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LEBICHRTERWVWTWD, 2O RGO IR OBREMT E A EfTTbRTICIVWD
&L BERBEOBIFERXIC X DB EDE ORI N TND Z & Ehbt T, BUES M6
BUHIRE L OREALTLLBO LTV ARNZ L2 BT 5, TOMEE LT, & TR
OEAILZE, WA, BAERBERD O RIEITE VIR E O BUNPEWE 23 H S dv, HATES S Tn
D, AFRTCITEXLRE., B0 ABREEF BTV T, £ 200 08 5% 5t 512 BU Ik
MEOREEIT> TS, ELLEOHBEICL L 2WEA LI, BAFIZOWTIHE, HaHl R
TROREG L IR D TR Z RV g & 66 (CERk 27 ) OERENR T, v
~ = U LB EE TR 2T o T D, —H L BT S BIC TFL—32 9 UK
FHEElEMEZEAL, HEMCHIROBIEMSEOE=4 ) v TREEZIT>TND, 2O LIidH
I RO FEFRAEIE & BBE L TV D2 EAICITRMEEETHEEL TV S v~v=1
LR G E CHRBT OLERS DL, £, TN PMRET L2 FL—va Rk E
HERIA =D =D x THY | MEREPER->TVWLZ NG, E=F ) I T—F—¢
LCOHBMENRBBEE > TS, EHIT, F~ =7 LB R CRE L-E e 0%
AHEIZOVTHIFEAERIES N TWARW, T Z CTARFETIE SV~ =0 2 E KR HEE &
vrFr—va VAHEURBNES THONDHEMR L LBMKRFT L, —o0RE L, HEO
BABRIEIC O W THRAE AT 9 2 & & HBYIS (S TN O 38 K OV K 2 B8 O BUR R B 0k &
LEEERETSTZOTED AR T 5,

2. ERAE

2 — 1 EZBR#EB

TR W T2 B O TS E S SREHI R ORRITHERR LT, B TN O Rt B Z o i)y & £ H
Li-tHEE, SHEOZLAEZHEETIERSG L, 1L~ U xHEEB L L THR40Bq/Kg, USH LAk DR
BFE L THI150Ba/Kg D BURPEW & RAEHT 72 2 X 5 ICEE A 1T o 72,

2 — 2EBRERE

HEIZ N Z L~ = 7 2R R 8513 ORTEC #1:8 GEM30-70-XLB-C (N~NA 7V v h & A
7)) ThH, YT —3a CRBURRERIE 1% CAPINTEC £ CAPTUS-3000B 1 CT&H %,
2 — 3WPREFH B
1) 2L ~ U R VICHBLEREHI T/ Vv~ 28 KRB THEL, Z0F—F%—%7¢
IZ 1L, 0.5L ~ U U HOREZ2E-7-, B U8 KB THE LRI ZD F FWERE CHlE
TEX 5D TR UREZHW=,

2) WEBRIZZ Vv~ =0 28R R TIE 3600 B, o FL— g o RIRSRERE S T
Iy 7 7T RESDETI0 5 10800 B F THRMEE2E 2 Tl 21T - 7=,

3. ER#ER

3—11L~IU XY HORE

ILL= U 2 U HOREHIATS » TH L~ =0 L RERBRHERCTHIE L20154E11H . 12H OF
¥)T41.5Bq/Kg THH Z 2R LTS, ZoREZ v v F L — g o A S6elE s o




ILL~ U R U CEHAI L 72/ R 2 XM 1Ind, WERR (M), Ny 7 77 v 8 (BG) DR %
A — HOKIR & O ZACIT 3 D B 1 Cs O I E A O R AL 2 BT L 72,

38
- MT&BG : 3600 (sec) v — - - - -
34 H(%)
42 (2015.11.5)
32
B
5 D G A, AN 30 Tem(*C)
© e : 40.5(8q/ 2
0 | 26 /‘ \
24
38 +
150 (ES £ 14-34 1R-41 a7 22
20 . . . .
1V vFr—ya vy REESRIC & 12:05 1312 1424 16:41 8:37

LR LEBESRL ALY XY)
BG F5 JLUNMT 23 3600 Fb o0 e THIE L 72 ). ~FH¥EIT 40.5(Ba/kg) Tdh -7, £/ BG 23 3600
BLLETHIVEHERFIC X S B REI S LN,

44 175
MT&BG : 3600 (sec) MT : 3600 (sec). BG:10800 (sec)

42 |&
0 \ Pl :n=15 170 - A (2016. 1. 29)
EH i : 37(Balkg) ° 160

2 : EHE : 164(Bg/kg) ¥

Cs(Ba/kg)

30 : : : :
155 :
7R1B 8R1H 9R1H 10R18 11A18  12A18 814 024 1115 1306 1411 15:14 1620 17:30

X 2 o FL—a RS ES K3 rFlr—aryREsEles
W XA FE/R (0.BL<=VUXRY) Wk oREFE(N (UBEZEL)

0.5L~URVDEFEDTAND 12 AL TORKELEAD L 12 HlZmh > TR 5MHEmMN
Ao, MELEBELORBEOEENRb-T-bDOEEZEXLND (K2), U FLIT X 2N
EIEAB R DB L EWIFERH DL KE. T —F —DIELHOERERE FIRENE W ED
REWBHDH, TOTDITERTIEIB 2R & VREELE AT (K3), ZORESR. HERH
E2EEH2 00, FHNRENGE O, ZoM[IE, EHICEWVWBG ZE s EIC
LHTIXED, BEHBEANVDLIEEDOEMELE L

CTHEICHBER 77 7 X —LE X5,

MT : 1800, 3600 (sec), BG:32400 (sec)

BMERHRMEZREL L 51 BIERFRELTHED m o oo |
ha (K4), 1o

4. ®H el \ A

B k= LU TE s TR TR S e iy s | AL
Dyy%v—vayﬁm% EMIE &R D DAE D 8 \ 'E\Qm-
7 B3 M % T D RS B s | (2016-12:5)

2) BGE+mican Ly, BEBELLDODR 140 : S \ ‘

11:24 12:29 13:37 14:40 16:06 16:46 17:26 8:35

WERBE T 1L EFREIML LR 2179 Z &L TH L~
= AEE AR AR CHIE L 722 W E N S
HiLb,

B4vrFlL—yarRENERNES
Wk HREE/L (U8 ES2)




MERRBEZ (3)

MERFRESR YA MERRECET SERRR
il = BMEMZEH ERES. #HLF (R BRAGBERSER)
1 BH®

~ X =AM YYE L, KNI A VA MIETHD )y F7 . AL U TR EDRREKZ
RAT D~ X = DRI K > THA S35 Y E C©, HE W /R A E s #E (SFTS) . H
KALBEEL, T4 ZRCHEIRER EH 0 | W b EGUETE TED b L REIRE O 4 FHE G
JECTHY . KRBT 2RIERWEOIEENSDNDEPEIEDO—2THD, £Z T, H#FRIZEB
JE~ X =B YIED Y A7 ZHET D720, MIEEICS i, ~ X =—0EBHELE
i L7,

2 Ak
AT R 2THES~10H 122 CTHEME L2, BN » FFICB W CHIE D IBIC L WV RE L~ X
=ZIZHOWNWT, EERBEMBI CHROREZIT> 7=,

3 MR

ERMEICB T DEEX, AFEITRY = ITOWNTIT 2 208,
2B 2O~ X =P &7, T, MERICE LRI
A RNFF~vH =, Y~ b~ X =CTHEEEOMER & FEL L Tz,
Flo, REILNELCTIE, & HX=LZHEMNELTBYVAELED
%S & IR bET,

LARPEIX, BB TRAZE L7220 o720, 2013 4518 [E LG
SE A ZE T 28 FEM U 7= FEAE B BRI SE R RE (SFTS) W A L A
EWNDARAEICBNT, HFRNICFRI YA VABEBFRAYY =
DAEBDBHERINTNDZ L, £, —HEREEOHFHEICE VT,
T A LNEBEAR LU 7 O Bljaponica I A SN2 L, S HIT
ENFER LY 7 @ B.miyamotoi i+ MH I N2 L&D
SHLTAREBRNBLETH D,

FH N TFTFwH =

# AELWMARR

BIRE
FIE =g (Haemaphysalis|g) = 2145 E
264FE — '
AN FHE = H. megaspinosa 44 25 27
EXFTAHFIE= H. kitaokai 26
TN FRE = H. longicornis 7
ITFIS= H. flava 6
YIEFRE= H. japonica 4
ARATFIE= H. concinna

