EER

Z4EA 3R] #2278 (F25) 84~93, 2019
e

J. of the Korean Society for Environmental Analysis

Water

Assessment of DDTs Pollution of Lake Sediment in Korea

Dal Rae Jin, Hang-Soo Cho, Kyung Hee Kim, Soohyung Lee, and In Ae Huh'

Environmental Engineering Research Division, Water Environment Research Department. National Institute of

Environmental Research

Received June 4, 2019/Revised June 20, 2019/Accepted June 23, 2019

DDTs are still potential hazard chemicals due to the properties of POPs, even though they have been banned
in Korea since the 1970s. To assess pollution levels of the sediment we analyzed DDT isomers of 109 sites in
39 major lakes in Korea. For this assessment, we used sediment quality guidelines, analyzed the relationship of
total DDTs concentration to particle size and total organic carbon concentration, and estimated the time when
the DDTs came into the sediment by analyzing the isotopic composition ratio of total DDTs. Analysis Results
are, the total DDTs concentration in the range of N.D.(<0.2 ng/g-dw)~14.6 ng/g-dw (2.32 + 2.34 ng/g-dw) was
similar to the study result of rivers in Korea and was relatively lower than the study result of rivers in other
countries. Pollution assessment results showed that there were no sites exceeding probable effect concentra-
tion(PEC), but Chuncheon 2, Chuncheon 3 and Boryeong 3 sites exceeded the threshold effect concentration(TEC).
The DDTs concentrations were not associated with particle size while it showed a correlation with total organic
carbon(p<0.05). Isotopic composition ratio analysis, showed relatively recent influx of DDTs in to the Boryeong 3.
Considering this result, the sites that the DDTs exceeds the TEC should be checked for impact on benthos or
human health, accordingly assessing the improvement of sediments in the sites. Also, is necessary to inves-
tigate areas surrounding the sites. The sediment quality guideline used for this study is based on toxicity data from
other countries. It is expected that the follow-up study would establish the data base of DDTs concentration in
sediment and the toxicity on the benthos inhabiting the Korea, providing the base to develop guidelines reflect-
ing Korean sediment quality and ecosystem.
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Fig 1. Location of study sites in Korea.
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*PD Pal-dang *GC Gyeong-cheon
*UA  Ui-am *YED Ye-dang

«CP  Cheong-pyeong *BA Bu-an

+CC  Chun-cheon *BR Bo-ryeong
+CJJ Chung-Ju Jojungji *DA Dae-ah

*KD Kuangdong *SG  Sap-gyo

*HS Hoeng-seung *GH Geum-gang Hagu
+CJ  Chung-Ju +DY Dam-yang

*SY  So-yang «JS  Jang-sung
*GS Goe-sna +6J Gwang-Ju

*AS  Ah-san oNJ Na-ju

*KP  Kyeong-po *YS  Young-san
+*HWC Hwa-cheon +SJ  Sum-jin

*AD  :An-dong *DB  Dong-bok

*YH  Yim-ha *BS Bo-seong

*NG Nam-gang oJA Ju-am

*HC  Hgp-cheon «SE Su-euh

+DC  Dae-cheong «JAJ Ju-am Jojungji
*YD Yong-dam «DH Dong-hwa

&TJ Top-Jeong
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Table 1. Information of samples ID and Number of point
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Region Lake ID Region Lake ID
Pal-dang PD1~5 Gyeong-cheon GC1~2
Ui-am UA1-~3 Ye-dang YED1~3
Cheong-pyeong CP1~3 Bu-an BA1~3
Chun-cheon CCl1-~3 (}i?\ljg Bo-ryeong BR1~3
Chung-Ju Jojungji ClI1~2 Dae-ah DA1~3
Kuangdong KD Sap-gyo SG1~3
F;lslelr Hoeng-seung HS1~2 Geum-gang Hagu GHI1~3
Chung-Ju CJ1~4 Dam-yang DY1~2
So-yang SY1~5 Jang-sung JS1~2
Goe-sna GS1~3 Gwang-Ju GJ1~2
Ah-san AS1~3 Na-ju NJ1~2
Kyeong-po KP1~2 Young-san YS1~3
Hwa-cheon HWCI1~3 Sum-jin SJ1~3
An-dong AD1~3 Y(;;J;i]iian Dong-bok DB1~2
Nakdong Yim-ha YHI1~3 Bo-seong BS1~2
River Nam-gang NG1~3 Ju-am JA1~3
Hgp-cheon HCI1~3 Su-euh SE1~2
Dae-cheong DC1~6 Ju-am Jojungji JAJ1~2
Geum Yong-dam YD1~4
River Dong-hwa DH
Top-Jeong TJ1~2
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Table 2. Analysis Method of DDTs

