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Environmental and hygienic assessment of territorial burden and composition range
of pesticides utilized in agriculture of northern region of Kazakhstan

There was analyzed the intensity of pesticide use in the northern region of Kazakhstan by the indicator of
territorial pesticide burden and integral index of territorial burden. Despite the average level of territorial
burden in the assessed region, the analysis by the Oblasts has revealed that in certain Rayons of the Oblasts
this indicator was over 1 kg/hectare. The highest specific weight in the structure of pesticide burden belongs
to the active substances of the 3™ class of hazard, with low probability of carcinogenic effect, moderately
stable in the soil.
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III.A. bakanos, M.I. JKamanmmuna, ['M. IInuxanze, 5.b. AmMupos
Ka3zakcTaHHBIH COJNTYCTIK OHIPiHIH ayblT IIAPYalIBLIBIFBIHAA NMAli1aIaHBIIATHIH eCTHIHATEPAIH
ACCOPTUMEHTTIK KYpaMbl MeH ayMaKThIK KYKTeMeciHe IKOJOTHIbIK-THT HEeHAJIBIK 0aFaJiay

Ka3zakcTaHHBIH COJNTYCTIK OHIpiHAE NalJalaHbUIATBIH IECTUIUATEPIIH KapKBIHABUIBIFBI ayMaKTBIK
MECTUIHATIK JKYKTeMe KOPCETKIlli JKOHE ayMaKTHIK >KYKTeMEHIH WHTETPaJIbIK WHICKCI OOHBIHIIA
capamnTaiFaH. 3epTTeNTeH OHIpAeri ayMakKTHIK JKYKTEeMEHIH opTalla JeHTeHiHe KapamacTaH, OOIBICTap
TYPFBICBIH/IAFBI capanTtama OOJIBICTApABIH JKeKe aydaHJapbhlHIa aTalfaH KOpCeTKImTiH | Kr/ra acaTbl-
HBIH KOPCETKEH. AYMAaKTHIK JKYKTEMEHIH KYPBUIBIMBIHIAFBI JKOFApPBI YIECTI 3-CHIHBINTHI KAyinTimiri 6ap
OpeKeT eTyIIi 3aTTeKTep Kypailibl, olapAblH KAHIEPOTEHAIK OCEPiHIH BIKTHMAJIBIFBI a3, TOTBIPAKTaFhl
TYPaKTBUIBIFBI QJICI3.

Tyiiin ce30ep: necTHIHUATED, AyMaKTHIK IIECTULIMATIK KYKTEMe.

III.A. bakanos, M.I". XKamanmmuna, ['M. IInuxanze, b.b. AMupos
AHAJIN3 TePPUTOPHAJIbLHOI HATPY3KHU H ACCOPTHMEHTHOI0 COCTABAa NMEeCTUIIM/I0B, IPUMEHsIeMbIX B
ceJIbCKOM X03sliicTBe ceBepHOro peruona Kasaxcrana

[Tpoananu3npoBaHa WHTEHCUBHOCTh NPUMEHEHNS NECTUIMIOB B CEBEpHOM pernoHe Kasaxcrana mo mo-
Ka3aTeNo TePPUTOPHANBEHON MECTUIMIHON HArpy3KH W MHTETPAJHOMY WHJEKCY TEpPHUTOPHAIBHON Ha-
rpy3kn. HecmoTpst Ha cpenHnii ypoBeHb TepPUTOPHATBHOM HATPy3KH B MCCIIEOBAHHOM PETHOHE, aHAIIN3 B
pa3pese obnmacTeli BBIIBHIII, YTO B OTJACIBHBIX palfoHaX oONacTel MaHHBIA MOKa3aTelh IpeBhIman | Kr/ra.
Haubonpmmit yaensHBI BKIAJ B CTPYKTYPY NECTHIIMAHON HATPy3KH BHECIH ISHCTBYIONTNE BEMIeCcTBA 3-TO
KJI1acca OIMacHOCTH, C MaJIOBEPOSITHBIM KaHIIEPOTEHHBIM JICHCTBHEM, YMEPEHHO CTOWKHE B TIOYBE.
Kniouegvie cnoga: necTULUIBI, TEPPUTOPHAIBGHAS IECTUIMHAS Harpy3Ka.

