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MONITORING OF AGRICULTURAL PRODUCTS
IN GREECE FOR RESIDUES OF PESTICIDES
P. Aplada-Sarlis and G.E. Miliadis
Benaki Phytopathological Institute,Kifissia, Greece

SUMMARY

MATERIALS AND METHODS

A total of 171 samples of fruit and vegetables were
investigated by multiresidue analysis for residues of pesticides. In 26% of the samples at least one pesticide was
detected, while 4.6% of the samples were reported as
presumptive tolerance violations. 18 pesticides were detected in the samples. Residues were detected with higher
frequency in domestic rather than in imported samples,
but most violations recorded were from samples of imported products.

Selection of fresh fruit and vegetables was based
mainly on their relative importance in the Greek food diet.
From the most representative, the following fruits and
vegetables were surveyed: apples, artichoke, cabbage,
carrots, cauliflower, cucumbers, fresh peas, grapefruit,
grapes, green beans, guava, mandarin, mangoes, melons,
mushrooms, olives and olive oil, peaches, pears, peppers, potatoes, strawberries, tomatoes and watermelons.
A multiresidue analytical method capable of detecting residues of pesticides with electron capture detector
(ECD) and nitrogen phosphorus detector (NPD) in gas
chromatography was used (2).

KEYWORDS:
pesticides, residues, monitoring, fruit, vegetables

The method has been assessed for its efficiency, accuracy, repeatability and the attained detection limits.
15g of the sample is homogenized with 30 mL acetone
for 30 s. 30 mL of CH2CL2 and 30 mL of petroleum
ether are added and the sample is homogenized for 30s.

INTRODUCTION
Pesticides are widely used in agriculture for securing target production and quality. As a consequence the
presence of residues in food is unavoidable (1). Good
agricultural practice is a series of measures taken to
ensure the possible safe use of pesticides and the
minimum residue levels. In addition, the maximum
residue limits (MRLs) established by the E.U. and
other authorities are the accepted levels of residues
safe for public health.

The mixture is centrifuged at 4000 rpm for 2min.
25 mL from the upper phase are evaporated at 65°C to
dryness and 5 mL of 2,2,4 TMP-toluene (90:10) is
added. 1 µL from the final solution is injected in each of
the following chromatographic systems:

The Pesticide Residues Laboratory of the Benaki
Phytopathological Institute, along with the residues
laboratories of the Ministry of Agriculture, is responsible for monitoring agricultural products for pesticide
residues. Samples are taken from individual lots of imported products as well as that domestically produced. In
the present paper the results of 1999 monitoring are
presented.

423

a)

splitless injection at 210°C, SE 54 column,
i.d. 0.32 mm, and ECD

b)

cold on column injector, DB 608 column, i.d.
0.54 mm and NPD. The common temperature
program was 50°C to 180°C at 30°C/min, then
to 210°C at 1.8°C/min and then to 260°C at
30°C/min (20 min). Mass spectrometry with EI,
at the selected ion monitoring was used for confirmatory reasons.
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TABLE 1 - Pesticides found in the samples and the frequency of appearance at different concentration levels

Samples with residues at the reported areaa , mg/kg

Pesticide

chlorothalonil

<0.05

0.1

0,5

1

>1

Total

≥MRLb

1

1

2

3

1

8

0

1

1

1

3

1

1

2

1

chlorpyrifos e.
chlorpyrifos m.

1

cypermethrin

2

1

3

1

dimethoate

1

1

2

0

1

5

16

1

1

0

endosulfan

5

ethion

1

fenthion
iprodione

5

2

2

2

4

0

1

1

4

0

1

0

lenacil

1

No MRL
established

1

parathion e.

1

1

0

parathion m.

1

1

1

2

0

1

0

1

0

1

1

2

0

1

1

1

0

52

5

phosalone

2

phosmet

1

pyrazofos
triadimefon

1
1

vinclozolin
Total
a
b

12

7

18

12

3

Each column covers concentrations which start from higher concentration values of the previous column.
MRLs established by the E.U. or by JMPR-FAO/WHO
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RESULTS AND DISCUSSION
A total of 171 samples, 55 of which domestic and 116
imported, were analyzed. Residues of pesticides were not
detected in 126 samples, including mangoes (8 samples),
guava (8 samples), artichoke (3 samples), green beans
(3 samples), cabbage, cauliflower, fresh peas, mandarins,
melons, mushrooms, olives and watermelons. In 45
samples (26%) at least one residue was detected. Residues
were detected with high frequency as follows: in 10
cucumber samples out of 15 (67%), in 4 strawberry samples out of 6 (67%), in 5 peach samples out of
8 (62%), in 9 grape samples out of 16 (56%) and in
10 tomato samples out of 22 (45%).
Residues of 17 pesticides were detected and quantitatively determined in the samples, as shown in Table 1.
Endosulfan and its sulfate as transformation product were
detected in 16 samples (9.4%), chlorothalonil was detected in 8 samples (4.7%), fenthion and iprodione were
found in 4 samples (2.4%). Residues of 13 other pesticides were also detected in the samples with lower frequency. 5 samples were found with residues above MRLs
of the E.U. or the FAO/WHO organizations (3), and
3 samples contained residues, for which no MRL has been
established. Thus 8 samples in total (4.6%) were reported
as presumptive tolerance violations. MRLs are not primarily based on health considerations, they are established based on results of residues in food as a result of
field trials. On the contrary, health considerations are
founded on an acceptable daily intake (ADI) for humans
based on toxicity and long term exposure.
The data generated reflected the pesticide residues in
food available to the consumers and included both the
domestic and imported products. A difference, however,
was observed concerning the distribution of residues.
Thus, 60% of the domestic samples were found to contain
the residues and only 10% of the imported samples. This
difference may be attributed to the fact that different crop
commodities were examined for both the domestic and
the imported samples. Thus, fresh vegetables (tomatoes,
cucumbers etc.) and fruits (apples, peaches etc.) were the
mainly examined domestic products, while tropical fruits
(mangoes, guava etc.) and potatoes were the mainly
examined imported products.
However, only one of the domestic samples was
found with violative residues (1.8%), while 4 violations
were recorded from the imported samples (3.4%). Differences between the imported and the domestic in residue
distribution have been observed in other countries’ monitoring programs as well (4).
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POLLUTION OF SURFACE AND GROUND WATER
OF GREECE FROM RESIDUES OF PESTICIDES
G.E. Miliadis and P.Th. Malatou
Benaki Phytopathological Institute, Kifissia, Greece

SUMMARY
The results of a 3 year survey for the presence of
residues of 118 mostly used pesticides in surface and
ground waters of Greece are presented. Pesticide residues
were detected in 47 of the 252 samples (19%). Residues
of 26 different compounds were detected in the samples;
a-HCH was the most frequently detected pesticide.
The concentrations of the pesticides detected were from
0.001 to 1µg/L, with the majority of the concentrations
(94%) found lower than 0.1 µg/L.

KEYWORDS: pesticides, residues, monitoring, water

The fact that pesticides exist at trace levels in aquatic
samples, sets the demand for analytical methods, fast and
simple, capable to detect within the shortest possible time
as many pesticides as possible.

Solid phase extraction (SPE) has been extensively
applied in recent years, as it provides reduced processing
time and solvent savings. It is also more compatible to the
environment, as requiring less toxic and flammable organic solvents. Furthermore, automation is possible and,
nowadays, there is a large diversity of sorbents packed in
disposable cartridges or are disks with broad selectivity
spectrum, that enable trapping a large number of pesticides with different physicochemical properties. Of the
solid supports available for SPE, C-18 has a widespread
use in extraction procedures and has been proved applicable for the extraction of non-polar and weakly polar
analytes, as most pesticides are (4, 5).

INTRODUCTION
The intensive use of pesticides of diverse chemical
nature results in improvement and increase of the agricultural production. However, the indiscriminate use of these
compounds, that is frequently noticed, leads to concern
for the environment and, consequently, for human health.
Monitoring programs for pesticide residues in surface and
ground water are therefore very important in order to assess
the quality of water intended for human consumption.

Capillary GC with highly selective detectors (ECD,
NPD) is routinely used for monitoring pesticide residues
in water samples, as it provides high resolving power and
detection is attained at the ng/L levels. However some
groups of compounds, such as carbamates and phenylureas, which are thermally labile and transformed under
GC conditions, as well as some very polar analytes cannot
be easily detected by GC. In these cases liquid chromatography provides better results.

The European Union (EU) has proposed a priority list
of pesticides that can be found in ground water (1), taking
into consideration their solubility in water, their
adsorptivity determined by Koc and their soil and
hydrolysis half-life. On the basis of broad criteria related
to the three general parameters (toxicity, persistence,
input) EU's directive concerning the quality of water sets
a maximum permissible concentration of 0.1 µg/L for
each individual substance and 0.5 µg/L for the sum of
pesticides in tap water and 1-5 µg/L in surface water (2, 3).

With the improvement of the analytical methods,
including gas and liquid chromatography coupled with
MS, and the use of new sorbent materials with higher
trapping abilities, several degradation products have been
included in the national monitoring programs in the recent
years. In some cases it is more important to investigate for
the presence of metabolites of some pesticides, which are
more toxic and persistent in aquatic system than the
parent compounds.
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There are many reports on the degradation of some
pesticides and, especially, for alachlor, atrazine and
various organophosporus pesticides in natural waters.
The detection of some very polar transformation
products needs specific analytical methods, which are not
included in most of the multi-residue approaches used in
surface water monitoring.
This study presents the results of a 3-year survey for
the presence of residues of 118 mostly used pesticides and
some degradation products in surface and ground waters
in Greece. 252 water samples originating from various
regions of Greece were analyzed for this purpose.

MATERIALS AND METHODS
252 water samples were collected from 18 rivers,
15 lakes and 9 drillings all over Greece from January
1997 to December 1999, as shown in Table 1. 188 of the
samples were from water intended for human consumption. The samples were collected in 2.5-L glass bottles
and stored at 4oC prior to extraction, that was normally
conducted within 24 h of sampling. Most samples were
collected during spring and summer because during these
seasons of the year pesticides are mainly used.
Analysis was performed by a previously developed
multiresidue method (6) in which the extraction is performed by SPE, detection and determination of pesticides
by capillary GC with two detectors (ECD and NPD).
Compounds selected to be monitored mainly include
priority pesticides, widely used in the E.U. Solid-phase
extraction was carried out with pre-packed reversed-phase
octadecyl (C-18) Isolute cartridges, containing 500 mg
bonded silica (International Sorbent Technology).

For the analysis of pesticides, a Fisons HRGC Mega
2 Series gas chromatograph was used with two chromatographic systems a) a cold on-column injector, with a
30m x 0.53 mm DB 608 column and a nitrogen phosphorus detector b) a splitless injector with a 30m x 0.32mm
SE 54 capillary column and electron capture detector. The
temperature program for separating pesticides was the
same for both chromatographic systems, allowing this
way the simultaneous injection of the sample in the two
injectors and the subsequent separation. The following
temperature program was used: from 50oC (1min) to
180oC at a rate of 30oC/min, increased to 210oC at
1,8 oC/min and then to 260oC at 30oC/min, remaining for
20 min. Confirmation of the pesticides found was
performed by the use of GC MS.

The method's efficiency has been validated for a total
of 118 compounds. For 77 of them, the method was found
satisfactory as for the recovery, repeatability and attained
limits of detection, with values acceptable for residue
analysis. For the rest 41 compounds, recoveries were
lower and although their detection could be achieved with
this method, their quantitation is considered not accurate.
RESULTS AND DISCUSSION
The pesticides detected in the samples and the
frequency of their existence at various concentration
levels are shown in Table 2. Pesticide residues were detected in 47 of the 252 samples (19%). From the 188
samples of water intended for human consumption, pesticides were detected in 14 of them (7.4%), no one exceeding the European Union maximum acceptable concentration (MAC), while from the 64 samples of water not intended for human consumption, residues were detected in
33 of them (51%).
Twentyfour percent of the river water samples were
found with pesticide residues, while the percentages for
lake and ground water samples with residues were 32%
and 6%, respectively. From the rivers that were monitored
for pesticides, Axios, Alkiakmon and Pinios, were found
with pesticide residues in all the samples analyzed. These
rivers are located is some of the mostly cultivated agricultural areas of the country and pesticides are extensively
used during the cultivation periods. These results are in
accordance to previous findings (8).
Residues of 26 different compounds were detected in
the samples. The findings were different dependent on the
different crops and pesticides used in each area. Residues
of 12 insecticides, 10 herbicides and 4 fungicides were
detected in total in the samples (Table 2). a-HCH was the
most frequently detected pesticide. It was detected in
35 samples (14%) and it's isomer ?-HCH (lindane) was
also detected in 28 samples (11%). They were both
detected in concentrations from 0.001 to 0.05 µg/L.
Lindane is an insecticide that degrades slowly in the
environment and its residues have also been found in the
past in natural waters of Greece (8). Other pesticides
detected were alachlor and trifluralin in 13 samples,
propachlor in 10 samples, propyzamide in 8 samples,
endosulfan sulfate in 7 samples, atrazine in 6 samples and
other with lower frequency.
Although the majority of organochlorines are banned
in Greece for more than 20 years, residues of them were
detected in 5 samples. This is probably because they are
still used in the neighbouring Balkan countries and, therefore, residues of these compounds were found in rivers
originating from these countries (9).
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TABLE 1 - Water samples analyzed for pesticide residues.
The number in the parenthesis is the number of samples in which residues were detected.

a)

Lakes

Lake
Amvrakia
Vegoritis
Zazari
Lysimahia
Marathona
Megali Prespa
Mikri Prespa
Mornosa
Orestias
Pamvotis
Petron
Plastiraa
Trihonida
Ilikia
Himaditis
Total

1997
1(1)
2
1(1)
1(1)
8
1
1(1)
1
1
10
1(1)
28(5)

1998
1
1(1)
1(1)
3(1)
1
1(1)
1(1)
1
9(6)
1(1)
20(12)

1999
1(1)
1
1(1)
1(1)
3
1
1(1)
4
1(1)
1(1)
1(1)
1
2(1)
11
1
31(8)

Total
2(1)
2(1)
3(3)
1(1)
8(1)
2(1)
3(2)
12(-)
3(2)
2(2)
2(2)
3(-)
3(1)
30(6)
3(2)
79(25)

1998
191)
1(1)
1
1
4(1)
1
2(1)
1
4
1
8(2)
1(1)
1
27(7)

1999
1
1(1)
1
1
2
1
2
1
1
2
1(1)
1
15(2)

Total
1(-)
3(3)
2(-)
3(3)
3(-)
1(-)
8(1)
2(1)
4(2)
4(-)
8(-)
2(-)
2(-)
2(-)
14(2)
4(4)
1(-)
2(-)
66(16)

1998
1
4
1
1
2
25(1)
34(1)

1999
1
2
25(-)
28(-)

Total
2(-)
4(-)
2(-)
3(-)
4(-)
5(-)
8(1)
1(-)
78(5)
107(6)

a) Water intended for human consumption

b)

Rivers

River
Aheloos
Aliakmon
Arachthos
Axios
Drosopigia
Enipeasa
Evinosa
Evros
Gallikos
Gortsilakas a
Kokkinosa
Kosinthosa
Lailiaa
Louros
Mornosa
Pinios
Voagras
Volvozis a
Total

1997
1(1)
1
2(2)
1
2
1(1)
2(1)
2
2
1
1
1
4
2(2)
1
24(7)

a) Water intended for human consumption

c)

Drillings

Drilling
Alexandroupolis a
Astros Kinourias a
Herakliona
Korinth
Larissaa
Mitilini
Thebes
Triziniaa
Volosa
Total

1997
1
1
3
2
1
8(1)
1
28(4)
45(5)

a) Water intended for human consumption
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TABLE 2 - Pesticides found in natural waters of Greece and frequency of appearance at different concentrations.

Samples with residues at the reported areaa
Pesticide

0.001

alachlor

0.005

0.01

0.05

0.1

1

Total

1

2

5

4

1

13

1

2

2

1

6

10

13

3

35

1

1

1

3

16

4

2

28

atrazine
aBHC

9

ßBHC

µg/L

?BHC

6

?chlordane

1

1

achlordane

1

1

chlorothalonil

1

chlorpyriphos ethyl

1

diazinon

2

1
2

3
2

dicloran

1

1

dimethoate

1

1

a-endosulfan

1

ß-endosuflan

2

endosulfan sulfate

2

3

heptachlor

1

2

1

3

2

7

1

metribuzin

1

1

parathion methyl

1

1

prometryn
propachlor

6
3
1

2

10

2

1
4

vinclozolin
20

3

8

1

1

1

1

terbuthylazin

Total

1

1

3

simazine

trifluralin

2

1

propyzamide

41

1

2

1

2

6

2

13

1

1

2

38

34

12

a)Each column covers concentrations which start from higher concentration values of the previous column,
e.g. column 0,05 covers concentrations from 0.011 to 0.05 µg/L.
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3
1

1

pendimathalin

quintozene

1

9

154
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LINURON CYTOGENETIC ACTIVITY ON
HUMAN LYMPHOCYTES TREATED in vitro.
EVALUATION OF CLASTOGENIC AND ANEUGENIC POTENTIAL
USING CYTOKINESIS BLOCK MICRONUCLEUS ASSAY IN
COMBINATION WITH FLUORESCENCE in situ HYBRIDIZATION (FISH)
P.Papapaulou1, D.Vlastos1, 2, G.Stephanou1 and N.A.Demopoulos1 *
1

Division of Genetics, Cell & Developmental Biology, Department of Biology, University of Patras, Patras, Hellas
2
Department of Farm Organization & Management, University of Ioannina, Agrinio, Hellas

SUMMARY
Linuron is a substituted urea compound registered for
use as an herbicide for the control of a wide variety of
annual and perennial broad-leaved and grassy weeds. In
the present study the effect of Linuron (12.5 – 87.5 µg/ml)
on the micronucleus (MN) induction is studied in human
peripheral blood lymphocyte cultures treated in vitro. The
application of fluorescence in situ hybridization (FISH)
on Cytochalasin B (Cyt-B) formed binucleated cells has
shown that the induced micronuclei are due to clastogenic
as well as aneugenic activity.

KEYWORDS
Herbicides - Linuron - Micronuclei - FISH - Clastogen – Aneugen

INTRODUCTION
Pesticides are chemical compounds that are widely
used in agriculture, thus invading the environment in
great quantities. They represent an important group of
environmental pollutants, to which man is daily exposed,
mainly as a consequence of their wide use, which is likely
to continue and possibly increase in the near future [1].
Pesticides comprise a diverse group of chemicals, which
can be classified according to (a) the pest organisms
against which they are targeted, (b) the use sector, and (c)
their chemical structure [2]. Their use provokes continual
questions on their probable cause in adverse consequences for the human health. These consequences are
related to genotoxicity, neurotoxicity, and also reproductive and developmental abnormalities [3,4,5]. Some pesticides can have genotoxic effects, including cancer and
several other genetic diseases [6].
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Seventy-three pesticides still in use are classified under the categories B1 and B2 (probable human) and C
(possible human) of carcinogenicity by the EPA [7] and
defined as “potentially oncogenic compounds”.
The genotoxicity and the mutagenic activity of certain pesticides have been studied in vitro as well as in
vivo. The results of these studies may be of critical value
for the anticipation of any carcinogenic activity
[8,9,10,11]. A great number of tests have been developed
to evaluate genetic damage, and of these the micronucleus
test in human peripheral blood lymphocytes has been
widely applied in studies of genetic toxicology. The human peripheral blood lymphocytes are the most easily
available cells for micronucleus analysis. These cells are
not spontaneously dividing but can easily be induced to
proliferate by addition of a mitogen. The most commonly
used mitogen is phytohaemagglutinin (PHA), which is
isolated from red kidney beans. Micronuclei (MN) contain acentric chromosome fragments or whole chromosomes and they can be recognized as distinct formations
that exist in daughter cells separated from the main nucleus [12,13]. They are the result of chromosome breakage and/or chromosome loss due to lagging chromosomes
during anaphase of mitosis. The cytokinesis-block MN
assay, first reported by Fenech and Morley (1985) [14],
has been widely used in different cell types including
human lymphocytes for the evaluation of the clastogenic
and aneugenic potential of various agents, that is their
potential to induce chromosome breakage and maldistribution. The main characteristic of the assay is the use of
Cytochalasin-B, an inhibitor of actin polymerization,
which prevents cytokinesis while permitting nuclear division [14,15]. As a result, binucleated (BN) cells are produced, which are scored for the presence of MN.
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Scoring MN only in BN cells makes the method
very sensitive for the analysis of lymphocytes that have
undergone one division. Moreover, in combination with
other methodologies, such as fluorescence in situ hybridization (FISH) with centromeric probes, the method
has been proved valuable in assessing compounds that
induce aneuploidy [16,17,18].
Herbicides are the largest class of pesticides used in
the world today. Linuron [3-(3,4-dichlorophenyl)-1methoxy-1-methylurea] is a substituted urea compound
registered for use as an herbicide for the control of a
wide variety of annual and perennial broad-leaved and
grassy weeds. It works by inhibiting photosynthesis in
target weed plants. It is labeled for use in cotton, potato,
corn, bean, pea, asparagus, carrot and fruit corps.
Farmer’s no-dietary exposure to Linuron as an applicator or mixer/loader is very high. The general population
dietary exposure to Linuron is also likely because of the
consumption of treated crops [19,20]. In acute mammalian toxicity studies, Linuron was shown to exert a low
activity, and no genotoxicity was observed in several in
vitro and in vivo assays, such as gene mutations in CHO
cells and Salmonella typhimurium, unscheduled DNA
synthesis and in vivo rat bone marrow test [7]. Cytogenetic studies in human lymphocytes exposed in vitro to
1 µg/ml Linuron showed little chromosome damage
[21]. Linuron was also found “suspect genotoxic” after
S-9 activation in the MutatoxTM test [22]. Dietary exposure to Linuron produced testicular hyperplasia and
adenomas in male rats and hepatocellular adenomas in
female mice. Based on these data, the US Environmental
Protection Agency has classified Linuron as a “possible
human carcinogen” (class C) [7].
In the present study the effect of Linuron (12.5 – 87.5
µg/ml) on the micronucleus (MN) induction is studied in
human peripheral blood lymphocyte cultures, treated in
vitro. The application of fluorescence in situ hybridization
(FISH) on Cytochalasin B (Cyt-B) formed binucleated
cells is used to evaluate the mechanism of MN origin.

MATERIALS AND METHODS
Whole blood (0.5 ml) obtained from
a healthy adult man was added to 6.5 ml Ham’s F-10
medium (Gibco, NY), 1.5 ml fetal calf serum (Gibco,
NY), and 0.2 ml phytohaemagglutinin (Gibco, NY). The
appropriate chemical solutions to give final Linuron (pure
form) concentrations of 12.5, 25, 37.5, 50, 62.5, 75 and
87.5 µg/ml were added 41 hours after the initiation of the
culture. Linuron was dissolved in DMSO. DMSO concentrations in cultures did not exceed 0.2 %. The cultures
were incubated at 37 0C for 72 hours. Two to seven different experiments were accomplished for each
experimental parameter.
Lymphocyte cultures:

432

Micronucleus induction : For the MN study, 6 µg/ml Cytochalasin-B (Sigma) was added to the culture medium 44 h
after its initiation, and 3 h after the addition of the chemical. Cells were harvested 72 h after the initiation of culture
and were collected by centrifugation at 1500 rpm for
10 min. A mild hypotonic treatment with a 1: 3 solution of
Ham’s medium and ddH2O supplemented with 2% serum
was given for 3 min at room temperature and was followed
by 10 min fixation with a fresh 5:1 solution of methanol/acetic acid. Cells were stained with 7% Giemsa. For the
calculation of MN frequency at least 1000 BN cells were
scored for each experimental point and for each treatment.
For the scoring of MN standard criteria were used [12,13].
To determine possible cytotoxic effects, 2000 cells were
counted for the calculation of Cytokinesis Block Proliferation Index (CBPI), which is given by the equation:
CBPI=M1+2M2+3(M3+M4)/N, where M1, M2, M3 and M4
correspond to the numbers of cells with one, two, three and
four nuclei and N is the total number of cells [23]. Micronucleus size is expressed as the ratio of micronucleus
diameter to the cell nucleus diameter. This ratio was determined as: small micronuclei ≤1/10, medium micronuclei
>1/9 to < 1/3 and large micronuclei ≈1/3.

