluble, polar or cationic [3]. Natural clays possess
a negative charge, which is compensated by exchange
cations, such as Na+ and Ca2+, on their surfaces. They are
strongly hydrated in the precence of water, resulting in a
hydrophilic character. The treatment of clays with inorganic or organic reagents increases their sorption capacity.
Therefore, there has been an increasing interest in using
clays for organic treatment, i.e. organo-clays. As organic
cations exchange with metal ions on the mineral surfaces,
the latter are released into solution. The organic cations
may also enter ion-exchange reactions with exchangeable
cations between the layers [4]. The surface of the clays may
be modified and become strongly organophilic. As a result,
the organo-clay complex becomes an excellent sorbent for
poorly water-soluble organic contaminants.
At present there is a growing interest in using lowcost, commercially available materials for the adsorption
of dyes. A wide variety of materials, such as peat [5],
palm-fruit [6], savdust [7], silica fumes [1], Aspergillus
niger [8], shale oil ash [9], magnesium chloride [10],
natural manganese minerals [11], natural zeolite [2], kaolinite and montmorillonite [12] are used as low-cost alternatives to activated carbon.
The aim of the following work was to assess the sorption capacity of bentonite, modified by dodecylammonium
cation treatments, for some selected dyes, namely, reactive
blue 160, reactive yellow 84, direct blue 71, and direct
yellow 50. The bentonite-modified performance was evaluated against raw bentonite.
MATERIALS AND METHODS
Adsorbate: Commercial quality dyes were obtained
from Aldrich and used without any further purification.
The results of the characterization of dyes are shown in
Table 1. A stock solution of the dyes was prepared in
distilled water.
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TABLE 1 - Results of dyes characterization.

Dye
Reactive blue 160 (RB)
Reactive yellow 84 (RY)
Direct blue 71 (DB)
Direct yellow 50 (DY)

CAS No.
71827-76-9
61951-85-7
4399-55-7
3214-47-9

Adsorbents: The bentonite samples used in this investigation were from the Samaş Inc., Turkey [13]. The cationexchange capacity (CEC) equivalents of the raw bentonite
sample were determined according to the ammonium acetate saturation method and found to be 97 mmol per 100 g
dry clay. The sample had a BET-specific surface area of
28 m2/g. The hydrochloride solution of dodecylamine was
prepared by mixing the appropriate amounts of amine
with 0.05 M HCl solution. The hydrogen ion concentration was approximately 20% in excess of the stoichiometric amount to assure complete conversion of the amine
into the salt form.

a (dm3 g-1 cm-1)
9.31
15.82
42.66
29.72

λmax (nm)
617
410
587
398

50 Analyser) and infrared (IR) spectroscopic (Maidac 1700
M Model FTIR) analyses were performed before and after
the modification process. The carbon content of the adsorbent DOB was analyzed on a Carlo Erba CHN analyser and found to be 11.4 %.
Procedure: 50 ml aliquots of the dye solutions (2.5,
5.0, 7.5, 1.0, and 12.5 mg/L initial concentrations) were
equilibrated with 0.1 g sorbent in 50 ml flasks closedwith
teflon caps. The bottles were shaken at 298 K and 308 K
using an immersed waterbath for a prescribed time period
to attain equilibrium. The equilibrium concentrations of
the dyes were calculated from the calibration curve after
measuring their absorbance values using a Shimadzu UV160 model UV spectrophotometer. The maximum wavelengths (λmax) and extinction coefficients of the prepared
dye solutions were determined and given in TABLE 1.

Previously dried (373 K, 24 h) and desiccated bentonite were mixed with amine salt at a concentration higher
than the CEC of the clay. The mixture was subjected to
mechanical shaking for 24 hours at a constant temperature
(298K).
The treated sample was separated from the mixture
by centrifugation and washed several times with ethanol
and ethanol/water (1:1) until being chloride-free, then
dried at 313 K for 24 hours, and mechanically ground to
140 mesh. The surface area of the DOB sample was determined to be 8 m2/g, using the N2 B.E.T. The clay sample was analyzed by X-ray powder diffraction (XRD)
using a Siemens D-500 diffractometer and CuKα radiation, and also thermogravimetric (TGA) (Shimadzu TGA

RESULT AND DISCUSSION
Equilibrium dye concentrations were determined for
each adsorbent (Fig. 1). The removal of dyes by adsorption onto the adsorbents increases with time and attains a
maximum value was reached after 30 min and, thereafter,
it remains constant for all the concentrations studied.
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FIGURE 1 - Adsorption kinetic experiment (-◊- RY, -□- RB, -∆- DY, -○- DB) onto DOB at 298 K.
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The distribution of dye between adsorbent and dye
solution, when the system is at equilibrium, is important
to obtain the capacity of the adsorbents for the dyes [2].
The adsorption data were checked using the Langmuir
and Freundlich equations in the linearized form as follows:

Ce
1
C
=
+ e
Ca Cm b Cm

(1)

lnCa= lnK + n ln Ce

(2)

where Ca and Ce are the amounts of adsorbed and
equilibrium concentration of the solute, respectively, and
Cm, b, K and n are characteristic constant parameters of the
adsorbate/adsorbent systems. The Cm value can be considered as a measurement of the relative adsorption capacity.
The parameter b is a constant related to the bond strength

holding the solute to the sorbent surface [14]. K and n are
known as the adsorption capacity and intensity parameters, respectively [15]. K can also be considered as a
measurement of the relative adsorption capacity, because
it is the value of Ca, when Ce is the unity [3].
Fig. 2 shows the adsorption isotherms of RB, RY, DB
and DY on DOB at different temperatures, respectively.
In Table 2 the parameters Cm and b, and also K and n,
corresponding to Langmuir (equation 1) and Freundlich
(equation 2) models applied to the adsorbent studied, are
summarized. The graphs obtained by plotting Ce versus Ca
for the dyes onto DOB at different temperatures are given
in Fig. 2. The experimental data show that adsorption
graphs of dyes confirm the Langmuir adsorption isotherms.
This is also supported by the correlation coefficients given
in Table 2.
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FIGURE 2 - Adsorption isotherms for dyes onto DOB at 298 K (-○-) and 308 K (–Δ-).

TABLE 2 - Langmuir and Freundlich parameters for RB, RY, DB and DY adsorption on DOB.

Adsorbent

T(K)

Modified bentonite (DOB)

298

308

RB
RY
DB
DY

Cm
mg/g
42.02
39.68
38.61
19.49

RB
RY
DB
DY

37.74
27.17
40.82
19.76

Dye

1534

Langmuir
b
dm3/mg
0.05
0.04
0.11
0.60
0.04
0.04
0.06
0.26

Freundlich
K

n

R2

0.999
0.974
0.999
0.999

4.45
1.87
10.06
10.19

0.48
0.67
0.30
0.17

0.977
0.926
0.965
0.909

0.999
0.995
0.999
0.999

3.05
1.51
6.44
7.50

0.53
0.64
0.40
0.24

0.989
0.824
0.979
0.935

R

2

70
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FIGURE 3 - Langmuir plots corresponding to the adsorption of the studied dyes onto DOB at 298 K (-□-) and 308 K (–Δ-).

Fig. 3 shows the straight lines obtained, when plotting
Ce/Ca versus Ce for the dyes on DOB at the different temperatures studied, and the correlation coefficients were
found to be greater than 0.97 in all cases. The Cm values in
the Langmuir analysis indicate the monolayer capacity of
the adsorbent for the dyes.
As can be seen in Table 2, the monolayer adsorption
capacity (Cm) of the DOB increases and follows the orders RB>RY>DB>DY and DB>RB>RY>DY for the dyes
at 298 K and 308 K, respectively. The constant b related
to the bond-strength holding the solute to the sorbent
surface increases following the orders DY>DB>RB>RY
and DY>DB>RY=RB for the dyes at 298 K and 308 K,
respectively.
The increased adsorption capacity of clay for these
dyes treated with dodecylammonium ions is due to the
alkyl chains in the interlamellar spaces of DOB functioning

as organic solvent in partitioning. Lyophilic (aromatic ringalkyl chain) forces could occur via tail-ring attraction between the organo-clay surfaces and dye molecules.
However, the sorption of these dyes on DOB may occur via different mechanisms or additional mechanisms,
because of their anionic character. Some ionic attraction
could occur between adsorbed organic cations, not compensating the cation-exchange capacity of the minerals
and dye anions.
For DOB, dodecylammonium ion chains were parallel to the silicate layer. This organo-clay had a basal spacing d (001) of 13.9 Å (1 Å = 0.1 nm) determined by X-ray
powder diffraction data, which implies an external organic
thickness of 4.4 Å, besides the inorganic one of 9.5 Å as
indicated in reference [13]. This organic layer thickness
(4.4 Å) was almost equal to that of the dyes, which could be
adsorbed by weak lyophilic bonds with an easy desorption.

TABLE 3 - Thermodynamical parameters.

Dye
RB
RY
DB
DY

T (K)

K0

298
308
298
308
298
308
298
308

2.50
1.69
1.75
1.10
11.81
4.43
185.62
12.50

1535

ΔG
(cal/mol)
-542
-321
-330
-57
-1457
-906
-3085
-1539

ΔH
(cal/mol)

ΔS
(cal/mol.K)

-7128

-22.10

-8459

-27.28

-17883

-55.12

-49183

-154.69
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FIGURE 4 - Plots of ln (Ca/Ce) versus Ca for dyes adsorbed onto DOB at 298 K (-□-) and 308 K (–Δ-).

The thermodynamical equilibrium constant (K0) for
the adsorption reaction was determined by plotting Ln
Ca/Ce versus Ca and extrapolation to zero (Fig. 4) [16].
The standard free energy changes (ΔG0) for the interaction were calculated from the following relationship:
ΔG0 = -RT ln K0
(3)
where R is the universal gas constant and T is the
temperature in Kelvin degrees.
The standard enthalphy changes (ΔH0) were then calculated from the van’t Hoff isobar:

ln K 2
ΔH 0 ⎛ 1 1 ⎞
⎜ − ⎟
=−
K1
R ⎜⎝ T2 T1 ⎟⎠

(4)

and standard entropy (ΔS0) changes by using equation 5
as given below:
ΔG0 = ΔH0 - TΔS0
(5)
The values for the different dyes are summarized in
Table 3. A negative free energy change (ΔG0) indicates
that the reaction is spontaneous with a high affinity for the
dyes. It also suggests a high persistence and resistance to
degradation of dyes, when using DOB. Negative values of
the standard enthalpy change (ΔH0) show that dye interaction with both DOBs is exothermic and the products are
energetically stable with a high binding capacity of the dye
to the DOB sites. A negative entropy change (ΔS0) indicates a greater order of reaction during the adsorption of the
dyes in both DOB systems and at both temperatures.

