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Abstract

The objective of this study is to investigate the detection characteristics of perfluorinated
compounds(PFCs) in the sediments of Sumjin river, South Korea, which is part of an ongoing program
of monitoring on the local distribution of PFCs. All samples were analyzed by liquid chromatography
tandem mass spectrometr y(LC/ESI-MS/MS). 6 PFCs which are perfluorooctanonic acid(PFOA),
perfluorooctane sulfonate(PFOS), perfluorononanocic acid(PENA), perfluorodecanoic — acid(PFDA),
perfluoroundecanoic acid(PFUnDA), and perfluorododecanocic acid(PFDoDA) were detected in the
sediments of Sumjin river. PFCs were detected at the all sampling sites, and average concentration of
PFCs at each sample site were in the range of 0.060 to 0.835 ng/g.dw(dry weight). PFCs with high
detective frequency and high concentration in the sediments of Sunjin river were PFOA and FFOS,
and average concentration at each sample site of PFOA and PFOS in 2015 were in the range of 0.06
to 0.13 ng/g.dw and N.D. to 0.24 ng/g.dw, respectively. These results suggest that the continuous
monitoring of PFOA and PFOS is needed in the sediments of Sumjin river.
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PFCAs (perfluorohexanoic acid (PFHxA),
perfluorooctanonic acid(PFOA), perfluoronon
anoic acid (PFNA), perfluorodecanoic acid
(PFDA), perfluoroundecanoic acid (PFUNDA),
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Fig. 1. Sampling sites in Sumjin river of Korea.

Table 1. Sampling sites in Sumjin river of Korea

site name adrrgl_rg;tircetl:tive sampling point GPS(latitude/longitude)
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Institute of Environmental Science & Tech-
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PFCs®] 34§ PFOA®] 7% 97.6~106.0
(H 103.00% , PFHxA®] 7% 93.7~118.6(33
7 107.99%, PFENA®] 7% 92.3~111.4(3
102.9), PFDAS] 7% 87.3~112.1( 7 102.8)%,
PFUNDA®] 7-$- 80.7~86.7(% 7 83.1%, PFDoDA
o] 7% 89.1~112.1(38 F 97.8)%, PFOS2] 7 -¢-
96.6~106.5(38 ¢ 102.6)%, PFBSS] ¢ 97.7~
108.6(3 + 104.0)%, PFHxS2] 7% 94.4~110.6
(B 101.49%, PFDSS] 73-%- 90.2~106.8(34
98.I%E Asol wel ofFte] Afole glont
ARk o2 EETgE 3¢S HYlon,
Aol & B4 9 £45 93l A
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Table 2. Method detection level(MDL) and Limit of quantification (LOQ) of PFCs

prcs  Spike conc. sample A sample B sample C
(ng/g) MDL LOQ MDL LOQ MDL LOQ
PFOA 0.049 0.018 0.060 0.013 0.043 0.027 0.090
PFHxA 0.064 0.020 0.063 0.019 0.064 0.021 0.072
PFNA 0.089 0.053 0.179 0.043 0.150 0.058 0.192
PFDA 0.064 0.009 0.031 0.023 0.075 0.017 0.055
PFUnDA 0.063 0.046 0.154 0.071 0.237 0.057 0.190
PFDoDA 0.070 0.026 0.087 0.024 0.078 0.028 0.092
PFOS 0.065 0.028 0.093 0.033 0.113 0.024 0.075
PFBS 0.065 0.007 0.023 0.018 0.060 0.007 0.026
PFHXS 0.070 0.025 0.085 0.036 0.119 0.006 0.019
PFDS 0.054 0.015 0.052 0.028 0.093 0.016 0.054

FFEA(surrogate)?] 13C4-PFOAS] 3]4
2 84.8~118.3(%F ¢ 105.3)%, 13C4-PFOS<]
.{[‘_
kel