Parameter Conditions
Model 6890N
Column DB-SMS

(30m, 0.32 mm, 0.25 pm)

GC Carrier gas He(1.0 mL/min)
Injection mode Splitless
Inlet Temperature 260°C
Model 5973
Energy of ionization 70 eV
MS Ionization Mode El
Mode of acquisition SIM
Transfer line Temperature 280°C
Source Temperature 280°C
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Table 3. Concentration of total DDTs in lake sediment. (ng/g-dw)
o %P- pp- op- pp- op- pp- Total | op- pp- op- pp- op- pp- Total

DDE DDE DDD DDD DDT DDT DDT DDE DDE DDD DDD DDT DDT DDT

PD2 <02 061 093 <02 <02 <02 154 |HCI <02 <02 099 <02 <02 <02 099
PD3 <02 131 115 <02 <02 210 456 | HC2 <02 045 296 090 <02 <02 43I
PD5 <02 016 046 <02 <02 <02 062 | HC3 <02 <02 3.09 <02 <02 <02 3.09
UA1 <02 164 <02 1.17 <02 135 416 | DClI <02 072 <02 <02 <02 <02 072
UA2 <02 040 <02 <02 <02 <02 040 |YEDI <02 <02 138 <02 <02 <02 138
UA3 <02 0.84 <02 094 <02 <02 178 |YED3 <02 <02 153 <02 <02 <02 153
CP1 <02 116 159 172 <02 <02 447 | TI1 <02 033 <02 <02 <02 <02 033
CC2 <02 239 140 244 <02 245 868 |YD3 <02 065 <02 <02 <02 086 1.51
CC3 <02 293 251 303 <02 6.08 146 | BAl <02 023 0.65 <02 <02 <02 0.8
CJJ1 <02 051 <02 <02 <02 <02 051 |BR2 <02 143 <02 <02 <02 <02 143
CJJ2 <02 074 070 024 <02 <02 168 | BR3 <02 <02 <02 <02 <02 894 894
KD <02 019 129 <02 <02 <02 148 | SG3 <02 058 <02 <02 <02 <02 0.58
SY1 <02 038 123 <02 <02 <02 161 |DYl <02 048 203 <02 <02 <02 251
SY2 <02 <02 <02 181 <02 <02 181 |DY2 <02 094 <02 127 <02 <02 220
SY3 <02 095 263 <02 <02 <02 358 | JS1 <02 093 253 <02 <02 <02 346
SY5 <02 059 <02 062 <02 <02 121 JS2 <02 139 <02 087 <02 <02 225
GSI <02 040 190 <02 <02 <02 1230 | GJI <02 <02 328 <02 <02 <02 328
GS2 <02 027 193 <02 <02 <02 220 | GJ2 <02 <02 165 <02 <02 <02 1.65
GS3 <02 033 <02 <02 <02 <02 033 | NJl <02 098 306 09 <02 <02 490
AS2 <02 <02 <02 029 <02 <02 029 | NJ2 <02 145 <02 074 <02 <02 219
KP1 <02 089 <02 <02 <02 <02 089 |YSl <02 063 <02 <02 <02 <02 0.63
KP2 <02 <02 089 <02 <02 <02 089 |YS2 <02 039 <02 <02 <02 <02 039

HWCI <02 147 <02 208 <02 <02 355]|YS3 <02 020 <02 <02 <02 <02 020

HWC2 <02 096 143 <02 <02 <02 239 | SJ]1 <02 053 <02 <02 <02 <02 053

HWC3 <02 217 <02 <02 <02 <02 217 | SJ2 <02 <02 200 <02 <02 <02 2.00
ADl <02 058 426 032 <02 <02 516 |DB2 <02 039 102 <02 <02 <02 141
AD2 <02 <02 204 <02 <02 <02 204 | JA1l <02 <02 189 <02 <02 <02 1.89
AD3 <02 <02 198 <02 <02 <02 198 | JA2 <02 <02 234 <02 <02 <02 234
YH2 <02 <02 227 <02 <02 <02 227 | SE2 <02 <02 145 <02 <02 <02 145
NGl <02 <02 265 <02 <02 <02 265 |JA2 <02 <02 024 <02 <02 <02 024
NG2 <02 <02 250 <02 <02 <02 250 | DH <02 <02 199 <02 <02 <02 199
NG3 <02 052 <02 <02 <02 <02 0.52

