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Abstract: We have developed analysis method of PFCs in river water and sediment, and determined seven
species of PFCs such as PFBS, PFHxS, PFOS, PFHpA, PFOA, PFNA and PFDA. Water and sediment samples
were collected from 21 and 13 different sites along the Nakdong, Seomjin and Nam River, respectively. The
water samples were pretreated with HLB cartridge and sediment samples were concentrated after extracted by
sonication, and the levels of PFCs were determined by LC-MS/MS. The coefficient of determination (R?) values
of calibration curves were higher than 0.99. The method detection limits ranged 0.09~0.63 ng/L in water and
0.013~0.020 ng/g in sediment. The recovery rates of PFCs was found to be 74~98% for water and 87~111%
for sediment. PFOA was the major species in water samples and followed by PFHpA and PFOS. In sediment,
PFOA, PFOS and PFDA showed similar levels. Both water and sediment samples collected from the Nakdong
River showed the highest concentrations of PFCs among the three rivers.

2 9 E AF9dA= perfluorobutanesulfonate (PFBS), perfluorohexanesulfonate (PFHxS), perfluoro-
octanesulfonate (PFOS), perfluoroheptanoate (PFHpA), perfluorooctanoate (PFOA), perfluorononanoate
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w2t F 21 ) ARl = AEE, 13 7] ARl HAHE AEE AF 6. = AlEE HLB 7HEE]
A5 olgste] AAA L, HAE AlEe 253 755 A% & $Fs18eH EF LC-MS/MSE #
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& Z(POPs, persistent organic pollutants)<}= &2 3l
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Fig. 1. Chemical structures of PFCs.

F.FF FF FF F O

Zol7] wjZo|t}.

PFCsE B 918tA| AR-=H, ml=3} -8 AgtellA
RS 8ol mE 4skg WA, 71, AR,
YA, AFA T2 ARREW, FolA LEE
Lo o ALK, WhEA) M, &8, FE5 ¥
Aol= AMEETRAL ghohB A AR mlES AR
% PFCs& AM&-ste] wiE =+ RHH, 7HY wj&2 3t
TRES- F =Rl EEEolu ArERe Bl
Qlgk Foks o g F4Hr

PFCsE A AAA 22 1951 A3F-E 2004 d71A)
F 4,400~8,000 =5 AAtel Aokl B E A 9T
o] FolA AHAR wiE o] Fe ARFHANME
1951 5] 2004 A7HA] F 470~900 £-& vl &35k
om, AdFt AMAFE Al A= 1951dHE 2000
W7k ¥ 3,200~6,900 =& vl E3HA T HAE
ok olo Hls) 7 ARl HiE-S 1960 A F-E] 2004
d7kA] 30~350 =& WiEE Ao® F wiETFe] 10%
ArR AL FEE A se s & 5 Aok

B Ao B4L& PFCs FollM 7HE At s
3L = PFOS (perfluoro-1-octanesulfonate)2} PFOA
(perfluoro-n-octanoic acid)E X3} PFSA % PFBS
(perfluoro-1-buanesulfonate), PFHXS (perfluoro-1-hexane-
sulfonate)2} PFCA <& PFHpA (perfluoro-n-heptanoic
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Fig. 2. Locations of sampling sites.

Table 1. Descriptions of sampling site

Site

Description

>

Nam
River

Gyungnam Haman Beopsoo
(Outdoor fishing place)
Gyungnam Haman Goonbuk
Gyungnam Euiryung Hwajeong
Gyungnam Jinju Jiphyun
Gyungnam Sancheong Danseong
Gyungnam Sancheong Saengcho
Gyungnam Hamyang Seosang

Nakdong
River

Daegu Dalseong Hwawon
Daegu Dalseong Paho
Daegu Dalseong Dasa
Daegu Dalseong Habin
Gyungbuk Chilgok Seokjeok
Gyungbuk Gumi Goa
Kyungbuk Sangjoo Ian

Seomjin
River

CH»rLRLOTO|IZZIOARAT "D DUOOW

Jeonbuk Soonchang Jeokseong
Jeonbuk Namwon Geumyji
Jeonnam Gokseong Jangseon
Jeonnam Gokseong Godal
Jeonnam Gurye Bongseo
Gyungnam Hadong Hwagae Tab

Gyungnam Hadong Hwagae Deokeun
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E AH&AT). Fig 29} Table 191 A 52 AHE 9
X St A5 UeRth AAZ Yo A3 24

2 ZPjzagd AR @ AE ARSI e, Al
EE AFs] A v vegkes) o ELR 3 3 A

o =23}a] ZA] Glass Microfiber Filter(Whatman,
47 mm@, Circle, Cat. no. 1825-047)& A}&-3}o] o3}
88 AFeH HAAE A7HA 4 °col W Bs)
Aok AE ANFH F 3 A Wel ZH Ao, 2
B %30 o ol ®Aakdch.

