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abstract. The studies included 20 herbicides, 47 insecticides and 25 fungicides popularly used in 
plants protection. The levels of 15 pesticides: organochlorine (OCPs), organophosphorous (OPPs) 
and herbicides (H), in wells water in Podlasie Region in Poland were investigated to evaluate their 
potential pollution and risks. The analysis of all pesticides extracted by solid phase extract were per-
formed using Agilent gas chromatograph coupled with dual system detection: electron capture and 
nitrogen phosphorous detector and Waters liquid chromatograph with photodiode array detector. 
Water samples have been collected seasonally from thirty wells for a period of 2 year (2009 – 2010). 
Results obtained confirm the presence of pesticide residues representing different chemical and bio-
logical activity classes in the wells waters. The most commonly encountered OPPs in water were: 
chlorpyrifos, diazinone, dimethoate and fenitrothion, among the herbicides: atrazine, MCPA and li-, among the herbicides: atrazine, MCPA and li-herbicides: atrazine, MCPA and li-
nuron and one fungicide - captan. Also, organochlorine pesticide residues in wells water were de-one fungicide - captan. Also, organochlorine pesticide residues in wells water were de-fungicide - captan. Also, organochlorine pesticide residues in wells water were de-
tected: p,p’-DDD, and δ -HCH.
The highest concentration was quantified for atrazine and simazine (2.23 µg/L and 0.8 µg/L, May 
2009 and 2010). In some cases the concentrations detected were higher than the qualitative target 
level set by the European Union (MCL), especially for atrazine (2.23 µg/L), izoproturon (0.3µg/L), 
linuron (0.3-0.4 µg/L), metoxychlor (0.2 µg/L), MCPA (1.18 µg/L) and simazine (0.8 µg/L). The con-The con-
centrations of organophosphrous compounds seem to be low in water than herbicides. The concen-. The concen-
trations of pesticides depended on the sampling season and the tendency was not the same for all 
detected pesticides. However, the residues were lower than most polluted water from other sources 
in the world. The occurrence of pesticides in Podlasie Region well’s water can be attributed to in-
tense agricultural activity and may constitute a health hazard to humans. The study has shown the 
need for monitoring contamination in water resources, and the development of drinking water qual-
ity standards for specific pesticides in Poland. The results of research will be used to estimate the 
risk assessment of pesticide residues.
keywords: pesticide, groundwater, GC, HPLC.

INtRODuctION

Pesticide contamination of ground water is a subject of national importance 
because ground water is used for drinking water by about 50 percent of the Nation’s 
population. This especially concerns people living in the agricultural areas where 
pesticides are most often used, as about 95 percent of that population relies upon 
ground water for drinking water. The presence of pesticides in groundwater may be 

Bożena ŁOZOWICKA, Piotr KACZyńSKI – Plant Protection Institute – National Research 
Institute, Pesticides Residue Research Laboratory



179

Inżynieria Ekologiczna Nr 26, 2011

the result of point source releases to the environment and/or nonpoint source use for 
the production of agricultural commodities, for residential pest and weed control, or 
for pest eradication programs. Pesticide is used as a general term to represent chemi-
cals such as herbicides, insecticides, fungicides, and related transformation pro-
ducts.

Pesticides are one class of compounds that, despite their benefits, may produce 
a wide range of toxic side effect that pose a potential hazard to the environment [1]. 
While pesticides are indispensable in modern agriculture, their use or misuse may 
lead to serious water quality problems [2]. Pesticide contamination surface and gro-
undwaters from agricultural use has been well documented around the world [3]. 
According to data supplied by the Polish Ministry of Agriculture and Rural Deve-
lopment, 53,346.7 tonnes of crop-protection products were sold in Poland in 2008  
[4]. The countries of the European Union (EU) apply an estimated 300,000 tonnes of 
pesticides to crops each year. Polish water, like in other countries applying intensive 
chemical protection of crops, are vulnerable to pollution pesticide residues. Therefo- Therefo-Therefo-
re, there is a need for research in water quality in our country. The European Union 
requires member states to monitor particularly dangerous substances in water, inclu-
ding pesticides [5]. Groundwater is considered to have a good chemical status when: 
measured or predicted nitrate levels do not exceed 50 mg/L, while those of active 
pesticide ingredients, their metabolites and reaction products do not exceed 0.1 µg/L 
(a total of 0.5 µg/L for all pesticides measured) [6, 7].

