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ABSTRACT : Perfluorinated compounds (PFCs) as environmental pollutants are an important environmental issue. However, little is
known on the PFCs monitoring of sea waters around estuaries on the East and West Coasts of Korea. This study shows the monitoring
results of PFCs in sea waters in these Coasts. Among 10 PFCs selected in this study, concentrations of perfluorooctanesulfonate
(PFOS), perfluorooctanoate (PFOA), perfluorobutane sulfonate (PFBS), and perfluorohexane sulfonate (PFHxS) in the East Coast were
9.6-50.7 ng/L (total mean + standard deviation: 26.14 = 12.66 ng/L), 13.79-44.58 ng/L (27.95 £+ 11.41 ng/L), limit of quantification
(LOQ)-2.6 ng/L (0.96 £ 1.15 ng/L), and 2.95-11.05 ng/L (4.25 + 2.57 ng/L), respectively. In the West Coast, concentrations of PFOS,
PFOA, PFBS, and PFHxS were 27.66-51.71 ng/L (36.27 £+ 7.79 ng/L), 8.97-22.53 ng/L (14.47 + 4.25 ng/L), LOQ-2.27 ng/L (1.63
+ 0.93 ng/L), and 3.0-7.66 ng/L. (4.27 £ 1.49 ng/L), respectly. Other PFCs were below LOQ. The result of this study provides the
distribution pattern of PFCs for assessing environmental pollution in two coastal areas of Korea..
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Fig. 1. Sampling sites in East and West Coast
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Table 1. Sample locations of East Coast

Sample Sample GPS

name location (latitude/longitude)
El Sokcho 38°12'11.9005” / 128°35'41.9606”
E2 Gangneung 37°46'9.8319” / 128°57°0.4492"
E3 Donghae 37°28'39.3976” / 129°9'34.6675"
E4 Uljin 36°58'15.9727" / 129°24'44.4407”
E5 Yeongdeok 36°33'57.4803” / 129°25'33.1852”
E6 Pohang 36°3'36.1167" / 129°22'47.2467"
E7 Ulsan 35°23'0.9515” / 129°20'46.0618"
E8 Busan 35°9'28.3580" / 129°9'27.1642"
E9 Busan dadaepo 35°2'57.3965” / 128°57'34.9137"

Table 2, Sample locations of West Coast

Sample Sample GPS

name location (latitude/longitude)
Wi Mokpo 34°47'55.1699” / 126°28'5.4907"
w2 Muan 34°47'55.1699” / 126°28'5.4907"
w3 Yeonggwang 35°23'53.0351” / 126°24'33.6810”
W4 Byeonsan 35°41'14.2855” / 126°31'56.8826”
W5 Gunsan 35°56'40.9934” / 126°31'52.3745”
W6 Boryeong 36°18'55.4974” / 126°30'35.1356”
w7 Taean 36°47'3.5498” / 126°7'57.2311"
W8 Dangjin 36°56'35.2960” / 126°48'21.7161”
W9 Incheon 37°28'11.1995” / 126°35'51.3110”
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fluorooctanoate(PFOA)© |, T2 PFCsZ+= perfluorohexanoic
acid(PFHxA), perfluorononanoic acid(PFNA), perfluorodecanoic
acid(PFDA), perfluoroundecanoic acid(PFUnDA), perfluorodo-
decanoic acid(PFDoDA), perfluorobutane sulfonate(PFBS),
perfluorohexane sulfonate(PFHxS) !
(PFDS) So] &&i#] QthKwon et al., 2015). o] 5Lo]A]
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o5 PFCs ShgHEol that el8tsha A4S Table 30]
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dsto] ARgSHATE AT7E 471 1059] PFCs ] A oF
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Azl W 717184 ARgE gufQl WERE2 HPLC grade
(J.T. Baker, USA)E Algstgion, o]5Ate] oz

ARE-3F Ammonium acetate(Junsei, Japan)+<= %{H]Ok& A}

! perfluorodecane sulfonate

_&rl
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Fig. 2. Flow chart of pretreatment

Table 3, Abbreviated names, molecular formula, and physicochemical properties of PFCs (Kwon et al., 2015)

