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INTRODUCTION

Abstract

The ground water quality was determined after the analyses of water samples from
18 wells. The wells were in the Groundwater Area with the Highest Protection (Trias-
sic water, Opole region, Poland), rural build up. The water table level was low: 0.5
—18.0 m below the ground surface level (except for one artesian well). The following
parameters were determined: pH, EC, colour, ammonium, nitrite, nitrate, dissolved
orthophosphate, total phosphorus, dissolved oxygen, BOD, COD-Mn, COD-Cr, hu-
mic substances, chloride, sulphate, total hardness, alkalinity, dry residue PAHs (16
compounds), pesticides (6 compounds), however, only selected data were presented in
this paper. In all the analysed water samples chloro-organic pesticides were observed.
The analysed water contained heptachlor in the highest concentrations of 15.97 mg/
dm?®. Good quality water must not include concentrations higher than 0.5 mg/dm? of
heptachlor. However, the concentration was circa 32 times higher than this value.
The second pesticide determining poor water quality is dieldrin. This compound in
the investigated groundwater was 1.94 mg/dm? — 4 times higher than the limit for ac-
ceptable quality ground water. The concentration of pesticides also changed over the
course of the research; the concentration in the analysed groundwater in the same well
changed quite dramatically over a period of 1 year. Although PAHs and pesticides are
potentially toxic for biological organisms they do exist in the environment as a prod-
uct of the natural biological transformation of organic matter. The noted concentra-
tions and compositions of PAH compounds were different to natural PAHs. It confirms
the fact that agricultural activity influences groundwater quality.
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or natural (volcano eruptions, organic matter de-
composition) origin [Lazzari et al. 1999, Thiele

Not only is waste disposal considered a criti-
cal factor in environmental degradation. Agri-
cultural activities can adversely affect the envi-
ronmental quality as a result of the emissions of
nutrients and organic compounds [Fianko et al.
2009, Jayasekera et al. 2011]. It is also known as
a non-point-source pollution [Ritter et al. 2002].
Persistent organic pollutants in a form of PAHs
are present in all natural environmental com-
ponents [Ake et al. 2003, Owabor et al. 2010,
Pranagal and Oleszczuk 2007]. They may be of
anthropogenic (mainly combustion processes)

and Brummer 2002, Wilcke et al. 1999]. The
highest amount can be traced in soil (about 80%)
and bottom sediments [Oleszczuk et al. 2007].
PAHSs are bad solvents in water but they can trans-
locate in this environment because other organic
compounds, existing as effluents, can take a role
of a solvent [Wlodarczyk-Makuta et al. 2003].
Pesticides used in agricultural areas can also be
present in ground water and soil [Geyikci and
Blyukgiingor 2011, Swarcewicz and Gregorczyk
2011]. This is a result of high stability, low micro-
bial degradation and the sorption of these com-
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pounds in soil. Migration of PAHs and pesticides
with humic substances in vertical water streams
of the soil profile is a fundamental process. This
could be a primary source of groundwater con-
tamination by organic compounds [Pisarek and
Gtowacki 2005]. The compounds contained in
groundwater, sometimes used as drinking water,
are dangerous to human health because of the
possibility of a mutagenic and carcinogenic reac-
tion [Owabor et al. 2010, Ritter et al. 2002].

The aim of this paper is to determine the con-
centration of PAHs and pesticides in groundwater
as a result of co-transport with humic substances
contained in soil solutions.

MATERIALS AND METHODS

The research area was localized to the big-
gest ground water reservoir in the Opole region
(south-west part of Poland) — The Main Ground-
water Reservoir No. 333 (MRGW No 333) [Stas-
ko and Wocislo 2006]. This region is situated in
the western part of the Silesian Upland with post-
volcanic rocks. An erupting volcano went through
Triassic limestone sediments and formed a basal-
tic cone on towering limestone. Nowadays, this
area is protected and known as “St. Anna Moun-
tain” Landscape-Protection Park. The towering
of limestone layers and their penetration by non-
porous, little eroding basaltic rocks created good

conditions for the karst phenomena [Flaczyk
1987]. The main water level of the reservoir is in
the Triassic limestone [Kryza and Stasko 2000].
Total water capacity MRGW No. 333 was calcu-
lated at about 250 000 m®/d, the reservoir being
about 40 km long [Szczygiet et al. 2006]. The
bottom of the mountain and the adjacent areas are
used for agricultural purposes - the farmers grow
various plants and breed stock animals.

