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Abstract : To determine the concentrations of selected 10 perfluorinated compounds (PFCs), a field study was conducted in the
water body of Yeongsan River Water System. Raw water samples were collected in the spring and the fall, respectively, which
included 18 sampling sites. Collected samples were equally mixed and then served as an analytical sample. The concentration of
perfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) were in range of 20.80-92.0 ng/L and ND-28.40 ng/L respec-
tively. Perfluorononanoate (PFNA) and perfluorohexanesulfonate (PFHxS) were ranged from ND to 42.20 ng/L and from ND to
11.47 ng/L. The detection frequencies of other PFCs selected in this study were very sparse at very low concentrations, except for
PFOS, PFOA, PFNA and PFHxS. PFOS was higher detection frequency and concentration in both spring and fall, PFOA and PFNA
were in spring, and PFHxS was in fall. As a result, the observed concentrations of PFCs in the downtown water area of Gwangju,
located in the wastewater treatment plants, were relatively higher than other sampling points.

Key Words : Perfluorinated Compounds, Yeongsan River, Monitoring, Water System, Perfluorooctanesulfonate (PFOS), Perfluo-
rooctanoate (PFOA)
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Fig. 1. Sampling sites in the Yeongsan River Water system.

Table 1. Sampling locations

Study
name

Sampling location

GPS location:
latitude/longitude

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

Y10

Y11

Y12

Y13

Y14

Y15

Y16

Y17

Y18

Geumwol bridge, Damyang
Hwangryong 1 bridge, Jangseong
Hwangryong 2 bridge, Jangseong

Yongsan bridge, Gwangju

Submerged weir in front of Sewage
Treatment Plant, Gwangju

Deokheung bridge, Gwangju
Songjeong 2 bridge, Gwangju
Seochang bridge, Gwangju
Seungchon dam, Gwangju
Naju bridge, Naju
Nampyeong bridge, Naju
Juksan dam, Naju
Gomak bridge, Hampyeong
Hagya bridge, Hampyeong
Donggang bridge, Hampyeong
Mongtan bridge, Muan

Singeum bridge, Yeongam

West Regionional Headquarters,
Korea Coast Guard, Mokpo

35° 20 ' 0.8251 "/
127° 1734845 "

35° 187 454802 "/
126° 47 ' 29.4463 "
35° 18 2.8084 "/
126° 46 ' 22.6037
35° 147 43.9645 " /
126° 53 19.9315 "
35° 9 10.10841 "/
126° 50 ' 10095 "

35° 9 40,2055 " /
126° 49 ' 314665 "
35° 7 19.3623 "/
126° 46 ' 59.5606 ”
35° 6 42,0021 "/
126° 49 ' 10,3227 "
35° 4419737/

126° 45 ' 58,6131 "
35° 2936737/

126° 43 ' 55.0226
35° 2 57,2604 "/
126° 50 ' 21.3009 ”
34° 58 16,3659 " /
126° 37 ' 36,0700
35° 2 9.0619 "/

126° 35 ' 27.0142 "
35° 17101965 " /
126° 31 42.8676 "
34° 59 ' 65095 " /
126° 32 ' 47.8449 "
34° 537501648 "/
126° 31 584493
34° 497 188167 "/
126° 34 ' 353404 "
34° 47 551699 "/
126° 28 ' 5.4907 "
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Table 2. Physicochemical properties of PFCs

Com- Molecular ~ MW,
pounds formula (g/mol)

Water solu-

CASNO. ity (mg/L)

pKa

307-24-4 295x10* 084 %
335-67-1 34x10°% 25%
375-95-1 18x10"* 2-3%
335-76-2 28x10%* 2.606"
PFUNDA CioF2iCOOH 564  2058-94-8 15x10°* 3128*
PFDODA CyiFCOOH 614 307-55-1 759x10°* -

PFBS  C4FeSOs 299 29420-49-3 462x10°™ 014
PFHXS  CeFsS0s 399 3871-99-6  759* 0144
PFOS  CgF;SOs 499 1763-23-1 570x10%*® -327%
PFDS C1F21S0s 599 - - _

