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INTRODUCTION

Herbicides and pesticides are used for crop protection 
from weeds and insects. Chemical plant protection should 
be performed with specifi c agents applied at specifi c con-
centrations according to agrotechnical needs. Misuse of 
pesticides can lead to excessive contamination of the envi-
ronment, i.e. soil, water or air. Accumulation of pesticides 
in the environment results in high levels of these dangerous 
chemicals in crops and animal feed, which ultimately leads 
to human exposure.

Potential toxicity of pesticides is the main hazard asso-
ciated with their agricultural use. Human population can 
be exposed to these toxic chemicals via the gastrointestinal 

tract, respiratory system, as well as through the skin. Oc-
cupation or accidental exposure to high doses of pesticides 
can result in life-threatening poisoning. However, long-
term environmental exposure also has a negative impact on 
health. This is particularly important when human popula-
tions are exposed to pesticides by drinking contaminated 
water [9].

There are several sources of drinking water contami-
nation by pesticides. The main source is pesticide leach-
ing to ground water following application on agricultural 
fi elds. Another important factor is inappropriate pesticide 
handling, storage and disposal [7]. Particularly dangerous 
could be improper equipment cleaning practices, storage 
and disposal of expired pesticides in unsealed pits. 
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Figure 1. Prevalence of pesticide-contaminated samples collected from 
water mains in the Warka-Grójec region during spring and autumn of 
2002/2003.

Clearly, rural populations sustain much higher expo-
sures to pesticides, particularly due to consumption of con-
taminated water, than urban populations which are exposed 
mainly by consumption of food containing pesticide resi-
dues. Prolonged exposure to pesticides through consump-
tion of contaminated water has been linked with increased 
risk of certain types of cancer [6]. Thus, contamination of 
drinking water by pesticides may have a damaging impact 
on public health and needs to be continuously monitored.

The aim of this study was to survey an area of intensive 
agriculture for the presence of pesticides in drinking water. 
Data obtained from analysis of water samples collected in 
this region may be very useful for future epidemiological 
and environmental studies.

MATERIALS AND METHODS

Sample collection. Samples of drinking water were col-
lected in the Warka and Grojec region, located in central 
Poland. The area is characterized by extensive agriculture 
with total arable land of 117,000 ha, including 40,000 ha 
of orchards. Pesticide use in this region is one of the high-
est in the country. Approximately 16-20 kg/ha of various 
pesticides are being applied, whereas in the rest of country 
only 0.5-1 kg/ha is used [1, 11]. 

The households are loosely scattered throughout the 
study area in the immediate vicinity of large orchards. As 
such, pesticide residues can leak directly into the water in-
take that is usually located within the household. Moreo-
ver, dilution of pesticide concentrates and cleaning of the 
spaying equipment often takes place near the water intake, 
which creates a danger of direct contamination.

Single samples of drinking water were collected from 81 
water intakes in the spring and autumn of 2002 and 2003. 
Specifi cally, samples were taken from water mains (20%), 
dug (40%) and deep wells (40%) located in the following 
settlements: Laski, Kazimierków, Wichradz, Opozdzew, Grze-
gorzewice, Nowa Wieś, Czachów, Pobierowice and Kępina.

The samples were analyzed in duplicate for the presence 
of organochlorines (lindane, DDT, methoxychlor), orga-
nophosphates (acephate, diazinon, fenitrothion), triazines 
(atrazine, simazine) and pyrethroids (alpha-cypermethrin, 
deltamethrin).

Analytical procedures. All analytical procedures were 
performed according to previously published methods [2, 
8, 10]. Briefl y, the extraction and concentration of water 
samples was performed by SPE (Solid Phase Extraction) 
method with Octadecyl C18 columns (BAKERBOND 
spe™; J. T. Baker, The Netherlands) [5]. The eluates were 
analyzed with a Hewlett-Packard 5890 Series II (Hewlett-
Packard, Germany) gas chromatograph equipped with an 
electron capture detector and capillary RTX column [2]. 
The mean recovery was 92% for organochlorine com-
pounds, 91% for organophosphates, 96% for triazines and 
89% for pyrethroids. The detection limits for individual 

compounds were: lindane 0.01 μg/l; DDT 0.01 μg/l; meth-
oxychlor 0.01 μg/l; acephate 0.50 μg/l; diazinon 0.10 
μg/l; fenitrothion 0.01 ug/l; simazine 2.00 μg/l; atrazine 
1.00 μg/l; alpha-cypermethrin 0.05 μg/l and deltamethrin 
0.10 μg/l. Internal system of qulity control has been used 
throughout in the study. The control mixture of pesticide 
standards was run every 2 determined samples. All proce-
dures and operations used complied with the principles of 
Good Laboratory Practice. 