YA =& (Ixodes &)

k4= I _ovantus 110 1 3
ERYRTIEZ I_monospinosa 7
a)VIRE = I persulcatus 4
ARHEAIE = I_nipponensis
HEVHTIE = I _acutitarsus

v hvX=




IEAYES ==Y

MRRES | EFIMERICREI 2R —RNOD ESBL EEROEGEFRICE 52HIKNRIZ DL T—

# L | RERFE LEFMEIRE EXEE

1 B#
IR, NICRIWERDS D22 KBS TWD BT 7 2 DRFIBAIZ /3RS 5 WERRMSR -7 7 7 ~—E
(extended-spectrum f-lactamase : ESBL) PEAZEE & FFEI 2 SKAIMMERE 2SI LD Y, ESBL PEA IS 13
ENETTAI REFHET 5720, EfEHELZ T, £2TO7 T LEEREIUERET D et 5, ESBL 1 3isE
Gk 0 /PES, ORI X0 Hid /A, SRAIMHE RS B 5 = L0, AR E & BITBEL T D Z &V
BNTVAHY, ZHETRNTIE, ZOMMEEEFORBEBIIH E VTN TE LT, RIS 20X
FEACREESN TV o722 e h, FHEEGRE L& 2 A, I L T d ElEShTng
CTX-M-15 FEAED Escherichia coli 025;H4 {14 ST131 BUNERONL D3, 3 HRiH STz, =2 C. AL
7 e & RN O T2 R O Sz ESBL BEEAEBE Os 1AM AT T — % OEFEZ X5 IEIZ, real-time
PCR {EIZ L 5 STI31 DREEEATV Y, RN TOMRIL AR T 2,
2 FH&
(1) #PEt
VAPN 2 T DEESRERS T, 2Rk 23 4F 10 A5 10K 27 4 4 I TRt S 4L, o 7 —IZiifikE i 62
Rk ESBL PEAE MR AR L UT-, BRI, £ coli 7556 Kk (90.3%) . Klebsiella pneumoniae )N 2 Bk (3.2%) .
Proteus mirabilis 3 4 ¥k (6.5%) T, ZAUDZMH L7-pENE, JRIGIR 24 Feik (38. 7%) . FRHRERRRIA 19 FriA
(30. 6%) . BRI OFMIRINA: 1 A (1. 6%) . M 17 Mk (27.4%) Th-7=,
(2) A
KRIFEOMIERDN L, THIRFUIE (7 AR 2R, 0 IIERRNIEA 71 NEEERURNE TITo72, £720 H
MIERHNL, 7 L——F &0 LEIWE B L - FEIc oW T BEE T 7,
(3) ESBL iz 7D K O CTX-M-1group 8 fx 150531
TEM 7Y SHV 7433 L OV CTX-M-1 group, CTX-M-2 group, CTX-M-9 group @ ESBL E{m 122V T, PCRIEIZL S
Bt T, P9
CTX-M-1group AL F MR STz £ coli D55, IMIERS 025504 D 11 #KiZ, ST131 BUTH D Z LAk
B2 EMD, WEEEERTE TS - 72 CTX-M-1grope xR S T2 3 BRE &7 14 BRIZ O\ T, PCR FEIOD &
ALY h—7 U AZLY CTIX Bn A RE LTz,
(4) real-timePCR {RIZ & D E coli DOiEfn+ ST131 FDRH
2 %D 7 F A ~—ST131TF/ST131TR }T* ST131AF/ST131AR THIMER., melt curve ZMEHT L. Tm {7 83°CR N
BI'CTH D Z & s 5% JETHEM Lz,
3 @R
(1) IfiERs
KIGEG 56 £ko> 0 BEFRIBICIE, 2V IEIZ, 025 2330 Bk, 01 234 KK, 015 23 3 KK, 086a JTN0125 7345 2 K. 06,
08, 018 235 1 Bk, OUT (BURIANRE) 728 12K CTh-7 (1),
(2) ESBL i&fzs ORI O CTX-M-1group DE(s 77
X2 62 BkDaD . CTXM-1 group 23 18 Bk, CTX-M-2 group 7% 6 KR, CTX-M-9 group 73 30 £k, SHV 2% 2 KR,
TEM 23 10 KRRt &=, £72. Alalige s L7 ESBL Bn s e TR TR o 72 (3 2),




CTX-M-1group S5 AR S HU7= £ coli 025:H4 D 11 ERIE, AT CIXM-15 LRS-, £, MEFEED 3
FRIZ. CTX-M-1, CTX-M-15, CTX-M-55 LAUBIIEHrz,
(3) real-timePCR {EIZ LD £ coli ST131 BIDFGH
CTXM-15 LBIRIX 7= E coli 025:H4 D 11 BEEROWEEE D 1 #RD melt curve @ TmfElX. SCEROIEE & —3
L7pdoTe,
4 SEBROWMERLAERAFHF
AT ET 2 ESBL BEAE DOBIG FRUC OV CHA LI2RER, DLFOEHRES-, Sk balEkix, RAICE
(T % ESBL OFENTEATV N, WNBIM A BT 2 0B 8 D, Fah® CIX-M B! ESBL FEAERZ AT 2 Z & 3l S
IWTEY, AN L COIANMMSEE FOILB b HEE SN D Z &b, AFEY A R L RNORHLOHE
PRI DTN,
« BSBL PEAER AR SAUTAEHT, JRIRIADS 24 iR (38. 7%) Lieb <. WAIREFEID & O/ BEERE AN
F7o. BIRML OFHIRINA 1 RIK (1.6%) RS T,
« ESBL & HE ST 62 ¥kD 9 B, E coli 7356 ¥k (90.3%) Eixb < 50Tz, -, MmiERIIZII
TES TV,
« ESBL & {n U ClE, CTX-M-9 group 75 62 £k 30 £k (48.4%) Lt <. RUNT CTX-M-1 group A3 18 K
(29.0%) Th -7,
- HERATHIINAIIE & 72> TN D, CTX-M-15 BEAED 0255H4 ST131 2N8E0IV5 E coli D33 11 i ST,
ZIBIZONT, real-timePCR VEIZ L D STI31 OERITTEAen o7z, ST BAD7=8, MLST (Multilocus
sequence typing) CHTIT HMERH D,

1 ESBLEAXBEQMER R RUTEEEFOREER

ESBL type
serotype No.of
isolates CTX-M-1 CTX-M-2 CTX-M-9 SHY TEM ND*
group group group ik
025:H4 28 11 1 15 3 2 - .
025:H- 2 1 1 1 1) kR : ESBL EEAER: BEER & AW
O1:H6 3 3 42:541-552 2015
8:53} : i ! 2) Pitout JD.,et al: Lancet Infect
08:UT 1 1 1 Dis., 8 , 159-166, 2008
g;g:lﬂ” : : 1 3) Hawkey PM Jones AM:The changing
086:;H18 1 1 epidemiology of  resistance. J
O15:H- 3 3 3 Antimicrob Chemother 64:13-110 2009.
o125H9 } 1 ! 4) Shibata,N., et al. :Antimicrob. Agents
OUT:H4 6 2 4 2 Chemother. , 50(2), 791-795, 2006
83?:?8 f f 5) Yagi,T., et al. :FEMS
OUT-H- 3 1 1 1 Microb. Lett. , 184, 53-56, 2000.
Total 56 18 2 30 1 10 6 6) Dhanji H, Domith M, et a/:real—time PCR
XD Y for detection of the 025b—ST131 clone
_ f  Escherichia coli and its
%2 ESBLEAHOMMEEETOREER °
= = KESBL - CTX-M-15-1ike extended—spectrum
No.of type beta—lactamases. int J Antimiclob
isolates CTX-M-1 CTX-M-2 CTX-M-9 SHY TEM ND* Agents 2010, 36 (4) ;355-358
group group group
E.coli 56 18 2 30 1 10 6
K.pneumoniae 2 1 1
P.mirbilis 4 4
Total 62 18 6 30 2 10 7
MND:AREE T




MERRHEEE )

MRRER | SFRICH T /NIRRT A IV ADEFIZET S8R

# Y | RERFS LEEMIRE SF HE

1 B
JERYEFE EBAFRA DT FEZDT= 0, /INROFHRER Y A W AORHA, RK ORI, a7 D A
WAY—=_A T U REATH & L BT, UAIVADII TR & 0 BB ORI R & OB 24 %,

2 MHRUAE
SRR 25 4F 4 H7DEAR 26 4F 12 H £ COMIC, (fHfE) SFERSS VB2 EbRibia 2 LT ik,
R SRED FROBEAREF OWHEAN U NKEE 216 IRIAZIEE LTz, 7235, A 7L 3 KO & )il
PRI L7z, BRI UTM™ (COPAN DIAGNOSTICS INC) & JHM Yz, 7 A /L ARRHIC I IR &
2 AR ORI 5 2 N, O A VARIEX S A Vo R o—2 2 AL OVBLAST FHIRIERENTIC X
ViT-o72, F7o, RSN RT A 73R (PIV-3) [ZOW TRt 21172,

3 HBRRUEBER

(1) 216 JEFIDZ < VZABEHIT, A EBIPEGRIET 0~11 2>A 28 52 FEF], 12~71 25H 25 141 FEF], 72~179 />
H 72323 JEf] (F¥) 31,032, 5, R 17.5) . Bchkix 120 : 96 TH o7,