5582 104.5~110.4(H 7 107.89%= S A
e FeeS EYth

LdEA ¥ 3FFY HAE Am 47
87le] AEd FEEHY FEE HUksln
AAEY A LS AA 77184 T (WEdE
SHAMDL) = EFHxl x tgr], [AsHA
(LOQ) = 10 x FZFHA}] o 2ol oJ3}e] +

3191, ©]Z Table 20 YERTE MDLE
PFOA«] 7<% 0.013~0.027(8 # 0.019) ng/g,
PFHxA®] 79~ 0.019~0.021( # 0.020) ng/g,
PENA9] 739 0.043~0.058(38 ++ 0.051) ng/g,
PFDA®] 7-%- 0.009~0.023(#+ 0.016) nglg,
PFUNDA 2] 75‘% 0.046~0.071(3 ¢  0.058)
ng/g, PFDoDA®] 7-$- 0.024~0.028(33 + 0.026)
ng/g, PFOS 7% 0.024~0.033(F 0.028)
ng/g, PFBS¢] 7% 0.007~0.018(+ 0.011)
ngl/g, PFHxS2] 73-%- 0.006~0.036(8 = 0.022)
ng/g, PFDSe] 7% 0.015~0.028¢3 % 0.020)
ng/lg °ler, LOQ= PFOAY A%
0.043~0.090(% 7+ 0.064) ng/g, PFHxAS] 7<%
0.063~0.072(3 ¢ 0.066) nglg, PFNAS] ¢
0.150~0.192(3 ¢+ 0.174) nglg, PFDAS] #<¢
0.031~0.075(33 7 0.054) ng/g, PFUnDA®] 7
< 0.154~0.237(H 7 0.194) ng/g, PFDoDAS]

7% 0.078~0.092(3F 0.086) nglg, PFOSE]
7% 0.075-0.113(% 7 0.094) nglg, PFBS®] 7
2 0.023-0.0603 7 0.036) ng/g, PFHxS2] 7
9 0.019~0.119( 7 0.074) nglg, PFDSe] 7

©0.052~0.093(% 7 0.066) nglg ©1Ach

32 MzZ A HHYE2 PFCs 2¥k

201513 5 ¥ Z3} 10€ =zl ARG A T
27 (3, 4, 5, 8a, 8b, 9a, 9 zHH S 1
2+ 8l 22 FA4E Aol tig PFOS, PFOA
2 BEs3HE e © =2 Fig2-Fig8dl et
WAtk Fig. 2~Fig. 8ol YeRd nle} o] A
A% FA HAE T ZARFHCAA
PFHxA, PFBS, PFHxS, PFDS 9| 47} 3&5&
AEA Pvre g2 yEkst o PFOA, PROS,
PENA,, PFDA, PFUnDA, PFDoDA 2| 67}
=22 AR ot A=A

Fig. 204 RoF%0] 2015668 13} ZAloll
A PFOA %% 9= 0.06~0.12 ng/g.dw(dry
weight), 22} ZAbel|A 0.06~0.13 ng/g.dw=
B w5 HYE 0.06~0.11 ng/lg.dwoz o}
B T Z2ARA A 9] A PFOAS] B+t
FEE 3 AHo] 0.085 ng/g.dw, 4H A
0.09 ng/g.dw, 5¥ A4 0.065 ng/g.dw, 8a A|
4 0.11 ng/g.dw, 8b A3 0.085 ng/g.dw, 9a
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Fig. 2. PFOA concentration in the sediments
of Sumjin river in 2015.
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Fig. 4. PFNA concentration in the sediments
of Sumjin river in 2015.
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Fig. 5. PFDA concentration in the sediments
of Sumjin river in 2015.

05

wiR}

mo%}
e Fis
5 - . . I I

£ a 5 Za 86 %a &b
sample site

PFUNDA(ng/g.dw)
Q

Fig. 6. PFUnDA concentration in the sediments
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Fig. 7. PFDoDA concentration in the sediments
of Sumjin river in 2015.
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Fig. 8. Total PFCs concentration in the
sediments of Sumjin river in 2015.