ng/g-dw (Kang et al, 2016)9} AR 755 HSI  PEC, #E5<t)e v Wl 5HACRE =59 7o|=
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o Hls) v Zow vkt %141 > 52 HHE
total DDTs s%=7F =<]o] Hlaf Hlwz] v Zo=w
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Table 4. Land use composition ratio by water system (unit : km?)
Region Total Field Rice Paddy forest City The others DDTs used lands ratio (%)
Han River 18,780 1,423 1,243 13,499 1,249 1,367 86.1
Nakdong River 6,309 418 409 5,346 214 423 90.7
Geum River 7277 640 1,456 3,659 724 799 79.1
Youngsan River 6,822 496 978 4,129 607 612 82.1
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Fig. 2. The concentration of DDTs metabolite in lake sediment (a) Han River, (b) Nakdong River, (c) Geum River, (d) Youngsan River.
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Table 5. Comparision of total DDTs in sediment from various locations. (ng/g-dw)
. . . Total DDTs
Location Smapling period Reference
Mean Range
National Lake, Korea 2016 2.32 N.D.~14.6 This Study
Han River, Korea 2005 4.76 0.67~14.20 Park et al.(2012)%
Nakdong River, Korea 2006 1.81 N.D.~1.81 Park et al.(2012)
Geum River, Korea 2007 1.87 N.D.~7.26 Park et al.(2012)
Youngsan River, Korea 2008 1.08 N.D.~3.12 Park et al.(2012)
Sumjin River, Korea 2008 0.56 0.02~2.04 Park et al.(2012)
Nakdong River, Korea 2008 0.6 N.D.~1.5 Kang et al.(2010)
River / stream, Dibrugarh, India 2009~2011 291 69.1~852 Mishra et al (2013)%%
River / stream, Nagaon, India 2009~2011 339 72.5~633 Mishra et al.(2013)
Lake Bosomtwi, Ghana 2004~2006 12.8 3.5~26.4 Darko et al.(2008)>7
Lake of Hanoi Area, Vietnam 2006 135 4.4~1100 Hoai et al.(2009)%®
River Quintang, China 2005 25.1 8.6~100 Sun et al.(2010)*”
Haihe River, China 2003 15.94 0.32~80.18 Yang et al.(2005)*”
Pearl River, China 1996~1997 2.84 1.36~8.99 Hong et al.(1999)*)
Ebro River, Spain 2002 33.7 9.0~94 A. de la Cal et al.(2008)*®
Lambro River, Italy 2001 33.4 1.5~167.0 Bettinetti et al.(2003)*3
National River&Lake, Germany 2005~2007 40.3 N.D.~355 FEILER et al.(2013)*¥
Sacramento River, U.S.A 2003 46.2 3.05~205 Hwang et al.(2013)*Y
Lake Chaohu, China 2011 3.09 0.310~25.411 Kang et al.(2016)*®
Warsaw city, Poland 2014 16.4 < 0.7~1900 Bojakowska et al.(2018)37

Table 6. Assessment of sediment quality guidelines for DDTs by TEC and PEC in this study.

Macdonald et al. (1997)

Count of samples in this study
(number of Samples in parentheses)

TEC (ng/g-dw) PEC (ng/g-dw) <TEC TEC-PEC >PEC
sum DDT (n=6) 4.16 62.9 4 (66.7%) 2 (33.3%) 0 (0.0%)
sum DDE (n=43) 3.16 313 43 (100.0%) 0 (0.0%) 0 (0.0%)
sum DDD (n=47) 4.88 28.0 46 (97.9%) 1 (2.1%) 0 (0.0%)
Total DDTs (n=64) 5.28 572 61 (95.3%) 3 (4.7%) 0 (0.0%)

Table 7. Result of Corelation with total DDTs, silt+clay and

TOC
Sediment .
Variable silt-clay TOC Total DDTs
silt-clay 1.000
TOC 0.299™ 1.000
Total DDTs 0.124 0.415%* 1.000

*Correlation is significant at the 0.01 level (2-tailed)
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