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Concentrations and Composition Profiles of Perfluoroalkyl Substances
(PFASS) in Coastal Environments from Gunsan, Korea: Assessment of
Exposure to PFASs through Seafood Consumption

Bongmin Lee, Se-Ra Yoon, Minkyu Choi, Sunggyu Lee* and Won-Chan Lee

Division of Marine Environment Research, National Institute of Fisheries Science (NIFS), Busan 46083, Republic of Korea

Concentrations of perfluoroalkyl substances (PFASs) were measured in seawater, sediment, and biota collected from
Gunsan coast, Korea to investigate their occurrence, distribution, and risk of exposure to humans through seafood
consumption. The total concentrations of PFASs in seawater, sediment, and biota ranged from 5.97 to 74.9 ng/L,
0.01 to 13.3 ng/g dry weight, and 0.02 to 5.73 ng/g wet weight, respectively. Predominant PFAS compounds differed
across matrices, indicating that the distribution of PFASs in multiple environmental samples is governed by their
carbon-chain length. The concentrations of PFASs in seawater were significantly negatively correlated with salin-
ity (P<0.01), suggesting terrestrial input (including land-used PFASs) as the major source of PFAS contamination
in coastal environments. The estimated daily intakes (EDIs) of perfluorooctanoic acid (PFOA) and perfluorooctane
sulfonate (PFOS) through seafood consumption were 0.05 and 0.06 ng/kg body weight/day, respectively. The EDIs
of PFOA and PFOS measured in this study were lower those the proposed by the United States Environmental Pro-
tection Agency and Canada guidelines, indicating limited health risk for Korean population from PFASs through
consumption of seafood from Gunsan coastal environment.
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2RA 7|22 Q] gheleao] FEjof o Al v X2k
& (alkyl) 3FHE2-S A SCE PFASsE & 4(hydr0ph0-
A8 7]2Oﬂ =2 (persistent organic pollutants, POPs)-> bic)9] EAS AYE ©slrA9} §4 21424 (hydrophilic)S
23 & Hd(persistence)o] ZStiL, A Aol 55 o A& 28717 e o] Sl 25 XYL §lo] &3 75
(bioaccurnulat1on) HoJARES Foll Ball=A] Far AESHA of I vhlsh= 544 7FA| AL Qlck(Park et al., 2020). o]
lj(biomagnification)7t Hojubm, A=of =4(toxicity) o 54 dlmoll AF B AH[AF Al Foll thddt SR AN
Fe Uetll= 54= AJojdrth ol 542 t7E 8 & W glom, =2 S A7k, ek, Wi A] Al2-E-A, Al
2] o] (atmospheric long-range transportye sk A 2| HEHA, AZA, SZA, HIRIE, FEiA| 5 o8 ARE AL 9
o] L2 Ho|7| % 3lt}, o]of ulel ZA|F kel AEZ 2 tH(Zhang et al., 2019). 20019 A Z]+2 31 AYef2ty o] =
¢K(Stockholm Convention)S £3f thF3t POPs =22 A|A A ¥ perfluorooctane sulfonate (PFOS)®} perfluorooctanoic
Skal TW2]skar itk POPs £3 o)A #-E3}ske-E(perfluo- acid (PFOA)7} A% o2 £(Giesy and Kannan, 2001), t}
roalkyl substances, PFASs)&- EFA:0} B4 o] 0] 7] Etals oF3t 317 | || A PFASso]| T3t a7 23 =] i), et

*Corresponding author: Tel: +82. 51.720.2545 Fax: +82.51.720.2515
E-mail address: chemicall@korea.kr
@ @ This is an Open Access article distributed under the terms of
@ the Creative Commons Attribution Non-Commercial License
oy e (http://creativecommons.org/licenses/by-nc/3.0/) which permits

unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Copyright © 2022 The Korean Society of Fisheries and Aquatic Science

https://doi.org/10.5657/KFAS.2022.0514

Korean J Fish Aquat Sci 55(5), 514-523, October 2022

Received 5 August 2022; Revised 6 September 2022; Accepted 5 October 2022

AR H9: )R a(ATY), AHATL), HUHAT), olTHATAD,
o] KA

pISSN:0374-8111, elSSN:2287-8815



2to] 7-9-, 57 (Son et al., 2013), 57 (Lee et al., 2017), 3t
Z}(Shin et al., 2009), ¢4 %3} ZHH(Cho et al., 2010),
A(Kwon et al., 2015)2 -2 & A SA4Al 02 A7)
TR AU sfFetE o] A9 pelvet A= Aok R
clAl(ahe, E14E, ololalR) Al 4o PFASs (per
fluoroalkyl substances)®] Q=& dhotst A7t = =] ATt
(Lee etal, 2020). 3t S ke]alol Jopuh, uhath, HAlgh
o 4| PEASs®] © 9159} A2 522 57Fet o17(Hung et al,
2020)9} wpiht = E A E5 o]-§-51o] PFASsO| @9 SALE
Tkolst 7 (Shen et al., 2018)7} 2115 v} gtk SAbol|A] T}
oFeARIHR) 2 2 AL PRASsS] SA4H Akleh
| e} A S 9] sl|=A] 2] (wastewater treatment plants)
2 5l Hel7} 905 57 952 PRASs7) ekl Wil 5
A 2 - th(Shin etal., 2009). H= A1 S 53 S
A 71913 PRFASs 9 -2 7] 2. =g o] A E7HA] mEs

