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Perfluorinated Compounds in Groundwater in Tokyo

NISHINO Takahiro, HONDA Tomohiro”, Nagasawa Ayaka , TAK AHASHI Akihiro,
TAKAZAWA Yoshikatsu*, SHIBATA Yasuyuki' and KITANO Masaru®
(*After graduateschool of Meiji University ~ ** National Institute for Environmental Studies)

Summary

The pollution level of perfluorinated compounds (PFCs) including perfluorooctane sulfonate(PFOS) have been surveyed in the water
environment. Until 2009, the emission sources of PFCs were surveyed and the load of PFCs was calculated to determine effects of PFC
discharge reduction efforts by industrial world in 2009. Results clarified that the respective loads of PFOS and PFOA had greatly decreased
from levels recorded in 2005. The reason for these decreases is that PFOS, its salts and perfluorooctane sulfonyl fluoride (PFOS-F) were listed
in Annex B of the Stockholm Convention in 2009 and Perfluorooctanoic acid (PFOA), with its precursor, was registered on the object of a
201072015 PFOA Stewardship Program. In 2010, 65 groundwater samples were analyzed in order to clarify the pollution of PFCs in the water
environment comprehensively. At a few points, PFCs that measured in this study were not detected at all. On the other hand, at some points,
concentration of total PFCs was higher than 100ng/L. And PFCs were detected at higher level in the samples collected at Tama District than
those of 23 Wards Area frequently.

Key Words : groundwater, PFOS, PFOA, POPs, 2010/2015 PFOA Stewardship Program
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EEOIE, INETEENEZ L E LI EBNKEREE~
DOFEET o F LAY (PFCs) HEHHIRE e 5 E¥EFTO¥E
REMREA Y 2 24T S L L bl =Tt ut s X A
AU (PFOS) L2, RUONR—T VA a2
AN EETZ LAY R (PFOSF) @ POPs B3 <0, /<
—7)vA s % B (PFOA) OF[E EPA I X 5 & H
7T s 7 ARKEY IED REEROEICET 580
EEDTE Y, TOfER, POPs BIMKOEHRT 17 S
7 LRELRTONRL 17 FET— 59 D LB LT, F
AR 21 FEE T E & b ICIREE DS KIE IS Lz 2 L2
Grinodz, LinL, MIEORGKE R0 | HTFKIE
TMANDFEE C—EBR N D LEE LI WEBAICH
5, S HICEHNHIT A TS PFOS 23R E T S iz
HENH L0 WRHTARICE T 2FHEEZED, £
WKBRBEICH1T D afER R ER AR 2 2 L & Lz,
2 RENE

(1) FAAHA

BAKIE, BN 65 MR CHEME L7, BRK L7ZakEHT
500mL DRV 7\ B L RICRE Lz, SRS ORE
A 17T,

(2) HIEXSE

BIERTEYE L PFOS, PFOA KOV NENOEREY
Z (LLFZNZi [PFAS ). [PFCAH] &L\ H,) T
»H D, EAEYE T Wellington 8 o 4= U8 7K

(PFAC-MXB : &7 2pug/mlL : A ¥/ —VIEKIKR) &
PFHpS A% / —/WVIEHKR (50 ug/mL) ZIREFIRL, 1F
YERA AKX ) — VIR (45 200ng/mL) ZFRE L7z, W
Y EIX., AT < Wellinton . OF#E~ ~ F{b&
W7 S~NACIEOIRAEHERIK (MPFAC-MXA : & AZ53 2
pgmL A% ) —VEKHR) &AL — /L THRL, WEB
BERG A X/ —/VEIR (4% 200ng/mL) AR LT,