The research from wells situated on the Main
Groundwater Reservoir is presented in Figure 1.

Polycyclic aromatic hydrocarbons (PAHS)
were examined in groundwater samples taken
from wells localized on the main groundwater
reservoir MRGW No 333 (Main Reservoir of
Groundwater No 333) lower Silesia region (Po-
land). Wells 7 and 13 were removed from calcula-
tions due to incomplete results.

Preparation of Groundwater

Water samples were taken from wells and
collected in amber glass bottles. Preservation was
achieved by an addition of methanol. All samples
were stored in a dark place without access to sun-
light before analysis. The PAH extraction from
the samples was performed with dichlomethane
(GC grade) by 4-hour shaking. Dichlomethane
— water sample ratio was 1:10 (v/v). Pesticide
extraction from the samples was performed with
hexane (GC grade) by 4-hour shaking. Hexane
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— water sample ratio was 1:10 (v/v). After that,
the shaken organic layers were separated in sepa-
ratory funnels, dried by anhydrous Na,SO, and
evaporated to about 0.5ml volume. All samples
were determined in two replicates.

Samples analysis

In each sample 16 single compounds were
determined which are recommended to be mon-
itored by the U.S. Environmental Protection
Agency (US-EPA). They include: naphthalene
(NAPH), acenaphthylene (ACY), acenaphthene
(ACE), fluorene (FLU), phenantrene (PHE), an-
thracene (ANT), fluoranthene (FLA), pyrene
(PYR), benzo[a]anthracene (B[a]JANT), chrysene
(CHR), benzo[bk]fluoranthene (B[b,k]FLA),
benzo[a]pyrene  (B[a]PYR), dibenzo[a,h]an-
thracene (D[a,h]ANT), indeno[1,2,3-c,d]pyrene
(Ind[1,2,3-c,d]P), benzo[g,h,i]perylene (B[g,h,i]
PER). PAHs were determined in unpurified ex-
tracts by the GC-FID method using a ZB-5 (5%
diphenyl-95% dimethylsiloxane) capillary col-
umn with constant carrier (He) flow through
the column in the quantity of 1 ml/min. The
temperature of the chromatograph (Varian CP
3800) injector was 300 °C while the FID detec-
tor was 320 °C. The temperature program of the
stove began at 100 °C which lasted for 2 min-
utes, and then with a stable increase of 5 °C/min
the temperature reached 300 °C which lasted for
10 minutes. Certified PAHs standards (2000 mg/
cm? of each compound; LGC Promochem Cor-
poration, Teddington, UK) were used in order to
determine the calibration curve [Rosik-Dulewska
et al. 2008a]. Recovery levels for this procedure
were low for naphthalene (62—74%), and higher
(83-94%) for the rest of the individual PAHs. The
detection limit was 0.005 mg/dm? for each com-
pound of PAHs group. The uncertainty of the re-
sults was calculated as a standard deviation value.
Moreover, particular compound concentration ra-
tios: ANT/(ANT+PHE), BaA/(BaA+CHR), FLT/
(FLT+PYR) were calculated for estimation: pet-
rogenic and pyrogenic compounds — from burn-
ing solid fuels.

Pesticides determination

In each sample 6 single compounds (Hep-
tachlor, Aldrine, Dieldrine, DDE, DDD, DDT)
were determined. Pesticides were determined in
unpurified extracts by GC-ECD method using
DB-1701 capillary column with constant carrier

(He) flow through the column in quantity of 1ml/
min. The temperature of the chromatograph in-
jector was 250 °C while the ECD detector was
310 °C. The temperature program of the stove be-
gan at 150 °C which lasted for 1 minute, and then
with a stable increase of 5 °C/min the tempera-
ture reached 305 °C that lasted for 10 minutes.
Certified pesticides standards (500 mg/cm® of
each compound; LGC Promochem Corporation,
Teddington, UK) were used in order to determine
calibration curve.