Statistics. Pesticide concentration in samples obtained 
during spring and fall of each year (2002 and 2003) was 
compared with Mann-Whitney non-parametric t-test.

RESULTS

Samples collected in 2002. During the spring of 2002, 
contamination of water samples with the following pesti-
cides was observed: lindane, DDT, methoxychlor, acephate, 
diazinon, fenitrothion, atrazine and simazine. Alpha-cy-
permethrin and deltamethrin were not detected during this 
sampling period (Fig. 1, 2 and 3).

Water samples collected from water mains, dug and 
deep wells were most often contaminated with fenitrothion 
(nearly 100% samples), which has been commonly used 
for the past 30 years as insecticide in the orchard industry. 
Contamination with other organophosphates, such as dia-
zinon, was less frequent: up to 25% of samples from deep 
wells and 12.5% samples from dug wells. Atrazine, how-
ever, was found only in about 3% of samples. Another most 
commonly detected pesticide was simazine. It was present 
in 70.6% samples collected from water mains, in 65.5% 
deep wells samples and in 56.6% dug well samples. DDT 
was found in samples from dug wells, deep wells and wa-
ter mains: 28.1%, 18.8% and 17.7%, respectively. Another 
organochlorine compound, methoxychlor, was present in 
21.9% samples from dug wells, in 29.4% samples from 
water mains and in 12.5% samples from deep wells.
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The levels of pesticides in several water samples exceed-
ed maximum admissible concentrations (MAC). MACs for 
simazine, fenitrothion and diazinon were exceeded in 51, 
49 and 16 samples, respectively. MACs for other pesti-
cides, i.e. DDT, methoxychlor, acephate and atrazine, were 

less frequently exceeded. It should be noted, however, that 
the MACs for different pesticides were exceed by several-
fold to 140-fold in the case of simazine (Tab. 1, 2 and 3).

During the autumn of 2002, a profi le of contamination 
different from that during the spring was observed. The 

Table 1. Concentration and prevalence of pesticide-contaminated samples collected from water mains in the Warka-Grójec region during spring and 
autumn of 2002/2003. 

Compounds Total 
number of 

samples

Number of contaminated samples Range of concentrations Number of samples 
with exceeded MAC

spring autumn spring autumn spring autumn

N n. % n. % μg/l μg/l n n

2002

lindane 17 0 0.0 0 0.0 not detected not detected 0 0

DDT 17 3 17.7 7 41.2 0.0267-0.0402 0.0113-0.0184 0 0

metoxychlor 17 5 29.4 3 17.7 0.0423-0.9660 0.0675-0.2581 4 2

acephate 17 1 5.9 0 0.0 1.0699 not detected 1 0

diazinon 17 3 17.7 0 0.0 0.1357-0.2282 not detected 3 0

fenitrothion 17 16 94.1 17 100.0 0.0267-0.4234 0.0308-0.2608 8 5

atrazine 17 0 0.0 0 0.0 not detected not detected 0 0

simazine 17 12 70.6 0 0.0 2.3510-7.0439 not detected 12 0

alphacypermethrin 17 0 0.0 0 0.0 not detected not detected 0 0

deltamethrin 17 0 0.0 0 0.0 not detected not detected 0 0

2003

lindane 17 0 0.0 0 0.0 not detected not detected 0 0

DDT 17 5 29.4 8 47.1 0.0106-0.0291 0.0372-0.1669 0 1

metoxychlor 17 5 29.4 5 29.4 0.0177-0.3950 0.0735-0.8053 1 2

acephate 17 3 17.7 0 0.0 0.8812-1.5303 not detected 3 0

diazinon 17 0 0.0 1 5.9 not detected 0.2145 0 1

fenitrothion 17 17 100.0 17 100.0 0.0777-0.2810 0.0306-0.7372 15 15

atrazine 17 2 11.8 0 0.0 3.3163-5.0837 not detected 2 0

simazine 17 5 29.4 0 0.0 2.1672-4.7296 not detected 5 0

alphacypermethrin 17 0 0.0 1 5.9 not detected 0.3013 0 1

deltamethrin 17 0 0.0 0 0.0 not detected not detected 0 0

MAC (Maximal Admissible Concentration, currently 0.1 μg/l)
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Figure 2. Prevalence of pesticide-contaminated samples collected from 
deep wells in the Warka-Grójec region during spring and autumn of 
2002/2003.