FISH was performed using an a-satellite
probe for all human centromeres (Oncor, Gaithersburg,
USA, P 5059:DG 5). Slides were pretreated in pepsin
solution in 0.1 M HCL (pH 3, Sigma) for 5 min and then
washed in sterile distilled water and PBS for 2 min. They
were then submerged in 1% formaldehyde in phosphate
buffered saline (PBS) at 4 0C for 5 min, washed with PBS
and distilled sterile water for 2 min, and finally dehydrated with a graded series of ethanol. Nuclear DNA was
denatured with 70% formamide in 2 x standard saline
citrate (SSC) at 70 0C for 2 min, and the slides chilled in
70% ethanol and dehydrated in a graded series of ethanol.
Probe denaturation was performed at 700C for 5 min and
was then chilled on ice. The slides were then incubated
with the hybridization probe (15 µl for each slide) overnight at 370C in a humidified atmosphere. At the end of
the hybridization time the slides were washed twice for
10 min with 50% formamide in 2 x SSC, followed by two
4 min washes in 2 x SSC, and one 5 min in 4 x SSC /
0.05% Tween-20 buffer.
FISH analysis:

The slides were then incubated with 5% skimmed
milk as blocking reagent at 370C for 15 min. After a short
wash in 4 x SSC / Tween-20 buffer, anti-digoxigenin
antibody (Sigma, D-8156) dialyzed in 0.5% skimmed
milk (1:250) was laid onto slides and allowed to link with
the probe by incubation at 370C for 30min. After three
washes with 4 x SSC /Twen-20 buffer, the slides were
incubated with antimouse antibody (Boehringer Mannheim) dialyzed in 0.5% skimmed milk (1:20) at 370C for
30 min followed by a subsequent incubation with FITCconjugated anti-sheep antibody (Sigma), also dialyzed
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against 0.5% skimmed milk (1:20) at 370C for 30 min.
Every incubation was followed by extensive washes in
4 x SSC / Tween-20 buffer. After counterstaining using a
mixture of DAPI-PI in 4 x SSC / Tween-20 buffer at
room temperature for 5 min, the slides were washed in
tap water, air-dried and mounted in Vectashield Mounting Medium (Vector Laboratories). The slides were kept
in the dark at 40C and analyzed in a Zeiss Axioskop
fluorescence microscope. For the determination of MN
frequencies, at least 1000 BN cells were analyzed for
each experimental point. Standard criteria were used for
the identification of MN [12]. The bandpass filters used
were 546, 490, and 360 nm for green, blue and ultraviolet light, respectively. At least 50 MN were analyzed for
the presence of a centromere-positive signal for each
experimental point.
Data of MN induction, determined by
Giemsa analysis, were statistically analyzed by Student’s
t-test. Statistical analysis of MN data, determined by
FISH analysis, was made by the G-test for independence
on 2x2 tables [24]. This test is based on the general assumptions of ?2 analysis, but it offers theoretical and
computational advantages. Regression analysis was also
carried out [25].
Statistical analysis:

RESULTS AND DISCUSSION
Numerous studies have been published referring to
the genetic effects of pesticides on human populations
occupationally exposed to these chemicals. In some of
them there is a positive correlation of workers exposed to
pesticides with enhanced frequencies of different cytogenetic endpoints such as sister-chromatid exchanges (SCE)
[26,27,28,29], and chromosomal aberrations (CA)
[29,30,31]. Additionally, a significant decrease in mitotic
index was observed in the exposed people [28,31] as well
as a cell cycle delay [28]. Micronucleus assay (MN) has
also been used for the evaluation of pesticide cytogenetic
activity. Greenhouse workers occupationally exposed to a
complex mixture of pesticides exhibited significant increase of micronuclei in both peripheral blood lymphocytes in vivo and buccal cells [1, 32]. On the other hand,
negative results are known for the genetic risk associated
with pesticide exposure in relation to the above-referred
cytogenetic endpoints [33, 34, 35]. In addition, the widely
used herbicide atrazine evaluated in vitro, in human lymphocytes cultures, was found to exert weak cytotoxic
activity, but it was not effective in enhancing high frequencies of SCE, CA and MN [36].
In this study the ability of the herbicide Linuron to
induce enhanced micronucleus frequencies in human
lymphocytes treated in vitro was evaluated. Data on micronucleus (MN) induction by Linuron, determined by
Giemsa analysis, are presented in Table I.
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The concentrations tested were 12.5, 25, 37.5, 50,
62.5, 75 and 87.5 µg/ml. Mean values of frequencies are
the result of at least two different experiments for each
experimental point. An increase in both micronucleated
binucleated cell (BNMN) and micronucleus (MN) frequencies was observed in the lymphocytes for each
experimental point. A statistically significant increase in
relation to control cultures was identified in both BNMN
and MN frequencies from the concentration of 25 µg/ml.
At this concentration the frequency of BNMN cells was
10.56 ‰ (p<0.05) and of MN was 11.23 ‰ (p<0.005).
At the highest concentration 87.5 µg/ml the BNMN
frequency was 25.3 ‰ (p<0.0001), more than three
times the control value (6.7 ‰) and the MN frequency
was 28.3 ‰ (p<0.0001), more than four times the control value (6.7 ‰). Regression analysis showed a linear
dose response relationship for BNMN frequency
(treg = 9.38, r = 0.967, p = 0.000) and for MN frequency
(treg = 9.59, r = 0.969, p = 0.000). Results on Linuron
mutagenicity in Salmonella typhimurium strains are
negative [7, 37]. Human lymphocytes exposed in vitro to
Linuron either alone or in combination with atrazine,
have shown little chromosome damage [21]. On the
other hand mice that were fed with Linuron or with
a combination of both herbicides have been shown
chromosome damage in splenocytes, but not in bone
marrow cells [21]. In in vivo studies on Linuron
genotoxicity in rats no increase in micronucleus frequency in bone marrow cells was observed [37]. However, DNA damage was seen in liver cells using the
single cell microgel electrophoresis, although this was
not true for testicular cells [37]. Diuron, another widely
used urea herbicide, is known to form micronuclei in
bone marrow cells of Swiss mice [38]. Also the effect of
high doses of the herbicide isoproturon was significant
in mammalian micronucleus assay [39].
Cytotoxic effect of Linuron was evaluated by the
determination of CBPI (Table I). A linear dose response
decrease was shown for each experimental point
(treg = -9.16, r = -0.966, p = 0.000). Also at the highest concentration tested, CBPI was 1.36 compared with the control value
1.83, indicating that Linuron is cytotoxic to human lymphocytes treated in vitro. These cytotoxic effects are in accordance
with previously published findings, showing that Linuron is
cytotoxic in rat hepatic, bone marrow and testes cells [37] and
may display several mechanisms of endocrine toxicity in rats [40].
A comparison of the size of MN induced by several
compounds has been used as an evidence to distinguish
the clastogenic or the aneugenic activity of the compound.
The small size MN is more possible to contain acentric
chromosome fragments, which indicates a clastogenic
effect. However, the large size MN is more possible to
contain whole chromosomes, which indicates an
aneugenic effect [41,42,43]. Data on the size ratio of MN
induced by Linuron, determined by Giemsa analysis, are
presented in Table II.
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TABLE I - Frequencies of micronucleated binucleated cells (BNMN) and micronuclei (MN),
as revealed after Giemsa staining, induced in human lymphocyte cultures treated in vitro with Linuron

Concentration
(µg/ml)

BN
cells scored

0

10401

BNMN(‰)
mean ± SE

MN(‰)
mean ± SE

CBPI

67
67
1.83±0.06
6.70±0.65
6.70±0.65
12.5
2593
19
19
1.74±0.08
7.30±0.72
7.30±0.72
25
3620
38a
40b
1.62±0.07
10.56±0.36
11.23±0.93
37.5
5598
53a
55a
1.55a±0.09
9.50±0.50
9.82±0.43
50
5004
91d
96d
1.44b±0.03
18.20±1.03
19.20±1.08
62.5
3034
60b
66c
1.44a±0.04
19.80±4.10
21.80±4.62
75
3000
71d
72d
1.41b±0.03
23.66±1.76
24.00±2.08
87.5
2014
51d
57d
1.36a±0.02
25.30±2.6
28.30±2.62
treg = 9.38
treg = 9.59
treg = -9.16
r = 0.967
r = 0.969
r = -0.966
p = 0.000
p = 0.000
p = 0.000
BN: binucleated cells, BNMN: micronucleated binucleated cells, MN: micronuclei, CBPI: Cytokinesis Block Proliferation Index
a
p<0.05 b p<0.005 c p<0.001 d p<0.0001 (t-test)

TABLE II - Frequencies of micronuclei (MN) per size, as revealed after Giemsa staining
induced in human lymphocyte cultures treated in vitro with Linuron

Concentration
(µg/ml)

BN
cells scored

Small MN
(‰)

Medium MN
(‰)

Large MN
(‰)

0

10401

12.5

2593

25

3620

37.5

5598

50

5004

62.5

3034

75

3000

87.5

2014

15
(1.60±0.47)
1
(0.37±0.37)
7
(1.95±1.10)
8
(1.41±0.23)
14
(2.76±0.79)
22
(7.26±1.36)
13
(4.33±0.88)
5
(2.49±1.51)
treg = 1.78
r = 0.588
p = 0.125

30
(2.94±0.44)
12
(4.62±0.08)
22
(6.05±0.14)
33
(5.87±0.07)
47
(9.39±1.86)
22
(7.30±3.40)
32
(10.66±1.20)
22
(10.90±1.9)
treg = 6.82
r = 0.941
p = 0.000

22
(2.15±0.67)
6
(2.30±0.72)
11
(3.21±1.50)
14
(2.52±0.26)
35
(7.03±1.23)
22
(7.24±2.32)
27
(9.00±1.73)
30
(14.91±4.08)
treg = 5.41
r = 0.911
p = 0.002

BN: binucleated cells, MN: micronuclei
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TABLE III - Frequencies of micronuclei with (C+MN) and without (C-MN) a centromeric signal
induced in human lymphocytes cultures treated in vitro with Linuron, as evaluated after FISH analysis

Concentration
(µg/ml)

BN
cells scored

MN
evaluated

MN
(‰)

C+MN

C+MN
(‰)

C-MN

C-MN
(‰)

0

5720

50

8.74

19

3.32

31

5.42

62.5

2685

50

18.62

20

7.45a

30

11.17b

75

2664

50

18.77

22

8.26b

28

10.51a

87.5

1726

50

28.97

22

11.59c

30

17.38c

BN: binucleated cells, MN: micronuclei, C+MN (‰): micronuclei with a centromeric signal per thousand binucleated cells,
C-MN (‰): micronuclei without a centromeric signal per thousand binucleated cells
a
p<0.05 b p<0.005 c p<0.001 (G-test)

An increase in both medium and large size MN
frequencies was observed from the concentration
12.5 µg/ml. At the highest concentration of 87.5 µg/ml the
medium size MN frequency was 10.9 ‰, more than
three times the control value (2.94 ‰) and the large size
MN frequency was 14.91 ‰, more than six times the
control value (2.15 ‰). Regression analysis showed a linear dose response relationship for medium MN frequency
(treg = 6.82, r = 0.941, p = 0.000) and for large MN frequency
(treg = 5.41, r = 0.911, p = 0.002). An increase in small size
MN frequency was also observed at least at the higher concentrations. However, the regression analysis showed no
linear dose response relationship for small MN frequency
(treg = 1.78, r = 0.588, p = 0.125).
Since a linear dose response correlation of large size
micronuclei with Linuron treatment was observed, an
attempt was made to identify the content of MN induced
by Linuron. For this purpose FISH experiments were
carried out using a-satellite probe, complementary to the
centromeres of all human chromosomes. The three higher
concentrations (62.5, 75 and 87.5 µg/ml) were studied in
lymphocyte cultures. Frequencies of micronuclei exhibiting (C+MN) or not (C-MN) centromeric signal-s, containing thus whole chromosomes or acentric chromosome
fragments were determined. C-MN is the result of breakage events, while C+MN is the result of chromosome loss
[18,44,45,46]. The results are presented in Table III. As it
can be seen the results from Table I on MN frequencies
were confirmed. The MN frequencies estimated by this
method were comparable to those estimated by Giemsa
staining. The frequency of C- MN, that contain acentric
chromosome fragments, was significantly different
(11.17 ‰ p<0.005, 10.51 ‰ p<0.05, 17.38 ‰
p<0.001) from the control frequency (5.42 ‰) indicating
a clastogenic effect.
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On the other hand, a significant increase in the
frequency of C+MN, that include whole chromosomes,
was observed (7.45 ‰; p<0.05, 8.26 ‰; p<0.005,
11.59 ‰; p<0.001) in comparison with the control
frequency (3.32 ‰), assuming an aneugenic effect of
Linuron. Thus, it can be said that Linuron is able to induce clastogenic as well as aneugenic effects. These results are in accordance with the findings from the study of
the MN size, showing that Linuron induced increased
frequencies of small and large size MN. Aneugenic effects have been determined for other pesticides as well.
Benomyl, a plant fungicide, and its active metabolite
carbendazim are known to induce micronuclei in mouse
bone marrow cells primarily through an aneugenic
mechanism [47]. Also the fungicide triphenyltin has been
shown to induce aneuploidy (C2/M arrest) in the MCF-7
breast cancer cell line [48].

CONCLUSION
In conclusion, the main results of our study are summarized as follows:
•

•
•

Linuron is capable of inducing increased MN frequencies in human lymphocytes. This increase is
related to the concentration in a linear dosedependent manner.
Linuron is cytotoxic in human lymphocytes as
evaluated by a reduction of CBPI. The cytotoxicity
is also linearly dose-dependent.
FISH experiments showed that the induced MN
resulted from breakage events as well as chromosome loss, thus characterizing the compound as being able to induce both clastogenic and aneugenic
effects.
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PESTICIDE EVALUATION IN SURFACE WATERS
IN CYPRUS WITHIN AN
INTEGRATED EVALUATION YARDSTICK,THE AMOEBA
St.C.Michaelidou, E.Loizou, P.Piera and M.Christodoulidou
Environmental Chemistry (I) and Ecotoxicology Laboratory, State General laboratory, Nicosia, Cyprus

SUMMARY

THE INTEGRATED APPROACH

An integrated evaluation scheme was developed capable to provide both data for legal compliance and management oriented information. It comprises two complimentary schemes: the conventional evaluation and the
Amoeba Yardstick. Amoeba is based on nine pollution or
effect indices. Pesticide index encompasses 70 pesticides.
In general, good agreement was found between the two
schemes. The use of the Amoeba provides a more holistic
evaluation of pesticides impact within the wider context
of other pollution causes and problems.
KEYWORDS:
Pesticides, surface waters, quality indicators

The two pillars on which the project was built were
the holistic investigation approach and the integrated
evaluation.
The holistic investigation approach has enhanced
capabilities for trend recognition and early identification
of emerging problems. It is based on 226 microbiological,
chemical and ecotoxicological parameters, including
70 pesticides and it is applied both on water and sediments. The type, degree and the major causes of pollution
are evaluated. Furthermore, by integrating toxicity testing
with state-of-the art analytical chemistry and microbiology possible effects and interactions of the “cocktail” of
water pollutants on Man and the Ecosystem are addressed.
The integrated evaluation scheme is capable to provide
not only data for legal compliance, but also information
geared to address needs for management, forecasting an
prevention. It comprises two complimentary schemes: the
conventional evaluation and the Amoeba Yardstick [1].

INTRODUCTION
Dams are important source of water in Cyprus. Water
quality is mostly threatened by agricultural activities and
the wide application of pesticides within the catchment
zones of the above waterbodies. Within EU project LIFE
95/CY/B2/CT/868MED, an Integrated Monitoring and
Early Warning System for the 8 major dams, their contributing rivers and one stream from a “virgin” area was
developed. The overall aim of the system is to maintain
the quality and multifunctionality of waterbodies for man
and the ecosystem. Integration and multidisciplinary approach is the landmark of the project aim to develop Early
Warning and Risk Assessment capabilities for Man and
the Ecosystem and to provide target oriented information
for decision makers.

• The conventional evaluation: The 226 parameters
including the 70 pesticides are analyzed and evaluated
independently of each other, for compliance with existing legal limits. This evaluation scheme provides in
addition technical oriented information.
• The Amoeba Yardstick: It aims to aggregate hundreds
of data into concrete information and provide clear
identification of problems and priorities for action to
the decision-makers. To this effect all parameters,
which are related to the same pollution cause or effect,
are included in one index. At the end the 226 parameters are integrated to nine quality or effect indices. The
Amoeba is based on the holistic evaluation of these
indices against target values i.e. the values that indices
should reach in order to achieve maximum protection
and sustainability of the Ecosystem. Amoeba provides
management oriented information and it is presented
on a radar plot on which each index is assigned to one
sector.
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The index value is plotted “white” on top of the target
“gray” circle (Fig. 1). As the index value increases and
approaches the set target, the quality of water improves
and vice versa.
• The Pesticide Index (PPI) includes 70 pesticides
(organophosphorous, triazines, -methyl carbamates,
organochlorines, phenylureas, alachlor and 2,4,D and
reflects the overall pesticide pollution.

• Its target value is calculated according to Refer [2].
The degree of pollution due to pesticides is expressed
as the % of the target value. At the end, the degree of
deviation from target of the pesticide index is directly
compared with the respective deviations of the other
indices e.g. industrial pollution index (IPI) or nutrient
pollution index (NPI). This comparison provides clear
identification of main pollution problems and priorities
for
action
[3].

FIGURE 1 - The Amoeba Yardstick

EXPERIMENTAL APPROACH
Water samples were collected from the 8 major dams of
Cyprus and their 11 contributing rivers. During the whole
monitoring time, which is divided into 4 periods, were analyzed 214 samples. The four periods were: March 1996 to
August 1997, September 1997 to December 1998, January to
December1999 and winter 2000.
Multiresidue methods were applied based on both liquid-liquid extraction and on solid-phase extraction. During
the first period the organophosphorous compounds (OPS),
triazines and alachlor were isolated from samples using
liquid-liquid extraction with methylene chloride, concentrated and then analyzed by gas chromatography (GC) and
detectors FPD/P, FPD/S, NPD [4]. Quantitation limits
ranged from 0.01-0.1 µg/L for OPS, from 0.01-0.02 µg/L for
triazines and 0.02 µg/L for Alachlor. In 1998 the extraction
method has been replaced by solid-phase extraction (SPE)
with C-18 Empore discs [5]. This method is more sensitive,
rapid, economical and less solvent consuming than liquidliquid extraction. Due to this modification there was improvement in the quantitation limits as follows: 0.0020.0 µg/L, 0.003-0.005µg/L and 0.006 µg/L for OPS, triazines

and alachlor, respectively. Organochlorine (OCL) pesticides
were analyzed by gas chromatography (GC) and electron
capture detector (ECD), using liquid/liquid extraction and the
quantitation limits ranged from 0.0003 up to 0.1 µg/L [6].
Confirmation was performed in most of the cases by using
two different chromatographic columns and/or detection
systems. GC/MS was also applied for some samples. Within
the investigation scheme for OCLs, 17 PCB congeners were
also investigated. Other pesticides such as N-methyl carbamates (NMC), phenylureas (diuron, linuron) and 2,4 D
were also included in our study. The NMC were isolated on
Sep-Pak C-18 cartridges, then eluted with acetonitrile and
analyzed by gradient elution, reversed-phase HPLC system.
Detection was performed via post-column hydrolysis, derivatization of the methylamine formed with o-phthalaldehyde
reagent, and fluorescence detection of the isoindole derivative [7]. The quantitation limits ranged between 0.005 and
0.01 µg/L. For the analysis of phenylureas [8] and 2,4 D [9]
the water samples were concentrated on C-18 Empore extraction disks. Determination was carried out using high
performance liquid chromatography and photodiode array
ultraviolet detector (PDA) with quantitation limits of 0.05
and 1.00µg/L for phenylureas and 2,4D, respectively.
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RESULTS AND DISCUSSION
An extensive data basis for 8 dams and the 12 rivers
in Cyprus was developed [10]. The main results are
summarized as follows:
Triazines were the main pesticides determined in
most of the samples. During the first monitoring period
(March 1996-August1997) the concentrations of pesticides present in the 8 dams were well below the guidelines of 75/440/EC directive for surface water and also
fulfilled the limit for total pesticides of the directive
98/83/EC for drinking water. On individual basis only
triazines exceeded the drinking water limit of 0.1ug/L in
Kalavasos dam. The rest of the dams did not show any
deviations from the limits. Polemidhia, that was used as a
polluted control, was the most contaminated one with
maximum total pesticide concentration being 0.919 µg/L.

Yermasoyia river contained the maximum total
pesticides in 1999 (0.2 µg/L). The rivers Vasilikos
(0.07 µg/L), Kryos (0.09 µg/L), Limnatis (or Zygos)
(0.3 µg/L) and Kourris(0.2 µg/L) contained their maximum pesticide concentrations, during Sept 1997 to
Dec 1998, while Garillis river (2.6 µg/L) had its maximum value during the period March 96 to August 97.
For the last sampling period (winter 2000) the values
of total pesticides in rivers ranged from not detectable
to 0.05 µg/L, with the exception. of Garillis river which
exceeded the EU limit of 98/83/EC, containing
1.652 µg/L total pesticides.

CONCLUDING REMARKS
The total pesticide concentration of all the dams including Polemidhia dam for the period October 1997December 1998 was within the guidelines of 75/440/EC
and 98/83/EC. However, the concentration of triazines
exceeded the limit of individual pesticides for drinking
water, in the dams of Kouris, Asprogremos, Yermasoyia,
Lefkara, Dhypotamos and Polemidhia. A peak in the
concentration of the DDT isomers 0.14 µg/L was found in
Kouris dam in March 1998. Potential release of DDTs
from sediments could be an explanation for the non –
expected result. High concentrations of DDTs up to 292
µg/L were found in sediments carried by the river Zygos
into Kourris dam.
For the year 1999 no deviation was observed from the
EU limits for surface and drinking water, with the exception of the Polemidhia dam. The concentrations of total
pesticides in the dams in winter 2000 were within the
same range as concentrations of the total pesticides in the
dams during winter 1999, except for Lefkara dam where a
marked decrease was observed, from 0,38 ug/L in 1999
dropped down to 0.005 µg/L in winter 2000. During the
four years of monitoring, the highest concentrations of
pesticides in most of the cases were found between September 97 and December 98.
In the majority of the rivers only traces of pesticides
were determined during the four monitoring periods.
None exceeded the EU directive for surface water
(75/440/EC) the criteria of the drinking water directive
98/83/EC were also met with only one exception. Out of
the 11 rivers monitored, only Garillis river exceeded the
limit of 0.5 ug/L for total pesticides in water. The major
groups of pesticides determined were triazines and
N-methyl carbamates.

From the integrated evaluation of the results, i.e., the
conventional evaluation and the Amoeba no problem
related to pesticide pollution was found either for the
dams or for the 11 rivers. Garyllis river was the only
exception and deviated occasionally from the target values and/or standards. The criteria specified in the Directive 75/440/EC for the quality of surface water were always fulfilled for all categories. In most of the cases samples were even within the limits of the EU directives
80/778/EC and 98/83/EC for the quality of drinking water
and only exceptionally deviations were found mainly in
Polemidhia dam. These results are encouraging, reflecting, however, only on the 70 pesticides covered by the
investigation applied.
In general, good agreement was found between the
two schemes. The use of the Amoeba Yardstick complimented the conventional one providing a more holistic
evaluation of pesticides impact within the wider context
of other pollution causes. Priorities for action among
various polluting activities as well as among waterbodies
were clearly identified and presented to decision makers.
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SEDIMENTS IN RESERVOIRS IN CYPRUS
A SINK OF RECENT AND HISTORICAL POLLUTION
Maro Christodoulidou, Eleni Loizou, Panayiota Piera and Stella Canna-Michaelidou
Environmental Chemistry and Ecotoxicology Laboratory
State General laboratory, Ministry of Health, Nicosia, Cyprus

SUMMARY
In order to determine the contamination of the sediments in the Cyprus reservoirs, a holistic approach was
used combining chemical approach with direct toxicity
testing. A wide range of organochlorine pesticides and
industrial pollutants like polycyclic aromatic hydrocarbons, phthalates, heavy metals, etc, were found in sediments. Most of them were undetectable in water, where in
many cases positive genotoxic response was found. In
most of the sediments high toxicity was determined.

KEYWORDS: sediments, metals, organochlorines,
polychlorinated biphenyls, xenobiotics, toxicity.

INTRODUCTION
Sediments provide habitat for many benthic and
epibenthic organisms and are an important component of
aquatic ecosystems. The continual release of chemicals
into the environment as a consequence of human activities
has resulted in varying degrees of contamination in
aquatic ecosystems. Sediments can often be polluted with
a number of contaminants, ranging from inorganic compounds such as toxic heavy metals to complex synthetic
organic chemicals such as organochlorine pesticides
(DDT) and polychlorinated biphenyls (PCBs). They can
influence the environmental fate of many toxic and bioaccumulative substances in lake and rivers and may also act
as long- term sources of toxic substances to the aquatic
environment [1,2]
In the present work, results from integrative testing of
sediments from seven water reservoirs of Cyprus are
presented. The combination of chemical methods with
toxicity testing is a widely acceptable approach [2] providing an holistic view of sediment contamination and
potential ecotoxicological effects.

The work was undertaken in 1997-1999 within an EU
funded Life project. The sediment samples were tested for
toxicity with the MicrotoxTM Solid Phase Test and analyzed
chemically for organochlorine pesticides, PCB’s, metals
and other organic xenobiotics including polycyclic
aromatic hydrocarbons (PAH’s) and phthalate esters.

MATERIALS AND METHODS
Samples of sediments were taken from the 7 dams at
various sampling points and depths. The sampling location was at the inflow point of each river into its contributing reservoir. All the sediment samples were taken in
duplicate, one for chemical and one for mechanical analyses in order to establish the pollution profile and history
for each dam. The samples were collected in glass bottles
and stored at 40C until the analysis. The State General
Laboratory carried out the chemical analysis and toxicity
testing, while the laboratory of Water Development
Department carried out the mechanical analysis.
The methodology used for the chemical analysis was
based on Standard Methods of the US-EPA and other
Organizations, validated and registered as SGL/SOPs
according to the quality assurance criteria of the State
General Laboratory. The chemical evaluation of the sediments consisted of the analysis for heavy metals, organochlorine pesticides and PCBs and other organic
xenobiotics such as PAHs and phthalates.
The metal analysis was carried out according to
ISO / DIS 11466, where the trace metals are extracted
in aqua regia and measured by Atomic Emission Spectroscopy using Inductively Coupled Plasma (ICP) [3].
A Certified Reference Material (CRM 277 Trace Elements in Estuarine sediment) was used for quality control
purposes. The presence of the 7 metals Pb, Cd, Cr, Cu,
Fe, Ni and Zn was investigated. All results were calculated on dry basis.
Metals:
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Organochlorine Pesticides and Polychlorinated Biphenyls:

Organochlorine pesticides and polychlorinated biphenyls
(PCBs) were selected as representing a non-polar persisting group of xenobiotics. Furthermore, as DDT has been
used extensively in Cyprus some 20-30 years ago against
elonosia (malaria) its presence would indicate
old/historical pollution.The method used involved extraction in acetone followed by liquid-liquid extraction with
dichloromethane. The extract was evaporated and taken
into 5ml hexane.The measurements were carried out using
Gas Chromatography with two capillary columns and two
ECD detectors for confirmation [4,5,6,7,8,9]. The results
were expressed on dry basis.
The General Chromatographic
Profile (GCP) of the hexane extract of sediments provided
a general overview of the GC amendable organic compounds present in the sediment. A capillary column and
FID detector [10,11] were used. The GCP of all sediments
showed the presence of organic xenobiotics mainly phthalate esters and PAHs.
Other Organic Xenobiotics:

Acute Toxicity: The acute toxicity tests were carried out
directly on the sediments [12] using the MicrotoxTM Solid
Phase Test according to the standardized solid-phase
protocols with the Microtox model 500 analyzer [13].