(3) stk
ST 7 e —2R 2177, HEHK 500mL R A A
U U —TEMIZHIDED . FEET pH4 BREICFRE
Lo M O@OEENT, FERESINETIC T 7 A ki A
(BRERLTE 0.4um) THRSIAEL, BREE L BFE
CATOTBE LT, TRBRERUEN T, WETIEHEIR A A & /) — b
R 2 0L TR L, A % ) — )L TS 21T - 72,
VRAFRESUEH L BB TS & [RIAR IS PSS M B VA TR 2 TN
#%. Waters fEBIDEH AT — VU » P F1 T A OASIS-WAX
Plus % FWCHii SmL/4y CREFEHH Lz, k22T
WA GRB RS LTV R Y 7 a L R OVLER
WCRW T T A BFORBEHE IZ 5 L7 PFCs 2 H S
572, pHA O FFEIKIEIK S0mL, FEEFMEA & / —
JL 30mL CHERBE Y & 7, BEEIR Z [RIER ONE T C [EAH 27
T LI LTz, BBICEMED T KT 1%T VE=T &R
AH ) =) SmL ZNRNv 7 7Ty vaiBEickD@EL,
PFCs JAZ IS L7z, IEHIRITZERR & AT L0 BBE
B, KeAZ ) —N=1: 1KE]KRT 2mL IZER LT,
ST I LC/MS/MS(Waters 118, PremierXE) A L.,
R CE & Lz, oiTiiL, AR L REE L &
B, MIBEL LCHEE L, AEEE Lotz
K1, WELEWEDOREEA A, xHET 5 NEIE
WYED—Ex K 2 TR,
(4) BHTROREH
B TRMEIEL T OFETRD -, BHik 500mL (2
EHERA A ) — VR E KR FOREL LT
2ng/L FHHIZ 72 5 K 5 Nt BIIGRER 2 7RIV R L.
ETNENOXREAWTER Lz, BREE3ITTRT,
i H T IR=t(n—1,0.05) X 6,.1x2 ©)
nEEE (ZZ2TIE7)  t(n-1,0.05);/ER=E 5%, B
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JKERE =1 LC/MS/NS IZ &k it
HPLCER
HE Waters®! Alliance2695
— — EEIN {L M EFMRFRASME L—Column2 ODS
B (¢ 2.1mm x 150mm, $i%3.5 4 m)
“Ea A 1OmMBEBEE 7 U E=Y LAK B: 7E=FJIL
. - [Er— N 0—5min A:B=55:45
mmemmessn | pHIE | ¥E pna 5—10min  A:55—5 B:45—95 linear gradient
10—15min A:5—55 B:95—45 linear gradient
S 205 IR | oasis-waxplus 15—20min A:B=55:45
72 —/bom 7 - FEKBER SomL me 0.2mL/mi
tal&mﬂj x 20 FEREAMEAS/—IL 30mL ;;Lagl_\;nan,—g Toocmm
%TUESTEE AELTAE 10uL
AB/—)L SmL MS‘EB
e | BRWREMT EEREN &EE Waters®! Quattro PremierXE
ke 1k okt - 1ok 4741tk ESRHT1TE—R)
:ni/ JLik=1:1KE® ;:L/ JUK=1:1KE®K BEE—F MRM
AFVRBE 120°C
LC/MS/MS BiE IR 350°C
2 HSHoo—
%®2 RAEAF2—F
B4 PFHxA PFHpA PFOA PFNA PFDA PFUdA PFDoA PFTrA
B IR FEL 6 7 8 9 10 11 12 13
EEAAY | 313>269 363>319 413>369 463>419 513>469 563>519 613>569 663>619
TeRBA A — — 413>169 463>219 513>269 563>319 663>419
PRI YE
- 13C,-PFHxA 1BC4-PFOA 13C5-PFNA 13Cy-PFDA | 13C2-PFUdA 13Cy-PFDoA
L7k
YWE4 PFBS PFHxS PFHpS PFOS PFDS
B IR FEEL 4 6 7 8 10
EBEALV 299>80 399>80 449>80 499>80 599>80
TR AA 299>99 399>99 449>99 499>99 599>99
PR YES)
180,-PFHxS 13C4-PFOS
=
£3 BRHETRE—F By ng/L
WE 4 PFHxA PFHpA PFOA PFNA PFDA PFUdA PFDoA PFTrA
MDL 1.3 1.3 0.7 1.0 1.0 1.3 1.3 1.0
W 4 PFBS PFHxS PFHpS PFOS PFDS
MDL 1.2 1.3 1.3 1.7
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3 HBRRUER 35 M IS EMX TR LZS D TH 5,9 #a TEY
T AKDOSHTHE R A2 S 4177, 30 HESXER, BRND. ThHo7e—F T, MEMWED > B, PFOS &
&4 HAMTKIOEH I VRELEVEE—E
K b =R (ng/L)
" PFBS __ PFHxS PFHpS PFOS PFDS _PFHXA PFHpA PFOA PFNA PFDA PFUJA PFDoA PFTiDA
FHREARX N.D. 58 N.D. 6.1 N.D. (25) (2.1) 8.8 24 N.D. N.D. N.D. N.D.
BR (15) (44) N.D. (2.0) ND. (14) (17) 60 N.D. N.D. N.D. N.D. N.D.
HER N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
XERE N.D. N.D. N.D. N.D. N.D. N.D. N.D. ND. (10) ND. N.D. (13) (16)
BEREE N.D. N.D. N.D. N.D. N.D. N.D. N.D. (1.0) N.D. N.D. N.D. N.D. N.D.
EHK N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
BN 3.9 N.D. N.D. 35 N.D. (1.8) (2.1) 6.6 13 N.D. N.D. N.D. N.D.
BEER (1.8) (39) N.D. (29) ND. (19) (17) 55 N.D. N.D. N.D. N.D. N.D.
XHERK1 (24) N.D. N.D. (2.7) ND. (17) (20) 2.0 (16) ND. N.D. N.D. N.D.
KEARX2 N.D. N.D. N.D. N.D. N.D. N.D. N.D. (1.1) N.D. N.D. N.D. N.D. N.D.
HEAR1 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. (1.2) N.D. N.D. N.D. N.D.
HEAR?2 N.D. N.D. N.D. (29) N.D. (1.5) N.D. (1.1) (1.8) N.D. N.D. N.D. N.D.
HEAX3 4.9 N.D. N.D. N.D. N.D. N.D. N.D. (1.7) N.D. N.D. N.D. (1.5) N.D.
ELRE N.D. 72 N.D. (18) N.D. (2.2) N.D. 55 (1.3) N.D. N.D. N.D. N.D.
b HRX N.D. N.D. N.D. N.D. N.D. N.D. N.D. 22 N.D. N.D. N.D. N.D. N.D.
EiR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