HHE A|E+£ grab samplerE ©]&3te] 2331
o AgAA B AIRE 2E2A HA dFd o]
A AAAZ AR F, 100 pm EFEA O B IHA] A
Z o gd(PE) ol BHAA EA A7pA] 20 °C
o 5= A3 T

22. Aok

PFBS, PFHxS, PFOS, PFHpA, PFOA, PFNA 4
PFDA % #5333 E 7 Fo] 2% E3HE MXAS
pg/mL, MeOH)9} WHZFEZQ BC-PFOA, BC-
PFOS (Z+2} 50 pg/mL, MeOH) Wellington Lab (Guelph,
Ontario, Canada) A &S AME-3l T} Wek3} &2 JT.
Baker (NJ, USA)2] HPLC 53 A&,
ammonium acetate= Sigma Aldrich®] HPLC Reagent &
(Ammonium acetate for HPLC Reagent)y= AFE-3A T}

23. 717] # #EX

AA Gl AE AAY 5 JIEZA = Waters
(Milford, Massachusetts, USA)IA TYg Oasis
HLB (200 mg, 6 cc)& AH&-3}% 3L, manifold2} large
volume sampleri= Supelco (Bellefonte, PA, USA)°lA]
TA5kATt

LC-MS/MSE Agilent (Palo Alto, CA, USA)©] Agilent
1200 Series HPLCS} Agilents 6410 Triple-quadrupole
S AME-3F . HPLCO = Auto SamplerZt “3-2+= of
Ao HPLC ZAH2 Agilent ZORBAX Eclipse
XDB C3(4.6x50 mm, 1.8 um)= AH&-3} T},

HPLC9] ©]5/42 2 mM ammonium acetate/™] €+
7} 2 mM ammonium acetate/=-S AFE-EA oW, o]
9] F42 0.5 mL/min®] 3 FYFE 10 pLo] Aot
HEAA AAF E5-0]23} %2 (electro spray ionization,
ESI)S AFE-3}91 3L, negative modeZ =7 SIS Th 4
Al A S-S 9)ElA MRM(multiple reaction
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Table 2. Optimized conditions for LC-MS/MS

LC Agilent 1200 Series Binary Pump SL

Agilent ZORBAX Eclipse XDB C18

Column (4.6x50 mm, 0.18 um)

Injection volume 10 pL

Mobile oh A =2 mM ammonium acetate in methanol
obrie phase B = 2 mM ammonium acetate in water

Flow rate 0.5 mL/min

Time (min) %B

0 94

0.5 94

Gradient 8 5

10.5
11 94
20 94

20 min (including 9 min

Total run time s
equilibration time)

MS/MS Agilent 6460 Triple Quad LC/MS
Ion Source Electrospray negative + Jet Stream
Spray gas N> (40 psi)

Gas flow 10 L/min

Gas temp. 250 °C

Detection mode Multiple Reaction Monitoring (MRM)

monitoring) modeE AH&-3IR oM, o] o TE A
He AFs B3l HAAGE Frol A3 LC-
MS/MSel| thgt & =13 AFHE 20L Table 2
o} 3¢l ZtzF YeR AT

24. BA g
241, 58
st oMY eI ES

EPA Method 5378 & A4 A sle] BA514
o 7hs] gokshd vk At AellA A A
3t 3 A1E 500 mLE ZEE L4228 A

Table 3. Mass detection conditions of LC-MS/MS

T WHEEFEFA(MPFOS, MFPOA)S 713ttt
HLB (200 mg, 6 cc) 7IEZAE AH8-317] A MeOH
7 mLe} FFS 15 mL2 AU & F, &3 A
EFH7E o83t s A RE SEAA F o
S %% 5 mLE HLBE A% 3}3., MeOH 13 mL
E o]gste] PP AIFH(15 mL)oll §&313th A4 E
ol&3te] | mL7kA] FFA712 Y4 FJE(0.2 um,
25 mm)E A3l F PP(polypropylene) H}o]&oll &7
LC-MS/MSE £435}3it}.