RESULTS AND DISCUSSION
Sieve and hydrometer analysis showed a rather uniform mostly silty composition of samples with a limited
content of clays and fine sands. The gradient of pollutants
in the sediments varied both among different dams as well
as among different locations within the same dam. A wide
range of organochlorine pesticides and industrial pollutants like PAHs, phthalates, heavy metals, etc, were found
in sediments. Sediments from Polemidia dam showed a
rather recent pollution with the presence of PAHs and
PCBs in the upper layers, while the concentrations of DDT
isomers and other organochlorine pesticides in the deeper
fractions of all dams indicate old/historical pollution. More
specifically the main results are as follows:
A different distribution pattern of metals was
observed in each dam. In Kouris dam which had two
sampling points - inflows of Zygos and Kryos/Kourris co
flowing rivers, the maximum concentrations of Ni and Cr
were found in the sediment at the inflow of Kryos/ Kourris rivers in the deepest fractions, i.e., 80-150 cm. The
maximum concentration of iron and copper were determined in Yermasoyia dam. Both metals were in maximum concentrations in the deepest fraction i.e. 114-143
cm indicating rather old/ historical pollution.The maximum concentration of zinc was found in the sediment of
Kalavasos dam in the upper layer ( 0-10cm). The cadmium concentration was maximum in the Yermasoyia
sediment in the upper layer (0-40 cm), and the lead concentration was maximum in the sediment of Dhypotamos
in the fraction 6-28 cm.
Metals:

In almost all of the sediments,
organochlorine pesticides were determined mainly in the
deepest fractions indicating old/historical pollution. The
concentration of organochlorine pesticides in the sediments from the dams Asprogremos, Evretou, Yermasoyia,
Dhypotamos and Polemidia were of the same magnitude,
ranging from 0 to 44 µg/Kg on dry basis. Metabolites of
DDT were determined in Polemidhia, Kouris, Kalavasos
and Yermasoyia dam. DDT has been extensively used in
Cyprus some 30 years back against elonosia. The maximum concentration of DDTs (DDE+DDD+DDT) was
determined in the sediments of Kalavasos dam especially
in the deepest fractions (44-82 cm). No organochlorine
pesticides were found in the Dam of Dhypotamos. Kourris dam receives water from three rivers- Zygos and the
two co-flowing rivers Kryos and Kourris. In the sediments at the inflow of river Zygos the DDTs concentration was five times more (361 µg/Kg) than in the sediments at the inflow of river Kryos/Kourris (72 µg/Kg).
Organochlorine pesticides:

A different distribution pattern of DDTs concentration
was observed in the sediments from the two sampling
locations (Zygos and Kryos/Kourris) which will need to
be further investigated in relation to the physicochemical
and mechanical characteristics of the sediments as well
as their history of development. Hexachlorobenzene was
determined in the sediments of Kouris dam (at the inflow
from Zygos river) and in the sediments from Polemidhia
and Dhypotamos dam.
Polychlorinated Biphenyls PCBs: The highest concentration
of PCBs was determined in the sediments from Polemidia
dam (158 µg/Kg) in the upper layers, indicating a more
recent pollution. It is important to note that this dam is
close to the solid waste site of the town of Limasol.
Sediments from Evretou, Kalavasos and Asprogremmos
dams also contained PCBs. In the sediments from Evretou
dam, PCB11 was also predominant (10.2 µg/Kg) in
the upper layer, while in Kalavasos and Yermasoyia
sediments, PCB 136 was found in the deepest fractions.
No PCBs were detected in Kouris Dam.

All the sediments contained organic
xenobiotics especially phthalate esters and polycyclic
aromatic hydrocarbons (PAHs). Their distribution in the
various depths was different. However, in the sediment
from Polemidia dam, PAHs were determined in the upper
layer indicating rather recent pollution.
Organic Xenobiotics:

The EC50, the effective concentration that
causes 50% reduction of the biological activity was measured and the results were expressed as toxic units TU 50
(One TU50 = 100/EC50) on dry basis. The toxicity ranged
from 31 to 14000 toxic units on dry basis. Toxicity higher
than 1000 TU was measured in 75% of the samples. The
highest toxicity was found in Polemidhia dam ranging
from 9615 – 14085 TU. In the Kourris dam at the inflow
point of Zygos river toxicity was significantly higher than
Acute Toxicity:

443

© by PSP Volume 10 – No 5. 2001

Fresenius Enviromental Bulletin

the sediments at the inflow point of Kourris and Krios
rivers. The lowest toxicity was measured in the Germasoyia dam and ranged from 31-344 TU.The highest
toxicity was detected in the fraction 0-10cm indicating
a rather recent pollution. The gradient of toxicity varies
significantly among dams and very low correlation was
found between toxicity gradient and the gradients of pollutants. This low correlation might be related to a certain
extent to the possible effect of the silty-clay content of the
sediments on the solid -phase Microtox assay [14]. Nevertheless, this non-correlation is in agreement with many
publications which indicate that only a small fraction of
the toxicity can be explained by chemical analysis [15].

REFERENCES
1.

Baudo R., Giesy J., Muntau H., Sediments: Chemistry and
Toxicity of In-Place Pollutants, Lewis 1990 , pp. 61-105

2.

Burton G.A., Jr., Sediment Toxicity Assessment, 1990, pp.
113-340

3.

ISO/DIS 11466, Soil Quality-Extraction of trace metals soluble in aqua regia, 1994

4.

Hella D.G., Albanis T.A., Determination of Pesticide Residues in Sediments, 1997

5.

Environmental Protection Agency (US-EPA), Determination
of chlorinated pesticides in Water by Gas Chromatography
with An Electron capture Detector, Method 508, Revision 3,
1998

6.

Chau A.S.Y. and Babjak L.J., J. Assoc.off. Anal. Chem. 1979;
62: pp107-113

7.

Donald F.,Goerlitz and LeroyM.L., Journal of the AOAC,
1974; 57: pp 176-181

8.

Wegman R.C. and Hofstee A.W. Water Research Journal,
1982; 16: pp1265-1272

9.

Woolson E.A. and Kearney P.C., Journal of the AOAC, 1969;
52: pp1202-1206

10.

SGL/SOP/METH060309 Determination of Phthalate esters
and Base/ Neutral Compoundsin Sediments

11.

Environmental Protection Agency (US-EPA), Determination
of Organic compounds in drinking Water by Liquid –Solid
Extraction and Capillary Column Gas chromatography/Mass
Spectrometry, Method 525, Revision 2.1, 1989

12.

Bombardier M. and Bermincgham N., Env. Tox. and Chem.,
1999; 18:pp 685-689

13.

Microbics Corporation MicrotoxTM Manual. A Toxicity Testing Handbook, Carlsbad, CA, USA , 1992 ; pp295-313

14.

Ringwood A.H. et al, Env. Tox. and Chem.,1997; 16:
pp1135-1140

15.

Blaise C., New Microbiotests for Routine Toxicity Screening
and Biomonitoring, Persoone et al. Kluwer Ac ademic/Plenum Publishers, New York, 2000, pp 3-12.

CONCLUDING REMARKS
A wide range of Organochlorine pesticides and industrial pollutants like PAHs, Phthalates, Heavy Metals,
etc, were found in sediments. Many of the determined
compounds are endocrine disrupting or potential
genotoxic compounds. Most of them were undetectable in
water, where, however, in many cases, positive genotoxic
response was found. In most of the sediments high toxicity was determined. These results indicate possible future
threats on the quality of water and determine the priorities
for future monitoring in the dams. Polluted sediments
present a continuous source of pollution especially important during periods of low rain when there is a potential
dynamic transfer of compounds from sediment to water.
The integrated assessment carried out in this study,
based on both chemical and biological methods, provided
a more holistic view on the kind and degree of sediment
pollution as well as an early signal of possible impacts
and future threats. It has also indicated that the combination of biological and chemical methods, forms a strong
basis for the development of robust and cost - effective
environmental monitoring and pollution investigation
schemes.
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SUMMARY
The presence of residues in bee products results
mainly from treatments of colonies with protection agents
including acaricides and antibacterials. Lipophilic active
ingredients are present in honey at very low amounts, but
accumulate at ppm levels as residues in beeswax with
years of treatments. Thus, beeswax could become over
time a source of residues for honey. A review of the residues found in honey and beeswax in Greece and other
European countries is given and acaricides’ stability in
honey and wax is discussed. Also, results of the effect of
different treatment procedures on the presence of fluvalinate residues in honey and wax are presented.

KEYWORDS: residues, varroacides, bee products, application
technique, fluvalinate

INTRODUCTION
Residues of plant protection products and veterinary
medicines have been found in honey, beeswax and propolis in various countries, influencing the quality of these
valuable natural products. The presence of residues in bee
products is mainly caused by treatments of colonies, although residues of compounds used for agricultural purposes have also been reported. One of the most important
problems in apiculture is the parasitic mite Varroa jacobsoni Oud. which causes a serious damage of honeybee
colonies (Apis mellifera) worldwide, unless properly
treated. Beekeepers apply various acaricides such as amitraz, bromopropylate, coumaphos, cymiazole, flumethrin,
fluvalinate, and malathion, using different application
techniques to prevent and control varroatosis.

Besides these acaricides, some natural products,
mostly thymol, formic acid and oxalic acid are also used
1,2
. Moreover, bacterial diseases require the use of
antibacterial agents, the residues of which could be a risk
to the consumers. Bromopropylate and coumaphos have
been extensively used, but in the last decade, the most
often used acaricide in Greece or Europe is fluvalinate.
Generally, all these treatments leave residues in the beehive products.

The most often found residues are fluvalinate, bromopropylate, coumaphos, amitraz, cymiazole, flumethrin,
malathion and sulfathiazole. The levels of residues determined in bee products depend on the amount of active
ingredients used, its chemical properties, the application
technique and the duration of the treatment, the season
and the activity of the bees. Acaricides with hydrophilic
active ingredients such as cymiazole and organic acids
can be found as residues in honey, affecting its quality
and taste, but they do not accumulate in beeswax. On the
contrary, active ingredients of the most often used acaricides are lipophilic and consequently soluble and stable in
beeswax. Moreover, residues of these substances are not
reduced during any kind of treatment 2,3, while a quantity
of these compounds can migrate from wax into the stored
honey and contaminate it 2,4.

In this paper we review the residue levels found in
honey and beeswax in Greece and other European countries. The impact of the application technique in beehives
is considered and the effect of different treatment procedures and the season, on the presence of fluvalinate residues in Greek honey and wax are presented. Also, the
migration of fluvalinate from wax to honey and from
honey to wax and the fate of fluvalinate during recycling
of wax are discussed.
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RESIDUES IN WAX

RESIDUES IN HONEY
Acaricide residues have been detected at low ppb levels, due to their highly lipophilic properties, in honey
samples analyzed in various countries and the results are
summarized in Table 1. Depending on the regulations in
each country and beekeepers' practices, the most often
detected acaricides are bromopropylate, coumaphos and
fluvalinate. According to the behavior of each substance
in honey, the risk of honey contamination could be estimated. Amitraz, coumaphos and malathion are not stable
in honey and decline rather fast 2,14. Under laboratory
conditions amitraz degrades within 3-4 weeks2, while
coumaphos and malathion are reduced over 90% within 3
months14,17. Coumaphos as well as malathion residues
decline rather fast in honey in acaricide treated beehives16,17. Bromopropropylate is rather stable in honey
and along with coumaphos, were detected quite often in
some countries because of their extended use2. Folbex VA
(bromopropylate) was the first authorized acaricide used
in many countries including Greece. Since the reduction
of bromopropylate use, the number of positive samples
has been reduced, but residues can still be found in both
honey and wax2,11, while movement of residues might be
occurring from contaminated wax into honey2. Residues
of natural products (essential oils, e.t.c.) although occurred, dissipate rapidly, posing problem only to the organoleptic characteristics of the honey2,11. On the contrary, fluvalinate, in spite of earlier reports17, does not
degrade in honey2,3.
In a study on the fate of fluvalinate in bee products,
the persistence of the acaricide with time and the factors
that can affect its degradation in honey were investigated3. The results showed that fluvalinate remains stable
in honey for 8½ months even at 35°C, regardless of the
fortification level or the type of honey. Also, no degradation was recorded due to heat treatment similar to honey
blending and packing process. This long persistence of
fluvalinate, combined with its solubility in wax and tendency to migrate from wax into honey, increases the risk
of honey contamination due to repeated and/or extended
fluvalinate applications. Cymiazole does not also undergo
any degradation in honey either under laboratory conditions or in beehives, but it is soluble in honey, and cymiazole residues as high as 2 ppm have been reported after
treatment. In this case residue reduction occurs only because of dilution due to addition of newly produced
honey1. Finally, residues of the antibacterial substances
oxytetracycline18 and sulfathiazole19 have also been found
in honey at various levels posing a risk for the consumers.
Since residues of antibiotics in marketable honey are not
permitted, only substances authorized for apiculture purposes should be used according to the recommendations.
A more thriving solution could be the prohibition of the
honeybee colonies treatment with antibiotics, which is the
case only in some countries20.

The active ingredients of all varroacides, except
cymiazole, are lipophilic compounds and could be accumulated in beeswax, where they are detected at ppm levels (usually 1-10 ppm). The most often detected acaricides and their maximum concentrations reported in
beeswax are presented in Table 2. Amitraz and flumethrin
are very rarely detected, as amitraz degrades rapidly in
wax, while flumethrin strips (Bayvarol) contain very
small amounts of the active ingredient 2. Since beekeepers’
practice can vary greatly, the situation regarding the residues in wax in each country is different. Wallner reports2
that 55% (n=158) of the international wax samples examined in 1997 were contaminated with fluvalinate in the
range of 0.5-10 ppm. On the contrary, 55% and 61% of
the German samples (n=226) were contaminated with
bromopropylate and coumaphos in the range 0.5-10 and
0.5-5 ppm, respectively. Totally, more than 90% of the
samples examined since 1993 were found contaminated
with various acaricides2. In Greek broodcomb wax
fluvalinate residues were determined in all samples at
0.44-30.14 ppm (n=66)21, concentrations similar to those
found in countries where beekeepers prefer to use fluvalinate among the other varroacides2,11. Because of the extensive use of fluvalinate worldwide and the lipophilic
properties of this non-volatile compound, fluvalinate is
the most potent acaricide to create residues in beeswax.
Studies in various countries showed that the number of
wax samples contaminated with fluvalinate residues is
increasing every year and the percentage of wax samples
contaminated with higher amounts of fluvalinate tends
also to increase2,21.
In spite of this, it is expected that fluvalinate residues
in wax will decrease in the future, as this acaricide is not
used frequently anymore by beekeepers. Long-term effects on bees and their brood cannot also be excluded. It
has been observed, that the constant presence of sublethal
acaricide quantities favors the selection of acaricideresistant mites. Fluvalinate shows a low tendency to migrate from wax to honey, enabling wax a contamination
source for honey2,4. We conducted laboratory experiments
to investigate movement of the acaricide from wax to
honey. A thin layer of fortified wax was placed into petri
dishes and a similar (0.5 cm) layer of honey free from
residues was poured on the surface. The closed petri
dishes were stored in an incubator at 35 °C. At specified
intervals petri dishes were removed and honey as well as
wax samples were analyzed. When the concentrations of
fluvalinate in wax were up to 1 ppm, no fluvalinate
movement towards honey was detected for a period up to
5½ months. However, when the concentration of the
acaricide in wax ranged from 5 to 250 ppm, a slight
movement towards the honey was observed and within
30 days honey was contaminated with traces up to 7.7 ppb
(Table 3).
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TABLE 1 - Acaricides residues detected in honey

ACARICIDES

Year, Country, (Ref.)

Amitraz

1983, Hungary; 1986, France; 5,2
1988, Italy; 1989, Spain*;

ppb, (% of positive samples)

6,7

1990, Spain; 1995, Austria;

nd

1,8

1988, Italy; 1,9
10

420-1820 (9%, n=221)

1986-1990, East Germany; 1

Bromopropylate

<1->50 (68.5%, n=330)

11

<1 - 34 (n=109)

1986, Germany; 1,12

nd; 1-139 (30%, n=112)

1

1987, Germany;

50-94 (44%, n=50)

1988, Denmark; 1988, Italy; 1,11,13
1989, Belgium;

1

1990, Switzerland;

Coumaphos

10-90; 125-715*; 2-12(22%, n=64)
320-1612

11

1990, Spain; 1992, Italy;

30-160
1,11

5-60 (16%, n=101); <1 - 245 (n=74)

8

1995, Austria;

nd
11-16 (10%, n= 20*); 96-260 (n=4)

1988-1991, Spain;

1992, Italy;

nd

>2-33 (13%, n=105)

1987, Argentina; 1990, Spain; 1

nd

1988, Greece; 1988, Italy; 14,9

2-5 (10%, n=21); 23-50(100%, n=5)

1988, Italy;

1

1988, Italy;

1

10-180 (60%, n=10*)
10-30 (40%, n=15); 23 (10%, n=10)

1988-1991, Spain;
1989, Germany;

10

1-53 (14%, n=221)

1

88-252 (100%, n=4)

1990,Czechoslovakia; 1

5-53; 235ppb (n=1*)

8

1995, Austria;

>2-12 (12%, n=84)

Cymiazole

1995, Austria; 8

>15-217 (22%, n=32)

Flumethrin

1995, Austria; 8

nd (n=33)

Fluvalinate

1990, USA; 1988-1991, Spain; 10

1140 (n=1*); 1-15 (18%, n=221)

1990, Spain; 1

10-100 (12%, n=101)

1992, Italy; 1994, Belgium;

11,2

1995,Austria; 1999, Germany;

8,2

2000, Greece; 15
2000, Greece;
Malathion

<1 - 100 (n=114); 4 (0.5%, n=215)
>2-9 (3%, n=94); 2-7 (1%)
<1-39 (100%, n=93*)

15

<1-4 (91%, n=32)

1985, Greece; 1988, Greece; 14

1-5 (11%, n=61); <0.5-4 (6%, n=31)

nd: No Residues Detected, *Sampling & analysis within 1 month after treatment
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TABLE 2 - Acaricide residues detected in beeswax

ACARICIDES

Year, Country, (Ref.)
1992, Italy

Amitraz

ppm, ( % of positive samples)

11

0.061(max)

Bromopropylate

1990, Switzerland 11
1995, Austria 8
1999, Germany 2
1999, EU 2

204, max
63.3, max
0.5-15 (54.9%, n=226)
0.5-10 (20.9%, n=158)

Coumaphos

1988, Greece 14
1995 Austria 2
1999, Germany 2
1999, EU 2

0.08-2.8 (100%, n=10)
63.5 (71%, n=41)
0.5-25 (61%, n=226)
0.5-20 (19%, n=158)

Flumethrin

1995, Austria 8

15, max

1989-1993, Belgium
1999, Germany 2
1999, EU 2
2000, Greece 15

Fluvalinate

11

1-100 (25%-93%, n=250)
0.5-10 (37.2%, n=226)
0.5-15 (55.1%, n=158)
0.44-30.1 (100%, n=66)

TABLE 3 - Migration of fluvalinate from wax to honey

Concentration in honey and wax (ppb)
Fortification level
500 ppb
0 days

5,000 ppb

30 days

0 days

100,000 ppb

30 days

0 days

30 days

a/a

wax

wax

honey

wax

wax

honey

wax

1

514.8

310.6

n.d.

4245

4247

n.d.

75422

81238 3.97

2

454.1

323.8

n.d.

4668

4426

Traces

81183

3

482.8

316.3

n.d.

4438

4089

Traces

x

483.9

316.9

4450

s.d. 30.36

6.61

c.v.

2.09

6.27

237821

200241

6.46

71344 4.57

213423

215923

7.46

76984

77790 3.77

224874

236490

7.69

4254

77863

76791 4.10

225373

217551

7.20

211.8

168.6

2979

5022

0.42

12207

18179

0.65

4.76

3.96

3.83

6.54

10.2

5.42

8.36

9.09
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wax

30 days
honey

traces: Limit of Determination = 1 ppb

honey

0 days

wax

n.d.: Not detected, Limit of Detection = 0.07 ppb

wax
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We also investigated the possibility of the opposite
movement of fluvalinate from honey to wax. It was found
that when the concentration of fluvalinate in honey ranged
from 0.5 to 1.5 ppm, no movement of the acaricide towards wax was detected for a period up to 5½ months. All
acaricides, except amitraz, are stable in wax and do not
change either during the storage or during the process of
producing new wax from old combs. During recycling
process of old combs we found that fluvalinate did not
degrade, but it concentrated by a factor of 1.95. Bogdanov
reported11 that the concentration of bromopropylate, coumaphos, fluvalinate and flumethrin in the new recycled
wax was in the average 1.7 times higher than that initially
in the combs before heating. Consequently, the use of old
combs for the production of foundation should be avoided

EFFECT OF APPLICATION
TECHNIQUE ON RESIDUES

Bogdanov found11 that continuous (13 months) exposure to Apistan strips result in high fluvalinate residue
levels in brood comb wax (40-60 ppm), but five times less
in honeycombs (2.7-8.4 ppm), comparing to the residues
that arose after a 4 week (recommended) exposure, and
ranged from 0.2 to 7.3 ppm. In both cases the residues in
honey were below the detection limit of 0.003mg/kg.
The frequency of treatments seems to affect also the
level of bromopropylate residues in bee products. A significant correlation was found between the residue levels
in brood comb wax and the number of Folbex treatments,
while the residues in honey remained stable, well below
0.05 ppm 11. In the case of coumaphos, the residues in all
bee products do not show an increasing tendency with
increasing number of Perizin treatments 11.
Repeated treatments with high doses of malathion
resulted in higher residue levels in wax, but there is no
apparent correlation between the levels of contamination
of honey and wax 14.

The technique used to apply acaricides in beehives in
relation also to the properties of each active ingredient
could affect the residues remained in bee products. Repeated treatments or extended exposure times to fluvalinate formulations result in increased residues of the acaricide, mainly in beeswax2,11. During a study on the fate of
fluvalinate in bee products, we conducted two field
experiments (one in spring and another in autumn), each
of them involving 9 bee colonies, which in triplicates
received one of the following treatments: i) Apistan strips,
corresponding to the recommended use of the acaricide
in beekeeping; ii) wooden inserts impregnated with
Mavrik (20%); and iii) spraying with Mavrik suspension
(7.2 mg a.i./colony). Mavrik is an agricultural formulation
not registered for apicultural use, but very often used by
beekeepers worldwide. Strips and wooden inserts remained inside the hives for the whole duration of the
trials. Honey samples from all bee colonies were analyzed
for fluvalinate residues monthly and for a 5 month period
after treatment.

Acaricides used for beehive treatments are highly
lipophilic, following the order: flumethrin> fluvalinate>bromopropylate>coumaphos 2. Consequently their
residues in honey are found at very low amounts. On the
contrary, the presence of residues in wax is quite frequent.
In wax they accumulate, and when they reach high concentrations they could move into the honey. Bogdanov
reported11 that acaricide levels in bee products follow the
order: brood comb wax>honey comb wax>honey. Concentrations of residues in beehive products depend on the
application technique used. Extended exposure time or
not-registered treatments result in high residue concentrations and should be avoided.

Statistical analysis of the results showed that spraying
with Mavrik during the autumn trial loaded the honey
more than the other two treatments. During the spring trial
no statistically significant difference between the three
treatments was noted, probably due to increased nectar
flow during the warm months and subsequent dilution of
the old honey with the newly produced. During the
autumn field treatments brood comb wax was also
analyzed for fluvalinate. Statistical analysis of the results
showed that spraying with Mavrik loaded wax more than
the application of Apistan strips, while no statistically
significant difference was found between spraying and
application of wooden inserts.

Generally, the use of synthetic acaricides should be
minimized, while at the same time the use of some natural
products should be considered and evaluated. Regarding
consumers’ protection, EU 22 has established MRLs in
honey for amitraz (0.2 ppm), coumaphos (0.1 ppm) and
cymiazole (1 ppm), the latter two being provisional MRLs
(expiring on 01-07-2001). Fluvalinate and flumethrin
belong to substances not subjected to MRL in honey,
while bromopropylate is not registered for apicultural use
anymore23. Residues in wax are not regulated with the
exception of fluvalinate (6 ppm) in USA. Considering the
consumption amount of honey, the acaricide residues
found do not seem to be of toxicological significance.

CONCLUSIONS
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KEY SPECIES FOR MONITORING
PERSISTENT AND BIOACCUMULABLE PESTICIDES
Galassi Silvana (1, 2) and Cassi Roberto (1)
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SUMMARY
A recent case of industrial DDT pollution of Lake
Maggiore (Italy) posing concern for wildlife and human
health is presented. In order to forecast the future trend of
DDT contamination a simple bioenergetic model is used;
this model allows the calculation of DDT concentrations
in fish and in fish-eating birds starting from species at
lower trophic levels. After validation of the model by
comparison between calculated and measured values
zebra mussel, an invader species of the main Italian temperate lakes, is proposed as key species to forecast
pp’DDE levels in top predators.
KEYWORDS:
DDT, biomagnification, aquatic birds, zebra mussel.

INTRODUCTION
DDT, widely used all over the world up to the seventies, was banned long ago in North America and Europe.
However, DDT and its metabolites are still detected in
every environmental matrix as a consequence of the usage
in developing countries and global transport, and because
of accidental release during manufacturing processes (1).
Since recognised adverse effects of long-term exposure to
these pollutants are mainly reproductive failure in wildlife
populations of fish-eating birds and big carnivores, key
species for risk assessment of organochlorine (OC) pollution should be selected in aquatic and terrestrial ecosystems within these groups of animals.
For fish-eating birds a non-destructive method for
monitoring risk at population level has been proposed
(2; 3) based on egg analysis, provided that egg collection
does not influence the reproductive success of clutches.
This kind of survey, however, is very expensive and difficult to undertake, because many wild birds build their nest
in hidden and inaccessible sites and because their reproductive period is usually very short.

Other species, easier to collect, can be used for biomonitoring purposes provided that the risk for top predators
can be evaluated by theoretical calculations based on
ecological models.
Fish are usually used for freshwater surveys, while
mussels (Mytilus edulis and Mytilus galloprovincialis) are
more frequently used in coastal sea waters. During the last
thirty years the freshwater mussel Dreissena polymorpha
(zebra mussel), native of central Europe, was reintroduced
in Southern Europe and in North America. In some Italian
lakes it became in a few years the principal biomass of the
littoral benthic fauna. For this reason zebra mussel is very
easy to be used for biomonitoring purposes.
A recent case of industrial DDT pollution occurred in
Lake Maggiore (Italy), causing concern for wildlife and
human health. During 1998 many abiotic and biotic components of this large aquatic ecosystem were monitored to
assess the ecological risk posed by pp’DDT and its metabolites. This was a good opportunity to study the trophic
position of zebra mussel in the Lake Maggiore ecosystem
and to evaluate the suitability of this species for biomonitoring purposes. A modified version of the bioenergetic
model proposed by Connolly and Pedersen (4) and successfully applied to a trophic web of the River Po (5) is
proposed to calculate DDT levels in top predators starting
from zebra mussel concentrations.
Dreissena polymorpha, in fact, is a filter feeding
organism which can accumulate pollutants both from
water and from phytoplankton. Although it is not directly linked to fish and fish-eating birds by trophic
relationships, it can integrate DDT concentrations in
water and suspended matter.
The aim of this work is to propose the use of zebra
mussel as a sentinel species in biomonitoring programmes
for early warning risk assessments for aquatic birds of
prey and other top predators.
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RESULTS AND DISCUSSION

MATERIALS AND METHODS
Ecological model

For aquatic organisms, which accumulate organic
compounds both from water and through the food chains,
the bioenergetic model proposed by Connolly and
Pedersen (4) was adopted. According to this model, BCFL
increases through the food chain in relation to the
n-octanol/water coefficient (Kow ) of the compound and
the trophic level of the organism. A fugacity ratio (η) is
defined as the capacity to transfer the pollutant through
the trophic chain. Theoretical η values can be calculated
using as input data the growth rate, the respiration activity
and the efficiency of food assimilation of the species
considered for each trophic level as well as their lipid
content. The only information needed about the chemical
is its Kow . The experimental fugacity ratio is obtained
by dividing the lipid-based concentration of the chemical
in the organism by the product of Kow and water concentration cw . In this work, the experimental η was calculated
by dividing the concentration determined in fish and egg
fats by the concentration determined in Dreissena fats.