Orgnochlorine insecticides, such as DDT, hexachlorocyclohexane (HCH), al-
drin and dieldrin, are among the most commonly used pesticides because of their 
low cost and versatility against various pests Nevertheless, because of their potential 
for bioaccumulation and biological effects, these compounds were banned in develo-
ped nations a few years ago [8-9]. Some of the most widely used organophosphate 
pesticides (OPPs) were recently withdrawn from residential use by both professional 
pest control applicators and homeowners. The relatively high water solubility of 
OPPs has led to their detection in urban-dominated waters following rain events, 
frequently at concentrations toxic to aquatic life. The potential toxicity of OPPs to 
aquatic life and humans, especially children, has led to their replacement with pyre-
throid insecticides, which have assumed many roles formerly held by organopho-
sphates. Pyrethroids are synthetic derivatives of pyrethrins, and act as neurotoxins 
[10]. These pesticides are substances of intense interest for use in plant protection 
because of their desirable environmental properties of short persistence and nontoxi-
city to mammals. These features combined with their broad spectrum of pesticidal 
activity have made the pyrethroids alternatives to the older organochlorine compo-
unds and the natural pyrethrins. Many of the pesticides evaluated are herbicides. 
Because of their frequent use near water bodies, they have often been found in surfa-
ce water. Furthermore, many of these herbicides are fairly mobile in soil and readily 
migrate into ground- water.
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Analytical methods for determining pesticide residues in water involve several 
extraction and purification steps that are needed to remove the huge amount of po-
tentially interfering compounds which are generally present at higher concentrations 
than the pesticide residues themselves. Extraction methods are continually revised 
and improved with new technologies in order to reduce laboratory staff re-sources, 
especially the time required for sample extraction and preparation. This step is fre-
quently a major source of error. Liquid–liquid extraction is being gradually super-
seded in many methods by solid phase extraction (SPE) for the separation of the 
pesticides from water, due to the wide availability of selective sorbent materials and 
also to avoid the need to dispose of organic solvents. Macroreticular Amberlite XAD 
resins [11,12], C8- [13,14] or C18-modified silica [15,16] and graphitized carbon black 
[17] are among the sorbents used for this purpose. Highly crosslinked polystyrene-
divinylbenzene (PS-DVB) resins have proved to be more retentive than bonded silica 
sorbents, especially toward polar solutes [18,19]. SPE formats such as cartridges or 
disk formats can be used for the sample storage and transportation of volatile or la-
bile pesticide residue samples. 

The purpose of this study is to assess the occurence of pesticides in groundwa-
ter of typical agricultural areas - Podlasie and to give an overview for the future stu-
dies in this area. Systematic observation and analysis, dissemination of knowledge 
and information on the status and threats of groundwater resources are also used to 
implement sustainable development policy.

ExPERImENtAl PROcEDuRES

Study area and sampling
Water samples were collected from different monitoring wells in fields locat-

ed in Podlasie (north-eastern Poland). The samples were taken from farms, which 
were chosen for their high potential for shallow groundwater contamination: prox-
imity of the plantations to streams, and for a set of physical characteristics of the 
environment such as high declivity, medium to high soil permeability and shallow 
water table. Water samples were taken twice in the period between harvests the 
spring (April and May) and in the autumn (September and October) during harvest 
time. Water samples were collected more than 120 individual ground from over  
30 domestic, agricultural and monitoring wells. The individual points sampled 
with a volume of 4 liters each, one-liter HDPE bottles. The samples, until analysis, 
were stored in a freezer at -18°C. Three liters were used for analysis of pesticide 
residues. The total of 120 samples were analysed in duplicate for the presence of 
92 pesticides (Table 3). 



181

Inżynieria Ekologiczna Nr 26, 2011

Samples and reagents
Analytical methodology was validated using a blank water. Fortified samples 

were prepared by spiking 10 mL of blank water sample with different volumes of 
standard solution. The water was then wortex by mixing for 30 s. All reagents used 
were analytical grade. Methanol (MeOH), diethyl ether, hexane, acetone and acetoni-Methanol (MeOH), diethyl ether, hexane, acetone and acetoni-
trile (ACN) were of gradient HPLC or GC-residue grade were provided by J.T. Baker 
(Deventer, Holland). SPE column was supplied by J.T. Baker (Deventer, Holland). 
Ultra-high quality (UHQ, >18 MΩ/cm) water used throughout the study was treated 
with a Millipore (Milli – Q) purifier system. 

Standards
Pesticides were obtained from the Dr. Ehrenstorfer Laboratory (Germany) and 

are listed in table 3. Pesticide standard stock solutions (purity for all standards  
> 95%) of various concentrations were prepared in acetone and stored at 4 °C. Stan-
dard working solutions were prepared by dissolving appropriate amounts of stock 
solution with a hexane/acetone (9:1) mixture.

pesticide extraction 
Analytes were isolated and preconcentrated using solid phase extraction pro-

cess, with was performed using three different procedures. One of them is common-
ly applied when phenoxyacetic acid herbicides have to be enriched. The second was 
used for isolation and purification phenylurea herbicides. The third procedure was 
carried out for preconcentration and clean-up other pesticides.

extracion of phenoxyacetic acid herbicides.
One liter of water sample was adjusted to pH≤2 using hydrochloric acid. The 