Compounds Molecular formula M.W. (g/mol) CAS No. Water solubility (mg/L) pKa
PFHxXA CsF;;COOH 314 307-24-4 2.95x10 0.84
PFOA C7F1sCOOH 414 335-67-1 3.4x10° 2.5
PFNA CsF,COOH 464 375-95-1 1.8x10" 2-3
PFDA CoF1oCOOH 514 335-76-2 2.8x107 2.606

PFUnDA CoF2:COOH 564 2058-94-8 1.5x7 3.128

PFDoDA C11F2;COOH 614 307-55-1 7.59x10° -
PFBS C4FoSOs 299 29420-49-3 4.62x10* 0.14
PFHxS CoF 13803 399 3871-99-6 7.59 0.14
PFOS CsF17S0; 499 1763-23-1 5.70x107 -3.27
PFDS Ci0F21S0;3 599 - -
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N2 AJELE PP tubeo]] M- & 21T AA7EY99.999%,
A7, =) S 085Ho] F=A1%iTh PP tubeo] w2
ImLE @11 Vortex mixer= 30371 2831tk Syringe filter
(Watman 0.22/m, North Carolina, USA)Z {3t & ofol-
Hpo| o mop 243 AAskATE Ko AR Al A
A2 o] dtoll AlABHHEKwon et al., 2015).

2.4 LC-MS/MS 2M

o Aol AHEE LC-MSMSE A& 2FE79]7](Waters
Acquity Sample Manager)”} A2Hel WatersAF2] UPLC(Waters
Acquity Binary Solvent Manager)S AM&-5}%on, Ha]g
7y B2 o] BxjeF 31018 Q]6lo] Triple-quadrupole tendem
mass spectrometer(ACQUITY TQ Detector, USA)ES Al&-3}
At o] 231HA12 Electrospray lonization(EST) B4] 02
FolHEofA B4t o, S Aol 2(Pprecusor
ion)& AlElsto] /o] (Product ion)E AHGAIX - 54
0] &2 Xlels}o] Multiple Reaction Monitoring(MRM) =+
2 A}g3lo] BAEATE LC-MS/MS ] B4 2 AL Table 4
9} 731, PFCso] B2 I Z2ulE 1L o] dto|A] A
A3 AlABFATHKwon et al., 2015). ZAFEA Q] PFCsS
1-100ng/mL =7} = =% Hehe-S ARl Al =2a19om
LC/ESI-MS/MS= 2A4ste] W iEHS o-§sto] Al
= AAdskeltE 2t gAY AR = =EERE 0.99
o]Fe] =& AWHAE Uehllch Ho) AR AR &
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Table 4. Analysis condition of LC/ESI-MS/MS for PFCs analysis

Parameters Conditions
Instrument Waters® ACQUITY® TQ detector
Tonization Negative ion electrospray
Acquisition MRM mode

Capillary voltages | 3.0 kV

Source Temp. 120C

Desolvation temp. | 350C

Thermo scientific BETASIL C18

LC Col
oMM 100%2.1 mm, 5 zm)
Mobile phase A : Water (20 mM ammonium acetate)
B : Methanol
Ti i 0 1 11 135 16
Gradient ime (min)

Solvent B (%) 5 50 90 90 5

Column flow rate | 0.2 mL/min

Injection volume | 10 uL

Column temp. 30C

8912 H75to] 200pgmLrt HEE ST, ol 38) b
waho] 27 23S o4 A7l AASHIEHKwon et al.
2015). 0|4l eltel W, PFCs 2t BRI 345

62.2-106.4%°0 2 UERFOom, PFBSS] 79 622%% 71 W
© 8582 el o] szkEe) AR HAReltive
Standard Deviation, RSD)+= 2.1-11.8%5 2 %th

PFCs 7} 39 HEtle 2= 4% 9719 Al
2ol EFEHY sEE JAH R WA AR
AHr) o]5 AlEZ LC-MS/MSE BEA%H 5, uhi &35}
Zl(Method Detection Limit, MDL):= (ZZH2} x tZhH)Q] 4]
o olgsto] AANEFAIL, AekshA|(Limit Of Quantification,
LOQ)= 10 x FEZHALO] Ao ofsto] F15}¢1al, o] & Table
59 YeF S tHKwon et al., 2015).
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3.1 S Ml KIolM SHE PFCs BE 2E