PFHXA  GsFsCOOH 314
PFOA  C7FsCOOH 414
PFNA  CgF7COOH 464
PFDA  CoF1oCOOH 514
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%% PFCs: PFOS9} PFOA7} tj#EAo| x> 2
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£ AoR dA Yok o]d AuE wesie, o] ¢
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LaboratoriesAHCanada) 258 G- 3}o] A3tk A7) 10
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by Tshelnh AxE 2 71718 AgE el
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o] 5 Aol &M O 7 AFE-3 Ammonium acetate (Junsei,
Japan)= S5AlofS ARSI e AR olA &2 Milli-Q
systeme FARE 32} S ARESHRITH
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Water sample (500 mL)

Internal standards

SPE collection

Dewatering

Elution: methanol 4 mL x 2 times

Concentration: N, gas

Vortexing for 30 s

Filteration: 0.22 pm syringe filter

Analysis: LC/MS/MS

Fig. 2. Analytical procedures for water sample,
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Fig. 3. Negative ESI chromatograms for target PFCs compounds,
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Table 3. Recovery of PFCs compounds 3.1. EALZE A0 EME PFCs 55 22

Spiked concentration of PFCs (200 pg/mL)
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oo|upet ddi7e] SR o 2RE el Mzolet B
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5 »
- e 1 =0 2 QAL B § SRUNA AZBte] 130 kmE E
PEHXA 877 38 2 AFRte g §AEH, 1 FYol= AEEE HSA, F5
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PFDA 1033 44 G, ok, A, U soR2 REE Utk
PFUNDA 1005 36 o] A= 2013 12} A= SYUHRE 6Dzl 2
PFDoDA 1012 1.8 b ZARE 108 Z2(7F)l o]Fol 5L, AR -2 Fig. 11}
PFOS 100.8 2.1 Table 10]| 4] H o] v}l ZFo] Y1oA] Y18¢e] o2& & 18
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Table 5. Concentration of PFCs in the Yeongsan River water system
Concentration (ng/L)

PFHXA PFOA PFNA PFDA PFUNDA PFDoDA PFBS PFHxS PFOS PFDS
st 2nd  1st  2nd  Ist  2nd  1st  2nd  1st  2nd st 2nd  1st  2nd  Ist  2nd st 2nd  1st  2nd
sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling
(MDL (MDL 1320 310 (MDL 191 (MDL (MDL (MDL (MDL (MDL 666 (MDL (MDL (MDL 3,87 3580 2526 (MDL 365
(MDL (MDL 260 (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 052 <{(MDL (MDL (MDL 450 2080 3268 (MDL (MDL
(MDL (MDL 360 174 1420 (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 383 3020 2939 (MDL (MDL
(MDL (MDL 2840 349 1440 523 (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 390 2240 2952 (MDL (MDL
(MDL (MDL 1060 270 540 (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 220 416 3060 30.13 (MDL (MDL
(MDL (MDL 2340 1276 4220 481 (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 802 7100 4043 (MDL (MDL
(MDL (MDL 320 162 {(MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 432 3180 5764 (MDL (MDL
(MDL (MDL 1180 765 620 (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 660 1147 3300 6229 (MDL (MDL
(MDL (MDL 1120 361 800 197 (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 480 445 3940 8503 (MDL (MDL
(MDL (MDL 17.00 7.44 1580 (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 240 1139 5480 5635 (MDL (MDL
(MDL (MDL 360 363 {(MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 3440 36.28 (MDL (MDL
(MDL (MDL 10.00 627 780 (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 340 1144 2020 5024 (MDL (MDL
(MDL (MDL 820 378 (MDL (MDL (MDL (MDL (MDL (MDL 1112 (MDL (MDL 1112 (MDL (MDL 92,00 43.33 (MDL (MDL
(MDL (MDL 920 422 660 (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 4440 30.72 (MDL (MDL
(MDL (MDL 1420 635 980 (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL (MDL 600 985 8300 4796 (MDL (MDL
(MDL (MDL 1460 661 920 (MDL (MDL (MDL (MDL (MDL 1452 (MDL 3052 1452 220 1026 5120 7142 (MDL (MDL
(MDL (MDL 880 687 1580 (MDL (MDL (MDL 720 (MDL (MDL (MDL (MDL (MDL 180 822 4160 3634 (MDL (MDL
(MDL (MDL 1500 460 1400 (MDL (MDL (MDL (MDL (MDL {MDL (MDL (MDL (MDL 360 767 4020 3463 (MDL (MDL

