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Survey on Perfluorinated Compounds (PFCs) and their Emission Sources
in the Water Environment of Fukuoka City

Kayoko SO, Kouji OHARA, Shingo HIRANO and Keiko NAKAMUTA

Environmental Science Division, Fukuoka City Institute for Hygiene and the Environment

Summary

We surveyed perfluorinated compounds (PFCs) in the water environment of Fukuoka city and their emission
sources by LC-MS/MS. As the result of the survey at monitoring points for Environmental Quality Standard
(EQS) of rivers and Hakata bay, perfluorononanoic acid (PFNA), perfluorooctanoic acid (PFOA) and
perfluorooctanesulfonate (PFOS) were 0.6~110ng/L, 1.5~14ng/L and <0.2~9.5ng/L each. On the other hand,
PFOS and perfluorohexanesulfonate (PFHxS) were highly detected at the Morooka bridge which is one of the
supplemental points. The concentration of PFOS and PFHxXS at the Morooka bridge were 66ng/L and 67ng/L.
As the result of the survey of PFCs emission sources, the PFCs composition of effluents from sewage
treatment plant was similar to that of rivers and Hakata bay. In addition, some characteristic results were

found out by the survey of effluents from specified facilities.
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Fig.1 Sampling points

JEAREREREE Lz, £z, MR TR ORI
WZDOWTIIVEFEIZS %X, 2010 4F 3, 6, 11 AIZFA& L
7. S 6T, MhoBREEIEE S X OWIB L SIZ D\ T
2010 45 3 A I & it L, PFOS S8 LUl BB IR FE T
H SN RBIC SOW Tk L CE=2 U v VRE 21T
o7z

Fio, BEHEREIREE, KA 4 »FTIZ OV TT
PAKIS OBk % 2010 4 3, 5, 8, 12 A 4 [AlFf#
L7z, £72, ZOMOFFEFEZT OV TUIPEHAKEZE 1
[FIFRE L7,

2.2 AEXMEHS
REHDORMIZIN A X AVEERFT EH 0
(Perfluoroalkylcarboxylic acids : PFCAs)10 ik4y, ALY
@a”?%’%?ﬁﬁ“é # O (Perfluoroalkylsulfonates : PFASS)5 % 5>
it 15 pior A PE xS & Lz (Table 1).

2.3 HAEZH
2.3.1 Z#EH

PFCs fFE¥EMIL, BIEXISD 15 msr4T, Wellington
F S e B (50mg/L) & L7z, $£72, PFCs PAZYE LI
DUV TIE, Wellington #E8 MPFAC-MXA(50mg/L) % %
L7-.
2.3.2 1ZERRK

PFCs & 12 #EJF{(1mg/L) : PFCs FAZHE L &2 X # ) — )L

Timgll & 725 X951, ENENHRL-.
2.3.3 1BERRK
PFCsMix 1 Yy (10pg/L) : PFCs FAZEHER i & A & /
—/LC10pg/lL &7 5 KO IIREARLT-.
PFCs PAZHEIATL (Spg/L, 50pg/L) : PFCs PNAZEHE & X #
J =L T5ug/l, 50pg/ll & 725 koA LT,
TR B E RS MEVA R - PFCsMix B YEVA 77 (10pg/L) % 0.2,
0.5, 1.0, 2.5, 5.0pg/L, PFCs PUEE#EIRE (50pug/L) % 2.5pug/L
W75 oLz,
2.3.4 ZoOhiRFESE
1mol/L EEET L E= 7 A« FOGHISE T8 &l
/A=
W FOEHR TR LC/MS
T h=RUL o FOGMBE TR, LC/MS H
AL =/ FOEHIBE TR, LC/MS
ABRIK  FOLAISE T2, PFOS/PFOA 43#T i
[EFH 7 Z 2 : Waters % Oasis HLB Plus

I

2.4 ZEBLIVAEEH

EBEHER 7 o~ ~ 7T 72O TIE Agilent 5
Agilent 1200 v U —X %A L, &7 AEESPTHEEIL
Agilent #1:8¢ Agilent6410QqQ %/ L 7=. LC-MS/MS D #|
ESM: % Table 2 (1277,
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2.5 SWAE