A HBz S pARt S T AE Sl shE 2T At
AN $7] 292 A BeHola herecy,

A ok -eluieto] anha 3 shbel 3t Alaih vt
=902 ARYAR ool S4S ekt 378 59 &
golA 7191 treftt e dedol 2ok "Wt R E= o
RS FAISITL 9k S8l 37 ool B SRl
o3} th-0] AIQIEHA7L $IX/51 9lo] PEASsE: 24kt chp
AT ok o] 42 ol 4 ek Ea 20004 £
B AR el R A PRkl 1w AR o
S A B YRR S 248k ARYlo] ghhs] xE AL gle

ofs

o

54'

48'

e s H AR A= B 515

], A &2 Q14O 2 QIFE 8 @ A A7t = AL Qlek
Sl TAF Aol A 2] PAH 2-2 PCBs A= 0|01 4]
11 9o k(Lee et al., 2019), PFASs & A1 7 2] ¢lo](Lee
etal., 2012; Lee et al., 2019) A| A4 ] U E o] HQ35lc)

2 AFoMe AE AstlA B, EAES AFEk
PFASs®] A4 L H=E 2AFSHIL B2 E45 vtofsiith &
b AR ARl A Alsh= A= A B(o1F, A, F5 55
i, ol o) A4S Sl vt wRlo] HARE AHFE F
3l l=E %= PFASs 9| & 4y sto] 21 9] = (risk) & B 7}5}
SIS e

=

2 At A A WESEHHE D)EE oS 97t

) Z = det H
HES o= AL H(Fig. 1), BE AlE+=20194 7
ol skt s vEhE=E vl AlHE 1 L &E2z=
L (polypropylene, PP)H ol 2F ol 1, E&E(0-4 cm)>
Wk-Hl 188 A3 7] (Van-Veen grab sampler)E ©|-8-5}0] )]
M d2u)E 3 B2 (aluminum foil box)ol 2351512
o, A F| gt s} B2 & A| R ofo]ukAo] ofo] ATy} g}
Al ol RSt sj4=2] 79 w4 A7HA] ¥E3(-207C)
ofl A Hastgl o, EAE0 A9 vir FaRsto] £A A
THA] AFEol Al Bty AEAl RS A ol &9

126°E 12 24

36' 48' 127°E

Fig. 1. Sampling stations of seawater and sediments collected from the Gunsan coastal environments.
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Sl A ARSI RS S3ll ol F(fish) 10&[oH]
(bastard halibut), &-E-(eyespot puffer), B8 =} (frog floun-
der), =t}2](finespotted flounder), 5(red seabream), 38}
(tongue sole), ZFAJ A t(wavyband sole), 7}2-2](ray)], 7
Z}2(crustacean) 25[ 774 (mantis shrimp), 27| (swimming
crab)], F=F(Cephalopoda) 35724 o](colden cuttlefish),
) 7](loligo beka), YZ|(whiparm octopus)], &= (Gas-
tropoda) 15[%(disk abalone)], o|uljuljF(shellfish) 2=}
Z]2H(Chinses cyclina), 7] Z7](comb pen shell) | ol 5} T
ARl YIS SR S5kl olRe} FERe 100} of
A, 759} B2 R0 200k o], olofl5S: Soute] o4t
& FJ5to] ofoluzso] ofol 2uat gl o Sutaloict
Zy7+9] Al R+ E3(pooling)dhed 714] H(edible tissue)S w2
SH(homogenization)$t 3 X5} 3t A EA| 2ol gk AFAgH
A H= Table 10f] e SITE

g =]
EZESH U A%}

E A4 PFASs 1352 PFAC-MXB (Wellington Labora-
tories Inc., Guelph, ON, Canada)E Al8-5}%1L, perfluoro-
hexanoic acid (PFHxA), perfluoroheptanoic acid (PFHpA),

Table 1. Daily consumption rate of individual seafood samples by
sex and general population

Daily consumption rate

Species Common name (g/day)®
Male Female Total
Bastard halibut 1.87 0.89 1.38
Blackmouth angler  0.27 041 0.34
Red seabream 0.41 0.15 0.28
Sole 014 012 0.13
Fish Eyespot puffer 0.15 0.03 0.09
Finespotted flounder 0.05 0.01 0.03
Frog flounder 0.05 0.01 0.03
Ray 0.01 0.03 0.02

Tongue sole - - -
Wavyband sole - o _—

Colden cuttlefish 579 361 4.70
Cephalopoda Whiparm octopus 2.32 1.27  1.80

Loligo beka - 007 0.03

Swimming crab 1.45 146  1.46
Crustacean ) .

Mantis shrimp 0.04 - 002

i Chinses cyclina 166 095 1.31

Shellfish

Comb pen shell - 001 0.01
Gastropoda  Disk abalone 090 056 0.73

“Data source from Korean National Health and Nutrition Survey
(2022). ®Not available.