Basis analysis

The conductivity and pH was determined with
the use of electronic instruments: pH-meter and
conductivity-meter immediately after sampling.
Temperature and deep horizon groundwater was
determined in the well with a thermometer and a
specialized meter with a water table detector on
the end.

RESULTS AND DISCUSSION

In autumn, the water table was situated at 0.99
m under ground level (ugl) (well 9) to 9.0 m ugl
(well 15). The mean depth of the water table dur-
ing autumn was 3.48 m ugl. In winter the water
table was measured from 0.7 m ugl (well 18) to
8.78 m ugl (well 15). The mean depth of the water
table during autumn was 3.35 m ugl. Well 8 is
particularly noteworthy. This is an artesian spring
with an outflow of 0.7 m above ground. It is a rare
phenomenon in the Lower Silesia Region. The
temperature of the investigated water was high
during autumn 10.3-19.0 °C and low during win-
ter 3.5-10.0 °C. Values of pH and EC were typical
for unpolluted ground waters (Table 1).

The investigated waters initially created a
shallow water layer. It was mostly located from
1.0 to 3.5 meters under ground level. Addition-
ally, the character of the soil and rocks — full of
caverns — made it possible for effective transmis-
sion of rainwater (also with pollutants) directly
and quickly to the water layer [Aghazadeh and
Mogaddam 2011]. Only three wells (no. 14 to
16) were deeper — the water table being under
6 meters ugl. The pH values were typical for
well-buffered waters and these values were close
to existing data from the Opole region [Rosik-
Dulewska et al. 2008b]. In this area, it manifests
itself in rocks rich in calcium and magnesium car-
bonates, so pH data from other areas are lower
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Table 1. Main water samples’ parameters