The analytical results of DDT homologue concentrations in Lake Maggiore organisms are shown in Table 1.
Average values are reported for all the selected species
because statistical analyses revealed that no significant
differences were detectable between stations and sampling periods. The only relevant parameter was the age in
the case of fish, so we decided to eliminate all data referring to fish less than two years old. Data are normalised
on lipid bases in order to calculate the fugacity ratios
between the selected species. It is evident that the carnivorous fish Perca, even after lipid normalisation, bioaccumulates DDT homologues less than the zooplanktoneating Alosa. This apparent disagreement with the bioenergetic model will be explained later in the text.
Biomagnification in the aquatic birds is evident only
for the metabolite pp’DDE. This is probably due to the
fact that the parental compound pp’DDT is transformed
in its main metabolite pp’DDE quicker in birds than in
fish and mussels because of the very high metabolic activity of the birds

Sampling and Sample Treatment

Dreissena specimens (1.5-3 cm) were collected
at three sampling stations in Lake Maggiore Fig.1) on two
occasions (April and June 1998). The soft part of 50
animals was pooled and freeze dried. The lyophilized
samples were homogenized and powdered and a
sub-sample of 1-2 g was extracted in a Soxhlet apparatus
with n-hexane-acetone, 1:1, v:v. Lipids were determined
by weight after solvent evaporation. pp’DDT, pp’DDE
and pp’DDD were determined on the lipid extract after
digesting them with sulphuric acid. OCs were redissolved
in about 2 ml of hexane and purified on a Florisil column
(4 X 0.7 cm).
Analytical Determinations

Cleaned-up extracts (1µl) were injected into a gas
chromatograph C.Erba 5160 Mega series equipped with a
63
Ni electron capture detector (ECD). The on-column
system was adopted for injection. Instrumental parameters
and operational conditions were as follows: a fused silica
capillary column (50 m x 0.25 mm I.D.), CP-Sil-8 CB,
film thickness 1.9-2.0 µm was employed with a temperature programme from 60° to 180°C at 15 °C/min,
followed by a run from 180° to 270°C, 1.5 °C/min.
The carrier gas was helium at about 1 ml/min, and nitrogen was used as the auxiliary gas for the detector at about
30 ml/min. The detector temperature was fixed at 320 °C.
A reference mixture containing pp’DDT, pp’DDE,
pp’DDT provided by the “Laboratorio Cantonale” of
Lugano (Switzerland) was used as reference standard.

Although models (4, 6) have been developed to forecast the concentration of persistent and bioaccumulable
compounds in aquatic trophic webs, they are often of
difficult usage because of the uncertainty associated to the
determination of the pollutant concentration in water.
These concentrations are usually very low and difficult to
measure, and the analytical data might not correspond to
the “bioavailable” concentration.
To overcome this problem, zebra mussel (Dreissena
polymorpha) was selected as a reference species in this
study. This filter-feeding mussel, in fact, has a negligible
biomagnification potential for DDTs as can be argued
from η2 values which are very close to 1 (Table 2). η2
values (Table 2) were calculated using zebra mussel
physiological parameters instead of those for zooplankton, considered in the bioenergetic model. As mentioned
in the methodological section, theoretical η3 and η4 values
for fish were calculated (Table 2) using the equations
proposed by Connolly and Petersen (4) and the physiological parameters of the species of Table 1, while the
measured values were obtained by simply dividing OC
concentrations determined in fish fats by those determined in Dreissena fats.
η5 for fish-eating birds was calculated (Table 2)
by multiplying the η3 OC values for a biomagnification
factor of 20.6, which was obtained by dividing the concentration found in fish-eating birds (cormorant) by the
concentration found in their prey (fluke) (7).
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FIGURE 1 - Lake Maggiore: location of the sampling stations and of the DDT manufacturer

B. di Magadino

V.Taranto
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TABLE 1 - OC concentrations in fats (ng g -1)

Trophic
level
2
3
4
5

Organism
Dreissena
(filter feeding)
Alosa
(forage fish)
Perca
(carnivore)
Podiceps eggs
(fish-eating bird)

pp’DDT

pp’DDE

pp’DDD

191.6

489

57

2457

4009

2349

773.2

1195.5

432.5

499

39503

10.3

TABLE 2 - Comparison between measured (M) and calculated (C) fucacity ratios considering Dreissena as reference species.

Compound

η2

η3

η4

η5

C

C

M

C

M

C

M

pp’DDT

1.02

12.7

12.8

12.0

4

262

2.6

pp’DDE

1.01

5.3

8.2

2.5

2.4

109

80

pp’DDD

1.00

37

41.2

1.7

7.6

76.2

0.18
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Measured and calculated η3 (Table 2) are in rather
good agreement for all DDT homologues. A good agreement for pp’DDE, the main DDT homologue found in
Lake Maggiore was observed also for η4. Perca, although
being a carnivore is found to accumulate less than the
lower trophic level even by the predictive model. Calculated and measured values are also in good agreement for
the stable metabolite pp’DDE in the eggs of aquatic birds.
A disagreement is observed for pp’DDD and pp’DDT
both in the carnivorous fish and in eggs of fish eating
birds. In both cases this disagreement should be due to the
metabolic transformation of the parental compound which
increases with the trophic position. As previously stated,
the metabolic activity is particularly high in birds.
The validation of the model can be considered satisfactory for pp’DDE, which is the most common DDT
homologue occurring in the aquatic environments.
To evaluate the actual risk for birds a NOEC (No
Observed Effect Concentration) was taken from the literature for pp’DDT: a concentration of 0.05 mg/kg in fish on
wet weight basis is considered as the maximum allowable
concentration for fish-eating birds (8). Considering that
Alosa can be a prey for Podiceps and that the fish tissues
contain about 30% of total fats, a NOEC of 0.167 mg kg-1
can be calculated on a lipid basis. Therefore, Alosa of
Lake Maggiore with about 2.5 mg kg-1 of DDT in fats can
be considered as high risk for bird consumption. The risk
is even greater when one also considers DDT metabolites.

CONCLUSIONS
A simple bioenergetic model is used to calculate
DDT concentrations in fish; the concentration in fisheating-birds is derived using a biomagnification ratio
observed in a real contaminated ecosystem. A good
agreement between calculated and predicted values was
found for the stable metabolite pp’DDE. Calculated values overestimate pp’DDT pollution in top predators,
which eliminate this compound due to their high metabolism. The predictive capacity of the model might be improved taking into account the metabolic transformations
occurring in the different species of the aquatic ecosystems. However, pp’DDE is the most persistent DDT
metabolite and will become the one of major concern in
Lake Maggiore too, since DDT manufacturing was
stopped in 1996. The proposed model will provide, therefore, a suitable tool to evaluate the ecological risk on the
basis of analytical data obtained by zebra mussel biomonitoring. Biomonitoring is strongly recommended in
this environment because wildlife species are threatened
by DDT pollution.
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PCBs CONCENTRATION IN TROUT AND DORADO
FROM FISHERIES AND THEIR FEED
C.I. Piperidou, K.D. Soulti and A.G. Ioannidou
European Environmental Research Institute, Ioannina / Greece

SUMMARY
The concentration of six PCB congeners was determined in a number of 90 trout, 70 dorado and 50 fish feed
samples over a period of 18 months using column chromatography followed by florisil or multilayer-packed
column clean-up prior to GC-ECD analysis. The total
PCBs concentration in the fish is much lower in comparison with the total PCBs concentration in their feed.
KEYWORDS:
Polychlorinated biphenyls, fish, trout, dorado, fish feed

INTRODUCTION
Polychlorinated biphenyls (PCBs) are a group of
man-made compounds of great chemical stability, persistence and residence time, whose presence in the environment is a clear indication of anthropogenic pollution.
Thus, they are among the ubiquitous hydrophobic environmental contaminants of primary interest [1,2] and due
to their massive and indiscriminate use in many industrial
activities has caused their widespread diffusion to all
environmental compartments including a wide range of
organisms such as plankton, fish, marine and land mammals, and humans [3,4]. Production and use declined
rapidly in the mid-1970´s after their world-wide accumulation in the environment was confirmed [5] and accompanying cases of human and animal contamination and
poisoning [6,7].
Today, a number of countries and international bodies
have chosen to monitor PCBs as a set of six indicator
PCBs, namely 28,52,101,138,153 and 180 [8] to avoid the
complexity involved in analysing more congeners. Nonortho PCBs are not included in this list mainly because
they accrue at concentrations several orders of magnitude
lower than the lowest level of the more abundant congeners mentioned above, and are, therefore, very elaborate
and complicated to analyse. There is, therefore, a relatively
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limited amount of data available on the concentration
levels of the non-ortho PCB congeners in fish matrices.
Marine biota usually take up hydrophobic chemicals via
water and food. Furthermore, highly hydrophobic PCBs
may also accumulate in the food chain, and humans are
continuously exposed to PCBs through the diet especially
by seafood [7]. Monitoring of the food supply occasionally detects unexpected sources of PCB exposure [9],
even though geographical extension is decreasing as dispersion followed declining use and disposal [5,10].
PCB congeners differ in physical, chemical, biological and toxicological properties according to the extent
and position of chlorosubstitution on the biphenyl molecule, and due to differences in PCBs bioaccumulation
profiles in biota specimens will not necessarily fit their
profiles in commercial products as biodegradation decreases and bioaccumulation increases with increasing
degree of chlorination [11].
In this study, specific congener analysis has been performed on a number of fish samples (trout and dorado)
and their feed. Our purpose is to find possible correlation
between mentioned PCBs, obtained from the analysis of
fish and its feed.

MATERIALS AND METHODS
This work was conducted in co-operation with two
fisheries. Each of them kindly offered us one fish tank to
breed 200 dorado fries and 250 trout fries, respectively,
with feed provided by us.
A total of 90 trout and 70 dorado samples were analysed over a period of 18 months (June 98 to January
2000). Tables 1 and 2 list detailed information about the
weight and size of the fish as well as the amount and
type of their feed. Simultaneously, five samples from
each kind of fish feed were also analysed (a total 50 fish
feed samples).
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TABLE 1 - Trout: weight, size and feed data

Sample

Date of
sampling

Fish
weight
(g)

Fish size
(cm)

No of fish
samples

Fish feed

Daily fish feed

T1

June 98

10

4.5

10

Po 0.8mm

0.3

T2

July 98

25

7.6

10

Po 1.2mm

0.7

T3

Aug 98

50

10.0

10

P 1,8mm

1.5

T4

Sept 98

75

17.8

10

P 2.5mm

2.3

T5

Oct 98

100

20.2

10

P 2.5mm

3.0

T6

Nov 98

150

22.7

10

P 3.5mm

4.5

T7

Dec 98

200

25.0

10

P 3.5mm

6.0

T8

Jan 99

250

30.6

10

P 5mm

7.5

T9

Feb 99

300

35.0

10

P 5mm

9.0

quantity per fish (Kg)

Po: powder
P?: pellets
TABLE 2 - Dorado: weight, size and feed data

Sample

Date of
sampling

Fish
weight
(g)

Fish size
(cm)

No of fish
samples

Fish feed

Daily fish feed
quantity per fish
(Kg)

D1

June 98

10

7.2

10

P? 2mm

0.3

D2

July 98

20

10.4

10

P? 3mm

0.6

D3

Oct 98

40

12.0

10

P? 3mm

1.2

D4

Dec 98

60

12.8

10

P? 1cm

1,8

D5

Feb 99

80

13.5

10

P? 1cm

2.4

D6

July 99

150

16.0

10

P? 1.6cm

4.5

D7

Jan 00

330

18.4

10

P? 1.6cm

9.9

P?: pellets

•

All solvents were obtained from Labscan and were of Pestanal grade.

•
•

PCBs standards were obtained from Aldrich (purity ≥99%)
Florisil: PR grade 60-80 mesh

•

Sodium sulfate: anydrous, granular, reagent grade, free of interference with electron capture detection

•

Glass wool (pyrex): free of interference with electron capture detection

•
•

Sea sand: high purity ≥98%
Silica 60

•

NaHCO
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TABLE 3 - Concentrations (ng/g, dried matter) of polychlorinated biphenyls in trout and dorado fish feed samples

Trout
Sample

Dorado

Po
0,8mm

Po
1,2mm

P
1,8mm

P
2,5mm

P
3,5mm

P
5mm

P?
2mm

P?
3mm

P?
P?
1cm 1,6cm

PCB 28

0.86

0.88

0.92

0.99

0.89

0.91

0.65

0.71

0.83

0.84

PCB 52

0.75

0.79

0.82

0.83

0.89

0.92

0.86

0.88

0.90

0.95

PCB 101

2.19

2.14

2.08

0.00

2.16

2.18

1.96

2.04

2.12

2.13

PCB 138

2.51

2.55

2.60

2.63

2.58

2.56

2.14

2.12

2.16

2.19

PCB 153

2.69

2.70

2.75

2.79

2.61

2.64

2.25

2.31

2.33

2.35

PCB 180

0.67

0.66

0.70

0.72

0.67

0.69

0.70

0.69

1.02

1.06

Total PCBs

9.67

9.72

9.87

9.96

9.80

9.93

8.56

8.75

9.36

9.52

Compounds

detection limit: 0.05 ng/g
Po: powder
P, P?: pellets
TABLE 4 - Concentrations (ng/g, dried matter) of polychlorinated biphenyls in trout samples

Sample

T1

T2

T3

T4

T5

T6

T7

T8

T9

PCB 28

nd

nd

nd

0.09

0.16

0.18

0.24

0.25

0.30

PCB 52

-

-

-

-

-

-

nd

nd

nd

PCB 101

-

-

-

-

-

-

-

-

-

PCB 138

-

nd

nd

0.06

0.10

0.12

0.18

0.21

0.25

PCB 153

-

-

nd

0.07

0.10

0.11

0.15

0.17

0.18

PCB 180

-

-

-

-

nd

0.06

0.07

0.07

0.08

nd

nd

nd

0.22

0.36

0.47

0.64

0.70

0.81

Compounds

Total PCBs
detection limit: 0.05 ng/g
-: not determined
nd: not detected

TABLE 5 - Concentrations (ng/g, dried matter) of polychlorinated biphenyls in dorado samples

Sample

D1

D2

D3

D4

D5

D6

D7

PCB 28

nd

nd

0.08

0.14

0.19

0.20

0.26

PCB 52

-

-

-

nd

nd

nd

nd

PCB 101

-

-

-

-

-

-

-

PCB 138

-

nd

0.06

0.11

0.13

0.14

0.19

PCB 153

-

nd

0.05

0.05

0.08

0.09

0.12

PCB 180

-

-

nd

0,06

0,06

0,08

0,10

nd

nd

0.19

0.36

0.46

0.51

0.67

Compounds

Total PCBs
detection limit: 0.05 ng/g
-: not determined
nd: not detected
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Figure 1: PCBs patterns in fish samples
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All samples were stored at –20oC until
analysis. The samples were freeze dried and grounded to
fine powder. A 20g sample of fish powder was spiked
with internal standards Pentachlorobenzene and Decachlorobiphenyl. In a mass ratio of 1:4 the spiked sample
was added to anhydrous sodium sulfate/sea sand (2:1),
mixed in a porcelain mortar and extracted with 400ml of
petroleum ether in a chromatographic column. The extract
was concentrated to 2ml in a Kuderna-Danish concentrator (K.D) and cleaned with florisil column.
Fish samples:

Florisil cleanup: Florisil was adjusted for lauric acid value.
It was added to 300x10mm i.d. chromatographic tube and
Na2SO4 was added above florosil. The column was
washed with 25ml of petroleum ether. The concentrated
sample (2ml) and its wash (with 1ml of petroleum ether)
were added to the column. PCBs were eluted with 35ml
of petroleum ether. The eluate was concentrated to 1ml in
a K.D and analysed by GC/ECD.[12]

The fish feed samples were air-dried
and ground in a porcelain mortar. A 50g fish feed sample
was spiked with internal standards, Pentachlorobenzene
and Decachlorobiphenyl. In a mass ratio of 1:4 the spiked

Fish feed samples :
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sample was added to anhydrous sodium sulfate / sea sand
(2:1), mixed in a porcelain mortar and extracted with
400ml of n-hexane / acetone (2:1) in a chromatographic
column.
Following extraction, the extract was shaken with a
100ml aliquot aqueous wash prior to gross lipid removal
with a 100ml concentrated H2SO4 wash. Following this
pre-treatment the crude extracts were concentrated and
applied to a multi-layer column packed with, from the
top: 15g Na2SO4; H2SO4 / silica (1/1 W/W); 75g Na2SO4 /
NaHCO3 (9/1 W/W); 42,5g silica and 15g Na2SO4.
This column was eluted with 400ml of hexane and
concentrated to 1ml. Further cleanup follows with florisil
column (3g) and elution with 100ml hexane. The eluate
was concentrated to 1ml and analysed by GC/ECD.
The chromatographic system used for both the analysis of fish and fish feed was a HP 5890 series II GC/ECD,
equipped with a J&W DB-1701 capillary column (30m x
0,32mm i.d, 0,25µm film) and Carlo Erba Mega series
5300 GC/ECD equipped with a J&W DB-5 capillary
column (30m x 0,32mm i.d, 0,25µm film).
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RESULTS AND DISCUSSION
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QUALITY OF MALATHION DUST FORMULATIONS
A. Hourdaki, H. Anagnostopoulou, H. Karasali and H. Economopoulou
Laboratory of Physical and Chemical Examination of Pesticides,
Benaki Phytopathological Institute, Kifissia, Athens, Greece,

SUMMARY
The degradation of malathion was investigated in
dust formulations from the Greek market. A gas capillary
chromatographic method was used for the quantitative
determination of malathion and its transformation products isomalathion and malaoxon, which are of great toxicological importance. Fifteen formulation products were
stored (ambient conditions) for approximately one and a
half year and were subject to analysis every six months.
The results illustrate that malathion and isomalathion
content decreased only in alkaline samples and that there
was no malaoxon formation.

KEYWORDS: Malathion,
formulation, degradation

isomalathion,

malaoxon,

malathion

INTRODUCTION
Malathion {diethyl[(dimethoxyphospinothioyl)thio]butanedioate} is a non-volatile, polar-organophosphorus
broad spectrum insecticide, which is widely used
in Greece.
Commercial formulations of malathion insecticide
have been reported not to be totally free of impurities1.
Several of these impurities are organophosphorus compounds and may adversely affect the safety of the products2. Their initial concentrations were found to differ in
products from different manufacturers. All formulations,
especially the wettable-powders, are subject to chemical
changes during storage and the changes were reported to
be faster under tropical conditions1.
Eleven impurities of malathion have been separated
by column and thin layer chromatography, and their structures were determined by nuclear magnetic resonance,
infrared and also mass spectroscopy1. Among them,
malaoxon
{diethyl[(dimethoxylphosphino)thio]-butanedioate} and isomalathion {diethyl [(methoxymethylmercaptophosphino)thio]-butanedioate} were reported to be highly toxic against mammals1.

Since 1957 it has been known that malathion byproducts (other organophosphorus compounds) can increase
the toxicity of malathion against mammals1,3,4 by prevention of its detoxification usually through enzymatic hydrolysis3,4,5.
Aldridge et al. (1979) reported that the presence of
different concentrations of isomalathion in malathion
formulations contributed significantly to an increased
toxicity that these formulations exhibit. This increased
toxicity was the result of malathion carboxylesterase
inhibition by isomalathion4. It was also reported that the
use of malathion formulations caused an epidemic poisoning to humans in Pakistan in 1976, in which the frequency
and intensity of illness was directly correlated to the concentrations of isomalathion in the malathion products1.
Miles et al. (1979), showed that formation of
isomalathion occurred at high temperatures but only to a
significant degree in formulations with "improper" ingredients. Thus, the accurate and reliable analysis of
isomalathion present in malathion formulations is of great
importance to public health because of their extensive use
in common agricultural practices, especially in Greece.
Umetsu et al. (1977) identified eleven impurities in a
technical malathion product and noted that its storage for
3–6 months at 40 oC resultedin the formation of compounds that were noticeably very toxic to mice. Several of
these impurities potentiated the toxicity of pure malathion
to rats with the most toxic one being O,S,S –trimethyl
phosphordithioate and S-methyl isomer.
Although the effect of malathion and its impurities
(isomalathion and malaoxon) on public health has been
extensively studied, there has not been any studies yet on
the formation of those impurities in the commercial
formulations during storage. The impurity analysis of
agrochemicals has been extended to product quality control as environmental concern has grown. Analysis of the
composition and quantity of impurities in manufacturing
is very important to ensure that the product meets the high
requirements of regulations. Monitoring and minimizing
the quantity of impurities present in agrochemical
products should grow rapidly and steadily in order to meet
even higher requirements of regulations in the future6,7.
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RESULTS AND DISCUSSION
The present study was conducted in order to investigate the degradation of the active substance malathion and
the formation of its impurities isomalathion and malaoxon
during storage in ambient conditions of various commercial malathion dust formulations (1% and 5% w/w) from
the Greek market.

MATERIALS AND METHODS
Analytical reference standards of malathion (Cheminova Agro, Denmark), isomalathion (Institute of Organic
Industrial Chemistry Analytical Department, Poland) and
malaoxon (Promochem, UK) were certified to be 99,8%
pure for malathion, 97% for isomalathion and 95% for
malaoxon.
Individual analytical standard stock solutions of (a) 1
mg/ml for malathion (b) 1 mg/ml for isomalathion and (c)
1 mg/ml for malaoxon were prepared in acetone (HPLC
grade) and stored at -18oC. Standard solutions of all compounds were prepared at concentrations of 10 µg/ml for
malathion, 0.25 to 1 µg/ml for isomalathion and 0.25 to
1µg/ml for malaoxon from the individual standard stock
solutions by dilutions with acetone and were used as calibration standards.
Gas chromatography apparatus and operation

Chromatographic methods like gas chromatography
(GC), liquid chromatography (LC) and gas chromatography-mass spectrometry (GC-MS) are widely used for
organophosphorus pesticides analysis. LC was found to
be better than GC and GC-MS for polar and volatile samples, whilst the GC-NPD system with columns of medium
or low polarity is the most recommended one for organophosphorus pesticides analysis8,9.
The gas chromatograph used was a Fisons HRGC
Mega 2 Series equipped with a splittless injector, a medium polar DB-1701 fused-silica 30m x 0.53mm i.d. x
1µm film thickness (J & W Scientific, Folsom CA, USA,)
a nitrogen phosphorus detector (NPD), and a FISONS AS
800 auto-sampler. Helium was the carrier gas at 8ml/min
and the operating conditions were: injector temperature of
210 oC, detector temperature of 290 oC and injection volume of 1µl.
The duration of the temperature program (chromatographic run) was 30 min and was set as follows: from
50 oC to 220 oC in 6.8 min (25 oC/min), 1 min isothermal
at 220 °C, from 220 oC to 260 oC in 2 min (20 oC/min)
and remained there for 20 min. Quantification was
achieved by a computer integrator. All the reported results
were the average of multiple (at least three) injections.

Fifteen samples of malathion dust formulations
(5% and 1% w/w) from the Greek market (manufactured
from various companies), were analyzed in order to determine the malathion, isomalathion and malaoxon content, before and during storage. The samples were stored
in a warehouse with temperature ranging from 20 oC to
30 oC, for approximately one and a half year.
It is well established that the malathion stability depends on the pH1,10. It was reported that this molecule is
rapidly hydrolyzed at pH above 7.0 or below 5.0 1, so this
parameter was monitored before and during storage in
order to determine the production of isomalathion and
malaoxon at alkaline pH. The pH of each sample was
recorded according to the CIPAC method MT 75.2 11. The
initial pH values of the samples varied from 7.0 to 9.2 and
remained stable throughout the experimental procedure.
The samples were divided into two categories according to their pH values (neutral pH of around7.0 and alkaline pH of above 7.5).
Eight of the samples, (neutral pH of around 7.0), conformed initially to the label and the FAO specifications12
for the malathion and isomalathion content and after 5, 12
and 18 months of storage they were still complying with
these specifications. Both isomalathion and malathion
content in these samples were stable during the experimental procedure. Malaoxon was present in the technical
products as this was reported from the product manufacturers but it was not detectable in the formulations
throughout the study. In the remaining seven samples the
pH was found to be alkaline varying from 7.8 to 9.2. In
four of these samples, the active ingredient (malathion)
content initially met the specifications, but it significantly decreased during storage (up to 50%). In the other
three samples, the malathion content was initially found
lower than the permitted tolerance (-10%) and it further
decreased during storage (up to 90%) (fig. 1).
In all the above seven alkaline samples, the
isomalathion content was initially higher than those with
neutral pH values, but it was complied with the FAO
specifications. Isomalathion content was found to decrease during storage (up to 95%) at almost the same rate
as malathion (fig. 2). This leads to the hypothesis that
malathion and isomalathion degraded in a similar way.
This behaviour could be the result of either direct hydrolysis of isomalathion or of a possible shifting of the
isomers equilibrium towards malathion, which subsequently hydrolyzed.
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FIGURE 1 - Malathion concentration change in seven alkaline samples with time
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FIGURE 2 - Isomalathion concentration change in seven alkaline samples with time
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FOLLOWING SPRAY APPLICATIONS OF THE FUNGICIDE
PENCONAZOLE IN VINEYARDS AND GREENHOUSES
Machera K.1, Goumenou M. 1, Kapetanakis E.2, Kalamarakis A.2 and Glass R.3
1

Lab. of Pesticide Toxicology and 3 Lab. of Efficacy Evaluation of Pesticedes, Benaki Phytopathological Institute, Kifissia, Athens,Greece
2
Technological Education Institute of Crete, Heraclion, Crete, Greece
3
Central Science Laboratory, Sand Hutton, York, North Yorkshire, UK

SUMMARY
During Topas 20 EW (20% penconazole) applications, the potential dermal exposure for the whole body
excluding the hands of the applicator ranged from 8
to 125 ml spray solution/h in vineyards and from 56 to
147 ml/h in greenhouses. The exposure of the
mixer/loader in the greenhouse trials ranged from 4 to
8 ml/h. The applicator inhalation exposure was at the
LOD levels for the trials in vineyards, whereas in the
greenhouse tomato trials it was in the range of 0.06 to
0.32 ml spray solution/h.
KEYWORDS: operator exposure, greenhouse, vineyard, Whole
Body Method, penconazole

INTRODUCTION
The determination of operator exposure levels is a
standard requirement for the registration of a plant protection product in the European Union according to the
common acceptance Directive 91/414/EEC 1 and it is
currently based on predictive models. The suitability and
the accuracy of such models depend on the quality of the
supporting data. Currently, several different mathematical
models are applied for the estimation of operator exposure
levels 2-4, based on different databases and hypotheses,
but in many cases these models produce divergent results.
Moreover, the available models are very often not applicable to the agronomic scenarios followed in the southern
European countries. In order to have a reliable regulatory
tool for all E.U. Member States a common predictive
model suitable for a wide range of agronomic and climatic conditions is needed. These conditions may vary
greatly for the same active substance.