84 (RY), direct blue 71 (DB), and direct yellow 50 (DY).
This modified bentonite has shown a much greater adsorption capacity against dyes. This can be explained by assuming that dodecylammonium as modifier has an increasing
effect on the distance between the clay layers, thereby
allowing the dye molecules to penetrate the layers where
they are easily adsorbed. Furthermore, a physical bonding
mechanism between the long alkyl chain of dodecylammonium molecule and dye molecule can be stated as
well.
As shown in Fig. 2 and Table 2, the adsorption tends
to decrease as temperature increases. This perhaps, evidences that the adsorption takes place physically, because
physisorption principle dictates that there is an adverse
relation between temperature and adsorption rate.
The thermodynamic parameters obtained from the experimental data demonstrate that the adsorption between
the modified bentonite and the dyes is a self-motivated
exothermic phenomenon.
Consequently, this modified bentonite may be a lowcost and efficient organo-clay adsorbent, usable as an
alternative to mitigate the impacts of environmentally
threatening problems of dye pollution.

CONCLUSION
In this study, dodecylammonium bentonite (DOB) was
used as sorbent for reactive blue 160 (RB), reactive yellow
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NOMENCLATURE
CEC: the cation-exchange capacity (mmol/100g)
Ca: amount of the dye adsorbed per gram of the used
adsorbents (mg/g)
Ci: initial liquid-phase concentration (mg/L)
Ce: equilibrium liquid-phase concentration (mg/L)
Cm: the monolayer adsorption capacity (mg/g)
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loam soils, Ecotoxicology and Enviromental Saffety, 10,
309-313.

b: parameter in the Langmuir equation (L/mg)
K: parameter in the Freundlich equation
n: parameter in the Freundlich equation
R; dimensionless parameter, defined by equation

REFERENCES
[1]

Mohan S. V., Mamatha V. V. S. and Karthikeyan J. (1998)
Removal of color from acid and direct dyes by adsorption onto
silica fumes, Fresenius Environmental Bulletin, 7, 51-58.

[2]

Meshko V., Markovska L., Mincheva M. and Rodriques A.
E. (2001) Adsorption of basic dyes on granular activated carbon and natural zeolite, Water Research, 35(14), 3357-3366.

[3]

Hermosin M. C. and Cornejo J. (1992) Removing 2,4-D from
water by organo-clays, Chemosphere, 24(10), 1493-1503.

[4]

Akçay G. and Yudakoç K. (2000) Removal of various phenoxyalkonoic acid herbicides from water by organo-clays,
Acta Hydrochim. Hydrobiol., 28 (6), 300-304.

[5]

McKay G. and Allen S. J. (1983) Single resistance mass
transfer models for adsorption of dyes on peat, J. Separ. Process. Technology, 4(3), 1-7.

[6]

Nassar M.M., Hamoda M. F. and Radwan G. H. (1995) Adsorption equilibria of basic dyestuff onto palm-fruit bunc particler, Water Sciences and Technology, 32(11), 27-32.

[7]

Al Mansi N.M. (1996) Decolorizing wastewater in a fixed
bed using natural adsorbents, Separation Science and Technology, 31 (14), 1989-1995.

[8]

Payman M.A. and Mahnaz M.A. (1998) Decolourization of
textile effulent by Aspergillus niger (marine and terresrrial),
Fresenius Environmental Bulletin, 7, 1-7.

[9]

Al Qodah Z. (2000) Adsorption of dyes using shale oil ash,
Water Research, 34 (17), 4295-4303.

[10] Tan B.H., Teng T.T. and Mohd Omar A.K. (2000) Removal
of dyes and industrial dye wastes by magnesium chloride,
Water Research, 34(2), 597-601.
[11] Liu R. and Tang H. (2000) Oxidative decolorization of direct
light red F3B dye at natural manganese mineral surface, Water Research, 34(16), 4029-4035.
[12] Yavuz O. and Aydin A.H. (2002) The removal of acid dye
form aqueous solution by different adsorbents, Fresenius Environmental Bulletin, 11 (7), 377-383.
[13] Akçay G. and Yurdakoç K. (1999) Nonyl-and dodecylamines
intercalated bentonite and illite from Turkey, Turk. J. Chem.,
23(1), 105-113.
[14] Travis C.C. and Etnier E.L. (1981) A survey of sorption relationships for reactive solutes in soils, J. Environ. Qual, 10, 817.
[15] Moreale A. and Van Bladel R. (1980) Fate of 2,4-D in Belgium soils, J. Environ. Qual, 9, 627-630.
[16] Singh R.P., Varshney K.G. and Rani S. (1985) Adsorption
thermodynamics of carbofuran on sandy clay loam and silt

1537

Received: May 12, 2004
Accepted: August 10, 2004

CORRESPONDING AUTHOR
Elif Şahin
Dicle University
Faculty of Science and Art
Department of Chemistry
21280 Diyarbakir - TURKEY

© by PSP Volume 13 – No 12b. 2004

Fresenius Environmental Bulletin

e-mail: esahin@dicle.edu.tr
FEB/ Vol 13/ No 12b/ 2004 – pages 1530 - 1535

IMPACT OF VARIOUS AIR EXCHANGE RATES ON THE LEVELS
OF ENVIRONMENTAL TOBACCO SMOKE (ETS) COMPONENTS
Dimitrios Kotzias, Otmar Geiss, Paolo Leva,
Arturo Bellintani, Athanasios Arvanitis and Stylianos Kephalopoulos
Commission of the European Union, Joint Research Centre, Institute for Health and Consumer Protection, 21020 Ispra (Va), Italy

SUMMARY

residing with non-smokers, the workplace may be the
principal location where exposure takes place. Although

Environmental tobacco smoke (ETS), derived primarily from side-stream cigarette smoke between puffs, is a
major contributor to indoor air pollution wherever smoking
occurs. In the frame of activities to evaluate human exposure to ETS components in indoor environments, a series of
tests were undertaken to investigate the impact of various
ventilation rates on the air concentration of ETS-components. The tests were carried out at the European Commission-Joint Research Centre’s INDOORTRON facility, a
30 m3 walk-in type environmental chamber.
Preliminary evidence indicates that changes in ventilation rates simulating conditions expected in many residential and commercial environments during smoking do
not have a significant influence on the air concentration
levels of ETS constituents, e.g. CO, NOx, aromatic compounds, nicotine. This suggests that efforts to reduce ETS
originated indoor air pollution through higher ventilation
rates in buildings, including residential areas and hospitality venues, would not lead to a meaningful improvement
of indoor air quality. Moreover, the results show that
“wind tunnel”-like rates or other high rates of dilution
ventilation would be expected to be required to achieve
pollutant levels close to ambient air limit values.

KEYWORDS:
Environmental Tobacco Smoke (ETS), Air Exchange Rates, ETS
components, INDOORTRON environmental chamber.

INTRODUCTION
Environmental tobacco smoke (ETS) is a complex
mixture of thousands of compounds in particulate and
vapor phases. The contribution of various environments to
personal exposure to ETS components varies with the
time-activity pattern of the exposed individuals, e.g. exposure of infants residing in the home of a smoker would
be greater for those who do not attend day care. For adults

the exposures of nonsmokers are much lower than those
of smokers, there is some evidence that secondhand (SH)
exposure to tobacco smoke increases the risks of heart
disease, lung cancer, asthma and other diseases. The evidence, however, is often conflicting. For example, some
studies indicate an increased risk of lung cancer from ETS
exposures while others do not. One important reason for
the uncertainties in scientific studies is that estimates of the
amount of ETS to which nonsmokers are exposed are not
quantitative. This makes it more difficult to determine the
relationships between ETS exposure and risk of disease.
Many of the vapor-phase chemicals in ETS can be
removed from air by sticking or “sorbing” to indoor surfaces (e.g. carpet or furnishings) and then be re-emitted
back into the air at a later time. This sorption/desorption
behavior is often evident from the odor of cigarette smoke
in homes, offices and hospitality venues long after smoking has ceased. This means that the chemical composition
of ETS changes over time, but we know very little about
these dynamic changes and/or on how these changes relate
to measurements of single compounds used to trace exposures (e.g. measurements of nicotine in air). However,
nicotine and respirable suspended particulates (RSPs) are
often used to quantify exposure as ETS cannot be measured directly as a whole. In the U.S., nicotine concentrations in homes where smoking occurs typically range
from less than 1 µg/m3 to over 10 µg/m3. Concentrations
in offices where people smoke typically range from near
zero to over 30 µg/m3. Levels in restaurants, and especially bars, tend to be even higher, and concentrations in
confined spaces such as cars can still be higher. Measurements of ETS-associated RSPs in homes where people
smoke range from a few µg/m3 to over 500 µg/m3, while
levels in offices are generally less than 100 µg/m3 and
levels in restaurants can exceed 1000 µg/m3. In Western
societies, with adult smoking prevalence of 30-50%, it is
estimated that over 50% of homes are occupied by at least
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one smoker, resulting in a high prevalence of ETS exposure in children and other non-smokers. Application of
high ventilation rates in indoor spaces and/or separation
of smokers from non-smokers in public areas have often
been suggested to reduce human exposure to ETS. However, experts in building ventilation have stated that dilution ventilation, used in all mechanically ventilated buildings, will not efficiently control ETS in restaurants, bars
etc. They have also stressed the lack of recognized standards for acceptable ETS exposure as well as the lack of
information on typical exposure levels [1,2,3 and therein
cited literature].
In order to assess the impact of various air exchange
rates on the levels of ETS-derived air contaminants, a series
of experiments have been carried out using the INDOORTRON facility, a 30m3 walk-in type environmental chamber. The study is part of our investigations on tobacco
smoke constituents, including research on tobacco additives [4], human exposure studies to main-stream and
side-stream tobacco smoke, and the impact of ETS on
indoor air quality. Emphasis is given on the identification
and quantification of the main ETS volatile components
(many of them known as causing serious health effects) at
different ventilation rates, rather than to examine available control technologies for environmental tobacco
smoke. A particular feature of our study was the monitoring of the various ETS originated components close
(1.5m) to the emission source (cigarette burning) during
the smoking period, to evaluate human exposure in the
direct proximity of the source.