274 0.06 ng/g.dw, 9b A 0.11 ng/g.dwo.Z
8a, 9b AFo] A e

Fig. 304 Ho3Zo] PFOS| 13 ZA
% W9+ N.D.~0.23 ng/g.dw, 22} ZAF A
N.D.~0.24 ng/g.dw® B+ = ®H= ND.
~0.22 nglg.dw2o. 2 YeRgth 77 AR A
A PFOSe| Hs=+ 38 A&o] ND.
ng/g.dw, 48 A3 0.065 ng/g.dw, 51 AH
N.D. ng/g.dw, 8a A& 0.22 ng/g.dw, 8b A&



A% A =4

2ollA #E3FEPFC)Y A& 54 7

0.205 ng/g.dw, 9a A% N.D. ng/g.dw, 9b A
0.18 ng/g.dwo. 2 8a, 8b, 9b A Ho] EA U
Eptt.

Fig. 4914 Ro]F50] PENA 9 13 24}
% W9 = ND.~0.14 ng/g.dw, 23} Aol A
N.D.~0.13 ng/g.dw® H+# &5 ¥+ ND.
~0.12 ng/g.dwo. 2 e o™, 8ast 9b A
o] ztz} 0.1 ng/L, 0.12 ng/g.dw® =& S
R} Fg 504 HoF5o] PFDAS 13k
24 55 MYE ND~0.13 nglg.dw, 23 =
Aol A ND~0.13 ngle.dw® B 5% w9
= N.D.~0.13 nglg.dwo.2 vhebon, 9b A
Hol 247} 0.13 ng/g.dwz =& e Rk

Fig. 604 RoF%o] PFUnDAS 12 =
A F% 1= ND.~0.2 ng/g.dw, 22} ZA}ol
A ND.~0.15 ng/lgdwZ H7 5 W=
N.D.~0.175 ng/g.dwo 2 Yelstor, 8as}t 9b
A1 4ol Z+7+ 0.125 ng/L, 0.175 ng/g.dw= =
Al Yebstt Fig. 714 BodF=o] PFDoDA

9] 12 A} = Hel= ND.~0.13 ng/g.dw,
22} 2 A ND.~0.11 ng/g.dw=Z B %
M= ND.~0.12 ng/gdwo 2 uYelgton,
8a<} 9b A H o] Z+zt 0.11 ng/L, 0.12 ng/g.dw
= =4 Jestth

Fig. 8ollA HojFZo] Hx7% ’“7410111
20154 1, 2% =AMAS HAEANA A
FPFCsY 1A =AF ¥&% WHel= 0.06~0.78
ng/g.dw(dry weight), 22} ZA}oll A 0.06~0.89
nglgdw® B 5 HYE  0.06-0.835
ng/g.dwoE UERoH, 3W Ao EHAE
oA AZEH F PFCsY HAT s&% 0.165
ng/g.dw, 491 -4 (.52 ng/g.dw, 581 A
Aol A 0.32 ng/g.dw, 8a A 0.77 ng/
g,dw, 8b A ollA 0.63 ng/g.dw, 9a A NA
0.06 ng/g.dw, 9b A4 0.835 ng/g.dw=
UrEP)'O o, 9b A lA 0.835 ng/g.dwz 7}

¢ ES S BAth

Table 3. Concentration of PFCs in the lake and river sediments of China and Korea

Conc. (ngfg dw)