For the harmonized determination of operator exposure levels among the different Member States the E.U.
funded the development of a harmonized European Predictive Operator Exposure Model (EUROPOEM) under a
Concerted Action (FAIR961406). Although this model is
almost complete, additional data representative of the
application conditions in the southern European countries
are still required. Such data were produced as part of the
European Union funded research project, SMT4-CT962048 5-16.
The fungicide Topas 20 EW (penconazole 20%),
applied in the trials of the present study, is an example of
an active substance registered for several different uses.
The aim of the present study was the determination of the
potential dermal and inhalation exposure of the spray
operators during applications of Topas 20 EW in two
different crops, outdoor grapevine and greenhouse tomatoes, representative of plant protection practices followed
in Greece.
MATERIALS AND METHODS
Penconazole analytical standard (purity 99,1%) was
obtained from Novartis Crop Protection AG and the
commercial formulation Topas 20 EW product of
Novartis was obtained from the agri-supplies market.
Endosulfan II (purity 99,3%) and dieldrin (purity 99,0%),
used as internal standards, were obtained from Agrevo
and from Riedel-de-Haen, respectively. The field spray
tank solutions (FST) were prepared on the farm. The
actual concentration of penconazole in the FST solutions
was determined by chemical analysis. Stock solutions of
penconazole were prepared in pestiscan grade n-hexane
and stored at -18°C.
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TABLE 1 - Application conditions for the vineyard trials

Date of monitoring/Code
Applicator
Applicator height (cm)
Years of farm experience
Site
Crop
Height of crop (cm)
Row spacing (cm)
Type of spray equipment
Spray concentration (g/L)
Monitoring duration (min)
Volume of spray sol. applied (L /ha)
Flow rate (L/min)
Pressure (atm)
Temperature (oC)
Relative humidity(%)
Spray nozzle
Nozzle height from the ground (cm)
Air sampler flow rate (L/min)
Monitoring method, type of suit
Monitoring of hand contamination
Incidental contamination
Other remarks

8.6.99/A

8.6.99/B
15.6.99/A
15.6.99/B
man, farmer
184
4
Korinthia, Kiato
Attiki, Lycovrissi
Grapevine (open field)
210
150
290
210
Knapsack sprayer
0.0228
0.0208
0.036
0.0275
17
17
16
18
4323
4419
2959
3196
0.79
0.8
0.8
0.81
3
3
3
3
32-34
33-34
25-26
28-31
23-25
23-25
27-29
29-30
Full cone
70-180
70-180
40-140
40-140
0.79
0.80
0.80
0.81
Whole Body, pre-washed cotton outer, pre-washed Tyvek inner
Pre-washed cotton gloves outer, latex gloves inner
Contamination of gloves
Cross winds

TABLE 2 -Application conditions for the greenhouse trials

Date of monitoring/ Code
Applicators/Mixer-Loader
Applic./Mixer-Loader height(cm)
Years of farm experience
Site
Crop
Height of crop (cm)
Row spacing (cm)
Type of spray equipment
Spray concentration (g/L)
Monitoring duration (min)
Volume of spray s. applied
(L /ha)
Flow rate (L/min)
Pressure (atm)
Temperature (oC)
Relative humidity (%)
Spray nozzle
Nozzle height from the ground (cm)
Air sampler flow rate (L/min)
Monitoring method, type of suit

Monitoring of hand contamination
Incidental contamination
Other remarks

25.1.00
Applicator /
Mixer-Loader

4.2.00 A
4.2.00 B
Applicator /
Applicator /
Mixer-Loader
Mixer-Loader
men, farmers
178/170
180/170
180/170
16/11
15/11
15/11
Crete, Heraklion
Greenhouse tomato
140-160
180-200
160-180
twin rows 50-120-50
twin rows 60-120-60
twin rows 50-150-50
Tractor assisted, high pressure hand-held lance
0.034
0.034
0.025
28
27
23
3065
1125
944
3.4
20
21-23
70-80

3.3
22
16-18
80-82

3.7
12
20-21
76-77

Full cone
120-160
100-150
2.0
2.0
Whole Body
Applicator: pre-washed cotton outer, pre-washed Tyvek inner
Mixer-Loader: prewashed Tyvek
nitrile rubber gloves outer, pre-washed cotton gloves inner
None observed
Parallel winds
40-150
2.0
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Working solutions of the analytical standard were
prepared by further dilution of the stock solutions in nhexane and stored at ca. -4°C. Laboratory spray tank
solutions of Topas 20 EW were prepared in HPLC grade
water. The solvent used for penconazole extraction from
different matrices was P-R grade n-hexane.
A HP 5890 Series II gas chromatograph, equipped
with an ECD detector and a DB-1701 column [(14%
cyanopropyl-phenyl) methyl-polysiloxane,
15m ×
0.53mm × 1.0 µm], was used for penconazole determination. For instrument control and data analysis, the HP
3365 Chem-station software was used. Standard laboratory glassware and equipment, such as a flat bed automatic shaker and a sonication device, were used for the
extraction procedure.
A fully validated analytical method was developed
for the determination of penconazole on personal protective equipment (PPE) and in field- and laboratory-spray
tank solutions 17. The limit of detection (LOD) and the
limit of quantification for penconazole were determined at
0.84 ng/ml and 2.5 ng/ml, respectively. No effects of the
different matrices upon the analytical determination of
penconazole were observed. For the determination of the
potential dermal and inhalation applicator exposure to
penconazole four trials were carried out in open field
vineyards and three in greenhouses on tomato crops.
In the tomato trials the mixer-loader potential dermal
exposure was also measured. A knapsack sprayer in the
vineyards and a high-pressure hand-held lance in the
greenhouses were used. More information about the application parameters is shown in Tables 1 and 2.
For the measurement of the potential dermal exposure
the Whole Body dosimetry method was used 18, 19. According to this method, the operators wear an outer cotton
coverall during the application. For the assessment of the
cotton coverall penetration, as an indicator of its performance, a lighter coverall is worn under the cotton. In the
present study, a 100% cotton coverall and a Tyvek ProTech (heat-compressed polyethylene fibers) were used as
outer and inner coveralls, respectively. Following the
application of the plant protection product, both coveralls
were dried in the shade and then sectioned in 9 pieces
according to the protocol of the above method, packed
separately and sent to the laboratory for analysis.
For the monitoring of hand contamination, cotton or
nitrile rubber and latex gloves were used for the applicator. Two different approaches for glove arrangement were
tested in the course of development of the method, cotton
outer/latex inner in the vineyards and nitrile rubber
outer/cotton inner in the greenhouse trials. The former
arrangement relates to the amount of spray solution impacting the applicator’s hands if no gloves are worn,
whereas the latter attempts to determine spray penetration

through nitrile rubber gloves as worn in a commercial
farm. The mixer/loader in the greenhouse tomato trials
wore nitrile rubber gloves only. The applicator potential
inhalation exposure was measured by means of a personal
air pump operating at 2 L/min equipped with XAD-2
filter sampler. The filter sampler was placed in the inhalation zone of the applicator.
Samples of the spray solution at the beginning, in the
middle and at the end of the application period were taken
from the spray nozzle and analyzed. The 9 pieces of each
suit, the gloves and the breathing apparatus filters were
each analyzed as a whole according to the developed
analytical method 17.
RESULTS AND DISCUSSION
The operator exposure levels measured in vineyards
and in greenhouses are presented in Tables 3 and 4. The
levels of potential dermal exposure for the whole body of
the applicator excluding hands showed a high variation,
from 8 to 125 ml spray solution/h in vineyards and from
56 to 147 ml/h in greenhouses, analogous to the variation
appearing in the results of other laboratories20 as well as
in previous measurements of our research group16.
This variation depends on many factors, such as crop
characteristics, application technique, plant protection
practices followed and climatic conditions. The levels of
potential dermal exposure are rather homogeneously
distributed between the upper and the lower part of the
body in both vineyard and greenhouse tomato trials. Two
exceptions were observed in the second and the third
vineyard applications where higher exposure was
observed on the lower body part, possibly due to secondary contamination of the operator through contact with
dense foliage
High contamination was also detected on gloves during the third and the fourth application in vineyards due to
incidental contamination observed during the application.
This is quite common in commercial farm practice. A
comparison of the total hand figures between vineyards
and greenhouses indicates the potential degree of protection by the nitrile rubber gloves. The (outer) cotton gloves
in the vineyards retained spray contamination between 2
and 288 ml spray solution/h, whereas the amount of the
solution that penetrated the (outer) latex gloves of the
applicator in the greenhouses ranged only between nondetectable and 2 ml/h.
The contamination detected on the air filter samplers
in the vineyard applications was at the level of LOD. The
potential inhalation exposure of 0.012-0.018 ml spray
solution/h was estimated on the basis of LOD and an
inhalation rate of 25L/h.
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The degree of protection that was provided by the
cotton coverall, ranging between 78 and 98% in the vineyards and between 85 and 93% in the greenhouses, was
quite high in most of the trials under the respective conditions, e.g. duration of spray application, nozzle output,
sprayer pressure etc. These results indicate that the light
cotton coverall used, acknowledged by farm personnel as
acceptable to wear under warm conditions, will offer
partial protection of the applicators, depending on the
intensity and duration of exposure. However, further
studies are required for the development or the choice of
the most suitable personal protection to be used in the
warm climatic conditions of southern European areas.

The potential inhalation exposure levels in the cases
of greenhouse applications are in the range of 0.060.32 ml spray solution/h. These values are significantly
higher than the respective ones from vineyard applications. This difference is mainly attributed to the enclosed
greenhouse environment and the higher sprayer application pressure.
From the comparison of the measured potential dermal exposure of the applicator in vineyards (whole body
excluding hands) and the calculated levels from the
German Model for the estimation of operator exposure
levels 3, it is indicated that the measured operator exposure levels in the trials of the present study are significantly higher than the values estimated through the German Model and consequently the respective risk for the
operator may be underestimated by this model.

The exposure counts on the PPE of the mixer/loader
during mixing are also significant (Table 4). These relate
to the handling of the concentrated product during mixing
and loading of the spray solution. The efficacy of the
nitrile rubber gloves is shown here again in the case of the
mixer/loader, with inner (cotton) glove contamination of
n.d. to 0.23 ml/h. The total body counts (excluding
hands), ranging between 4 and 8 ml spray solution/h may
be partly related to floating fine spray droplets reaching
the mixer/loader.

This conclusion highlights the need for the modification of the methodologies currently applied at European
level for spray operator risk assessment and for the development of a uniform European Model which will take
into account the conditions and the plant protection practices followed in the Southern European countries.

TABLE 3 - Potential dermal and inhalation exposure of applicators to sprays of Topas 20 EW in vineyards

Trial code

8.6.99/A

8.6.99/B

15.6.99/A

15.6.99/B

ml FST solution/h


Body part

Cotton

Tyvek

Cotton

Tyvek

Cotton

Tyvek

Cotton

Tyvek

Head

0.43

0.20

0.37

0.03

0.36

0.22

2.01

0.00

Left arm

1.18

0.11

1.26

0.45

1.01

1.01

2.29

0.12

Right arm

1.07

0.39

1.07

0.63

1.26

0.39

2.87

0.17

Chest

0.93

0.12

0.67

0.41

2.25

0.24

4.42

3.89

Back

0.68

0.26

1.63

0.80

0.80

0.00

1.90

0.18

upper body

4.29

1.09

5.00

2.33

5.68

1.87

13.5

4.37

Thighs, front

1.03

0.34

28.8

0.57

49.1

0.00

4.10

0.55

Thighs, back

0.53

0.30

3.39

0.25

64.4

0.00

2.88

0.00

Left shin

0.28

0.04

63.4

0.17

0.97

0.65

2.77

0.25

Right shin

0.43

0.10

0.96

0.13

1.58

0.00

4.48

0.27

lower body

2.27

0.78

96.6

1.13

116

0.65

14.2

1.07

Total Body

6.56

1.87

102

3.45

122

2.51

27.7

5.44

Left hand

0.87

-

6.88

-

44.6

-

156

-

Right hand

0.69

-

5.18

-

113

-

132

-

Total hands

1.56

-

12.1

-

157

-

288

-

Inhalationa
0.018
(ml/h)
a
Based on inhalation rate of 25 L/min and on LOD value

0.020
-
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-

0.014
-
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TABLE 4

Potential dermal and inhalation exposure of applicators and mixer-loader (M/L) to sprays of Topas 20 EW on greenhouse tomatoes

Trial code

25.1.00

4.2.00/A

4.2.00/B

ml FST solution/h
Applicator
Body part

Cotton

Tyvek

Head

1.80

0.07

Left arm

2.57

Right arm

M/L


Applicator


Cotton

Tyvek

0.07

17.2

0.17

0.05

0.09

9.0

4.31

0.08

0.33

Chest

11.6

1.53

Back

5.57

upper body



M/L


Tyvek

Tyvek

0.03

6.1

0.19

0.76

0.34

0.06

12.7

0.18

0.09

15.7

0.08

0.06

3.47

0.45

0.24

1.19

16.0

0.56

2.26

4.93

1.82

3.43

1.48

0.37

23.6

0.25

1.08

7.74

1.19

1.23

25.9

3.20

2.05

81.4

1.40

3.50

35.0

3.83

5.74

Thighs, front

10.1

2.53

0.88

12.9

0.97

1.84

5.30

4.31

1.26

Thighs, back

3.87

2.27

1.01

15.3

1.35

0.71

9.2

1.63

0.68

Left shin

3.51

0.22

0.29

12.8

0.09

0.14

3.42

0.10

0.13

Right shin

3.90

0.13

0.17

14.7

5.88

0.53

11.1

0.27

0.11

lower body

21.3

5.15

2.35

55.6

8.30

3.22

29.0

6.30

2.17

Total Body

47.2

8.35

4.40

137

9.69

6.72

63.9

10.12

7.91

Left hand

-

ND

ND

-

0.44

0.04

-

0.12

0.10

Right hand

-

ND

ND

-

0.11

0.00

-

1.45

0.13

total hands

-

ND

ND

-

0.55

0.04

-

1.57

0.23

Inhalation
(ml/h)
a

0.060

-

0.32

Based on an inhalation rate of 25 L/min. ND = non-detectable
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Tyvek

Applicator


Cotton

a

Tyvek

M/L


-

0.27

-
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RESULTS FROM ”JOVÅ”
THE AGRICULTURAL AND ENVIRONMENTAL MONITORING
PROGRAM OF PESTICIDES IN NORWAY 1995 – 1999.
Gro Hege Ludvigsen1 and Olav Lode 2
1
Jordforsk: Centre for Soil and Environmental Research, Ås, Norway
Planteforsk: The Norwegian Crop Research Institute, Plant Protection Centre, Ås, Norway

2

SUMMARY
In the monitoring program called “JOVÅ” we have
the following types of investigations: streams and rivers,
drainage water, groundwater, sediments and precipitations. In this paper only the results from 12 locations
concerning streams and rivers are presented from the
years 1995 – 1999. In six of the drainage basins data on
the use of pesticides have been collected.
851 samples have been collected during this period. In
540 samples one or more pesticides have been detected
above the detection limit giving the result that 63% of
samples contain pesticide residues. 33 pesticides of a
number of 53 substances analysed have been detected in
surface water. Of these, 21 were herbicides, 8 fungicides
and 5 insecticides. 13 Different pesticides were detected
in concentrations, supposed to have environmental impact
on algae, daphnia or other aquatic species i.e. at or above
the maximum residue limit (MRL). The different pesticides showed very different pattern according to the
frequency and concentrations that were measured.

These limits were exceeded in many EC member
states, which resulted in problems for the production of
drinking water in countries like Italy, France, England
and, not least, The Netherlands, where an intensive vegetable production leads to pesticide use and, in addition,
where the ground water level is high. Questions in connection with the use of pesticides and the environment
resulted in a more permanent monitoring program in
Norway (1995), where this topic was incorporated in a
former established program (1992) for erosion and losses
of plant nutritions called JOVÅ.

MATERIALS AND METHODS
In Table 1 some main characteristics of the different
locations are given like drainage area, main crops, soil
types and mean precipitation per year.
Runoff measurement

KEYWORDS:
water, monitoring, pesticides, JOVÅ, Norway

INTRODUCTION
Many countries growing different crops and where
pesticides are involved have reported leaching from soil
to surface and ground waters. In 1986 Cohen et al. [1]
gave an overview concerning measurements in surface
water and ground water. The European Institute for Water
organised a seminar in Como (Italy) in 1988 [2], where
the situation in the European countries was the main
theme. The preparation of this overview was a reaction on
the EEC–directive 80/778 on the quality of water intended
for human consumption concerning pesticides. The Directive allows a maximum value of 0,5 µg/L for total pesticides and 0,1 µg/L for individual substances or family of
substances, irrespective of their actual nature and toxicity.

The basis for the monitoring programme is six rather
small drainage basins that have continuous discharge
measurements and water proportional sampling, that have
been monitored from 1995 till 1999. The drainage basins
vary in size from 50 to 680 hectares and the total number
of farms varies from 5 to 30 farms. The farmers keep
records of all their farming operations including pesticide
use and run their farms without any particular consultation or restrictions on farming practices. A detailed soil
and land use mapping has been carried out in the drainage
basins and important soil physical parameters have been
measured. In addition, climatological data are collected
for carrying out water balance studies.
Pesticides have been monitored for three years or
more at additional six small and medium size rivers.
Drainage basins are from 20 till 230 km2. Samples have
been collected as grab samples.
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Water sampling equipment and strategy

Chemical analyses

From all stations, representative samples proportional
to the waterflow were collected. All measurement stations
are provided with data measurement and control module
(data–logger). Water levels are measured continously and
discharges are calculated on the basis of the known headdischarge relation for the monitoring station. A composite
water sampling system is installed at each station. A small
sample is taken each time a preset volume of water has
passed the monitoring station. The sub-samples are stored
in a container in a refrigerator for subsequent analysis.
The sample container will contain a composite sample
with a total volume (Vtot), representing the average water
concentration (Ccomp) over the sampling period. On the
average of every fortnight a composite water sample is
collected for laboratory analysis. Pesticide samples have
normally been taken from early spring (April) until frost
appear in November/December. At some locations samples have also been taken during the winter months.

The water samples from the drainage basin areas are
analysed for the most common pesticides used in Norwegian agriculture. In 1999, 53 substances were analysed.
Determination of pesticide residues in water is mainly
performed by gas chromatography with selective detectors after extraction with organic solvents – GC multimethod. In addition, some of the more polar herbicides,
like the phenoxy-acids, require a derivatization step before the chromatographic analysis – GC/MS multimethod
(3). The number of substances were analysed and the
detection limits have been improved during the monitoring period. In the first year, only 25 substances were analysed with detection limits between 0,05 and 1 µg/L.
Every year the number of substances analysed have increased and the detection limits have been lowered. Table
2-4 give the number of different analyses that have been
carried out for different substances and detection limits of
the year 1999. Additional analyses have been done on
important substances that require special analysing methods: glyphosate, tribuneron-methyl, ETU (decomposition
product of mancozeb) and isoproturon

TABLE 1 - Characteristics of the drainage basins in the streams and rivers monitored.

Location
Vasshaglona

Drainage
area (km2)
0,7

Main crop

Soil type

vegetables, potatoes
and grain

sand and loam

Mean precipit.
(mm.yr-1)
1230

Time

1,1

grass

soils of morenic origin with loamy
sand

1189

Kolstad

3,1

grain

soils of morenic origin with loam soil

585

Skuterud

4,5

grain

silty clay, shore deposit and morenic
depositions

785

Heia

4,7

vegetables, potatoes
and grain,

sand, silt and clay of morenic origin

829

Mørdre

6,8

grain

clay and silt fractions of
marine and lacustrine origin

665

Hotran

20

grain and 30% grass

silt loam and silt clay loam of marine
origin

892

Finsal

22

grain and potatoes

soils of morenic origin

585

Skas - Heigre

29

grass

clay, sand and gravel

1180

Auli

147

Grain

clay of marine and morenic origin

1035

Lier

303

Vegetables, grain

clay and silt fractions of
marine and fluvial origin

940

Hobøl

331

Grain

clay and silt fractions of
marine origin

829
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RESULTS AND DISCUSSION
The results from the monitoring program have been
published in annual reports (4). To evaluate the findings
of pesticides in surface water: environmental acceptable
concentration limits (EACL) have been set. They are
based on the EC50 or LD50 values for daphnia. algea, water
plants and fishes. A safety factor of 100 has been used for
all organisms. If concentrations rise above the concentration level, there might be a potential risk for the aquatic
environment. Tables 2-4 gives the EACL limits and the
number of positives above.
851 samples have been collected during the years
1995 to 1999. In 540 samples one or more pesticide have
been detected above the detection limit, giving the result
that 63% of the samples contain pesticide residues.

The frequency of detections drop with increased size
of the basins, but the difference between the farm practise
(amount of pesticide used), is the most important factor.
Most pesticides are found at locations with intensive
farming. Peak concentrations occurred during spraying
season and followed the runoff events. Some pesticides
appeared also during late autumn/winter and next spring
indicating persistence.
33 pesticides of a number of 53 substances analysed
have been detected in surface water. Of these, 21 were
herbicides, 8 fungicides and 5 insecticides. 13 Different
pesticides were detected in concentrations, supposed to
have environmental impact on algae, daphnia or other
aquatic species. The different pesticides showed very
different pattern according to the frequency and concentrations that are measured.

TABLE 2 - Herbicides analysed and detected in streams and rivers 1995 to 1999.

Pesticides or

Number

Positives

Max

Average

Number

decomposition product

Analysed

Numbers

%

conc.
(µg/L)

conc.
(µg/L)

above MRL Limits
(µg/L)

MR

glyphosate

49

42

86

0.93

0.13

AMPA

49

43

87

0.2

0.06

bentazone

859

352

41

6.9

0.19

MCPA

859

186

22

9.7

0.55

metribuzine

859

185

22

12

0.26

dichlorprop

859

142

17

8.9

0.22

isoproturon

52

8

15

0.45

0.03

mecoprop

859

105

12

0.79

0.12

simazine

859

70

8

0.57

0.07

linuron

859

61

7

2.4

0.28

BAM (2,6dichlobenzamide)

239

15

6

0.24

0.07

2,4-D

859

48

6

1.1

0.12

propachlor

859

36

4

19

0.78

10

metamitron

859

31

4

19

1.20

4

chlorpropham

138

4

3

0.2

clopyralid

138

2

1

1.1

dicamba

308

3

1

flamprop

138

1

1

fluroxypyr

582

4

aclonifen

739

terbuthylazine

859

DDD- p,p’, DDE- p,p’
DDT- o,p’, DDT- p,p’

859

0

0.02

Atrazin, atrazin-desethyl,
atrazin-desisopropyl

859

0

0.02

ioksynil

582

0

0.1

tribuneronmethyl

11

0

0.03

12

Detection
limits 1999
(µg/L)
0.01
0.01

53.5

0.02

50

0.02

0.22

0.02

41

0.02

0.3

0.01

51.5

0.02

1

0.42

0.02

43

0.07

0.05

12

0.05

14

0.02

0.29

0.02

1.1

0.05

0.14

10

0.05

0.65

69

0.1

0.12

0.06

1110

0.02

0.16

0.16

1

0.33

0.18

4

1

0.1

0.05

1

<1

0.09

0.09
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2

0.1
1

143

0.1

0.07

0.02

0.16

0.02
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TABLE 3 - Fungicides analysed and detected in streams and rivers 1995 to 1999.

Pesticides or
Number Positives
decomposition product Analysed Numbers %
metalaxyl
ETU 1)
propiconazole
fenpropimorph
fluazinam
thiabendazole
prochloraz
iprodione
penconazole
pyrimetanil
tebuconazole
vinclozolin
1)

859
30
859
582
239
739
739
582
308
138
582
859

104
8
28
6
4
3
2
2
0
0
0
0

12
27
4
1
2
<1
<1
<1

Max
conc.
(µg/L)
1.62
3
7.7
12
0.15
0.22
0.22
0.14

Average
conc.
(µg/L)
0.17
0.10
0.38
2.21
0.09
0.13
0.21
0.10

Number
above
MRL

MR
Limits
(µg/L)
280
0.26
0.02
0.46
0.55
2.8
0.46
2.5

1
28
2

Detection
limits 1999
(µg/L)
0.05
0.01
0.05
0.02
0.02
0.05
0.05
0.02
0.02
0.02
0.05
0.02

ETU is decomposingproduct of mancozeb

TABLE 4 - Insecticides analysed and detected in streams and rivers 1995 to 1999.