9FA] Table 13 Table 20 YEpdH Hiel o], o] A=
z0] kol o2 Falek 7 B4 A ol
B Aottt 2 18359 Skt A =l A PFOS,
PFOA 5% HIEE 3 1059 PFCs =& S4sIlth 1
ZA3l= Table 63} Table 7of AJA]s}3Th

Table 604 Hol= B}e} o], Faot-7te] PFOA 5=
L 9.6-50.7ng/L(HF + EZHZ}, 26.14 + 12.66ng/L), PFOS
o] =l 13.79-44.58ng/L(27.95 + 1141 ng/L) 0.2 =4
913, PFBSY] %= LOQ-2.6ng/L(0.96 + 1.15ng/L), PFHxS
o] Eml 295.11.05ng/L(4.25 + 2.57ng/L)2 HZH 2}
sFx|uk k4] o133t PFOA, PFOS, PFBS, PFHxSS | ¢]3t
T2 PFCs 315H52 LOQHET W ez Z4E ]t

A3fiobt7te] 79, Table 794 Hol= Hiel o], PFOA

Table 5. MDL and LOQ of PFCs

PFCs Deionized water (pg/mL)
MDL LOQ

PFOA 1.2 43
PFHXA 1.4 4.8
PFNA 1.9 6.5
PFDA 1.8 6.1
PFUnDA 0.9 3.2
PFDoDA 0.5 1.7
PFOS 1.2 4.1
PFBS 0.4 1.5
PFHxS 1.1 3.6
PFDS 1.3 4.6
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L1l 8.97-22.53ng/L(14.47 + 4.25ng/L), PFOS9] =
27.66-51.71ng/L(36.27 + 7.79ng/L)&2 ZA =911, PFBSQ]
Erl L0Q-2.27ng/L(1.63 + 0.93ng/L), PFHxSQ] B =
3.0-7.66ng/L(4.27 + 1.49ng/L)& #HZ% %It} PFOA, PFOS,
PFBS, PFHxS 4%2 A|9J3t t}2 PFCs $F8F£2 LOQ ©|8}

2 SHEAE

Table 63} Table 70]] A|A|E v} o], Faf Qb7 A
B QFL7Ee] B4 2ol 4] PFOS, PFOA, PFHXSE 183 A
FEAHHAAF R4 HEE e sHARF PFBS&= Faiot+-

o]

ol 7} & 4= Stk AA|, PFOS2} PFOA&= th2 PFCs2]
2% QAR el QoA ofe] BulAleh Aztel @
A Solq uliA & SER AEHT IeHKwon e al.,
2015). of|& 9], C8o|4} o|RT} 7] BErAA&9] Perfluoroalkyl
carboxylic acid& fﬂ“ﬁ}h HAFA =2 2-8-3H= PFCs 35
go] ZAfelAIL, - PFOS| AT § shatEel 2-
(N-Ethylperfluoro-1-octanesulfonamido)-ethanol(N-EtFOSE)
AaHon gAY WaslEAle] Ane AHEE

5ol HlalA w2 FE= PFOSeL PFOA7E HEd -+

[e]

