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Abstract: In this paper the results of a five-year investigation of the pollution of soil, as well
as of surface and groundwater by atrazine are reported. The soil samples were collected from
different localities, from the tillage level, at two depths (0—15 and 15-30 cm) during the pe-
riod September-November from 1995 to 1999. The surface and groundwater samples were
taken from the same localities during the same period. The residues were detected by the
ELISA test. The results showed that almost all the analysed soil samples contained residues
of atrazine. These quantities varied from 0.02 to 0.10 mg/kg (0-15 ¢cm), and up to 0.05
mg/kg (15-30 cm), depending on the locality, soil type and the year of investigation. Con-
cerning the residues in the surface and groundwater, it was found that most of the analysed
samples contained atrazine residues. In the case of the surface water, the quantity of the resi-
dues ranged from 1.0 to 4.13 pg/L, whille the ground water contained up to 0.3 pg/L de-
pending on the locality and the year of investigation.
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INTRODUCTION

Atrazine is a triazine herbicide, used worldwide since 1952 to control weeds in corn,
sorghum, sugar cane, orchards, pastures and non-crop areas. Atrazine is widely applied for
annual weed control in corn and it can be said that it is one of the most commonly used her-
bicides in Serbia. In spite of the existence of new chemical conpounds, atrazine is still be-
ing used in great quantities worldwide.!

In cultivated soils, atrazine is considered to be moderately persistent and highly mo-
bile. Numerous results have shown the presence of atrazine residues in groundwater.2-5
Hence, atrazine represents a potential risk to the environment and human health. Subse-
quent to its extensive use, numerous reports on soil, surface and groundwater contamina-
tion have been documented. Owing to its impact on groundwater, atrazine has been banned
in many countries and consequently producers and environmental scientists have focused
their attention on possible substitutes. Beside this, there is a risk of carryover of phytotoxic
residues into the next growing season resulting in possible damage to succeeding suscepti-
ble crops.®’
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In order to bring to lihgt the situation in Serbia, an attempt was made in this study to
obtain more information about atrazine residues in the soil, as well as the surface and
groundwater in a five-year investigation in typical crop growing areas.8 The point of this
investigation was to determine the atrazine residues after years of application and to assess
the risk to the environment and human health.

EXPERIMENTAL

Soil samples for the analysis were collected from six different localities: Sombor, Kikinda, Sabac,
Surcin, Para¢in and Negotin, in areas of intensive crop production, from 1995 to 1999. The samples were
taken from two depths (0—15 cm and 15-30 cm) during the period September-November. The surface and
groundwater samples were taken from areas near the above mentioned areas.

The9 residues of atrazine were detected using the ELISA test according to the procedure given by the
producer.

RESULTS AND DISCUSSION

The results of the determination of atrazine residues in the soil samples taken from
both depths are presented in Figs. 1 and 2, respectively. Concerning the samples from a
depth of 015 cm, 63.3 % contained atrazine residues up to the 0.05 mg/kg level, while
36.6 % contained residues from 0.05 to 0.10 mg/kg. In the underlying layer (15-30 cm),
atrazine residues were detected in 53.3 % of the samples which contained up to 0.05
mg/kg. In 16.7 % of the samples only traces of atrazine residues were detected, while 30 %
of the samples contained no detectable residues.
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Fig. 1. Atrazine residues in soil (0—15 cm).
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Generally, it can be said that whether atrazine resides in the soil depend on the soil
composition, temperature, pH and soil humidity. After application to soil, atrazine is sub-
ject to sorption and to several chemical and biological degradation mechanisms that pro-
mote the reduction of the atrazine concentration in the soil.!%:!1 The amount of atrazine that
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Fig. 2. Atrazine residues in soil (15-30 cm).
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resides in the top surface soil one year after its application is estimated to be around 8 to 20
% of the initial level.

When applied on soil, atrazine migrates to other areas of the environment by several
processes such as volatilisation, leaching and run-off. The risk of groundwater contamina-
tion by vertical transport is ultimately determined by the balance between the rates of
chemical sorption and degradation in the soil.!%:13

Comparing the results obtained in this study to the results from other sources, it can be
said that they are more or less comparable to the results obtained in other countries. For ex-
ample, in Spain it was found that ten months after application 48 % of the analysed sam-
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Fig. 3. Atrazine residues in surface water.
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Fig. 4. Atrazine residues in groundwater.
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ples contained up to 0.05 mg/kg of atrazine residues, while 20 % contained more than 0.1
mg/kg. !4 In Italy it was found that atrazine residues were present in amounts at 0.01 mg/kg
about 194 days after application. !>

From the results of the monitoring of the surface water samples (Fig. 3) it is clear that
atrazine residues were present in 60 % of the samples at a level between 1.0 and 4.13 pg/L,
in 23.4 % of the samples up to 1 pg/L of atrazine residues were detected, while in 16.6 %
samples no detectable residues were found.