242 EXME
HAEoA ] #A] WL Strynar Fo] £ W
al

#e sl 4R Yol Agsiion, e
aokse ket At §

HE A& 10 gofl ek 10
mLe} W H-EFE= é_(MPFos MPFOA)Q x47}o}1 Xl

2710 Y3 2500 ppmoZ 15 ¥ F<t
o FHEe} s e FeHS
Ne HHE thA] HERE 10 mLE %4.7}6}1 gt
O WSt & A4S o]§3te | mL7HA] FEAIFI
FE5E WEES JdE ZE(02 um, 25 mmyE AR
% pp o] Lol &4 LC-MS/MSZE #4319t}

3. &3 ¢ o

3.1. 74@ _T'_A-|

Z 10 39 PFCs7F 4191 5 ugmL EFES MeOH
o 4’—\4/\]74 1 ppm, 50 ppb, 5 ppbe] A% &H& A
It o] A% £ Oi EFE90] 0.1, 02,05, 2,
5, 10, 20, 50 ng/mLe] 57} 5 & 33, JEEZE
& 247t 4 ng/mL9] itﬂ ElEi stk BE A
g 3] ARAFRE 099 oS HAFoH
Fig. 39l PFOS$} PFOAS] 7434418 YeR AT

Compounds Precursor ion (m/z) Product ion (m/z) Collision Energy (eV) Retention time (min)
PFHpA 363 319 169 2 14 9.11
PFOA 413 369 169 2 9 9.48
PFNA 463 419 219 4 11 9.78
PFDA 513 469 219 4 15 10.03
PFBS 299 80 99 30 27 8.08
PFHxS 399 80 99 34 34 9.12
PFOS 499 80 99 53 50 9.76

Analytical Science & Technology



Distribution characteristics of perfluorinated compounds in major river water and sediment
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Fig. 3. Calibration curves of PFOS and PFOA.
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Table 4. Concentration of PFCs in water from the Nam, Nakdong, and Seomjin Rivers (ng/L)

River Site' PFBS  PFHxS  PFOS  PFHpA  PFOA  PFNA  PFDA ¥ PFCs
(MDL) 030 027 0.093 0.43 0.63 0.64 0.53
Average recovery (%) 99 82 84 74 83 90 87
A 0.72 0.43 0.98 1.9 11 0.66 - 15
B 032 - 0.29 0.55 2.00 - - 32
C ; ; 0.33 0.51 324 ; ; 4.1
gii‘:r D ; ; 0.23 2.05 826 ; ; 11
E ; ; 0.42 ; 0.72 ; ; 1.1
F - - - - - - - -
G - - 0.19 - 0.74 ; ; 0.93
H 22 42 5.5 17 67 9.7 33 110
I 20 52 4.1 12 39 39 2.0 71
J 0.72 0.75 12 12 53 ; ; 9.1
Nakdong K 1.8 6.3 6.9 75 39 2.0 ; 63
River
L 1.0 1.4 1.4 2.4 8.6 2.0 0.88 18
M 033 0.54 0.22 - 12 - - 23
N - 0.28 0.18 - - - - 0.46
0 - - 0.22 - 0.65 - - 0.87
P ; 031 0.14 ; 1.6 ; ; 2.0
) Q ; 032 0.17 ; 0.92 ; ; 14
Seomjin R ; ; 0.25 ; 13 ; ; 1.5
River
S 031 - 0.14 - 0.72 - - 12
T - - - - - - - -
U - - 0.12 - ; ; ; 0.12
Sum 93 20 2 46 191 21 6.2 315
Min - - - - - - - -
Max 22 6.3 6.9 17 67 9.7 33 110
Mean 0.4 0.94 1.1 22 9.1 0.99 0.29 15
Median - ; 0.23 ; 13 ; - 2.0

—: below the detection limit
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Table 5. Concentrations of PFCs in sediment from the Nam, Nakdong, and Seomjin Rivers (ng/g)

River Site  PFBS PFHxS PFOS PFHpA  PFOA  PFNA  PFDA PFCs
(MDL) 0.016 0.013 0.013 0.014 0.014 0.016 0.020
Average recovery (%) 97 89 87 96 112 107 117
A . . 0.033 - 0.024 0.038 0.024 0.12
B y y 0.20 0.037 0.20 0.12 0.20 0.75
C
E_am D - - 0.61 0.041 022 0.054 0.30 12
tver E - - - - 0.021 - - 0.021
F - - 0.15 0.022 0.12 0.075 023 0.60
G
H - 0.024 12 0.32 2.1 1.2 1.7 6.5
I
J y y 031 y 0.050 0.029 0.081 0.47
N;lfd"“g K - - 0.26 0.053 0.15 0.055 0.15 0.66
1ver
ve L - 0.016 0.41 0.026 0.087 0.081 0.36 0.97
M . . 0.37 0.015 0.076 0.083 0.12 0.66
N
0 . . 0.060 - 0.018 0.018 0.060 0.16
P
B Q - 0.013 0.044 - 0.026 0.027 0.034 0.14
Seomjin R
Ri
tver S ; ; 0.048 ; 0.015 ; 0.023 0.087
T
U
Sum . 0.053 35 0.51 3.1 1.8 33 12
Min - . - . 0.015 - - 0.021
Max y 0.024 12 0.32 2.1 12 1.2 0.021
Mean y 0.0041 028 0.040 024 0.13 025 0.95
Median . . 0.20 0.015 0.076 0.054 0.12 0.60
—: below the detection limit. : sample was not collected
o] WM9S WATK(Table 4, 5). HolH AAE SAA gRlstsich
2| o) 3Ll ek BAg-e 3R] sttt
3.5. StE0 SHE PFCs|
3.3. HEEH I(MDL method detection limit) G}, G5, A7 21 A AN AHE sk
FEEEN 050 ngmLE A7 8 ] mEAE  Fol £FHE PFCs 7 F9] 24 AHE FEE Table 4

