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Organochlorine pesticides (OCPs) were measured in (59) soil samples
in urban and background and rural areas throughout Mongolia to fill up
the gap in data on OCPs in soil in Central Asia. The median of y-HCH +v-
HCHs, p,p"-DDT +p,p -DDE+p,p -DDD and HCB comes to 0.02, 0.16
and 0.02 ng/g dry weight (DW) respectively. OCPs levels in soils from
rural and background regions of Mongolia are comparable or lower than
those obtained in soil of remote and mountain areas of the world. The dis-
tribution of HCHs and DDTs indicates a predominance of y-HCH entrance
in the greater part of the soil sampled throughout Mongolia and confirm
limited DDT application in the country at presence or in past. The influ-
ence of some factors including land use, soil organic carbon, natural zones
and latitude on OCP distribution in surface soils in Mongolia was found.
It is associated with the extensive development of agriculture and stock-
breeding and therefore more extensive usage of OCP before ban in central
and northern parts of Mongolia. The highest mean of OCP level in soil of
the mountain taiga zone differs significantly from those in forest-steppe,
steppe, and Govi (the Gobi) zones.

Key words: surface soil; organochlorine pesticides; Mongolia.

OpTanbiK, A3Msl TOMbIpaKTapblHAQ XAOPOPraHMKaAAbIK, MeCTULMATED
(XOI) MeAwwepi 6GoMblHLIA MOAIMETTEP KOPbIHAAFbI KybICTapAbl TOATbIPY
YlWiH O6YKiA MOHFOAMSIAQ KAAAAbIK, (DOHABIK, XKOHE ayblA  LIApyaLlbIAbIK,
arMakTapbiHbIH 59 Tonbipak, yAriaepiHeH XOIT aHbikTaAabl. y-I XL +y-TXLLT,
p,p -AAT+p,p -AAD+p,p -AAA xaHe Xb ylWIiH MeaMaHaAap Kyprak,
caAMakka ecenTereHae, corkeciHiue, 0.02, 0.16 xoaHe 0.02 Hr/r KyparAbi.
MOHFOAMSIHBIH, (DOHADBIK, XXK8HE aybIA LLApPYaLLbIAbIK, aiMak TapbIHbIH TOMbIPAK,
yAriaepiHaeri XOI'TMeALLepi AYHME XKY3iHiH aAbIC )kaHe TayAbl alMaK TapbIHbIH,
TonblpakTapbiHAafbl XOI MeAllepiMeH CaAbICTbIPMaAbl Hemece TOMeH
6oAbIn keaeai. TXUI xoHe AAT Tapaaybl 6YKIA MOHFOAUSIAQH >KMHAAFAH
TOoMbIpak, YATriAepiHiH Ken meAllepiHe HerisiHeH y-TXLII TyceTiHin Giaaipeai
A€, Kasipri Ke3ae >kaHe 6TKeH yakbiTTa MemaekeTTe AAT KOAA@HBIAYbI
LLEKTEYAI eKEHIH ABAEAAEMAL. MOHFOAMSIHBIH, >kep 6eTi TorbiparbiHAa XOIT
TapaAyblHa Kenbip hakTopAapAbIH 8Ccepi aHbIKTaAAbl, COHbIH, iLLIIHAE - XKepAi
KOAAQHY, TOMbIPAKTHIH, OPraHMKaAbIK, KOMIpTeri, TaburFaT 30HaAApbl >KaHe
KEHAIK. ByA aybIA >keHe MaA LapyallblAbIFbIHbIH AaMybIMEH, COHAAM-ak,
MOHFOAMSIHBIH, OPTaAbIK, >KOHE COATYCTIK GOAIKTEpPIHAE ThiMbIM CaAyblHa
Aertit XOI keHiHeH KOAAAHbIAYbIHA GaliA@HbICTbI. TayAbl Taira 30HaChIHbIH,
TonbiparbiHAarbl XOI' MeALLepiHiH opTala MeHAepi [061 TabrFn 30HaCbIHbIH,
>KOHE OPMaHAbI-AAAQ MEH AQAQ 30HAAAPbIHbIH, TOMbIPaFbIHAAFbI aHbIKTAAFAH
MOALLIEPIHEH CEHIMAI TYPAE epeKLIEAeHEeA.

TyiiiH ce3aep: Xep 6eTi Tonblparbl; XAOPOPraHMKAAbIK, MECTULIMATED;
MoHFoAns.

XaopopraHuyeckme nectmumabl (XOIT) 6ObiAv onpeaeAeHbl B 59
npo6ax MoyB rOPOACKMX M (POHOBbLIX M CEAbCKMX PAroOHOB MO BCEW
MoHroAnn, 4to6bl 3anoAHMTb NPOGEAbl B HAGOPE AAHHbIX COAEp KaHMs
XOTIT B nousax LleHTpaabHorn A3sun. Meamanbl y-I XU +y-IXLUI, p,p°-
AAT +p,p -AAD+p,p -AAA 1 I'XB coctaBasior 0.02, 0.16 1 0.02 Hr/r
CyXoro Beca, cooTBeTCTBeHHO. KoHueHTpaummn XOI' B nouBax 13 CEAbCKMX
M (POHOBbBIX PariOHOB MOHIOAMKM CPABHWMMbI MAWM HUXKE HAMAEHHbIX B
NMoyBax yAAAEHHbIX U FOPHbIX parioHoB Mmpa. Pacnpeaeaenne IXLIT n AAT
yKasblBaeT Ha npeumyliecteeHHoe noctynaerve y-IXLI B 6oAbIMHCTBE
NoyB, OTOGPAHHBIX MO BCE MOHIOAMM, N NMOATBEPIKAAET OrPAHNUUEHHOE
npumeHenne AAI B CTpaHe B HacTodllee BpemMs W B MPOLUAOM.
HaraeHo BAMgHME HeKOTOpbIX ()aKTOPOB, BKAIOYAd MCMOAb30BaHWE
3eMeAb, OPraHMYeckuii yrAepoa MouyB, MPUPOAHbIE 30Hbl U LUMPOTY, Ha
pacnipeaeAeHre XOI B NOBEPXHOCTHbIX NoYBax MOHIoOAMK. DTO CBS3aHO
C Pa3BUTMEM CEAbCKOIO XO034MCTBa M XXMBOTHOBOACTBA M NMO3TOMY 6oAee
LLUIMPOKKMM mcnoAb3oBaHnem XOIT A0 3anpeTa B LLeHTPAAbHbIX M CEBEPHBIX
yactax Monroamn. Hamboabuwive cpeaHue BeAmumHbl XOIT B nouax
rOPHOM TaeXXHOM 30Hbl AOCTOBEPHO OTAMYAIOTCS OT BEAMYMH, HAMAEHHbIX
B AECOCTErHOM M1 CTEMHOM MPUPOAHbIX 30HAX 1 MPUPOAHON 30He [o6u.

KAtoueBble cAOBa: MOBEPXHOCTHbIE TMOYBbI;, XAOPOPraHuUyeckme
necTrumAbl; MOHIOAMS.
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Introduction

Organochlorine pesticides (OCPs) including dichlorodiphenyl-
trichloroethane (DDT), a-, B- and y-isomers of hexachlorocyclohex-
anes (HCHs) and hexachlorobenzene (HCB) are dangerous com-
pounds included in the list of persistent organic pollutants (POPs)
under the Stockholm Convention [1]. Measures protecting human
health and the environment form the negative effects of these com-
pounds are being taken at national, regional and international levels.
The Stockholm Convention on POPs was adopted at the Conference
of Parties and opened for signing on 22 May 2001. More then 150
countries including Mongolia have signed and ratified the conven-
tion [2].