SPE column with polystyrene divinylbenzene sorbents (SDB-2, 3mL, 200mg) was 
conditioned with 2 x 3mL of methanol, followed by 3mL of water and 3mL of water 
pH≤2, did not allow the extraction column to run dry between and after the conditio-
ning steps. With vacuum off, was added 3mL of sample to the column. Attached 
adapter and reservoir to the column and added sample to it. The sample was aspira-
ted through the column at 10mL/min. The column was dryness under vacuum for  
30 minutes. Analytes were eluted with two portion of ethyl acetate, 3mL each. The 
organic solvent was evaporated to dryness using rotary vacuum evaporator at 40°C. 
The dry extract was dissolved in 2mL of water-methanol (55:45, v/v). The extract was 
analyzed by HPLC. The details of chromatographic conditions used for separation of 
phenoxyacetic acid herbicides are in table 1. The chromatogram of water containing 
these compounds are presented in Fig. 1.
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table 1.  Chromatographic condition used for separation determination of phenoxyacetic acid herbi-
cides by HPLC-PDA

tabela 1. Warunki analizy herbicydów fenoksykwasowych techniką HPLC-PDA

Fig. 1. Chromatogram of water sample containing phenoxyacetic acid herbicides by HPLC-PDA
Rys. 1. Chromatogram próbki wody zawierającej  herbicydy fenoksykwasowe (HPLC-PDA).

extracion of phenylurea herbicides.
The SPE column, SDB-1 (3 mL, 200 mg) was conditioned with 2 x 3 mL of 

methanol, followed by 2 x 3 mL, did not allow the extraction column to run dry be-
tween and after the conditioning steps. One liter of sample was aspirated through the 
column at 10 mL/min. The column was dryness under vacuum for one hour. Analy-
tes were eluted with two portion of mixture methanol-acetonitryle, 1mL each. The 
organic solvent was evaporated to dryness using rotary vacuum evaporator at 40°C. 
The dry extract was dissolved in 2 mL of methanol-water (6:4, v/v). The extract was 
analyzed by HPLC. The details of chromatographic conditions used for separation of 
phenylurea herbicides are in table 2. The chromatogram of water containing these 
compounds are presented in Fig. 2.
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table 2.  Chromatographic condition used for separation determination of phenylurea herbicides by 
HPLC-PDA

tabela 2. Warunki analizy herbicydów fenylomocznikowych techniką HPLC-PDA

Fig. 2. Chromatogram of water sample containing phenylurea herbicides by HPLC-PDA
Rys. 2. Chromatogram próbki wody zawierającej  herbicydy fenylomocznikowe (HPLC-PDA)

extracion of other pesticides
The SPE column with silica sorbents (3mL, 500mg) was conditioned with 5mL 

of mixture acetone-diethyl ether, followed by 5mL of hexane, did not allow the 
extraction column to run dry between and after the conditioning steps. One liter of  
sample was aspirated through the column at 10mL/min. The column was dryness 
under vacuum for one hour. The pesticides were eluted from the column using 3 elu-
tion steps with increasing polarity: 5 mL of mixture diethyl ether-hexane (2:8, v/v) – 
solution s1; 5 mL of mixture diethyl ether-hexane (6:4, v/v) – solution s2; 5 mL of 
mixture acetone-diethyl ether (3:7, v/v) – solution s3.

Each extract was collected into a round-bottom flask and evaporated to dryness 
using rotary vacuum evaporator at 40°C. The dry extract was dissolved in 2 mL of 
hexane-acetone (9:1, v/v). Next the extracts were subjected to GC analysis.
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pesticide analysis
high performance liquid chromatography analyses

The HPLC analyses were carried out using a liquid chromatograph Waters 
2695 equipped with a photodiode array detector (PDA) (Waters 2996). The details 
chromatographic conditions enable separation and determination is presented in ta-
ble1 and table 2. Analyte identification was accomplishment on the basis of the re-
tention times and by comparison between the UV spectrum of the reference compo-
und in the library and UV spectrum of the detected peak in the sample.

gas chromatography analyses
Agillent 7890 Series gas chromatograph was used with the following chromato-

graphic systems: a splitless injector, with a 30m x 0,32mm i.d. HP-5 (5%-phenyl)-95% 
methylpolysiloxane capillary column, 0.5μm film thickness and an electron capture 
detector for the determination of the ECD-sensitive pesticides, and nitrogen-phospho-
rous detector for determination NPD-sensitive. Operating temperatures for detector 
(NP) were: 310°C, carrier gas N2 – 1.9 mL/min, H2 – 3 mL/min, air – 60 mL/min, ma-
ke up N2 – 6mL/min for Detector (ECD) 300°C, carrier gas N2 – 1.9 mL/min, make up 
N2 – 8 mL/min. H2 – 3 mL/min, air – 60mL/min and 210°C for the injector. The tem- 210°C for the injector. The tem-
perature program for succeeding separation of the compounds was the same for both 
chromatographic systems, allowing this way simultaneous injection of the sample in 
the two injectors and subsequent separation with the following temperature program: 
initial temperature from 120°C to 190°C at a rate of 13°C/min, increased to 240°C at 
8°C/min and then to 295°C at 16°C/min, and remain there for 18 min. The injection 
volume was 2μL. Identification of the unknown peaks in the samples’ chromatograms 
was managed by comparing the retention time of the unknown peaks to the retention 
time of the reference standards. The chromatogram of water containing of selecetd 
mixture of pesticides are presented in Fig. 3.