?6& % 2.998 (p=0.99)2 #3t4] MDL
< T3k e H A EoA 3 MDL 32
Table 49} 591 Z+z} YGERA AT

WREFEAS Wbk A4 Amsh 5
2 AAY #AH S AA PFCs =&
A olsfel g ebie. e 3

O Ao
T

=] 3}
249
29 7
ol gl

o ol MY o
tlo 1o & ¢

o Zgg)ste] YepHALE sk A AHS 2 A
& net AFERYH SHF7MA FAF X5 th
B AN Yl & v 2 g T Adew
738 5L MDLETH e 24718 02

3L A4k groltt.

PFCse s% WHE AEAFS PFBSE <0.30
(=MDL)~2.2 ng/L, PFHxS¥ <0.27~6.3 ng/L L& 3L
PFOS+E <0.093~6.9 ng/LS UERY AT 71844572
PFHpAY <0.43~17 ng/L, PFOAE <0.63~67 ng/L,
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PFNAE <0.64~9.7 ng/L, 18] 3. PFDAE <0.53~3.3
ng/LE YEPA T Tuble 49 A A3 7 PFCs
stetEel e W v TS v e
(mean/median) PFOS+= 4.8, PFOAE 7.0, 22|32 Y+
Al 5 %2 PFCsoll tist S¢S B AET wvk
o= 1415}1;}7 uj o] ALkt 4 %i%% —’F A

o)A thE A HE| vls] d53H 2
R A ] gkl ol B &

f A9 BTt Zlolu, ANH R A5 ]
PRCs BrE We £E0 7257 3ee & &
)]
AA

AA 21 7 A AAA HEH PFCs 3135E & &
T2 B PFOA7} 191 ng/Le2A AA9] 60%S =
= ZHste] 7 B4 BEHY d2S & 5 ok
t}-8-© 2 PFHpA 46 ng/L(15%), PFOS 22 ng/L
(7.0%), PFNA 21 ng/L (6.7%), PFHxS 20 ng/L (6.3%),
PFBS 9.3 ng/L (29%), "FA|=t> 2 PFDA 6.2 ng/
L (2.0%)Z YElyttl TPFCs7} %o} PFOA7} A& 5
A e 4 M ARE A e PFOA7E U A BE
AN 7P A FExE 3EEAS E U
t}. PFOS T3 A X 4o 24 da] EEHo] Ut
PFCs &5 ZAEREE B PFOS7t 55 A4
9] 713%5 A et Al AR =A YA A%
HEE 192190%)EA 7H de] 25 e A
o= yehgth PFOSe| HER =7 7HE = vehd
AL o] 318 HAEIAT) 0.093 ng/LLE THE 6
%9 PFCsE.T} A b7] wjio o 22 oA
AEdE 202 HAh oz F F&vt B
PFOAS] AEWME7} 1721 B1%)E VElten A%
H 17 7 2E AHAAM T2 6 F2] PFCsE
FTEE AEEY Y. PFOAE AESHAIZE] 0.63 ng/L
O 2 PFNAS} tlEo] 7P 52 7S Ho|A |t 1
A e A HAESA o2 HEHU
PFOA7} AEEA] &2 4 7l AL ZPFCs7F HESH
A olsl R Fo] 2 7fe]x Y] 0.12 ng/L3} 0.93
ng/LO 24 - e FEE e 3o|th Y|
5 7 o] PFCsoll W3 HEWI =& PFHxS 10/
21(48%), PFHpA 2 PFBS 9/21(43%), PENA 5/21(24%),
WA ekO & PEDA 3/21(14%)& YFEFStT).