Mongolia is located in the central part of Asia between 41° and
52° of latitude and 87° and 120° of longitude neighboring with Rus-
sia and China. Mongolia is a country with an economy in transition.
Pasturing livestock husbandry still plays an important role in its
economy. About 73.9 percent of the 1564 thousands km? of the terri-
tory of the country is agricultural land [3]. The livestock husbandry
industry produces foodstuff and goods for home consumption and
for export [3].

Pesticides were used in Mongolia since the 1950s for veterinary
and plant protection. The herder households used different kinds of
pesticides to control parasites of livestock, treatment of fences and
shelters and to control grasshoppers in pastures [2]. They called all
pesticides used «DUST». The inventory of pesticide application in
Mongolia indicates the wide use of technical HCH [2;4]. About 1985
tons of HCHs were used over the years 1958-2003 in 19 aimags
(provinces) of the 21 aimags of Mongolia [2]. Hexachlorobenzene
(HCB) is another organochlorine pesticide from the Stockholm
Convention list used in Mongolian agriculture in past. About 5983
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liters of HCB was used in 9 aimags over the years
1970-2003 [2]. OCPs have never been produced de-
liberately in Mongolia [2]. Mongolia imported all
pesticides from the former Soviet Union until 1990
and from the Russian Federation, Germany, China
and the Republic of Korea since. Ministerial Decree
No. 75 of 14 May 1997 banned the use of aldrin,
dieldrin, chlordane, DDT, endrin, hexachloroben-
zene, heptachlor and toxaphene. HCH is excluded
from the list of chemicals used for plant protection
and its usage is also prohibited in Mongolia at pres-
ent [2]. However, some small quantity of HCH was
used in some aimags up to the early 2000s [2].

The organochlorine compounds were investigat-
ed previously in environmental media from North-
ern Mongolia including soil on the shore of the Lake
Hovsgol [5;6]. The sum of DDT and its metabolites
and sum of a- and y-HCHs in soil comes to 10 and
0.49 ng/g DW respectively. pp’-DDT part comes to
65% of the sum of DDT and it metabolites in soil.
pp -DDT/pp -DDE ration comes to 3.07 in soil from
Khankh. The value in soil can indicate on resent en-
trance of the pesticide to environment of the region.
a-/y-HCH ratio comes to 3.33 that indicate on the
using of technical mixture HCH in the region. The
investigations of OCP levels in environmental me-
dia from Northern Mongolia indicate atmospheric
transport of the compounds and the presence of lo-
cal sources [5;6]. The investigation of DDTs and
HCHs in soil and dust of parks in Ulaanbaatar, the
capital of Mongolia, indicated on atmospheric depo-
sition of DDT in park soil too [7]. HCHs in park soil
of Ulaanbaatar come from the using both technical
HCH and lindane in the region [7].

The aim of the study is to present the peculiari-
ties of the spatial distribution of HCHs, DDTs and
HCB, investigate some factors influencing it in
Mongolian surface soil to fill up the gap in data set
of OCPs in soil in Central Asia.

Experimental

2.1. Soil samples

59 surface soil samples were collected during
three expeditions in Mongolia over the years 2010-
2011 (Figure 1). The complete description and posi-
tion data of sampling sites are presented in paper [§]
devoted to PCB study in surface soil of Mongolia.

2.2. OCPs analysis

The drying and sieving of soil samples was
performed inalaboratory ofthe Institute of Chemistry
and Chemical Technology, Mongolian Academy of
Sciences. Subsequent stages of chemical analyses
of soil samples were performed in the Institute of

Geochemistry of SB RAS in Irkutsk [9]. The soil
samples were analyzed for p,p-DDT, p,p-DDD,
p.p -DDE, a- and y-HCH and HCB.

The soil samples were dried at room temperature
to constant weight. Then soil samples were sieved
through a 2 mm mesh. The fraction <2 mm was
taken for analysis.

The soil samples were extracted in a Soxhlet
extractor for 10 hours with n-hexane:acetone (1:1).
Surrogate standards (35.7 ng PCB 14 and 15.2 ng
PCB 65) were added to the soil samples before
extraction. The samples were cleaned using two
liquid chromatography columns: a gel permeation
chromatography column filled with bio-bead S-X3
and a chromatographic column containing silica gel
(3 g), aluminum oxide (3 g), and anhydrous Na SO,
(3 g). Al203 and SiO, were activated for 9 hours
at 900°C and 450°C, respectively. The fraction
containing the OCPs was evaporated to 30 pl under
purified nitrogen [9].

The GC/ECD analyses were performed on a HP
5890A Series Il gas chromatograph using a DB-5
capillary column (J&W Scientific, 0.25 pm film
thickness, 0.25 mm inner diameter, 60 m long). The
carrier gas was He and the make-up gas was N,. The
temperatures of the detector and the injector were
320°C and 270°C, respectively. The temperature
program was: start at 90°C (2 min hold), increasing
to 170°C at 22°C/min and then increasing to 280°C
at a rate 1.32°C/min (17 min hold) [9].

All solvents used were distilled and were
checked for interference prior to use. Pesticide-
Mix1037 standard in isooctane was purchased
from the Dr. Ehrenstorfer Laboratory (Ausburg,
Germany). Aluminium oxide and silica gel for
column chromatography were purchased from
MERCK (Darmstadt, Germany).

Procedural blanks were run with every batch
of 10-12 samples to check for contamination from
solvents and glassware. Only samples in which the
compound analyzed level exceeded the level in the
blank 3.5 times were taken into consideration.

The method was validated using reference
material CRMS814 (sandy loam). There was
satisfactory agreement between the certified values
and the values measured in the laboratory of the
Institute of Geochemistry of SB RAS. Levels
of HCB, o-HCH, y-HCH, p,p-DDT, p,p-DDE
obtained in the laboratory correspond to confidence
interval in reference material. p,p -DDD level is
within prediction interval of reference material. The
recoveries of the certified reference material come
to 70% for p,p -DDD and ranged from 97% to 114%
for other OCPs.

6 Ka3YV xabapmibicel. Xumus cepusicbl. Nel (77) 2015
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Figure 1 — The location of the soil sampling sites in Mongolia in 2010-2011

Statistical analysis was performed using the
STATISTICA’6 (StatSoft) [10].

Results and discussion

3.1. OCP levels distribution in Mongolian soils
and comparison with sanitary standards

HCHs were found in 83 percent of soil samples
investigated. The average sum of a- and y-HCHs
in soil of Mongolia comes to 0.11 ng/g DW and
varies from 0.0005 ng/g DW in the central part

of Mongolia (Ms500) to 1.42 ng/g DW near
a thermoelectric power station in the town of
Ulaanbaatar (Ms442) (Table 1, Figure 2a). There
are no target values of OCPs in soil in Mongolia
so data obtained for Mongolian soil are compared
with sanitary standards adopted in other countries.
The values are considerably lower than the sanitary
standards adopted in some countries (Dutch
guidelines — 10 ng/g (target value) and 2000 ng/g
of standard soil (intervention value) [11], Russia —
100 ng/g [12]).