(2) 216 1RIRD 5 B 169 FRIA D 196 RO 7 A VA STz (), Bl SN2 196 RO T AV AD H B
4 TANA ({HRV), NFA TN P TA LA PIV), RS A LA RSV) KOk hAZ=a2—F
AR (MPV) A386. T%% 56d7=, HRV, PIV L ONMPY X EICHHEAER 72 K D FAGER Z 5| &AL
AL LTHBIVTWAD D, AEIOFHEIZE Y FRUBEROFR T A VAL L THIERT20ERHDH Z L1
M L7z, F£7-. ZOHRV, PIV, RSV KNPV OAEERIHRZ 205 & | Wk 25 4EFEIX PIV K TRRSY A3
<L SRR 26 FEEEIT MPV 23D o 72, HRV ITRHEERIZ = T2 o7z (M 1), —fIZ, W< A L
ANITATT DRI 2 D EEWERDH D) Z &ML T, ETRICBIT 24 () B4R
BUTHBINTRWZ Enb | A% bt a2k T 2 LR H 2,

(3) PIV X 4 SOMiEFRS MO TN D08, ARIOFRETIT 1R 48R, 2823 41Kk, 3893 38 Bk, 4773 4
MR STz, BRI LD o7 PIV-3 D 5 6| 100%FHRIZRZ BRI L 72 23 #RD HN 3851 1352 kI
OV TS AT L D/ 21T 572 & Z A, 20 1% CFRL 25 AL 19 8k, Rk 26 4EFE 14K) 73 lineage
LIS (¥ 2), —J5. lineage 2 134072< | lineage 3 IZE80 LN -T2, ZDZ L BHYRK
25 AEPEIX PIV-3 lineage 112K AHUBATAH ~7- b D EHEEL STz,

4 SHEOMEAME
(1) PRE 27 FEEEI I T b FROERIRARD NS D7 A L 2K Zefibise U, 257 & oBial 200 570323 %,
(2) RS AIEDIEDN, Bayesian MOMC VEZ I3 PR AT 24T . PIV-3 Je O RSV [EYYEDFAHE)A)
& UANAEB AR L OBEZZ5T 5,




K. AT A VAR

BHYA VR WRR2SEEE O TRR264EE A
FA 7 IANVA 36 15 51
NRIGAVINVEFTTA VA1 3 1 4
NRIGAVINVEFTA VA2 E 2 2 4
RIGAL VTN NV IR 29 38
NGL VTNV FIA VR 4T 4 4
RS A VR 25 9 34
ErAF =2 —EYA VR 15 20 35
TTFIUANA1E 3 2 5
TTFIUANR 2R 8 8
TTFIUANZ3IE 1 1
AR FoF—UfNR 2R 2 2
ABaZYoF—UANVR4H 1 1
B#a 7y ¥—Uf VR 2R 1 2 3
B#astyH—UfNA3IH 1 1
TUTHYANA SR 3 3
awfyA A (0C43) 1 1
B MR RY AR 6 B 1 1
g 30 17 47
100% - Lineage |
90% : .
70% Z ~ ~ Lineage 2
60% - 7
50% e
40%
30% . ——— . :
20%
10%
0%
25X 26 £ Lineage 3
HRV =PIV mRSV ¥ MPV

L. AEREIR R

X 2.

ITRARE SR 1 2 SR RfeAst




MARARBEE (6)

WIZtERER | VA ILVAENMEEREY (E FR DI Th) OERICET SR

B Y | HEREPE FFEFER /MR ORE

1 B#

bt RAT T IE, VHET T EED A N ABRBE AT B RYLERIR FEEE B Ch 5, T,
ZOAEBAERIL ELTRY . KIED EFNEEL TS EWbITW5, AFRAICKIT 5 RO ABSARLR
WEAGNIT 5 & &bl ARIRHIIC I 2B S HETT 5 2 &2 & 0 HBRIRIE i SRS iE 1
Bkt RICET 5 &2 HET 5,

2 Ak
(1) MDA BRI

WHROD A EVIRIFRATI VA% 27 4F 6~10 H | JETFIRRNT, =, eamh, mEr, SNy, (LHET, JORERT
O 4 1 3 BTDFE 40 His TIT o 72,

TS BRI NS DOIEAET OFkER, BAMTHGE SNl &7 A YR EO NTREROITREKE L, AR LT
DULOH R ONHE RO By N CEILT, 1RO E 1 ~10 A LA Z R Lz, SRILZIoshh
ELAERCHE L, LIz, SRS T O FRICFE Lz,

(2) & FAVT~h DRSO

MRS 1k A v ¥ 2 KIRT —F R MRV AT LR Y GEFRAITY 722 3k A v 22 T 8121978
~2014 4E0 37 D B IR AROH L, 28 2 v o ZEnO HERERIE] BL0@ 11 AR
R U, B MRV IOARHRIZE - & b X< —HT 2RI 10. 0~11. 2CE T 0. 2°ClHkaE T
FUTRER, AR EHUS ORI 10. SCLLETHh-7-Z b, @ THIFEASIR 10. 8CA B HAEM P
BLOWD M10. 8CEBME & T HHNEFIRE ) 2HH Lz, FEHET Y 7%, —ERRETET A (U 7B
Bid logit, 7 & MFUTHENGA v 2 (n=235)) Z W, IWEEBIIET L A v a D hAVY
~ 71 O HELE (iR AR . AT O~@0 5 FEREREEIS KOV IR A v oo NN, 3
WA ¥ 2 BPESEFRIEFHE A -, 78T A—H38RIT, AIC ZiHliEtES Uiz, GIS 77V &r—3 3 L1 Gisway
light ver.2.2. 4, ¥EFEHAET 7V r— 3 43R ver. 3. 1.2 73w 47— glmL & AV V=,

3 @R
(1) WEEOAERIRD

FCHODPUED RS S 072 40 HI 184 NIRRT OWT, 11005 BAZ[FIE L7, AR S 7o ofE v
~ R YT H, v NRVURH, YeH T, AT av T XoRTGFHANTA, NI T AR, =
WA T Tz, 2D HY 7T, v~ M7 I3 L7z 40 HUS T < COMS TS S, b b
%<, HEHIR AW T ChH o7, B MRV U~ hL, AR CH DR T, (U, T
KT, RESFHTO 5 Sl CREE Shurz,

Z OFRERABIOFHE T M AT T~ B OA BRI ARSI SR TR EF0T (39° 427 427 N, 141°
07 16" E) THV ., Wik 26 b5 | St X EED MR I,

(2) & MRV ~HOEBSIEOMT

— AR ST T M L DT OFEE., A v 2Tl Db MRV~ ORHEIGIE, T1 0 FEHKIE].
M10. SCEBE & 3 2 AFEFIREE ) RO TAREEL] PRESBE#EL, T A —% T L OEURENFHERE
bl 110, 8CARIE L T HARNEEIRE] 281,446 L & R AV~ HOERICH - & bR L E 2 5
TEMRBISNTL, MEEET UKD RNDTED 3 IRA v v 2liBif b hAT U~ I OARMERE R




HZEMTED, T, qaAviallde NAVY~HARREE Lzt ZULFORXTHH SN,

logit(q,) =—19. 71+ [ 1 AHA5IR], X0. 779+ [10. 8CA Bl & - A AZNEEIREE] X 0. 0117

+[ANOEE], X0. 000329

ATRNOTRTO3RA v 22T, 1982~2014 FIZBITDETE A v a T Dk AV~ IDAE
BHEREZRE UZ, Ay a0k MRV~ WERMERE 5% A, 5~20%, 20~50%. 50%LL E0> 4 Bt
I L, 3 A v v afff=1ke EEIL T h APV~ ARG AFR T LICEET5 L, B R A
DU~ BB 5% L, LI 1989 AFEEA BN UG, K 10 AR CHIR L 7203 5 S HIMEIZ 5 Y
2011 AT L0 10. 8%I2 722 1672km2 |22 L 7=,
4 SEHEOMEAAZF

b MRV A OERTIER OVERSOMTIL, ABARMIRIC I 5 8 hAT U~ B OO R,

BERFEHBNCT 5 9 2 CHEHECTHD, Fio, HERERLIZHE S MR Z MR U, BYSE TR 2 A%
o7, A& bt EkET 5 Z EDNRETH D,

ERRULThE RERFDHAOFRIER EFR 1982-2014)

ERRTLThER . q

O — - ¢ v - ‘v'i‘_ -
BT eyt & T AV
(BEFR) f L wy -
a J . !
{ ; *"““& L
Y - y
2014 e ‘°“"!°“@<“’ﬁ’.’b i,
4 : I R ¢ 500
O PR N
' WAREE I
# ; m20.50%
P S S .
]. (: \ M o
~ atgg, § in
{  Hachimantag, ™ __ { 3 qu’\ﬂha
Y chi “% ) . N ‘.__,..k‘, t@ N
3 4 i e
L " e \ Iwaizu b
s ‘\_‘ B “ "@ |

- Tahlhw? al e Y e
! "Shlzﬂu.ns@ l*h { I_,L,"\K v
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|
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Ao r \
O,
o y
g L ]
‘1)“ ,"” ,‘"\‘
- { i
¢ ) AN
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MRRRHEE (7)