A - IPFCse A& P2 2E 110 ng/L
7] Ex =] Stk F FAe] AT Az A
7 A0l sHA "elollA A F T skl =
PFCs 7 & EF AEIA Y ¥ T2 Yehyt)
AE gLeg oM E PFOS 3 F9 012 ngLo 2
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] A AEEHAT PFCs 5 2 9 A&EH 3Lo]
oAl A 0 2A] EPFCs7t 0.46~1.5 ng/L 9]l &%

Qo] 9\/1_0_13:] 7}%1— o x]xh: ;qxﬂ _;i_a_ To
10%9] slF=s e =55 Holx St 74gﬂ 2
Z9 3}8g-2 4t ool A] PFOS 9]¢l PFHxS
7} AEE A& AQsPd B¥F PFOSSF PFOA7} A&
HL 9lo] ol F shEhgol M dy ExHo] 9l

o

& HAFI YT} PECs 7 F°] EF AEHIAY
Mg e FEE BEE PFDAE A|9% 6 o] 7
28 AFL BF 5 AR o5 XV*OW
AZ¥ IPFCsE 15~110 ng/L ¥ 9ol X Fo] B

AR A e] PFCse] Bttt =4 YeEht 91
o ole o stekEo] AEEFF TPFCs7F ok
T ASE HoAFE Aot 53] I A9 24

+ S, TEE W o sRIRA A FH S s oA 9
YPFCsE ZH2F 110, 71, 63 ng/L2A T} 2 A S B
3 453 =2 T2 HEHUSH F 21 /| AH
oAl -3k ZPFCs2] 77%% XA|SIL Ut} o] & 3 71
275 ALt 2 18 7 A Hel g TPFCse= 18
ng/L ©]3}¢] o5 W& T E AEH AU

E AolA Ak A" F AAHL -G of
H REIZE st WAER ez 3o|th
o] XA PFDAE #1936 2] PFCs7} A&
AL Z47te] wx7h AA 21 ) A e w29
AR S Hole Ao SrEth H 3 A9

FE r
>,
oft
ol
HiY
rlo

D-AA S AL o A vt A
FE0 2 Uehytt
1§_ ANH AR F 72 ke 7P ARl e
= W FAY SFE AN, 957 AL AL
010} , AL AR A &3 A A

% YPFCsE ZHzt 093 ng/l, 0.46 ng/l, L
0.87 ngLZA &5 1.0 ng/L v He] Bt T2 7
Z5t Z X 38E sk Fol A HAEE IPFCsE 5
ARz FFpe 2 97 5.0£58 ngl, 957
39+42 ng/L, 233 A7 1.0£0.7 ng/LE YEFFES
U:L }\41]7]- /\;ﬂo] ;(]ZJ.Eo] go rug o
WA Blg FEL 2 £XH S &
D}. AA A7 A 7 78 ARl A 9] EPFCs
AESA PIVEC 2 RE 2.0 ngL7HA] X
), @7 A9 AH AN s HEIH Ul“
15 ng/L7HA] BEEo} 97, e FAHED 55
A vehd S5 A0 AR A= 0.46~110 ng/L
7EA] mg- E2 Aol AX £ExEH U & F
Atk HE3 vk 2 Aelsk SRS 002

O

Hr
%m %0 ?u *’ off
i T fo rfr ¥ H

-

¢

=
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oL gk AA 21 ) Ao tie WA F=
15429 ng/L= e HF T 52 5
H AR G A 1L AR G5 A 4 0
A Zeltt o1& 5 7] AH L ZPFCse| - 274 ng/
LezA AA sx9] 88%E AA st UL, o] T
PFOA7} 164 ng/LoZ 59%% °F7F Z3sle] A 21
M A7 2] TPFCsolA] A 3H= vl&3} A9 v|S&=s
W& WAL ek

F9 Y IPFCsE 9 A0 35 ng/ll, Y%
7} GAI A 270 ng/L, 28] 2 A7 FACA 7.1
ng/Le 2 Yetstth 957 FANAM F5=2 87%
A= AZEH o] %—"E— AA B Y AL Y
Bter v @ FAZE 1%E AA s 2
2] AR7 A o 1% 22%2A] wj$- o
2 A=EA

o}

rlo

FEo

36. E[ME =HE PFCsel sk

G, 957, A7 13 ) R -eA A FH 3 §E
Eo| A% PFCs 7 ¥ 7t A TEE Table 5
o Felate] YepATE. sHE AHT 21 74 A
% 870 A HHEE A RYET =] 9]
oA BAAEE AMEE F QI 714 YER F
S5 B W3 52 MDLET W S4%E 002
AL ALkt ghelth.