Table 1 — The levels of a-HCH, y-HCH, p,p’-DDT, p,p’-DDD, p,p'-DDE and HCB in positive surface soil in Mongolia (ng/g DW)

Pesticide n mean median min max star.ldgrd standard

deviation error
HCB 59 0.16 0.02 <0.003 2.85 0.44 0.06
a 31 0.07 0.02 <0.002 0.90 0.17 0.03
y-HCH 47 0.06 0.01 <0.0005 0.79 0.16 0.02
S 49 0.11 0.02 <0.0005 1.42 0.27 0.04
p.p -DDT 29 2.44 0.08 <0.0002 48 8.99 1.67
p.p -DDE 59 0.99 0.12 <0.014 15.3 2.58 0.34
p.p-DDD 17 0.28 0.05 <0.003 2.65 0.65 0.16
S 59 2.27 0.16 0.014 54 7.51 0.98
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Figure 2 — Spatial distributions of ) HCHs (a), HCB (b) and Y} DDTs (c)
in surface soil in Mongolia (ng/g)
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Cluster analysis was performed to identify the
sampling site groups with analogous > HCHs and
isomer composition in Mongolian soil. The results
are presented by the diagram in Figure 3 and map
in Figure 4. The cluster analysis distinguishes two
groups and five single sampling sites (Figure 4a).
The first group consists of soil sampling sites with
> HCHs lower than the levels in the second group
of soil sampling sites (0.011 and 0.062 ng/g respec-
tively (p=0.001)) (Figure 5). The y-HCH is the pre-
dominant isomer in soil of the first group of sites.
Whereas a-HCH is found in just two sites of the first
group or its level is below detection limits. Both
HCH isomers investigated are found in soil of the
second group of sites. The second group is divided
into five subgroups with increasing HCH sums and
a/y-HCH values from subgroup Ila to subgroup Ile
(Figure 3). The ratio of a/y-HCH has been used to
identify whether the pollution source comes from
technical HCH or lindane [13]. The ratio of o/y-
HCH higher than 1 is a source indicator for techni-
cal HCH. o/y-HCH is close to 0 for lindane [13].
Subgroup Ila is the only group among subgroups
in group II that has a/y-HCH values lower than 1
(0.43-0.90). The Y HCHs or a/y-HCH value is high-
est in soil of the five single sites. Three of them
with the highest ) HCHs are located in Ulaanbaatar
near a medical incinerator or thermoelectric power
station and one of them is located in the town of
Arvayheer. Site Ms454 in the steppe, one of the
five single sampling sites, is characterized by low
> HCHs (0.03 ng/g DW) and highest o/y-HCH value

(4.9) obtained in the investigation. The distribution
of HCHs indicates the predominance of the use of
lindane (90% y-HCH) in the first group of sites, the
technical mixture of HCHs (53-70% o-HCH, 11-
18% y-HCH [14]) in the second group and both of
the HCH mixtures in sites of subgroup Ila. The sites
where lindane was used (group I and subgroup Ila)
make up 65% of HCH positive soil sampling sites
investigated and located throughout Mongolia (Fig-
ure 4). Whereas a technical mixture of HCH was
used in 20% of the sampling sites investigated.

The highest levels of YDDTs were found in
the towns of Ulaanbaatar (Ms475, 54 ng/g DW),
Arvayheer, Saynshand and Darhan (6.9-11 ng/g
DW) and in the deserted settlement (Ms500) (15
ng/g) (Table 1, Figure 2c). The Y DDTs in the
remaining Mongolian soil samples ranges from
<0.014 ng/g in the south-western area of Mongolia
(Ms463) to 4.34 ng/g DW in the city of Ulaanbaatar
(Ms474) and on average comes to 0.48 ng/g DW.
The Y DDTs obtained in Mongolian soils are lower
than sanitary standards adopted in Russia (0.1
mg/kg) [12], Canada (0.7 mg/kg — agricultural
and residential, 12 mg/kg — commercial and
industrial land use [15]. The Y} DDTs in six samples
(Ms476  (Ulaanbaatar), Ms448 (Saynshand),
Ms512 (Choybalsan), Ms439 (Darhan), Ms471
(Arvayheer) and Ms500 (deserted settlement))
were higher than the target value (10 ng/g of a
standard soil) and lower than the intervention value
(4000 ng/g of standard soil) from the New Dutch
guidelines [11].
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Figure 3 — Comparison of total HCH levels and a/y-HCH values
in Mongolian soil groups (1 — total HCH, 2 — a/y-HCH)
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Figure 4 — The distribution of the groups of soil sampling sites on HCHs level and a/y-HCH values (1 — HCH levels are below
detection limits; 2 — group I, 3 — subgroup Ila, 4 — subgroups IIb, Ilc, IId, Ile, 5 — the remaining sampling sites)

The cluster analysis of Y DDTs and contribution
of DDT, DDD and DDE in Y DDTs in sampling
sites investigated distinguishes three groups
(Figure 3b, 5). The first group includes 85 percent
of sampling sites with lowest Y DDTs level (0.01-
1.56 ng/g) and consists of background, rural sites
and some urban sites. The first group is divided
into five subgroups. The average Y DDTs in soil
of the subgroups increases from 0.096 ng/g DW
in subgroup la to 1.43 ng/g in subgroup le. The
average p,p -DDE/p,p’-DDT ratios in subgroups
Ia,b,c,d are higher than 1 and come to 63, 1.36,
1.09 and 10 respectively that indicates a different
time of entrance of DDT into the environment in
the past. It should be noted that p,p -DDE is the
only metabolite from the group of DDTs in half the
sampling sites from group I. The subgroup Ie is
characterized by the highest Y DDTs among the first
subgroups and a p,p -DDE/p,p*-DDT ratio lower
than 1 that indicates fresh application of DDTs.
Groups II and III consist of urban sites (Erdenet,
Saynshand, Choybalsan, Darhan, Arvayheer and
one in Ulaanbaatar). Total DDT levels in soil from
the groups come to 3.47 (2.94-4.34) and 9.93 (6.87-
11.8) respectively. The p,p-DDE/ p,p-DDT ratio
in the II and III groups amounts to 93 (48-137) and
0.49 (0.16-1.02) respectively. The remaining two
sampling sites Ms500 (the deserted settlement)
and Ms476 (Ulaanbaator) were not included in the
first and second main groups. The highest Y DDTs

were found in soil from these sites (15 and 54 ng/g
DW respectively). There is only p,p -DDE in soil
from the deserted settlement indicating intensive
DDT usage in the past there. On the other hand
the p,p -DDE/p,p -DDT ratio in soil from Ms476
(Ulaanbaatar) comes to 0.06 and points to fresh
application of DDT. It should be noted that sampling
sites in Ulaanbaatar are included in different groups
and subgroups (Ia, Ic, Ie, II and one remaining site).
The same phenomenon is found for samples from
the industrial town of Erdenet. The sites in Erdenet
are included in Ia, Id and II groups. The distribution
of DDTs in soil confirms limited application of DDT
in Mongolia. According to official information,
DDT has never been used in agriculture in Mongolia
[2]. However, the inventory of pesticides shows the
application of «DUST» in Mongolia in the past [2].
Householders could not list the names of pesticides
and identified all kinds of pesticides used as
«DUST». There is also information on small
deliveries of DDT from the former Soviet Union
in the years 1950-1970 for plant cultivation and
treatment of livestock in Mongolia and the presence
of some of them in households in Mongolia
not long ago [4]. Both DDT and HCH powder
preparation forms produced and used in the former
Soviet Union had the word «dust» in their full
names [15-17]. DDT was commonly called «dust»
in speech in the past among the population of the
former Soviet Union. Taking into consideration

10 Ka3¥V xabaprusicel. Xumus cepusicel. Nel (77) 2015
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this information we can assume the application of
DDT mixture in Mongolia also took place. p,p -

percent of soil samples investigated that indicates
the point intensive usage of DDT takes or took

DDE/p,p -DDT ratios lower than 1 are found in 13

place at present or in the past (Figure 5).