mEthOD vAlIDAtION

The validation of the analytical method was performed by the following para-
meters: linearity, precision and accuracy, limits of detection and quantification, and 
repeatability. All the analyses were carried out using the same blank sample of wa-
ter. Linearity was determined by constructing calibration curves with standard solu-
tions, in hexane, containing all pesticides in the range of 0.01–20 µg/L. Three injec-
tions were made at each of the 8 concentration levels. The limits of detection (LODs) 
and quantification (LOQs) were calculated in accordance with [20] guidelines. For 
this purpose, 7 independent analyses of a water spiked with pesticides at a level of 
0.025 µg/ were performed. The LOD and LOQ were calculated from the standard 
deviation of these determinations. Accuracy and precision data were obtained with 
recovery study carried out by spiking samples with pesticide standards at level of 
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0.025, 0.10 and 2 µg/L. The spiked samples as well as the unspiked controls were 
analysed in seven replicates. Repeatability of the method was evaluated through the 
relative standard deviation (RSD, %) associated to measurements of the pesticide 
performer during recovery analyses. In order to maintain analytical quality control, 
for each sample batch analysed a spiked sample (similar to the ones used in the reco-
very study) was analysed simultaneously. Batch results were considered unsatisfacto-
ry when the sample used as quality control had low recovery. 

Fig. 3.  Chromatogram of the selected standard mixture of 40 pesticides –GC: ECD (A) and NPD (B) 
(concentration µg/L): 1. dichloran (0.1); 2. propachlor (0.2); 3. dimethoate (0.1); 4. dichloflua-
nid (0.1); 5. diazinon (0.1); 6. chlorothalonil (0.1); 7. chlorpyrifos-methyl (0.1); 8. fenitrothion 
(0.1); 9. malathion (0.1); 10. chloropyrifos (0.1); 11. tetraconazole (0.1); 12. penconazole (0.2); 
13. hexaconazole(0.1); 14. methidathion (0.1); 15. myclobutanyl (0.2); 16. iprodione (0.5); 17. 
trifluaralin (0.1); 18. fenvalerate (0.4); 19. bifenthrin (0.1); 20. tetradifon (0.1); 21. 
λ−cyhalothrin (isomers) (0.2); 22. fenarimol (0.1); 23. azinphos-ethyl (0.1); 24. permethrin 
(0.4); 25. β-cyfluthrin (isomers) (0.3); 26. cypermethrin (isomers) (0.4); 27. esfenvalerate (iso-
mers) (0.4); 28. deltamethrin (isomers) (0.3); 29. lenacil (0.2); 30. atrazine (0.4); 31. hepteno-
phos (0.1); 32. chlorpropham (0.5); 33. pirimicarb (0.1); 34. metalaxyl (0.5); 35. quinalfos 
(0.2); 36. formothion (0.2); 37. fludioxonil (0.2); 38. cyproconazole (0.3); 39. tebuconazole 
(0.1); 40. vinclozoline (0.3)

Rys. 3. Chromatogram mieszaniny wzorców 40 pestycydów – GC: ECD (A) oraz NPD (B)

Described above own method for determination of pesticides in water were accre-
dited by standard ISO IEC 17 025 by the Polish Accreditation Centre (AB 839, 2007).

RESultS AND DIScuSSION

Individual samples water have been screened for up to 92 different pesticides 
(Table 3) that are commonly used in agriculture. These include: twenty five fungici-
des, forty seven insecticides and twenty herbicides for different chemical class were 
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selected as model compounds for the present study. The wells are located in Podlasie 
(north-eastern Poland), in region characterized by intensive cultivation of cereals, 
maize, fruit and vegetable farming.

table 3.  Pesticides monitored in well water samples, their extraction, system of detection, range of 
detection and recovery

tabela 3. Badane pestycydy, sposób ich ekstrakcji oraz odzysk metody, system i zakres detekcji 

L.p. Pesticide Group
SPE  

extraction
Range 
[µg/l]

Mean  
recoveries [%]

RSD [%]