AELF F PFBSE o= ARAAAE AEHA &
9k, PFHXSE <0.031(=MDL)~0.024 ng/g ~L2] 3. PFOS
£ <0.013(=MDL)~0.28 ng/g® 2 Ut} 7HEAAR
2] PFHpAE <0.014~0.32 ng/g, PFOA7} <0.014~2.1 ng/
g, PENAE <0.016~1.2 ng/g, 223 PFDAE <0.020~
1.2 ng/g@ & VEIIT]

Table 591 YERd PFCse] AW 7} 3}815o] o)t
B =9 972 ¥l(mean/median)E B PFOS
1.4, PFHpA 2.7, PFOA 3.2, PFNA 24, PFDA 2.1°]
™ PEBS®} PFHXSE S%%te] AE%H v|vte =z 1}
Bl AN = S & S Itk PFOSE A3
T2 313552 ko]l Skl vlsf 2 v o4
E%oH, o= HAHE JA skt 2ol ohE XJ
Eo vl& 53 A AEE 22 Al o3|
HBigre]l =4 AEE 74%1" & AUk AY HE
A ¢ oh ym=| 518k
A9 FJX*EOW =S BEE
Bl RAE} 37t H A Eo|A % PFBS9 PFHXSE A
etaie 2 E doA 1T 5 US AE TE

7t AZE YoV 427 HAERTE Yo gho|t)

rlo
off
ki

A7} FHEXM= PFECs 7 & BT ofF W&
£ YER AL T
A YPFCse 0.021 ng/gH-El 6.5 ng/gﬂ}x] B
o] 3tk PFBSE o= AFMAME HEHA| FU%,
7P @S o2 By g PFHxSE 94 $71¢] H, L
A AR7ZF FAL] Q A AR AEEHUL &
74 A2 E A E PFOA 3 35 0.021
ng/gC 2 vl WA AEHJAL, PFCs F 3 5 HAE
B 22 A7 A S A shE ZPFCs7) 0.087
ng/ge] Tt o= A FAME AEHA %2 PFBSE
A &g U=l 6 F2 PFCs7t 5 AFE X9
57 4A19] Hel L AH o2 YPFCsE 2H2} 6.5 ng/g
JJr 0.97 ng/go 2 YERT Y57 A H X H-2
F 137 A F 7P =& FEE Ve XHo|1,
LAHE Al HAIZ & 755 el AP0 2N
AZHE 3lg59] 71 RS E IPFCs7F HolAE
Ao] ATt Lol AF3E 4 /) AHE A e
2] 9 W ABAA = 4~5 T PFCs7} AZ= A
AA 13 A" F 2 N ARE ALsta 25
PFOS, PFOA, PFNA, PFDA7} zjgz] o], HHE =
o] 4 F2] PFCs7} d] ExFo] = Aoz Yelyt
ot 7P =2 55 UER G570 H A4 9
PFCs= 6.5 ng/gQ 2 TFE A 3o Hla|A vlwA =
A AZHIJAT = A= sk vls)] Z2A 2
Holt}. tha- 22 37 419 DA NA 1.2 ng/g
HEFHAT H AH dddez w9 A4 e}
13 7§ A -FNA] F3F TPFCs9] 54%S =}A| sl
AT o] A olo] F WA & TEE 12 ng/gO]
AZH DAFES A3t e BF 1.0 ng/ghth ¥
FoE AEHATh H AR S AQdg veA 12 7H
A7 oA ¢] SPFCsH & 0.49+0.38 ng/go|th. 57
FANME A QA o] BorRTt B4 HEHSI
ow G FAdAE 5 N AH T2 W A-AA
Wt 23, A7 Hade de AH
shUE UAUTE ole} o] HAHEX FAE
TPFCs #ke| A7|= shdollM e} & &S Ho|i
ATH.

7+ AAE HAH Bl A HAEE IPFCse| FAE ¥
R 97} 0.54+0.49 ng/g, 957 1.9+£2.6 ng/g,
27} 0.13+0.04 ng/gl 2 Ve, 4R
AEo] st A w72 e
l(-):};_‘_ Hé ]oﬂ HEE]O1 ol_Q__Q oL _/'[: [<)]
A7 A HHES ANFA -7t
A A% A 7143 o=z
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welh AA 417 A Al A-AAM L ZPECs B9
= 0.087~0.16 ng/g2A &7 A oA AR A=
0.47~6.5 ng/gQ BA A7 FAl0M AZEE 7S =
2 FE #1016 ng/g W7 FAA HER L
& 9o FL7k 047 ng/g BT R @A Yehsit

PFOA, PFOS ¥ PFDAE A Ao 41 dg &
ZHo] 9o AEWEE PFOA 100% (13/13) PFOS
2 PFDAE 92% (12/13)2 H.o]3L Sith Wb PFBS=
AL AHAME AEHA %At PFOSSE PFDA7}
AZHA ¢S EX AL PFOAT 0.021 ng/gel -5
He TER AEEY UE s £ X E4S &
4§tk PFDAE AE3H ol 0.020 ng/go 2
AEZ A3 7 F9 PFCs F 7FE E& #E Kol
T A 2] e A RelA HEE AT