HRFER | WE TFREEZRV-KRERED T —RAZX 2T 1

# 4 | RIREPA LEFEMMIRE BE

1 Bi
BRI I3 SR U FIEDMAE L, & MBI T O B VR S AU S 3R
wKE 2 U, RO X DB RATICETHET 2 AL LTAEMIRE (O AT vt A1)
DHWHIND KI5 TETWD, FHIFETHKOEEA B L LIZWE THE EWSEEFIF L
TOKEREAEFITFE) (Zo0 TR, HEIZBWTHEADRRRT STV 5,
ARFEE, ENBREEET I RUEREITE ChH Y . ENEREIIEAT, B ERSRSER T ER 2 — S
T ETEER P o 2 —, THERBREATTEE o & — MBS R P IeaT, ) IRFTHBREEa S IFIERT,
A i ETERR R L & —, IR R e o & — L IR TTIT O,
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2 AHiE
O¥ 7 v

SAEEERA R L LooiX, AT KR, Al FeE, @
DFFS T, BREKEIRE (BHS BRI . A XD (KHUR
20~30 ffAk) ZEE L7 (Fig.1)o A X T 1 BRS04 L,
BT 1 Bk D720 3 [0V K Lo &7 - 72,

OPFCs AIE
SIHT%E5: PFCs % PFCAs @ C5 ~ Cl4, PFSAs ® C4, C6,
C7. C8, C10 & L7,

[BRigK] EMEA— R Y v P (Oasis WAX)Z 2ty b L—&—
(Waters Sep-Pak Concentrator Plus)iZ ~ kL., #457 10 mL Ojii&
Tl S CHEME L, LC-MS/MS & W CHIE L7z,

[EE - A& 0] REET N U LAKBRIEE I
/L% t-butyl methyl ether THIH L. BT — Y v (Oasis
WAX) T - KR L, LC-MS/MS % HWWCHIE L7,

3 #HR-ER

[MBEK] B <7z PRCs 13, BIfEE D CSA~CIA 1% <,
CI2A LW E#HOLEWITITE AR SNz, K. B
JI, SLEASERRE T, C8A & C8S 1Tl ik b EE TRt &
M7=, PFSAs TliE, 2HS T C8S 2Nk b EiE Tt &z,

[EE] KE Tk, C8A LV ROMIMBEE T, CIA~CIIA
N <, CS5A~CTA ORIV 720 > 7=, PFSAs Tlx, C8S 72
TR STz, RIRTIE, BREKD D& RE TRl Sz
DL EENL OBRBIT Y o Te, — ), AT LT, BB
KTEHEFBETERN-ZL00, KELOBHITE
Mmolze, BRLTEY 7Ok, AF & mhi CIXJeE <,
O3 HE TIIWE ThHoT-Z ENEEL TND EE XL,

[ASH] AT, FEEE L AR CIIA~CI3A BERE T
Bt &iv7-, PFSAs Tif, FHLSE S C8S NEL S, &
FLATIE C10S b Sz, Bt EIZILE CHEICE ) -
72o FFIT CIIA~CI4A 1L, OIS OEETHY . £7- C8S 1T
DNWTIE, ZNET o E O M—Z vE%E BFESIEEOR
HETHo T,

FUKUOKA

ISHIKAWA

mix

$§§§$§?$§_i§‘.’_§

A¥h

L

Fig.2

BRETKERE, A & 01 5 D O R HETA)




[BREAK - BEE - 2 X005 D PFCs BRHER]
SRR 25 FREN G AL ETOH T HONT, RSN T-% PFC OFIG 2R LT & 2 A, BREIK
TIE C5A~C9A & C8S 73, JEE TlX C8A~CI2A & C8S 73, A& TIL COA~CI3A & C8S NEAEIFE
G *ﬁtﬁéhfb\t (F1g2)o TOZ LMD, BEIK, EKE, AX BRSNS PRCs 1%, HH
Rk 2 BAfR 72 < 1Z a_r‘oaom\zﬂtﬁmﬁ% D, T IVOREHEIC X5 T PFCs B[ T R e -
fwé:&ﬁ%%#k@oto

[RMBEAKEEE] KB D OBRHFED 60%LL E (3 FEATLl ETHiitt) Téh-o7z C8BA~CI1A, C8S Tl
L7z, JBREZDH DO PFCs JREE THT % & BB/ H PFCs R & MBI R ey o 7o A3 TRENE &

() H7=0 ORFETHET 5 &, C9A, CI1A & C8S THIBAZGE®D bz,

(C9A : r=0.83 CIIA :r=099 C8S:r=0.94)
[EEEASND] EE»DLOREED 60%L = (3 EATLLETHiE) Toh-72 C8A~CI1A, C8S Tl
:,ﬁ& L7z, JKEZ D1 DO PFCs JEFE THEE T 5 & A X 7 PFCs 2 L HBIE R DAL o 7243, 5RE
B (CHHY) Hi-0 ORETHEST 5 L. CIA, CIIA & C8S THEENRD bl
(C9A : r=0.89 CIIA :r=097 C8S:r=0.85)
[MBEKE AT D] A ZH05OBHFRD 70%LL 1 TH -7 COA~CI2A, C8S Tl L7z, WEAEE
F Tl C8S 1T U CHIBAMEN GO AL TW Ay, S4EFEIL CIA, C10A, CHA IZOWTHHBENFED 6
M7=, (C9A :r=0.87 CI0A :r=089 Cl1A :r=0.96 C8S:r=0.96) 7235, 2013~2015 4D CA
~CI12A, C8S OF — X CHIBAZMEE L7=L = A, C9A, CI0A, C8S TIFMEINFERD LA, ClIA TiX53
WIS ZRD 7=, (C9A :r=0.89 CI0A :r=0.76 CIIA :r=0.59 C8S:r=0.87)
[BMEBADOATDADRBERE] 2 &40~ RMGEIRHK

BCF and carbon number

(BCF : A X A HREEERBIAK IR (X, A X D ORmHE 100,000
D 70%LL - Tdh - 72 COA~CI12A., C8S THH L7-, C9A T BCF 10,000

R?=1.00

#1460, CI2A T BCF 89,000 Tdh-7= (Fig3), MAEETLIF | 5
BEIZ. PFCAs DBIEETIE U CHRAIIT RN 2 1 25380 & )
TZD3, C8S IXZ DA & T HE 2> TWne, £ T, AX T~ 1 ;
DERENA T 7 — KR EERE (log Koy) IZBHHE LTS = R COR TR o
Fig.3 BREEKDB AKX H~D BCF &
DEEZ, BAMAKEER LT E A, HEEME & ZRERIESR I ES
B —&%T 588 &7 o7 (Figd),
[F&H] RWFgEIc LY, BEKEIRE~OERIL, REH & BCFand logK,,,
(FHEY) ICREBIFTHBE L TV 2 Z e b L RoT, o /
I, EEDOAEM~DEREE A X I ~OFEREORTH BRAT g 1000 o oes
ICHRBI LT\ 3 2 EBRBO O Z EMD ., EEOAHY~O o
PFCs ZEAZHET D2 L TAX D ~OERMEHETEDH L "o o 6o 7o
DR S VT, 7ods, BREEK - JBRE « A X Db &35 PFCs 08 Koy,
. FE—EOHERNS L Z LN E R T, BEKND Figd BREEAKN S A X H~D BCF &
A 97 ~0 BCF I3 PFCAs TIEHFEBUTIE U THIM L TV 7278, tog Kow

PFOS 721J B 235872 > TH Y | log Kow ZHRET 2 L PFOS b THBI L TV Z & bL L7205
72, PFOS X° PFOA 13, FI0HM 0 B ERIHIC £ 0 B - AR SR TE T B Ic b nb b,
ABFFEC &V BRETITIZIZAED PFCs 2ARIZICIE L TV D EENRMALINERoTc, TOZEND D,
Stk bk L TIFEZ1T > TS S EMIEFICEE TH D,




WSS (15)

THZci2RE4 | PPCPs (Pharmaceutical and Personal Care Products) Z{b4EEREZfZE
(LCMS/NS IZk B/KIREEHRD ) T2 / —)LT = UEEERE)

B Y | RIREPE EEFEMHIRE EEOLLD TAFMAEE KANES

1 B#

PPCPs (22T, FEITE A S47- ICP-MS 2 GCMSMS. LC/MS/MS 72 EDOSHHEERZE L, AR
DI BT DIREZRIE L, T OB ZHYRE L L9 L4550 TH Y | AEEITREA VL B
BERRETIA CARIEINSHEZBIR L2 Y =& ) — L7 2 A2 L A RPN DT B ek A 83 5,

2 OHLEDBE
AEFEL 50ml (FEAGREH T 10ml) (2w s — MPEEZTRINU72%, BEFERIHE S 2 ATEKk L, A% ) —
VORI 5, IR ZTENE%. LOMS/MS-SRM(ESH) T/t 7-%,