Nr Deep to horizon water [m ugl] pH EC [uS*cm™] Temperature [°C]
of well Min—max average Min—max median Min—max average Min—max average
1 1.10-1.12 1.05 7.02-7.10 7.05 760-872 806 5.5-17.0 9.9
2 0.81-1.15 0.99 7.42-7.68 7.59 103-415 287 4.5-17.0 10.2
3 0.83-1.59 1.23 7.07-7.68 7.11 524-726 606 3.1-16.0 5.3
4 2.08-2.48 2.30 6.90-7.21 6.95 609-951 833 6.4-16.0 10.7
5 2.10-2.76 2.35 7.17-7.95 7.36 462-836 643 5.7-16.0 10.0
6 1.80-2.28 2.06 7.00-7.34 7.22 695-1145 867 7.5-16.0 12.0
8 dnp dnp 7.04-7.40 7.25 649-774 702 9.4-11.0 10.2
9 0.76-1.12 0.92 7.00-7.33 7.16 580-764 656 6.6-19.0 12.0
10 2.03-2.12 2.07 7.04-7.30 7.23 695-857 767 8.2-14.8 11.0
11 3.85-4-64 4.04 7.85-8.33 8.16 372-490 420 7.0-13.2 9.9
12 1.09-1.70 1.38 7.31-8.11 7.88 363-420 382 5.5-13.2 9.0
14 7.12-7.85 7.49 7.08-7.68 7.41 709-895 786 8.9-11.3 10.2
15 8.78-9.46 9.07 6.89-7.49 7.27 816-895 872 9.1-10.3 9.6
16 6.60-6.85 6.73 6.68-7.71 7.21 460-535 506 7.6-11.3 9.5
17 0.98-1.63 1.32 6.68-7.86 7.47 502-620 561 2.6-13.0 8.1
18 0.51-1.15 0.85 6.26—7.62 7.35 424-619 547 2.1-13.1 7.4
19 2.74-3.04 2.89 6.24-7.02 6.67 439-524 502 7.5-13.4 10.3
20 2.25-2.30 2.27 6.88—7.30 7.09 292-528 410 6.5-12.5 9.7
Table 2. Content of PAHSs in water samples taken in autumn (A) and winter (W) [mg/dm?]
wel 2 3 4 6
Compound A w A w A w A w A w A w
NAPH 0.294 | 0.693 | 0.671 | 1.106 | 0.764 | 2.045 | 0.011 | 1.042 | 0.705 | 1.957 | 0.341 | 1.187
ACY 0.023 | 0.013 | 0.019 | 0.228 | 0.025 | 0.128 | <0.005 | 0.017 | 0.028 | 0.045 | 0.024 | 0.019
ACE 0.050 | 0.093 | 0.030 |<0.005| 0.043 | 2.212 | 0.016 | <0.005| 0.041 | 0.158 | 0.035 | 0.056
FLU 0.019 | 0.090 | 0.032 | 0.487 | 0.015 | 1.013 | 0.009 | 0.047 | 0.075 | 0.377 | 0.122 | 0.546
FEN 0.106 | 0.060 | 0.032 | 0.322 | 0.116 | 1.238 | 0.038 | 0.139 | 0.095 | 0.474 | 0.140 | 0.632
ANT 0.178 | 0.052 | 0.103 | 0.473 | 0.150 | 0.100 | 0.058 | 0.132 | 0.169 | 0.026 | 0.160 | 0.037
FLA 0.330 | 0.117 | 0.223 | 0.128 | 0.353 | 0.718 | 0.129 | 0.044 | 0.559 | 0.084 | 0.392 | 0.032
PYR 0.129 | 0.135 | 0.427 | 0.402 | 0.022 | 0.065 | 0.010 | <0.005 | 0.022 | 0.022 | <0.005| 0.027
B(a)ANT 0.124 | 0.044 | 0.081 | 0.019 | 0.111 | 0.104 | 0.105 | 0.120 | 0.197 | 0.034 | 0.117 | 0.059
CHR 0.071 | <0.005 | 0.191 | 0.145 | 0.064 | <0.005 | 0.033 | <0.005 | 0.097 | <0.005 | 0.069 | <0.005
B(b)FLU 0.602 | 0.385 | 0.111 | <0.005 | 0.599 | <0.005| 0.185 | <0.005| 0.712 | 0.035 | 0.544 | 0.058
B(k)FLU 0.753 | 0.028 | 1.278 | <0.005 | 0.659 | 0.055 | 0.253 | 0.281 | 0.667 | 0.104 | 0.188 | 0.166
B(a)PYR <0.005 | 0.050 | 0.809 | 0.032 | <0.005 | <0.005 | <0.005 | <0.005 | 0.037 | 0.040 | 0.018 | <0.005
Ind(1,2,3-cd)P | 0.026 | 0.180 | <0.005 | 0.121 | 0.113 | 0.254 | 0.016 | <0.005| 0.034 | 0.096 | 0.022 | 0.114
D(a,h)ANT | <0.005 | <0.005 | 0.022 | 0.310 | 0.160 | <0.005 | 0.049 | <0.005 | 0.073 | <0.005 | 0.220 | <0.005
B(g,h,i))PER | <0.005 | <0.005 | 0.032 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005
Mean value 0.169 | 0.121 | 0.254 | 0.236 | 0.199 | 0.496 | 0.057 | 0.114 | 0.219 | 0.216 | 0.149 | 0.183
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Table 3. Content of PAHs in water samples taken in autumn (A) and winter (W) [mg/dm?®]