%]\

Zrol A ZFdA e g 4320] AlmAH AR A HEE o, CHNIER, 2013). =4, Table 63} Table 7o]A4] Hojxl e}
A7) A 93 T T3] AlmAFI Aol 4] PFBS o] PFCs7} &0 Hi= o= 7|& PFCs BIST9] 424
7t AEEo] HENI=T) v #90ty 53], PFBS2} PFOS 7} o] R AL: A o] Hof| -yt A *“*Pﬂ‘iitd PFCs
o] A9, Asfiett7tel A2 F A oA Bl st F5f S AlFollA o] 87 4 8F Foll 71908 4= JthKwon
ottt ) 1.7619} 1.38)| 2 Z2+2F =4 A& 31, PFHxS et al., 2015). &% o]& PFCs7} 4] ofA] %?j‘ S=EE=
o] A9+ 1Lou= ALY vt Fg2 JEEHUch ¥, cheiet Ao dd FElE 24 & 4 qlen, o] F ¢
PFOAS] 790 Fafetzto] Asiebzhuct 1812 ) B PFCst Aot W wAV) 9l Ao wekd
WA T FsEE JEESU th oS EH, SR oA FARE sk A olA T
3t vk} o], Fafobtrtat A sttt Al AR = AHEA, =4 Soll PFCso] 223 7hs/do] Stk
L= 3o 4] PFOSE} PFOA7F HEEAL HEE s=% H| (Kwon et al., 2015). 5*1 of s Seuete SAE 9
0 e ZoR tehith of7lol AW /Psd chaket MR EA C8 based] WA ARAIAS 2E53L 9lo] o]F
Table 6. The concentrations of PFCs in 2016 at East Coast
Sampling Concentration of PFCs (ng/L)
points PFHxA PFOA PFNA PFDA PFUnDA PFDoDA PFDS PFBS PFHxS PFOS
El <LOQ 12.11 <LOQ <LOQ <LOQ <LOQ <LOQ 2 3.34 14.35
E2 <LOQ 30.07 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 11.05 27.62
E3 <LOQ 22.6 <LOQ <LOQ <LOQ <LOQ <LOQ 2.05 3.57 36.37
E4 <LOQ 28.9 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 3.32 22.59
E5 <LOQ 9.6 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 295 13.79
E6 <LOQ 31.89 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 322 44.58
E7 <LOQ 50.7 <LOQ <LOQ <LOQ <LOQ <LOQ 2.6 32 227
E8 <LOQ 16.49 <LOQ <LOQ <LOQ <LOQ <LOQ 2 3.41 25.81
E9 <LOQ 32.92 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 4.22 43.7
Table 7. The concentrations of PFCs in 2016 at West Coast
Sampling Concentration of PFCs (ng/L)
points PFHxA PFOA PFNA PFDA PFUnDA PFDoDA PFDS PFBS PFHxS PFOS
w1 <LOQ 10.59 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 3.82 29.12
w2 <LOQ 8.97 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 3.00 27.66
w3 <LOQ 10.59 <LOQ <LOQ <LOQ <LOQ <LOQ 2.13 3.11 36.47
W4 <LOQ 16.73 <LOQ <LOQ <LOQ <LOQ <LOQ 2.04 4.19 34.85
W5 <LOQ 16.61 <LOQ <LOQ <LOQ <LOQ <LOQ 2.05 7.66 33.86
W6 <LOQ 16.81 <LOQ <LOQ <LOQ <LOQ <LOQ 2.05 3.67 29.61
w7 <LOQ 22.53 <LOQ <LOQ <LOQ <LOQ <LOQ 2.25 3.17 51.71
w8 <LOQ 12.47 <LOQ <LOQ <LOQ <LOQ <LOQ 2.27 4.25 38.95
w9 <LOQ 14.91 <LOQ <LOQ <LOQ <LOQ <LOQ 1.91 5.55 4421
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A Eo) 93] A&H o2 PFCs7t AEE 4= tHGreenpeace
East Asia, 2015). 71 A3}, AFQebA|e} A4 AJEeHg oA
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THKey et al., 1997; Key et al., 1998; Takagi et al., 2011).
Table 39] AA|SE v} o], Lal=7) =2 4=84 PFOS,
PFOA 5 WdE3l4d PFCs slgHEo] Qa;EQt =317 -
27 9 ez oSHch

o] AToA] FEa e PFOAS] 72, FalRIETIo] A
SfobrtEeh 1812 AHiAloR £ FHEER HE
Fl Holtk 11 olfi= 2WSHA| ANt ofkE PFOSE A€
gk thE PFCs 3}8}Fo] AAgg o4 Hi& 5 o] PFOAR
ohe = QlojA I T AR #5 4 Utk(D’eon
et al., 2006; D’eon & Mabury, 2007). ©]of t3te] &L}z

= AAIAQ]l PFCs =+ o 2 A7t G52 ok 12,150&

of @b, o] F oF 80% ALt SAMEL & AeAEo] 71

Aelo] ALSE|T Lol x| PRCs7) sl 2 v as) Ho
2 AR a1 QtHGreenpeace East Asia, 2015). ol& &
Seluete) o) AgmAR slakaz garo] WAE T
Ale] ool A 714 e 450] PFOA 5127k A% vl
7} AtHGreenpeace East Asia, 2015). SFA|RE o] o] A
Aalel WA of QATe] APt ArEL AL B

