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Polycyclic aromatic hydrocarbons (PAHs) are pollutants that require management as they are continuously
formed by natural and anthropogenic processes. We assessed PAH pollution in freshwater sediment in major
lakes and reservoirs of Korea. We collected samples of surface sediment in spring 2018; these were sieved to
obtain sand, silt and clay ( <2 mm). We extracted dry sediment using Hexane:Acetone(1:1) and analyzed the
concentration of 16 PAHs by GC-MS. Measured concentration of PAHs was compared with threshold effect
concentration(TEC) and probable effect concentration (PEC), and concentration ratio of chemical species was ana-
lyzed to track source. PAH concentrations ranged from 13 ng/g-dw to 1 337 ng/g-dw, (median 123 + 204 ng/g-dw),
which are below TEC and are similar or slightly lower than those reported by previous studies. At most sites,
the dominant PAH source was natural combustion such as forest fires rather than anthropogenic such as petro-
leum. In contrast, the site with the highest PAH concentration (1 337 ng/g-dw) in Dae-am reservoir indicated
natural and anthropogenic sources. Pollution levels of PAHs in reservoirs and lakes in Korea is not of concern
in general. However, some sites with PAHs from anthropogenic sources need to be monitored to investigate
possible increase in PAH concentrations in future.

Key words: PAHs, Sediment, Pollution assessment, Pollution evaluation guideline, Composition ratio of 16 PAHs
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Classifi ation Species Abbrevi ations Nuber of rings Group
Naphthalene Nap 2 3
Acenaphthylene Acy 3 3
Acenaphthene Ace 3 3

L-PAHs
Fluorene Flu 3 3
Phenanthrene Phe 3 3
Anthracene Ant 3 3
Fluoranthene Fla 4 3
Pyrene Pyr 4 3
Benzo[a]anthracene BaA 4 2A
Chrysene Chr 4 3
Benzo[b]fluoranthene BbF 5 2B

H-PAHs
Benzo[k]fluoranthene BKF 5 2B
Benzo[a]pyrene BaP 5 1
Dibenzo[a,h]anthracene Dac 5 2B
Indeno[1,2,3-c,d]pyrene InP 6 2B
Benzo[g,h,i]perylene BgP 6 3
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«PD Pal-dang «SY Sa-yeon
<UA Ui-am <HY Hoe-ya
-CP Cheong-pyeong -DC Dae-cheong
-CC Chun-cheon YD Yong-dam
«CJJ Chung-Ju Jojungji «TJ Top-Jeong
<KD Kuangdong +«GCJ Gyeong-cheon Ji
«HS Hoeng-seung *YED Ye-dang
«CJ Chung-Ju «BA Bu-an
+SYG  So-yang gang *BR Bo-ryeong
*GS Goe-sna +«DAJ Dae-ah Ji
«AS Ah-san *SG  Sap-gyo
«KP Kyeong-po «GH Geum-gang Hagu
+HWC Hwa-cheon DY Dam-yang
<AD An-dong «JS Jang-sung
*YH Yim-ha «GJ Gwang-Ju
«YC Young-chun *NJ Na-ju
«GC Ga-chang *YS Young-san
+NG Nam-gang «SJ Sum-jin
«HC Hgp-cheon «DB  Dong-bok
UM Un-mun -BS Bo-seong
«MY Mir-yang «JA Ju-am
+NH Nak-dong Hagu «SE Su-euh
-BM Bo-munm «JAJ)  Ju-am Jojungji
<AG An-gye «DH Dong-hwa
QA Dae-am