Figure 3. Prevalence of pesticide-contaminated samples collected from 
dug wells in the Warka-Grójec region during spring and autumn of 
2002/2003.
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following pesticides were found in water samples: DDT, 
methoxychlor, acephate, diazinon, fenitrothion, atrazine, 
simazine and alpha-cypermethrin. Lindane and deltameth-
rin were not detected (Fig. 1, 2 and 3).

Again, nearly 100% of water samples, regardless of the 
source, were contaminated with fenitrothion. DDT has been 
also detected in 43.8% of water samples collected from 
deep wells, 41.2% water mains and 28.1% dug wells. Oth-
ers, organochlorine, methoxychlor, were present in 37.5% 
samples from dug wells, 31.3% deep wells and 17.7% wa-
ter mains. However, water samples collected from water 
mains were free from thiazines (atrazine, simazine) and 
pyrethroids (alpha-cypermethrin, deltamethrin). Among 
pyrethroids, however, only alpha-cypermethrin was de-
tected in 3.1% of studied dug wells. This contrasted with 
more frequent contamination of dug wells with thiazines, i.e. 
simazine (15.6%) (Fig. 1, 2 and 3). Concentration of all pes-
ticides, except DDT, exceeded MAC values up to 80 times. 

Samples collected in 2003. During spring of 2003, the 
following pesticides were found in water samples: DDT, 
methoxychlor, acephate, fenitrothion, atrazine, simazine 
and alpha-cypermethrin. Lindane, diazinon and deltameth-

rin were not detected during this sampling period (Fig. 1, 
2 and 3).

All samples collected from water mains and deep wells 
were contaminated with fenitrothion and this pesticide was 
also found in 96.9% of samples from dug wells. Approxi-
mately 20% samples from water mains and deep wells 
were polluted with acephate, while this pesticide was found 
in 28.1% samples of dug wells. All three types of water 
sources were also contaminated with DDT – most often 
in dug wells (34.4%). Water mains were frequently con-
taminated with methoxychlor (29.4%), while it was rarely 
found in samples from dug and deep wells. Simazine was 
detected in all types of water samples contaminating nearly 
50% of deep wells. Several percent of samples from water 
mains and dug wells were contaminated with atrazine, but 
it was not found in deep wells (Fig. 1, 2 and 3). 

MAC values were most often exceeded for fenitrothion, 
acephate and simazine; in some cases up to 230 times (Tab. 
1, 2 and 3).

During the autumn of 2003, the following pesticides were 
found in water samples: lindane, DDT, methoxychlor, acephate, 
diazinon, fenitrothion, atrazine, simazine and alpha-cypermeth-
rin. Deltamethrin was not detected (Fig. 1, 2 and 3).

Table 2. Concentration and prevalence of pesticide-contaminated samples collected from deep wells in the Warka-Grójec region during spring and 
autumn of 2002/2003. 

Compounds Total 
number of 

samples

Number of contaminated samples Range of concentrations Number of samples 
with exceeded MAC