o r

o7 wiol, BTk g7Izke] A PECs 2.0 £4), A%
5 b 5ol Bl 5 ATES o olE slor & Ao

2 Az

Table 8. The concentrations of PFCs in the world

3.2 sielsHet X[HoIM SHE PFCs2| H|uw

Table 82 32| o] TheFgt siobA]SoflA Eirel PFOSet
PFOAS] =5 AA51c}. Table 80 A|AE wle} o],
Seutel QIER7Iel ie] EaRleA] PFOSS] St
0.338-57.7ng/L, PFOA 9] ‘== 1.8-192ng/LZ H|uZ &
Aoz Witk v, F3e) dejol] A3t FEatao]
4] PFOS+ 0.0207-0.0703ng/Lo] 12 PFOA= 0.0375-1.541ng/L
2 tha v el A0 HuEelr). sHN el
Aafiebr] o] of-2ste] {123 Fo] FE SR %(Coastal
area of dalian)of| A= A& S 2 =2 PFOSe} PFOA &%
7F HarEQlok

Table 8¢ A4 Ble} o], £l 2] 7] PFOS= 0.69-
3.95ng/L, PFOAL= 2.67-7.83ng/L 52 Heal, drEs] st
A9 9] 7L, PFOSE= 0.33-0.9ng/L, PFOA+= 0.47-1.1ng/L
2 HuA] PyTiEths W sepEer BuEi gl
ok 2atao R, eluerel F-Alslel sjetxielel ¢lotn]
ool A AZE PFOSS} PFOAQ] ki waytol i gl
ﬁm— Aelshe T se] Uakse] sigkrerrt tha

Aoz M7= 1 o)8E AE3lr] Y3l kst PFCs
Agelo] B AL 31" AP oY 25 WUt
A7E B o) Fusol & Aow AzEc o, 314

o gt vl Zo), Sake 4 spA| 24 C8 bases]

| (1)15
of &

__4

mE rl

WA AYAEA AL FstR oz MzhEh A
Ko} Z7|7boll A4 PFCsol qaa 27} 2|23
oz 4gE "ar) 9k

FO*' ﬂl]O o]n

4, &

M

o] A= 20161 5~6Y, F AlalIeh A< jzof|A| PFCs
o] =2 2A}sIYIth. 2AFE PFOS, PFHxS, PFOAL BE
A BAFH Aol AA HEE U, PFBSE A5 2| H(4~7
A @)o A AZE ) sFA9k PFOS, PFHxS, PFOA, PFBS
£ AQgt & PFCs= HEEA oot A&% PFBSS}

Location PFOS (ng/L) PFOA (ng/L)
Tokyo bay, Japan (Yamashita et al., 2005) 0.338-57.7 1.8-192
Central to eastern pacific ocean (Yamashita et al., 2005) 0.0011-0.02 0.0001-0.0016
North atlantic ocean (Yamashita et al., 2005) 0.0086-0.036 0.0041-0.0061
West baltic sea (Theobald et al., 2007) 0.33-0.9 0.47-1.1
Coastal area of dalian, China (Ju et al., 2008) <0.1-2.3 0.17-3.8
German bight, Germany (Ahrens et al., 2009) 0.69-3.95 2.67-7.83
East china sea, China (Cai et al., 2012) 0.0207-0.0703 0.0375-1.541
Northern spanish port, Spain (Gomez et al., 2011) 0.01-6.57 0.05-0.31

10 Monitoring of Perfluorinated Compounds (PFCs) in the Seawater of the East and West Coast in Korea



©
=
fu
N
N
"
s
!
-
jas
5
2
1o
on.
o
fr
=
=)
fu
R
>
ol
pats
o

o
i
il
-
los)
o
>
1o
&)
Rl
off
H1
rir
oft
%
(=
. H
)
(L o
U
o4l :?g

<
ok
1 o
)

!
=
o
£
cg M

44 o 1B o

PR 4 QlEE 2AAL] FZIHQ WY

wojof gk,

HAKR 2

2 A= 20149 AdHishale] A-R|(IAH L 2014-
0519)°] ofsto] == gl om, ofof FA=HYT &3 o]
Ao ARHES TSt skEe 242 aste] F41 Al
Fofistal It AT AlFEEAA R B A
4

1A APl US> FALE A

References

1. Ahrens, L., Felizeter, S. and Ebinghaus, R. (2009), Spatial
distribution of polyfluoroalkyl compounds un seawater of the
german Bight, Chemosphere, Vol. 78, pp. 179~184.