Well
8 9 10 1 12 14
Compound
A w A w A w A w A w A w
NAPH 0.639 | 1.151 | 1.103 | 0.812 | 0.926 | 0.832 | 0.391 | 0.627 | 0.634 | 0.863 | 0.113 | 0.651
ACY <0.005 | 0.022 | 0.031 | 0.043 | 0.021 | 0.050 | 0.012 | 0.168 | 0.013 | <0.005 | 0.004 |<0.005
ACE 0.008 | 0.123 | 0.059 | 0.068 | 0.033 | <0.005 | 0.010 | 0.005 | 0.018 | <0.005 | 0.012 |<0.005
FLU 0.047 | 0.796 | 0.030 | 0.025 | 0.081 | 0.016 | 0.059 | 0.659 | 0.039 | 0.182 | 0.003 | 0.337
FEN 0.104 | 0.825 | 0.124 | 0.038 | 0.084 | 0.035 | 0.047 | 0.124 | 0.035 | 1.722 | 0.015 | 0.194
ANT 0.115 | 0.030 | 0.242 | 0.055 | 0.205 | 0.070 | 0.080 | 0.183 | 0.281 | 0.340 | <0.005 | 0.024
FLA 0.393 | 0.021 | 0.393 | 0.092 | 0.313 | 0.107 | 0.183 | 0.122 | 0.097 | 0.005 | 0.010 | 0.027
PYR 0.220 | 0.036 | <0.005 | 0.007 | <0.005| 0.041 | 0.025 | 0.018 | 0.016 | 0.106 | 0.007 | 0.006
B(a)ANT 0.524 | 0.097 | 0.231 | 0.139 | 0.128 | 0.178 | 0.023 | 0.017 | 0.047 | 0.039 | <0.005 | 0.013
CHR 0.447 | <0.005 | 0.010 | 0.036 | 0.040 | 0.020 | 0.005 | <0.005 | 0.289 | 0.044 | <0.005 | 0.015
B(b)FLU 0.026 | 0.038 | 0.199 | 0.063 | 0.595 | 0.069 | 0.128 | 0.230 | 0.748 | 0.026 | 0.423 | 0.042
B(K)FLU 0.876 | 0.177 | 0.318 | 0.153 | 0.152 | 0.188 | 0.193 | 0.551 | 0.633 | 0.119 | 0.586 | 0.068
B(a)PYR 1.067 | 0.069 | 0.085 | 0.056 | 0.063 | 0.055 | 0.065 | <0.005| 0.151 | 0.029 | <0.005 | <0.005
Ind(1,2,3-cd)P | 0.779 | 0.184 | 0.028 | 0.148 | 0.014 | 0.207 | 0.034 | <0.005 | 0.168 | 0.080 | <0.005 | <0.005
D(a,h)ANT | 0.126 | 0.133 | 0.192 | 0.086 | 0.090 | 0.116 | 0.035 | <0.005 | 1.190 | <0.005 | <0.005 | 0.074
B(g,h,)PER | 0.460 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | 0.231 | <0.005 | <0.005
Mean value | 0.364 | 0.231 | 0.190 | 0.114 | 0.172 | 0.124 | 0.081 | 0.169 | 0.272 | 0.237 | 0.073 | 0.091
Table 4. Content of PAHSs in water samples taken in autumn (A) and winter (W) [mg/dm?]
Well
15 16 17 18 19 20
Compound
A w A w A w A w A w A w
NAPH 0.064 | 0.648 | 0.274 | 0.586 | 0.527 | 0.685 | 0.603 | 1.479 | 1.034 | 1.657 | 0.551 | 1.157
ACY <0.005 | 0.019 | 0.006 | 0.004 | 0.020 | 0.004 | 0.014 | 0.019 | 0.026 | 0.018 | 0.039 | 0.007
ACE 0.048 | 0.112 | 0.021 | 0.022 | 0.033 | 0.021 | 0.035 | 0.157 | 0.020 | 0.126 | 0.034 | 0.207
FLU 0.039 | 2.026 | 0.002 | 0.392 | 0.010 | 0.324 | 0.014 | 0.611 | 0.016 | 0.031 | 0.034 | 0.056
FEN 0.060 | 0.238 | 0.004 | 0.564 | 0.063 | 0.413 | <0.005 | 0.489 | 0.051 | 0.209 | 0.042 | 0.107
ANT <0.005 | 0.039 | 0.020 | 0.122 | 0.093 | 0.043 | <0.005 | 0.719 | 0.093 | 0.049 | 0.068 | 0.041
FLA 0.007 | 0.027 | 0.057 | 0.023 | 0.223 | 0.007 | 0.040 | 0.023 | 0.200 | 0.017 | 0.227 | 0.013
PYR 0.084 | 0.007 | 0.008 | 0.008 |<0.005 | 0.008 | 0.094 | 0.015 |<0.005 | 0.043 |<0.005 | 0.032
B(@)ANT | <0.005 | 0.036 | 0.013 | 0.047 | 0.052 | 0.052 |<0.005| 0.114 | 0.090 | 0.080 | <0.005 | 0.023
CHR 0.115 | <0.005 | 0.024 | 0.046 | 0.025 | 0.099 | 0.022 | 0.054 | 0.072 | <0.005 | <0.005 | <0.005
B(b)FLU 0.235 | 0.069 | 0.042 | 0.147 | 0.280 | 0.117 | 0.012 | <0.005 | 0.165 | 0.106 | 0.104 | 0.116
B(k)FLU 0.840 | 0.091 | 0.135 | 0.208 | 0.315 | 0.266 | 0.149 | 0.298 | 0.366 | 0.163 | 0.212 | 0.143
B(@)PYR | <0.005 | <0.005 | <0.005 | 0.048 | <0.005 | 0.051 | 0.126 | 0.128 | <0.005 | <0.005 | <0.005 | <0.005
Ind(1,2,3-cd)P | 0.264 | <0.005 | 0.037 | 0.058 | <0.005 | 0.201 | <0.005 | <0.005 | 0.081 | 0.151 | <0.005 | <0.005
D(a,h)ANT | 0.177 | <0.005 | 0.026 | 0.543 | <0.005 | 1.009 | <0.005 | <0.005 | <0.005 | <0.005 | 0.145 | <0.005
B(g,h,)PER | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | 0.071 | <0.005 | <0.005 | <0.005 | <0.005
Mean value | 0.121 | 0.207 | 0.042 | 0.176 | 0.103 | 0.206 | 0.069 | 0.261 | 0.138 | 0.166 | 0.091 | 0.119
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[Fianko et al. 2009]. The electrically conductiv-
ity (EC) is lower than in existing data from the
polluted areas and shows that these waters are
not polluted with electrolytes [Aghazadeh and
Mogaddam 2011, Ciesielczuk et al. 2006a]. The
temperature of shallow water is more dependent
on atmospheric conditions. Only three samples —
wells 14 to 16 were less dependent, particularly
during the winter time when the temperature was
between 7.6-9.1 °C.

