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ORGANOCHLORINE PESTICIDES IN
THE TISZA RIVER (SERBIA): DISTRIBUTION
AND RISK ASSESSMENT

ABSTRACT: Paper provided the systematic data on the distribution and risk assess-
ment status of organochlorine pesticides (OCPs) in sediment of the Tisza River (Serbia). The
a-HCH, endrin ketone and methoxychlor are the most commonly found OCPs compounds.
According to Serbian regulation concentrations of dieldrin, o-HCH, B-HCH and heptachlor
were below limit values. In the Tisza River, sediment samples concentrations of aldrin, endrin,
v-HCH, endosulfans, heptachlor epoxide, p,p’-DDD, p,p’-DDE, p,p’-DDT were above limit
values but below maximum concentration. Adverse effects are expected occasionally and
slight potential health risks may exist to organisms based on the sediment quality guidelines.
Upon exposure to organochlorine pesticides through non-dietary routes, results reported no
potential cancer risk. The highest risk of cancer was through ingestion of contaminated
sediments and minimal through inhalation routes.

KEYWORDS: chronic daily intake assessment model, distribution, incremental life
time cancer risk, organochlorine pesticides, sediment

INTRODUCTION

Organochlorine pesticides (OCPs) are a large group of structurally dif-
ferent compounds. There is still an indication of excessive use of pesticides,
regardless of the worldwide attempts to exclude or decrease releases of the
pesticides (Kuranchie-Mensah et al., 2012).

The Tisza River (longest tributary of the Danube River) is facing a serious
increase in the concentration of pesticides due to agricultural activities. The
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countries in the Tisza Basin (Ukraine, Romania, Slovakia, Hungary and Serbia)
have taken great efforts to adopt, adjust and implement the EU Directives in
support of implementing of measures to reduce the pressures from agricultural
activities on water resources (ICPDR, 2007). The main initiatives are grouped
around the Directive 2009/128/EC to establishing a framework for Community
action to achieve the sustainable use of pesticides — by reducing the risks and
impacts of pesticide on human health and the environment.

Valuing human health risk that may arise from exposure to pesticides is
imperious. Some studies include estimates of the potential risk to human health
from the consumption of pesticide contaminated food (dietary intake) (Jiang
et al., 2005; Ezemonye et al., 2015). However, there is the need to estimate the
risk to human health through non dietary exposures. These risks are predicted
by chronic daily intake assessment model (CDI) (Huang et al., 2014; Ogbeide
et al., 2016) and the incremental life time cancer risk (ILCR) (Qu et al., 2015;
Ogbeide et al., 2016).

In this study, 20 compounds were analyzed in sediment samples col-
lected from Serbian part of the Tisza River: a-HCH, -HCH, y-HCH, 3-HCH,
heptachlor, heptachlor epoxide, aldrin, dieldrin, endrin, endrin aldehyde, endrin
ketone, a-chlordane, y-chlordane, endosulfan I, endosulfan II, endosulfan sul-
phate, DDT, DDD, DDE and methoxychlor.

The main objective of this study is to analyze distribution of the OCPs in
sediments of the Tisza River, and to evaluate the risk assessment of OCPs in
study area which has not been done so far.

MATERIALS AND METHODS
Study area

This study was carried out in the Tisza River (Serbia). The current inves-
tigations include four sediment profiles T, B, S and M. The sampling sites are
presented in Figure 1.

Sediment samples were collected by Eijkelkamp core sampler from each
sample point, according to standard method ISO 5667-12:1995. Core sediment
samples, 80 cm long, were sectioned at 20 cm intervals (T1, BI, S1, M1 = 0-20
cm; T2, B2, S2, M2 =20-40 cm; T3, B3, S3, M3 =40-60 cm; T4, B4, S4, M4
= 60—80 cm). The standard USEPA Soxhlet extraction method (3540S) was
used for OCP extraction from sediments. Analysis of sediment extracts was
done with gas chromatography with electron capture detector (Agilent 7890B)
equipped with capillary column HP-5 (Agilent J&W GC Columns, 30 m x 0.30
mm x 0.25 pm).
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Figure 1. Study area

Risk assessment models

To determine whether the OCPs concentrations in the sediment samples
from the Tisza River exceed the permitted values, the concentrations of OCPs
were compared to Serbian regulation (Off. Gazette of RS, No. 50/12).

Sediment quality guidelines (Long and MacDonald 1998) were established
to evaluate the ecotoxicology aspect of sediment contamination. Threshold
effects level (TEL) and probable effects level (PEL) have been used to predict
biological effects for sediments. Apart from that, effects range-low (ERL) and
effects range-median (ERM) values have been used to predict potential impacts
of contaminants in sediments (Yang et al., 2010). The non-carcinogenic and
carcinogenic risk of detected pesticides to adults and children were calculated
using a chronic daily intake (CDI) and the incremental life time cancer risk
(ILCR) model. CDI are assessed for ingestion, inhalation and dermal contact
(Ogbeide et al., 2016). The CDI was assessed using the following formulae
(Ogbeide et al., 2016) (Equations 1-3).