PFOA, perfluorononanoic acid (PFNA), perfluorodecanoic
acid (PFDA), perfluoroundecanoic acid (PFUnDA), per-
fluorododecanoic acid (PFDoDA), perfluorotridecanoic acid
(PFTrDA), perfluorotetradecanoic acid (PFTeDA)S £33t
perfluoroalkyl carboxyl acids (PFCAs) 91} perfluorobutane
sulfonate (PFBS), perfluorohexane sulfonate (PFHS), PFOS,
perfluorodecane sulfonate (PFDS)& *#%}3t perfluoroalkane
sulfonates (PFSAs) 452 2 o]0 it}

Y2 z+=2 (internal standards, ISTD)> MPFAC-MXA
(Wellington Laboratories Inc., ON, Canada)S AR5}
1}, 7%9] PFASs (°C,-PFHXA, 1°C,-PFOA, BC_-PFNA, 1*C -
PFDA, °C -PFUnDA, *0,-PFHS, C -PFOS)7} #3}|of 9]
o} A AE YR EZE2 (Syringe-ISTD)S U AR] M&P-
FOA (°C,-PFOA), M8PFOS (1C,-PFOS)Z A}4-5}3itt. v
E-2(Methanol, MeOH, Center Valley, PA, USA)¥} methyl
tert-butyl ether (MTBE)> HPLC-grade®] J.T. Baker (Center
Valley, PA, USA) A& AME-3131tt. Tetrabutylammonium
hydrogen sulfate (TBAHS; 97%), =AFIUEE(sodium hy-
droxide, NAOH; >97%), ¥4H hydrochloric acid, HCI)- Sig-
ma-Aldrich (St. Louis, MO, USA) A& A-8-513itt. gLt
EF(sodium carbonate, Na,CO,)-> Kanto (Tokyo, Japan) A
£S5 AME-519 . Oasis HLB solid phase extraction (SPE) 71
E ] %(6 mL, 150 mg)= Waters (Milford, MA, USA) A&
ARE5)% 2.0, Envi-Carb SPE 7FE 2] %](100 mg)= Supelco
(Bellefonte, PA, USA) A& ARS8l T

FMx2| Y 71712

#2250 mL)= GF/F (47 mm, 0.7 pm)2 D €]+ %, MeOH
= A A3t PP A -] A48 of Hakskeith. ZF Az o] ISTD (5
ng)E 718t 3 Oasis HLB SPE 7FE 2|5 MeOH (8 mL),
Water (8 mL) ~2.2 &3l 5, AR5 29 (loading)d}1L 1
AZFESE ZEERAIE B R AXRAIZH AxE 7FE A9
MeOH (12 mL)E ©|-§sto] 855t 855 Alus d4E
o]-gsto] 1 mL7H| s55kal A A& ISTD (5 ng)& H7Fet
< nylon filter (0.22 pm)E AHE-8to] JE|Sto] A A RuLE
T a5 AR A 7] (liquid chromatography-tandem mass
spectrometer, LC-MS/MS; ExionL.C-API 4500; AB Sciex,
Toronto, ON, Canada)2 A =5-4-S 4=35}3ith.
HAES(SE 5 99> AHsto] vl A2 % PP FE(S0 mL)
ol 931 ISTD (5 ng)E d713t & MeOH (15 mL)& 91 4
B WHE7|(250 rpm, 30 min)e} 233} =Z7](sonication, 30
min)E o]-gsto] FE513eh 5% § H4lE2]7|(centrifuga-
tion, 3000 rpm, 5 min)E ©]-&-35}o] YA EE] & AN PP
FH(50 mL)of| ke 9] 5 28)HHESTo] 225 7
Fopoeh 55 AlEe da 55715 ol8ste] I mL7t 2
W72 F55A Tt 559 AlE+= Envi-Carb SPE (Merk &
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Co, Rahway, NJ, USA) 7 E | X| & 0|85l MAE A A3}
AL, AR A ISTD (5 ng)E X715k % <=2t 5 U5t nylon
filterS AR&-Sto] DESto] LC-MS/MS= A HtAl2 st
pisg

EA R A$- 7FAE(Q2 g wet weight)S o] 24521
(Ton-pairing extraction)2 ©|-83}0] A& s}t ISTD (5
ng)Z M7}t & 242222 mL), 0.5 M TBAHS (pH 10,2 mL),
0.25 M Na,CO, (1 mL), MTBE (5 mL)e} §7] #43} 3+ &
Mechanical Shaking (250 rpm, 30 min)s}o] -4E2](3000
pm, 5 min) & A5 50 mL PP tubeo]] £351o] 222 A
3y5k3ich & & MTBE (5 mL)E 37}s}e] 23] Hhasle] 3
2o, A 55712 ol 8sto] el WEhe-S o] §ojo]
I mL W39ic}. 7 5 o} o da 5| A2iA§ ISTD
(5 ng)E A7}t 3 Nylon filterE ARE-5}o] ¥ 5o LC-MS/
MS2 Ao Saalgict.