The investigated area is not under industry
pressure so organic contaminants mostly come
from agricultural activity eg. fertilizing with or-
ganic fertilizers and emissions from individual
heating systems. Noted concentrations of particu-
lar compounds are showed in Tables 2—4.

The sum of 16 PAHs analyzed compounds
was high — minimal values of 0.65 mg/dm? were
noted in the sample from well 16 in the autumn
and 1.452 mg/dm? in the winter (well 14). Maxi-
mum sum values were noted in sample 8 (au-
tumn) 5.832 mg/dm? and 7.931 mg/dm? in well
3 (winter). The Ministry of Environment regula-
tions [Regulation 2008] classify this water as “V”
— the poorest quality class. However, this regula-
tion does not state what compounds should be ex-
amined in the samples. Naphthalene is easily sol-

uble in water — so its concentration was relatively
high — and made over 50% of the total content.
In general, samples taken during the winter con-
tained lower amounts of PAHs than in the autumn
samples. Data from the literature showed that soil
eluate may contain 0.3-2.0 mg/dm?® of particu-
lar compounds from the PAHs group. However,
there were 3-4-ring compounds. The rest of the
compounds — 4 and 5 ring — were noted in trace
amounts [Goodarzi and Mukhopadhyay 2000].
Especially high concentrations were observed
in groundwater polluted by petroleum products
[Ciesielczuk et al. 2006b]. Also, elution of PAHs
from soil was relatively high [Czop and Wandrasz
2007]. Calculated PAH ratios: ANT/(ANT+PHE),
BaA/(BaA+CHR), FLT/(FLT+PYR) showed both
sources to be equal: petrogenic and pyrogenic for
these compounds. There was no correlation be-
tween the sum of 16 and between the sum of 6
PAHSs (according to Ministry regulations) and the
depth of the water table. High concentrations of
investigated PAH compounds was probably an
effect of the influence of the well area and wa-
ter administration. Apart from PAHS, chlorinated
pesticides were also observed (Table 5).
Pesticide analyses covered six compounds. In
the case of heptachlor, aldrin and dieldrin, high