W OB Wi, 3B 500mL 12 PFCs PN
FEUEYRK Spg/L % 250pl #I0 L, B ) & RS ALEE L
To. Fio, FKOELS A SR EREESIC OV TR
100mL % Whatman # GFIC AfETAilbth, A L FEEIC
PFCs PIAZE VAR 50ug/L % 25uL FRIN L7, AT A %
—ABXOHEMA Ty T a =T ULZEMA T A
(Waters % Qasis HLB Plus)iZi#/K L, A%/ —/L T
%, 0.5mL IZIEME L= b o Eoe e Lz, £/, 5%
EIZOWTIEA Y /) — VT2 [BEE M Z171, 0.5mL
WRME L7202 OB E Lz, ek, WL D]
M O BRI ST B85 FIRIEIX 0.2ng/L, Tk
WU A Loy B FEGYEAKICB T 2 WA T IRE T
Ing/lL & L7z

Table 1 Research compounds and their MRM conditions

Compounds Abbreviation m/z ISTD
Perfluoropentanoic acid (C5) PFPeA 263>219
Perfluorohexanoic acid (C6) PFHXA 3135269  3C,-PFHxA
Perfluoroheptanoic acid (C7) PFHpA 363>319
Perfluorooctanoic acid (C8) PFOA 413>369  “C,-PFOA
Perfluorononanoic acid (C9) PFNA 463>419  “BC,-PFNA
erfluoro decanoic acid (C10) PFDA 513>469  '3C,-PFDA
Perfluoroundecanoic acid (C11) PFUJA 563519 C,-PFUnA
Perfluorododecanoic acid (C12) PFDA 613>569
Perfluorotridecanoic acid (C13) PFTrDA 663>619 ECZ-PFDOA
Perfluorotetradecanoic acid (C14) PFTeDA 713>669
Perfluorobutanesulfonate (C4) PFBS 299>80
Perfluorohexanesulfonate (C6) PFHxS 399>80 18OZ—PFHxS
Perfluoroheptanesulfonate (C7) PFHpS 449>80
Perfluorooctanesulfonate (C8) PFOS 499>80 Be prOS
Perfluorodecanesulfonate (C10) PFDS 599>80 N

ISTD : Internal standard compounds

Table 2 LC-MS/MS analytical condition

Column GL Sciences Inertsil ODS-4
2.1mmx100mmx3pm

Column temp. 40C

Mobile phase A:0.05% Formic acid /

10mM Annmonium formate
B:Acetonitrile

Time(min)0 15 16 23
B(%) 20 40 70 70
Post time 12min

Gradient profile

Injection volume 5ulL

lonization ESI(—)
Gas Temp. 350°C
Gas Flow 10L
MS1 Temp 100°C
MS2 Temp 100°C
Nebulizer 50psi
Capillary 4000V

3 HERBIUER

3.1 REXEERAE

2010 4 11 A o)1 Tt OEREINE RT3 5 PFCs
FAEEIA % Fig.2 (2”9, 14 s 10 #5128 T PENA
B bLEWEIEE 5, £72, PFOS, PFOA, PFHXS %5
L OVPFHXA 2SR W TEWEIS & (56 7=, PENA 12OV T

IRBEDPEWVIZEERN~OEREREL 2D 2 &
ﬁ>$&%4)énﬂ\é TEMD, ABBLERL TV ME
WD EEZ 5. 2010 42EE O [ TP o0 B FE U R

ZHF D PFOS JEEEIE<0.2~9.5ng/L, PFOA #EFEiX 15
~14ng/L TH v, WEERER, mREOHIIMR I
ot Fiz, L OMBATEWEISG % 57z PENA
EEIX, 0.3~110ng/L ThH-o7z. 6 AFRERFITITBBAEIC
T PENA 73 110ng/L & i TRl S =23, 11 AR
EREZIT 3.8ng/ll LKL 2o TR Y, ZEEON) I DK E
I E o TRESEEER(LT D Z ERRBEINT.

WIT, 2010 4F 3 A 0 LR D BB HYE S 0> PFCs 1775
A% Fig3 -7, LRIROREEERICB W TIE, WK
Tl PFHXA DM bmWEIE &2 HD, ZHR SO HS

TIX PFOS, PFOA, PFNA REWEIE % Hb7=. LavL,
FIKIBIZH 1T D PFHXA 1L 5.5ng/L TH Y, I BHIT,

FNLSOHE ORI RITIIT S PFOS REIX 04
~4.3ng/L, PFOA J2JEI% 1.2~3.4ng/L, PFNA J&E % 1.3
~3.5ng/L T, I Pt OBREEEHE N & g L TRV METH
27z