Loca-
tion

Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8
Y9
Y10
Y11
Y12
Y13
Y14
Y15
Y16
Y17
Y18

chEterA ZstslR| | M|37A ®|55] 2015 52 |



308 ,

J. Korean Soc. Environ. Eng.

T - S - B - LS - BES - WS

Table 50| Al Hojxl viel Zro], MRk ow HEE= ¥k
7} 7} =2 PFCs: 32 PFOS, PFOA, PFNA 2 PFHxS
2 430|131, 7 t}S O 2 PFDoDAS} PFBSO| 11, W=7} 714
wola] 7o) EAZ&E]= PFCs2L PFHXA, PFDA, PFUnDA
2 PFDS?Ql Z o2 ZAFE T

&3, Table 504 ¥ Zib= PFCse] 2 Awe} 4
Szt ARl eyt BAE 7 At AE
=7F 7P 8 459 PFCsE 747 Amjnw, PFOSE 3
SHEE =1 HEH 2E 53 7FEE BROA fAL
gk 29 Q=S Hoja gl PFOASL PFNAS| 79
L AdAHor HENETL 211, ol HEH e FE
12} ZARAIZ]Q] - o] 7S Aol s ddiHom =& 2
H= HojFlrh ¥iHol, PFHxS= &2 of H|s] 2 7F&
Aol HEWIE9} 1 527t & 2R YEth(Table 5).
SEAIRE AEA 8l EYstA A9ty 93 Bt A7)
Al HUEFo] Had Aoz H7Ec)

ASWETL =2 459 ZF PFCs9] U EHY 2AETE
o} ZA|SHA| Am EH, 2AME F4HE A o A PFOS 9
E= e 20.8~92.0(H 43.8) ng/Lo 2 = = ¢l cKTable 5).
GA7} SA oA ZARE A F Y6, Y9, Y13, Y15, Y16
A H o4 2] PFOS s k== Bt A& HFH A vlsf A &
=91 4043 ng/L Rt} AtjHog =2 2 HAEEUL
Y6, Y9, Y13, Y15, Y162] ZAA A4 PFOS %7} 7}
T =2 E BQl olf= B H=AY Al YRSt
oheket A - v e o]l 2% 4~ glon, 535
& o7 Hoddd s} - #HgA Aol AF
7] 2 AeR AZtEct 7]E A4E B9l &

s HeA e B ARAHAES U8
oA 710dE 4 = HIFH L HYE PFOSS £ A
‘%]_.Q_i ZE]_ ‘?:_.E'Z]Z% %1 '3,5,28,42,43)

PFOAQ] %% <MDLo|A] 28.4(H 8.2) ng/Le] HY
L e TH(Table 5). Y4, Y6 A5 2] A, & Aol H]sf
2 =rg A&l E31 Y2, Y3, Y7, Y11 XA A
<MDL~3.63(F ¢ 2.5) ng/Le] 5 E=HYE ®Hojzgr},
|, PFOAY] s+ SHAl A4 PFOSY] ikt A
Jog we Aoz yepyrh 7|& A7) nay
FFNA%} B E0] PFOA: 2 =872 FJeddod b2
Aow FHEO ¥ wiSALS Hoh WAsHA AR
a7t & Aor Azt