PFASs®] AaFiAof ARE3E LC-MS/MS+= Zorbax Eclipse
XDB-C18 (1.6 X 150 mm, 3.5 mm) 2 AMgalo] B4
£33t o] 5A+(mobile phase) A= 2 mM ammonium ac-
etate in Water, |54 B+= MeOHE AM-5191 21, < (flow
rate)= 300 pL/min%it}. A& FUFH(injection volume) 10
L& tE. MS/MS 9] o]-2-3} vt © 2 = ESI (electrospray ion-
ization) negativet ] ©. 2 XY & A},

¥ oel o REHE we

LC-MS/MSE ©o]&3t A& B4 Ao MeOHE S-53| &
sto 717] AFe] w7 @ ¢ (background contamination) &
A A AL AA Al 2E BT E3F 10709 A =2E
A} wjoio) 71 52 AaF8-9(calibration solution)S &
Alsto] 717138 skl AA A& AR 2ol 23 of
EA4 5] ul vlek A & (method blank sample)o] 4]+ PFASs7}
HAEE]A] AT} ISTD 79| Bt 3482 2 Al 2of tis}
o] 77.4+£15.5%% e AlZeiet daks A& 4= Uitk
21 uj Aol 4 B45] PFASsS] 9t 2t o] 22, 4R 5
7ho| AL SPSS 18.0KS AHg5te] 57 HAS st
7} o1&} 7k AFAl o FL= Spearman’s rank correlations ©]-&
sto] 4161908, $:0]4 o]z P<0.05 1] $-2)50] et
Ak,

1%

r fr o

8 PFASs SE

ZAF A9t 8174 U ol A'8 PFASs®| %5=E Table 201 A28}
o} BAg mE i (s, H2E, B2)olA PFASs7H 4
5

A
&
A ot g0l whdsHA EAfste A el 4= Uit &
4= % % PFASs %% (YPFAS)= 5.97-74.9 (B, 40.1) ng/

He 5 QASlohE Bt 517

Lo WYz Yehton, B4 02 PFCAs A 42| PFASs?]
% 2% (YPFCA, 25.0 ng/L)7} PFSA # & 2] PFASs9] & &=
(O PFSA, 12.1 ng/L)Et} #=A YElbytt) 7 PFASsEE 2
W, PFOA (204 ng/L)7} 71 =& 5= = Ueiton, 1ot
S22 PFHS (12.6 ng/L), PFHXA (2.83 ng/L), PFBS (1.48
ng/L), PFOS (1.03 ng/L) <= &2 A Urebiteh. o] gt Ak
ool =l oll A A A ket ARt 7 2 U i (Hong
etal., 2015; Lee et al., 2020), 7 o] & A% PFOA7} 3t
74 % ol ARsIuA et AnE Hojdt, HAE F
> PFAS=0.01-13.3 (H+t, 3.99) ng/g dry weighte] H|= Lt
Elyt o, 4=} nx7lA] 2 Y PFCA (3.54 ng/g dry weight)
7} Y PFSA (0.45 ng/g dry weight) T} 52 5= 2 YEFT]
7H PFASsE 2 B, PFHXA (3 +f, 2.55 ng/g dry weight)7}
7 =A UEht. B3 = 5 PFHXAS] 5= WS 43
(GSHOMM 7H =2 5= EATH11.7 ng/g). o] 2|7t k=
w7 S-S Sl A Ee o] Ak Hojxinh e
A& 18%0| th3t YPFASE 0.02-5.73 (H+F, 1.98) ng/g wet
weight®] H 9= UERd Bl = A ek Rz = Y PFCA
(1.71 ng/g wet weight)7} > PFSA (0.47 ng/g wet weight)}=.C}
=2 w22 Yelygtt 78 PFASsEE B PFTIDA (H+f,
0.61 ng/g wet weight), PFOS (0.44 ng/g wet weight), PFUn-
DA (0.39 ng/g wet weight)s= 0. 2 =2 == 2 Uelydth A&
Al 79| F9¥ Y PFSAE 71215(0.63 ng/g wet weight)ol| 4] 714
£ RS WOl T YYLOn], 1 TS0 o #(0.6] nglg wet
weight), FZ57(0.30 ng/g wet weight), ©]ulja}57(0.03 ng/g
wet weight) 403 LFERgt O, o] ALEERof ute} 84 0
5L o] Ao] = Bergt,

20 A7 PRASs®] a4 W 4 B4 9] % 520t 7} 4
Aol 24 479 @B A2 Fig. 20 tehgic. 34
A 52 79 2AF W YPFAS7E 7M=& HH-S GS4 (75
ng/L)2 Yelgoer, I o322 GS2 (68 ng/L), GS5 (67
ng/L), GS3 (59 ng/L), GS1 (55 ng/L) <= .2 LFERGtTE, A HkA]
O 2 SR} 771 A7 (GS1-GSS)ol A © A H(GS6-GS12)
of Bl &2 Y PFASS LERH AL QIQIe 3t s> 5 Y PFAS
7} =2 A o A= e o H(salinity)S o] 12 91 ¢ITH(spear-
man correlation, P<0.01). o]t At= g4 F-¢o] &0} 3l
% % Qo] oAl 22U PRASse] 557k ol e
oJu|s}, o]i= & FAF ¢19ke] PFASsS] 2 @ HYS SA)
oA3E 71918 LGB B FAS Bal PO £
53 922 oJuldich. HAE F TPFAST 71 2 A
GS1 (13 ng/g dry weight) 2.2 UERE O™, 71 t}-2-0 2= GS7
(7.8 ng/g dry weight), GS10 (6.7 ng/g dry weight)s=© 2 L}
Ehyit.

wAE A%l A A E sfeAlEol A HEE PFASs 9]
S AFHAS: Spearman’s correlations 3| A A}
PFHxA, PFHpA, PFOA, PFNA, PFBS, PFHS, PFOS7t -2

]

flo o
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Fig. 2. Spatial distribution of PFASs in seawater and sediments from Gunsan coastal environments. PFASs, Perfluoroalkyl substances.