spring autumn spring autumn spring autumn

N n. % n. % μg/l μg/l n n

2002

lindane 32 0 0.0 0 0.0 not detected not detected 0 0

DDT 32 6 18.8 14 43.8 0.0150-0.1239 0.0142-0.0536 1 0

metoxychlor 32 4 12.5 10 31.3 0.0927-0.4043 0.0479-1.1507 3 4

acephate 32 4 12.5 1 3.1 0.7088-1.0168 2.6335 4 1

diazinon 32 8 25.0 3 9.4 0.1225-0.6321 0.1418-1.5079 8 3

fenitrothion 32 31 96.9 31 96.9 0.0108-0.4691 0.0386-0.3279 18 12

atrazine 32 1 3.1 1 3.1 3.5533 1.1597 1 1

simazine 32 21 65.6 5 15.6 2.7275-14.1381 2.0189-3.8238 21 5

alphacypermethrin 32 0 0.0 1 3.1 not detected 0.2070 0 1

deltamethrin 32 0 0.0 0 0.0 not detected not detected 0 0

2003

lindane 31 0 0.0 2 6.5 not detected 0.0130-0.0190 0 0

DDT 31 7 22.6 11 35.5 0.0133-0.0370 0.0164-0.1263 0 1

metoxychlor 31 7 22.6 13 41.9 0.0165-0.4030 0.0571-0.2434 3 6

acephate 31 6 19.4 1 3.2 0.7289-1.4736 1.2571 6 1

diazinon 31 0 0.0 0 0.0 not detected not detected 0 0

fenitrothion 31 31 100.0 30 96.8 0.0135-0.3719 0.1159-1.8708 25 30

atrazine 31 0 0.0 0 0.0 not detected not detected 0 0

simazine 31 15 48.4 0 0.0 1.8942-6.2723 not detected 15 0

alphacypermethrin 31 1 3.2 0 0.0 0.1213 not detected 1 0

deltamethrin 31 0 0.0 0 0.0 not detected not detected 0 0

MAC (Maximal Admissible Concentration, currently 0.1 μg/l)
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Again, fenitrothion was by far the most frequently de-
tected pesticide, contaminating 100% water main samples 
and up to 95% of samples collected from dug and deep 
wells. A high percentage of samples was also polluted with 
DDT and methoxychlor. For example, DDT was found in 
47% and 35.5% samples obtained from water mains and 
deep wells, respectively. Dug wells were slightly less fre-
quently contaminated with DDT (28.1%). Methoxychlor 
was found in 59.4%, 41.9% and 29.4% of dug wells, deep 
wells and water mains, respectively. The remaining pesti-
cides, i.e. lindane, DDT, acephate, diazinon, atrazine, si-
mazine and alpha-cypermethrin were detected in less than 
a few percent of water samples (Fig. 1, 2 and 3).

MAC values were most often exceeded for fenitrothion 
(75 samples) and methoxychlor (23 samples). MAC for 
acephate was exceeded by 106 times, while those values 
for other pesticides were exceeded several times (Tab. 1, 
2 and 3).

DISCUSSION

The high incidence of organophosphates, pyrethroids 
and triazines in water samples clearly indicates that these 

pesticides are commonly used in the orchard industry and 
contaminate drinking water in the studied region. Organo-
chlorines, which were banned in the 1970s, are still found 
in drinking water samples confi rming that they are very 
persistent in the environment.

Among organochlorines, lindane was found in a small 
number of samples, mainly during spring (fi rst year of the 
study) and autumn (second year of the study). Neverthe-
less, concentrations of lindane did not exceed MAC values. 
A much higher incidence of contamination was observed 
in the case of DDT, particularly during the autumn. Inter-
estingly, methoxychlor was also more frequently found 
in samples collected during the autumn (both years of the 
study). It is not clear why these pesticides display such 
fl uctuation during the year, but similar pattern was previo-
usly shown in this region several years ago [2, 4].

Contamination of water samples by organophosphates 
was the most prevalent among other pesticides analyzed 
in the present study. By far the most common pesticide 
was fenitrothion, present in nearly 100% of collected sam-
ples. The contamination with this pesticide was detected 
throughout the length of the study in all types of water 
sources. Evidently, such a high degree of contamination 

Table 3. Concentration and prevalence of pesticide-contaminated samples collected from dug wells in the Warka-Grójec region during spring and 
autumn of 2002/2003. 

Compounds Total 
number of 

samples

Number of contaminated samples Range of concentrations Number of samples 
with exceeded MAC