PFHxSE= <MDL~11.47(% 4+ 3.90) ng/Le] ==,
PFNAS9] 5= <MDL~422(38+ 5.1) ng/LE HEE3G L
U Y2, Y7, Y1, Y13 A& 1 - 23} A B F] BFoA &
AE =ty AuH o R it A 5 Y4l Yo AR A
PFOAS} PFNA %7} v|m 3 =&

3 Y4, Y5, Y6 A FF AR FYE= A
ottt e Hoddy 27 Ao de =
HY Fdol 8 eHdoew yAHY F TR A%
TR YT A= A er 4 S
YEHHEA A AH oz 54w o] PFOA(B 241 ng/L)ot
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o 13 AU 5 YR uE FAbw47k PFOSY 09
o] Sp=Ao] WA LAY B v QAR A
&8 FHOIAL nefste] B YO EASTS
Z7ke QIF A elE DR HAGT} PROS SRS &
ol WAH o AUOE PASH AR St glek ot
shel QuEE OB Tl A WAEE fREY it
A4S 2ot gl AEMY o) B A%
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3.2. LY - 2| +A[0M SHE PFCs2} H|

FAE SAoll A PFOS, PFOA 5 ## PFCs 3}3h&9)
e dwof e 2AE AEE Table 50| e et o] 4
g v o R Sy - 2] =AolA $=3E PFOS, PFOA
S ¥ PFCs &S] 2ARIGFE HlaLstaz} gtk 92
uekel IS A&, S 9 Elol¢ke] XAMEINE HY,
AR o] EAL efupgh’” Fro] F2abakztF(Pearl River
Delta), 54#$-7}, F27), 3% 0| 4] PFOS:= ND~99 ng/L,
PFOAE= 0.24~260 ng/L, sl=A 9] W{res FYdte
Elo]€+9] Tour-Chyan7} ¥} Nan-kan7}2 PFOS 4~79 ng/L,
PFOA 113~181 ng/L 5%=5 ® ¢t u|=3} sfycie] ¢
5 E A EW, Eriod 2 OntarioZ oAl PFOS 11~121
ng/L, PFOA 15~70 ng/L, " U A| 7oA PFOS 140~598
ng/L, PFOA 74.8~144 ng/LS YeRfglom,® sh2] 294
571 S-4 = e 7ut) Etiobicoke Creekof 4]+ PFOS ND~
2,210,000 ng/L, PFOA ND~10,600 ng/L¥& wj$ 1ra
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Ak Ao Th=5t EtetEe| 2 ER

HEEo] 7 & Sk Al ZA siE 713E 7
o kil Azt ch

SUellA] E ATANE AT EY, HTER o] Fo]
2 A|3}&of| A PFOS 2.2~651 ng/L, PFOA 0.9~62 ng/L,"**"
S-Euhel daferell $JxIgh FeFute] -9 PFOS ND~1,411
ng/L, PFOA ND~376 ng/L,”” Zj9] ZQ 407 4= 9 6
A AFQER| 9] §-Z220 4 PFOS ND~1,180 ng/L, PFOA
ND~13,850 ng/L,” A&A¢] F& 3l e]&o 4 PFOS
ND~256 ng/L, PFOA 60~570 ng/LO.& te]o] ZAzte} vl
St o Zof A wi7E ssobAl f-2jubebe o|w] PFCsol
WEER =EE et & 5 oY 2o Bae
IR A F FAE PR $3E PRCs SEE o
A= A Bt 9 5e]9] thE sh4e] vls| Hlad 1
FE7F 3 Zlew AEI

472

o] Aol 28l AH B, AH oo Gy S|
A PFCso] SES 2AFG A3k, 2AX olo] wet 2 Fol
2 vyov], APATHE B xJo] Sl uls) =7}
SFT}. ZLEu PRCst A4, BEHAA, BEEAL 21
olo] FF A% 2AE B BF, A A o] S o]
A PFCs9] mUEY A2E A4 H4ste] o5 shatEol
S0 Tt Y oS o|F A 1% Thapat
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