)8k A (1=0.720-0.993, P<0.01)S LERYQIT), B & &0
7% slieoll wls) A2 o2 PFASs 2 7h AlRfAlo] Wk
O}, PFHS (=0.622-0.713, P<0.05)2} PFOS (1=0.676-0.799,
P<0.05)2] -9 o -2.0] PFASs9} AFHd o] 9l A o 2 1het
ok BEAIRO A9 tiF-E gaAlEo] 71 PFASs (PFDA,
PFUnDA, PFDoDA, PFTIDA, PFTeDA)c]l 4] §-2]n|t Ak

#(1=0.489-0.946, P<0.05)2 LFEh i olet. o ajet Ak 24
ARE Ul 3 PFASs= 24 i A" 2320 glof AR L A ele
7He, 8734 Ao fAkeg olmlgin.

= - 2 5= +FEDH

& Aol A S| A Ak miAl (el Bl =, e

Table 2. Summary of concentrations of perfluoroalkyl substances (PFASs) in seawater (ng/L), sediment (ng/g dry weight), and biota (ng/g
wet weight) samples collected from Gunsan coastal environments of Korea

Seawater (N=12) Sediment (N=11) Biota (N=18)

DF? (%) Aveb+SDe Min-Max DF (%)  AvexSD Min-Max DF (%)  AvexSD Min-Max
PFHxA 100 2.83+1.61 0.49-4.95 63.6  2.55+3.63 <LOQ%11.7 0.00 - -
PFHpA 100 0.97+0.41 0.29-1.70 546  0.0120.02 <LOQ-0.04 5.56 - -
PFOA 100 20.4+11.5 3.46-36.5 63.6  0.20£0.20 <LOQ-0.62 722 0.1940.50 <LOQ-2.18
PFENA 100 0.60+0.29 0.14-1.01 90.9  0.05+0.03 <LOQ-0.12 944  0.17£0.19 <LOQ-0.75
PFDA 100 0.19+0.16 0.05-0.53 63.6  0.08£0.09 <LOQ-0.28 100 0.11£0.10  <LOQ-0.38
PFUnDA 75.0 0.03x0.05 <LOQ-0.19 919 0424052 <LOQ-1.31 944  0.3940.33 <LOQ-1.12
PFDoDA 417 0.01x0.01 <LOQ-0.02 81.2 0.14£0.13  <LOQ-0.36 66.7 0.1120.13  <LOQ-0.44
PFTrDA 250 0.01#0.02 <LOQ-0.09 81.2 0.05£0.04 <LOQ-0.12 100 0.61£0.55 <LOQ-1.83
PFTeDA 33.3 0.01£0.02 <LOQ-0.06 546  0.0330.03 <LOQ-0.07 778  0.06£0.06 <LOQ-0.18
PFBS 100 1.4810.77 0.26-2.81 727  0.03+0.03 <LOQ-0.10 556  0.05£0.21 <LOQ-0.88
PFHS 100. 12.618.97 0.57-26.3 81.8  0.20£0.20 <LOQ-0.67 16.7  0.01£0.04 <LOQ-0.15
PFOS 917 1.03x0.62 <LOQ-2.16 727  0.16%£0.16  <LOQ-0.56 944 0441043 <LOQ-1.39
PFDS 100 0.05+0.06 0.01-0.22 727  0.07+0.07 <LOQ-0.19 5.56 - -
2PFCAf 100 25.0+13.8 4.51-44.1 100 3.54£3.92 0.01-13.0 100 1.71x1.49 <LOQ-4.75
ZPFSA¢ 100 12.1£10.3 1.46-30.8 90.9 0452042 <LOQ-1.21 944 0471045 <LOQ-1.46
2PFAS" 100 40.1£24.0 5.97-74.9 100 3.9944.02 0.01-13.3 100 1.98+1.71 0.02-5.73

“Detection frequency. *Average. © Standard deviation. “Below than limit of quantification. °Not available. ‘Sum of 9 PFCA compounds.
¢Sum of 4 PFSA compounds. "Sum of 13 PFAS compounds. PFHxA, Perfluorohexanoic acid; PFHpA, Perfluoroheptanoic acid; PFOA,
Perfluorooctanoic acid; PFNA, Perfluorononanoic acid; PFDA, Perfluorodecanoic acid; PFUnDA, Perfluoroundecanoic acid; PFDoDA,
Perfluorododecanoic acid; PFTrDA, Perfluorotridecanoic acid; PFTeDA, Perfluorotetradecanoic acid; PFBS, Perfluorobutane sulfonate;
PFHS, Perfluorohexane sulfonate; PFOS, Perfluorooctane sulfonate; PFDS, Perfluorodecane sulfonate; PFCA, Perfluoroalkyl carboxyl

acid; PFSA, Perfluoroalkane sulfonates.