For these experiments the chamber was operated at
stagnant air conditions and at three different ventilation
rates i.e. 0.2, 0.5 and 1 ach while maintaining the relative
humidity (RH) at 50 % and the temperature at 23 °C.
Second series of experiments

Four cigarettes were smoked (BORGWALDT, Mod.
20) simultaneously five times, making a total of twenty
cigarettes smoked during each experiment.
The chamber was operated at five different ventilation rates i.e. 0.5, 1, 2, 3.5 and 5 ach while maintaining
the relative humidity (RH) at 50% and the temperature at
23°C (at 5 ach relative humidity dropped down to 23%).
During the experiments air samples were taken at distinct time intervals in order to follow changes in concentration of some of the characteristic compounds that are
formed during cigarette burning.
The cigarettes used are commercially available with
declared nicotine and tar amount of 0.6 and 7.0
mg/ cigarette, respectively.
Smoking conditions:

Puff volume
Puff duration
Puff intermission
Butt length

a) five cigarettes
35 ml
2.0 sec
60.0 sec
35 mm

b) twenty cigarettes
4*35 ml = 140 ml i
3.0 sec
60.0 sec
Approx 35 mm ii

i

Puff volume set on the smoking machine 140 ml resulting from 35 ml
for each cigarette in a four cigarette set.
ii
Approximate value because not under control of the IR detector of the
smoking machine.

The following substances were analysed:

MATERIALS AND METHODS
The INDOORTRON is a walk-in type environmental
chamber of a 30-m3 volume featuring the ability to independently control temperature (15-40 °C), relative humidity (20 - 90%) and air change rates (ach) ranging from
0.1-2 air change rates per hour (“climate mode”). Under
non-controlled climatic conditions (“rinsing mode”) air
change rates can be increased up to 5 ach.
Air exchange rates were determined by using the tracer
gas (SF6) technology according to ASTM E 741-93 standard
with a Lagus Applied Technology Autotrac 101 automatic
SF6 analyser (GC-ECD). Homogeneity within the chamber
in “climate mode” is close to 100%; in the “rinsing mode”
homogeneity drops down to ca.75% (at 5 ach).
After some preliminary test runs two series of experiments were designed and executed:

Volatile Organic Compounds (VOCs): benzene, toluene, pyridine, m+p-xylene, limonene and nicotine (first
and second series of experiments at stagnant air conditions, 0.5, 1 and 2 ach).
Carbonyl compounds: formaldehyde and acetaldehyde (second series of experiments at 0.5, 1 and 2 ach).
Inorganic gases : NOx (NO+NO2) and carbon monoxide (CO) [all experiments]
Ozone/Carbon monoxide/NOx Monitoring

Monitoring of ozone, carbon monoxide and of nitrogen oxides was performed on-line during the entire time
period of the experiments. The sampling line was placed
as for the other analyzed compounds in the vicinity of the
source (cigarette burning).
The automatic analyzers used are:

First series of experiments

Five cigarettes were smoked consecutively with a commercial smoking machine (BORGWALDT, Mod. 20)
following the ISO smoking regime in the INDOORTRON
facility.

Ozone: Thermo Environmental Instruments Inc.,
model 49. Principle of measurement: UV-Photometric.
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NOx analyzer: Thermo Environmental Instruments
Inc., model 42C. Principle of measurement: Chemiluminescence.

Column: Waters Nova-Pak C18, 60A, 4 µm
(3.9 x 300) mm
Mobile Phase: A = Acetonitrile/THF/Water
(30:10:60)
B = Acetonitrile/Water
Gradient: 0% B for 1 min, linear gradient to 100% B
over 10 min
Flow Rate: 1 ml/min
Column Oven: 25 °C
Injection Volume: 25 µl
Wavelength: 360 nm
Volume Sampled:
for five cigarettes: 50 liters (1.7-2.0 l/min)
for twenty cigarettes: 13 liters (1.7 – 2.0 l/min)
Elution: Cartridges are eluted with 5ml acetonitrile and
this solution analysed with HPLC (detection at 360 nm).

Carbon monoxide analyzer: Thermo electron Corp.,
model 48. Principle of measurement: Gas filter correlation/IR-photometric
Analysis of volatile organic compounds (VOC)

VOCs and Nicotine sampling was performed using
TENAX TA tubes, analysis was made by thermal desorption and GC/MSD with SIM (78-benzene, 79-pyridine,
91-toluene, ethyl benzene and xylenes, 68-limonene and
84-nicotine).
Temperatures setting for conditioning and desorption
according to ISO norms are 280 and 260, respectively.
The volume sampled for VOCs was kept as low as
possible in order to avoid saturation and breakthrough
phenomena, from a minimum of 250 ml to a maximum of
500 ml at a sampling flow rate of 100 ml/min.

RESULTS AND DISCUSSION

Method for analysis of VOCs:

CO and NOx monitoring

Thermal desorption:
Perkin Elmer ATD 400 equipped with a TENAX TA
cold trap of 100 mg
Desorption temperature: 260 °C
Desorption flow: Helium at 50 ml/min
Cold trap low temperature: - 30 °C
Cold trap high temperature: 260 °C
Valve temperature: 200 °C
Transfer line temperature: 220 °C

Figs.1 and 2 show the variation of the CO and NOx
concentrations during consecutive smoking of five cigarettes at stagnant air conditions and by applying different
air exchange rates within a period of ca. 100 minutes
(duration of the experiments). Within the burning period
(ca. 37 minutes after lighting) CO and NOx concentrations
are increased to reach the maximum by the end of the burning period. The measurements clearly indicate that during
this time (burning period) changes in the ventilation rate do
not have any significant influence on the concentration of
the pollutants. Changing the ventilation rate from static
conditions to up to one exchange per hour (i.e. 30m3), results in changes to the CO concentrations of up to 25%
only, compared to the values obtained at stagnant air conditions. Similar results were found for NOx too.

Gas Chromatography:
Column: J&W Scientific DB-5-MS 30mt*0.25mm,
1µm film.
Oven temperature: Temperature program
from 10°C (2 min) to 220°C at 4 °C/min
from 220 °C to 260 °C (1.5 min) at 15 °C/min
total run time 55 minutes
Transfer line temperature: 280 °C
Carrier: Helium at 15 Psi (constant pressure mode)
Mass Selective Detector:
Acquisition mode: scan
Solvent delay: 1.00 minute
Low mass: 50 amu
High mass: 350 amu
Analysis of carbonyl compounds
(Formaldehyde and Acetaldehyde)

Sampling of the carbonyl compounds was performed
using Sep-Pak DNPH-Silica cartridges consisting of 2,4dinitrophenylhydrazine-coated silica. These cartridges trap
volatile aldehydes and ketones (reaction with DNPH in
the cartridges) to form stable hydrazone derivatives. An
ozone scrubber was placed before the Sep-Pak DNPHSilica cartridge. The collection efficiency is given with a
value of >95% for sampling rates up to 2 l/min.
Method for analysis of carbonyl compounds:

After the burning period (lasting ca. 37 min.), an
overall reduction of the air concentrations of the pollutants was observed. This can be attributed to air exchange
rate variations and the absence of the strong emission
source (cigarette burning). At the end of the experiments
(after ca. 100 min.), a change of the ventilation rate of up
to one exchange per hour, results to ca. 67% and 70%
reduction of the CO and NOx concentrations, respectively
(compared to stagnant air conditions).
The formation of carbon monoxide (CO) and of nitrogen oxides (NOx) (Fig. 3 and 4) during the second
series of experiments with twenty smoked cigarettes (and
with clearly higher smoke volume produced) follows the
same trend, already observed during the first series of
experiments (five cigarettes smoked). During the smoking
period (ca. 37 min.), peak concentrations up to 30 ppm
(CO) and 800 ppb (NOx) were measured (at 0.5 ach). This
corresponds, as expected, to concentrations up to four
times higher compared to the concentrations measured
during the first series of experiments. Variations of peak
concentrations of CO and NOx during the initial phase of
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the experiment (smoking period) and at different ventilation rates (0.5, 1, 2 and 3.5 ach) do not exceed 47% despite the large change in air exchange rate. Twenty
minutes after the end of the smoking period CO and NOx
concentrations dropped down up to 80% at ventilation
rates of up to three and a half exchanges per hour. An
increase of the ventilation rate up to five exchanges per
hour leads to a further reduction (up to 25%) of CO and
NOx concentrations compared to those at 3.5 ach.

Another experiment was carried out (at 2 ach) with
smoking of ten cigarettes during a period of ca. 20 min,
followed by a non-smoking period of 60 min and subsequent
smoking of another set of ten cigarettes. Production and
elimination of CO and NOx. is shown in Fig. 5. Maximum
concentrations of ca.370 ppb for NOx and of ca. 12 ppm for
CO were measured. During the non-smoking period of one
hour the concentrations for both NOx and CO dropped
down to 70 ppb and 3 ppm, respectively. Starting smoking
again, NOx and CO levels reached values slightly higher
than those measured during the first smoking period.

FIGURE 1
Concentration of CO at different air exchange rates (first series of experiments).
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FIGURE 2
Concentration of NOx at different air exchange rates (first series of experiments).

FIGURE 3
Concentration of CO at different air exchange rates (second series of experiments).
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FIGURE 4
Concentration of NOx at different air exchange rates (second series of experiments).

FIGURE 5
Concentration of NOx and CO smoking ten cigarettes, stopping for one
hour and smoking again 10 cigarettes at an air exchange rate of 2 (60 m3/h).

Volatile Organic Compounds

Apart from CO and NOx some organic compounds
produced during cigarette burning were regularly monitored, in particular, during the initial phase of the experiments (smoking period). The results show that peak concentrations of benzene, toluene, m+p-xylene, limonene
and pyridine do not change significantly at different ventilation rates (Table 1). For nicotine, the measured concentration at one air exchange rate amounts to ca. 85% of the
concentration measured at stagnant air conditions.
In the second series of the experiments the formation
of benzene, BTEX (sum of aromatics), pyridine, limonene
and nicotine was monitored during the entire duration of
the experiment and at different ventilation rates i.e. including measurements beyond (ca. 80 min) the initial

smoking period (ca.37 min). Peak concentrations up to
210 and 1640 µg/m3 for benzene and nicotine, at 0.5 ach,
were measured (Figures 6-10). Under the same conditions, 3-ethenyl-pyridine, a combustion product from
nicotine often used as a marker for environmental tobacco
smoke reached values up to 275 µg/m3.
Even at elevated air exchange rates (2 ach) the concentrations of 160 µg/m3 for benzene and 1200 µg/m3 for
nicotine are (at the end of the smoking period) still high.
For both compounds, at the end of the experiment (ca. after
120 min) air concentration dropped down to 14 µg/m3 and
115 µg/m3 for benzene and nicotine, respectively. A similar behavior was observed for the other volatile organic
compounds monitored.