Ak A oHIEE Elfgihi b
AL 7R 50ml pH 80 Sep—Pak Plus FEA0mI
Fiicle) o 10m| C18

H#04 — kR0
(FUZRS= LT3~ 15 Hng)
\— i i FT 5 He/TS S

A s EEHATET FLk=FUN ESl+

Gmil 03mIET 1ml

1 s 7e—F¥—Fh

3 @R
8 /’ 0.8
7y ISOTIXEFO0IST y=1568x-0.0019
B RZ=0.0998 // 06 —H’—‘Q.{-}BHB—///—
x ° H 4
= a f/ w04
1= B /,/ =] /
2 e 0.2
1 L4 '(
0 L 1]
o 1 2 3 4 s 0 01 02 03 04 05
e )52 E i
BE (ng/ml) (200 (50 (100) B (ng/ml) (1) 6Y) (10)
42 Mt N ) — L7 Iy B3 Mt : N =& ) —7 I
Pus— MYE  20ng/mL P — MYE  20ng/mL
XGUE IR 0.1~100 ng/mL KIGUE IR 0.1~10 ng/mL

_56_




F21 EEERNTIME (IDL) OFHREE
o IDL S Eavaa fofkifi: IDL RRHRE
— (ng/ml) ’ (mL) (mL) (ng/L)
Sy 0018 K 50 1.0 0.00036
X ' WK 10 1.0 0.0018
#22 WEFEOBRE TR (MDL) M OVER FRRMQL)DS
o Fav sy 2 S Tie MDL MQL
(=t K
R R (mL) (mL) (ug/L) (ug/L)
CIYNIYIS 50 1.0 0.0041 0.011
M)z =73y )
MK 10 1.0 0.011 0.029
723 WINENERERE 5
O Bt EMY AE) .
I S
(ng/L) (%) (%)
50 AN 2 0.00897 — — 75
7K
50 50 6 0.103 94 2.6 75
K . _ _
() 10 AN 2 0.0399 78
10 50 6 0.496 91 23 78
*1: FRHREE X ONRIER I IV v 77— M IE&OE
4 BREGABIOHTHRER
e Hi1 A T E AR (ug/L) 1A T E AJEE(ug/L)
RN OfF4HE) 0.084 K ND
B (IRESHE) 0.032 W1 (BRVDPAE) ND
I FExid) 0.12 BRI (RS 0.039
bk D (ZHE) 0.12 A G 0.077
PRGN (k) 0.035 FE) (R5%48) 0.040
A (Refaris) 0.017 1 (ROiHE) 0.16
BN () 0.075 EENINGN. i) 0.028
SAWN (Gtisets) 0.012 ND : {#]J11 0.0041 u g/L A
Y& 0.65 SIS TS 0.016
MK e 0.038 i Y ND
KARTETS 0.13 ND : ¥i7k 0.011pg/L AKiifi
4 F&EOH

BREUKTIZEEND MU =X /) —/LT D LCMSMS (Z &L 50Tk B Uiz, AL IDL I, 0.018 ng/mL
THY, AEHARIREEDI) 117K T 0.00036 ug/L, /KT 0.0018 ug/L Tih -7, A4ED MDL 1A 117K T 0.0041
ng/L. #EKTO0011 pg/L THY ., MQL L, {uJIIZKT0.011 pg/L, #EKT0.029 ug/L Th-o7-, KK ONEKE
PN INEIGESR (RIS 5.0ng) OFEIRERIE, KT 6% (Ve — RMEIER 75%) . K T91% (Fes
BEABIOREEIT T2 2 A, NI =X ) =T I UHVETIR
PIRDTZK 23 0.039 pug/L~0.16 pg/L, A TR D 0.038ug/L~0.65ug/L OFFE TR Sz, LLEORER)

— RMEMXER 78%) Tdholz, ASMHEIZLY

5. AEICEVBREDKTIZEEND 001 pg/ll A—%—0 N =X ) —)LT I OEENITREE TS D,




MERRBEE (16)

HRERESL | LO/MS/MS IZKk B DNA 750 h—L DT

# 4 | IREREER XEFMPIRE S B

1 B8
AL, WEAFE & ClZ 8-Hydroxy-2-deoxyguanosine (8-OHAG) &K OF6-O-Ethyl-2-deoxyguanosine
(6-OEdG) 22\ T LCMS/MS IZ LY B THOMTCE, DOl E Z [RIRHZ 8T T E D8IV TR
L. 0.01ppb ETEENHDFRETHD Z L MR LTz, £ 2 TAENT. WEEE S CITHET L7z [FkR sy
Hrosfrz v, E'&ME, B - E& TR, ROMRFEMEIZ OV TRET LT,

2 A&k
8-OHdG kT 6-OEdG DFEHELZ vy, LU R ORE 21T - 72,
B ST, EEEORF LI b0 EFRIA Lz,
(1) EEMEORKG
WVEEFE OB D IE & b 0.01ppb £ TILEBRMNARETH D Z L 2R L TV oo, S6IC
IR £ TEED ATREDRRT Lz, ME & bR EMHROFPIE 0.001ppb ~ 10ppb & L, KiRE
EEBED AL o — RIZLTO L BORE LTz, 7ed, IREELHSIE, 0.001ppb, 0.005ppb, 0.01ppb,
0.05ppb, 0.1ppb. 0.5ppb. 1ppb., 5ppb. 10ppb @ 9 EtfE L L=,
[8-OHdAG]
YL 1.0mg ZAEFE L. #li/k 50mL (23R E L C 20ppm DOIRIE AL L=, ZHEHMMKTHRL
T 200ppb & L7, 2275 ImL 247 L, 9mL ®»7 & b=k UL CAIR L T 20ppb ® 90%
T = MUK (O) 2FRLE,
[6-OEdG]
HEAESL 1.0mg ZFEFE L, 90% 7 & b=k U L 50mL (2% L T 20ppm DIEK 2R L1-, Zh
% 90% 7 h=h U LTHAIRL, 20ppb DK (@) Z#HEK LT,
[RAEAZ 52— ]
DOL@%%mTOEA L, 10ppb DIRGAZ X — Ragifi L7z, Zhaliike LT90% 7 & k
= hPUNLTHIRL, FREBEMOIBGAZ 7 — Fafifd LT,

(2) #ERH TR (IDL) AkU¥EEERE MR (IQL) OfE!
(1) THEtL7-%EPH T, SN 2 10 REDOREZ®INL, £h 7Y K L T LC/MS/MS (2
AL, —HOSHEOIERERZ2E, S IDL KON IQL 2 Uiz, FEAEE £ TOMGFHM 5. 0.01ppb
(I SINZ10 & 725 Z & 248 L Cnizizd | RERORIKIEE S 3 BB (0.001ppb,
0.005ppb. 0.01ppb) (ZDWT 7 EfR Y K LRIEZIT 7=,
728, IDL KOV IQL OB HIZ Y 72 o TiE, kORX&E Az,

Z Z T,
IDL = t(n —1,0.05) X 0y_1; X 2

t(n-1,0.05) : fERRE 5%, HHEE n-1 O tfE )
IQL = 10 X 01 on-1,7 : IDL B H O 72 ORI EME O FEAFE (R 2=

2B, n=7 (HHE6) O tfEi%, 1.9432 THh 5,




(3) PRAMEDRFS
TERR LT B OFEHEZ | 24 5 (1 HFE) . 2 B, 5 B, 7 BHIE. 14 BE®WESLT LT,
8-OHdAG K& ) 6-OEdG D22 et 2 Miat L=,

3 #R
(1) E&EEOmHF
REAZ H— RaeHWT, 2 fFEFERSHTIC X0 E &2l L,
[8-OHAG]
MO 0.001ppb ~ 10ppb & 10,000 f5DENH 572D, miREM LAKREM D 2 fo
REMAER L, EEMEEZRF L7, MEl Lo RERIL, FiglD LB,

s P, Pt Ui, 0 008

o g
B ~
N - .
N T 28
28 -
28 ~ 24

3. 5 P, 5Pt Ui, 0 008
azs

0.001~0.1 ppb A e 0.1~10 ppb

02

Fig.1 8-OHdG Df&E#: (0.001~0.1ppb &% 1 0.1~10ppb)
MR ERRE B R2 = 0.999 & mWEMMEE R L.+ E &M A R LT,
[6-OEdG]
ZHHIZOWT b @R &ARIRE M D 2 FEO R & Rk, Biat Lo, MR L 72t Fig.2
DEEL,

Concamiraion (gt}

B 0.001~0.1 ppb I 0.1~10 ppb

. . r
- o .