2ER (1.4) (3.7) N.D. (24) ND. (15) N.D. 5.0 N.D. N.D. N.D. (13) N.D.
= N.D. N.D. 59 39 (24) (3.1) 42 72 (19) ND. N.D. (1.3) 79
FINRX N.D. N.D. N.D. N.D. N.D. N.D. N.D. 3.0 N.D. N.D. N.D. N.D. 29
WG 1 (1.3) (22) ND. N.D. N.D. 8.1 22 36 N.D. N.D. ND. (14) ND.
wEX2 9.3 29 (2.7) 51 N.D. 71 10 30 4.6 N.D. N.D. N.D. (1.5)
#ER1 (1.7) 58 N.D. 9.0 N.D. 34 (25) 6.2 32 N.D. N.D. N.D. N.D.
HER2 N.D. N.D. N.D. N.D. N.D. N.D. N.D. 1.9 N.D. N.D. N.D. N.D. N.D.
RIRX1 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
RIR2 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
RBIKX3 N.D. N.D. N.D. N.D. N.D. N.D. N.D. (12) ND. ND. (15) (14) N.D.
B N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
B2 N.D. N.D. N.D. N.D. N.D. N.D. ND. (1.1) ND. ND. (14) (16) ND.
IFRNEA (2.1) N.D. N.D. N.D. N.D. (2.1) N.D. (0.7) N.D. N.D. (1.7) (1.7) N.D.
IFRINRX2 N.D. N.D. N.D. N.D. N.D. N.D. N.D. 26 N.D. N.D. N.D. N.D. N.D.
NEFH1 N.D. (26) N.D. 35 N.D. (1.7) (24) 58 54 N.D. N.D. N.D. N.D.
NEFH2 N.D. (32) N.D. N.D. N.D. (14) N.D. 67 N.D. N.D. 34 6.4 N.D.
NEFHS N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. (1.3) (1.3) N.D.
INEFTH4 N.D. N.D. N.D. 35 N.D. (2.1) (24) 71 51 N.D. N.D. 58 N.D.
INEFHS5 N.D. N.D. N.D. N.D. N.D. N.D. N.D. 25 N.D. N.D. 42 6.7 N.D.
oAl 30 160 8.8 230 N.D. 63 21 42 N.D. N.D. N.D. N.D. N.D.
RiEHH N.D. 14 N.D. 27 N.D. 56 (3.1) 85 44 N.D. N.D. (3.1) N.D.
=REH (1.9) 6.5 N.D. 15 N.D. 4.2 (24) 79 7.7 N.D. N.D. N.D. N.D.
HEH N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. (1.7) (1.8) N.D.
Fth 28 200 8.2 140 N.D. 72 32 43 4.0 N.D. N.D. N.D. N.D.
BEH (1.3) (25) N.D. 8.7 ND. (25) (25) 64 14 N.D. N.D. 39 N.D.
Bkl N.D. (3.1) N.D. N.D. N.D. (2.2) N.D. 2.2 N.D. N.D. N.D. 39 N.D.
ETET™1 N.D. N.D. N.D. N.D. N.D. N.D. N.D. (1.1) N.D. N.D. N.D. N.D. N.D.
ETHWH2 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. (16) (1.6) N.D.
ETHWH3 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. (1.8) (1.6) N.D.
INEHTH 43 22 N.D. 46 N.D. 8.4 (2.1) 95 7.3 N.D. (21) (1.7) N.D.
INETH N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
BEHH N.D. N.D. N.D. 54 ND. (28) (15) 48 (24) ND. N.D. N.D. N.D.
ERWH (1.7) N.D. N.D. (15) N.D. N.D. N.D. 19 N.D. N.D. N.D. N.D. N.D.
EaFm 3.8 21 N.D. 23 N.D. 7.7 53 12 7.3 (1.2) 3.3 55 N.D.
Eih 28 230 79 160 N.D. 77 27 73 (1.9) N.D. N.D. N.D. N.D.
BEM (1.3) N.D. N.D. 6.1 N.D. 54 56 13 59 N.D. N.D. (3.0) N.D.
HIH 5.0 22 N.D. 30 N.D. 8.2 (29) 8.5 12 N.D. N.D. N.D. N.D.
EXfH N.D. N.D. N.D. N.D. N.D. (1.8) (1.3) 32 N.D. N.D. N.D. N.D. N.D.
% il N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
HAB%XH N.D. N.D. N.D. 7.4 N.D. (2.8) (24) 5.9 55 N.D. N.D. N.D. N.D.
HEF N.D. N.D. N.D. N.D. N.D. N.D. N.D. 22 N.D. N.D. N.D. N.D. N.D.
ZEH N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
fRE™ N.D. N.D. N.D. N.D. N.D. N.D. N.D. (1.0) N.D. N.D. N.D. N.D. N.D.
AR (1.7) N.D. N.D. 44 ND. (26) (31) 87 (1.7)  ND. N.D. N.D. N.D.
HEZHH (2.1) N.D. N.D. 3.8 N.D. (1.5) (1.7) 54 (1.9) N.D. (28) 53 N.D.
BERH 1 47 (22) 15 N.D. 38 13 12 N.D. N.D. N.D. N.D. N.D.
B FE T 5.1 35 N.D. 40 N.D. 12 6.2 17 46 N.D. N.D. N.D. (1.2)
B o H BT N.D. N.D. N.D. N.D. N.D. N.D. N.D. (1.0) N.D. N.D. N.D. N.D. N.D.
R % EERT N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
BRHE 37% 34% 9% 46% 2% 52% 43% 75% 40% 2% 18% 34% 8%
B K{E 30 230 8.8 230 (24) 77 32 73 14 (1.2) 4.2 6.7 7.9
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PFOA ORHZIIZZNEI 46%, 75% T, T OMREE
BHIZ N.D.~ 230 ng/L, N.D.~72ng/L Tdh ~7=, ZDfth
OWEIZEL T, "= rFe~xH g
(PFHXA) : 52%, /X—7 )L A a~7 % F ( PFHpA) :
43%, /=7 A ) (PFNA) @ 40%& PFOS,
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TNAaT G AR R (PFDS) ., 2 X— 7 v A a Tl
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OBHRITE - T,