TABLE 1
Peak concentrations in µg/m3 of volatile organic compounds at different air exchange rates (first series of experiments).

AER [h-1]
Benzene
Toluene
m/p-Xylene
Pyridine

Air Exchange Rates (first series of experiments)
0
0.2
0.5
57.5
55.9
54.1
89.8
89.5
85.0
40.9
40.5
40.8
50.5
49.0
50.5
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Limonene

39.7

40.8

36.2

36.8

Nicotine

351.0

340.5

355.5

301.1

FIGURE 6
Benzene concentrations (second series of experiments).
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FIGURE 7

BTEX concentrations (second series of experiments).
FIGURE 8
Pyridine concentrations (second series of experiments).
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FIGURE 9
Limonene concentrations (second series of experiments).

FIGURE 10
Nicotine concentrations (second series of experiments).
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FIGURE 11

Formaldehyde concentrations (second series of experiments).
FIGURE 12
Acetaldehyde concentrations (second series of experiments).
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Carbonyl compounds

It is well known, that high amounts of carbonyl compounds, e.g., formaldehyde and acetaldehyde, are produced
during smoking [4, 5]. During the first series of experiments some few measurements were made to quantify
formaldehyde and acetaldehyde produced during cigarette
burning under the conditions of our studies. On the basis of
these preliminary results, we decided (during the second
series of experiments) to monitor the formaldehyde and
acetaldehyde production during the entire time of the experiment and at different ventilation rates i.e. to include
measurements beyond (ca. 60 min) the initial smoking
period (ca. 37 min). Results are reported in the Figures 11
and 12. Peak concentrations up to 1400 and 500 µg/m³
were measured for acetaldehyde and formaldehyde, respectively. Even at elevated air exchange rates (2 ach) the
concentrations of 900 µg/m³ for acetaldehyde and of
ca.400 µg/m³ for formaldehyde are (at the end of the
smoking period) still high. For both compounds, at the
end of the experiment (ca. after 100 min), air concentrations dropped down to 180 µg/m³ and 90µg/m³ for acetaldehyde and formaldehyde, respectively.

Expressing mathematically the aforementioned assumptions leads to the following equations, comprising
the model:
dC/dt = R/V - AER×C during smoking

(1)

dC/dt = -AER×C after smoking

(2)

where
C
[ppb] is the chamber concentration,
R
[ppb×m3/min] is the emission rate,
V
[m3] is the chamber volume,
AER [1/min] is the air exchange and
t
[min] is the time
Solving analytically the ODEs gives:
(1)=> C(t) = R/(V×AER) * [1-exp(-AER×t)] for
t<smoking duration
(2)=> C(t) = Co×exp(-AER*t) for t>smoking duration
where
Co [ppb] is the concentration at the end of the smoking event

MODELING
In addition to the experimental activity, modeling
work was carried out with the aim to simulate CO and
NOx buildup and decay during the entire period of the
experiments (up to 120 min) at different air exchange
rates. Moreover, an attempt was made to calculate at
which air exchange rates CO and NOx concentrations
reach levels comparable to those in ambient air (100-150
ppb for NOx, 3-5 ppm for CO) to which people is frequently exposed in urban areas.
As spatial (chamber air) homogeneity was guaranteed
in most of the experiments (see also comments in the
chapter Materials and methods), a first order, linear ODE
(ordinary differential equation) was used to simulate
mathematically the experimental setup. The concentration
change of NOx or CO was attributed to:
• emissions from the smoking device,
• removal due to air exchange and,
• introduction of outdoor polluted air into the chamber
(for the experiments in “rinsing mode”).
Besides assuming a well-mixed chamber, we considered no other source or sink terms for the two pollutants
under consideration as little deposition on the steel walls
of the chamber or chemical activity for the specific gases
under consideration is expected to occur in such a short
time (~2 h).

The static experiment data were used to estimate the
emission rate of both NOx and CO applying a linear regression analysis as emission rate was expected to be
constant during the burning of a cigarette. The same emission rate was used to simulate both the first and second
series of experiments, multiplied by 4 in the latter case.
Model and experimental data for NOx and CO agree
fairly well confirming all the assumptions made in the
model while verifying at the same time the quality of the
experimental procedure as well. The correlation coefficient between measured and calculated time series stays
above 99% in all cases while the normalized bias is kept
below 5% in all but one dataset.
In Figures 13 and 14 are presented the modeled
against the experimental data of NOx and CO for 1 ach
and 20 smoked cigarettes.
However the present model underestimates the emissions of nicotine experiments (see Figure 15). This is
expected because the model equations (1) and (2) do not
account for rapid sorption of nicotine and also neglect any
removal due to deposition which may occur for this substance. This is consistent with the findings of Klepeis et
al. [6] and Daisey et al. [7].
Consequently, the model successfully reproduces the
experimental results of NOx and CO and thus can be readily and safely applied to give answers when simulating
hypothetical cases; it is much less accurate when applied
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to nicotine, the emissions of which in all experiments has
been underestimated.

Such hypothetical cases, similar to the second series
of experiments but with higher air exchange rates were
simulated and are presented in Figures 16-17.

Simulation of NOx concentrations,
20 cigaretes smoked, 1 AER
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FIGURE 13
Modeled against experimental NOx data for 1 ach and 20 smoked cigarettes.

Simulation of CO concentrations,
20 cigaretes smoked, 1 AER
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FIGURE 14
Modeled against experimental CO data for 1 ach and 20 smoked cigarettes.

Simulation of Nicotine concentrations,
20 cigarettes smoked, 1 AER
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FIGURE 15
Modeled against experimental Nicotine data for 1 ach and 20 smoked cigarettes.

Simulation of CO concentrations for different air exchange rates
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FIGURE 16
Simulation of CO concentrations for different air exchange rates (model parameters according to second series of experiments).

Simulation of NOx concentrations for different air exchange rates
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FIGURE 17
Simulation of NOx concentrations for different air exchange rates (model parameters according to second series of experiments).
,

CONCLUDING REMARKS
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Results obtained from our studies clearly indicate,
that cigarette smoking represents a strong source of a
large number of chemicals such as: volatile hydrocarbons,
carbonyls, polycyclic aromatic hydrocarbons, inorganic
gases and particles etc. They are produced at high concentrations during the burning process and are not rapidly
and substantially eliminated from the indoor air atmosphere, even when high air exchange rates were applied.
Diffusion of the emitted compounds (side-stream compounds and burning products) is relatively slow, so dilution via mixing with new incoming fresh air is not very
effective as a control measure.
Moreover, these preliminary results show that “wind
tunnel”-like rates or other high rates of dilution ventilation would be expected to be required to achieve pollutant
levels close to those frequently occurring in ambient air.
Our findings are comparable with the results obtained in
studies in the US, carried out at different hospitality venues (restaurants, bars).
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SUMMARY
As the responsibility of food and agriculture industry
towards pollution more and more grows, a contribution
shall be made hereby. In order to abate or at least to control agriculture related pollution, new methods should be
developed more on chemical basis, and environmental
pollution should be managed appropriately on regional
level. For doing so, suitable conditions have to be created
by decision makers on national level, which can only be
accomplished by analyzing correctly agriculture related
pollution systems and all costs and benefits involved.
System analysis in turn requires the availability of sound
criteria and standards providing answers for decision
makers. Already on the way is the study of implications
and needs for research on aspects regarding agricultural
and foresty pollution, as well as the trend to develop European regional schools including university graduate
programs providing additionally future resources to counteract environmental pollution.

KEYWORDS: Agricultural pollution, pollution abatement, pollution
controlling technologies, pollutants.

INTRODUCTION
The realization of the vulnerability and responsibility
of agriculture and food industries as being part and creators
of pollution has emerged only in the last ten years. In the
early fifties, some of the human health hazards deriving
from agriculture related pollution were recognized and
reactions initiated to control them. In contrast to this, comparatively in recent years, business and ecologic manifestations regarding pollution have become more and more
defined, and only when true, become intense and reach
massively local properties. Therefore, as far as in agriculture is implemented, there is still room for public and governmental responses to problems of pollution in this area
and its industries being governed by crisis situations.

Pollution regarding the agriculture has been slower in
emerging as a genuine problem on the European scene
than other sources related to pollution problems. More
consideration is now focused on this source of potential
hazards and interactions as small scale farms disappear
and large scale agriculture complexes are readily identified. There are more than twenty thousand food processing plants alone in Europe among proliferation of
production-, food processing- and by-products manufacturing units, accessible to the whole area.
Up until recent times, sanitary engineering approaches
to control pollution. This technology, however, based on
the human health endangered by pollutant microorganisms,
is no longer suitable for today’s society, which nowadays is
concerned with a wide range of old, new and special chemicals. To develop new technologies poses special problems
in research and development to abate and to control agriculture related pollution, since all the answers necessary for
achievement are not readily available now. This itself
should not be used as an excuse for delaying steps. Numerous European researchers have urged that since pollution
problems are recognize in character, they should be managed on regional level, but leadership should make it imperative that diverse regions develop satisfactory quality
standards or accept federal standards instead.
The public in many European countries is to varying
degrees slowly becoming aware of the pollution problems
and is being conditioned by a well organized educational
program to accept the costs involved. At the moment,
attention are on the problems coming from primary industries and those of large scale cities. Agriculture related
pollution is next on the list for attention.
SYSTEM ANALYSIS FOR POLLUTION
To insist upon a clean environment has been accepted
as a meaningless concept. The key questions are: how
clean? What cost is tolerable? For what purpose? The
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right amount of tolerable pollution implies a calculated
risk to some sectors of society. This has special implications for agriculture as both the recipient or injured party
of pollution and more recently as a potential major polluter. While it may be comparatively easy for us to define
the injuries to agriculture and ask other resources to control them, it is a much more complex task to advise upon
what stance agriculture and its industries can justifiably
assume on the more subtle long-term effects caused by
pollutants of agricultural origin which have an impact
upon other resources.
Traditionally, it has been conditioned to react promptly to a hazard defined to human health. Similarly, when
the ability to export an agricultural raw or processed
commodity is defined, prompt action is developed. Political expediency has governed other reactions by the agricultural sector. New forces are emerging which are applying new strong pressures in defining how clean an environment is that we desire. Fish and wildlife agencies and
citizens organizations are staking a claim for the right to
be partners in developing guidelines. Can agriculture live
with these new demands?
The current controversy concerning the right to retain
persistent organochlorine insecticides in agriculture is a
case history which requires a thorough and complete systems analysis approach. Although the use of hydrocarbons
in European agriculture has declined in the past 30 years,
there are still some pest control problems for which it is
the only practical answer today. Banning of persistent
organochlonine insecticides (such as aldrin, dieldrin,
chlordane, endrin, heptachlor and lindane) would require
multiple applications of more expensive replacement
compounds. This step would be accompanied by increased labor costs and in some instances increased occupational hazards to the farm labor force. Available information today suggests that chlorinated hydrocarbons
spray fall-out in orchards soils is stable and unlikely to
move more than a few inches over a long period of time.
We cannot state with confidence how much or under what
conditions these substances in soil will move into ground
water or be carried to water with surface erosion. Once in
water we cannot state where it will accumulate.
The value of the parameters to be defined will probably vary with soil type and ecology, the amount and nature of individual metabolites of chlorinated pesticides
and climatic conditions. The important point to be defined
is under the worst possible conditions, how much of the
parent compound and metabolites will move with surface
or ground water and where? There are other major users
chlorinated compounds in Europe. The forest industry,
public health agencies, municipal mosquito and fly
abatement organizations, resort operators, summer cottage
owners, and hydro companies were the largest users of the
total volume of chlorinated compounds sold in Europe in
the last 30 years. General universal environmental contamination with persistent organic compounds and their

