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Abstract : The aims of this study were to investigate and confirm the occurrence and distribution patterns of perfluorinated com-
pounds (PFCs) in Nakdong River basin (mainstream and its tributaries). 7 (PFOS, PFHpA, PFOA, PFNA, PFDA, PFUnDA and
PFDoDA) out of 11 PFCs were detected in 29 sampling sites and PFOA and PFHpA were predominant compounds in upstream,
but PFUnDA, PFDoDA and PFOS were predominant compounds in middle stream of Nakdong River basin. The total concentration
levels of PFCs on February 2009 and on August 2009 in surface water samples ranged from 4.3. to 1168.2 ng/L and 16.4 to 627.8
ng/L, respectively. The highest concentration level of PFCs in the mainstream and tributaries in Nakdong River were Goryeong and
Jincheon-cheon, respectively. The sewage treatment plants (STPs) along the river affect the PFCs levels in river and the PFCs levels

decreased with downstream because of dilution effects.
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Table 1. Physicochemical properties of PFCs used in this study

Compounds Formula M.W._ (g/mol) CAS No. Water solubility (mg/L) pKa Structure
PFCAs
PFHpPA CeF13COOH 364 1 375-85-9 - -
FFFEFERF O
PFOA C7F1sCOOH 4141 335-67-1 3,400® 25" PSS S on
FFFFFFFF
PFNA CsF17COOH 464 1 375-95-1 9,500"" 2~3%
PFDA CgoF19COOH 5141 335-76-2 - -
PFUNDA C10F21COOH 564 1 2058-94-8 - -
PFDoDA C11F23COOH 6141 307-55-1 - -
PFTrDA C12F25CO0H 6641 72629-94-8
PFTeDA C13F27COOH 7141 376-06-7 - -
PFHXDA C15F20CO0H 8141 67905-19-5
PFOCDA C17F3:COOH 914 1 16517-11-6
PFSAs
¢ FRFRFRF
PFOS CeHF17S0s 4991 2795-39-3 570" 327 ) S03
FFFFFFFF
T3l o] =& ZAog HiEal %E}.IZNIS) (PFHpA, 99%), perfluorooctanoic acid (PFOA, 96%), perflu-
9] Ty orononanoic acid (PFNA, 97%), perfluorodecanoic acid (PF-
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DA, 98%), heptadecafluorooctanesulfonic acid-potassium salt
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Fig. 1. Description of the sampling sites in Nakdong River basin,
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2.2.2. PFCs £& U 5&%

1159] PFCse] 240 glo] 4 A 2e] 52 9 259
st AA e A= Spark HollandA}M2] on-line SPE equip-
ment (Symbiosis, Spark Holland, Netherlands)E A}-8-3}% 2
H, 5= 4 FZEof|= hysphere-C18 extraction cartridge (2
mm x 10 mm, 8 um, Spark-Holland, Netherlands)E A}-8-3}
At} SPE cartridge:= A 1 mL 100% MeOH, 1 mL 40%
MeOH 128]31 1 mL DI waterE &AW 2 AFE3}9] condi-
tioningdl G th A& 10 mLE 2 mL/min®] {422 car-
tridges SIA|FH O M, S2EA]%+= 5 mM ammonium acetate
2} 100% acetonitrile2 65 : 35 H|SZ 2057t 0.2 mL/min2]
802 cartridgeo] S&Eo] Y= S2 SEAF o,
o] uj cartridger= LC/MSD2} on-line .2 HAZA %] o] cartridge
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2.2.3. PFCs 24"

H Ao A= 1159 PFCs 42 ¢35 Agilent 1100
LC/MSD series (Agilent, USA)E A3l 2 M, PFCs 115
o] BEglE 9]3) WatersAlo| Al A 23t Atlantis"dC18 column
(2.1 mmx 50 mm, § pm)& ALEs}oLT 2A0] AFE-E of

Table 2. Analytical conditions of LC/MSD used in this study®

Descriptions Analytical condition
Mode API, negative
Mobile phase A: 5 mM ammonium acetate in water

B: 100% acetonitrile
0 min, A/B = 65/35

10 min, A/B = 20/80
18 min, A/B = 20/80
20 min, A/B = 65/35

Gradient program

Flow 0.2 mL/min

A guj= 5 mM ammonium acetate 43} 100% aceto-
nitrile golo]o], QPR 1159 HEH Helg o) A
Zro WE = 7HA 8ol Ea2 geElstiith o] 99 A}
Algt 4272 Table 20 A @3t} Yel gl em, PFCs
1159] calibration & g2 Z+zpo] F7 o] 7HA]&= /-8