Figure 5 — The distribution of the groups of soil sampling sites on DDTs level and contribution of DDT,
DDD and DDE into } DDTs (1 — subgroups Ia, Ib, Ic, Id; 2 — subgroup Ie, 3 — group II, 4 — group I1I, DDE/DDT ~ 1
or only DDE is detected, 5 — group I1I, DDE/DDT < 1, 6 — the remaining sampling sites).
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HCB is found in all soil samples investigated
(Table 1, Figure 2b). The highest HCB levels are
found in the soil of two urban sites (2.85 ng/g,
the town of Ulaangom, and 1.91 ng/g, the town of
Erdenet). HCB levels in soil of the remaining 57
sites vary from<0.003 ng/g in the central part of
the country (Ms501) to 0.57 ng/g in the town of
Ulaanbaatar (Ms474). The average HCB level in the
remaining samples comes to 0.078 ng/g DW. The
HCB values obtained are lower than the sanitary
standards adopted in Russia (0.03 mg/kg [12]).

3.2. The comparison of the OCP levels in
Mongolian soils with data of previous studies of
OCPs in Mongolia and other countries

The total HCH and DDT levels, with the
exception of the highest values obtained in the
Mongolian soil investigation of 2010-2011, are
comparable to data found in Mongolian soils
sampled in 2009 (0.02-0.81 and 0.06-4.28 ng/g
DW respectively) [19]. HCB levels in 2010-2011
(0.003-2.85 ng/g DW) have more range of variation
interval than those in 2009 (<0.0045-0.031 ng/g
[19]). It should be noted that about all levels of
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a-HCH, y-HCH, p,p -DDT and p,p -DDE in soil in
Ulaanbaatar in 2010 (0.09-0.9; <0.006-0.78; <0.09-
4.25 and <0.09-0.89 ng/g DW respectively) were
lower or comparable to smallest extremes found in
park soil in Ulaanbaatar in 2013 (0.48-2.95; 0.7-
2.03; 6.12-11.92; 0.82-3.07 ng/g DW respectively)
[7] with one exception (Ms476, in 2 km far from
medical incinerator — p,p -DDT levels — 48 ng/g
DW). The differences can result from continuous
of atmospheric transport of HCHs and DDTs that
bring to the increasing of load with the pesticides
with time.

A comparison of OCP levels in Mongolian soils
and those of other countries is presented in Table 2.
HCH and DDT levels in the greater part of Mongolian
soil investigated are comparable to or lower than those
found in urban and agricultural soils of European
and American countries, USA [20-23;35;36] and the
Lake Baikal Region of Russia adjoining in the north
Mongolian boundary [29;30]. The average and range
of HCB levels in — Mongolian soils are slightly lower
than those found in the global soil project of 1998
(0.68 (0.01-5.21 ng/g DW) [41].
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Table 2 — The comparison of OCP levels in soil of Mongolia and some other areas of the world (ng/g DW) (* - number of samples;
bdl — below detection limits; nd — not detected)

Sites and year of sampling n* Land use Total HCHs Total DDTs HCB Reference
Mongolia, 2010-2011 59 urban, rural, bdl-1.42 <0.014-54 <0.003-2.85 | This study
background
Europe
Germany, 1995-1996 11 agricultural 4.6-11.5 23.7-173 0.57-3.75 [20]
. 0.9 6.8 0.3
Belgium 16 urban, rural (0.6-2.0) (0.6-22.4) (0.1-1.4) [21]
1.1 26.2 1.3
taly 6 urban, rural (0.6-2.0) (1.8-60.4) (0.1-5.2) (21]
Romany 46 urban, rural 10 (0.6-89.5) 96 (3.5-561) © (1)_2 5) [21]
The Czech Republic 103 | @rable, grass- 0.26-4.0 2.04-1908 0.02-16.6 [22]
land, forest
Azerbaijan, 2009 13 rural, urban 0.90-24.46 1.43-1115 0.02-1.63 [23]
. 0.51 2.2 0.24
Italy, Alps, 2003 19 mountain (<0.01-1.88) (0.18-11) (<0.02-0.93) [24]
Pyrenees mountain 0.08-0.19 1.7-3.4 0.15-0.91 [25]
Tatras mountain 0.28-0.19 4.5-13 0.23-0.33 [25]
Asia
China, revie arious sites 8.7 60 nd-37700 [26]
» Teview varou (nd-131) (nd-2910) i
India, 2009-2010 175 agricultural, 98-1945 75-2296 - [27]
urban
Russia, The Lena River . b;‘;ﬁ“ﬁgﬁ‘;’d 035 0.25 0.34 28]
valley, 2003 g ’ (0.02-1.67) (0.01-0.60) (0.01-1.07)
remote
Russia, The Irkutsk . . )
Region, 2001-2003 96 various sites 0.007-1.97 0.05-99 — [29;30]
China, Wolong Nature .
Reserve, 2006 25 mountain 0.09-1.1 0.08-1.3 0.05-0.54 [31]
China, Qinghai-Tibet . 1.86 1.63 0.93
Plateau, 2011 36 mountain (0.43-6.72) (0.29-4.34) (0.23-2.60) [32]
Tibetan plateau, 2007 40 mountain 0.064-0.847 0.013-7.700 0.024-0.564 [33]
. . bdl
Nepal, Himalayas, 2007 6 mountain (<0.010) 0.033 0.009 [34]
North and South America
Canada, 2002 7| umban.subur g 605.0.068 1-18 - [35]
ban, rural
o= 0.228 i)<0.057 140
USA, 1999-2000 30 agricultural 4= 0.24 (<0.05— (0.10-1490) - [36]
1.1)
Mexico, 2003-2006 46 various sited 0.012-0.046 0.057-360 - [37]
Brasilia, 2005 29 | agricultral, 0.05-0.92 0.12-11.01 = [38]
industrial
Canada, 2003-2004 22 mountain 0.003-7.886 - 0.003-0.244 [39]
. 0.51 0.02
Peru, Andes, 2004 10 mountain <0.01 (0.02-1.65) (<0.02-0.07) [24]
Chile, Andes, 1999 17 mountain <0.001-0.39 0.10-1.1 0.007-0.18 [40]
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OCP levels in rural and background regions
of Mongolia are comparable or lower than those
obtained in soil of remote and mountain areas [24,
25, 28, 31-34, 39, 40] (Table 2).

On the other hand the highest values of DDTs,
HCHs and HCB levels in Mongolian soil are
considerably lower than those found in some areas
of China, India and Mexico where the pesticides are
used at present or recently [26, 27, 37] (Table 2).

3.3. The correlation of the distribution of OCPs
in Mongolian soils

The correlations between distributions of
HCB, a and y-isomers of HCH and p,p-DDT and
its metabolites p,p'-DDE in Mongolian surface
soils are considered (Table 3). Significant positive
correlation between a-HCH and HCB is obtained
(»<0.001). y-HCH distribution positively correlated
with p,p™-DDT (p<0.05). The correlation between
individual pesticides can be the result of preferred
application of a specific pesticide in households.

3.4. Factors influencing spatial distribution of
OCPs

3.4.1. Land use

HCB, o-HCH, y-HCH and p,p"-DDE levels
in soil from towns are significantly higher than
those in soil from background and rural areas of
Mongolia (Table 4). Significant correlations in the
distributions of HCB, a-HCH, y-HCH, p,p -DDT,
total HCHs and DDTs were found for soil sampled
in background and rural areas (0.37-0.98, p<0.001-

Table 3 — The correlation between OCPs in Mongolian soils

0.05) (Table 3). Whereas there is not correlation in
the distribution of p,p -DDE and other pesticides.
The phenomenon indicates on united pathway
of other OCP entrance in background and rural
areas of Mongolia at present due to atmospheric
transport. DDT has never been used in Mongolia.
The absence of correlation in the distribution of its
metabolite p,p -DDE and other OCP can result from
past entrance of DDT in Mongolian environment.
The only significant correlation of HCB and a-HCH
levels is found for soil from towns (0.70, p=0.011)
(Table 3). The distinction between distributions
of OCPs in the towns and background+rural
areas (Table 3) indicates on influence of different
combinations of OCP sources located in Mongolian
towns investigated.