700
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L) ISR 2R T v FLAYOFEL 2K 3
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ETEHEHMXTHRBLIZLOTH 72720 T AKDIE
YOI EFHIRICFEL QW2 8B 2 oD BRIC S
Bds&. soliie i, Eszifio 3 s sl L
TV, ZRHDOHLSITEWVIZESE L TV ARNWEZ), £
NENNEA OBEGRICESS LD EZEZ LN DM,
PFCs ORANEELIL T Z e h, dEHEEE I
BT AREN S L2 L b EEIN ABOFENLE L
B2 D,

600

PFTrDA
= PFDoA
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a8
=
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B PFHxS
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IEHT BT FERERET  HEE
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4 FED

(1) #H 65 HumOHI FKAZGHT LI2fE R, PFOS,
PFOA [ TBHENZN TN 46%. 75% T, IKIREIL
230ng/L. 72ng/L Th -7z,

(2) ZoOMoOWMETIE, BMEEEIGEDNDRHY |
PFHXA O X 912 PFOS, PFOA & | ZIE R4 OWE WL
350, PFDS 72 E R¥EDOHS TND.OME L H -7,
(3) PFCs % FLBEHY & R L L~L O L 7o i,
ZEEHIX TR LI b ONED -T2, 26 OIS
I%. PFCs OHERLAEELL L TW A EFTS o727z,
PEHEEOD PFCs DRER IS\ T, S % OFFA N L3 L
B2 D,

(EtEE)

AT O —HR X BB BREEITJERe A HEER: (B-1002)
B » FLEGMOBRBAN A = X LD & Z
OHLIHNC BT 2 BN | OB A Z T2 b O TH
b, Flo. WEEITOICHIZY, TBHE. ZHHWEE
U BT ER S R B OB T D 5 2 ICER# N T2 L,
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