PFOA, PFOS ¥ PFDA”} SPFCsol| 4] XA 3H= H]
&5 81%= ¢ =4 UERTH PFNAE 2 7 A3
< A 11 N AR AEE 85% (11/13)9] =
AENEE vellon F == AAY 14%E
A& U WA R =A JERTE U= 2 7R 3
o] PFCsol th3 AEH =& PFHxS 23% (3/13), 9/
21), PFHpA 54% (7/13)2 UElsttt,

o FH oA HAEE PFCse] 33hgd &
F3b B ¥ &S Tuble 60 Helste] YA A
Al 13 7 A-HANA HEF PFCs 34851 F T2
£)Z EW PFOS, PFOA @ PFDAS 2w 7}7} 35
ng/g (29%), 3.1 ng/g (25%) 2 3.3 ng/g 27%)ZA Al
glelgo] Hedt FEE BEH St ol AT
oAl PFOA7} 60%E AA8te] F WiAZ =& v &
< YEld PFHpAY] 15%E T 4=doz =& vj&
& AAshe A vE FFE vER Aot B

PFDA7} 27%2A &2 ¥ &S A st= AE 22

rlo

Table 6. Total amounts and proportions of individual PFC in
river water and sediment (summed from the 21 and
13 sampling sites of water and sediment, respectively)

Water  Proportion Sediment Proportion

(ng/L) (%) (ng/g) (%)
PFBS 9.3 29
PFHxS 20 6.3 0.053 0.43
PFOS 22 7.0 35 29
PFHpA 46 15 0.51 4.2
PFOA 191 60 3.1 25
PFNA 21 6.7 1.8 15
PFDA 6.2 2.0 33 27
Sum 316 12
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B B% JFEANETL 747} 84%9) 71%E 2HA| 8}
AENFET EX 22 &R HEdE AL 354
 EEEA SR UERT

2 2

37. PFCse| EtAARES| ZiO|2t =Eolo| &bt
|

Labadie®} Chevreuil®] 172 3o w2 PFHxA
o X] PFDoAE, PFBSo|A] PFOSE EtAh Al&Eo] Zo]
ATE Log Ko 4 FA S7lete A4S Hole 2o
2 4HA Ukt B Apo M grAhAlEe] dojrt
Z71shl et 2HEe sxo I A}
Ue A B I8t ol o] #AAAE A-&si3int

Koc = Kd X (IOOO/fK;C)a Kd = Csed/Cwater

A71M Koz EIA B8P Alo] €] Aol 3L, Ky
HAENAY PFC 55 (Cyq, ngkg)S sHAS0NA
PFC 5% (Cpaen NgL)E WHE 7t T9E L kg'o]
Hi, form T 718A TS UER Aol

E. oA 3Lo]| A PFBSOA] PFOS7}A] #4418 3} A| wt
AESHA v g HEE AHo] Bol K@t 7
F flo] A vlart o H YA, 574 A HeF L
A3 ol X9k PFHpAT-H PFDAZFA] B & 3H] o]
FOE AEHJCER o] F AHE WFSE Log
Koo 36 AT AdoA] 3 H % L X F A
9] £ 7HS 747t 441% 2 3.13%C1 Atk H Al A €]
Log K,. %2 PFHpA 2.6, PFOA 2.9, PENA 3.4 18] 3
PFDA 4.1& uYEldler L x| HA < PFHpASH
PFOAE 2.5, PFNAE 3.1, PFDAE 4.18 UET) &
Aol =4 E PFOAL Log K..&-& 59 Liaod
7} TaihuZ G0l 4] =3 H 228+042, 2.28+0.55 ZHH.T}
z% =7 Jebdth” Heb LA A Log Ko w3 AF
0] Apelolli= Fig 49 e upe} o] AA A 4,
R*Z}o] 217} 097 2 08424 H& AAAAS HYOo
2ZM Labadie®} Chevreuil®] A2 749} fARE HE&S
Ho|a 9t} o= AES] dol7t HA B F2tEe=
7] E JFE PRE AYS BHolFE Aot}

38. 2Lt ¥ 2= Al<etel HI

SEuEl Asliet A e Algtse) ofit 5 2 A
oAlA AFE EoA HEF PFCse = WHSle
PFOA 2.95~68.6 ng/L, PFOS 4.11~450 ng/L, PFHpA
<MDL~47.2 ng/L, PFBS <MDL~39.8 ng/L, PFHxS 0.38~
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Chain Length
Fig. 4. Correlations of Log K,. and chain length PFCs.