spring autumn spring autumn spring autumn

N n. % n. % μg/l μg/l n n

2002

lindane 32 1 3.1 0 0.0 0.0215 not detected 0 0

DDT 32 9 28.1 9 28.1 0.0106-0.0378 0.0146-0.0323 0 0

metoxychlor 32 7 21.9 12 37.5 0.0338-0.1911 0.0618-0.9672 2 7

acephate 32 4 12.5 1 3.1 0.5654-1.8486 2.4519 4 1

diazinon 32 5 15.6 2 6.3 0.2377-2.2493 0.6526-2.6229 5 2

fenitrothion 32 31 96.9 31 96.9 0.0214-0.4844 0.0279-0.3033 23 20

atrazine 32 0 0.0 1 3.1 not detected 8.0898 0 1

simazine 32 18 56.3 0 0.0 2.4786-10.8209 not detected 18 0

alphacypermethrin 32 0 0.0 0 0.0 not detected not detected 0 0

deltamethrin 32 0 0.0 0 0.0 not detected not detected 0 0

2003

lindane 32 0 0.0 0 0.0 not detected not detected 0 0

DDT 32 11 34.4 9 28.1 0.0102-0.0543 0.0237-0.1723 0 2

metoxychlor 32 8 25.0 19 59.4 0.0236-0.3042 0.0351-0.5290 4 15

acephate 32 9 28.1 2 6.3 0.7526-1.9131 1.2990-10.6112 9 2

diazinon 32 0 0.0 1 3.1 not detected 0.1955 0 1

fenitrothion 32 31 96.9 30 93.8 0.0232-0.4150 0.1525-1.5929 28 30

atrazine 32 6 18.8 1 3.1 2.4770-4.3997 4.3646 6 1

simazine 32 5 15.6 1 3.1 2.4491-22.7861 1.9642 5 1

alphacypermethrin 32 0 0.0 0 0.0 not detected not detected 0 0

deltamethrin 32 0 0.0 0 0.0 not detected not detected 0 0

MAC (Maximal Admissible Concentration, currently 0.1 μg/l)
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with fenitrothion results from its common use in the or-
chard industry. Another organophosphate, acephate, was 
also found in samples collected during spring and summer 
throughout the study. In contrast, diazinon also belong-
ing the organophosphate group, was only detected during 
the fi rst year of the study, while during the second year it 
was infrequently found during the autumn. Earlier studies 
carried out in this area during the 1990s showed that feni-
trothion was present in 90% of samples, and acephate in 
50% of samples [4]. MAC values for these pesticides were 
exceeded several times in some water samples [4]. Stu-
dies performed in other regions also indicated the highest 
degree of contamination with fenitrothion and acephate in 
comparison to other pesticides [3].

Contamination of water samples with pyrethroids was 
very rare. Only alpha-cypermethrin was detected in a few 
samples, while deltamethrin was not detected at all. These 
results correspond well with data that have been obtained 
over last 10 years in this area [3, 4].

Triazines, simazine and atrazine showed a different 
pattern of contamination of water samples. Simazine was 
found throughout the entire study period with signifi cantly 
higher prevalence in the spring. Atrazine, however, was 
found only in a very few samples. As in the case of orga-
nophosphates, the results concerning triazines were in line 
with previously collected data in this region [3, 4].

The present study, together with our previous reports [1-
4], clearly indicates that drinking water in the regions of 
intensive agriculture is highly vulnerable to contamination 
by currently used pesticides, i.e. organophosphates. Sea-
sonal fl uctuations in the level of contamination may be a 
refl ection of pesticides usage in a given period. 

Surprisingly, we have not observed signifi cant differen-
ces in the level of contamination of samples collected from 
various sources, i.e. dug and deep wells or water mains. 
Indeed, concentrations of pesticides were similar in sam-
ples collected either from wells or water mains. This fact 
suggests that water treatment practices may be insuffi cient. 
Thus, pesticides that leached to ground waters are not effi -
ciently removed and distributed by existing water delivery 
system to households in the region.

MAC values recommended by European Union Direc-
tive (80/778/EEC) are much more stringent than those 
previously implemented by the Polish government. Con-
sequently, current MAC values were exceeded in the great 
majority of water samples collected in the course of the 
present study.

CONCLUSIONS

1. The 2-year study carried out in the Warka-Grójec re-
gion in the years of 2002-2003 revealed a high degree of 
contamination of drinking water by several pesticides from 
various chemical groups.

2. The most common pesticides found in water sam-
ples were fenitrothion, DDT, methoxychlor and simazine. 
Concentration of these compounds signifi cantly exceeded 
current MAC values recommended by European Union. 
Lindane and alpha-cypermethrin were only found in a few 
samples.

3. Water samples collected from different sources, i.e. 
dug and deep wells or water mains were almost equally 
contaminated by the same pesticides.

4. The present study reveals an urgent need for the sys-
tematic monitoring of drinking water quality in regions of 
intensive agriculture, since they are highly vulnerable to 
pesticide contamination.
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