Pesticides or
Number Positives
decomposition product Analysed Numbers %
lindane
859
chlorfenvinphos
859
dimethoate
859
azinphosmethyl
859
pirimicarb
859
diazinon
859
endosulfane -alfa, -beta,
859
-sulfat
esfenvalerate
308
phentrotion
859
phenvalerate
859
lambdacyhalothrin
138
alfacypermethrin
582
permethrin
859

33
21
6
4
3
0

4
2
1
0
0

Max
conc.
(µg/L)
0.16
0.37
0.75
0.64
0.05

Average
conc.
(µg/L)
0.06
0.08
0.21
0.30
0.04

Number
Above
MRL

MR
Limits
(µg/L)
1.6
0.003
0.2
0.01
0.14

21
2
3

0
0
0
0
0
0
0

0.05
0.02
0.05
0.05
0.05
0.05

FIGURE 1 - Pesticides in streams and rivers, 1995-99
Number without positives
Number with positives

Pesticides in streams and rivers 1995-99
12

140
120

13

20

8
17

14

100

18
8

Hobølelva

60

7

5

7

Lierelva,
Kjellstad

7

Lierelva,
Elverhøy

13

80

Aulielva, Klopp

Number of samples

160

Detection
limits 1999
(µg/L)
0.02
0.02
0.02
0.05
0.02
0.02
0.02

40
20
0

Hotrankanalen

Skas-Heigre

Finsalbekken

Mørdrebekken

Skuterudbekken

Kolstadbekken

Vasshaglona

Heiabekken

Timebekken

Locations - Number of different pesticides detected in each stream are given on top
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The results of 5 years of monitoring pesticides in
streams and rivers in Norway demonstrate that pesticides
are frequently detected during the growth period of the
year. Most pesticides are traced in very low concentrations below the environmental acceptable concentration
limits (EACL) that have been set, but some pesticides
exceed the limits of EACL more frequently. Due to the
methods of water proportional sampling in some of the
locations, the results will underestimate the retrieval of
some pesticides.
Figure 1 gives the number of samples from the different locations and how many of these which came out with
positive findings and how many without. The figures at
the top of the columns stand for number of different pesticides detected.
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ASSESSMENT OF THE TOXIC POTENTIAL OF SEDIMENT
ORGANIC POLLUTION BY SELENASTRUM CAPRICORNUTUM
Mingazzini Marina1, Galassi Silvana 2,3 and Guzzella Licia 1
2
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SUMMARY
The potential risk associated with the sediment-borne
organic micropollutants from the River Po (Italy) was
evaluated using algal toxicity bioassays on Selenastrum
capricornutum. Bed sediment samples were taken downstream from the confluence of the main tributaries of the
river during two sampling seasons. A solvent extraction
procedure of sediment fine fraction was used for both
analytical and toxicological characterization. A good
agreement was found between toxicity data and levels of
most analyzed contaminants, suggesting a combined action of the organic mixtures affecting the algal responses.
The ecotoxicological approach proved to be sensitive for
the detection of pollution sites along the river course.
KEYWORDS: Sediment extracts, organic micropollutants, toxic
potential, Selenastrum capricornutum test, Po River.

Solvent extracts were thus used with the aim to
evaluate the toxic potential of sediment-bound organic
micropollutants in the River Po (Italy).
This study is a part of a monitoring program recently
undertaken to investigate the quality of sediments of the
largest Italian river. Since it drains an important area
(70,000 km2), the River Po can be regarded as representative for the anthropogenic pollution originating from
industrial, urban and agricultural activities of Northern
Italy [6].
Since algae proved to be sensitive organisms toward
many toxic compounds as well as toward complex mixtures of chemicals [7-10], and to be particularly useful to
detect the occurrence of herbicides in water and in sediment extracts [11,12], Selenastrum capricornutum growth
assay was used as ecotoxicological end point.

INTRODUCTION
MATERIALS AND METHODS
The high affinity of many organic chemicals for settling particles makes sediments as a major pollutant reservoir in aquatic environments [1]. The concern associated
with the sediment contamination is that the transfer of
sorbed chemicals from sediments to organisms is considered to be a major route of exposure for many food chain
species [2]. The chemical and toxicological monitoring of
sediments is thus needed to assess the potential risk associated with the sediment-borne chemicals, which can
affect the quality of the whole aquatic ecosystem. Test
organisms are frequently exposed to whole-sediment, as
well as to porewater or elutriate samples for toxicity assessment [3,4]. However, sediment solvent extracts,
which are routinely used for chemical analysis of hydrophobic organic contaminants, can also be used for biotesting. This approach provides the potential to assess the
effects of long-term exposure to sediment-bound organic
pollutants that may not be evident from short-term sediment and elutriated bioassays [5].

Composite sediment samples were collected from ten
reaches of the Po River (Figure 1) during two sampling
seasons, in a summer and a winter low flow conditions,
respectively (Sept. 1996 and Mar. 1997). The first station
(UP) was close to the springs of the river, while the other
were located downstream from the main tributaries of the
river: Dora Riparia (DR), Dora Baltea (DB), Sesia (SE),
Tanaro (TA), Ticino (TI), Lambro (LA), Adda (AD),
Oglio (OG), Panaro (PA). More details on sediment sampling are given in previous papers [13].
For both chemical and toxicological analyses, fine
sediment fractions (<63 µm), collected by sieving freezedried sediment samples, were Soxhlet extracted using a
mixture of n-hexane and acetone (1:1). After reduction to
small volume, an aliquot was transferred to DMSO for
toxicity tests (6 g/ml), and the remaining extract volume
was used for PCBs, DDTs, PAHs and herbicides analysis.
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FIGURE 1 - Map of the Po River (North Italy). Sampling stations located over the river course, close to the springs (UP)
and downstream from the main tributaries of the river (DR, DB, SE, TA, TI, LA, AD, OG, PA) are shown.

PCBs and DDTs were analysed with a Carlo Erba
8000 high resolution gas chromatograph (HRGC) and
ECD detector equipped with a capillary column (Sil 13Chrompack, 50 m x 0.25 mm I.D.) and an on-column
injector. The analysis was performed after purification on
a Florisil column (4 x 0.7 cm, I.D.).
PAHs were analysed using a Varian 9012Q high performance liquid chromatograph (HPLC) equipped with a
Lichrosphere 100-5 RP C 18 column (Analytical Technology, Milan, Italy). A Perkin-Elmer LS-4 fluorescence
spectrometer was used for the simultaneous determination
of different PAH compounds [14]. The identification of
the compound peaks was confirmed with a UV-1 Dynamax detector at 254 nm.
The analysis of herbicides was performed using a
Fisons HRGC 5160 Mega Series gas chromatograph
equipped with a capillary column (Sil 13-Chrompack, 50
m x 0.25 mm I.D.), a splitter/splitless injector and a NPD
80-Flameless detector [15].

Selenastrum capricornutum was used as test organism for the toxicological bioassays. The green alga from
IRSA Laboratory [16] was cultured according to the EPA
methods [17]. Exponentially growing cells (104 cells/ml)
were used as test inoculum and exposed in triplicate to the
test solutions under controlled conditions during 72h
incubation [17].
Extract concentrations were calculated according to
the original quantities of the extracted fine sediment fractions, and expressed as equivalent grams per liter of test
solution. Five graded concentrations ranging from 1.8 to
30 g/l were tested for each sediment extract sample. The
algal cell density was measured by electronic particle
counter (ZB1 Coulter Counter) and the growth inhibition
data were used to evaluate the toxicity (72hEC50) of the
sediment extracts
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FIGURE 2 - Sediment toxicity measured by the algal growth test on both September and March samplings.
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FIGURE 3 - Concentrations of PAHs (ng/g) and DDTs (10-2 ng/g) measured in the extracts of March sediment sampling.
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FIGURE 4 - Concentrations (ng/g) of PCBs and Alachlor herbicide, measured in the extracts of September sediment sampling.
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RESULTS AND DISCUSSION
The toxicological results from algal tests showed different toxic potentials of the extract samples, discriminating sediment quality changes over the River Po. A similar
trend was observed for both samplings (Figure 2). While
the lowest toxicity (plotted in Figure as 1/EC50 values)
were measured on the UP station, which can be regarded
as an ambient control, the highest toxic potentials were
observed on the same sampling stations in both seasons.
Two most critical Po River sites have been identified:
DR and LA stations, located downstream from the two Dora Riparia and Lambro River- tributaries, which are
respectively collecting wastes from the city of Turin and
of Milan (Figure 1), which can be regarded as the main
heavily industrialized areas of the Po River basin.
Similar trends were detected by the analyzed levels of
PAHs, DDTs (Figure 3) and PCBs (Figure 4). For all the
three classes of micropollutants the highest concentrations
were measured in the same extract samples where the
highest toxic potential was detected by algal testing
(Figure 2).
Apart from DDT compounds, which were quantified
only in March samples, both the analyzed levels of PCBs
and PAHs and the trends followed over the river course
were similar when comparing summer with winter sampling. This behavior was related to their persistence in
sediment compartment, as well as to a constant contribution of the contamination sources.
By contrast, a different behavior was observed for
herbicide compounds. With few exceptions, their occurrence at detectable concentrations in the Po River sediments was observed only during the summer sampling,
which was undertaken few months after herbicide application in agricultural practices. Alachlor, as widely used
for weed control in cereal crops, was the most representative compound detected for the agriculture impact in the
Po River plain. As shown in Figure 4, Alachlor was
mainly affecting the sediment quality in the lower part of
the river course. Compared to the previous classes of
organics, both the seasonal use and the minor affinity for
sediments can be regarded as the main factors affecting
the observed seasonal variations for the herbicide pollution.
Comparing the levels of the persistent micropollutants analyzed in the present study with those from other
countries, the contamination levels of Po River sediments
can be considered low. While the concentrations found in
the UP station fall within the background levels observed
in unpolluted areas, much higher concentrations (generally up to one order of magnitude) than those fund in the
most critical sites of Po River are reported for sediments
from polluted areas [18,19,12].
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While the levels of the organic chemicals were generally low, good relationships were found linking ecotoxicological to analytical results for most classes of persistent contaminants. Nevertheless, even when considering
the most toxic compounds detected in this study for each
class of organics (or the sum of the homologue compounds), none can be regarded as responsible for the toxic
effects measured by testing the sediment extracts with
S. capricornutum.
While the possible contribution of further nonanalyzed compounds can account for the observed inhibition effects, the assessed toxic potential can result from a
combined and possibly synergistic action of the mixture
of the extracted organics. The selected chemicals analysed
in this study can thus be regarded as good tracers of the
mixture of persistent pollutants accumulated in the Po
River sediments.

CONCLUSIONS
The toxicological results could not identify a single
class of organic contaminants as responsible for the observed effects. The toxic potential of Po River sediments,
as determined by the algal inhibition test, rather suggests
the role of a combined action of the sediment-born
chemicals. However, the ecotoxicological approach
proved effective to discriminate/distinguish sediment
quality changes and to identify the river sites of major
toxicological hazard.
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APPLICATION OF THE EQUILIBRIUM PARTITIONING THEORY
FOR THE PREDICTION OF THE BIOACCUMULATION
OF ORGANIC POLLUTANTS IN AQUATIC BIOTA
Epaminondas C. Voutsas, Eleni V. Abatzi and Dimitrios ? . Tassios
Thermodynamics and Transport Phenomena Laboratory, Department of Chemical Engineering - Section ??,
National Technical University of Athens, Zografos, Athens, Greece

SUMMARY
The scope of this study is to assess the suitability of
the equilibrium partitioning theory for the prediction
of the bioaccumulation of organic chemicals in aquatic
biota. It is found that the equilibrium partitioning approach gives accurate bioaccumulation factor predictions
when it is compared with data measured under laboratory
conditions and with field data for plankton. However,
equilibrium partitioning theory gives progressively poorer
results for the higher levels of an aquatic food web, since
it does not take into account biomagnification along the
food chain.
KEYWORDS:
Bioaccumulation, bioconcentration, equilibrium partitioning

In this study the feasibility of predicting bioaccumulation in aquatic biota with models based on the equilibrium partitioning (EqP) approach is investigated. ?n this
approach, the environment is divided into phases (air,
water, biota, suspended solids, sediment and soil) and
transfer between phases is caused by a gradient in chemical potential or fugacity. At equilibrium the fugacities of a
compound in all phases must be equal. If the fugacity is
equal for all phases and given that for hydrophobic organic chemicals lipids is the relevant biotic phase, then
the concentration of the chemical in the lipids of all biota
must be equal irrespective of the trophic position.
To evaluate the validity of the EqP approach three
models based on this approach are applied in the prediction of bioaccumulation factors of organic pollutants in
aquatic biota and their results are compared with experimental laboratory and field measurements.

INTRODUCTION
Hydrophobic organic chemicals in the environment
accumulate mainly in the lipid tissues of aquatic organisms by the process of equilibrium partitioning from water
[1], that is called bioconcentration, and by dietary uptake
[2] that is called biomagnification. If chemical partitioning is the principal mechanism of the distribution of
chemicals in the food web, lipid- weight-based chemical
concentrations in all organisms of the food web should be
similar. If, on the other hand, chemical biomagnification
occurs, lipid-based chemical concentrations should increase with increasing trophic position.
Considerable debate exists regarding the relative importance of chemical accumulation by partitioning from
water and from dietary uptake. Some investigators have
argued that equilibrium partitioning from water is sufficient to describe specific chemical accumulation in lipid
tissues of aquatic biota regardless the trophic position [3].
This applies, of course, to non- metabolized chemicals. If
metabolism of a chemical occurs then lower concentrations in aquatic biota are observed comparing to those of
other chemicals with similar hydrophobicity [4].
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MATERIALS AND METHODS
In this section the three EqP based models considered
in this study are presented.
a. Model ?:

? semi-theoretical EqP-based
model derived through fugacities

Fugacity, which has units of pressure and is essentially partial pressure, is a thermodynamic quantity related
to chemical potential or activity and characterizes the
escaping tendency from a phase. Chemicals diffuse from
high to low fugacity and at equilibrium fugacities of all
compounds are equal in all phases. Fugacity (f, ?a) is
related to concentration (C, mol/m3) through a constant ?,
termed as fugacity capacity, which has units of mol/?a m3
from the following equation:

=

(1)
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For water and the hydrophobic chemicals involved
here, the fugacity capacity is the inverse of Henry's law
constant [1], Z w = 1 . So, the fugacity of a chemical in
H
water is given by:

fw = CwH

(2)

To obtain the expression for fugacity in the biota two
assumptions are made: (1) lipid is the storage compartment of organic chemicals in aquatic biota, and (2) the
fugacity capacity of lipid is the same as the fugacity
capacity in octanol plus a coefficient kb that accounts for
the fraction of lipids in the aquatic biota. At equilibrium
in an octanol/water partitioning experiment, the fugacities
of the chemical in the octanol phase and the water phase
are equal. The ratio of concentrations in the two phases,
which is the well-known octanol/water partition coefficient (? ow ), equals the ratio of the fugacity capacities of
the two phases, i.e. ? ow = ? o/? w , and therefore, under the
assumption of equivalency between octanol and lipid, the
fugacity capacity in the biota is given by the following
expression:

Z b = kb K owZ w = kb

K ow
H

(3)

The fugacity in the biota may then be written as:

CH
fb = b
K ow

logBAF = 0,91logKow –1975 log (6,810-7 Kow +1)-0,768

(6)

This model will be referred to hereafter as Model II.
c. Model III:

The model of Meylan et al. [6]

Meylan et al. [6] recently proposed a more detailed
method for predicting bioaccumulation factors from ? ow .
They attributed the discrepancies between the predicted
BAFs from derived empirical EqP-based relathionships
and those experimentally observed are partly due to the
relatively small data sets used in them. In their study, 694
chemicals were grouped and analyzed yielding different
correlations for non-ionic and ionic compounds. For nonionic compounds, which are of interest in this work, the
following correlations are proposed:

logK ow < 1 , logBAF = 0.5
(4)

where Cb is the wet-based chemical concentration in
the biota.
At equilibrium, where fb and fw must be equal, combination of Eqs 2 and 4 gives the bioaccumulation factor
(BAF):

BAF =

reduced bioavailability due to the fact that part of the
chemical is sorbed on the dissolved and particulate organic carbon present in the water column and which is
more profound for very hydrophobic chemicals, and (2)
difficulty of the high molecular weight hydrophobic compounds in traversing the respiratory surface and/or the
skin of the aquatic biota. ?? improve the performance
of linear EqP models Bintein et al. [5] proposed the
following bilinear correlation between logBAF and
logKow values:

logKow 1 to 7,

log BAF = 0.77 log K ow − 0.7 + ∑ Fi

logKow 7 to 10.5,

log BAF = −1.37 log K ow + 14.4 + ∑ Fi
log K ow > 10.5, log BAF = 0 .5

(7)
where Fi represent a series of 12 correction factors associated with structural features of the compounds [6].
This model will be referred to hereafter as Model III.

Cb
= kb K ow
Cw

or

log BAF = log Kow + log kb

(5)

This model will be referred to hereafter as Model ?
and for its application an average kb equal to 5% was used
as proposed by [1].
b. Model ??:

The bilinear model of Bintein et al. [5]

It has been observed [5] that linear correlations between
BAF and ? ow values, like Model ?, break down for highly
hydrophobic compounds, e.g for compounds with logKow
greater than 6, since they cannot predict the experimentally observed decline of BAF values for these high
log? ow values. The decline of the BAF values for the high
logKow values may be attributed to two factors: (1)
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RESULTS AND DISCUSSION
For the evaluation of the three models we grouped
the experimental data in two different data sets. The first
one contains 280 laboratory-measured data. In these data
only the uptake of chemical by absorption from water,
which can occur via the respiratory surface and/or the
skin, is involved and presumably metabolism in the
organisms of some compounds. The second data set
contains field-measured data in different organisms
along the food chain of an aquatic food web. In the later
case the data were categorized in four generalized trophic levels: the first is plankton that includes both
phytoplankton and zooplankton; the second includes
benthic invertebrates; the third includes planktivorous
fish; and the fourth piscivorous fish.
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FIGURE 1 - Comparison between model predictions and laboratory measured BAF data.
Laboratory-measured experimental data were taken from [4].
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FIGURE 2 - Experimental and predicted logBAF values in the four levels of an aquatic food web:
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MONITORING OF ATRAZINE, ALACHLOR AND METABOLITES
IN DRINKING WATER AND ORGANOSPHOSPHOROUS-BASED
PESTICIDES IN FRUIT PROCESSING
IN THE REPUBLIC OF SLOVENIA
Branko Družina, Andrej Perc and Mojca Erjavec
Public Health Institute of the Republic of Slovenia
KEYWORDS: atrazine, alachlor, organosphosphorous-based pesticides, water, fruit and vegetables

INTRODUCTION
Slovenia covers an area of 20,273 sq.km with a
population of 2 million. It has a working population of
around 672,000 and is moderately industrialized country. Farmland covers approximately 32 % of the country
and forests over half. Almost 70 % of all farmland suffers from unfavourable growing conditions: steep inclines or other limiting factors such as the Karst topography (smaller areas, greater porosity). The best farmland is situated in the low-lying areas of the north-east
and south-east of the country, beneath which the highest
quantities of ground water can be found. This is also the
source of drinking water.
Cultivatable land is used by private farmers and agricultural companies. The Slovenian chemical industry does
not synthesise active substances for pesticides but buys
the compounds from international producers. Figures on
the import quantities of active substances show that in the
past ten years the consumption of plant protection products per hectare of cultivatable land in Slovenia has exceeded the standards for West European countries. This is
a consequence of the legislation in this area and the related control over the use of such substances. More than
5.000 tons of pesticides are used annually in Slovenia.

The Karst in particular has often been used for unsupervised dumping of chemicals and dangerous wastes. It
is not surprising that the groundwater in these areas has
the highest nitrate and pesticide content.
LEGISLATION
To protect water in all its forms, underground waters,
springs, running waters, still waters and above all sources
of drinking water, it was necessary to prepare and adopt
appropriate legislation and all suitable instruments and
institutions to attend to the execution and supervision of
the legislation.
There are two sets of implementing acts protecting
individual water sources in Slovenia. One set of acts
governs the treatment of waste water (industrial waste
water, urban waste waters, etc.) that could pollute the
groundwater, including the regulations dealing with underground waters. The second set of legislative acts regulates water from aspect of health and prescribes the health
standards for drinking water and the related procedures.
These acts are:

Most groundwater sources in Slovenia are of karstic
origin, and the transfer of contaminants to such sources is
connected with karstic phenomena. The main causes of
groundwater contaminants are excessive use of compounds for plant protection, industrial wastewaters released into rivers, underground karstic streams and soil,
poor or faulty water-supply and sewage systems, and
unsupervised or illegal dumping of dangerous industrial
waste in the natural environment or at so-called black
rubbish dumps.
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-

Waters Act; Official Gazette of the Republic of Slovenia No. 38/1981

-

Technical Instruction on which Substances are Regarded as Toxic and Harmful Substances and on
Permissible Temperatures of Water; Official Gazette
of the Republic of Slovenia No. 18/1985

-

Decision on Determining the Organisation Authorised for Attesting Analytical Procedures; Official
Gazette of the Republic of Slovenia No. 38/1985
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-

Rules on Health and Hygiene Safety of Drinking
Water; Official Gazette of the Republic of Slovenia
No. 46/1997

-

Rules on Monitoring Pollution of Underground Waters with Toxic Substances; Official Gazette of the
Republic of Slovenia No. 5/2000

-

Rules on Good Laboratory Practice Principles; Official Gazette of the Republic of Slovenia No. 38/2000

-

Rules on Monitoring Pesticides in Drinking Water
and Sources of Drinking Water; Official Gazette of
the Republic of Slovenia No. 38/2000

-

In our work, that is the measurements of certain pesticide types (alachlor, atrazine and metabolites) in drinking water, the values shown in one of the appendices of
the Rules, demonstrated in Table 1, were particularly
important.
TABLE 1 - Physical - chemical tests - periodic

Parameter
Acrilamid

Closely related to these regulations are statutory acts
regulating the protection of plants against diseases and
pests since they determine the use of quantities in types of
various pesticides. The most important acts from this
group are:
-

Decision on Authorising Organisations for Chemical, Physical and Biological Testing of Plant Protection Products; Official Gazette of the Republic of
Slovenia No. 7/1993

-

Plant Health Protection Act; Official Gazette of the
Republic of Slovenia No. 82/1994

-

Decree on Monitoring Pesticides in Foods and Agricultural Products; Official Gazette of the Republic of
Slovenia No. 13/1999

-

-

Unit
µg/l

3

µg/l

Arsenic
Copper

10
2000

Barium
Benzene

0.7
1

µg/l
µg/l
mg/l

Boron

300

µg/l

Bromate ion

10

µg/l

Cyanide ion
1,2 Dichloroethane

50
3

µg/l
µg/l

1,2 Dichloroethene

30

µg/l

Epichlorohydrin
Fluorine ion
Cadmium
Chromium

0.5
1.5
3
50

µg/l
mg/l

Molybdenum

70

µg/l

Nickel
Nitrate (NO3)
Nitrite (NO2)
PCB****

20
50
0.1
0.1

µg/l
mg/l
mg/l

Pesticides*
Pesticides (all)**

0.1
0.5

µg/l
µg/l

0.2 (total***)

µg/l

0.01
10

µg/l
µg/l

Antimony

Health and Hygiene Safety of Foods, and of Materials and Articles Intended to Come into Contact with
Foods Act; Official Gazette of the Republic of Slovenia No. 52/2000.

Value
0.25

µg/l

µg/l
µg/l

µg/l

Rules on Limit Values of Pesticides in or on Plants
and Foodstuffs of Vegetable Origin; Official Gazette
of the Republic of Slovenia No. 54/1999

PAH

List of Plant Protection Products with Valid Permission for Trade in the Republic of Slovenia; Official
Gazette of the Republic of Slovenia No. 15/2000.

Lead

10

µg/l

Tetrachloromethane

2

µg/l

Trichloroethen
Trihlomethanes
(THM)*****
Vinyl chloride

10
20

µg/l
µg/l

Benzo(a)pyrene
Selenium

The described statutory acts present a legal basis for
monitoring the content of substances in groundwater,
drinking water and foodstuffs of vegetable origin.

Mercury

RESULTS AND DISCUSSION

*

The Tables of the Rules on Health and Hygiene
Safety of Drinking Water (Official Gazette of the Republic of Slovenia, no. 46/1997), which determine in detail
the permitted concentrations of individual substance in
drinking water in order for it to be safe for health and to
be distributed to water supply systems, are important for
monitoring drinking water in underground sources and at
the end points of the water distribution system.
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0.5

µg/l

1

µg/l

of the pesticides we deal with: organic insecticides, organic
herbicides, organic fungicides, organic nematocides, organic
acaricides, organic algicides and similar substances (growth
regulators). The value relates to each individual pesticide. We
need to monitor only the pesticides present in this water.
** including their poisonous and main residual products
*** for the compounds: benzo(a)pyrene, flouranthene,
benzo(a)fluoranthen, benzo(k)fluoranthene, benzo(ghi)perylene,
indeno(1,2,3-cd)pyrene
**** PCB (PCB 28, PCB 52, PCB 101, PCB 138, PCB 153, P CB 180,
PCB 194)
***** measured at the outlet of the treatment system
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Values for the content of the organophosphorousbased pesticides in plants or foodstuffs of vegetable origin
have been determined in the Rules on Limit Values of
Pesticides in or on Plants and Foodstuffs of Vegetable
Origin (Official Gazette of the Republic of Slovenia, no.
54/1999). The limit values for the following organophosphorous-based pesticides from these Rules were important
for our measurements:
-

-

-

-

-

Table 2 shows the limit values of the pesticides in or on
plants or foodstuffs of vegetable origin.

TABLE 2 - Limit values of the pesticides
in or on plants or foodstuffs of vegetable origin

azinphos-methyl, azinphos-ethyl (phosphorodithioic
acid O,O-dimethyl S-[(4-oxo-1,2,3-benzotriazin(4H)-yl)methyl] ester) - C10H12N3O3PS2,
chlorpyrifos-methyl, chlorpyrifos-ethyl (phosphorodithioic acid O,O-diethyl O- (3,5,6-trichloro-2pyridinyl) ester) - C9H11Cl3NO3PS,
pirimiphos-ethyl (O-[2-(diethylamino)-6-methyl-4pyrimidinyl]phosphorodithioic acid O,O-diethyl ester) - C13H24N3O3,
diazinon (phosphorodithioic acid O,O-diethyl O-[6methyl-2-(1-methylethyl)-4- pyrimidinyl] ester) C12H21N2O3 and
methidathion (phosphorodithioic acid S-[(5methoxy-2-oxo-1,3,4-thiadiazol-3(2H)-yl)methyl]) C6H11N2O4.