HPLC - DAD

1. 2,4-D H SDB-2 0.05–20.0 92 5.6

2. 2,4-DB H SDB-2 0.05–20.0 106 4.6

3. Dichlorprop H SDB-2 0.05–20.0 103 4.5

4. Chlorotoluron H SDB-1 0.05–20.0 96 7.0

5. Diuron H SDB-1 0.05–20.0 103 4.6

6. Fenuron H SDB-1 0.05–20.0 98 6.1

7. Linuron H SDB-1 0.05–20.0 96 2.0

8. Izoproturon H SDB-1 0.05–20.0 94 4.6

9. MCPA H SDB-2 0.05–20.0 91 2.3

10. MCPB H SDB-2 0.05–20.0 96 4.2

11. Mecoprop H SDB-2 0.05–20.0 105 6.0

12. Monolinuron H SDB-1 0.05–20.0 89 5.0

13. Monuron H SDB-1 0.05–20.0 95 4.5

GC-EC

1. Aldrin IC Silica; s1 0.04–2.0 100 2.9

2. Bifenthrin IPyR Silica; s1 0.03–20.0 95 5.6

3. Bromopropylate I Silica; s2 0.02–6.0 93 4.5

4. Bupirimate F Silica; s2 0.02–4.00 91 2.3

5. Captan F Silica; s2 0.03–6.0 93 4.2

6. Chlorfenvinphos IP Silica; s2 0.03–6.0 94 4.6

7. Chlorothalonil F Silica; s1 0.04–40.0 91 6.1

8. Chlorpropham H Silica; s2 0.05–20.0 96 4.6

9. Chlorpyriphos IP Silica; s1 0.02–6.0 102 2.0

10. Chlorpyriphos-methyl IP Silica; s1 0.02–6.0 105 5.0

11. Cyfluthrin IP Silica; s1 0.04–20.0 104 4.5

12. Cyhalothrin-lambda IP Silica; s1 0.02–8.0 98 5.2

13. Cypermethrin IPyR Silica; s1 0.04–20.0 102 4.1

14. DDD-p,p’ IC Silica; s1 0.05–3.0 98 3.5
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L.p. Pesticide Group
SPE  

extraction
Range 
[µg/l]

Mean  
recoveries [%]

RSD [%]

15. DDE-p,p’ IC Silica; s1 0.04–20.0 96 4.9

16. DDT-o,p’ IC Silica; s1 0.05–3.0 93 5.3

17. DDT-p,p’ IC Silica; s1 0.05–3.0 95 5.5

18. Deltamethrin IP Silica; s1 0.05–30.0 95 3.4

19. Dichlofluanid F Silica; s2 0.02–40.0 101 5.6

20. Dichloran F Silica; s1 0.04–20.0 80 6.1

21. Dieldrin IC Silica; s1 0.05–30.0 100 4.2

22. Endosulfan-alfa IC Silica; s1 0.05–2.4 93 4.2

23. Endosulfan-beta IC Silica; s1 0.06–3.0 97 5.6

24. Endosulfan-sulfate IC Silica; s2 0.08–4.0 88 5.7

25. Esfenvalerate IP Silica; s1 0.04–20.0 93 6.9

26. Fenarimol F Silica; s3 0.04–8.0 88 6.5

27. Fenpropathrin IP Silica; s1 0.03–20.0 98 3.8

28. Fenvalerate IP Silica; s1 0.04–20.0 102 5.7

29. Folpet F Silica; s2 0.04–6.0 94 3.3

30. HCB IC Silica; s1 0.01–0.3 94 6.2

31. HCH-alfa IC Silica; s1 0.03–6.0 96 4.6

32. HCH-beta IC Silica; s1 0.03–4.0 96 3.9

33. HCH-gamma (lindane) IC Silica; s1 0.01–20.0 98 3.8

34. Heptachlor IC Silica; s1 0.04–2.0 102 5.4

35. Hexaconazole F Silica; s3 0.02–4.0 88 5.9

36. Imazalil F Silica; s3 0.03–8.0 74 4.7

37. Lenacil H Silica; s3 0.04–20.0 91 4.6

38. Methoxychlor IC Silica; s1 0.03–6.0 92 3.2

39. Metribuzin H Silica; s2 0.08–4.0 71 5.9

40. Myclobutanil F Silica; s3 0.03–8.0 88 5.6

41. Penconazole F Silica; s3 0.05–8.0 86 4.9

42. Permethrin IP Silica; s1 0.07–40.0 106 5.6

43. Procymidone F Silica; s2 0.02–20.0 96 3.0

44. Propachlor H Silica; s2 0.03–20.0 87 6.4

45. Propiconazole F Silica; s3 0.02–20.0 88 5.6

46. Quintozene F Silica; s1 0.04–2.0 95 6.9

47. Tetraconazole F Silica; s3 0.03–8.0 78 3.8

48. Tetradifon IP Silica; s1 0.08–4.0 79 5.7

49. Tolyfluanid F Silica; s2 0.01–4.0 88 3.3

50. Triadimefon F Silica; s2 0.02–6.0 94 3.3
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L.p. Pesticide Group
SPE  

extraction
Range 
[µg/l]

Mean  
recoveries [%]

RSD [%]