I, 2010 4E 3 H 4Bl 5 > PFCs f#7EEIA % Fig.4

IR, MBHLEIC BV TIE, 18 A EOHLS T PFOS
X° PFOA I3 WEI A % b 7=, PFOS ¥ 1% 0.3~66ng/L,
PFOA JBE( 0.8~15ng/L TH v, BRIFELHESR L 0 L EiR
ETHb SN AN o=, £, ST PFOS
IREEDS 66ng/L, PFHXS JREEDS 67ng/L &, iR MR
HENTZFERBIC OV Ik L CE=X UV JiliE %
{T-7=(Fig.5). 2010 4 3 H %5 1 [A1 @ 074 Tid PFOS <
PFHXxS 7% 66ng/L, 67ng/L & miRE TR Sh=7=%, [
ARICHBEZER L7-L Z 5, PFOS #EEIL 20ng/L,
PFHXS R 9.0ng/L & 7372 0 Jdizb LTz, £7=, 2010
5 H O TIX PFOS JREEIX 2.7ng/L, PFHXS J# £ 1X
16ng/lL & EHITRENEAD Le. & Z2A2, 2011 4F 1
H O F4 TI% PFOS #2728 37ng/L, PFHXS £ 73 20ng/L
& ER L7z, F£7, MG 5 PFOS 3 X U PFHXS
Z < fthod PFCs B2 IOV THE, 19ng/L LR ThH o 7-.
ZOPFEDORER, FEMBIZIT D PFCs JREIL, PFOS 5
LV PFHXS 120\ T — MBS LR+ LB
EEDORENZ L, £ LT, PFOS & OPFHXS % 4
W2 > PFCs #EEEIC W CII4AERM % 18 L TIRIRE Tl

WEBAERN N LN ho iz, B S CHEREENICE
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{75 PFOS DI AETREITH S0 L 72 o TN o),
SEBRbE=Z Y THEERITOTETHD.

KB, HEZEOREEAERIZBIT2FHEOHKE, £
<@ PFCs IZOWTITHE TIRMERW Ch -7z, (7=,
it & 7= PFNA, PFOA 1 L O PFHXA OEEEIZF N2
#10.2~1.0ng/L, 0.5~1.1ng/L, <0.2~0.3ng/lL TH Y, =+
7=, MRS L 225 7= PFOS IZOWT HiE X <0.2~
04ng/L Th o7z, TS OREEIIIRIIOFER & ik LT
FEFIERMETH Y, HZBICIBO TG A T
RWZ ERbnoTs.

3.2 HIHERERRE

FEIE TN T AERE K IC R 1 B PFCs fAERIG %
SLBREGAE D EHIfE & L C Fig.6 1287, A Of5H, PENA
DEbEWEIGE D, FOREIX 17~97ng/L Th -
72. F72PFNA IZRVVT, PFOS, PFOA, PFHXS Xt
PFHXA 2 liym < B &z, & 51, & FKOLEE
DN O PFOS fFEEIA Z i35 &, C Pk
50 PFOS BEI& BN bEMN>72. AU OW I NG
ERFREGPEKDOL <N C FRMIHIZIRAL TND Z &
Mo, TNHOEEESZIT TN RREENRE 2 b,
F 7o, TN FRLERIG BOK 4 5315 0 IR E % Fig.7
VR, FRABRIG B K IS B CIRRN TR CitiE
A ER SN o T RFEHDEYY PFDA < PFUJA
DI STz, —J7, POPs S0 b ih s Tl x4 &
72572 PFOS (DWW CIEBAMBE M 23 sl S v 7z, RAIK
I OW TR KT LR PEHXS OE[E S K& o 7228,
TRk D PFCs AR & AFIFHELL L= fEH B 28 7 S iz,
WIZ, PFCs DRI RFEA R D N T R E S IO
T, PFCs f#1EEIA % Fig.8 [TR 7. Sl #0 & dh Rl ¥,
AEEOPKN ST PFCs X & A SN2 0o
e, BRO o Xk AT 5 FEGOWBEO—H Ok
KT PFOS 23 EWEIA TR S, ZOREITEWH O
T1300ng/L Th-o7z. S 51T, PFOS NEEE THH &
NIZBRD - sk A3 5 FEY T, PFOS 12k
TPFHXS H &< SN TW5A Z &2v5, PFOS O
R, & E8H7I(C8—CB)D PFCs ~DREENHEA T
WA Z ERHEE N, F2, WIFREIZRS W TR
EWEIA TR S PRNA I, JRBECBE I LB i 7%
D—WTEWEIG THREIN, ZOREIZHEVHDT
2000 ng/lL Th o7z, 51T, MITIRIEFE A LB SR
RNy o T2 RFESE DR\ PFTIDA A3 F B 28 il e i i i o
—H RSN, SRIOFEDOFE, BRD > X Hisk
EHT D HEEFCREER & C PFOS 23 e < Bt &
N2%, FEMEBICFEHHT — X EM/DH LN TET.
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Fig.2 PFCs ratio at the most downstream monitoring points
of rivers (2010. 11)
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Fig.3 PFCs ratio at other monitoring points of rivers (2010.3)
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Fig.4 PFCs ratio at supplemental points (2010.3)
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Fig.5 Monitoring result at Morooka
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Fig.6 PFCs average ratio of effluent from each sewage
treatment plant
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Fig.7 PFCs average concentrations of 4 sewage effluents
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Fig.8 PFCs ratio of drainage water from specified facilities
A : facility of electroplating
B, C : hospital
D : facility of washing vehicle
E : facility of waste treatment plant