Fig.2 6-OEdG ®RKE# (0.001~0.1ppb % ¥ 0.1~10ppb)
WRERR E & R2 = 0.999 & mWERMELZ L, HoREEEL R LT,

(2) HEEMRIM TR (IDL) KO¥EEERE TR IQL) Ot
TR IR EE 2N D 3 EEPE O PR OJIE 247\ S/N LEAY 10 B D2 1E 8-OHdG Tl 0.01ppb,
6-OEdG T 0.001ppb TH 2 Z & ZHEsd L, < OWEM K OHEHER 5 IDL, 1QL 23K 7,
FERIT Table 1 LBV TH D, 72k, RKEWNRI7 v~ 87T L% Fig.d KN Fig.4 [T,

57 57
56 56
ki 55
: 54
a4
5 53
52
* a1
514 5
v P A 1
STW P flh _.\,\If-""" \.-'-LJI WA 49
-2 PNV e - "'\“"'\-'“-""\'m"‘"'-"f\-a»\) j g 4 P PR PP VUYL R S, PN v N L W
45
""45 3 35 4 45 & 55 6 65 7 75 8 B5 9 95 1M W5 26 3 35 4 45 E 65 G G5 7 76 & 85 9 95 10 106
Counts v Acquisition Time {min) Counts ve. Acquesition Time (min}

Fig.3 8OHdG»” m~ k27 4(0.01ppb) Fig.4 6-OEdG®» 2 v~ K27 .4 (0.001ppb)




Table 1 8-OHAG XU 6-OEdG @ IDL, IQL

8-OHdG 6-OEdG
concentration (ng/L) 0.01 0.001
volume of injection (L) 2 2
measured value 1 0.0106 0.00111
measured value 2 0.0106 0.00102
measured value 3 0.0089 0.00118
measured value 4 0.0101 0.00094
measured value 5 0.0106 0.00112
measured value 6 0.0102 0.00111
measured value 7 0.0108 0.00105
mean 0.0103 0.00107
SD 0.000663 0.0000776
CV (%) 6.5 7.2
SN 9.3 10.8
IDL (ug/L) 0.00258 0.000301
IQL (ug/L) 0.00663 0.000776

IDL, IQL & bHEFICREFTH Y ANRE L THONTE 5 2 LGRS Sz, £72, RS (CV)
bAhEL D BEEROITICB T 2 EEERB b D7 2 E MR ST,

(3) RAFHEDIRFS
R DR T IR (< L AT LTV AR 13 (1) OFERO LB
IR BAF AR E R 2R Uis, Ui L, ABHRTE Tl 24 BRI DR IT 2 < B B 2R & Ao 7,
72T BRI RS % T L. FREORBR 2 A HIRTE T b1T - THI= 8, AR & Ik
ISR LT R R S 2o 7,

4 FHBE

8-OHdG kU 6-OEdG & (2, &M, LEMRH TR, HEEERE TRIIFEFICRF T -7, 4R
DIRFTCITEEA~OE AR 2pL & Lo HARLZHCT 2 & TR D @mRELRAHIFRF T X 5,
LorL, EF 20T 2BIIPBEAROINT~ U 7 A& G 5728, Aiilet & JZ308
IZBIT DI TR - E& FROME % +530124T 9 BN H L, RIFPEIC OV TR, HREZITEZ DD
TRIGREEMEZ TR LT OD, 24 FEHORE TEEMEITRO o2 ot FHREZIC—ERFH
PRl % SALFNER 2 Z T DREOEEZEZ LUERTERLL RolebD B2 b, 5%,
AR WTHE T 2 BRI DL E | 2T 27200 KK (FIZIXT A2/ e BED
FEbBh LA Z —EIRE CTIRIML TA L L) R EE R L TS BN H D, RIFLTEMEZ MERT D
Z e ARFEF TN EGNT DI ATIHEFICEETHD, T02b, 6:0EAG DY T a4
A LN 25~3.0 pELETRDTHoT2 D, VIV NOFRERON T 2ERFtT 5L T
LEOF RN 5H, 8-OHAG & DGBEAIRDL DD, EW T NEmT 5 & ITHRALGEDLE
B — 27 L OO BES RIHIZIBW T, SRR A EICHRE L TWLSRE R S 5,

[ PG

1) Kato K et al. : Mutat Res. 2011, 721(1):21-26
Application of the DNA adductome approach to assess the DNA-damaging capability of in vitro micronucleus
test-positive compounds

2) FAHEIRL D - EEREY: 2009, 27(15):183-190
THI NI A -DNA ROF o287 B IR O HE R fEHT




WFFERRAE S (17)

HRRRER | HUEYORORES SUMIEERE L TOERICET 813

B L | HEEEE LEEFRE NUBER

1 BM
TR IO THERO GRS £ > TO DI AT TREDBAE &3t 2 BT ORISR 2 a5, 4
(ARIRDEELRC, 3L« FEZEITIRD) )0 O RO A X502 5, AWFZE TR L7-Hdin L, EN O
AR OFEDOLRATF L ORI OB R AECRIZEANL T HDIEE HA A, HUROPEEIRBSO R SR e
FRIZIGZ BILD & 9 IR #iTe,

[AF5E5350 1] BB SR D BLIRTH A

(w5534 2] HEFELZ B3 2 iF9E

[(WF5E5348 3] Mt IR oOTE FL B3~ 2 A58

2 Ak
[WFgeo%a 1] BAMRER, EROERBEOIRML., REDEY flA, SetEMOTEERIRILIC DWW GREEZ I 2729,
(WFFE58E 2 ] HEBROSERRIE A3 EIZ DU TUIFEDHERF 216D 5 72 O ORI FER IR D 5,
[AF7E558E 3 ] HUsEEIROIER & U T OB B9 2 F9e 2t 5,

3 WmR

O A AREIFAEZROR DEDOBUMR & HHRCZ DB ORIEUT K o T B A SHE S CHEssTan s 72
ST TN~ DEEIBEORR 2 BARBRFHETERE 16 BIEE RS TRE L [WHEsnE 1]
OHEPRSEIITE N o T o OBURIIA 2 I L CHoCa#de L7e [DH9E5048 1]

ORI fEtfE =~ 7 FORBIEEEZ B L, AR RSl iddn L [WhEsHE 2]
@ARFFETRRZE LTV £ ) Y U EERRIE 4 e T TS 57 ~ A Y U OZBGABREAT - T2
R PEF PREUMEATE 2 Z LB LINI R oTz, LN FEF 233 S THUT 206 OFE TR T
RLUTHRCE#RR LT [WF9E50HE 3]

4 SROBRAMEF

ORESAE BB U 77 DB AR ORI L AiRIbRED HR W #HLAZ e L CAT 90

QBN WD TH720 i) B RHTHERO BRI S EIZ W TR, A AR Y #7r & [FIRH RO T
Z A& LIz BRI OBz 2t 5,

QU IROTE BRI T DOV TIR, ZAvE TITBAFE L7l RE & 217 0 .

®1 FTTRREE

No B2 - EREFIK il b4 Tl B G F - EEE B A7)~ [FA b4 RFEHEL Fidin
IHA VY EERBICANET YR Y U OER  MIEEY - BRER - e
1 B0l 2 %% < 566, 10-12, 36-38 2015. 12. 20 W (o) —FRER i3
MU - BRER - — PR -
2[RRI 2y 0% < 66, 13-14,39-44 2015. 12. 20 W EERICBTD bV T 0Bk S THGE i
3 |EEMMEMOES RO 5 19% GOUE ) 2015. 11 245G 1 i R (Fr7AFuy) LB [
KAARERGEOBFRBRBORHDRDOBR & = PNUBTE - i - i -
B ERS TR e BRI AR E CE AR RS EE 2016. 2. 12 i /0L S ) R - I HE 2 i
MU - AR - BREER -
5 |RBENEERRS RN 2016.2.18 R T 58 gt o~ 7 Y OMBRERIC LA KB JIAEZ kil
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MRARBEE (18)

WMRRER | 1 X7 UEREOERAFIES K SRS HHFRK

2| L | BRI EEFMPIEE R K

1 BM

AHFFETIL, A XU OEEEEE L COREIEEZ B LT, [EROBEREMFAS, PR, Ihk, <L
NEDY T L DS T a8 L C, BB BRSNS ARIE BT 2 MR ONEE AT 9, £72, K
DEEFA TSRS I 1T D14 XU S OFIAMRIZ MR L, DB RED T2 D OFWEIFE~DF5-
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&2 HBPREABR ORI CER2TE4H ~ 2843 )
(B HUEO RIBE A R ICHE59)

IR R 4H | bH | 6A 7H 8H | 9H |10A 11A 12H 1H  2AH | 3AH &t
Adenovirus 1 1 1 1 1 1 5
Adenovirus 2 1 1 1 1 4
Adenovirus 3 1 2 1 3 7
Adenovirus 4 1 1
Adenovirus 5 1 1 2 2 6
Adenovirus 37 2 2
Adenovirus 41 2 1 2 5
Adenovirus 56 1 1
Astrovirus 1 1 1 1 2
Coxsackievirus A5 1 1
Coxsackievirus A6 1 9 7 3 2 22
Coxsackievirus A9 1 1
Coxsackievirus A10 2 1 3
Coxsackievirus A16 2 2
Echovirus 18 1 1 2
Echovirus 25 1 2 1 4
Echovirus 30 2 2
Enterovirus D68 1 1
Human parechovirus 1 2 2 4
Herpes simplex virus 1 1 1 2 1 5
Varicella-zoster virus 1 1
Epstein-Barr virus 2 1 1 4
Human herpes virus 6 1 1 2 2 3 1 1 11
Human herpes virus 7 1 2 1 1 5 1 11
Human metapneumovirus 1 1 1 2 1 1 2 4 2 15
Influenza virus AH1(2009)pdm 18 23 17 58
Influenza virus AH3 2 1 1 7 11
Influenza virus B(Yamagata lineage) 5 1 1 2 9 18
Influenza virus B(Victoria lineage) 1 2 7 10
Influenza virus C 1 1
Parainfluenza virus 1 2 2
Parainfluenza virus 3 1 5 5 2 13
Respiratory syncytial virus 2 1 1 1 4 3 12
Rhinovirus 3 1 3 5 4 1 2 1 2 4 26
Norovirus genogroup II 3 1 1 4 9 18
Rotavirus group A 2 1 4 7
Sapovirus 1 1 2
Bordetella pertussis 1 1 2
Streptococcus pyogenes 2 4 1 7