metabolites has been documented, and their presence and
significance in some sectors of food chains in animals is
being demonstrated.
The amount of these substances present in human
food is well within acceptable limits for man as defined
by the authorities. While precisely comparable figures are
not available in Europe, in the United States of America
intensive human food monitoring programs, "total diet
studies" provide reassurance that the USA food supply
contains less than one-tenth of the FAO/WHO acceptable
daily intake far man for different persistent products. This
speaks well for the farmer and his management of the use
of these kind of substances on food crops and farm animals. While we are satisfying the human health authorities in this regard for the time being, our colleagues concerned with welfare of fish and wildlife are not so ready
to be placated. Persistent organic compounds are being
linked in theory to failures in reproductive success of
birds due to subtle effects on the steroid mechanisms
involved in egg shell formation, resulting in brittle eggs
and serious drops in the populations of some predatory
birds.
Similarly, the fisheries and marine biologists are by
isolated bits of research building up a case involving
chlorinated hydrocarbons in reproductive failure of some
fish species, phytoplankton and even in affecting the
learning processes of young fish. Does agricultural usage
of chlorinated compounds contribute significantly to the
environmental load now causing concern to these conservation agencies? How much in comparison to the pollution caused by non-agricultural use of these substances?
Should soil and water quality criteria for pollution control
involving pesticides be based on human and domestic
animal requirements, should they be regional? What are
the parameters to be fed into the cost-benefit and riskbenefit equations? Will conservation agencies dictate
future agriculture pest control practices or will the costbenefit equation be developed?
Systems analysis for providing answers to “decision
makers” requires the availability of sound criteria and
standards. To arrive at decisions on pollution abatement
systems requires information on the various choices of
abatement procedures available, select some point in the
chain of possible pollution strengths at various discharge
points in the system and identification of that part of the
environment to be used as the sink for the discharge system. Too often soil is the chosen sink without full realization of the long term implications. Lack of data and laborious methods of analysis too often limit the number of
alternatives which could be compared, and restricts the
choice of sets of alternatives. Science and technology
have a responsibility to identify to “decision-makers”
those areas in which there are sufficient and substantive
conclusions available and recommend further studies
where basic information is not deemed adequate in scope
or depth.
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Systems analysis studies for cost-benefit and benefit
risk equations depend initially upon proving the soundness
of criteria and standards. This should not deter initiation of
the analysis process. In their absence alternative methods
should be compared on the basis of the current state of
knowledge. The relative feasibility of accomplishing the
desired result and its cost should be determined in each step
in the process of research, development and demonstration.
If necessary using only data available today. In applying
this approach of systems analysis to agriculture-related
pollution the limiting factor appears to be the absence of a
coordinated body of reliable data describing the polluted
environment as it applies to pollution of agricultural origin.
Base-line data, preferably from “unpolluted” sectors of our
agricultural resources are required as the starting point. One
can have the uneasy feeling that the fragmentary data to
supply these base-tines may exist if it were possible to
shake them loose from the files of all the research, regulatory and advisory agencies who have been concerned with
the fringes of this problem in agriculture.
Systems of monitoring are also required to identify the kind and magnitude of pollution elements to the
degree of sensitivity and reliability required for the eventual abatement system. The implementation of a monitoring
system should not be considered a research function, but
the design of the system is appropriate for research. There
appear to exist in Canada fragmentary beginnings of uncoordinated monitoring systems applicable to some of the
problems of agriculture-related pollution. New recent experiences in monitoring pesticide residues in soil suggest
some of the difficulties to be anticipated in developing
reliable systems. Even more important is the absence of
any single coordinating agency to collect, collate and evaluate the data now being developed and make it available
for systems analysis studies.
PRIORITIES FOR RESEARCH
During the past decades, USA and EU task forces have
been studying the implications and needs for research on
agricultural and forestry aspects of pollution. Their reports
recently released warrant serious study by any agency
concerned with agriculture-related pollution [1–3].
Clearly agriculture and the agriculture-based industries are involved and must assert their need and right
to participate in arriving at a national agreement on minimal quality standards and behavioral norms. Although
pollution is largely a local problem, calling for control
based on provincial and regional definition of environmental quality objectives, national minimum standards
should be provided by leadership and support rather than
coercive legislation. To avoid waste and duplication in
utilization of scientific capacity to deal with these problems, to better manage the current practice of university
research workers simultaneously approaching several
federal, provincial and municipal fund granting agencies

for financial support resulting in fragmentation of grants
and efforts, and to develop viable multi-disciplinary groups
for research and training at key regional locations, meaningful national coordination is the first step in developing a
capacity to service these problems. Equally important, all
too frequently machinery has already been set in motion to
compartmentalize water, air and soil pollution research,
abatement and control. An overall mechanism should be
developed for coordinating efforts in the three renewable
resource areas, or agricultural soil is likely to end up as a
“non-renewable” resource. Those of us concerned with
agriculture are probably more acutely aware of the close
relations of the air, water and soil pollution problems than
other sectors of society currently interested in a particular
piece of the problem.
OBJECTIVES AND GOALS FOR RESEARCH
Despite at least a rudiment system analysis study is
still required to select priorities for research and training,
some objectives and goals can be proposed in general
terms, while others can become more specific, admittedly
based more on experience and that of others in other
countries than on European data.
An overall objective for agriculture's involvement in
research on pollution may be simply: To identify and
measure pollutants which affect the utilization of soil,
plants, animals, food, air and water (“water” would include ground, surface and irrigation water); to participate
jointly with other resource oriented agencies in the establishment of criteria for acceptable levels and methods of
management of pollutants of agricultural origin; to establish methods of protection against the hazards of pollutants of other origin, harmful to agriculture.
The European task forces reporting in last years have
identified a great number of pollutants, which are of special concern to their agriculture and proposed appropriate
expansion of federal agencies efforts on them, depending
upon priority. These include:
§

Sediment [4]

§

Animal wastes [1]

§

Wastes from industrial processing of raw agricultural products [1–3, 11]

§

Plant nutrients [1, 2, 5]

§

Forest and crop residues [1–3]

§

Inorganic salts and minerals [1–3]

§

Pesticides in the environment [4–10, 12]

§

Air pollution in relation to agriculture

Other pollutants related to, but not peculiar to agriculture have been identified as radiation, infectious agents,
toxins, allergens, noise and heat. European requirements
and priorities are probably not as broad as those stated
above. The food processing industry will probably rely
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heavily on research results and technology developed
elsewhere for the water pollution abatement aspect of that
problem. One segment of the problem does require our
interest and support in Europe, i. e. the capacity of agricultural land to utilize processing plant liquid and solid
wastes without interfering with soil fertility and plant
quality. Similarly, other agencies will be concerned with
forest products residues and their disposal. European
goals for priorities in expansion of current research programs and training of technologists for abatement and
control problems could probably be simplified.
ANIMAL WASTES
To develop new technology for the management,
storage and processing of animal wastes which will permit disposal of these products without polluting the environment. The programs required should be broad enough
to develop improved technology for animal-management
methods and animal housing design, waste treatment and
disposal methods, possibility of converting wastes to
useful products, and assistance in the establishment of
standards and providing criteria for land use planning.
One solution to animal waste disposal problems frequently suggested by those not financially involved is relocation. Experience made in California over the past 20 years
suggests that this is not the answer. Forty-three dairy
farms, involving 12,000 cows were required to move from
the Los Angeles area because of “non compatibility” with
the activities of the expanding Los Angeles Metropolitan
area. Costs of new facilities for these dairies averaged
about $ 112;000 each. The total relocation costs for the
milking facilities alone for these herds was over $ 1.6
million. Even in the new areas chosen for relocation,
waste disposal remains a problem.

2. Adapting new pesticides to EU requirements for their
use, including methods of managing longevity and
controlled effectiveness.
3. Reducing the amount of hazardous pesticides in the
environment with priority given to methods of controlling pesticide drift, improved application techniques and machinery [18].
4. Determining sources of contamination of livestock,
methods of preventing the entry of pesticide residues
into their food chains, and mechanisms for metabolic
control of storage and discharge of pesticide residues in
livestock, to develop a better approach to reducing the
load of pesticide residues in animal products. In the absence of such methods, short-term goals would be to
develop methods of reducing pesticide residues in animal products through processing of animal feed and animal products. This last approach is likely to be the uneconomical one [18–24].
5. An urgent immediate requirement is the development of
methods of management of soils polluted with pesticides in order to restore them to their full previous scale
and choice of agricultural use with a minimum of economic losses to farmers. The prevention of pollution of
soil, by thorough evaluation of new pesticides before
large scale use would appear to be a cheaper long term
measure.
6. Disposal of surplus pesticides, surplus treated seed
and empty containers, in a manner least likely to create a pollution hazard.
7. Participation in the establishment of effective pesticide management and educational programs at the regional and local level.
CROP RESIDUES, PLANT NUTRIENTS
AND METAL COMPOUNDS

PESTICIDES
To develop new technology for the management of
pesticides in soil, plants and domestic animals, so as to
minimize pesticide contamination of food, feed and the
environment. Agricultural research has the immediate
responsibility to develop and demonstrate the economics
and acceptability of use of new methods and materials for
the control of pests (including insects, plant diseases and
weeds). Some older organic pesticides exemplify our
most potentially serious pollution problems, as their residues are not yet being adequately managed. The major
problem areas which require an interdisciplinary approach
involving teams of scientists in sufficiently strong centers
of research include:
1. Evaluation of the nature, extent, significance and impact of pesticides on ecosystems. This includes research
required to develop monitoring systems, support for
their implementation and interpretation of the significance of findings [13–17].