CDIingestiun:C(sediment) ><IR(Se'diment) XCFXEFXED/BWXAT (1)
CDlinatation=Csedimeny *(1/PEF)XIARXEFXED/BWxAT 2)
CDLjermai=Cedimen *SAXCFXEFXED*ABS*AF/BW~AT 3)
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ILCR for dermal, inhalation and ingestion pathways was calculated using
the following equations (Ogbeide et al., 2016) (Equations 4—6).

ILCRS ngesion=CS(CSFpgesgion™ $N(BW/70))XIR ;g EDXEF/BWXAT%CF @)
ILCRS gormai=CS*(CSE tormar N(BW/70)) xSAXFEXABS*AF xEF xED/BW*ATCF (5)
ILCRS hatation=CS*CSF suatation > N(BW/70)) xIRairxEDXEF/BW*AT<CF ~ (6)

The non-cancer and cancer risk was estimated for two age groups: child-
hood (0—-10 y) and adulthood (1970 y), since several exposure parameters,
such as body weight, ingestion rate and inhalation rate, changed with age
growth. The values used to derive a CDI and the ILCR and details of exposure
parameters are presented in Table 1.

Table 1. Values of the parameters for the estimation of a chronic daily intake (CDI) and
the incremental life time cancer risk (ILCR)

Exposure parameters Unit Childhood Adulthood
Body weight (BW) kg 13.95 58.75
Ingestion rate (IRsoil) mg d’! 200 100
Exposure frequency (EF) dyr! 350 350
Exposure duration (ED) yr 6 30
Average life span (AT) d LT x 365 LT x 365
Lifetime (LT) yr 72 72
Surface area (SA) cm? d! 2800 5700
Dermal exposure ratio (FE) Unitless 0.61 0.61
Dermal surface factor (AF) mg cm’! 0.2 0.07
Dermal absorption factor (ABS) Unitless 0.13 0.13
Inhalation rate (IRair) m® d! 10.9 17.5
Particle emission factor (PET) m’ kg’ 1.36 x 109 1.36 x 109

The carcinogenic slope factor of OCPs through ingestion, dermal contact
and inhalation are listed in Table 2 (Qu et al., 2015).

Table 2. The carcinogenic slope factor (1/(mg/kg/d)) of OCPs through ingestion, dermal
contact and inhalation

Compound CSFingestion CSFdermal CSFinhalation
a-HCH 6.30E+00 4.49E+00 6.30E+00
B-HCH 1.80E+00 1.98E+00 1.86E+00
vy-HCH 1.30E+00 1.34E+00 1.80E+00

p,p-DDE 3.40E-01 4.86E-01 NA*
p,p-DDD 2.40E-01 3.43E-01 NA*
p,p-DDT 3.40E-01 4.86E-01 3.40E-01

*NA indicated that a value was not available
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The total risks were assessed as the totality of individual risk for the three
exposure pathways in different age groups.

The contaminant level would exert an adverse human health effect or
carcinogenic effect when CDI for a contaminant is more than the reference
dose (RfD) (Huang et al., 2014; Ogbeide et al., 2016). The ILCR between 10°°
and 10~ represents potentlal rlsk while an ILCR larger than 10™* indicates
potentially hlgh health risk (Chen and Liao, 2006; Ogbeide et al., 2016). An
ILCR of 107 or less represents virtual safety (Chen and Liao, 2006 Huang et
al., 2014; Ogbeide et al., 2016).

Statistical analysis

Principal component analysis (PCA) uses a correlation matrix to define
a smaller set of computed values that reflect underlying shared variance in
variables present in the original dataset (Wu et al., 2013). For PCA analysis
Minitab 12 statistical software was performed.

RESULTS AND DISCUSSION

The a-HCH, endrin ketone and methoxychlor are the most commonly
found OCPs compounds (maximal values contributed with 60%). Gamma-
chlordane, DDT, and endrin aldehid contributed with 29 %. Concentrations of
other OCPs such as B-HCH, y-HCH, 6-HCH, DDD, DDE, heptachlor, drin,
a-chlordane, and endosulfan contributed with 11 %, respectively. The highest
level of XOCPs was found at site Martonos$ (M1-4), while the lowest concentra-
tions were found at site Senta (S1-4). The highest mean value of XOCPs con-
centrations was determined at a depth of 20—40 cm.