2. Cai, M., Zhao, Z., Yang, H., Yin, Z., Hong, Q., Sturm, R.,
Ebinghaus, R., Arhens, L., Cai, M., He, J. and Xie, Z. (2012),
Spatial distribution of per-and polyfluoroalkyl compounds in
coastal waters from east to south China Sea, Environ. Pollut.,
Vol. 161, pp. 162~169.

3. Cho, C. R,, Eom, I. C., Kim, E. J., Kim, S. J., Choi, K., Cho,
H. S. and Yoon, J. (2009), Evaluation of the level of PFOS
and PFOA in environmental media from industrial area and
four major river basin, J. Kor. Soc. Environ. Anal., Vol. 12,
No. 4, pp. 296~306 (in Korean).

4. D’eon, J. C., Hurley, M. D., Wallington, T. J. and Mabury,
S. A. (2006), Atmospheric chemistry of N-methyl perfluorobutane
sulfonamidoethanol, C4F9SO2N(CH3)CH2CH2OH: Kinetics
and mechanism of reaction with OH, Environ. Sci. Technol.,
Vol. 40, pp. 1862~1868.

5. D’eon, J. C. and Mabury, S. A. (2007), Production of Perfluori-
nated Carboxylic Acids (PFCAs) from the Biotransformation
of Polyfluoroalkyl Phosphate Surfactants (PAPS): Exploring
Routes of Human Contamination, Environ. Sci. Technol., Vol.
41, pp. 4799~4805.

6. Ding, G. and Peijnenburg, W. J. G. M. (2013), Physicochemical
properities and aquatic toxicity of poly- and perfluorinated
compounds, Critical Reviews in Environmental Science and
Technology, Vol. 43, pp. 598~678.

7. Giesy, J. P. and Kannan, K. (2001), Global distribution of
perfluorooctane sulfonate in wildlife, Environ. Sci. Technol.,
Vol. 35, pp. 339~342.

8. Giesy, J. P., Mabury, S. A., Martin, J. W., Kannan, K., Jones,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

P. D., Newsted, J. L. and Coady, K. (2006), Perfluorinated
compounds in the great lakes, The Handbook of Environ.
Chem., Vol. 5, pp. 391~438.

. Gomez, C., Vicente, J., Echavarri-Erasun, B., Porte, C. and

Lacorte, S. (2011), Occurrence of perfluorinated compounds in
water, sediment and mussels from the Cantabrian Sea (North
Spain), Mar. Pollut. Bull., Vol. 62, pp. 948~955.
Greenpeace East Asia. (2015), Hazarous Footprints Everywere:
Two Faces of Outdoor Industry, 2015, 12, 23 (in Korean).
Hansen, K. J., Johnson, H. O., Eldridge, J. S., Butenhoff, J.
L. and Dick, L. A. (2002), Quantitative characterization of
trace levels of PFOS and PFOA in Tennessee River, Environ.
Sci. Technol., Vol. 36, pp. 1681~1685.

Hekster, F., Laane, R. and de Voogt, P. (2003), Environmental
and toxicity effects of perfluoroalkylated substances, Rev.
Environ. Contam. Toxicol., Vol. 179, pp. 99~121.

Higgins, C. P., Field, J. A., Criddle, C. S. and Luthy, R. G.
(2005), Quantitative determination of perfluorochemicals in
sediments and domestic sludge, Environ. Sci. Technol., Vol.
40, pp. 3463~3473.

Holmstrém, K. E., Johansson, A. K., Bignert, A., Lindberg, P.
and Berger, U. (2010), Temporal trends of perfluorinated
surfactants in Swedish peregrine falcon eggs (falco peregrinus),
1974-2007, Environ. Sci. Technol., Vol. 44, pp. 4083~4088.
Kannan, K., Giesy, J. P., Rostkowski, P., Yamashita, N., So,
M. K., Taniyasu, S., Lam, P. K. S., Falandysz, J., Lee, K. T.,
Kim, S. K., Khim, J. S., Im, S. H., Newsted, J. L. and Jones,
P. D. (2006), Perfluorinated compounds in streams of the Shihwa
industrial zone and Lake Shihwa, South Korea, Environ. Sci.
Technol., Vol. 25, pp. 2374~2380.