Name of pesticide

Maximum allowable
conc. (mg/kg)

Azinphos- methyl

0.5

Azinphos-ethyl

0.05

Chlorpyrifos-methyl

0.05 –0.5

Chlorpyrifos-ethyl

0.05-1∗

Pirimiphos-ethyl

0.05

Diazinon

0.02-0.5∗

Methidathion

0.02-2∗

* values depend on the type of vegetable foodstuff, for the
majority of types the lower
valueis applicable while the higher value is applicable only
exceptionally for certain types

TABLE 3 - Contents of nitrates and pesticides in groundwaters

Nitrates
mg/l

Atrazine
µg/l

Metabolites of
atrazine* µg/l

All pesticides
µg/l

Prekmursko plain

131.1

0.85

1.90

1.55

Mursko plain

86.8

0.12

0.34

0.26

Apaško plain

46.9

0.27

0.96

1.24

Ptujsko plain

85.9

0.82

1.55

2.17

Dravsko plain

93.0

1.30

2.00

3.20

Hudinja valley

10.6

< 0.05

< 0.05

<0.1

Lower Savinja valley

98.3

0.18

0.63

0.73

Bolska valley

79.3

0.10

0.63

0.74

Vodiško plain

23.0

0.08

0.20

0.22

Kranjsko plain

24.8

0.13

0.19

0.31

Sorško plain

75.3

0.21

0.33

0.30

Kamniška Bistrica valley

37.2

0.47

2.39

1.69

Ljubljansko plain

28.3

0.32

0.32

0.45

Ljubljana marshes

10.6

< 0.05

< 0.05

< 0.1

Catež plain

21.0

0.05

0.05

< 0.1

Brežice plain

25.2

0.23

0.52

< 0.1

Krško polje

63.1

0.24

0.81

0.48

Vipava – Soca valley

54.9

< 0.05

0.05

< 0.1

Location
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TABLE 4 - Atrazine + Alachlor (µg/l)
REGIONS
Murska Sobota
Maribor
Celje
Novo mesto
Kranj
Koper
Nova Gorica
Ljubljana
Ravne na Koroškem

1995
0
0
0
0
0
0
0
0
0

1996
0,73
0,18
0,03
0,025
0,08
0,075
0,016
0,05
0,05

1997
0,13
0,77
0,06
0,051
0,3
0,2
0,03
0,1
0,1

1998
0,1
0,08
0,1
0,051
0,1
0,2
0,1
0,1
0,1

1999
0,11
0,1
0,13
0,06
0,1
0,2
0,04
0,1
0,1

2000
0,16
0,1
0,1
0,06
0,11
0,2
0,04
0,1
0,24

0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0

2000
1999
1998
1997
1996
Ravne na Koroškem

Ljubljana

Nova Gorica

Koper

Kranj

Novo mesto

Celje

Maribor

1995
Murska Sobota

micrograms/l

FIGURE 1 - Amount of atrazine + alachlor in drinking water in all regions from 1995 to 2000

region

TABLE 5 - Desetilatrazine (µg/l)
REGIONS
1995 1996 1997 1998
Murska Sobota
0
0
0
0
Maribor
0
0
0
0
Celje
0
0
0
0
Novo mesto
0
0
0
0
Kranj
0
0
0
0,05
Koper
0
0
0
0
Nova Gorica
0
0
0
0
Ljubljana
0
0
0
0,05
Ravne na Koroškem
0
0
0
0

1999
0,05
0
0,1
0
0
0
0,04
0
0,05

2000
0,08
0
0,05
0
0,17
0
0,05
0
0,3

FIGURE 2 - Quantity of desetilatrazine in drinking water in all regions from 1998 to 2000

0,3

0,2
0,15
2000

0,1
1999

0,05

region
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Ravne na
Koroškem

Ljubljana

Nova Gorica

Koper

Kranj

Novo mesto

Celje

Maribor

1998
0

Murska
Sobota

micrograms/l

0,25

© by PSP Volume 10 – No 5. 2001

Fresenius Enviromental Bulletin

Pesticides in water

Monitoring of underground waters, meaning the
physical, chemical and biological analysis of all the legally prescribed parameters, began many years ago. It
has been primary the task of the regional health centres
according to which Slovenia is divided into nine regions
in the field of health care. Each region has a health centre
whose duty is monitoring parameters connected with
human health.
Monitoring is carried out by analysing water at 84
collection points in 18 areas with underground waters. In
recent years water quality in underground waters has
deteriorated and the pollution sources are in the majority
of cases unknown. On the basis of the pollutants found in
the underground waters it could be concluded that in
many cases the pollution sources are agricultural lands.
Table 3 shows the content of nitrates, atrazine, metabolites and all pesticides in underground waters in areas in
which underground waters are located
The levels show that the quality of waters which are
sources of drinking water is falling, although almost everywhere the levels of individual substances in water are
presently below the maximum permissible levels prescribed by law.
Although the values in Table 3 are below those in
Table 1 it was necessary to measure the amount of pesticides in drinking water. On these basis we decided in
1996 to begin with measurements of some carcinogenic
substances at the end points of the water distribution systems. The analysis has been repeated three times a year at
sampling points located in nine regions. The pesticides
selected for monitoring were alachlor (2-chloro-N-(2,6diethylphenyl)-N-(methoxymethyl)acetamide),
atrazine
(6-chloro-N-ethyl-N′-(1-methylethyl)-1,3,5-triazine-2,4diamine) and metabolites.
The results of the monitoring of drinking water for
the presence of atrazine and alachlor are shown for all
regions from 1996 to 2000 in Table 4 and on Figure 1.
The monitoring of the atrazine metabolites, in particularly
the desetilatrazine, began in 1998. Table 5 and Figure 2
show the results of these measurements.
Comparison of the values in Table 1 and Table 4 and
5 shows that the content of pesticides in drinking water
has been exceeded in the regions of north-east Slovenia,
where large amounts of these products are used due to
intensive agriculture.
The intake of these pesticides into the organism was
calculated on the basis of the average daily quantities of
consumed liquids based on water. We calculated the average daily quantities of consumed water on the basis of
individual intakes made by the nine regional health centres.

The results showed that the average daily quantity is approximately 1 l. The average quantity varies between 0.5 l
and 1.4 l and depends on seasonal parameters. On the
basis of this data we calculated the intake of measured
carcinogenic pesticides. The intake of atrazine in drinking water is approximately between 0.05 µg/day to
0.1 µg/day. In case of alachlor this value is between
0.01 µg/day and 0.1 µg/day. The exception was in 1997
when the maximum value was 0.72 µg/day. In 2000 the
intake values for both measured pesticides varied from
0.06 µg/day to 0.24 µg/day. The total intake quantity of
all pesticides compared to consumption of drinking
water is unknown to us because we have not conducted
measurements of all pesticides. Permanent monitoring
of organophosphorus-based pesticides in drinking waters was never begun due to their short degradation
time. The situation is not alarming yet although the
intake of carcinogenic pesticides through water or
through food can, together with other harmful substances which have not been measured, cause a synergetic effects on human health.
The monitoring of drinking water on chosen pesticides showed that water sources may be polluted for a
variety of reasons. Although the quantities of individual
pesticide generally do not exceed legally determined
limits, all these reasons led to the decision to take measurements of some organophosphorus-based pesticides in
some sorts of fruit and vegetable.
Organosphosphorus-based pesticides
content in fruit processing

Food is permanently monitoring for pesticides residues. The main objectives are to monitor the residue levels
in food on the market in relation to health hazards and to
verify compliance with existing regulations. Permanent
monitoring of the chemical pollution of soil has not yet
been established in Slovenia. Current legislation concerning soil quality does not include organophosphorus-based
pesticides as dangerous substances. Although the degradation times of these pesticides are very short it is possible
that their harmful effects could influence human health,
particularly in consumption of fruits and vegetables.
In the recent years some tests have been made for the
pesticide content in fruit and vegetables. The experts from
the Public Health Institute of the Republic of Slovenia
and other regional institutes have been permanently conducting measurements of the content of organophosphorous-based pesticides in fresh fruit and vegetables
throughout the year. The most recent results have shown
that part of residues remain in fruit but the concentrations
are not critical. Table 6 shows average values of the content of the tested pesticides in apples, lettuce and pears.
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TABLE 6 - Average values of the content of organophosphorous-based pesticides in apples, pears and lettuce

Name of pesticide

Apples
mg/kg

MAC
mg/kg

Pears
mg/kg

MAC
mg/kg

Lettuce
mg/kg

MAC
Mg/kg

Azinphos-methyl

<0.01

0.5

<0.01

0.5

<0.02
max. 0.05

0.5

Azinphos-ethyl

<0.01

0.05

<0.01

0.05

<0.02
max. 0.05

0.05

Chlorpyrifos-methyl

<0.01

0.5

<0.01

0.5

<0.02

0.05

Chlorpyrifos-ethyl

<0.01

0.5

/

0.5

<0.02

0.05

Pirimiphos-ethyl

/

0.05

/

0.05

<0.02

0.05

Diazinon

0.04

0.5

/

0.5

/

0.5

0.3

/

0.3

/

0.02

max. 0.08
Methidathion

< 0.01

Apple and lettuce samples have been taken from the
greengrocers all over the country, while the results of the
pesticide content in pears originate in a smaller peargrowing region in the west of the country. The measured
values show that the content of the measured pesticides
never exceeded the legally permitted concentrations.
Permanent monitoring of pesticides in fruit and vegetables has also been conducted for the content of other types
of pesticide as well as for nitrates and nitrites. The measured values of organophosphorous-based pesticides in the
tested fruit and vegetables are not harmful to human
health but contribute to total amount of pesticides consumed with food. The amount depends on eating habits
and seasonal factors.
CONCLUSION

Received for publication: February 7, 2001
Accepted for publication: April 15, 2001

CORRESPONDING AUTHOR

The permanent monitoring of drinking water and
foodstuffs for the pesticide content is part of the national
health programme that has been implemented for several
years in Slovenia. Given the limited funds, the selection
of the measured parameters is not sufficient to make an
overall survey of pesticide content in water and food.
Although the amounts of the measured pesticides in
water and some foodstuffs of vegetable origin do not, as
a rule, exceed the legally determined limit value, they
contribute to a higher risk of harmful effects from cancerous substances.
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PERSISTENCE OF SIMAZINE AND HEXAZINONE IN SOIL
M. D. Fernández ∗ , R. A. Perez ∗∗ , C. Sánchez–Brunete ∗ and J. L. Tadeo∗
∗∗

∗
Departamento de Uso Sostenible del Medio Natural
Departamento de Protección Vegetal, INIA; Madrid (Spain)

SUMMARY
A study on simazine and hexazinone persistence in
soil was performed under field and laboratory conditions.
The laboratory assay showed an increase of the degradation rate of both herbicides with soil temperature and
moisture content. The effect of temperature was higher
for simazine, while soil moisture content had a higher
influence on hexazinone degradation rate. In the experiment under field conditions, the half-life obtained for
simazine was near 44 days and that of hexazinone was
about 35 days. These field persistence data agree with
those predicted by a simulation model using the degradation rates obtained under laboratory conditions.
KEYWORDS: simazine, hexazinone, soil, persistence, simulation

The simulation model proposed by Walker and Barnes4 is
a simple model with few input data requirements, which
predicts the herbicide persistence in the top layer of soil.
In order to calculate the amount remaining in the surface
layer this model combines the influence of soil temperature and moisture content on herbicide degradation. The
persistence in soil of various herbicides have been predicted by different authors using this model3-6.
The aim of this work was (i) to study the influence of
temperature and soil moisture content on the degradation
rate in soil of the herbicides simazine and hexazinone, (ii)
to determine the persistence of these herbicides in a field
assay and (iii) to compare these field persistence data with
those predicted by a simulation model using the degradation rates obtained under laboratory conditions.
MATERIALS AND METHODS

INTRODUCTION
Simazine (6-chloro-N2,N4-diethyl-1,3,5-triazine-2,4diamine) and hexazinone (3-cyclohexyl-6-dimethylamino-1-methyl-1,3,5-triazine-2,4(1H,3H)-dione) are two
herbicides widely used in reforestation. Certain persistence in soil of these herbicides is needed for an efficient
control of weeds, but long-term persistence may increase the risk of environmental contamination. Herbicide degradation in soil is influenced by a number of
factors including herbicide and soil properties and environmental conditions. Soil moisture and temperature are
the most important environmental variables affecting
pesticide degradation1,2. Some studies about the influence of both factors on simazine degradation have been
previously reported3 but studies on the effects of these
parameters on hexazinone degradation are scarce in the
available literature.

Laboratory assay:

Soil was taken from the surface layer (0 - 10 cm) of
an experimental field located in Guadalajara (Spain).
Relevant properties of this soil are shown in Table 1.
Soil samples were treated with simazine (Gesatop) at
1.4 mg kg-1 or hexazinone (Velpar) at 1.3 mg kg-1. Herbicide doses were in the range of those usually applied in the
field. The degradation of herbicides in soil was followed
during three months under laboratory conditions.
Soil samples (300 g, 2 mm-sieved) were placed in 500 ml
glass flasks. The incubation was carried out in the dark at
different conditions of temperature and soil moisture
content. Four samples were taken from each treatment
after 0, 14, 28, 42, 56, 72, and 90 days. The residual concentrations of herbicides were determined at each sampling time.
Field assay:

On the other hand, while laboratory studies are important approaches for elucidating the processes that affect pesticide degradation in soil, field studies are essential for monitoring pesticide persistence under actual
conditions and for providing data with which to assess
simulation models.
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Field assays were performed in plots of the same experimental field used in the laboratory assay. These plots
were planted with pine seedlings at the end of winter and
they were treated, some days later, with simazine (Gesatop) or hexazinone (Velpar) at doses of 2 kg a. i. Ha-1 for
simazine and at 0.9 kg a. i. Ha-1 for hexazinone.
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RESULTS AND DISCUSSION
During the assay, the mean minimum and maximum
temperatures were 4.0 and 23.6 ºC for simazine and 5.9
and 26.2 ºC for hexazinone. Samples (10-15) were taken
from surface layer (0 –10 cm) at 1, 25, 64, 105, 148 and
315 days in the simazine assay and at 1, 41, 84, 132, 190
and 251 days in the assay of hexazinone. The soil moisture content and the remaining herbicide concentrations
were determined in these samples.
Analysis:

Herbicide levels in soil were determined by a previously
published method with some modifications7. Samples
(20 g) were extracted with 100 ml of ethyl acetate or
acetone:water (90:10, v/v) for simazine and hexazinone,
respectively, on an orbital shaker for 45 min. Solvent was
decanted and soil extracted again with 100 ml of solvent.
Sample extracts were filtered under suction through
Whatman No. 1 filter paper and the filter cake washed
with 25 ml of solvent. The filtered solvent was evaporated
to dryness under vacuum and the residue transferred to
a tube with ethyl acetate and concentrate to a suitable
volume (1-10 ml) before GC analysis.
Soil extracts were analysed in a Hewlett-Packard model
5890 gas chromatograph, equipped with a nitrogenphosphorous detector and automatic injector. A fused
silica capillary column, HP-1 (12.5m × 0.20 mm i.d.) and
0.33 µm film thickness, was employed, with helium
as carrier gas at 1 ml/min. The column temperature
was maintained at 100ºC for 1 min, then programmed
at 25 ºC/min to 250º C, and held 2 min. Injector port and
detector temperatures were 270 and 300 ºC respectively.

Laboratory assay:

The results from the degradation laboratory studies are
summarised in Table 2. Data on degradation of simazine
and hexazinone herbicides fitted well first order kinetics
and showed marked effects of soil temperature and
moisture content. The degradation rate for both herbicides
decreased as soil temperature or moisture content
decreased.
Influence of temperature on degradation was more important for simazine than for hexazinone. The half-life decreased from 125.0 to 11.4 days for simazine and from
107.8 to 22.0 days for hexazinone with a temperature
increase from 4 to 32 ºC. The effect of temperature was
determined by the Arrhenius equation K=Ae -Ea/RT , where
Ea is the activation energy, R is the universal gas constant, T is the absolute temperature and A is a constant 8.
Data of degradation rates at different temperatures were
fitted to the Arrhenius equation (Figure 1) by regression
analysis. The activation energy value obtained by this
equation was greater for simazine than for hexazinone
(Table 3), as expected from the higher influence of temperature on simazine degradation.
Conversely, the effect of soil moisture content on the
herbicide degradation is more important for hexazinone
than for simazine. Half-lives varied between 30.6 and
123.3 days for hexazinone at soil moisture content in
the range of 4 to 15 % (w/w) and simazine half-lives
varied between 17.7 and 57.4 in the same moisture
content range.

Persistence model:

The model used in the prediction of simazine and
hexazinone persistence was the Walker and Barnes
model4. The influence of temperature and soil moisture
content in the herbicide degradation is introduced by the
constants Ea, A and B calculated in the laboratory assays
described above. Soil properties and latitude and altitude
shown in the Table 1 are also necessary input parameters
of the model. The amount of water applied on irrigation
(not applicable in this case) and the daily weather data,
rainfall and maximum and minimum air temperature, are
also required. With these weather data the model calculates the daily temperature and moisture content of the
soil using empirical equations. The loss of water by
evaporation is calculated in the model from the value of
the evaporation from an open water surface (Eo) estimated with the equation of Linacre. This equation, corrected to take into account the Spanish field conditions,
was Em = 1.04 + 0.41Eo where Em is the corrected value
of the evaporation and Eo is the evaporation calculated
using the Linacre equation5.

491

The effect of soil moisture content on the herbicide degradation rate can be determined by the empirical equation
H=AM-B proposed by Walker3, where H is the half-life
(days) at moisture M (%w/w) and A and B are constants.
Regression analysis of the half-life against the soil moisture content yields the A and B constants (Figure 1). Values of A and B obtained for hexazinone were higher than
those for simazine (Table 3), which agrees with the higher
effect of soil moisture content found in the hexazinone
degradation assay
The values obtained for Ea and the A and B constants are
of the same order than those reported in the literature for
simazine with soils having similar texture, pH and organic
matter content 3. Values of these constants for hexazinone
have not been found in the available literature, although
half-lives obtained for this herbicide are in agreement
with values reported at constant temperature and soil
moisture content 9.
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TABLE 1
Soil properties and geographic characteristics of the field.

Field Texture

pH

Sandy loam

8.3

Organic matter Moisture content at -5Kpa
(%)
(%)
0.5

16

Bulk density
(g/cm3)

Altitude
(m)

Latitude
(º)

1.41

635

40

TABLE 2
Values of the degradation rates and half-lives of hexazinone and simazine in soil at different temperatures and soil moisture content.

Simazine
Temp.
(ºC)

Moisture
(w/w) %

4

Hexazinone

K × 10-2
(days) -1

Half-life
(days)

r

K × 10-2
(days) -1

Half-life
(days)

r

12

0.55±0.04

125.0

0.9954

0.64±0.10

107.8

0.9429

15

12

1.93±0.33

35.9

0.9719

1.58±0.07

44.0

0.9745

20

12

3.29±0.91

21.1

0.9008

1.86±0.03

37.3

0.9953

25

12

4.75±0.87

14.6

0.9530

2.12±0.06

32.7

0.9894

32

12

6.07±0.65

11.4

0.9916

3.15±0.11

22.0

0.9845

20

4

1.21±0.13

57.4

0.9775

0.56±0.31

123.3

0.9686

20

8

2.68±0.19

25.8

0.9948

1.62±0.07

42.8

0.9785

20

12

3.29±0.91

21.1

0.9008

1.86±0.03

37.3

0.9953

20

15

3.91±1.05

17.7

0.9067

2.26±0.09

30.6

0.9806

TABLE 3
Ea and A and B constants obtained in the laboratory assay.

HERBICIDE

Moisture effect

Temperature effect
Ea (KJ/mol)

r

Ln A

A

B

r

Simazine

61.04 ± 7.04

0.9806

5.21 ± 0.24

183.1

0.882 ± 0.107

0.9856

Hexazinone

38.38 ± 4.13

0.9831

6.15 ± 0.43

469.5

1.039 ± 0.192

0.9674
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Field assay:

Prediction of the field persistence was carried out by
the model of Walker and Barnes4 using the degradation
rates obtained in the laboratory assay, and the obtained
results are depicted in Figure 2. In the case of simazine,
successful predictions of soil residues were obtained during the first 5 months following application. However,
degradation was overestimated in the last sampling dates
where the rate of degradation was very low as it was observed previously with other herbicides5,6.

Results from field assays are depicted in Figure 2. Analysis of these data shows that the disappearance of these
herbicides in soil can be described by first order kinetics.
Thus, in these assays the obtained half-lives of simazine
and hexazinone were 43.9 and 35.0 days respectively.
During the simazine assay, the mean minimum and
maximum temperatures were 4.0 and 23.6 ºC and the
mean soil moisture was 11 % (w/w). The half-life value
of 43.9 days obtained in the field assay for simazine is in
the range of the laboratory half-lives obtained at 12% of
soil moisture content and it is in agreement with the halflife of 36.0 days obtained at an intermediate temperature
of 15 ºC (Table 2).

Dissipation of hexazinone corresponds well with predicted values. The largest difference between measured
and predicted values for this herbicide was found in the
sampling at 84 days, which coincides with the maximum
monthly rainfall (109.7 l m-2). Hexazinone is a water
soluble herbicide (water solubility = 33 g kg-1 at 25º C)
and therefore leaching is a probable way of herbicide
dissipation9. This leaching process is not considered in the
persistence model used and consequently an overestimation of the remaining herbicide in the superficial layer is
obtained at that sampling date. However, rainfall during
the rest of the studied period was low (around 10.1 l m-2
per month), a situation that often occurs in Spain, and this
can explain the good agreement obtained, in general,
between observed and predicted values.

In the case of hexazinone, the mean minimum and maximum temperatures during the assay were 5.9 and 26.2 ºC
and the mean soil moisture content was 8 % (w/w). The
half-life of hexazinone obtained in the field assay (35.0
days) was near to the value of 42.8 days calculated from
laboratory assays at an intermediate temperature of 20 ºC
and a soil moisture content of 8% (Table 2).
The persistence of these herbicides under field conditions was compared with the values obtained under controlled laboratory conditions by using a simulation model.
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ON THE MECHANISM OF GENETIC ACTIVITY
OF DICARBOXIMIDE, AROMATIC HYDROCARBON
AND PHENYLPYRROLE FUNGICIDES
ON DIPLOID Aspergillus nidulans
A. G. Vitoratos and B. N. Ziogas
Laboratory of Plant Pathology, Agricultural University of Athens, Votanikos, Athens, Greece

SUMMARY
Dicarboximide, aromatic hydrocarbon and phenylpyrrole fungicides increase significantly the frequency of
mitotic segregation in diploid A. nidulans. They provide
similar appearance, small sectors, of white and yellow
recombination products. The analysis of iprodione induced mitotic recombinants, showed an increase of haploid and diploid segregants, but a considerable number of
diploids were subchromosomal. Cytological observations
at the light microscope level, showed that the normal
stages of the mitotic process were appeared in presence of
iprodione, as in the case of conidia germinating in fungicide-free medium. By the means of electron microscopy,
nuclei with large openings in the nuclear membrane were
observed. The damages of nuclear envelope, may result in
disorganization of the spindle and make chromosomes
susceptible to enzyme and/or free radicals attack.

KEYWORDS: fludioxonil, iprodione, light and electron microscopy, mitotic recombination, nuclear division

INTRODUCTION
Dicarboximide fungicides (iprodione, vinclozolin,
procymidone, chlozolinate), appeared in the 70’s and
they are sorted in a common group (AHDFs) with the
aromatic hydrocarbon fungicides because of the crossresistance between members of both groups (1,2) and
genetic activity in Aspergillus nidulans (3). The reason
for cross-resistance and genetic activity of the above
fungicides is unknown.
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The presence of an aromatic residue and the similarity in fungicidal effects support the aspect that all these
compounds have a common action (4), which is still not
clear in spite of investigations from early 60’s.
During the last few years the antibiotic pyrrolnitrin,
produced by a Pseudomonas strain, led to the development of phenylpyrroles, one of the important new classes
of commercial fungicides (5). Cross-resistance patterns
with laboratory mutant strains have shown that
phenylpyrroles are cross-resistant to AHDFs (6), although, monitoring studies revealed that dicarboximideresistant field isolates lack resistance or they are weakly
resistant to phenylpyrroles. Studies of the ability
of phenylpyrroles to cause mitotic instability in diploid
A. nidulans have not provided till now and this was one of
our objectives in the present work.
Previous genetic studies showed that members of
AHDFs increase greatly the frequency of mitotic recombination in diploid A. nidulans (3, 7). Fungal growth in
presence of the above fungicides results in a remarkable
increase to color sectors. Two suggestions have been
made as the basis for their genetic activity. Azevedo et al.
(1977) (8) observed an increase in the haploid segregants
produced on chloroneb-containing medium and accepted
non-disjunction as the mechanism involved, which means
action on the mitotic spindle. Kappas (1978) (9), on the
other hand, obtained good evidence that the mechanism of
break – deletion was responsible for the production of
diploid segregants by chloroneb and dicloran, indicating
that chromosomes are the site of action of these fungicides. Thus, the second objective of the present study was
to verify the basis of recombinogenic activity of AHDFs.
A detailed analysis of fungicide-induced color segregants
and cytological observations of their action by light and
electron microscopy were done.
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MATERIALS AND METHODS
Test organism

Light and electron microscopy:

The diploid strain of A. nidulans, which was used
throughout this work is prototrophic and produces green
conidia (10). Heterozygosity for conidial color markers y
and w permits the recognition of mitotic euploid segregants as normally growing yellow or white sectors on
green diploid colonies. The strain is also heterozygous for
several nutritional requirements, which were used to understand the mechanism by which each segregant is produced. To maintain the diploid, heterozygotic condition,
this strain was kept on minimal medium. A complete
medium was used to measure the frequency of appearance
of color recombinants, so that the growth of auxotrophic
recombinants was not prevented (11).

The methods described by Robinow and Caten (12) were
used to observe the effects of iprodione at the light microscope level. Conidia from the diploid A. nidulans strain
were spread on sheets of sterilized cellophane, lying on
the surface of complete agar medium with or without
fungicide, and incubated at 370C. Beginning at the onset
of germination (after 8h of incubation), sheet fractions
were removed at 1h intervals and fixed for 10min in
modified Hellys solution (13): 5% (w/v) mercuric chloride, 3% (w/v) potassium dichromate in water with 6%
(v/v) of a 3% formaldehyde solution, which was added
just before use of the fixative. After fixation, the sheets
were washed with 70% (v/v) ethanol and hydrolyzed in
1N HCl for 12 min at 60oC, washed with distilled water,
and stained in Giemsa (2ml Giemsa’s Losung, Merk, in
100ml 0.05 phosphate buffer, pH 7.0) for 1h. Germ tubes
and young mycelia were then examined with a Zeiss research photomicroscope.

Fungicides

The fungicides used were pure technical grade fludioxonil
(Novartis Crop Protection AG, Basle, Switzerland), benomyl (Du Pont de Nemours & Co, Wilmington, DE,
USA), iprodione (Rhone Poulenc Agrochimie S.A., Lyon,
France), chlozolinate (Enichem Agricultura, Milano,
Italy), carboxin (Uniroyal Guelph, Ontario, Canada),
tolclofos-methyl (Sumitomo Chemical Co., Osaka, Japan). Ethanolic solutions of fungicides were added to
growth media to give the desired concentrations. The
solvent concentration never exceeded 1% (v/v) in treated
and control samples. At this concentration, ethanol had no
effect on either growth or mitosis on A. nidulans.