¥ B 26 19 31 37 19 9 6 19 13 42 42 48 311
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QFT BRAEDEFBIRIL (FRK 27 )

I [FLHIC
QFT (7 > 7 4 7 =m ) R & IX, BCG Bk
DA T TIHE R O F % {4 5
IGRA #RATVED 1| Tl C fEZ DRl 2 O Fhl &
(2014 4 3 HYGTH 5 /) 12T, #AlE 2
28 72> TUE, RO FEDORAED T,
IGRA A Cd HAMAILEE 71X [T AR b, 7B
MREZRBEWBAPNIERT A2 ENEEL ST
Do
W Z—TlE, Pk 18 FEEND, [TERE
s & LT QFT M & 520t L T B
ATl SRR 27 FEFED QFT i o Stk & 76
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TRHIEAR T OHE AT > T2,

m #F

A RO EX 112, REFTRIFER 221
2, R R AR 2 1R LT,

Rk 26 AT, 1, 299 MRRIZOWT QFT fids &
Ehi L= 2 A, B 66 ik (5.1%) . HIER
B 52 Bfl (4.0%). Fatk 1, 173 ik (90.3%) .
HIEAFA 8 ik (0.6%) Thoiz,

Fo. REFTRIORAERIE, Ry, —B,
HRDNRIZ 2>~ T2,

FERRIERITC I, B T 50 mEAR (23, 2%) . 40 7%
R(19.9%) 235 < . WNT 30 1At (16. 4%) ThH -
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£1 OFTOWREMCREHR (REFH. FH27E48 ~FH2843H)

+ =] 3z

R BRE fe % ilﬂlif%z’ﬁﬁn %@1‘% | Bﬁ(frit% gﬁ?ﬂ?
P S 293 18 17 258 0 6.1 22.6
HhER 228 6 5 217 0 26 17.6
B2 151 9 7 135 0 6.0 116
—F 242 12 5 225 0 5.0 18.6

KiaiE 9 0 2 7 0 0.0 0.7
£R 115 6 3 106 0 5.2 8.9
= 207 12 11 177 7 5.8 15.9
Az 11 0 0 11 0 0.0 038
-F 43 3 2 37 1 7.0 3.3
=1 1299 66 52 1173 8 5.1 100.0

K2 QFTOHREHRERERR (FnERl. FR27548 ~F/i2843R)

N BRERER 2 4 iz

EHE RRER : BitE BRAO

Bt HERE k3 HERE (W &)
0-5i% 0 0 0 0 0 0.0 0.0
6-115% 6 0 0 6 0 0.0 05
12-195% 28 1 0 27 0 3.6 2.2
20-29%%
208810) 196 1 7 188 0 0.5 15.1
30-397%
(305 %) 213 6 5 202 0 28 16.4
40-497%
(40251%) 258 4 5 248 1 1.6 19.9
50-597%
(5025 1%) 301 11 11 278 1 3.7 23.2
60-697%
(60251%) 165 25 11 129 0 15.2 12.7
70 E 132 18 13 95 6 13.6 10.2
&5t 1299 66 52 1173 8 5.1 100.0
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WEED b HITEFIRICEBWT, EH 1 425 OMERE 1340 L U4 R FRE4EM
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274) . wb (2000 4F - 23 4) (< EWN 4 % H O KPR YL SE6] & 72> 7
V23 ek AREFIT, b 3 FHHlEFEERC AR 12k 2 TBREE L)
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AlENE, AREGIOME L | Y& o X — S REARFIERT & LT 7 il B R A S
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I EH{OME

201545 H 14 A, W% L7 5 BHFDRAE
Ji DS ERERERE 2~ & RN o Wiz R T (BARE
TTHERAEERT ) (CHRH ST, ThORAEERT Ik
QR E D728 BEFRERI N & A VIR % i
95 & Ebic, BEDSFALZAREBYSIC
DONWTYARER K EIT- T2, LU X
T BEMRA L, RIS OV TR AR T 23
Fhti L, IR OW IR D Y& v
BRI S A, FEM L7z,

5H 15 B, 2 \HOBEOFRAJE ik
FricfEtish, £otk, 5 4 21 HE TIZHE3
ZLOREAHY | EEREILS AL LoT,
Z OWER THRERNL, ERSCRAZE U T
R~ BE O ARDL (PRI - 4,
FAERFIISE) (Z oW CIEMEEae L, R A
B 5 EEHIT, b A 22 BIZIZBEERA N
DR AFR L CHEBRE AT 72, ZhU
Ed I 8ADBEORARENRHY (N
1 Ao fRAERT) . 6 A 4 H £ TICiEBE
Bt 134 & 72 o7 (K1),

F7o. iR ERTIX. 5 A 18 HIZHK L7
K TR T X TR LAMPEBIECTH - 722
EMD YREMIEIT L, b H 19 H b E ¥
AT OLOEE LI, EHIC5 H 25 HIZ
(F. A EE2E TR L T2 AR5 o
WREK T iR 2 Bk b LB E A B A 5 L
AR T BEN B (BHERET v U —K
6,000CFU/100mL | Zc £ ¥ = i il K -
69CFU/100mL) =#7=Z &b, ihifRfdpr
TlIhgk s 2 AR LT,

BEVRIR SR KE kD Lo F X 7 JREIC
DWW CIX Legionella pneumophila MIERE 1
(8G1) LRIESH, £, ZHHIZONT,
B =P,V AT 4 —)v T VERKE)
£ (Pulsed-field Gel Electrophoresis, L&
[PFGE)) #FEfEL7-&ZA, 6 H1H, %
NENDNRY = PR —F LTS Z LD s
ank (M2, £1).
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RWGEICHSE 60 HM OB L2 mS
L7,

I #HEREOHE

AEOFFNTIBNT, B2 —iF, fdifk
BEFT 2 DARIEZ 30T BE OWEH E 721305
K (DA TSRS ]) O LA % 7 @R oy BlEkS
FERA, WO BE KWK B R OEE O
o= 0 PFGE & 21T 7=,

W H—TlE, 201545 H 14 B»H 5
H 26 FIZH T T EFEERIZ BV TR
MREICED LA RTIEEZW SN BE 8
L DOEIREDRE LTV, 6 Hnb L
pneumophila SG1 %5y L7-, MA& ST EIX
x7&%4Am@Lk%%%%%é%:ﬁm
PROERALEL, EVERRALPEL . EhEh A 3
RO (OXOID @ CYE JEafhsih &~
YA NTHFR¥E L BCYEa, MWY,
GVPC : OXOID) Z## L T 37CT7 HH
B L7, fklc L s an=—0BlEIc &
V. LUFIRTRBENEDNLDS AR =—|ZD
WT, Lo A7 A ERVEMERR, PCRICK D

FE, MiEMREZIT> 72, EOM™E, £
B L72HEIX9 X C L. pneumophila SG1 Th
27,

ZOHETLIFRTBEZ R TE 220
ST BE 2 4 ORIFIZOWTIEL, LAMP 3512

LBETF OB ERTD, WT b M
Tholz,

B, 2D 24 O Rkl DNA (22T,
[E SR YDEMFFE T~ SBT (Sequence-based
typing) EIC K AMEEEKE L=, s T
w7 FEIZ X DRAEICHET 5 Z & iX
TERMoT,

BHE 6 A0 boylsivic L. pneumophila
SG1 &, K 2 kLol L
pneumophila SG1 {25\ T, PFGE W& 17
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L. pneumophila SG1 ® PFGE
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ABSTRACT — Perfluorinated compounds (PFCs) have been used widely, detected worldwide in the
environment, and have accumulated highly in animals. As far as we know, there have been no reports
which relate the PFC concentration in wild animals to the physicochemical properties. Therefore, we
measured the concentrations of 15 currently available PFCs (perfluorocarboxylic acids with x carbons:
Cx, perfluorosulfonic acids with x carbons: CxS) in medaka and the environmental water where medaka
live. Samples were obtained from 7 points in Japan (Iwate, Ibaraki, Niigata, Hyogo, Yamaguchi, Ehime,
and Nagasaki) from July to September in 2013. Twenty to forty medaka were collected from each point,
as well as 2 L of water in a clean PET bottle. PFCs were extracted and concentrated using a solid-phase
cartridge, and were measured by LC/MS/MS. The medaka samples were treated individually. C5-C9 and
C8S were detected mainly in the water, C11-C13 and C8S were detected mainly in medaka. C8S was
always detected in high concentrations in the water and medaka. The bioconcentration factors (BCFs) of
PFCs were calculated from PFC concentrations of the water and the medaka. The BCFs of C8-C11 were
increased exponentially with the length of carbon chain. The BCF of C8S (approx. 5,500) was far greater
than C8 (approx. 330) or C9 (approx. 480). However, the BCFs of C8-C11 and C8S tended to increase in

proportion with octanol/water partition coefficient (log

K).

ow

Key words: Perfluorinated compound (PFC), Medaka, Bioconcentration factor (BCF), log K,

INTRODUCTION

Perfluorinated compounds (PFCs) are chemically sta-
ble and very useful surfactants, and have been used wide-
ly. Among them, perfluorooctan sulfonate (PFOS, C8S) is
a typical compound of perfluorosulfonic acids (PFSAs),
and perfluorooctanoic acid (PFOA, C8) is a typical com-
pound of perfluorocarboxylic acids (PFCAs). C8S has
been used in hydraulic oil for planes, fire extinguishers,
and etching agents for metal working, while C8 has been
used as an additive for polytetrafluoroethylene composi-
tion.