GC- NPD

1. Atrazine H Silica; s2 0.05–40.0 90 3.4

2. Azinphos-ethyl IP Silica; s2 0.04–40.0 98 2.6

3. Azinphos-methyl IP Silica; s2 0.08–6.0 96 4.6

4. Bitertanol F Silica; s3 0.01–20.0 75 4.6

5. Carbaryl IC Silica; s2 0.05–20.0 90 6.0

6. Carbofuran IC Silica; s2 0.05–40.0 91 7.2

7. Cyproconazole F Silica; s3 0.05–20.0 70 6.1

8. Diazinon IP Silica; s2 0.01–40.0 93 4.9

9. Difenzoconazole F Silica; s3 0.01–30.0 81 3.0

10. Dimethoate IP Silica; s3 0.02–4.0 71 6.4

11. Fenitrothion IP Silica; s1 0.02–6.0 84 4.6

12. Fluzilazole F Silica; s3 0.05–20.0 86 3.3

13. Formothion IP Silica; s2 0.04–4.0 79 4.5

14. Heptanophos IP Silica; s3 0.04–8.0 91 4.2

15. Iprodione F Silica; s2 0.04–20.0 93 4.2

16. Malathion IP Silica; s2 0.02–6.0 89 3.5

17. Metalaxyl F Silica; s3 0.02–20.0 82 3.6

18. Methidathion IP Silica; s2 0.05–4.0 87 3.9

19. Parathion IP Silica; s1 0.02–4.0 96 5.5

20. Parathion methyl IP Silica; s1 0.02–4.0 98 3.4

21. Phosalone IP Silica; s1 0.03–4.0 92 6.1

22. Pirimicarb C Silica; s3 0.02–4.0 93 4.2

23. Propoxur IC Silica; s3 0.01–8.0 92 4.2

24. Quinalfos IP Silica; s2 0.02–4.0 92 5.7

25. Simazine H Silica; s3 0.02–4.0 91 6.5

26. Tebuconazole F Silica; s3 0.03–20.0 81 4.6

27. Triazophos IP Silica; s2 0.02–4.0 109 4.5

28. Trifluralin H Silica; s1 0.05–6.0 92 6.2

29. Vinclozoline F Silica; s1 0.02–4.0 95 5.5

F –  fungicide, H – herbicide, IP – insecticide phosphororganic, C – insecticide carbamate, IC – in-
secticide chloroorganic, IPYR – insecticide pyrethroid

This work describes a simple method for the quantification of 92 pesticides in gro-
undwater at low 0.1 µg/L level. HPLC separation and quantification was carried out at 
gradient conditions using a stationary phase based on C18 bonded to silica–organic par-
ticles for phenylurea herbicides and Bakerbond ENV for phenoxyacetic herbicides. GC /
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NPD/ECD separation and quantification was carried out using a caplillary HP-5 column. 
Three commercially available sorbents: SDB-2, SDB-1 and SPE with silica sorbents we-
re assayed in order to optimise the simultaneous extraction of the selected groups of 
analytes. By concentrating 1 L of groundwater, detection and quantification limits signi-
ficantly below the permitted concentration levels were reached for most of the pesticides. 
Gas chromatography with NP and EC detection and liquid chromatography with PDA 
detection allowed to determined the pesticides at concentrations of a few nanograms – 
per – liter with a high precision (2.0–7.2%), thus fulfilling the requirements for drinking 
and surface water analysis as per EU Directives [5,6,7]. The method’s efficiency concern-
ing 29 GC-NPD-sensitive and 50 ECD-sensitive pesticides and 13 HPLC-PDA com-
pounds has been validated and found satisfactory. Validation of the method was per-
formed by spiking samples of water in the laboratory. HPLC-grade water and well’s 
water with 92 of the compounds at three concentration levels and the results of the recov-
ery study are also given in table 3. As seen from these data, recoveries for the 92 pesti-
cides are between 70 and 109%, values acceptable for residue analysis. Recovery studies 
showed that the evaporation of the elute is a critical step of the extraction procedure, be-
cause some volatile pesticides (imazalil, metribuzin, Dimethoate, dicloran, fenitrothion 
and vinclozolin) can be partially lost during evaporation. 

All the pesticides analyzed had correlation coefficients r2 from 0.995 to 0.999. 
The limits of detection (LOD) were calculated as the minimum concentrations pro-
viding chromatographic signals three times higher than background noise. Tests on 
real samples aimed at determining the LOD provided results similar to those for 
distilled water except for a few additional peaks which had no effect on the detection 
of pesticides. Data were collected 2009-2010 from 22 sites with a 30 existing wells 
(total 120 samples). The level of pesticides in wells water at all locations is presented 
in table 4. The sample chromatograms of real water sample containing by MCPA 
(1.18 µg/L), izoproturon (0.09 µg/L), chlorpyrifos (0.02 µg/L) compounds identified 
by shows Fig. 4 and Fig. 5.

 Numerous publications have confirmed the presence of organochlorine pe-
sticides in not only surface waters and groundwaters but also drinking water, rain 
water, and even in the water and ice from mountainous and polar regions [21].  
The results of the analysis of the water samples from north – eastern Poland  
(Table 4) have shown the presence of organochlorine pesticides. Among the organo-
chlorine compounds detected were HCH (the isomer γ, 0.02 µg/L), and  
p,p’-DDT (0.02-0.1 µg/L) in the same wells, as in our previous research [22, 23], but 
in low concentration. The lindane (γ-HCH) and DDT are banned in Poland, but still 
residues of these compounds have been found in aquatic system [21]. 
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table 4.  Level of pesticides in water samples taken in spring and autumn 2009 –2010 Podlasie Re-
gion,  n.d. – not detected, bold – concentration above CML

tabela 4.  Poziomy pestycydów w próbkach wody z Podlasia pobranych wiosną i jesienią 2009–
2010, n.d. – nie wykryto, pogrubienie – stężenie powyżej najwyższych dopuszczalnych 
stężeń

Compound

2009 2010

concentration 
min-max 

[µg/L]