The 2OCPs concentrations in the Tisza River sediments (11.6-21.34 g kg™
were lower to those detected in Daya Bay, China (16.66-44.04 pg kg’ Wan%
et al., 2008), similar to those detected in Honghu lake, China (17.88 ug kg
Yuan et al., 2013). Higher than those detected in Ariake bay, Japan @1 pgkg!
Kim et al. 2007) Minjiang River Estuary, China (1. 57 13.06 ug kg! Zhang et al.,
2009), Da-han and Erh-jen River (0.57-14.1 pg kg™ Doong et al., 2002).

Ration of o/y HCH ranged from 1.50 to 5.49, indicating 1nput of technical
HCHs (Zhang et al., 2009; Yuan et al., 2013). HCH residues were resulting
mainly from the historical inputs of technical HCHs (the ration of B-HCH/
>HCHs ranged from 0.06 to 0.31 which was below 0.50) (Wu et al., 2013). Low
levels of dieldrin show slow rate of aldrin degradation. Decrease levels of
endrin in relation to its degradation products provide indication of the historical
input of the OCPs (Kuranchie-Mensah et al., 2012). Average y/a-chlordane was
5.15, indicating recent input of technical chlordane in the Tisza River sediment
(Zhang et al., 2009; Yuan et al., 2013). Rations DDD/DDE was in the range
0.56-2.17, with 69% of the values greater than 1, indicating anaerobic biode-
graded condition (Wu et al., 2013). Sediment contamination by DDTs in the
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Tisza River came from the historical and recent input of DDT (rations (DDD+
DDE)/DDTs in 50 % of samples were greater than 0.5 and 50% of samples
were smaller than 0.5). Ratio p,p’-DDT/p,p’-DDE was 0.17-28.14, respectively,
also indicating fresh and old input of p,p>-DDT (Wu et al., 2013). Anaerobic
biodegraded condition contributes to slower degradation of the parent com-
pound. For this reason, the results indicate recent input of technical chlordane
and fresh input of p,p’-DDT.

According to Serbian regulation concentrations of dieldrin, a-HCH,
B-HCH and heptachlor in the Tisza River sediment samples were below limit
values. On the other hand, concentrations of aldrin, endrin, y-HCH, endosulfans,
heptachlor epoxide, p,p’-DDD, p,p’-DDE and p,p’-DDT in the Tisza River
sediment samples were above limit values but below maximum concentration.
Therefore, the OCPs levels were categorized as moderate contaminations.

After performing PCA on the datasets, two principal components pre-
sented in Figure 2 account for 53.1% of the total variance.
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Figure 2. PCA plot of pesticide residues in sediment samples

Positive loadings of pesticides residues such as a-HCH, B-HCH, endrine
aldehid, a-chlordane, endosulfan I, endosulfan II, aldrin, endrin ketone and
y-chlordane p,p’-DDD, p,p’-DDE, met0x1chlor (Flgure 2) imply that those pes-
ticides undergo similar degradatlon and distribution patterns in sediment sam-
ples from the upper and lower reaches of the Tisza River.

Pesticides used many years ago such as DDT and y-HCH are present in the
sediment of the middle course of the river. The obtained results are expected
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considering that agriculture in this region has been present for at least hundred
years. Analyzing the results of PCA there can be determined the impact of
agriculture on the presence of pesticides in the Tisza River sediments.

Adverse effects are expected occasionally and slight potential health risks
may exist to organisms. Only concentrations of all HCH isomers were higher
than PEL values (Table 3).

Table 3. Evaluations of potential ecotoxicological risks of selected OCPs in surface
sediments

Range |ERL |ERM Eoﬁ (VE%R&' Eol/;;/l TEL | PEL | %<TEL %PTEELL' %>PEL
a-HCH 138376 NA. NA - - - 094 138 - - 100
B-HCH 026-151 NA. NA - - - 094 138 6875 1875 125
vHCH 034222 NA. NA - - - 094 138 625 1875 1875
pp-DDT 017-199 1 7 50 50 - 119 477 50 50 -
pp -DDD 015162 2 20 100 - - 122 781 8125 1875
pp’ -DDE 0.07-L11 22 27 100 - ~ 207 3417 100 - -
IDDTs  138-355 158 461 625 9375 - 387 517 100 - -
Aldrin 0.10-096 NA NA - - - 2 NA 100 - -
Heptachlor 0.08-096 0.50 6 625 375 - 226 479 100 - -
H:gf)icigle"r 0.04-099 N.A. NA. - - - 06 274 9375 625 -
Endrin ~ 003-028 002 45 - 100 - 267 624 100 - -

Results obtained from this study reported no potential cancer risk to hu-

mans upon exposure to organochlorine pesticides through non-dietary routes
(Table 4).