3.4.2. Latitude, longitude and altitude

Positive significant linear correlations (Pearsonr)
were found between HCB, Y HCHs and > DDTs and
latitude (Figure 6). We assumed that the correlation
is associated with the extensive development of
agriculture and stock-breeding in steppe and forest
natural zones of central and northern parts of the
country and lesser development of these kinds of
activities in southern deserted parts of Mongolia.

No correlations were found between OCPs and
longitude. There is no clear increase in OCP levels
in Mongolian soils with altitude as it has been
shown in mountain areas of Tibet, Himalayas, Alps
or Andes [24, 31, 32, 34].

HCB a-HCH v-HCH | > HCHs DDE DDT > DDTs
all samples
HCB 0.62%** 0.01 0.04 0.09 -0.04 0.01
a-HCH 0.62%** 0.65%** 0.89%** 0.15 0.12 0.14
y-HCH 0.01 0.65%** 0.93%%* -0.01 0.43%* 0.27
>HCHs 0.04 0.89%** 0.93%%* -0.02 0.28 0.23
DDE 0.09 0.15 -0.01 -0.02 0.38%* 0.46%**
DDT -0.04 0.12 0.43* 0.28 0.38* 0.99%%*
> DDTs 0.01 0.14 0.27 0.23 0.46%** 0.99%*
background and rural soils

HCB 0.67** 0.87*** 0.80%** 0.15 0.57* 0.49%*
a-HCH 0.67** 0.89%** 0.98%** 0.23 0.75%%* 0.67%**
y-HCH 0.87*** 0.89%** 0.97*** 0.29 0.79%** 0.72%**
>HCHs 0.80%** 0.98*** 0.97*** 0.29 0.79%** 0.73%**
DDE 0.15 0.23 0.29 0.29 0.18 0.77%**
DDT 0.57* 0.75%* 0.79%** 0.79%** 0.18 0.79%**
>'DDTs 0.49** 0.67*** 0.72%** 0.73%** 0.77%%* 0.79%**
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Continuation of table 3

urban soils
HCB 0.70* -0.20 -0.15 0.01 -0.26 -0.12
o-HCH 0.70* 0.56 0.88%**%* -0.04 -0.02 0.01
y-HCH -0.20 0.56 0.9 %%* -0.18 0.34 0.17
> HCHs -0.15 0.88%*%* 0.91%%** -0.17 0.16 0.14
DDE 0.01 -0.04 -0.18 -0.17 0.27 0.33
DDT -0.26 -0.02 0.34 0.16 0.27 0.99%**
> DDTs -0.12 0.01 0.17 0.14 0.33 0.99%#**
* — p<0.05, ** — p<0.01, *** — p<0.001

Table 4 — The comparison of OCP levels in soil samples from urban and rural and remote areas of Mongolia (mean+standard error,

ng/g)
Compound Urban soils Rural + remote soils t P
HCB 0.35+0.15 0.04 +0.01 2.69 0.009
a-HCH 0.15+0.07 0.03 +0.007 2.16 0.04
vy-HCH 0.13 +0.05 0.02 +0.005 2.65 0.011
> HCHs 0.22 +0.09 0.03 +0.01 2.49 0.016
p.p -DDE 243 +0.82 0.13+0.03 3.64 0.0006
p.p -DDT 5.74+3.93 0.12+0.06 1.71 0.098
> DDTs 5.76 +2.48 0.19+0.05 292 0.005
05
04 @ ° b ° N o
o 03 r=0.46, p=0.004 r=-0.18, p=0.28 r=0.28, p=0.09

14

43 45 4r 49 51° 9 96° 100° 104° 108 1122 116° 800 1200 1600 2000 2400 2800

4 a4 46° 48 50° 520 90° 94 98 102 106" 1100 114° 600 1000 1400 1800 2200 2600
latitude longitude altitude, m

Figure 6 — The correlation between OCP levels in Mongolian background-trural soil and longitude, latitude
and altitude (a,b,c — HCB; d,e,f - > HCHs; g,h,i - > DDTs).
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3.4.3. Soil organic carbon (SOC) and natural
zones

The Mongolian soils in the investigation were
sampled in five of six natural zones including
mountain taiga, forest-steppe, steppe, Govi (the
Gobi) and desert zones. Soil samples were not
obtained from the high mountain zone due to
difficulty of access. The SOC levels in samples
from the five natural zones investigated range
from 0.44% (0.30%-0.71%) in the desert to 3.46%
(3.06%-4.12%) in mountain taiga [8].

No correlation was found between SOC and
OCPs in the total number of soil samples. However,
a significant positive correlation was obtained
between SOC and HCB, YHCHs and Y DDTs in
background and rural sites (r=0.46; 0.41; 0.37
respectively, p<0.05). Soil organic matter is an
important factor in the fate of organic pollutants in
a terrestrial environment [41;42]. The absence of
correlation between OCPs and SOC in total number
of Mongolian soils can result from the influence of
the factor of the presence of additional significant
OCP sources within towns. On the other hand, a

positive correlation of OCPs and SOC in background
and rural soils can result from extensive agricultural
application of OCPs in areas of natural zones with
soils more rich in organic matter. The dependence
of OCPs content in soil and SOC were observed
both in remote sites and in areas with elevated OCP
levels [27, 33, 43].

A comparison of mean HCB, YHCH and
>DDT levels in background and rural soil from five
natural zones of Mongolia was performed (Table
5).The highest mean OCP levels (pg/g DW) were
obtained in the mountain taiga (MT) zone that might
be explained by the influence of the forest as one
more factor to increase soil concentration of such
semivolatile organic compounds as OCPs [44].
Significant differences between the means of HCB
and Y} HCHs in the MT zone (forest) and those in
forest-steppe (FS), steppe (S), and Govi (the Gobi)
(G) (desert-steppe and semi-desert) zones were
found (Table 5). Significant differences between the
means of > DDTs in MT zone and FS and G zones
and between those in FS zone and G zone were also
observed (Table 5).

Table 5 — The levels of significance of the distinction of OCP means (ng/g DW) in soil sampled in different natural zones (MT —
mountain taiga, FS — forest-steppe, S — steppe, G — Govi, D — desert zones) (ns — not significant)

Natural zone mean of OCPs Natural zone
MT | FS | S G D
>HCHs
MT 0.146 1 <0.01 <0.05 <0.05 ns
ES 0.012 <0.01 1 ns ns ns
S 0.032 <0.05 ns 1 ns ns
G 0.015 <0.05 ns ns 1 ns
D 0.012 ns ns ns ns 1
>DDTs
MT 0.731 1 <0.01 ns <0.01 ns
FS 0.106 <0.01 1 ns <0.05 ns
S 0.254 ns ns 1 ns ns
G 0.048 <0.01 <0.05 ns 1 ns
D 0.048 ns ns ns ns 1
HCB

MT 0.248 1 <0.01 <0.001 <0.01 ns
FS 0.039 <0.01 1 ns ns ns
S 0.021 <0.001 ns 1 ns ns
0.009 <0.01 ns ns 1 ns

D 0.017 ns ns ns ns 1
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Conclusions

These results present the first data on the spatial
distribution of OCPs in surface soil throughout
Mongolia. The greater part of the OCP values
obtained is considerably lower than the sanitary
standards adopted in some countries. OCP levels
in soils from rural and background regions of
Mongolia are comparable or lower than those
obtained in soil of remote and mountain areas of
the world. The distribution of HCHs and DDTs
indicates a predominance of y-HCH entrance in
the greater part of the soil sampled throughout
Mongolia and confirm limited DDT application in
the country at presence or in past. The distinction
between distributions of OCPs in the towns and
background+rural areas indicates the influence of
different combinations of OCP sources located in

Mongolian towns investigated and redistribution
due to atmospheric transport in the remaining area
of Mongolia. Significant correlations between HCB,
> HCHs and Y’ DDTs and latitude and between SOC
and HCB, YHCHs and }DDTs in background
and rural sites are associated with the extensive
development of agriculture and stock-breeding
in central and northern parts of the country. The
highest mean OCP level in soil of the mountain
taiga zone differs significantly from those in forest-
steppe, steppe, and Govi (the Gobi) zones.