Fig. 1. Location of sampling lake and reservoirs.
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Table 2. Information of sampling site and sample ID
Sphere Resemois D Sphere Reserois D
Pal-dang PD1~5 Nakdong Sa-yeon SY1~2
Ui-am UAI1-~3 River Hoe-ya HY1~2
Cheong-pyeong CP1~3 Dae-cheong DCI1~6
Chun-cheon CC1~3 Yong-dam YD1~4
Chung-Ju Jojungji Cll1~2 Top-Jeong TJ1~2
Kuangdong KD Gyeong-cheon Ji GCJ1~2
]iiljzr Hoeng-seung HS1~3 Geum Ye-dang YEDI~3
Chung-Ju Cl1~4 River Bu-an BA1~3
So-yang gang SYG1~5 Bo-ryeong BR1~3
Goe-sna GS1~3 Dae-ah Ji DAJ1~3
Ah-san ASI1-~3 Sap-gyo SG1~3
Kyeong-po KP1~2 Geum-gang Hagu GHI1-~3
Hwa-cheon HWC1~3 Dam-yang DY1~2
An-dong AD1~3 Jang-sung JS1~2
Yim-ha YH1~3 Gwang-Ju GJ1~2
Young-chun YC1~2 Na-ju NJ1~2
Ga-chang GC1~2 Young-san YS1~3
Nam-gang NG1~3 Sum-jin SJ1~3
Nakdong Hqp-cheon HC1~3 Y"é‘invg:ra“ Dong-bok DB1~2
River Un-mun UM1~2 Bo-seong BS1~2
Mir-yang MY1-~2 Ju-am JA1~3
Nak-dong Hagu NHI1~3 Su-euh SE1~2
Bo-munm BM1~2 Ju-am Jojungji JAJ 1,3
An-gye AG Dong-hwa DH
Dae-am DAI1~2
Table 3. Analitycal Method of PAHs 2.4.2. PAHs9| 719 33 g
Parameter Conditions PAHse= 7199 w2} 2 AdEe Fo] vtk
Model 6890N Baumard et al(1999)°%% 2~3¢] WlAYE] S 7} L-
Column DB-5MS(30 m, 0.32 mm, 0.25 pm) PAHs7} B8 79 450 9 7|9, 4-62] WAz
GC Ca.lrrie?r gas He(1.0 .mL/min) 2 7}2 HPAHy} Zow A 7]9olals A7Ant
Injection mode Splitless = wgsln old] T 54 HHE] 7]9e 256
Inlet temperature 290°C 7] $181 Phenanthrene, Anthracene, Fluoranthene, Pyrene
Model 5973 o eme o1£é}@£q ? ?
Energy of ionization 70 eV o—="I= “lo Bimmt
Ionization mode EIl
MS Mode of acquisition SIM 3. & 2 nE
Transfer line 280°C
temperature 3.1. EFE | PAHs 5 2%
Source temperature 280°C

AREREH =5 JPE Ttel=eRRlE 78t Htste]
consensus-based TEC 72 1,610 ng/g-dw, consensus-
based PEC 7+S 22,800 ng/g-dw o2 A|A| 5139t
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U 123 ng/g-dw+204 glg-dw= LFEFSTHFig.
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SHol vk S H 5] Bg S4E0] ko]
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Fig. 2. The concentrations of 16-PAHs in lake and reservoir sediments.
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16-PAHs 5%=7}F 1 000 ng/g-dw ©)4391 5% -
Y57t Ao i 1(1 337 ng/g-dw), THEFE2(1 169
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dolict.
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Table 4. Comparison of 16-PAHs in sediments from various locations (ng/g-dw)
Location Number of PAHs Reference
PAHs Mean Range
National wide lakes and reservoirs, Korea 16 180 13~1 337 This Study
Michigan Lake, USA 14 - 213~1 291 Huang et al., 2014
Mahakam River, Indonesia 16 605 55~2 256 Hadibarate et al., 2019*?
Yellow River, China 16 2287 2250~2 324 Ning et al., 201339
Gomti, River, India 16 697 5~3 723 Malik et al, 201139
Brisbane River, Australia 15 849 148~3 079 Duodu et al., 2017>Y
Rhone River, France 15 1070 ~6 330 Bouloubassi et al., 2012
Maryut Lake, Egypt 16 837 39.4~6 200 Barakat et al., 201139
Barcelona harbor, Spain 16 - 1740~8 420 Baumard et al. 199837
Nova Scotia harbor, Canada 16 6007 37~336 770 Davis et al., 2018
southcentral Pennsylvania, USA 19 4100 44~26 200 Witter et al., 2014%”
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Fig. 3. Compositions of 16-PAHs in lake and reservoir sediments.
(a)Han River, (b) Nakdong River, (¢) Geum River, (d) Youngsan River.
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Table 5. Compositions of 16-PAHs in high concentration sites in Korea (%)
Site 2-Ring 3-Ring 4-Ring 5-Ring 6-Ring Total
DAI1 0.99 13.03 67.04 14.78 4.16 100.00
DA2 1.33 11.13 49.13 24.05 14.35 100.00

YSI 4.09 22.13

53.60

20.18 0.00 100.00
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Table 6. Identification of PAH source according to various index of PAH composition

Source [Phe/Ant] [Fla/Pyr] [Ant/(Phe+Ant)] [Fla/(Fla + Pyr)]
Petrogenic > 15 <1 < 0.1 <05
Pyrogenic <10 > 1 > 0.1 > 0.5

71§38l Wed=rt AAS AAIG 3= (Threshold  (Flat+Pyr)]2] H]‘% gkolo|t}. [Phe/Ant] 4L =2 Lo
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Fig. 4. Source apportionment of 16-PAHs in lake and reservoir sediments.
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Table 7. Identification of PAH source for high concentration

sites
Source DA1 DA2 YS1
[Phe/Ant] 10.08 7.59 8.44
[Fla/Pyr] 0.30 1.15 1.28
[Ant/(Phe+Ant)] 0.09 0.12 0.11
[Fla/(Flat+Pyr)] 0.23 0.54 0.56
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