To develop acceptable methods of disposal of crop
residues; to study the movement of major nutrients applied to soil and means of reducing their pollution of
ground and surface water; to establish maximum permissible levels of micronutrients and other metals in soil.
Other authors have well defined the areas of inadequate
knowledge pertaining to excessive crop residues, plant
nutrients and metal compounds. They can possibly affect
long-term soil fertility and are potential polluters of other
resources, particularly water and the food chains of plants,
fish and animals.
NON-AGRICULTURAL POLLUTANTS
To develop technology for the identification of nonagriculturally produced pollutants and their significance
to soil fertility, yield and quality of plants, animals and
their products. With growing industrialization in Canada
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and the increased tendency to locate primary and secondary
“dirty” industries in rural areas, agriculture has become
increasingly vulnerable to local pollution problems, peculiar to the industry, topography and meteorology of the area.
Experience has demonstrated that it is possible to identify
and force control of many of these incidents. But others
such as the weather fleck of tobacco problem in south
western Ontario, caused by industrial and urban smog
required an input by agricultural research for their solution,
to minimize losses due to uncontrollable pollution. The
questions which remain to be answered concern our ability
to detect and identify the most potentially dangerous materials early enough, since they do not produce dramatic
results which can be immediately observed and identified
in the field. Again, it is necessary to stress the necessity for
baseline indices concerning yields and quality of agricultural products as a basis for a useful monitoring system.
Prevention is less expensive than the cure.

In order to make the best use of available funds so
that university graduate programs of research will also
provide a dividend in training professional personnel for
abatement, regulatory programs and research, there
should be a pyramid of coordination reaching from regional to national levels. Again, it is necessary to emphasize that from the special standpoint of agriculture-related
pollution it would be foolish and wasteful to develop
special centers of research and training along the air, soil,
water compartment lines. For our special needs in agriculture, the interrelationships must be developed and
stressed. Perhaps this is the special contribution that agricultural training and research centers can develop, since
existing institutions appear to be headed in the direction
of specialization.

The increasing activities of the communications media in maintaining public interest is bound to mould public opinion to demand pollution abatement and accept the
associated costs. However, the communications media are
not uniformly unbiased in the presentation of background
information or in definition of scope and severity of the
hazards. There remains a need for a broader and more
complete understanding of man and his environment to be
developed at all educational levels. From the increasing
number of requests received from secondary and collegiate institutions for publications suitable for ,teach-ins"
or special educational projects it is apparent that there is
an immediate requirement for the preparation of suitable
teaching and classroom material on the pollution at elementary and secondary schools.
The relatively new trend to develop European regional schools of technology provides a potential source of
supply for the future requirement of well trained technicians. Close liaison should be developed between the
various levels of government pollution abatement organizations to assist in planning course content and technical
facilities for training of these technicians. Agro-business
complexes which are potential sources of pollution can
also encourage and assist in the development of training
programs. The shortage of qualified university trained
professional personnel is likely to develop in those special
program areas in which biologists also require a background in chemistry, physics and systems analysis, and in
engineers who can communicate with biologists. As
pointed out earlier, the concept of a public health engineer
oriented toward sewage treatment and other older problems is an obsolete inadequate approach to the problems
now defined. Due to the shortage of qualified professional
personnel and the slowness in development of interdisciplinary centres of training for the solution and abatement
of special problems agriculture-related pollution, every
effort should be made and universities should be encouraged to include government and industry specialists in
undergraduate and graduate training programs.
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THE USE OF COPPER (II) SULPHATE PENTAHYDRATE
AS REFERENCE SUBSTANCE IN THE ACTIVATED SLUDGE
RESPIRATION INHIBITION TEST ACC. TO THE OECD GUIDELINE 209
Silke Fiebig and Udo Noack
Dr. U. Noack-Laboratorien, Kaethe-Paulus-Str. 1, 31157 Sarstedt, Germany

SUMMARY
The OECD Guideline 209 describes a method for the
determination of toxic effects of chemicals or other substances on micro-organisms. One toxic effect is the inhibition of the respiration of micro-organisms by uncoupling
the oxidative phosphorylation. To determine the sensitivity
of activated sludge from domestic sewage treatment plants
a reference test is required for every batch of activated
sludge. According to the OECD 209 guideline 3,5-dichlorophenol, which is a known respiration inhibitor, should be
used as reference substance. Since 3,5-dichlorophenol is not
suitable for routine use, an alternative reference substance
was searched for. A suitable alternative is copper(II) sulphate pentahydrate, which also inhibits the respiration of
bacteria, but has lower effect on the environment and human beings.

KEYWORDS: Activated sludge, 3,5-dichlorophenol, copper(II)
sulphate pentahydrate, respiration inhibition test, reference item,
OECD Guideline 209.

INTRODUCTION
Bacteria have a central role in the metabolic cycling of
the aquatic ecosystem. They are involved in the degradation of organic compounds and, therefore, contribute to the
self-cleaning of lakes and rivers as well as they ensure the
availability of nutrients for higher organisms. That is why it
is important to know the toxicity of chemicals and other
substances to bacteria. The toxicity is determined in standardized laboratory studies. The OECD 209 Guideline [1]
provides a rapid screening method to identify substances
which adversely affect aerobic micro-organisms of treatment plants. Chemicals or other substances which uncouple
the oxidative phosphorylation of micro-organisms are determined by measuring the respiration rates under defined
conditions in the presence of different concentrations of a
test substance. As microbial inoculum activated sludge of a
domestic sewage treatment plant is used. The sensitivity of

each batch of activated sludge has to be checked by a reference test. 3,5-dichlorophenol, which is a known respiration
inhibitor, is recommended by the guideline. In the past 3,5dichlorophenol was suspected to be mutgenic and cancerogenic and is now classified as toxic to aquatic organisms. It
is hazardous to the environment and bioaccumulates in the
human food chain. So it was taken into consideration to
replace 3,5-dichlorophenol by an alternative reference substance. In our laboratories the inhibition of Copper (II) sulphate pentahydrate on activated sludge was investigated in
the period from 1991-2004.
MATERIALS AND METHODS
The EC50-value of copper(II) sulphate pentahydrate of
each batch of activated sludge used in the testing period
from 1991-2004 was determined. Activated sludge from
the sewage treatment plants of Sarstedt and Hildesheim
(Lower Saxony, Germany), treating mainly domestic sewage, was used for all studies.
As pre-treatment the sludge was washed twice with autoclaved tap water and diluted to a dry weight of 4.0 g/L ±
10 %. The pH value of the sludge was in the range from
6.0 to 8.0.
The necessary amounts of test substance, synthetic
sewage, autoclaved tap water and activated sludge were
placed in the incubation vessels. 2 controls without test
item were included at the beginning and in the end of every
test. All vessels were aerated for 3 hours and subsequently
the oxygen depletion per minute was measured with an
oximeter. The respiration rates in mgO2/l*h and the %
inhibition of copper(II) sulphate pentahydrate in relation
to the controls were calculated. The EC50 was determined
by probit analysis and linear regression analysis from the
inhibitions of the different concentrations using software
SigmaPlot (Windows) rel. 8.02, 2002, SPSS Corporation.
Probit values were calculated according to the standard
method of Weber [2].
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DATA OF 3,5-DICHLOROPHENOL AND
COPPER(II) SULPHATE PENTAHYDRATE

the mean EC50 ± 3 SD (Fig. 1). From the studies carried out
from 1991-2004 a range of 53-155 mg/L was determined.

3,5-Dichlorophenol (3,5-DCP) [3]

200
175
Mean + 3 SD

150

EC 50 mg/L

Chemical name: 1-Hydroxy-3,5-dichlorobenzene
CAS No.: 591-35-5
Sum formula: C6H4Cl2O
Molecular weight: 163.1
Appearance: colourless crystals with characteristic odour
Solubility: poor (< 1 mg/mL H2O (20 °C))
Boiling point: 233 °C (at 100.9 kPa)
Melting point: 68 °C
Vapour pressure: 1.1 Pa (at 25 °C)
Effects on the environment: 3,5-DCP is toxic to aquatic
organisms. It may be hazardous to the environment; special attention should be given to water and soil. In the
food chain important to humans, bioaccumulation takes
place, specifically in water organisms.
Effects on human health: 3,5-DCP can be absorbed into
the body by inhalation and through the skin. The substance strongly irritates the eyes, the skin and the respiratory tract. Exposure may result in chloracne. Insufficient
data are available on the effect of this substance on human
health, therefore utmost care must be taken.

125
Mean

100
75

Mean - 3 SD

50
25
0
1991

1997

2004

FIGURE 1 - EC50 values and confidence range (± 3 SD) for copper(II) sulphate pentahydrate in the Respiration Inhibition Test.

Copper(II) sulphate pentahydrate is a suitable alternative as reference substance in the "Activated Sludge Respiration Inhibition Test".

Copper(II) sulphate pentahydrate [4]

Chemical name: Copper (II) sulphate pentahydrate
CAS No.: 7758-98-7
Sum formula: CuSO4 · 5 H2O
Molecular weight: 249.7
Appearance: blue green, odourless
Solubility: soluble
Boiling point: 150 °C (at 100.9 kPa)
Melting point: 110 °C
Effects on the environment: The substance is very toxic to
water organisms and can have harmful effects on water in
the longer term.
Effects on human health: The substance is damaging to
health if swallowed and irritates the eyes and the skin.
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RESULTS AND CONCLUSIONS
Two hundred and twenty five inhibition studies with
copper(II) sulphate pentahydrate were carried out in the
period from 1991-2004. The results show a reproducible
sensivity of the activated sludge. No fluctuations and no
dependency of the sludge sensitivity from the seasons was
visible. The results for copper(II) sulphate pentahydrate are
very reliable, therefore, it is used as standard reference
substance.
Mean EC50 over all studies: 104 mg/L
Standard Deviation (SD): 17 mg/L
Based on this data the valid range for the reference
studies with copper(II) sulphate pentahydrate was settled as
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Press Releases

• Experimental Techniques in air pollution research
(sampling and analyses methodologies, methodology
validation)
Each thematic session will be introduced by distinguished researchers and scientists acting as keynote
speakers.

st

1 INTERNATIONAL CONFERENCE ON
AIR POLLUTION AND COMBUSTION
22 - 25 June 2005, Ankara, Turkey

CONFERENCE LANGUAGE

Organized by:
Middle East Technical University (METU) and
Turkish Scientific And Research Council (TUBITAK)