Acknowledgements

This research was carried out within the
framework of the RFBR # 10-05-00697-mong, #
13-05-00375, 15-05-00896. We also thank J. Sutton
for her help with English correcting.

References

1 Stockholm Convention on Persistent Organic Pollutants (POPs) as amended in 2009 Secretariat of the Stockholm Conven-
tion. Switzerland, 2009. http://chm.pops.int/TheConvention/Overview/TextoftheConvention/tabid/2232/Default.aspx#
2 National implementation plan for the Stockholm Convention. GEF/UNIDO, 2006. http://www.chm.pops.int/documents/

implementation/nips/submissions/default.htm.

3 Mongolian statistical yearbook. National statistical office of Mongolia, Ulaanbaatar, Mongolia, 2009. http://www.nso.mn
4 Regional assessment of persistent toxic substances. The central and North-eastern Asia. Regional report. UNEP chemicals,

2002. http://www.chem.unep.ch

5 Goreglyad A.V., Mamontov A.A., Tarasova E.N., Vetrov A.S., Mamontova E.A. The comparison of the composition of
persistent organic pollutants (POPs) in zooplankton and sediment of Lake Hovsgol and Lake Baikal // Proceedings of Internatio-
nal Conference «Lake Ecosystem: Biological Processes, Anthropogenic Transformation, Water Quality». Minsk, Naroch, Belarus,

2007. - P.211-212. (In Russian)

6 Mamontova E.A., Kuzmin M.1., Tarasova E.N., Goreglyad A.V., Tkachenko L., Khomutova M.Iu. PCBs and OCPs in some
media from Lake Hovsgol and surrounding area, Mongolia // Organohalogen Compounds. — 2009. — Vol.71. — P.2969-2973.

7 Khureldavaa O., Jiang H., Dekun H., Ruiqing Z., Fujing Z., Oyuntsetseg D., Ganbaatar J. Residual characteristics of HCHs
and DDTs in soil and dust of some parks in Ulaanbaatar, Mongolia // Mongolian Journal of Chemistry. —2014. — Vol.15. — P.15-20.

8 Mamontova E.A., Mamontov A.A., Tarasova E.N., Kuzmin M.I., Ganchimeg D., Khomutova M.Yu., Odontuya G., Erdene-
bayasgalan G. Polychlorinated biphenyls in surface soil in urban and background areas of Mongolia // Environmental Pollution. —

2013. - Vol.182. — P.424-429.

9 Mamontova E.A., Tarasova E.N., Mamontov A.A., Kuzmin M.I., McLachlan M.S., Khomutova M.Iu. The influence of soil
contamination on the concentrations of PCBs in milk in Siberia // Chemosphere. — 2007. — Vol.67. — P.S71-S78.

10 Borovikov V.P. Popular introduction into modern data analysis in system of «STATISTICA» [Popularnoe vvedenie v
sovremenniy analiz dannykh v systeme «STATISTICA»]. Goryachaya linia — Telecom, Moscow, Russia, 2014. (In Russian)

11 VROM. Circular on target values and intervention values for soil remediation: DB0O/1999226863, Ministry of Housing,
Spatial Planning and Environment Directorates-General for Environment Protection, Department of Soil Protection, Netherlands

Government Gazette, 2000. - No. 39.

12 GN 1.2.3111-13. Hygienically standards for pesticides content in environmental media [Gigienitcheskie normativy soder-
zhania pesticidov v ob’ektah okryzhayuschey sredy (peretchen’)]. Moscow, Russia, 2013. (In Russian)

13 Galiulin R.V., Galiulina R.A. Ecological-geochemical assessment of «fingerprints» of persistent organochlorine pesticides
in soil-surface water system // Agricultural Chemistry [Agrokhimia]. — 2008. — Is.1. — P.52-56. (In Russian)

14 Melnikov N.N. Pesticides. Chemistry, technoloy and application [Pesticidy. Kimia, tekhnologia i promenenie]. Khimia,

Moscow, Russia, 1987. (In Russian).

15 Canadian Council of Ministers of the Environment. Canadian environmental quality guidelines. Winnipeg: Canadian Coun-
cil of Ministers of the Environment, 1999. ISBN: 1-896997-34-1. http://ceqg-rcqe.ccme.ca/
16 GOST 6218-76. The Hexachloran dust. Technical specification [Hexachloran dust. Tekhnitcheskie usloviya]. Moscow,

Russia, 1976. (In Russian)

17 GOST 8884-66. The DDT dust for agriculture [Dust DDT dlya sel’skogo khoziaystva]. Moscow, Russia, 1967. (In Russian)
18 Melnikov N.N., Nabokov V.A., Pokrovsky E.A. DDT. Properties and application [DDT. Svoystva i priminenie] Tipographia

Goschimizdata, Moscow, Russia, 1954. (In Russian)

16 Ka3¥V xabaprusicel. Xumus cepusicel. Nel (77) 2015



Mamontova E.A. et al.

19 Mamontova E.A., Tarasova E.N., Ganchimeg D., Kuzmin M.I., Mamontov A.A., Khomutova M.Yu., Burmaa G., Odontuya
G., Erdenebayasgalan G. Persistent organic pollutants (PCBs and OCP) in air and soil from Ulaanbaatar and the Lake Hovsgol re-
gion, Mongolia // Mongolian Journal of Chemistry. —2011. — Vol.12. — P.69-77.

20 Manz M., Wenzel K.-D., Dietze U., Schuurmann G. Persistent organic pollutants in agricultural soils of central Germany //

Science of The Total Environment. —2001. — Vol.277. — P.187-198.

21 Covaci A., Manirakiza P., Schepens P. Persistent organic pollutants in soils from Belgium, Italy, Greece, and Romania //
Bulletin of Environmental Contamination and Toxicology. — 2002. — Vol.38. — P.97-103.

22 Holoubek I., Dusek L., Sanka M., Hofman J., Cupr P., Jarkovsky J., Zbiral J., Klanova J. Soil burdens of persistent organic
pollutants — Their levels, fate and risk. Part I. Variation of concentration ranges according to different soil uses and locations // Envi-
ronmental Pollution. — 2009. — Vol.157. — P.3207-3217.

23 Aliyeva G., Kurkova R., Hovorkova I., Klanova J., Halsall C. Organochlorine pesticides and polychlorinated biphenyls in
air and soil across Azerbaijan // Environmental Science and Pollution Reserch. —2012. — Vol.19. — P.1953-1962.

24 Tremolada P., Villa S., Bazzarin P., Bizzotto E., Comolli R., Vighi M. POPs in Mountain Soils from the Alps and Andes:
Suggestions for a ‘Precipitation Effect’” on Altitudinal Gradients // Water, Air and Soil Pollution. — 2008. — Vol. 188. - P93—-109.