Z7}o] 2 (fragmented ion)¥HE &3] Y= EIC (extracted
ion chromatogram) mode® #TFslH o, z+7}o] Z7lol

£ PFOS, PFHpA, PFOA, PFNA, PFDA, PFUnDA, PFDo-
DA, PFTIDA, PFTeDA, PFHxDA 2 PFOcDA <0 & 499,
363, 413, 463, 513, 563, 613, 663, 713, 813 2 9130}
2E AR tiglt PFCse AE3HA|(limit of detection,
LOD)9] 7%= 1.1~5.0 ng/L (n="7, 3.143 x S.D.), AF317|
(limit of quantification, LOQ)+= 3.6~15.9 ng/L (n=7, 10 x
SD.)Z vpepytcth®?
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Table 39 L}EHH Atk 25 4 AFE dHA "HENE I
AEAHENAY A AEs=7F 7}%} =2 542 PFOA
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Table 3, Concentration levels of PFCs (ng/L) in the Nakdong River

o] it AEsr= 297 8of 717 65.8 ng/Le} 41.4 ng/L
2 59.8 ng/Le} 32.9 ng/LE YEFTE PFOAL} PFOS t}2
o8 AY AZLrr}l ko PFDoDA > PFUnDA >
PFNA &% 2 eyttt ®3 PFCA #3} PFSA 02 1}
‘o] mlusi R HEA S04 S PFCAs?} PFSAs©| |
0 HAEsT=E 297 8Yol PFCAs7| 865.4 ng/Le} 546.1
ng/L, PFSAs”} 302.8 ng/L9} 83.5 ng/L= UEM} PFCAs7}
PFSAs Et} 2.9~6.58] A= &4 A&EE= Ao2 Ueyte
L ol & ATtollA PFSAsO| &d & PFOS 155 4174
5hl7] mEel Ao g Holn|, 35 PFSARo| thet 42t
HUE o] e Zlow dAdEnh dEAHS0MA HE
g 7% E(total)ol] et FEEEE 136.7-240.5 ng/LE

= = O
EXE]E\_

basin at detected sites (ng/L)

PFHPA PFOA PFNA PFDA PFUNDA PFDoDA PFCAs” PFOS PFSAS” total

Feb. Aug. Feb, Aug. Feb, Aug. Feb, Aug. Feb, Aug. Feb. Aug. Feb, Aug, Feb., Aug. Feb., Aug. Feb, Aug.
Avg. 185 83 658 414 526 176 445 238 646 481 658 465 1958 1147 598 329 598 329 2405 1366
SD 97 43 889 562 601 194 341 107 574 445 581 464 2436 15615 847 314 847 314 3232 1776
Min, 62 37 45 38 101 38 54 114 55 41 49 37 176 116 41 48 41 48 43 164
Max, 335 146 3292 2046 951 313 674 304 1573 1174 1895 150.6 865.4 5461 3028 835 3028 835 11682 6278
DFY 8/29 7/29 12/29 11/29 2/29 2/29 3/29 3/29 9/29 8/29 9/29 8/29 12/29 12/29 13/29 8/29 13/29 8/29 13/29 12/29