Kennedy, G. L., Butenhoff, J. L., Olsen, G. W., O’Connor, J.
C., Seacat, A. M. and Perkins, R. G. (2004), The toxicology
of perfluorooctanonoate, Crit. Rev. Toxicol., Vol. 34, pp.
351~384.

Key, B. D., Howell, R. D. and Criddle, C. S. (1997), Fluorinated
organics in the biosphere, Environ. Sci. Technol., Vol. 31, pp.
2445~2454.

Key, B. D., Howell, R. D. and Criddle, C. S. (1998), Defluorination
of organofluorine sulfur compounds by Pseudomonas sp. strain
D2, Environ. Sci. Technol., Vol. 32, pp. 2283~2287.

Kim, B. H. and Lee, J. Y. (2010), Policy & management of
persistent organic pollutant in Korea, KIC news, Vol. 13, pp.
1~10 (in Korean).

Kim, K. S., Shin, P. M., Yeon, J. M., Ka, J. J,, Kim, Y. J.
and Cho, C. R. (2010), Investigation of pollution level of
PFOA and PFOS in Ambient Air Using LC/MS/MS, Analytical
Science & Technology, Vol. 23, pp. 15~23 (in Korean).
Kim, S. K. (2008), “Environmental distribution and fate of
perfluorinated compounds (PFCs) as emerging POPs: physico-
chemical properties, emission, contamination level, inter-phase
distribution and long-range transport”, J. Environ. Toxicol.,
23(3), 143~164(2008) (in Korean).

Kim, S. K. (2012), Water-based riverine discharge loads and
emission factor of perfluorinated surfactants in Korea peninsula,
Chemosphere, Vol. 89, pp. 995~1002.

Kim, S. K., Li, D. H., Shoeib, M. and Zoh, K. D. (2014), Con-
tribution of diffuse inputs to the aqueous mass load of per-
fluoroalkyl acids in river and stream catchments in Korea, Sci.
Total Environ., Vol. 470~471, pp. 1430~1440.

Journal of the Korean Geo-Environmental Society Vol, 18, Issue 11, November 2017 11



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

12

Kissa, E. (1994), Fluorinated Surfactants: Synthesis, Properties
and Applications, Marcel Dekker, New York.

Kudo, N. and Kawashima, Y. (2003), Toxicity and toxicokinetics
of perfluorooctanoic acid in humans and animals, J. Toxicol.
Sci., Vol. 28, pp. 49~57.

Kwon, B. G., Lim, C. S., Lim, H. J., Na, S. H., Kwon, J. and
Chung, S. Y. (2015), Monitoring of perfluorinated compounds
(PFCs) in the Yeongsan River Water System, J. Korean Soc.
Eng., Vol. 37, pp. 303~311.

Jahnke, A., Berger, U., Ebinghaus, R. and Temme, C. (2007),
Latitude gradient of airborne polyfluorinated alkyl substances
in the marine atmosphere between Germany and South Africa
(53°N-33°S), Environ. Sci. Technol., Vol. 41, pp. 3055~3061.
Ju, X., Jin, Y., Sasaki, K. and Saito, N. (2008), Perfluorinated
surfactants in surface, subsurface water and mircolayer from
dalian coastal waters in china, Environ. Sci. Technol., Vol. 42,
pp. 3528~3542.

Lau, C., Butenhoff, J. L. and Rogers, J. M. (2004), The
developmental toxicity of perfluoroalkyl acids and their deri-
vatives, Toxicol. Appl. Pharmacol., Vol. 198, pp. 231~241.
Lau, C., Anitole, K., Hodes, C., Lai, D., Pfahles-Hutchens, A.
and Seed, J. (2007), Perfluoroalkyl acids: a review of monitoring
and toxicological findings, Toxicol. Sci., Vol. 99, pp. 366~394.
National Institute of Environmental Research(NIER), (2013),
Y-=31t=(PFOSSt 11 ¢ 9l PFOSF)9] A& o8 Ae 2
2ot ulE(NIER-SP2013-436) (in Korean).

OECD (2006), OECD workshop on perfluorocarboxylic acids
(PFCsAs) and precursors, 20-22 November 2006, Stockholm,
Sweden.