25 Grimalt J.O., van Drooge B.L., Ribes A., Vilanova R.M., Fernandez P., Appleby P. Persistent organochlorine compounds in

soils and sediments of European high altitude mountain lakes // Chemosphere. — 2004. — Vol.54. — P.1549-1561.

26 CaiQ.-Y., Mo C.-H., Wu Q.-T., Katsoyiannis A., Zeng Q.-Y. The status of soil contamination by semivolatile organic chemi-
cals (SVOCs) in China: A review // Science of the Total Environment. — 2008. — Vol.389. — P.209-224.

27 Mishra K., Sharma R.C., Kumar S. Contamination levels and spatial distribution of organochlorine pesticides in soils from
India // Ecotoxicology and Environmental Safe. — 2012. — Vol.76. —P.215-225.

28 Kuzmin M.I., Mamontova E.A., Tarasova E.N., Mamontov A.A., Khomutova M.Yu. PCBs and OCPs in soil sampled along
the Lena River valley, Russia // Organohalogen Compounds. — 2009. — Vol.71. — P.1729-1734.

29 Mamontov A.A., Mamontova E.A., Tarasova E.N., Kuzmin M.I., McLachlan M.S. Persistent organic pollutants in soil and
snow from the Lake Baikal Region // Organohalogen Compounds. — 2004. — Vol.66. — P.1327-1332.

30 Mamontova E.A., Tarasova E.N., Mamontov A.A. Bioindication of soil pollution with chlorinated organic compounds in
Baikal lake region // Agricultural Chemistry [Agrokhimia]. — 2009. — Is.5. — P.62—68. (In Russian)

31 Chen D., Liu W, Liu X., Westgate J.N., Wania F. Cold-Trapping of Persistent Organic Pollutants in the Mountain Soils of
Western Sichuan, China / Environmental Science and Technology. — 2008. — Vol.42. — P.9086-9091.

32 GaiN., PanJ., Tang H., Chen S., Chen D., Zhu X., Lu G., Yang Y. Organochlorine pesticides and polychlorinated biphenyls
in surface soils from Ruoergai high altitude prairie, east edge of Qinghai-Tibet Plateau // Science of the Total Environment. — 2014.
—Vol.478. — P.90-97.

33 Wang X.-P.,, Sheng J.-J., Gong P., Xue Y.-G., Yao T.-D., Jones K.C. Persistent organic pollutants in the Tibetan surface soil:
Spatial distribution, air-soil exchange and implications for global cycling // Environmental Pollution. —2012. — Vol.170. — P.145-151.

34 Guzzella L., Poma G., De Paolis A., Roscioli C., Viviano G. Organic persistent toxic substances in soils, waters and sedi-
ments along an altitudinal gradient at Mt. Sagarmatha, Himalayas, Nepal // Environmental Pollution. — 2011. — Vol.159. — P.2552—
2564.

35 Wong F., Robson M., Diamond M.L., Harrad S., Truong J. Concentrations and chiral signatures of POPs in soils and sedi-
ments: A comparative urban versus rural study in Canada and UK // Chemosphere. — 2009. — Vol.74. — P.404—411.

36 Bidleman T.F., Leone A.D. Soil-air exchange of organochlorine pesticides in the Southern United States // Environmental
Pollution. — 2004. — Vol.128. — P.49-57.

37 Wong F., Alegria H.A., Jantunen L.M., Bidleman T.F., Salvador-Figueroa M., Gold-Bouchot G., Ceja-MorenoV., Wa-
liszewski S.M., Infanzon R. Organochlorine pesticides in soils and air of southern Mexico: Chemical profiles and potential for soil
emissions // Atmospheric Environment. — 2008. — Vol.42. — P.7737-7745.

38 Rissato S.R., Galhiane M.S., Ximenes V.F., de Andrade R.M.B., Talamoni J.L.B., Libanio M., de Almeida M.V., Apon B.M.,
Cavalari A.A. Organochlorine pesticides and polychlorinated biphenyls in soil and water samples in the Northeastern part of Sdo
Paulo State, Brazil // Chemosphere. — 2006. — Vol.65. — P.1949-1958.

39 Daly G.L., Lei Y.D., Teixeira C., Muir D.C.G., Wania F. Pesticides in Western Canadian mountain air and soil / Environ-
mental Science and Technology. — 2007. — Vol.41. —P.6020—6025.

40 Borghini F., Grimalt J.O., Sanchez-Hernandez J.C., Barra R., Torres Garcia C.J., Focardi S. Organochlorine compounds in
soils and sediments of the mountain Andean Lakes // Environmental Pollution. — 2005. — Vol.136. — P.253-266.

41 Meijer S.N., Ockenden W.A., Sweetman A., Breivik K., Grimalt J.O., Jones K.C. Global distribution and budget of PCBs
and HCBs in background surface soils: implication for sources and environmental processes // Environmental Science and Techno-
logy. — 2003. — Vol.37. — P.667-672.

42 Sweetman A.J., Dalla Valle M., Prevedouros K., Jones K.C. The role of soil organic carbon in the global cycling of persistent
organic pollutants (POPs): interpreting and modeling field data // Chemosphere. — 2005. — Vol.60. — P.959-972.

43 Cabrerizo A., Dachs J., Barceld D., Jones K.C. Influence of organic matter content and human activities on the occurrence
of organic pollutants in Antarctic soils, lichens, grass, and mosses // Environmental Science and Technology. — 2012. — Vol.46. —
P.1396-1405.

44 Wania F., McLachlan M. Estimating the influence of forests on the overall fate of semivolatile organic compounds using a
multimedia fate model // Environmental Science and Technology. — 2001. — Vol.35. — P.582-590.

ISSN 1563-0331 Chemical Bulletin of Kazakh National University, 2015, 1 (77) 17



The distribution of organochlorine pesticides in surface soils from Mongolia

References

1 Stockholm Convention on Persistent Organic Pollutants (POPs) as amended in 2009 (2009) Secretariat of the Stockholm
Convention. Switzerland. http://chm.pops.int/TheConvention/Overview/TextoftheConvention/tabid/2232/Default.aspx#

2 NIP (2006) National implementation plan for the Stockholm Convention. GEF/UNIDO. http://www.chm.pops.int/docu-
ments/implementation/nips/submissions/ default.htm.

3 MSY (2009) Mongolian statistical yearbook. National statistical office of Mongolia, Ulaanbaatar, Mongolia. http://www.
nso.mn

4 UNEP (2002) Regional assessment of persistent toxic substances. The central and North-eastern Asia. Regional report.
UNEP chemicals. http://www.chem.unep.ch

5 Goreglyad AV, Mamontov AA, Tarasova EN, Vetrov AS, Mamontova EA (2007) Proceedings of International Conferens
“Lake Ecosystem: Biological Processes, Anthropogenic Transformation, Water Quality”. Minsk, Naroch, Belarus. P.211-212. (In
Russian)

6 Mamontova EA, Kuzmin MI, Tarasova EN, Goreglyad AV, Tkachenko L, Khomutova MIu (2009) Organohal Comp
71:2969-2973

7 Khureldavaa O, Jiang He, Dekun Hou, Ruiqing Zhang, Fujing Zhang, Oyuntsetseg D, Ganbaatar J (2014) Mong J Chem
15:15-20. http://dx.doi.org/10.5564/mjc.v15i0.315

8 Mamontova EA, Mamontov AA, Tarasova EN, Kuzmin MI, Ganchimeg D, Khomutova MYu, Odontuya G, Erdenebayas-
galan G (2013) Environ Pollut 182:424-429. http://dx.doi.org/10.1016/j.envpol.2013.08.001