N samples 
with  

pesticide

concentration 
mean
[µg/L]

concentration 
min-max  

[µg/L]

N samples 
with  

pesticide

concentration 
mean
[µg/L]

Atrazine 0.01; 0.01; 2.23 3 0.75 0.03; 0.24 2 0.14

Chlorpyrifos nd - - 0.03 1 0.03

Diazinon nd - - 0.01 1 0.01

Dimethoate 0.02 1 0.02 0.03 1 0.03

DDT – p,p’ 0.02 1 0.02 0. 1 1 0.1

Captan n.d - - 0.01 1 0.01

Fenitrothion nd - - 0.05 1 0.05

HCH n.d. - - 0.02 1 0.02

Izoproturon 0.08; 0.3 2 0.19 n.d - -

Linuron 0.3; 0.4 2 0.35 0.04 2 0.04

Methoxychlor 0.03; 0.2 2 0.11 0.03 1 0.03

MCPA 0.1; 1.18 2 0.69 0.2 1 0.2

Pirimicarb 0.03 1 0.03 n.d. - -

Propoxur n.d. - - 0.02 1 0.2

Simazine 0.02; 0.55 2 0.38 0.03; 0.8 2 0.4

Fig 4.   Chromatogram of water sample containing by MCPA (1.18µg/L) and izoproturon (0.09µg/L) 
(HPLC)

Rys. 4.  Chromatogram próbki wody zawierającej  MCPA (1,18µg/L) oraz izoproturon (0,09µg/L) 
(HPLC)
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Fig. 5. Chromatogram of water sample containing by chlorpyrifos (0.03 µg/L) (GC-EC)
Rys. 5. Chromatogram próbki wody zawierającej chloropiryfos (0,03 µg/L) (GC-EC)

Five herbicides (atrazine, izoproturon, linuron, MCPA and simazine) were de-
tected in twenty one water samples (17.5% of total samples). Carbamate insecticides 
are also detected (16%) (pirimicarb, propoxur). The presence of pirimicarb, fenitro-
tion, captan and diazinon in ground water could be attributed to the intense agricul-
tural activity in the area of north-eastern Poland along the fruit orchards (in fruit or-
chards the use of pesticides can even reach to 25 kg/ha). It can be inferred that the 
environment may be considerably degraded by these compounds, providing additio-
nal impact to the biota and bringing a potential risk to human health. 

Earlier report [25] has also shown the presence of very high concentrations of 
similar pesticides in fruits and vegetables produced in north-eastern Poland. Consi-
dering the dietary daily intake of a common man which includes fruit, vegetables, 
cereals, milk and water, the concentrations of the pesticides intake from these food-
stuffs alone could be much higher than the acceptable daily intake (ADI). Although 
several hundred pesticides with different physical and chemical properties are wide-
ly used for agricultural purposes, our study was limited to only an over 90 represen-
tative pesticides commonly used in Poland.

The pesticide concentrations found in groundwater may threatened the human 
health because this wells water is used for drinking purposes, although the concen-
trations were usually below the health advisory levels (Table 4) set by the office of 
the drinking water. 

In this study pesticides concentrations generally do not exceeded MCL current 
drinking water criteria established by US EPA [26], but in the case of simazine, atra-
zine, metoxychlor, MCPA and izoproturon was almost reached to MCL value.

Research Wielkopolska surface waters [27] indicate that 78.2% of samples con-
tained residues of plant protection products used in intensive agricultural production. 
Such residues were found in 31% of the samples of water originating from wells lo-
cated in the Podlasie Region. In both cases, the ranges of the detected pesticides 
were similar. 

Taking into account the first part of the Directive 2000/60/EC, sixteen times 
(0,13%) the reported excess residue limit for a single substance (above 0.1 µg/L). Ta-
king into account the second part of the Directive, where the sum of the residues 
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detected in the sample should not exceed 0.5 mg/dm3, only two (0.02% of all sam-
ples) were found exceeding the standard.

Most frequently detected residues in Podlasie waters derived from triazine her-
bicides, of (7.5% of detection), atrazine and simazine are now withdrawn from use in 
the Europe Union precisely because of their persistence in the environment.

We also detected pesticide followed by linuron (3.3%), MCPA(Fig. 4) and meto-
xychlor (2.5%), dimethoate, DDT and izoproturon (1.6%), chlorpyrifos (Fig. 5), dia-chlorpyrifos (Fig. 5), dia-, dia-
zinon, captan, fenithrotion, HCH, pirimicarb and propoxur (1%)(Table 4). In the case 
of linuron two groundwater samples of 2009, have concentration above drinking wa-
ter standards, but in 2010 the residue levels were below the standards. Wells near 
maize and cereals crops were more likely to have detectable pesticides, particularly 
herbicides, wells near fruit orchards were the next most likely, but a much lower than 
for rural crops.