4 FEDH

R T PRI O BREERAE U BT HRAEOFER, )|
B N OBRFE I SIS T R4 Tl 14 Hs R 10 HuS
T PFNA Db EWEIG A D, ZORERMAIL 0.6~
110ng/L Th-o7=. £z, T PFOS, PFHXS, PFOA,

PFHXA 2 \WEIE % 57z, 6 A& 110ng/L &
BREZRLUEZRERS LS o728, 11 AFERICE
38ng/lL LIRWVBETH 722 0D, ZRE0N) IO &
BIZEIVRELSBEERNT L EBELLNE. EED
BREZALVE B L OB LS IS B 1T D BRI E R E D4
R, RRORBEEMER MBS DIFE A EDOHET
PFOS 35 LU PFOA OHEIANF <, I Pt OREEFEHE R
& PFCs TFIEHIG N 7z o Tz,

& 5HIZ, PFOS ki E 66ng/L %7~ L= #EMiGIC o
W, PFOS DE=4Y v Vi %iT-7=& Z 5, PFOS
BEOPFHXS IZ oW TIHIREA (LR KREWZ &, 2L T
Z DD PFCs JEEEIC W TITAER A4 L TIREE TIF
EBAEN N ERNbhoTz.

WIER T EEED FAKLEG BT 2FAEOME, &
RUERSE & b FEKICEB DT PENA 23 b < it &
Z D> PFCs TiE, PFOS, PFOA, PFHxS, PFHxA 73
R Em < R SN, £, FTARREE K TICE
W, K TIRIE S A SR ShRd - - R EEH
DFV PFDA X PFUdA 2SR Sz, —JF, Bifilxse
Lo 72 PFOS 122V CTIEHE T O ME 7 3 ERR S
7o WAKIZOWTIE, Jii/KIZHR PFHXS OFEIE 23K
XMooy, PRCs MARITHHEAK S IZIFHELL L Tz,

B, BEFELICBIT2FEOME, FEMEIC
Wb 5T7 =2 5552 L NTE . 5%ITHEN T
— X BN LTI OWTHHEEZITY TETHS.
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v 5 — DB OREHRICTR B L F T
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1) &EHEER  ENSMCEBIT D PFOSIPFOA DBl
B & RFISR, HAiTE lipe, 87~98, 2008

2 /NEBAY, KSR BEEICBT 2 7 v FRAmETE
PERIOBREEZEE), KRBTGS, 37~44, 2006

3) /NFIESE, B, Ehk o, PREET BT
PRAIK I RO LB OFH 7 » RILEWICET 515
YR IEHEFN A, @ M T AR B BEAT U TR, 35, 41~45,
2010

4) FEE I, FREVERE, mBIHE, Vex R, /MR E
EEtE—, LB JAKEREICR T 2 AT v H#L
B OIE YRR, o 36 BB A - NERS ILAF
SRR DMIHE FEE, 56~57,2009
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ABFFETIE, LC-MSIMS % HIV 7= t@ [ i N KBREE T 3610 2 A 7 ~ #L & ¥(PFCs)
OEREEEE L OBEH FERER A 2 520 U7, 101130 K O 208 o sREE L E RIS B B3
HORER, PFNA, PFOA 3 L8 PFOS O EIXZ 12 0.6~110 ng/L, 1.5~14 ng/L,
<0.2~95ng/L THh-oT-. —F, fHBHRIZE T 2FEORKE, Mo —>Th L5
R3SV T, PFOS 2366 ng/L, PFHXS 2% 67 ng/lL & @i TRl &7z, WICHEHSE
REFHA ORGSR, TAKLESG itk H D PFCs fFAEEIA X)L OREEE RO H O
CHLPLTWD Z Ebnolz. AT, FHEFEGHOKHEORR, FEMMEITRL
7T — 2 %185 Z N TE.
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