Introduction the one hand, use of pesticides is a coercive mea-
Intensification of agricultural production is tra- sure, and on the other hand, there are no pesticides
ditionally associated with use of crop protection safe for a human being and environment [1]. At the
chemicals, primarily, pesticide preparations. On same time, researchers express their serious con-
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cerns regarding the level of dependence of intensive
agricultural methods on use of agricultural chemi-
cals, followed with negative effects on health and
humans and ecosystems [2]. It is well known that
since 1990-s the use of pesticides dropped in the
Republic due to decline of agricultural production,
lack of funding the mentioned production sector,
etc. However, starting 1998 there is noted the trend
towards increasing the use of pesticide preparation,
primarily, insecticides, caused of abrupt growth of
locusts in the natural reservations. To date, the total
number of registered pesticides preparations is over
650 [3], while in 1970-1980-s only 112 preparations
were registered for use in the Republic.

One of important factors characterizing the
ecologic situation in region and risk level used pes-
ticides on people’s health is the assessment of ter-
ritorial pesticide burden and composition range of
pesticide preparations. In this connection, we have
conducted the study of intensity of use of crop
protection chemicals in agricultural Rayons of the
northern region of Kazakhstan.

Materials and Methods

Specially designed cards-questionnaires have
been used to collect information on composition
range, amounts of used pesticides (in kilograms of
marketed preparations) and sizes of agricultural land
treated with pesticides in 2009-2011, based on data
from Oblast Departments of the Committee of State
Sanitary and Epidemiology Surveillance of MOH
RK and Oblast Territorial Inspections of the Com-
mittee of State Inspection of AIC on MA of RK. In
each Oblast under study the following Rayons have
been chosen for analytical activities: Akmolinskaya
Oblast — 17 Rayons; North Kazakhstan Oblast — 13
Rayons; Kostanayskaya Oblast — 16 Rayons. The in-
tensity of pesticide use was estimated by the follow-
ing two indicators: territorial burden (TB) (ratio of
1 kg of active ingredient of pesticide preparation to
1 hectare agricultural area treated with such pesti-
cide) and integral index of pesticide TB (calculated
with use of assessment score of pesticide proper-
ties characterizing its hazard by environmental and
hygienic, toxic indicators). Integral TB index com-
bines properties determining environmental, biolog-
ical aggression of agricultural chemicals and their
remote consequences — stability in the soil, contami-
nation of ground waters, general toxicity, carcinoge-
nicity, effect on endocrine system. Integral TB in-
dex reflects qualitative composition of preparations

in use, with consideration of their level of hazard to
human health and environment, and is used both for
assessment of hazard, and pesticide use risk. Analy-
sis of the collected data allowed calculating territo-
rial burdens and integral TB indices of pesticides by
Rayons and the Oblast as a whole. To calculate TB
on agricultural areas, the following groups of crop
protection chemicals have been used: herbicides,
insecticides, acaricides, fungicides, dressers, growth
regulators, defoliants and desiccants. The following
preparations were not used for analysis: bioprepara-
tions, rodenticides and surfactants. Statistical data
processing was made with use of software Microsoft
Excel 2010.

Results and Discussion

The study of pesticide composition range and
territorial pesticide burden in the Akmolinkaya
Oblast has demonstrated the decline of intensity of
pesticide use per unit of agricultural area in 2009-
2001 from 0.73 kg/hectare down to 0.49 kg/hectare.
Average annual pesticide burden on the territory of
Oblast (TB) in 3 years was 0.57 kg/hectare, while
Rayon-related analysis indicated that in the Yesil-
sky, Zharkainsky, and Shortandinsky Rayons the
TB was over 1 kg/hectare. Breakdown of TB was as
follows: herbicides — 35.4%, fungicides and dress-
ers — 34.1%, insecticides and acaricides — 30.5%.
The highest specific weight in TB was after the
pesticides of 3 class of hazard (WHO) — 49.4%.
In average, during the study period 18.8% of total
TB constituted probable carcinogens, 48.5% - low-
probability carcinogens. The share of pesticides
with established potential effect on endocrine sys-
tem was 28.2%, pesticides with suspected endocrine
effects — 41.6%. Assessment of pesticides used by
their capacity to contaminate ground waters showed
that 13.9% of total TB were such contaminants, and
60.7% were potential contaminants of ground wa-
ters. At classifying the used pesticides by their sta-
bility in soil in aerobic conditions, the moderately
stable pesticides (38.4%) held the highest propor-
tion in the total TB of the Oblast.