Numerous reports and publications exist on the level of atrazine contamination of sur-
face waters in various countries.3>-16 The concentration of atrazine in water depends on
the season, with the maximum concentration being registered during the application pe-
riod. In studies in eight European countries, the detected amount of residues ranged from
0.17 to 10.0 pg/L.16 In USA rivers, atrazine concentrations of up to 87 ug/L were found.
Hence, our results are comparable to the results of other countries.

The presence of atrazine residues in groundwater were confirmed in 83.3 % of the
samples while in 16.7 % of the samples no detectable atrazine residues were found (Fig. 4).
In 33.3 % of the samples, atrazine residues were present at a concentration of up to 0.1
ng/L, 36.6 % of the samples contained atrazine residues at a level between 0.1 and 0.2
pg/L, while in 13.3 % of the samples atrazine residues were present at a level between 0.25
and 0.30 pg/L.

A large data set is now available that shows the presence of many pesticides in
groundwater at levels which rarely exceed the guideline values defined by the World
Health Organisation on the basis of their toxicological properties.1%:17 Atrazine was moni-
tored in the surface and groundwater in agricultural areas of South Africa and about 20 %
of the surface and groundwater samples contained between 0.29 to 298.2 ug/L of atrazine
residues. 8
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CONCLUSION

— All the analysed soil samples from the surface layer (0—15 cm) contained residues of
atrazine. These quantities varied from 0.02 to 0.10 mg/kg, depending on the locality and
soil type, as well as on the year of investigation.

— In the underlying layer (15-30 cm) almost 70 % of the analysed samples contained
atrazine residues, up to the 0.015 mg/kg level.

— It was found that most of the analysed samples of surface and groundwater also con-
tained atrazine residues. In the surface water, the quantities of residues ranged from 1.0 to
4.13 pg/L, while the groundwater contained up to 0.3 pg/L of residues, depending on the
locality and the year of investigation.

— The results show that soil and water contamination by atrazine is considerable. The
biological and toxicological significance of these residues in the environment will be the
subject of further investigations.

U3BOJ

OCTAII1 ATPASMHA HA ITOJbOITPMBPEJHOM 3EMIBUINTY CPEUIE
C.TAIINR, M. BYIUMMWP, [. BPKUR u H. HELIKOBUR

Hncinuinyin 3a sawituily 6uswa u xeusoitiny cpeouny, T. pajsepa 9, 11000 Beozpao

Y pany cy npukasaHu pe3ynTaté ogpebuBama ocrataka aTpasuHa y y30pILuMa 3eMIBHINTA,
MOBPIIMHCKUM ¥ MOJI3EMHIM BOJjaMa, paheHnM y NMEeTOrOINIIELEM TIEPUOMY. Y 30pLH 3eMIBUIIITA
Y3UMAaHH Cy Ha Pa3InIuTiM JIoOKanmuTeTnMa ca e ryoute (0-15 u 15-30 cm) y nepuopy of 1995. o
1999. ropuee. Y30puu NOBPIIMHCKYX U IOI3EMHUX BOAA Y3UMaHH Cy €a MCTHX JIOKAJIUTETa Y ICTOM
nepuopny. Ocranu aTpa3uta ogpebusanu cy nomohy ELISA TecToBa. PesynraTu cy nokasasnu 1a cBu
aHAIBUPAHN Y30PIH 3eMJBHIIITA CaIpsKe OCTaTKe aTpasrHa, IPH YeMy KolmunHe Bapupajy ox 0,02
no 0,10 mg/kg 3a ropwu cnoj (0-15 cm), a 3a gowu cnoj (15-30 cm) kpehy ce go 0,05 mgkg, y
3aBHCHOCTH Off JIOKQJIUTETA, THTA 3eMJBUILITA U TOJIHE UCMUTHBaA. 1IITO ce THYe MOBPIIMHCKUX U
TIOA3eMHIX BOAA YTBpheHo je na BehmHa aHamm3mpaHWX y30paka cafipsKu OCTaTKe aTpa3uHa. Y
CITyuajy MOBPIIMHCKHMX BOJIa KoJM4nHA octaraka ce Kpehe o 1,0 o 4,13 pg/L, oK je y nogzeMHuM
BOfama cajpkaj ocratka 10 0,3 pg/L, y 3aBUCHOCTH Off JIOKAIIUTETa U TO[NHE UCTIUTABAKA.

(ITpumibeno 2. jyma 2002)
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