418 ng/L, PFNA 138~14.3 ng/L, L] 3L PFDA 023~
154 ng/L GO & YERTES o] Aol A} -3k PFCs
FTEe Alsts WelR, ofbet s Yo R, 57 |
@A 9§ el i 2 WA F 15 UK
AN A gk A OEH A= AFH A upe 2
WES BeS & 4 Stk PFOASH PENAZ} & A
N et &9t l"fYL HAE Hole A& A3t
W UeA] 5 £9] PFCsE H4 2.8 HIEZRE HY 65
Hi7kA] B4 Ho FLE Holx Tk
Efo] gt H4-2] Tour-Chayn”te] shd ol A #
PFOA, PFOS % PFDAY] %+ 27} 113, 40 ¥ 14

ng/Le] A3 2+ A9 9] Nan-KanZd o] 3} oA
o|E 3}skEo] ztz}t 181, 79 & 21 ng/L ZZzo|Q )
Tour-Chaynd €] PFOSE $-Eluvtet H-57 G4 oA

AZE & F HAIHH ¥ FEol YA =
BE B AFoA] XA sl AEsE v =
HoighEoh 24 L7 wiolA ol 11 w7k B2
=5 HoJFA Q). v+ Tennessee’d2] i R3]
A Z21&% PFOS9 PFOAS v 7H7: 16.8~144
ng/L9} <25-598 ng/l W YIE EIZHo| glgen
PFCsE AH&-ete A3 F-2olA 52 58 B
= 540°] Ath? PFOAd Wi HEHAI7E 25
ng/L2 £ Ao vlg] w9 o} o] slekge] W
o gk vlas o PR AEEA o) o= et
A A= Ha 389+130 ng/ll 183 T HE
140~598 ng/LZ YUERSTE o= & AFolA &H3l X
A B 9.1£17 ngl, % ¥ <0.63(=MDL)~67
ngLETH X & FEE FXEH S HAF
= Zolt}l. PFOS2] 7 $-9l= Tennessee’d 2] 7} X3
H HF 6924439 ng/L, T HE 16.8~144 ng/
LEA & A7 Yeld Ha 1119 ng/l, T%
W 9] <0.093~6.9 ng/Le} Blwdle] Y53 =& 7

o
=

)T}, Tennessee’de] U4 x]%jq A
=2 T+ PECsE ARESh= Alx
E o R A Ao 8 9 °1 o]
9th @ A~EFole] Danube’d Schwech
Llesmg T 2o AFAA AHH T st Gol E3
PFCs¢ 5% WSS ®W PFOASH PFOSE zHzt
<1.1~19 ng/L9} <4.0~35 ng/Lo] 1T, PENASH PEDA
= AEA vvre 2 yEow, PFHpAE o 3.2
ng/LolATh2 B Aol A 3 313 2ol A] 9] PFCs
FE¢ H|w3dhE PFOS %71 H) 35 ng/L® =&
3\% A LJshA vl tide] == YA 4 F2] PFCs
5 25 A et
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@7, G5 2 A2 FA 27
21 7 AR AFHA S s LFE PFCs 7 5
(PFOA, PFHpA, PFOS, PFNA, PFHxS, PFBS, PFDA)
9 T B¥E PFOAZF AA9 60%E 2 =3}
o 7bd %o, T3S 2 PFHpA (15%), PFOS
(7.3%), PFNA(6.6%), PFHXS (6.3%), PFBS (3.0%), =}
A gto 2 PFDA (2.0%)9] A2 YelHTH FAERE
B G573 FANAN 2559 87% AE7 AEH
of hF-ES AA L UYL, tha> F FA7
11%% A AL 2E]a A7 AT 22%=

o= HAEHAH. PFCs
o glstEde Z4dE F= HeE PFOA7} <0.63
(=MDL)~67 ng/L, PFHpAE <043~17 ng/L, PFOSE=
<0.093~6.9 ng/L, PFNAE <0.64~9.7 ng/L, PFHXSE
<0.27~6.3 ng/L, PFBSE <0.30~2.17 ng/lL, L&
PFDAE <0.53~3.3 ng/LS YEFATL EZEA PFBS
£ Aot gJgEE 249 v% W= PFHxS7}
<0.031(=MDL)~0.024 ng/g, PFOSE <0.013~0.28 ng/
g, PFHpAE <0.014~0.32 ng/g, PFOAE <0.014~2.1
ng/g, PENAE <0.016~12 ng/g, PFDAE <0.020~1.2
ng/gS UEHTH AA A o2 st HHES] v
= O vk A4 vt Hlwd @ FEL
2 2450 9= Ao F Belr) & 4olA PFOA
7k 60%E AA| st T UM R & HEE e
PFHpA®] 15%H T} 4EA o2 =2 gL XA|51A]
2k Bl A Eof|X = PFOS, PFOA 2 PFDA A s}8H50]
Hg 22 X Ho Jth. 53] HAHEA
PFDA7} w-%- &2 H| &S 2R 8k A& o] &4 0]
A 2.0%E AR S A v|wshd EH E

71—7]— 7 7H ;(]Fg %—_
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