Analysis of data collected in the North Kazakh-
stan Oblast also indicated to the decline of intensity of
pesticide use per unit of agricultural area in 2009-2011
from 0.78 kg/hectare down to 0.65 kg/hectare. Aver-
age level of pesticide TB during the period of study
was 0.69 kg/hectare, while the Rayon-wise analysis
showed that in the Rayon named after G.Musrepov,
Aiyrtausky, and Akzharsky Rayons the TB was
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above 1 kg/hectare. Assessment of integral TB in-
dex has revealed in the structure of pesticide burden
the similar trends as in the Akmolinskaya Oblast.
Thus, share of herbicides was in average 41.9%,
fungicides and dressers — 38.8%, insecticides and
acaricides — 19.3%. Pesticides of 3 class of haz-
ard had the highest specific weight in pesticide TB
of the Oblast (58.9%). In average, during the study
period 17.4% of total TB belonged to probable car-
cinogens and 37.2% to low-probability carcinogens.
The share of pesticides with established potential
effect on endocrine system was 42.1%, pesticides
with suspected endocrine effects — 37.5%. During
the study period no contaminants of ground waters
were used in the Oblast, while the potential contami-
nants of ground waters constituted 57.6% of total
TB. At classifying the used pesticides by their sta-
bility in soil in aerobic conditions, the moderately
stable pesticides held the highest proportion in the
total TB of the Oblast (46.9%).

It was found that on the territory of Kostanay-
skaya Oblast the average annual pesticide burden
(TB) was during the study period on the same level
(0.67 kg/hectare), and only in Zhetikarinsky, and
Kostanaysky Rayons the TB was over 1 kg/hectare.
In the structure of TB the share of herbicides did

prevail (over 60%), while the shares of fungicides
and insecticides amounted in average to 29.1% and
10.8%, respectively. Assessment of the structure
of total TB by the class of hazard (WHO) of ac-
tive ingredients showed prevalence of pesticides of
3 class of hazard (63.5%). Grouping of used pesti-
cides by carcinogenic effect showed that substances
with low-probability of causing cancer constituted
44.5%. Share of pesticides with established potential
effect on endocrine system was 29.4%. Assessment
of sued pesticides by their ability to contaminate
ground waters, 18.1% of them were the contami-
nants and 49.7% potential contaminants of ground
waters in the total TB. Moderately stable pesticides
had the highest share in the total TB of the Oblast by
their level of stability in the soil (49.9%).

Comparative analysis of total TB by the Oblasts
of the northern region of the Republic has demon-
strated that the average annual burden in the Oblasts
under review was on the similar level and could be
classified as a mean burden (Table 1). The Oblasts
under the review do not differ much from each oth-
er in terms of pesticide composition range due to
specialization of agriculture in the region on grain
growing that found its reflection in the pattern of ter-
ritorial pesticide burden.

Table 1 - Comparative Assessment of Total Territorial Burden (TB) by the Oblasts of the Northern Region of the Republic,
with Consideration of Share of Pesticides of High-Level Hazard in the Structure of TB.

Specific Weight (%) of Pesticides in Average Annual TB
. . TB, kg/
Oblast 1 Class of Probable Potential Ground Water Very Stable in hectare
Hazard (WHO) Carcinogens Endocrine Effects Contaminants Soil
Akmolinskaya 0 18.8 28.2 13.9 17.0 0.57
North Kazakhstan 0 17.4 42.1 0 17.6 0.69
Kostanayskaya 0 21.5 29.4 18.1 16.4 0.67

Although the most of used preparation contained
active ingredients falling in the 3 class of hazard,
with low-probability carcinogenic effect and mod-
erately stable in the soil, the certain share in the TB
was after the highly hazardous pesticides (probable
carcinogens, with potential effect on endocrine sys-
tem, ground water contaminants, and very stable in
soil).

Thus, at regular annual selections and recom-
mending for use of pesticide preparations in agricul-
ture of various regions of Republic, it is necessary
to take into account the environmental and hygienic
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and toxicological characteristics of active ingredi-
ents of pesticides, in order to decrease and poten-
tially to exclude the use of very hazardous pesticides
to minimize risks for health and environment.

In the last decades the developed countries, es-
pecially in European region, started shifting to the
integrated system of crop protection which is often
referred to as the Integrated Pest Management (IPM).
According to the ENDURE , is a rational approach
to management of pests via combination of biologi-
cal, economic, agrotechnical and chemical tools, in
order to minimize economic, ecological risks and
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risks to health [4]. Since 2007, EC countries are
targeting the considerable decrease of contents of
chemical preparations in human habitat (REACH
system). According to the resource and power sav-
ing strategies, in the conditions of strict competition
of agricultural sector of the Republic with producers
of imported foods, it would be expedient to develop

measure for shifting from intensive sue of chemical
through integrated systems to the increasing use of
natural agrobiocenosis and non-chemical methods.

This study is a part of work completed accord-
ing to the grant of the Ministry of Education and
Science of the Republic of Kazakhstan (No. 0327/
GF).
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