The official language of the conference is English.
CALL FOR PAPERS

FIRST ANNOUNCEMENT - CALL FOR PAPERS

The first International Conference on Air Pollution
and Combustion will present the most recent technological and scientific developments associated with air pollution problems, emphasizing the synthesis of scientific
expertise achieved in individual disciplines of air pollution and technology. This synthesis, in combination with
the integration of environmental information with scientific, technological, economic and social aspects with
adoption of sustainable solutions to the numerous contemporary problems. The meeting aims to bring together
engineers, scientists and other professionals from a number of different countries, involved in air pollution research and development activities. The Conference will
take place in Ankara, Turkey at the campus of the METU
which is approximately 10 km away from downtown.
CONFERENCE MAIN SUBJECTS

The aim of the conference is to identify and promote
best practices in air pollution research, resources management and planning, to present realistic scenarios and
reliable economic analysis of air pollution issues, to
achieve a better understanding of air pollution problems,
and to offer their solution.
In this conference, priority will be given to the following areas:
• Air pollution chemistry
• Air pollution modeling (long range transport models,
distribution models etc.) *Sustainability of air environment (resources management & recycling; management of air quality; air pollution systems approach)
• Global change (climate change, global warming,
ozone layer depletion, human geography, deforestation, desertification)
• Air-sea exchange

Papers are invited on the topics mentioned above and
others falling within the scope of the Conference. Abstracts of no more than 500 words should be submitted by
mail, fax, and e-mail or via our website. Please submit
abstracts and papers via e-mail to the Conference Secretariat: capac@metu.edu.tr
Please insert "1CAPAC - ABSTRACT SUBMISSION" in the subject line and also include your name, full
address and conference topic in the main body of your
mail. For further instruction on paper submission, please
see: http://www.capac2004.org/
IMPORTANT DAYS

Expression of Interest Form of the Congress (Deadline: Dec. 31, 2004) Abstract Deadline (Jan. 31, 2005)
Notification of acceptance (March 15, 2005) Submission
of full papers (April 1, 2005) CONFERENCE FEE 300
US$ for participants 200 US $for Students 150 for accompanying person
REVIEW OF PAPERS - CONFERENCE PROCEEDINGS

Papers will be provisionally accepted by the Scientific Committee on the basis of the abstracts. The full
papers will be reviewed before final acceptance for
presentation. All accepted papers will be included in the
Conference Proceedings
ACCOMMODATION

University guest house (places are limited that is why
reservations will be done on first come first basis) Bilkent
Hotel (A five star hotel nearby to the campus, reservations
will be done personally except invited speakers. Transportation from the hotel to the campus will be provided.
Hilton Hotel (A 5 star hotel in downtown Ankara, Transportation from the hotel to the campus will be provided.)
CONFERENCE SECRETARIAT

Middle East Technical University (METU)
1st INTERNATIONAL CONFERENCE ON AIR
POLLUTION AND COMBUSTION (CAPAC)
Ankara, Turkey

• *Air pollution and health effect
• Urban air pollution
• Epidemiology and risk analysis

Tel.: +90 312 2103195
Fax: +30 312 2101280
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E-mail: capac@metu.edu.tr
Web site: http://www.metu.edu.tr/capac
http://www.capac2004.org/
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Bektas, Filiz
Bektaş, Nihal
Bellintani, Arturo
Berber, İsmet
Bergheim, Werner
Bergmann, Karin
Bhaskar Raju, Guntamadugu
Bicer, I. Ozlem
Bilgili, M. Sinan
Bilgili, M. Sinan
Bilgili, M. Sinan
Blaise, Christian
Blaise, Christian
Bo, Liu
Boccia, Priscilla
Bogner, Danijela
Bogner, Danijela
Bogner, Franz X.
Borat, Mehmet
Borat, Mehmet
Borowska, Joanna
Bostancı, Betül
Brigmon, Robin L.
Brigmon, Robin L.
Bruhn, Regina
Budak, Gokhan
Burnison, Kent B.

889
974
979
989
268
190
293
860
366
1536
424
1461
34
519
1010
918
956
1000
783
1099
1104
1385
626
1281
814
974
979
1402
1420
532
1151
146
740
47

Çağ, Serap
Çağlar, S.Selim
Cakmakcı, Mehmet
Çalışkan, Mahmut
Çalta, Metin
Çam, Sümeyra
Camargo, Julio A.
Campanelli, Alessandra
Can, Esra
Capasso, Sante
Castaldi, Paola
Castaldi, Paola
Castejón, David
Cebulak, Stefan
Cecinato, A.
Cedzynska, Krystyna
Celik, Ali
Çelik, Ali
Celik, Ismail
Celik, Tuncer
Cengeloglu, Yunus
Çengeloğlu, Yunus

733
508
865
639
1179
1453
607
430
312
233
1232
1322
03
207
1334
204
124
769
159
989
679
1329

Cerit, Harun
Cerit, Harun
Cevahir, Gül
Çevik, Ugur
Chalvatzis, Kostas
Chang, Jie
Chang, Jie
Chintiroglou, Chariton
Christodoulakis, Dimitrios
Chronopoulos, Georgios
Chryssanthi, Antoniadou
Cicero, Anna M.
Cicero, Anna M.
Cichelli, Angelo
Ciminli, Canan
Çıngıl, Çiğdem
Çobanlı, Kudret
Cobelo-García, Antonio
Coelhan, Mehmet
Cokmuş, Cumhur
Conte, Pellegrino
Coppola, Elio
Correia, A.C.
Correia, António C.
Correia, António C.
Cozza, Claudio
Crmarić, Ranko
Czaplicka, Marianna

304
1072
733
740
647
505
545
1122
441
441
726
671
1427
1269
639
733
1453
753
1079
424
238
233
56
93
317
1232
626
555

d'Alessandro, Nicola
Dali-Youcef, Nacéra
Darbi, Ashref
de Figueiredo, Daniela R.
de Figueiredo, Daniela R.
De Haro, Antonio
De Haro, Antonio
De Haro, Antonio
De Marco, Antonio
De Nicola, Flavia
De Simone, Claudio
De Simone, Claudio
Dede, Omer H.
Del Río, Mercedes
Del Río, Mercedes
Del Río, Mercedes
Delgado Iniesta, María J.
Demir, Ahmet
Demir, Ahmet
Demir, Ahmet
Demir, Goksel
Demir, Goksel
Demir, Ibrahim
Demirbaş, Özkan
Demirdilek, Aytuğ
Demirkalp, F. Yıldız
Demirkalp, F. Yıldız
Demirkalp, F.Yıldız

1269
1500
279
657
665
1197
1309
1439
1410
1263
1385
1395
30
1197
1309
1439
274
918
956
1000
974
979
869
1112
951
98
385
508
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Deng, Nansheng
Deng, Nansheng
Derriche, Zoubir
Deveci, Ece Ü.
Di Mento, Rossella
Di Palo, V.
Di Paola, Agatino
Djukanovic, Lana
Doğan, Mehmet
Doğan, Mehmet
Dogan, Muhittin
Doğan-Sağlamtimur, Neslihan
Dogruel, Serdar
Dogruel, Serdar
Dogruel, Serdar
Dolgen, Deniz
Dorandt, Stephanie
Dost, Kenan
Dragicevic, Vesna
Dulčić, Jakov
Dulkadiroglu, Hakan
Duran, Zaide
Durdu, Omer F.

600
748
1500
693
1427
1334
1275
336
251
1112
777
1288
831
959
1053
929
34
124
336
293
1028
854
1139

Ege, İlknur
Ekdal, Alpaslan
Ekici, Perihan
Ekici, Perihan
Elçi, Aydan
Elci, Latif
Elçi, Latif
Elmas, Ayşenur
Elmaslar, Emine
Elmaz, Özkan
El-Motaiu, R. A.
Erdem, Ayca
Erdem-Senatalar, Ayse
Erdoğan, Ali
Erdoğan, Hülya
Eremektar, Gülen
Eremektar, Gülen
Eremektar, Gülen
Eremektar, Gülen
Eroglu, Veysel
Errichetti, Manuela F.
Errichetti, Manuela F.
Ertuğral, Birol
Erturk, Ali
Esposito, Daniela
Eyidemir, Mert

574
1350
1079
1550
769
454
769
1453
985
1072
52
1339
1248
1109
1453
1033
1040
1057
1061
923
1385
1395
740
1350
1415
1420

Fabiańska, Monika
Fall, Jacek
Ferchaud, Fabien
Ferrari, Mario D.
Ferraro, Maria

207
196
1197
353
671

Ficociello, Barbara
Fiebig, Silke
Focardi, Silvano
Font, Rafael
Font, Rafael
Font, Rafael
Fornasiero, Paola
Fournier, Michel
Freitag, Mechthild
Friedl, Zdeněk

1385
1556
83
1197
1309
1439
430
1099
1216
789

Gabellini, Massimo
Gaga, Eftade O.
Gagné, Francois
Gagné, François
Gago Martínez, Ana
Galli, Emanuela
Garau, Giovanni
García-López, Elisa
Gaudio, Luciano
Ge, Ying
Ge, Ying
Geiss, Otmar
Genç, Nevim
Georgopoulos, Alexandros
Germirli Babuna, Fatos
Germirli Babuna, Fatos
Germirli Babuna, Fatos
Ghozlan, Hanan
Gidiş, Müge
Gigliucci, P.F.
Giuliano, Veronica
Gizir, A. Murat
Goi, Anna
Goksel, Cigdem
Gomec, Cigdem Yangin
Gómez, Miguel A.
Gonçalves, Fernando
Gonçalves, Fernando
González-López, Jesús
Gramatica, Paola
Gramatica, Paola
Gravato, Carlos
Grbec, Branka
Griciūtė, Laima
Grote, Manfred
Grzechowiak, Jolanta R.
Güçer, Şeref
Guéhenneux, Gaëlle
Guida, Marco
Gül, Şermin
Güler, Elif
Guler, Hakan
Gün, Özden
Gündüz, Ertunç
Guneysu, Sinan
Gurel, Melike

671
1295
1099
783
03
1395
1322
1275
1415
505
545
1536
312
846
959
1040
1057
494
405
1334
1232
361
1191
860
923
326
657
665
326
1204
1258
795
293
21
1216
190
394
1173
1244
398
524
906
945
508
1006
1350
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H
Hartel, Anita
Hasdemir, Erdoğan
Hatzianestis, Ioannis
Heinisch, Emanuel
Heseker, Helmut
Hızal, Şüheda
Ho, Yuh-Shan
Hodak Kobasić, Vedranka
Holoubek, Ivan
Hongxun, Wang
Hontoria, Ernesto
Hupka, Jan

1129
472
1253
1461
356
1453
370
712
712
1104
326
211

I
İbar, Hilmi
Iliopoulou-Georgudaki, Joan
Inagaki, Michio
Isık, Semra
Işıklan, Nuran
Iwashita, Norio

156
458
183
25
537
183

J
Jacobson, Astrid
Järv, Leili
Jezierska, Barbara
Jin, Yee-Chung
John Peter, Arunkumar L.