Table 5. Content of pesticides in water samples taken in autumn (A) and winter (W) [mg/dm?]

el Heptachlor Aldrin Dieldrin DDE DDD DDT
Compound
A W A W A W A W A W A W
1 0.453 1.056 0.123 - 0.176 - 0.054 — 0.342 — 0.363 -
2 0.701 | 0.411 | 0.600 - 0.806 - - - - - - -
3 0.833 | 0.263 | 0.198 - 1.160 - - - - - - -
4 1.009 0.767 0.214 - 1.215 - - - 0.432 - 0.746 -
5 15.969 | 0.292 6.406 - 1.751 - 1.038 - 1.586 - 1.054 -
6 0.870 1.346 0.415 - 1.994 - - — - - - —
8 0.315 0.155 0.186 — 0.954 - 0.033 — - - - -
9 1.152 0.878 0.452 — 0.656 - 0.021 — 0.025 - 0.038 0.017
10 0.995 0.560 0.159 — 0.332 - - — - — — -
11 0.735 0.338 0.385 - 0.418 0.021 - — — — — -
12 0.683 0.452 0.752 - 0.084 - 0.009 - 0.080 - - -
14 0.334 0.363 0.954 - 0.060 - 0.058 0.008 | 0.007 - 0.075 -
15 0.128 0.225 0.605 - 0.175 - 0.020 - - 0.009 | 0.043 -
16 0.373 | 0.385 | 0.857 - 0.659 - - - - - - -
17 0.485 0.452 0.907 — 0.445 - - — - - - -
18 1.083 | 1.350 | 1.150 | 0.052 | 0.338 - 0.064 - 0.546 - - 0.023
19 0.787 | 0.681 | 0.858 - 0.549 - - - - - - -
20 0.564 0.405 0.762 - 0.587 - - - - - - -
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concentrations in investigated samples were not-
ed. Other authors found much lower concentra-
tions of these compounds [Geyikci and Biiyiik-
giing6r 2011]. Heptachlor was the most noted
and the autumn mean concentration reached 1.53
mg/dm?, for aldrin 0.888mg/dm’ and for dieldrin
0.687 mg/dm®. During winter the concentrations
of aldrin and dieldrin were low and rarely ex-
ceeded the detection limit. Also, the presence of
pesticides which had not been in use for around
20 years such as DDT was noted. The pollutants
DDT, and metabolites, were observed in lower
concentrations and only in some samples. The
sample most polluted by these compounds was
observed in well 5 — analoguous to high concen-
trations of heptachlor, aldrin and dieldrin. During
winter, the determined amount of DDT and its
metabolites (DDE, DDD) were lower and mostly
under the detection limit. This confirmed high sta-
bility and environmental pollution from this prod-
uct. There were no observed correlations between
pesticides’ concentration and the well depth.

CONCLUSION

The water from the investigated wells was
shallow groundwater — 1% level water table, there-
fore, the pollution risk from external sources is
highly possible. The samples contained a wide
range of concentrations of PAHs and pesticides.
In winter higher amounts of PAHs were ob-
served, however, they were mostly low toxicity
2 and 3 ring compounds, in contrast to autumn
with lower summary values but higher amounts
of 5 and 6-ring PAHs. The sum of PAHs was high
and investigated water samples were in the IV
and V — poor quality class (according to Minis-
try regulations). The pesticides content was also
wide ranging and high — showing great pressure
from human agricultural activities. The highest
noted concentration of heptachlor exceeded the
maximum accepted level by 32 times. The most
possible source of PAHs and pesticides in inves-
tigated water samples was soil eluate which leaks
to ground water as an effect of rainfall.
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