Suspensions of conidia of the diploid strain in complete
liquid medium with and without fungicide were shaken
for 8h and then centrifuged for electron microscopy studies. The pellet, containing germinated conidia was fixed
in 1% KMnO4 for 10 min at 0-4 0C. After several dehydrations in a graded acetone series, the material was embedded in an Epon-Araldite mixture. Sections stained
with uranyl acetate and lead citrate were examined with a
Hitachi HU-12A transmission electron microscopy.

Measurement of recombinogenic activity in Aspergillus
nidulans and classification of somatic segregants

Genetic effects were determined by the amount of sectoring on the 7th day after inoculation at 370C. For the control and for each fungicide concentration, approximately
100 colonies were tested. The somatic recombinants were
thoroughly scored and included all the macroscopically
visible white and yellow areas appearing as sectors or
even spots. Conidia from all these areas were picked up,
under a stereoscope, and transferred on slants of complete
medium (CM) for further use and tests.
The elucidation of the mechanism by which sectors were
produced at increased frequency was attempted by
analyzing large numbers of recombinants for nutritional
requirements and their ploidy, using a 26-pin replicator as
described previously (10). Segregants were first classified
as haploid or diploid. While haploids show segregation of
one or other allele at each locus originally heterozygous,
diploids show segregation only for the color marker and,
perhaps, a few markers linked with it, remaining heterozygous for markers on other chromosomes. Diploid
segregants were then further classified as chromosomal or
subchromosomal, depending on whether they showed
segregation for genes on the same chromosome.

496

RESULTS AND DISCUSSION
Recombinogenic activity

Table 1 summarizes the results of experiments on the
effect of AHDFs and of phenylpyrrole fludioxonil, benzimidazole benomyl and carboximide carboxin on mitotic
segregation in the diploid strain of A. nidulans. The recombinogenic activity of fludioxonil, measured by the
induced segregation index, was as high as for any other
member of AHDFs. Moreover, the white or yellow sectors on plates containing fludioxonil or the other members
of AHDFs, were small and often consisting of only a few
conidiophores. In contrast, sectors induced by the benzimidazole benomyl, were large so that each colony was
occupied by few such color sectors. In contrast, carboxin,
a specific inhibitor of mitochondrial electron transport at
the level of succinate dehydrogenase complex (14), did
not increase mitotic segregation. The recombinogenic
activity of phenylpyrroles in diploid A. nidulans and the
cross-resistance relationships found with members of
AHDFs (6), indicate that phenylpyrrole fungicides should
be classified with AHDFs.
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TABLE 1 - Effect of fludioxonil, benomyl, carboxin and AHDFs on mitotic segregation in diploid Aspergillus nidulans.

Fungicide

Concentration (a)
(µg ml-1)

Color recombinants
per 100 treated colonies

control

43

Induced segregation
index (b)
1

fludioxonil

0.05

552

12.84

iprodione

1.5

598

13.90

chlozolinate

5.0

548

12.74

tolclofos-methyl

5.0

598

13.90

benomyl

1.0

279

6.48

carboxin

1.0

41

0.95

a

Concentration used was approximately the EC50 value of each fungicide caused ca. 50% inhibition of radial growth
of the diploid strain of A. nidulans.
b
Ratio of color recombinants per 100 treated to 100 untreated colonies.

TABLE 2 Classification of iprodione induced euploid mitotic segregants in the heterozygous diploid strain of A.nidulans

Iprodione
(µg ml-1)

Number
of analyzed
segregants

0
2.5

65
70

Mitotic segregants in 100 colonies
Haploids
Diploids
________________________________
Chromosomal
Subchromosomal
15
3.5
24.5
167.5
155.5
269

FIGURE 1
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FIGURE 2
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In order to increase our knowledge on the mechanism
of genetic activity of these fungicides, genetic analysis of
color segregants produced in the presence of iprodione
were done. The classification of color segregants is given
in Table 2. An increase of both haploid and diploid segregants was caused by iprodione, but a considerable number
of diploids were subchromosomal. A non-disjunction (8),
or break-deletion (9) were suggested as the mechanisms
involved for the increase of mitotic recombinants by aromatic hydrocarbon fungicides. Our data seems to support
dual action of dicarboximides on mitotic spindle and on
chromosomes directly
Cytological observations
with the light and electron microscope

Conidia of A.nidulans germinating in the presence
of sublethal concentrations of iprodione did not show
serious morphological alterations (Fig.1). Nuclei at
mesophase were distributed along normal unbranced germ
tubes. The typical stages of nuclear division were
appeared as they were noticed in untreated conidia.
At prophase a chromatin clustering was observed. The
onset of mitotic process was connected with the appearance of a pair of granules probably the spindle organizing
centra or spindle pole bodies (SPBs). The chromatin was
transformed to two parallel rows (double bar) along the
hypha during metaphase.
The division was completed with a break of the double bar (anaphase) and migration of chromatin towards
opposite poles, where after accumulation it condensed to
form the two daughter nuclei (telophase). The results
were completely differed with that obtained by sterol
biosynthesis inhibitors (SBIs) in our previous work (13).
In the case of SBIs-treated A. nidulans germ tubes it was
impossible to observe the normal stages of mitotic division with light microscope.
In contrast of light micrographs, cytological observations with electron microscopy showed damages into the
fungal cells. The most impressive effects were on the
nuclear envelope. Gaps and enlargements in the space
between inner and outer nuclear membrane depending
from fungicide concentration were observed (Fig.2). Distortion of mitochontrial and nuclear membranes were also
observed after treatment of Mucor mucedo with pentachloronitrobenzene (PCNB) (15).
Our electron microscopy observations clearly show
an adverse effect of dicarboximides and apparently of
aromatic hydrocarbon and phenylpyrrole fungicides on
nuclear membrane. The damages on nuclear envelope
result probably in disorientation of spindle organizing
centra and finally in disorganization of mitotic spindle.
Gaps in nuclear envelope may also increase the attack of
chromosomes by cellular enzymes or free radicals.
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Disorganization of the spindle means increase of nondisjunctional events, while chromosome breaks means
increase of crossing-overs and chromosome breakdeletions.
The different mechanism of action in mitosis between
AHDFs-phenylpyrroles and benzimidazoles is apparently
the reason for the different appearance of recombination
products induced by the above groups of fungicides. Benzimidazoles, bind specifically to ß-tubulin of sensitive
fungi, which results in abnormal separation of chromosomes (chromosome non-disjunction) (16,17).
Recent studies on biochemical action of dicarboximides and phenylpyrroles suggest interference with the
transport-associated phosphorylation of glucose (18) or
with a protein kinase (19), as possible modes of action. In
first case, inhibition of transport-associated phosphorylation results in the accumulation of polyols such as glycerol and mannitol (18,20). Protein kinase activity is associated with many cell functions as membrane-dependent
transport processes, cell cycle and biogenesis of cell
structures (21).
Thus, inhibition of protein kinase activity is expected
to result in disorganization of membrane structure of
cellular organelles. In our opinion, the damages in nuclear
membrane, which found in the present study, support
greatly, the protein kinase inhibition as the mechanism of
toxicity of dicarboximides and phenylpyrroles.

CONCLUSION
Phenylpyrroles increase mitotic instability in diploid
A. nidulans as the fungicides of the wider group of
AHDFs. The AHDFs and phenylpyrroles increase both
the non-disjunctional (haploid and chromosomal diploid)
and subchromosomal segregants. The above fungicides
cause damages on nuclear envelope, which apparently
result in disorganization of the spindle and increase of
chromosome attack by cellular enzymes or free radicals.
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CONTROL OF NITROGEN FERTILIZER POLLUTION
IN GROUNDWATER
P. Anastasiadis and A. Xefteris*
Technological Education Institute of Serres, Serres, Greece
*Faculty of Civil Engineering, School of Technology, Aristotle University Of Thessaloniki, Thessaloniki, Greece

SUMMARY
Intensive and unseasonable nitrogen fertilization
leads to high nitrate concentrations in ground-water. Recently groundwater sampling was being performed by
pumping from existing standard wells. This traditional
technique offers vertically mixed samples. Level- determined samples of ground water are increasingly important
for hydrological studies and nitrate pollution problems.
Ground water samples were collected from shallow boreholes located mainly in the coastal area in the southwestern part of Chalkidiki Peninsula in Northern Greece.
Few of the samples have been collected by an innovative
system for ground water sampling and monitoring called
“BAT system”. Finally statistical analysis for the major
nitrate data are given.
KEYWORDS:
Groundwater
monitoring, field investigation

pollution,

nitrogen

fertilizer,

INTRODUCTION
Groundwater sampling is conducted to provide information on the condition of subsurface water resources.
Whether the goal of the monitoring effort is detection or
assessment of contamination, the information gathered
during sampling must be of known quality and well
documented. The most efficient way to accomplish these
aims is by developing a sampling protocol, which is tailored to the information needs of the program and the
hydrogeology of the region under investigation (13,18)
Groundwater quality monitoring programs have
unique needs and goals that are fundamentally different
from previous investigative activities. The reliable detection and assessment of subsurface pollution requires
minimal disturbance of geochemical and hydrogeologic
conditions during sampling (8, 19). The ability to collect
groundwater samples that are representative of in situ
conditions is a major concern to any groundwater investigation effort. Preservation of sample integrity from sampling point to the laboratory is, in large part, dependent
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the upon the methodology used to obtain the sample at the
well site. The concern for obtaining representative samples of groundwater containing organic contaminants has
prompted the development of new sampling devices designed to alleviate this problem (1,3,8,11). Comparative
studies, based either in the laboratory (13,20) or in the
field (1,12,17,21), are common means of determining
which sampling mechanisms or procedures function best
under a given set of conditions.
Cost-effective water-quality sampling is difficult in
groundwater systems, because proven field procedures
have not been extensively documented. The most appropriate monitoring and sampling procedures for a groundwater quality network will depend on the specific purpose
of the program. Resource evaluation, contaminant detection, remedial action, assessment and litigation studies are
purposes for which effective networks can be designed
once the information needs have been identified.
The newer commercially available sampling devices
are in situ devices, which require that little water be
purged from the system prior to sampling. Few studies
comparing this device with the more conventional
groundwater sampling methods have been published
(4,12,21). The concern is whether any of the in situ monitoring techniques yields representative data around the
device prior to the sampling.
Level-determined samples of groundwater are increasingly important and has been used as hydrological
research on detailed processes and polluted sites need to
be characterized in detail for design and evaluation of
remediation technique (2). Most of the successful examples of level-determined sampling have been in shallow
unconsolidated deposits where simple, cheap sampling
devices have been used. The use of nitrogen fertilizers to
supply plain nutrients has caused nitrate contamination of
groundwater. The need for representative samples from
different strata in a soil profile of an aquifer is felt because of the observation that the nitrates concentration
varies with depth from groundwater level.
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INSTALLATION AND OPERATION
OF A SAMPLING SYSTEM

SAMPLING DEVICES

The sampling devices may be categorized as follows:
Grab samplers (bailer), where sample water was discharged into clean glass beakers by carefully dislodging
the check valve ball against the bottom of the beaker. The
bailer is lowered to the desired sampling depth and recovered again. The sample is mixed water in borehole or well
and is not level accurate (not representative), but is cheap
and in common use (22).
Positive displacement mechanisms (bladder pump,
bladder pump below an inflatable packer), such as: b1)
packer systems, where one or more bladder pumps are
used in conjunction with an inflatable packer mounted
above the pump (23). The samples are level accurate, but
at a few meters from water level; b2) multi-port sock
samplers, where one or more elongated packer elements
(socks) are lowered to the desired depth and inflated using
either gas or water. This technique can be used in any
existing borehole with a sufficiently large diameter (24),
and the samples are level accurate; b3) baffle systems,
where the baffle consists of a packer element with an
inner tube which guides the flow. A production pump is
operated above the baffle element to cause a vertical flow
inside the borehole and through the baffle (24,25).
The samples are representative and applicable for
deep boreholes; b4) separation pumping where the flow
inside the borehole is separated into two components
forming a water divide. The flow is assumed to be horizontal there, the groundwater taken at this level should
originate from the same level within the aquifer (25). The
samples are level accurate.
In situ devices such as: c1) dedicated multi-level systems, where in a single borehole (special design) a multilevel sampling system is installed. The systems available
are based either on a messenger sonde concept or connections direct to each port. Some systems such as the Westbay or the Waterloo are commercially available (26). The
samples are level accurate and the system inflexible; c2)
individual wells and nests, where a set of short screen
piezometers is installed at different depths and used independently for sampling. Two designs have been used in
practice, the classic, where a few small diameter wells are
drilled and the second, where one large diameter borehole
is drilled, and then the piezometer nest is installed, separating each level by bentonite layers (7).
Sampling is performed in every piezometer independently using a submersible pump, bailer or gas-drive
system. The samples are level accurate but the system is
not so flexible. Commercially available system such as is
the BAT system.
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The study area lies in the south-western region of
Chalkidiki peninsula in Greece. The aquifer under study
is part of a large watershed. The area is used mostly as
agricultural land and the intensive use of nitrogen fertilizers caused severe nitrate contamination. The structure and
the hydrogeology of the system are typical of a coastal
multiaquifer system in Greece (5,8,16,10).
The study includes in-situ hydrogeological investigation, water sampling, chemical analysis and desk
work, which focused on the interpretation of field data
and non-parametric statistics for the nitrate occurrence
in groundwater (8,15). Groundwater samples were collected during the period 1991-1996 from shallow boreholes located in the coastal area. In addition, samples
have been collected by an innovative system for in situ
groundwater sampling, the BAT system (1,8,17). This
technique is well adapted for taking water samples from
different strata in the soil profil.
The BAT monitoring system warrants a vertical sampling, with no need to pump, from different depths. Sampling is performed in every piezometer independently
using a gas-drive system. It is an active or passive nonpermanent sampling technique. Individual piezometers
were installed with standard drilling technology. A piezometer nest in a single borehole requires careful placing
and must be checked using geophysical logs. If the constructive guide is applied the samples will be representative to concentration depth profil. According to chemical
analysis of the samples the piper diagram is plotted,
which presents the quality characteristics of the groundwater (Fig.1).
ANALYSIS OF NITRATE VARIATION
The nitrate pollution was first detected in 1991 by a
systematic collection of water quality data (10,16). Within
the period 1991-1996, which is reported herein, a lot of
water samples were obtained by pumping from existing
boreholes and without pumping with the BAT system,
and routine chemical analyses were performed. Nitrate
concentrations higher than 50 mg/l was found in about
40% of the sampled boreholes and for this the present
analysis is restricted to the study of nitrate variation. It
should be noted that the local scale of the detected problem does not allow for direct comparisons with the results
of other large scale studies (6,9). Summary statistics for
the nitrate data are given in figure 2. Inspection of a
seven boxplots in this figure raises some questions on
central values, distributions and temporal variations,
which are answered in the next paragraphs.
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GROUNDWATER QUALITY MODELING
FOR NON-POINT SOURCES
P. Anastasiadis
Technological Education Institute of Serres, Serres, Greece

SUMMARY
The degradation of groundwater being used for drinking, due to agricultural activities has forced the European
countries to conduct intensive research, especially during
the last decade. Nitrate pollution is the most widely
spread water contamination on earth. The mathematical
models play an important role in dealing with the problem
of non-point source pollutions of groundwater. This paper
discusses the role of models in solving groundwater
pollution problems. The structural model is the more
complete model to handle this kind of problems. The aim
of this paper is to prove the worth of the simultaneous use
of various models in tackling a non-point contamination
problem, for which physical, chemical and biochemical
phenomena occur within a complex hydrogeological
environment. The results of the study depict the nitrate
variation present in two vertical sections, which are
located in a phreatic aquifer.

KEYWORDS:
Groundwater,
non-point
numerical simulation, field investigations

pollution,

nitrate,

INTRODUCTION
The non-point pollution problem, a significant part
of which is the contamination of groundwater resources,
has its main origin in agricultural practices. The use of
fertilizers to supply plan nutrients has caused nitrate
contamination of groundwater in numerous rural areas
of the world.
The increased use of fertilizers for the increase in agricultural production will definitely have detrimental
effect on the environment. In Greece, the nitrogen fertilizer use increased from 4.4 Kg/ha to 100 Kg/ha in the
period 1950-1990 (12). Further, it is to be noted that 27 %
of its population is actively engaged in agriculture, while
in European Union the average is 8% (14).
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The processes that control the nitrate migration in
aquifer systems can be divided in three categories: a)
physical, b) geochemical, and c) biochemical processes
(1, 3). The two major physical processes are advection
and hydrodynamic dispersion. Geochemical processes can
cause reduction or increase in the concentration of some
pollutants, with typical examples, adsorption-desorption
and precipitation- dissolution. Finally, biochemical processes, which lead to chemical changes in solute
concentrations due to microbial activity, are common
phenomenon and a very probable cause of nitrate
reduction in aquifers. In most groundwater nitrate
pollution studies the interest falls in the regional scale,
which means that problems are normally solved within
the entire regional hydrogeologic systems. Therefore,
both the nitrogen cycle in soils and the nitrate migration
in aquifers have to be studied on a regional basis.
The major health effects that are connected with
nitrates are methemoglobinemia and cancer (13). Nitrate
is a normal constituent of food, so that it is a regular component of the human diet. The dietary nitrate content of
vegetables varies depending on the type, variety and
growing conditions. The average total nitrate intake for
any individual varies within the range of 30 to 300mg
NO3/day, with a typical daily value around 75 mg (11).
High nitrate concentration of approximately 50 mg/l in
drinking water is about equal to the daily dietary, about
this value water tends to dominate as a source of total
nitrate intake.
As groundwater is the only source of potable water
for many places on earth, assessing the health risks from
chemicals and protecting humans are given the first priority in government decisions. To this aim a complex procedure is required that integrates research and technical
expertise from various scientific disciplines. An approach
to face the nitrate problem would certainly include the
study of the fate of nitrate in the soil and groundwater, as
affected by a variety of environmental and anthropogenic
processes and the evaluation of existing and the development of new agricultural practices related with quality
control and management.
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APPLICATION OF MODELS

USE AND ROLE OF MODELS
An integrated study of non-point pollution in
groundwater constitutes a complex and difficult procedure
and, therefore, it is infeasible to carry it out by using just a
single model. Morover, depending on the specific tasks of
each project, the objectives of each particular study may
vary considerably, a fact that can lead to the implementation of various types of models. For this reason in our classification we consider major model categories ( 2, 3, 10).
Modeling approaches can be classified with respect to
the degree of knowledge as: a)statistical models, where
only output data is available, b) budget models, where
inputs and outputs are accounted for without any assumption as to the structure of the phenomena, c) cell or reservoir models, where some information on the structure of
the phenomena is introduced, d) structure models, which
use information on the structure of the phenomena which
is as complete as possible and e) risk assessment models.
Structural models are the ultimate tools to study the
structure of the phenomena in the most complete way by
using all available information regarding flow and transport as well as physico-chemical and biochemical processes. In their general form these models are complex
three dimensional ones; still depending on the specific
problem and the available data, one dimensional. Horizontally two dimensional and vertically two dimensional
models can be successfully applied to various studies.
Analytical and semi-analytical solutions are very few and
refer to simple problems, where the study is confined to
preliminary assessment and prediction (4,5,9).
Structural models can be classified in three categories
with respect to the specific natural processes:
a)

physical and biochemical models,

b)

biological models, and

c)

transport models. Models from the first two categories are employed to estimate the available
quantity of nitrate for leaching which used as
boundary conditions in transport models.

Transport models can be used in sensitivity analyses,
where parameters that are uncertain are varied within a
reasonable range and model response in observed. A
model used in this way can provide valuable insight into
the likely fate of contaminants even in the situations
where hydrogeologic data are lacking (1,6,7,8,15). Such
models might be useful in understanding what happens in
a particular hydrogeologic setting, when a well is drilled.
However, modeling results obtained in this way must be
tempered with considerable judgment.

507

The aims at the detailed view of natural processes and
their interaction with human input factors required in
every study. Field surveys, investigations and data collection are thus prerequisite, taking into account that each
problem is site-specific and the amount and quality of
information have unique value, upon which further analysis is much dependent.
The most important of the models are the statistical
and structural models. The statistical models can be used
in evaluating the spatial and temporal variations of
the nitrates in a certain area for a specific time period
(16, 18). Additional statistical studies aim at analyzing
relationships of nitrate levels to well depth, depth to water, irrigation well density or nitrogen fertilizer application (16, 17). From the application of geostatistical methods, such the Kriging technique, in shallow wells did not
observe spatial variation and correlation of nitrate concentrations (1, 17). This observation also agrees with similar
works (16, 18).
The structure models are very practical at every type
of study due to the regional nature of the problem of nonpoint source contamination, e.g. nitrates. The contaminant
plume considered in this paper occurs in a coastal, shallow, phreatic aquifer which are located in the southwestern part of Chalkidiki Peninsula in Northern Greece.
A large part of the area is used as agricultural land. Intense agricultural activity during the last decades sustained by heavy nitrogen fertilization has caused severe
nitrate contamination in groundwater abstracted from
shallow irrigation wells and deeper boreholes.
The structure and hydrogeology of the system are
typical of a coastal multiaquifer system in Greece. The
upper part, which is the object of this study, is characterized by alternating sands and gravels with small pebbles
in some places. These formations are underlain by clayey
layers at depths that vary from 5 to 25 meters. Geophysical prospecting methods were used in conjunction with
lithological data from various wells in order to estimate
the thickness of the various layers and consistency of the
geological deposits.
The groundwater flow direction is towards the coast
and the average gradient of the water table has been found
by recent groundwater level measurements to be of an
order of 0.006. A number of pumping tests performed in
the aquifer leads to a range of hydraulic conductivity
values between 4 and 45 m/d in the permeable strata.
Recharge calculations using precipitation data for the last
two decades result in an annual average of 150mm.
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FIGURE 1 – Water levels for three observation wells
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Water levels in phreatic aquifer declined by about
3 meters during the last decade (Fig. 1). On a seasonal
basis water levels decline rapidly following the start of
the irrigation season and recover during the nonirrigation
season. This is a pattern, which can contaminate a deeper
aquifer. Under such conditions rates of downward movement would depend on pumping patterns.
A well-proven model, which is based on the principal
direction formulation for ground water flow, was selected
to solve the dual problem for potentials and stream functions in a vertical section (19).The flow net obtained from
numerical solution of the dual problem was used to
generate the grid for the transport problem. Solute transport simulations were performed with an efficient finite
element code based at Galerkin finite element formulation
(20, 21) and was combined with a coordinate transformation, which forms the common basis of the principal direction method (22, 23).

The model solves the transport equation in the vertical
plane, which reads,

∂C ∂
∂C ∂
∂C
∂C
= (Dxx ) + (Dzz ) - (V ) - ?C
∂ t ∂x
∂x ∂z
∂z
∂x
where

C is the nitrate concentration,
Dxx and Dzz are the dispersion coefficients
in the two principal directions,
V is the velocity in the flow direction and
? is the decay coefficient (assumed to represent
denitrification as a first-order reaction,
?=ln2/t* where t* is the half-life
for denitrification).

The dispersion coefficients are expressed as:
Dxx=aLV
where

Dzz=aT V

aL and aT are the longitudinal and
transverse dispersivities, respectively.

Using information taken from available literature (10, 16,
24) for similar geologic formation and hydrogeologic conditions the dispersivities are given the values of
aL=10m and aT=0.001m,
while the decay coefficient ? is calculated
with t*=1.0 year.
The applied fertilizers lead to an uniform influx nitrate
concentration of 150mg/l along the whole cross section of
the aquifer.
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In Figs. 2a and 2b are shown the simulated distributions of nitrate concentrations for two different vertical
sections along the principal direction of flow. Since the
time period required to reach a steady state situation is of a
few years only, we accept that the distributions shown in
these figures are representative of the present conditions.
Increase in nitrate concentrations near the water level
of the phreatic aquifer is observed and verified with the
field measurement and the relative literature (3, 9, 12).
The nitrate distribution differences between the two vertical sections are caused at the different hydrogeology and
geometry characteristics of the sections.

CONCLUSIONS
Modeling of groundwater pollution from non-point
sources is still in its infancy. The application of various
modeling approaches in the study of a local nitrate
groundwater pollution problem in Chalkidiki proved to
be a useful procedure. The application of numerical
simulation models showed that they are handy tools
when planning for remedial actions. It should be noted
that the behavior and reliability of any models is highly
dependent upon the availability of abundant and accurate field data.
The complexity of long-term and annual fluctuations
means that initially representative values may be obtained. More frequent sampling with at least statistical
modeling would be appropriate in all areas with potential nitrate problems. The modeling results can be used
as guidelines for the contamination of investigations in
the area.
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9) References
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Responsibility for the accuracy of references rests with
the authors. References are to be limited in number to
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2) Summary
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abstract that summarizes briefly the contents of the paper
(except short communications). Its lenght should not
exceed 150-200 words. The abstract should be as informative as possible. An extended repetition of the paper's
title is not considered to be an abstract.

References should appear in numerical order in brackets
and in order of their citation in the text. They should be
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appearance. Abbreviated titles of periodicals are to be
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3) Key words
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article.

ORIGINAL PAPERS:
1.

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

4) Introduction
BOOK OR PROCEEDING:

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

DOCTORAL THESIS:

5) Materials and Methods

3.

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

UNPUBLISHED WORK:

6) Results

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

2.

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

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

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

7) Discussion and Conclusion

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

Offprints

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

Precondition for publishing:
A minimum number of 25 Offprints must be ordered and
prepaid.
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pages = 10 €, every further page 1 €; additionally postage/
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do not have a VAT-No.)]. Granting of 50% discount for
members of MESAEP, SECOTOX, contributors from
developing countries, and students. 25 offprints will be
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Figures

Copyright

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

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

Photographs

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

Abstracted/ Indexed in:

SI units are to be used for all data (exceptions: L, g, bar,
h, ppm, ppb, ppt), e.g. c (NaOH) = 0.1 mol L-1. Greek/
unusual symbols/ abbreviations should be defined in the
text at their first occurrence.
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Cambridge Scientific Abstracts, Chemical Abstracts,
Current Awareness, Current Contents/ Agriculture, IBIDS
database, Information Ventures, Research Alert, Science
Citation Index (SCI), SciSearch, Selected Water Resources Abstracts.

Submission of manuscript

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