Park, J. E., Kim, S, K., Oh, J. K., Ahn, S. Y., Lee, M. N.,
Cho, C. R. and Kim, K. S. (2012), Study on concentrations
and mass flows of perfluorinated compounds (PFCs) in a
wastewater treatment plant, J. Kor. Soc. Environ. Eng., Vol.
34, pp. 326~334 (in Korean).

Peden-Adams, M. M., Keller, J. M., EuDaly, J. G., Berger, J.,
Gilkeson, G. S. and Keil, D. E. (2008), Supression of humoral
immunity in mice following exposure to perfluorooctane sulfonate,
Toxicol. Sci., Vol. 104, pp. 144~154.

Scott, B. F., Spencer, C., mabury, S. A. and Muir, D. C. G.
(2006), Poly and perfluorinated carboxylates in North American
precipitation, Environ. Sci. Technol., Vol. 40, pp. 7167~7174.
Shin, M. Y., Im, J. K., Kho, Y. L., Choi, K. S. and Zoh, K.
D. (2009), Quantitative determination of PFOA and PFOS in

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

the effluent of sewage treatment plants and in Han River, J.
Environ. Health Sci., Vol. 35, pp. 334~342.

So, M. K., Taniyasu, N., Giesy, J. P., Zheng, J., Fang, Z., Im,
S. H. and Lam, P. K. S. (2004), Perfluorinated compounds in
coastal waters of Hong Kong, South China, and Korea, Environ.
Sci. Technol., Vol. 38, pp. 4056~4060.

Son, H. J., Hwang, Y. D., Yoom, H. S., Choi, J. T. and Kwon,
K. W. (2013), Detection of perfluorinated compounds (PFCs)
in Nakdong River basin, J. Kor. Soc. Environ. Eng., Vol. 35,
pp. 84~93 (in Korean).

Stock, N. L., Furdui, V. L., Muir, D. C. G. and Mabury, S.
A. (2007), Perfluoroalkyl contaminants in the Canadian Arctic:
evidence of atmospheric transport and local contamination,
Environ. Sci. Technol., Vol. 41, No. 10, pp. 3529~3536.
Takagi, S., Adachi, F., Miyano, K., Koizumi, Y., Tanaka, H.,
Watanabe, 1., Tanabe, S. and Kannan, K. (2011), Fate of
perfluorooctanesulfonate and perfluorooctanoate in drinking
water treatment processes, Water Res. Vol. 45, pp. 3925~3932.
Taniyasu, S., Kannan, K., Horii, Y., Hanari, N. and Yamashita,
N. (2003), A survey of perfluorooctane sulfonate and related
perfluorinated orgaic compounds in water, fish, birds, and
humans from Japan, Environ. Sci. Technol., Vol. 37, pp. 2634~
2639.

Theobald, N., Gerwinski, W., Caliebe, C. and Haarich, M.
(2007), Development and validation of a method for the deter-
mination of Polyfluorinated Organic Substances in Sea Water,
Sediments and Biota, Occurrence of these Compounds in North
and Baltic Seas, Report No UBA-FB., 1049.

Yamashita, N., Kannan, K., Taniyasu, S., Horii, Y., Petrick,
G. and Gamo, T. A. (2005), Global survey of perfluorinated
acids in ocean, Mar. Pollut. Bull.,, Vol. 51, pp. 658~668.
UNEP (2009), Report of the conference of the parties of the
Stockholm Convention on persistent organic pollutants on the
work of its fourth meeting, http://www.pops.int/documents/
meetings/poprc/submissions/submission_ PFOS_2008.htm.
Upham, B. L., Deocampo, N. D., Wurl, B. and Trosko, J. E.
(1998), Inhibition of gap junctional intercellular communication
by perfluorinated fatty acids is dependent on the chain length
of the fluorinated tail, Int. J. Cancer, Vol. 78, pp. 491~495.
Zushi, Y. and Masunaga, S. (2009), First-flush loads of perfluori-
nated compounds in stormwater runoff from Hayabuchi River
basin, Japan served by separated sewage system, Chemosphere,
Vol. 76, pp. 833~840.

Monitoring of Perfluorinated Compounds (PFCs) in the Seawater of the East and West Coast in Korea