PFOA%} PFOS9] =& - 2lof| 4] ZAHE %2 Table 3
o Aelsto] vlustgict. FAF ALt B4 F PFOAY] F5&
(20.4 ng/L)= ol A 2AHE 3173(16.2 ng/L; Shin et al.,
2009), 9FH, 7 oFH(8.3-14.5 ng/L; Cho et al., 2010)} <
AF3(8.2 ng/L; Kwon et al., 2015)0)| 4 2] A3} uj=tof| A %
AFEl Rhine river (11.4 ng/L; Moller et al., 2010)2] Azte} &

ta s B A el = 7t 519

ARgE 9] Uioll EAskaL lSich Lefuh HE7(41.4-65.8
ng/L; Son et al., 2013)0]41 9] Ax}R ) oF 2ufjo]At e e
2 Upebgtth 2 dAtollA S T4t Agke] PFOS -5%(1.03
ng/Ly= %=+ Bohai SeaollA] 11490 4% 5=(0.34 ng/L;
Chen et al., 2016)%.th= =A] UebAT, 5 oY 79 =
AAIHT7.74 ng/L)2}, =T o] HE74(32.9-59.8 ng/L; Son et

Table 3. Comparisons of PFOA and PFOS concentrations in seawater, sediment, and seafood from Gunsan coastal environments of Korea

and those reported for other studies

Location, Country Year® NP PFOA PFOS Reference

Water (ng/L)
Han River, Korea 2007 16 16.2 10.3 Shin et al. (2009)
River Rhine watershed, USA 2008 75 1.4 5.66 Méller et al. (2010)
Nakdong River, Korea (February) 2009 29 65.8 59.8 Son et al. (2013)
Nakdong River, Korea (August) 2009 29 414 32.9 Son et al. (2013)
Anseong Stream, Korea 2009 5 14.5 434 Cho et al. (2010)
Gyeonan Stream, Korea 2009 5 8.3 15.5 Cho et al. (2010)
Yeongsan River, Korea 2013 18 8.2 43.8 Kwon et al. (2015)
Bohai Sea, China (July) 2013 27 9.9 7.74 Chen et al. (2016)
Bohai Sea, China (November) 2013 28 3.62 0.34 Chen et al. (2016)
Gunsan coast, Korea 2018 1 20.4 1.03 This study

Sediment (ng/g dry weight)
Bohai Sea, China 2011-2012 29 0.06 0.54 Gao et al. (2014)
Yellow Sea, China 2011-2012 66 0.19 0.09 Gao et al. (2014)
East Sea, China 2011-2012 71 0.18 0.1 Gao et al. (2014)
Charleston, USA 2012 36 0.42 1.52 White et al. (2015)
Bohai Sea, China (July) 2013 13 0.29 0.1 Chen et al. (2016)
Bohai Sea, China (November) 2013 13 0.3 0.06 Chen et al. (2016)
Gunsan coast, Korea 2018 11 0.21 0.16 This study

Seafood (ng/g wet weight)
Lake Vattern, Sweden 2001 5 0.09 8.08 Berger et al. (2009)
Baltic Sea 2001 5 0.09 1.68 Berger et al. (2009)
Taihu Lake, China 2012 122 3.34 46.5 Fang et al. (2014)
Nespeky, the Czech Republic 2012 6 - 2.9 Cerveny et al. (2016)
Elbe River, the Czech Republic 2012 6 - 8.8 Cerveny et al. (2016)
Dluhonice, the Czech Republic 2012 6 - 27.3 Cerveny et al. (2016)
Predmerice, the Czech Republic 2012 6 - 171 Cerveny et al. (2016)
Usti nad Labem, the Czech Republic 2012 6 - 38.3 Cerveny et al. (2016)
Topelec, the Czech Republic 2012 6 - 3.2 Cerveny et al. (2016)
Mindu Dam, Tanzania 2012-2016 1 0.71 14.9 Groffen et al. (2021)
Ngerengerer River, Tanzania 2012-2016 6 0.28 4.24 Groffen et al. (2021)
Kikundi River, Tanzania 2012-2016 2 0.85 4.55 Groffen et al. (2021)
Tzugi River, Tanzania 2012-2016 1 2.8 - Groffen et al. (2021)
Gunsan coast, Korea 2018 16 0.2 0.43 This study

*Sampling Year. "Number of analyzed sample. “Not available. PFOA, Perfluorooctanoic acid; PFOS, Perfluorooctane sulfonate.
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al., 2013), 3-7(10.3 ng/L; Shin et al., 2009), o3, 7ok
(15.5-43.4 ng/L; Cho et al., 2010), 7]=2] Rhine river (5.66
ng/L; Moller et al., 2010)]| 4] ZARE A xR o} A Lelgt