IPFCAs: perfluorinated carboxylic acids, *PFSAs: perfluorinated sulfonates, “DF: detection frequency
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Table 4, Detected concentration of PFCs in the world and Nakdong River basin (unit : ng/L)
Nation (WS?) PRSAs PRCAS ref
PFOS PFHpA  PFOA PFNA PFDA  PFUnDA PFDoDA PFTrDA PFTeDA PFHxXDA PFOcDA
Austria (Danube RWD)) (40-35 ND~32 (11~19 ND~(13 ND~(12 ND ND NA NA NA NA 45)
Belgium (SW) 23~389 NA?  ND-235 NA NA NA NA NA NA NA 46)
Brazil (RW) (0.1~13 <(0.1~03 <(01~14 NA (0,1~01 NA NA NA NA NA 47)
Canada (Great LW®) (056~376 ND~21 (13~67 ND-~20 ND-24 ND-~12 ND~2.6 NA NA NA NA 48)
China (RW) 015~99 01~87 09~260 <(001~10 (0.01~38 (0.05~3.0 NA NA NA NA NA 25)
China (Huchenghe RW) 194 NA 233 0.73 0.39 ND NA ND NA NA 49)
China (SW) ND~394 ND~233 ND~36.7 ND ND ND~32 NA NA NA NA 50)
France (Orge RW) 1562~196 42~48 88~100 12~14 10~12 008~0.12 0.09~0.11 (0.03 (0.03 NA NA 51)
Germany (RW) ND~130 10~76  (10~160 ND~(10 ND~(10 NA NA NA NA NA NA 52)
India (RW) Max, 3.9 NGY  Max, 231 NG NG NG NA NA NA NA 53)
Italy (RW) ND~25 ND~18  1~1270  ND~13 NA NA NA NA NA NA 4)
Japan (Yodo RW) 03~1043 03~50 27~4996 15~9020 ND~72 ND~175 ND NA NA NA NA 54)
Japan (Iruma RW) 23~-69 10~116 37~455 46~212 07~57 <(05~32 06~35 <(05~06 <05 NA NA 55)
Japan (Tsurumi RW) 1101~14556 28~54 109~162 123~413 18~42 NA NA NA NA NA NA 56)
Japan (SW9) 12~44 NA 10~42 NA NA NA NA NA NA NA 57)
Korea (Han RW) (2.5~67 NA (4~37 NA NA NA NA NA NA NA 58)
Korea (SW) 98~450 14~472 45-686 26~143 05~154 ND-~35 NA NA NA NA NA 59)
Netherland (SW) 199~603 08~84 205-832 29~104 29-99 15-57 12~45 NA NA NA NA 60)
Singapore (RW) 13~1562 ND-~144 54-382 13~783 07~282 02-~36 ND~1.0 NA NA NA NA 61)
Spain (RW) 1.1~96 NA 08~96 <(0.06~16 NA NA NA NA NA NA 62)
Sri Lanka (SW) 1.0~44 03~20 08~123 03~06 01~05 002~013 (0016~004 <0016 (0.016 (0.016  <(0.016 63
Switzerland (Glatt RW) 29~82 07~27 36~110 ND NA NA NA NA NA NA 64)
Taiwan (RWs) 48 9~5440 NG 10.9~310 NG 11,3~568.2 NA NG NA NA NA NA 5)
Thalland (Chao phraya RW) 41~45  16~17 144~186  ND (0,22 ND NA NA NA NA  65)
USA (Mississippi RW) 24 0~287 NG 16.3~125 NG NG NG NA NA NA NA 66)
USA (LW) ND~93 12~127 33~1568 ND~35 03~36 ND~15 ND~(012 NA NA NA NA 67)
USA (Cape Fear basin)  312~132 34~329 126~287 22~194 22~120 (10~521 <(10~45 NA NA NA NA 68)
This study 41~3028 37~335 38~3292 38~951 54~674 41~1573 37~189.5 ND ND ND ND -

WS : water source, ” RW : river water, @ LW : lake water,

ZAME QAL 7P WA AEE A4 = 4.3~16.4 ng/L, 7}
A 2o oA 627.8~1168.2 ng/Le] WYk

0|

4. L3t 2o AE siEnte| Hln
E o] A}L-E PFCs 11E & U5 7)ol A&H PFCs
722 Hal] AlA ZHrel A AEE HEet u|we 2L Table
49 LFERGITE PFOSO] 7 Eho|ghofl A 5440 ng/Lo)
=2 A&Ho| Y AEEEs Yehyglon, Iy 4
$% FHrf 450 ng/L9] =2 Yeho] B 179 302.8
ng/L Bt} &7 AZ&E 9k PFOAQ] A9 o|gka]ofof 4]
1,270 ng/Le] Hof A& =S Uehglon, Fe] 39S
2 Ao AEH 3292 ng/ll 29 A9 st
AEFER Uehgth
PFUnDA<®} PFDoDA 2] 7
25 =9 AA ZFo|A 9] A& ES vas) & o
z}oﬂxﬂ AzEwsl S 2o AL o
7o A gao] A4} F7NGE 4%

o

9 SW : surface water,

¥ ND : not detected, ” NA : not analyzed, ? NG : not given

=7h ZFashs A& o S Qlek £ Ao A% PFTIDA, PF-
TeDA, PFHxDA 2 PFOcDA2] 7%

Zge) 4BV gAYt 4
4EHE AoR Baskn gk

=7t SAol A Q] IHEE FFHE(PFCs) S A&3S
< _71:/\]-??_]— A3}, PFOS, PFHpA, PFOA, PFNA, PFDA, PF-
UnDA 2! PFDoDA%} ZHe 7%9] PFCs7} 22 2l x| 2o

A HEE AT
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