Location PFOA PFOS 71€} PFCs
(average) (average) (average)
Sumjin River, 0.06 - 0.13 ND. - 0.24 PFNA: N.D. - 0.14(0.06), PFDA: N.D. - 0.18(0.07),
Korea 0.09) 0.10) PFUNDA: N.D. - 0.20(0.09),PFDoDA: N.D. - 0.13(0.07)
4 major river _ _
watersheds in N'D('O 09())'99 N'D('O 109'74
Korea? : :
6 industrial
complex areas N'D('O 56%07 N'D('l ég'l?
in Korea? : :
PFNA: 0.01 - 0.07(0.02), PFDA: 0.01 - 0.50(0.10)
Liao Rlver 0.02 - 0.18 0.04 - 048 PFUnDA: 0.01 - 0.03(0.02),
China'® 0.08) 0.15) PFDoDA: N.D. - 0.04(0.0D)
PFBS: N.D. - 0.13(0.06), PFHxS: N.D. - 0.10(0.04)
PFNA: 0.01 - 0.07(0.02), PFDA: 0.01 - 0.50(0.10)
Taihu Lake N.D. - 0.52 0.06 - 0.31 PFUnDA: 0.01 - 0.03(0.02),
China'® 0.16) 0.15) PFDoDA: N.D. - 0.04(0.0D)
PFBS: N.D. - 0.13(0.06), PFHxS: N.D. - 0.10(0.04)
Habe Riger. 0907 18,13 peman 06 - 3200
Dagu Draina; e 0.27 - 1.7 0.09 - 2.3 . _
Canal, China®  (0.89) .67 PFHxA-0.13 - 35015
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AT} W

U 29| A9 HAEA PFOA, PFOS
g A-ESFEY o=l &) =AM AR
£ Table 3o YetbfATh =9 A oA
3% PFOA, PFOS 9 ##8lgtEo] 7o
A F= Liao7%, Taihuz, HaiheZ, Dagudl4=
&3H819e) A PFOS 0.04~7.3 nglg dw, PFOA
N.D.~1.7 ng/lg dwo.2 B Ao HA7} 4
HAEL o] & A99 4 HHE Boe=
O g 55 Bt = 44§99
PFOS N.D.~0.74(% % 0.10) ng/g dw, PFOA
N.D.~0.99(H  0.09) ng/g dw = HH+ 5=
= ARt e H, SU 67 AFdeA] A 9
¥ 2 &-9] PFOS N.D.~9.17( # 1.61) ng/g dw,
PFOA N.D.~2.07(3+F 0.26) ng/g dw Htb=
e gre s HYS & F AU

PFCse] AsE vtetetr] fleixe 4 ¢
of E&&cAe PFCse] LHd=E SAsfoF
stAFE ol AEA AR A= Argt
AHE 713 F JoB=E FFode= A=A
g =4 4 7i5° uketatr] 9fs] AEA
3t eHEE I HESt o & Zlojtt

o

4. d B

A7 A HHENAM 2015895 &3
SHE(PFCs) ¢ 2% EAL A A3 g
3 e AES AU

D 295 A &2 HHENA 10 7 PFCs
9] 342 80.7~118.6(3 ¢ 100.4%<]
HeE EHem, MDLS 0.006~0.071

ng/ g.dw, LOQ& 0.019~0.192 ng/g.dw=
Uepstt.

2) A7 A HA =l A 2015 F<F 10
7Nel PFCs &&= % PFHxA, PFBS,
PFHxS, PFDS ¢] 47 352 HESHA

ugto 2 yehgton, PFOA, PFOS,
PENA, PFDA, PFUNDA, PFDoDA 5] 6
N =22 ARl wet AEH A

3) PFOA 9] 4% 20153 %9 =& A9
Al AEEHReH, AME BisE He
= 0.06~0.11 ng/lgdwo= e OH,
PFOS o] A% AXE Hi &% M=
N.D.~0.22 ng/g.dwZ Thh E& FEE
B

l

4) /337& TA FAHZA 2015 = A
=39 F PFCs9] H¢ 5= ¥¥+= 0.06
~0.835 ng/g.dwe.2 YEloH, 9a 7|
o] 0.06 ng/g.dw=z 7} wkod, 9b
Aol A 0.835 ng/g.dwZ 71 =& 7k
< By

Ab A}
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