B o104 248 A 912k B2 2 0] PROA (020 ng/g dry
weight)= 5=2]|Bohai Sea (0.06 ng/g dry weight; Gao et al.,
2014), Yellow Sea (0.19 ng/g dry weight; Gao et al., 2014)
2} 55=90(0.18 ng/g dry weight; Gao et al., 2014)E =
EAU A ek e, v]=2] Charleston 2] 7|
(0.42 ng/g dry weight; White et al., 2015), %=-2] Bohai Sea
(0.29-0.30 ng/g dry weight; Chen et al., 2016)}2.t}= 27| Lt
ERT. Ak 19 E]21=22] PFOS (0.16 ng/g dry weight):= &
9] Yellow Sea2} 55=130(0.1-0.9 ng/g dry weight; Gao et
al., 2014), 5=r2] 74 Bohai Sea (0.11 ng/g dry weight; Chen
etal,, 2016) 2 ct= A YR, n]=-9] Charleston 2] % 9]
=7(1.52 ng/g dry weight; White et al., 2015)%} 5=-2] Bohai
Sea (0.54 ng/g dry weight; Gao et al., 2014) 2 t}= W7 e}
with

HoApoA 2AME AREES] PFOA (0.19 nglg wet
weight)+= 5=2] Taihu Lake (3.34 ng/g wet weight; Fang et
al., 2014), x4 o] Mindu Dam, Ngerengerer river, Kikun-
di river®} Tzugi River (0.28-2.80 ng/g wet weight; Groffen et
al,, 2021)Eth= WA Uelg o, 4 5.2] Nespeky, Elbe river,
Dluhonice, Predmerice, Usti nad Labem} Topelec (Cerveny
et al, 2016)> == UelRth 49| 4HE2] PFOS
(0.43 ng/g wet weight;)= 5=2] Taihu Lake (46.5 ng/g wet
weight; Fang et al., 2014), 2¢d19] Vattern Lake, Baltic Sea
(1.68-8.08 ng/g wet weight; Berger et al., 2009), H|5.2] Ne-
speky, Elbe River, Dluhonice, Predmerice, Usti nad Labem,
Topelec (2.9-38.3 ng/g wet weight; Cerveny et al., 2016), &
A oke] Mindu Dam, Ngerengerer River®} Kikundi River
(4.24-14.9 ng/g wet weight; Groffen et al., 2021) 2t} W7
Ureheh. ol2fat 2t ke 7t x\edutet B4 Fol7} o)
£ 308 woe,
CHIiA| PFASse| 22 £E4

TAE A 2ol A AR E mAEE g, HAE, ) AR
o A2 PFASs®] /| Fig. 3o Uehile. A4 oz 2
=, ZF mjAof Al PFASs9] 2/4dH]= th2A] Yepyten,
ol wiA'E PFASs 9] 55 SA4o| th=7] wiedl Aoz vt
Fr}. o] Mof thufjFof 4| PFASsE 2ALSH THE 1L A 2 &
AleE 24 73S H o] tH(Lee et al., 2020). PFASso] ofj gt
PFCAs2} PFSAs9] 7|08 R, .= A o] 4] PFCAs (3l
T, 66%; B &=, 84%; A&, 73%)7} PFSAs (3ll<, 34%; B4
=, 16%; A&, 27%)E0} &2 7]ojeS B3k ol2et A3t
= 32?1 PFSAs?] 2FHE<1 PFOS 2] =144 91 A o <] gt
ARl ALz AekEnh o] o] S-efuhet AAQkol| A o] thuf A
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Fig. 3. Relative contributions of perfluoroalkyl substances (PFASs)
in seawater, sediment, and biota samples collected from Gunsan
coastal environments. Whiskers on the bars represent standard de-
viation for each PFAS compound.

A AT ol A = AL 22 Ureb ¢l o m(Lee et al., 2020),
FAEHES o] 83 v W PFASs?] @ HJARS ZRARSH
Ao A = ZTH(AFEH) PFASs O] 7] 0] =o]| A PFSAs®] A7+
(phase-out) & +E &He13tH vl QIth(Shen et al., 2018).
gl=A| RO A= PFOA (Fd+3dEHA}, 53+3.8%)7F 71
E2 7]o&S Bt dl49] A dAY] SENHE Ho
F= A=A PFOA7Z}F @A H4F A%te 2 f9lsl= a3t
PFAS 3}glEolgk= 71 ou|slth. PFOA T} = PFHS
(2749.3%), PFHXA (7.240.6%) <22 =2 7|9 &S Ho|=
A0 &2 eyt thE PFASs| 749 5% o9 7]oj&-& 2
Rom, PFOSE 8l FollAl 3.1%9] #& 7]ofe2 Hlth
A2 0 2 2o eh4Al(carbon chain) @] PFSAs¢] PFHS7}
PFOA TH5 0 & =2 7|85 Ho|aL Qi it o] = 2 AHA
12| oF G ko] =2 PFOSE| A AAAQ] 114 a2 Qlst
of S-ufef AH2] 9 o] Ak A ol A &= PFOS th4l PFHSE &
2 AMEShE 202 wekdEch gt ofy ek o] o] o2 %
Aol A= GAFe AvtE B 1%k ) QIth(Zhou et al., 2013). E
2 2o A= PFHXA (Bo+EEH2}, 37£35%)7} 714 A8t
7 Urebg o1, PEUNDA (19+25%), PENA (10+£28%), PFOA
(7.1£8.7%), PFHS (6.3£8.2%) %02 =2 7|0} 8-S B gtk
0]2]2] PFASs+= B 4& WollA] 5% u|Tke] 7]oj&-2 H it
UubA] © 2 PFASs| BtaalE o7t dold4=E et &
2ot = K)ol 7] dtol EHEol s 2 10
2AE 7o) 9] PFASs7F 2 EAgtct v 2 dtollA=
6719] EFAARSS 7= PFHxAZ} 7M=& 7]01 88 Yl
] o]= X2 AdH o7 77tk A0 GS1 (89%), GS3
(73%), GST (78%)°ll A =& 7|o&2& B 37| wjZolct.
SAPYEo]| A= 7] Bk ARS2] PFASs¢] PFTrDA, PEUnDA
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Table 4. EDI of PFASs through seafood consumption for male, female, and general population in Korea and comparison of EDIs of PFOA