9 Mamontova EA, Tarasova EN, Mamontov AA, Kuzmin MI, McLachlan MS, Khomutova MIu (2007) Chemosphere 67:S71—
S78. http://dx.doi.org/10.1016/j.chemosphere.2006.05.092

10 Borovikov VP (2014) Popular introduction into modern data analysis in system of “STATISTICA” [popularnoe vvedenie v
sovremenniy analiz dannykh v systeme “STATISTICA”]. Goryachaya linia — Telecom, Moscow, Russia (in Russian)

11 VROM (2000) Circular on target values and intervention values for soil remediation: DB0O/1999226863, Ministry of Hous-
ing, Spatial Planning and Environment Directorates-General for Environment Protection, Department of Soil Protection, Nether-
lands Government Gazette, No. 39

12 GN 1.2.3111-13, 2013. Hygienically standards for pesticides content in environmental media [Gigienitcheskie normativy
soderzhania pesticidov v ob’ektah okryzhayuschey sredy (peretchen’)]. Moscow, Russia, 2013 (In Russian)

13 Galiulin RV, Galiulina RA (2008) Agricultural Chemistry [Agrokhimia] 1:52—56. (in Russian)

14 Melnikov NN (1987) Pesticides. Chemistry, technoloy and application [Pesticidy. Kimia, tekhnologia i promenenie]. Khi-
mia, Moscow, Russia (in Russian).

15 CCME (1999) Canadian Council of Ministers of the Environment. Canadian environmental quality guidelines. Winnipeg:
Canadian Council of Ministers of the Environment. ISBN: 1-896997-34-1. http://ceqg-rcqe.ccme.ca/

16 GOST 6218-76. The Hexachloran dust. Technical specification [Hexachloran dust. Tekhnitcheskie usloviya]. Moscow, Rus-
sia, 1976 (In Russian).

17 GOST 8884-66. The DDT dust for agriculture [Dust DDT dlya sel’skogo khoziaystva]. Moscow, Russia, 1967 (in Russian)

18 Melnikov NN, Nabokov VA, Pokrovsky EA (1954) DDT. Properties and application [DDT. Svoystva i priminenie] Tipo-
graphia Goschimizdata, Moscow, Russia (in Russian).

19 Mamontova EA, Tarasova EN, Ganchimeg D, Kuzmin MI, Mamontov AA, Khomutova MYu, Burmaa G, Odontuya G,
Erdenebayasgalan G (2011) Mong J Chem 12:69-77.

20 Manz M, Wenzel K-D, Dietze U, Schuurmann G (2001) Sci Total Environ 277:187-198. http://dx.doi.org/10.1016/S0048-
9697(00)00877-9

21 Covaci A, Manirakiza P, Schepens P (2002) B Environ Contam Tox 38:97-103. http://dx.doi.org/10.1007/s00128-001-
0224-6

22 Holoubek I, Dusek L, Sanka M, Hofman J, Cupr P, Jarkovsky J, Zbiral J, Klanova J (2009) Environ Pollut 157:3207-3217.
http://dx.doi.org/10.1016/j.envpol.2009.05.03 1

23 Aliyeva G, Kurkova R, Hovorkova I, Klanova J, Halsall C (2012) Environ Sci Poll R 19:1953-1962. http://dx.doi.
org/10.1007/s11356-012-0944-7

24 Tremolada P, Villa S, BazzarinP, Bizzotto E, Comolli R, Vighi M (2008) Water Air Soil Poll 188:93-109. http://dx.doi.
org/10.1007/s11270-007-9527-5

25 Grimalt JO, van Drooge BL, Ribes A, Vilanova RM, Fernandez P, Appleby P (2004) Chemosphere 54:1549—-1561. http://
dx.doi.org/10.1016/j.chemosphere.2003.09.047

26 Cai Q-Y, Mo C-H, Wu Q-T, Katsoyiannis A, Zeng Q-Y (2008) Sci Total Environ 389:209-224. http://dx.doi.org/10.1016/j.
scitotenv.2007.08.026

27 Mishra K, Sharma RC, Kumar S (2012) Ecotox Environ Safe 76:215-225. http://dx.doi.org/10.1016/j.ecoenv.2011.09.014

28 Kuzmin MI, Mamontova EA, Tarasova EN, Mamontov AA, Khomutova MYu (2009) Organohal Comp 71:1729-1734

29 Mamontov AA, Mamontova EA, Tarasova EN, Kuzmin MI, McLachlan MS (2004) Organohal Comp 66:1327-1332

30 Mamontova EA, Tarasova EN, Mamontov AA (2009) Agricultural Chemistry [Agrokhimia] 5:62—68 (In Russian).

31 Chen D, Liu W, Liu X, Westgate JN, Wania F (2008) Environ Sci Technol 42:9086-9091. http://dx.doi.org/10.1021/
es8018572

32 GaiN, PanJ, Tang H, Chen S, Chen D, Zhu X, Lu G, Yang Y (2014) Sci Total Environ 478:90-97. http://dx.doi.org/10.1016/j.
scitotenv.2014.01.002

18 Ka3¥V xabaprusicel. Xumus cepusicel. Nel (77) 2015



Mamontova E.A. et al.

33 Wang X-P, Sheng J-J, Gong P, Xue Y-G, Yao T-D, Jones KC (2012) Environ Pollut 170:145-151. http://dx.doi.org/10.1016/].
envpol.2012.06.012

34 Guzzella L, Poma G, De Paolis A, Roscioli C, Viviano G (2011) Environ Pollut 159:2552-2564. http://dx.doi.org/10.1016/].
envpol.2011.06.015

35 Wong F, Robson M, Diamond ML, Harrad S, Truong J (2009) Chemosphere 74:404-411. http://dx.doi.org/10.1016/j.che-
mosphere.2008.09.051

36 Bidleman TF, Leone AD (2004) Environ Pollut 128:49-57. http://dx.doi.org/10.1016/j.envpol.2003.08.034

37 Wong F, Alegria HA, Jantunen LM, Bidleman TF, Salvador-Figueroa M, Gold-Bouchot G, Ceja-MorenoV, Waliszewski
SM, Infanzon R (2008) Atmos Environ 42:7737-7745. http://dx.doi.org/10.1016/j.atmosenv.2008.05.028

38 Rissato S.R., Galhiane M.S., Ximenes V.F., de Andrade R.M.B., Talamoni J.L.B., Libanio M., de Almeida M.V., Apon B.M.,
Cavalari A.A. (2006) Chemosphere 65:1949—-1958

39 Daly GL, Lei YD, Teixeira C, Muir DCG, Wania F (2007) Environ Sci Technol 41:6020—6025. http://dx.doi.org/10.1021/
es0708480

40 Borghini F, Grimalt JO, Sanchez-Hernandez JC, Barra R, Torres Garcia CJ, Focardi S (2005) Environ Pollut 136:253-266.
http://dx.doi.org/10.1016/j.envpol.2005.01.007

41 Meijer SN, Ockenden WA, Sweetman A, Breivik K, Grimalt JO, Jones KC (2003) Environ Sci Technol 37:667—-672. http://
dx.doi.org/10.1021/es0258091

42 Sweetman AJ, Dalla Valle M, Prevedouros K, Jones KC (2005) Chemosphere 60:959-972. http://dx.doi.org/10.1016/j.che-
mosphere.2004.12.074

43 Cabrerizo A, Dachs J, Barcelo D, Jones KC (2012) Environ Sci Technol 46:1396—-1405. http://dx.doi.org/10.1021/es203425b

44 Wania F, McLachlan M (2001) Environ Sci Technol 35:582-590. http://dx.doi.org/10.1021/es0011919

ISSN 1563-0331 Chemical Bulletin of Kazakh National University, 2015, 1 (77) 19