1344
620
1370
560
568

Kabdaşlı, Işık
Kabdaşlı, Işık
Kabdaşlı, Işık
Kabdasli, Sedat
Kabdasli, Sedat
Kaçar Kunukcu, Yasemin
Kacmaz, Salih E.
Kahya, Ercan
Kalabokas, Pavlos D.
Kalaycı, Serdar
Kaldellis, John K.
Kaldellis, John K.
Kalebaşı Aktaş, Yıldız
Kambezidis, Harry D.
Kambezidis, Harry D.
Kanat, Gurdal
Kaplan, Eda
Kaptan, Deniz
Kara, Gülnihal
Kara, Gülnihal
Karabörk, M. Çağatay
Karabulut, Abdulhalik
Karabulut, Derya S.
Karagoz, Yalcın
Karahan, Ozlem
Karatzas, Kostas
Karimian, Reza

945
951
965
854
860
341
906
719
465
719
413
647
156
66
289
956
733
1045
1315
1444
719
740
1453
740
1053
874
633
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Karlis, Panagiotis
Karlis, Panagiotis K.
Karydis, Vassileios
Kaska, Arzu
Kaska, Yakup
Kaska, Yakup
Kavadias, Kosmas A.
Kavdır, Yasemin
Kaya, Sinasi
Kaya, Yasemin
Kaynaş, Sinan
Kephalopoulos, Stylianos
Kettrup, Antonius
Khalil, Rowaida
Kılıç, Naciye
Kılınç, Sabri
Kim, Bo-Kyong
Kistner, Tatjana
Kiziroğlu, İlhami
Kiziroğlu, Mehmet Hakan
Klánová, Jana
Kljaković-Gašpić, Zorana
Kockar, Feray
Köklü, Rabia
Köleli, Nurcan
Kolwzan, Barbara
Kontoyiannis, H.
Körner, Oliver
Koseoglu, Gulgun
Kösesakal, Taylan
Kotzias, Dimitrios
Kotzias, Dimitrios
Kovač, Tatjana
Krauthacker, Blanka
Krestenitis, Yiannis
Kreuzig, Robert
Kungolos, Athanasios
Kuşçu, Özlem S.
Kutluay, Gulin

491
501
283
769
405
769
413
1094
854
941
508
1536
1461
494
394
508
105
1360
1109
1109
712
1210
25
700
1521
216
1509
262
30
733
465
1536
1487
346
1122
52
378
1493
1057

Lajmanovich, Rafael
Lajmanovich, Rafael
Lancieri, Massimo
Lanza, Barbara
Lanza, Barbara
Lareo, Claudia
Latinopoulos, Pericles
Leonhäuser, Ingrid-Ute
Leupold, Günther
Leva, Paolo
Li, Mei-Hui
Liang, Song
Lin, Daohui
Lin, Yuejuan
Lipej, Lovrenc
Loddo, Vittorio
Loperena, Lyliam

89
675
1415
1269
1410
353
1158
34
167
1536
485
685
447
600
293
1275
353
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Lopes, Carla
Lorenzatti, Eduardo
Lorenzatti, Eduardo
Loukakis, Haralampos N.
Lyberatos, Gerasimos
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1433
89
675
501
458

Musaoglu, Nebiye
Musaoglu, Nebiye
Mutlu, Ekrem
Mysore, Deepa
N

M
Mabilia, R.
Maggi, Chiara
Mahramanlioglu, Mehmet
Mai, Sofia
Mai, Sofia
Mai, Sofia T.
Maisto, Giulia
Maitre, Maria I.
Malliaros, Dimitris
Manfra, Loredana
Marcì, Giuseppe
Marconi, Simona
Marconi, Simona
Maria, Vera L.
Maria, Vera L.
Maria, Vera L.
Mariani, Livia
Marini, Mauro
Masalska, Aleksandra
Mattei, Marialuisa
McCue, Terrence
McLachlan, Michael S.
Medici, Luca
Mehlich, Armin
Meinelt, Thomas
Meinelt, Thomas
Melcher, Joachim
Melis, Pietro
Melis, Pietro
Melluso, Giovanni
Mendil, Durali
Mercan, Dilek Eren
Meriç, Süreyya
Meriç, Süreyya
Meriç, Süreyya
Mert, Sezer
Meyer, Heinrich H.D.
Migliore, Luciana
Milukaitė, Audronė
Milun, Vesna
Mingazzini, Marina
Misirli, Tolga
Mohanraj, Rangaswamy
Montesanto, Barbara
Morawski, Antoni W.
Morgante, Anna
Moussiopoulos, Nicolas
Muhammetoglu, Ayse
Muñoz, Práxedes
Murro, Daiman
Murugananthan, Muthu

1334
1427
1010
491
760
501
1263
675
378
1427
1275
1385
1395
56
93
317
1427
430
190
1244
1033
146
995
1216
47
262
03
1232
1322
1244
472
860
1045
1061
1244
1525
1129
1415
21
1237
969
1010
332
128
177
1269
874
1225
83
353
519

831
854
639
560

Nalaskowski, Jakub
Nałęcz-Jawecki, Grzegorz
Narin, Ibrahim
Nemlioglu, Semih
Nemlioglu, Semih
Niklińska, Maria
Nikolaou, Kostas
Nikolaou, Kostas
Nikolaou, Kostas
Nishi, Yoko
Nitz, Gerda
Noack, Udo
Nogueiras, María J.
Nonnis, Ornella
Nuhoglu, Yasar

211
532
454
974
989
1402
808
820
874
183
1360
1556
03
671
591

Öçba, Nadide
Özcan, Hasan
Ölmez, Tuğba
Ölmez, Tuğba
Öncel, Mehmet Salim
Özçelik, Mahiye
Özdemir, Merve
Özdemir, Mustafa
Özden, Hakan
Özel, Karen
Özkan, Göksel
Özkaya, Bestamin
Özkaya, Bestamin
Özkaya, Bestamin
Özyurt, Mustafa
Odžak, Nikša
Ogbeifun, Patience O.
Okoh, Anthony I.
Oktay, Seda
Okuş, Erdoğan
Oliveira, Miguel
Oliveira, Miguel
Onat, Burcu
Ongan-Torunoglu, Pelin
Ongunsu, Ilga
Orhon, Derin
Orhon, Derin
Orhon, Derin
Orhon, Derin
Orhon, Derin
Orhon, Derin
Orhon, Derin
Ouddane, Baghdad
Ovez, Suleyman
Owczarek, Malgorzata

1420
398
951
965
1525
1072
1453
524
268
769
1518
918
956
1000
693
626
643
643
1024
1449
795
1433
889
831
1049
831
1020
1024
1028
1040
1053
1057
1500
985
1410
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Oz, Nurtac
Ozbek, Hanefi
Ozcan, H. Kurtulus
Ozcan, Senar
Ozcan, Senar
Ozdemir, Saim
Ozensoy, Ozen
Ozturk, Izzet
Ozyurt, Mustafa

69
159
974
1090
1303
30
25
923
112

Pacha, Jerzy
Pacheco, Mário
Pacheco, Mário
Pagano, Giovanni
Palmisano, Leonardo
Palumbo, Maria Teresa
Papa, Ester
Papa, Ester
Pappu, Asokan
Parlar, Harun
Pavlidou, A.
Pekey, Beyhan
Peltzer, Paola
Peltzer, Paola
Peng, Yang
Perakis, Kostas
Pereira, Mário J.
Pereira, Mário J.
Pertesana, Gian Pietro
Pertl, Cordula
Petek, Mustafa
Petek, Mustafa
Petek, Mustafa
Peters, Robert W.
Pezzella, Mario
Piccolo, Alessandro
Picer, Mladen
Picer, Mladen
Picer, Nena
Picer, Nena
Picka, Karel
Pietrock, Michael
Pizzigallo, Maria D.R.
Płaza, Grażyna
Płaza, Grażyna
Pokhrel, Damodar
Possanzini, M.
Pozo, Karla
Pozzi, Stefano
Prabhakar, Swarna
Prati, Maria Vittoria
Prego, Ricardo
Psyllidou-Giouranovits, R.
Pyza, Elżbieta

207
317
1433
1244
1275
969
1204
1258
16
1079
1509
244
89
675
550
378
657
665
1269
1129
1420
1449
1453
1515
1385
238
712
1487
712
1487
789
47
1344
532
1151
223
1334
83
1204
519
1263
753
1509
1402
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1410
568
274
1033
1433
1104
1385
705
1253
620
1253
1395
458
995
1344
1151

Sabry, Soraya
Sahin, Atilla
Şahin, Elif
Şahin, Ömer
Sahin, Ulku
Sahin, Ulku
Sakellariou, Nick K.
Sakellariou, Nick K.
Salamanca, Marco A.
Salvestrini, Stefano
Samuk, Beyza
Santona, Laura
Santos, Antonio
Santos, Maria A.
Santos, Maria A.
Santos, Maria A.
Santos, Maria A.
Santos, Maria A.
Saravia, Verónica
Sarı, Hayati
Sari, Sezen
Sari, Sezen
Sarikaya, Rabia
Savorelli, Federica
Sawicki, Józef
Saxena, Mohini
Saygı (Başbuğ), Yasemin
Saygı-Başbuğ, Yasemin
Saygı-Başbuğ, Yasemin
Saygideger, Saadet
Schnitzler, Wilfried H.
Schwarze, Detlef
Seker, Dursun Z.
Seker, Dursun Z.
Selcuk, Huseyin
Selcuk, Huseyin
Selcuk, Huseyin
Selcuk, Huseyin
Selek - Murathan, Ayşe

494
1049
1530
524
839
889
66
289
83
233
965
1232
705
56
93
317
795
1433
353
472
1090
1303
1398
1427
532
16
508
98
385
777
1360
1216
854
860
906
1040
1045
1248
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Roots, Ott
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Ruggiero, Pacifico
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Rzychoń, Dorota
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Sezer, Hasan
Sezgin, Naim
Shah, Syed Lal
Shah, Syed Lal
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Simm, Mart
Simón, Mariano
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Surowiec, Ewa
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1036
124
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1309
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