Table 4. Estimated chronic daily intake (CDI) compared with reference dose for OCPs

Ingestion Dermal Inhalation Reference
Children Adults Children Adults Children Adults dose
a-HCH  3.53E-05 5.24E-06 6.44E-06 3.14E-06 6.79E-09 5.18E-08 8.00E-03
B-HCH  1.13E-05 1.67E-06 2.06E-06 1.00E-06 2.17E-09 1.65E-08 8.00E-03
vy-HCH 1.23E-05 1.83E-06 2.25E-06 1.10E-06 2.37E-09 1.81E-08 3.00E-04
XDDT  3.25E-05 4.82E-06 5.93E-06 2.89E-06 6.24E-09 4.76E-08 5.00E-04

ILCRs estimates for a-HCH, y-HCH, B-HCH DDE, DDD and DDT, where
higher in children compared to adults when exposed via ingestion, dermally
and through inhalation. Cancer risk was highest through ingestion of contami-

nated sediments and minimal when exposure routes were through inhalation
(Table 5).
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Table 5. Estimated incremental lifetime cancer risk (ILCRs) for OCPs

Ingestion Dermal Inhalation
Children Adults Children Adults Children Adults
a-HCH 1.32E-05 4.77E-06 2.04E-05 7.00E-06 5.17E-09 3.99E-09
B-HCH 1.20E-06 4.35E-07 2.88E-06 9.86E-07 4.88E-10 3.77E-10
vy -HCH 9.51E-07 3.44E-07 2.13E-06 7.30E-07 5.16E-10 3.99E-10

DDE 1.71E-07 6.19E-08 5.32E-07 1.82E-07 1.24E-09 9.61E-10
DDD 1.38E-07 5.01E-08 4.30E-07 1.47E-07 1.43E-09 1.10E-09
DDT 2.65E-06 9.60E-07 7.51E-06 2.83E-07 1.04E-10 8.04E-11

CONCLUSIONS

The a-HCH, endrin ketone and methoxychlor are the most commonly found
OCPs compounds in the Tisza River sediments, Serbia. Ration of o/y HCH in-
dicates input of technical HCHs. The ration of B-HCH/XHCHs suggests that the
HCHs were resulting mainly from the historical inputs of technical HCHs. Also,
decrease levels of endrin indicate the historical input of the OCPs. Ration of
v/a-chlordane indicates recent input of technical chlordane in the Tisza River
sediments. Sediments contamination by DDTs in the Tisza River came from
historical and recent DDT input. Concentrations of dieldrin, a-HCH, 3-HCH and
heptachlor were below limit values. On the other hand, concentrations of aldrin,
endrin, y-HCH, endosulfans, heptachlor epoxide, p,p’-DDD, p,p’-DDE, p,p’-DDT
in Tisza River sediment samples were above limit values but below maximum
concentration. The OCPs levels are categorized as moderate contaminations.
Adverse effects are expected occasionally and slight potential health risks may
exist to organisms. Results obtained from this study reported no potential cancer
risk to humans upon exposure to organochlorine pesticides through non-dietary
routes. Cancer risk was highest through ingestion of contaminated sediments
and minimal when exposure routes were through inhalation.
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PE3MME: ¥ pagy cy natu CHCTEMCKH MOJAIN O CTATYCy PACIOJee U IPOIICHI
pH3HKa OPraHOXJIOPHUX HecThLHAa Y cenumenty peke Tuce (CpOuja). Hajzactynbe-
HUJU OPTaHOXJIOPHH NeCTHUUAM y cenumenTy ¢y a-HCH, enaput KeToH 1 MeToKCH-
xyop. [Ipema HanMoHaIHO] peryaaTuBH KOHUEHTpanuje nuenapuna, o-HCH, f-HCH
U XernTaxJiopa Ouje cy UCIoJ I'PaHUYHHUX BPEIHOCTH. Y Y30pLUMa CEIUMEHTa peKe
Tuce koHEHTpanuje anapuna, enapuna, y-HCH, ennocyndana, xentaxaop enokcu-
na, p’-DDD, p, p’-DDE, p, p’-DDT 6une cy u3Hajg rpaHUYHUX BPEIHOCTH, aJIH UCTIOJ
MaKCHMAJIHO [I03BOJbCHUX KOHLCHTpauuja. HexesbeHn edexty Ha OpraHu3Me O4eKyjy
oBpeMeHo. HakoH n3narama OpraHOXJIOPHUM NECTULHAMMA Iy TeM HENJeTATHHX
IIyTeBa MOTCHIMjaIHN PU3UK OJf paka ce He o4ekyje. Hajsehu pusuk ox paka ouexyje
¥ TACTPOMHTECTHHAITHOM YHOCY CeMMEHATa i MUHIMAITHO Iy TEM HHXaJaIuje.

KJbYUHE PEUYU: puctpubynmja, Mogen MpoIeHe XPOHUYHOT JIHEBHOT YHOCA,

OPraHoOXJIOPHU NMECTUIU AN, PU3HK OJ] paKa, CCIUMEHT
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