In present study specific trends of physical properties of pesticides i.e., water 
solubility and Koc with detection frequencies are established. Moreover, it is found 
that well water contamination is not a seasonal phenomenon. Wells, that are origi-
nally found to have positive concentrations of a given pesticide tended to remain po-
sitive for that pesticide in repeated sampling period (atrazine, simazine, MCPA, di-
methoate). Chlorpyrifos, diazinon, captan, fenitrotion, HCH, pirimicarb and propoxur 
have been reported as having a low contamination (0.01-0.03 µg/L). These compo-µg/L). These compo-). These compo-
unds in five years monitoring (2006-2010) occur irregularly. 

Adopting pesticide use procedures that minimize or avoid the possibility of 
water contamination may mean a change in the usual practices of many pesticide 
users, but changes, when required, are essential. Levels of pesticides in water resour-
ces can be reduced by a regular process which would result with maximum protec-
tion of humans and the environment and minimum disruption of food and fiber pro-
duction. Monitoring of the water for pesticide residues must continue. This work 
provided the first systemic data on the contamination status of pesticides in surface 
water of Podlasie Region, Poland.

cONcluSIONS

Comprehensive surveys and experimental analysis of organochlorine, organo-
phosphorous, and herbicide pesticides in water from wells in Podlasie region, Poland, 
were conducted in this study. These results confirm the usefulness of the research 
and allow specifying a group of pesticides used in crop protection, which may cause 
pollution of the aquatic environment. Results showed that although concentrations of 
the pesticide residues were lower than the corresponding concentration levels in ano-
ther sites in Europe related standards, adverse effects on human health and eco-sys-
tems should be concerned. In comparison to other region of Poland, Wielkopolska, 
similar concentrations of pesticide samples were observed. Intensive usage of techni-
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cal HCHs and DDTs over the past decades could be the main reason for the existen-
ce of OCP residues in the waters of Podlasie, also herbicides like atrazine and sima-
zine in recent years. 

Since 2006, pesticides or metabolites detected their (breakdown products) are 
in more than 40% of samples from a depth of 20m water collected for under ground 
water collected points. In the period 2006-2010 annual percentage wells with con-
centrations of pollutants exceeding the limit of 0.1 µg/L, decreased from 12% to 4%. 
By limiting the area of application, number of treatments and doses, can significan-
tly reduce water contamination. Due to the long cycle of movement of groundwater, 
the last ten years both the regulators banned as permitted and pesticides has not pro-
duced significant improvement in the quality of that water. Most of the today, pesti-
cides, in accordance with EU requirements [24], is likely to contaminate groundwa-
ter and not more than 0.1 µg/L, may be revision of new active substance or at the EU 
level.
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obciĄŻenie najwaŻniejSzymi peStycydami wód podziemnych podlaSia 
i ich wyStĘpowanie w latach 2009-2010

Streszczenie. Próbki wody pobierano sezonowo z trzydziestu studni w ciągu 2 lat (2009 - 2010). Bada-
niami objęto 20 substancji aktywnych herbicydów, 47 insektycydów oraz 25 fungicydów powszechnie 
stosowanych w ochronie roślin. Wszystkie pestycydy wyizolowano techniką ekstrakcji do fazy stałej  
i oznaczono na chromatografie gazowym w dualnym systemie detekcji z wykorzystaniem detektorów 
wychwytu elektronów i azotowo-fosforowego oraz chromatografu cieczowego z detektorem fotodio-
dowym. Uzyskane wyniki potwierdzają obecność w wodach studzienicznych pozostałości pestycydów 
z różnych klas chemicznych i biologicznej aktywności. Najczęściej stwierdzano pozostałości pestycy-
dów fosforoorganicznych: chloropiryfos, diazinon, dimetoat i fenitrotion, wśród herbicydów: atrazynę, 
MCPA i linuron oraz jeden fungicyd – kaptan. Sporadycznie odnotowano pestycydy chloroorganiczne, 
produkty degradacji DDT oraz lindan (γ-HCH). Najwyższe stężenia stwierdzono dla atrazyny i syma-
zyny (2,23 µg/L oraz 0,8 µg/L, maj 2009 i 2010). W niektórych przypadkach oznaczone stężenia prze-
kraczały najwyższe dopuszczalne poziomy ustalone przez Unię Europejską, zwłaszcza w przypadku 
atrazyny (2,23 µg/L), izoproturonu (0,3 µg/L), linuronu (0,3-0,4 µg/L), metoksychloru (0,2 µg/L), 
MCPA (1,18 µg/L) oraz symazyny (0,8 µg/L). Insektycydy fosforoorganiczne występowały na znacznie 
niższym poziomie stężeń, niż herbicydy. Stężenia pestycydów zależały od terminu pobierania próbek, 
jednakże tendencja ich występowania nie była jednakowa dla wszystkich wykrytych związków. Wy-
stępowanie pestycydów w wodach podziemnych Podlasia może być przypisane intensywnej działalno-
ści rolniczej i może stanowić zagrożenie dla zdrowia ludzi. Przeprowadzone badania wykazały, że ko-
nieczne jest monitorowanie skażenia zasobów wodnych i rozwoju standardów jakości wody pitnej dla 
poszczególnych pestycydów w Polsce. 
Słowa kluczowe: pestycydy, wody gruntowe, GC, HPLC.