and PFOS with guidelines

EDI? (ng/kg bw/day) HQ®
Rfd® (ng/kg bw/day)

Male Female Total Male Female Total
PFOA 0.05 0.06 0.05 20.0 2.00x108 3.00x103 3.00x10°3
PFOS 0.07 0.05 0.06 30.0 2.00x108 2.00x103 2.00x10°%
2PFCA 0.50 0.43 0.47 = - - -
2PFSA 0.07 0.05 0.06 - - - -
>PFAS 0.57 0.48 0.53 8.00¢ 0.07 0.06 0.07

“Estimated daily intake. "Reference dose by US EPA (2016a, 2016b). ‘Hazard Quotient. “Not available. °TDI value by ESFA (2018). PFOA,
perfluorooctanoic acid; PFOS, perfluorooctane sulfonate; PFCA, Perfluoroalkyl carboxyl acids; PFSA, Perfluoroalkane sulfonates; PFAS,

Perfluoroalkyl substances.

71 THe-0 2= PENA (8.6%), PFOA (7.4%), PFDA (5.2%) %=
O 7 £ 7]oleS Hlow, UmA| PFASs= 5% w|ike] 7]
o} &= Uehth o9 Ao E f-2jubet dAQte] A=A
(o1, el &) WellA 1 gaAeS 2= PFTrDAMY
PFUNDA7} 71 S-Al6HA| 2 = o] Qli= AaHE Hargh v gl
tH(Moon et al., 2010; Lee et al., 2020).
A2 HHE Sot MG E Eot

AR Qb AAIBEAL Sl pARE A FIE 53 PFASs ] <l
A =S Hr1sl7]19)5te] 2 PFASs¢! PFOAS} PFOS,
YPFCA, YPFSA, YPFASS] YUY -Zf(estimated daily in-
take, EDI)2 54 Y YA H 88, =& 918 4H(hazard quo-
tient, HQ)-Z #A|4k51o] Table 401 A 2|51t} ZF 223 EDIC]
785 A(1)& AHg-sto] @9 A5 EDIE 4 53iTt.

EDI (ng/kg bW/day):M ............ (1)
BW

ojuf, Cpps= 25 AR 714 ol A 4% PFASY] 5%
(ng/g wet weight)o|H, D, &= 4422 49 A3 (g/day),
BW= -2vet 13, o4, Bah)2 Bt Alske)S
EFHEH(KNHANES, 2022). s4iHe0] AL A 320 Hat A5
O] ¢ ANAZFFRALE Ball Tetstqitt. ZF AbEol o
St YU A FH = Table 10]] Wb §lom, 9-2jutet =719 3
I+ AE266.0 kg (F4, 73.8 kg; o14, 58.3 kg)ye A5ttt
(KOSIS, 2022). A2 © 2 F4(YPFAS, 0.57 ng/kg bw/day)
o] 014(0.48 ng/kg bw/day)e]| H]3} t] =2 EDIE 2= A 02
A= QL) o] FAd 9] o] 2 Wt AlS ol s Btekal =4t
EdFEe] o &7 hiEel A o= wekHch S-Eyet Hi o
11 9] $=AHEA] F 5 551 PFOA, PFOS, YPFAS 2] EDI= 0.05,
0.06, 0.53 ng/kg bw/day= UEFET) AAHE EDIS] 21493l
T2 grlslr] 915ke] ul=t 343 (US EPA, 2016a, 2016b)°]|

A A|AeE PFOAL} PFOSO] th gt 2Fa1/d Sk (reference dose,
RD)¥} 7utcholl A A4 PFASse] U A3 3-8 (toler-
able daily intake, TDI)¥} H| L& 3} HQE A(2)E £} 7
AbsQiLt. ouf PEOA2} PFOSO]| tf gt RfD ¢ Y PFASO]| tff gt
TDIZH Table 40 YERY ST

HQ: % ........................ (2)

PFOA2} PFOS2] HQX 3.0 % 103, 2.0 X 1032.2 L} 2
Al ARt A Aek= pAE HHE Bet AAIY S E vl @
= A0 = ok 22y YPFASS| 79 HQ7E 0.07= 1t
ERITh o] AREAH YO 2 = PFASs®] TDI 7%¢] s}
£ o] QAo EHTh= v R thefst PFASsS] A =&
AR5 sl Hobg o QAelEE WA AQkE oA
©] PFASsol| thgt 2|44l MU Efgo] I @ sjral Sehect,

Al AL

o] =R2o 2022W% 2 pAMfeY AR E AFEARY
(R2022061)2] 4202 434 @I,
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