C8S was first detected in the serum of 3M employees
in 1999 (Olsen et al., 1999), and has also been detected
in mammals, birds, fish, and surface waters (Giesy and
Kannan, 2001; Stahl et al., 2014; Nakayama et al., 2005;
Kannan et al., 2001).

PFCs have a certain characteristic known as persistent
organic pollutants (POPs), and C8S and its salts became
the subject of worldwide regulations. In May 2009, C8S
and its salts were additionally registered in Annex B of the
Stockholm Convention on Persistent Organic Pollutants.
In Japan, they were additionally registered as Class
I Specified Chemical Substances in “The Chemical
Substances Control Law” in 2010, and their production
or importation have been regulated. As for C8, it was reg-
istered with C8S by this Japanese law in 2002. Now it
is registered as a general chemical substance. Although
regulation of C8 by law has not begun yet, through the
2010/2015 PFOA Stewardship Program in 2006, in which
the makers committed to eliminate emissions to the envi-
ronment and product content by 2015, USEPA and eight
major makers of PFOA have started regulating C8 to
reduce its use.

Correspondence: Shuji Tsuda (E-mail: [-RIEP_adviser@pref.iwate.jp)

Vol. 2 No. 5



202

K. Twabuchi ef al.

While such these regulations are in effect, PFCs with
different carbon numbers from C8S or C8 began to be
used. In Japan, Perfluorohexanoic acid (PFHxA, C6) with
six carbons has been produced in the Kinki district and
detected in the environment. Not much is known about
the fate of alternative substances, which includes C6 in
the environment. Although there have been several reports
which compared the concentration of PFCs in wild ani-
mals with their environment (Shirasaka and Kadokami,
2014; Ahrens et al., 2015; Zhou et al., 2013), as far as
we know, there have been no reports relating the biocon-
centration factor (BCF) of PFCs to their physicochemical
characteristics.

In this study, we measured PFC concentrations in wild
medaka and its environmental water. There were 15 con-
geners of PFCs we measured, including C8S, C8, and
non-regulated PFCs. In this study, we found correlations
in PFC concentrations between the water and the meda-
ka, and we first related the BCFs with their physicochem-
ical properties.

MATERIALS AND METHODS
Target PFCs for analysis
We measured 15 congeners of PFCs: PFCAs of C5-C14
and PFSAs of C4S, C68S, C7S, C8S, and C10S (Table 1).

Samples
We selected medaka (killifish) as a biological sample,

Table 1. Target PFCs and monitor ions (m/z) for analysis.

compound abbreviation m/z

Perfluoropentanoic acid PFPeA(C5) 263 — 219
Perfluorohexanoic acid PFHxA(C6) 313 — 269
Perfluoroheptanoic acid PFHpA(C7) 363 — 319
Perfluorooctanoic acid PFOA(C8) 413 — 369
Perfluorononanoic acid PFNA(C9) 463 — 419
Perfluorodecanoic acid PFDA(C10) 513 — 469
Perfluoroundecanoic acid PFUdA(C11) 563 — 519
Perfluorododecanoic acid PFDoA(C12) 613 — 569
Perfluorotridecanoic acid PFTrDA(C13) 663 — 619
Perfluorotetradecanoic acid PFTeDA(C14) 713 — 669
Perfluorobutanesufonate PFBS(C4S) 299 — 80
Perfluorohexanesufonate PFHxS(C6S) 399 — 80
Perfluoroheptanesufonate PFHpS(C7S) 449 — 80
Perfluorooctanesufonate PFOS(CS8S) 499 — 80
Perfluorodecanesufonate PFDS(C10S) 599 — 80
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a widely used sample for various studies because they can
be found all over Japan and can be obtained easily. We
collected the environmental water in which medaka live.
Samples were obtained from July to September in 2013.
Seven sampling points in Japan, which were intended to
be geographically equal, were selected (Iwate, Ibaraki,
Niigata, Hyogo, Yamaguchi, Ehime, and Nagasaki)
(Fig. 1). The water samples were collected from each
point in a 2 L PET bottle which has been cleaned 3 times
with methanol, and approximately 20-40 samples of
medaka were collected.

Chemicals

Commercially available reagents were used. Sodium
carbonate (special grade), tert-butyl methyl ether (MTBE;
for LC/MS), 25% ammonia solution (super special grade),
ammonium acetate (special grade), acetic acid (for LC/
MS), sodium acetate (special grade), methanol (for LC/
MS), acetonitrile (for LC/MS) were obtained from Wako
Pure Chemical Industries (Osaka, Japan), and tetrabuty-
lammonium hydrogen sulfate (99%, for HPLC) was pro-
vided by ACROS ORGANICS (Geel, Belgium).

Standard chemicals of PFCs were used for calibra-
tion. PFC-MXA (mixture of native perfluoroalkylcarbox-
ylic acids), PFS-MXA (mixture of native perfluoroalkyl-
sulfonates) were obtained from Wellington Laboratories
(Ontario, Canada).

For surrogate compounds, MPFAC-MXA (mixture of
mass-labelled perfluoroalkylcarboxylic acids and mass-
labelled perfluoroalkylsulfonates) from Wellington Labo-
ratories was used.

NAGASAKI

Fig. 1. Sampling points of environmental samples.
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Pretreatment of the water samples

The concentration of PFCs in the water samples was
very low, so we concentrated them with a concentrator.
The concentrator (Sep-Pak Concentrator Plus; Waters
Corp., Milford, MA, USA) and a solid phase cartridge
(Oasis WAX Plus type 225 mg; Waters Corp.) were used
to concentrate the water samples from 2 L to 1 mL. This
procedure is shown in Fig. 2. Surrogate compounds were
added to the 2 L PET bottle water sample first. The water
sample was controlled to approximately pH 4 with a few
drops of formic acid. The solid phase cartridge was con-
ditioned with 5 mL of 0.1% ammonia solution-metha-
nol, methanol and acetate buffer successively, where it
was then set on the concentrator. The water sample was
loaded into the cartridge on the concentrator at a pace
of 10 mL/min. The empty PET bottle was washed with
20 mL of ultrapure water, acetate buffer, and methanol
successively. The washing was also loaded into the car-
tridges. PFCs were eluted from the cartridge with 5 mL of
0.1% ammonia solution-methanol and concentrated using
N, gas to approximately 0.5 mL, where they were then
reconstituted to ImL by methanol. The prepared samples
were measured by LC/MS/MS.

Water sample in
2 L PET bottle ;

Pretreatment of the medaka samples

PFCs in the medaka samples were extracted with
organic solvent, and concentrated by using a solid phase
cartridge. The medaka were individually weighed and
treated. The aliquot of 2.5 mL of sodium carbonate solu-
tion (0.25 M) was added to the medaka samples. The
samples were stirred or shaken, then left to stand over-
night. Surrogate compounds were added to the sam-
ples, together with 1 mL of tetrabutylammonium hydro-
gen sulfate (0.5 M). After stirring, 5 mL of tert-butyl
methyl ether (MTBE) was added. The samples were
shaken for 2 min and centrifuged (3,000 rpm) for 10 min.
The MTBE layers were moved to another sample tube,
and the remaining water layers were re-treated similar-
ly. The resulting MTBE layers were again moved, and
combined with the former MTBE layers. The MTBE was
purged with N, gas, and 2 mL of 2% formic acid-meth-
anol solution (1 mL twice) was added to the dried sam-
ples. The samples were dissolved and mounted (1 mL
twice) to solid phase cartridges conditioned with 5 mL of
0.1% ammonia water-methanol solution, 5 mL of meth-
anol and 5 mL of 2% formic acid. The cartridges were
also successively washed with 2 mL of methanol and

~ Cartridge for ! Oasis WAX Plus
solid phase extraction ! cartridge

Add 5mL of 0.1% ammonia solution-methanol
Add 5mlL of methanol
Add 5ml of acetate buffer®

Conditioning ‘

*Acetate buffer

Add 100 pl of 10 ng/ml surrogate [80% of 25 mM Glacial Acetic Acid+ 20% of 25 mM Sodium Acetate] pH=4

Concentration

by Waters Sep-Pak Concentrator Plus (Flow rate: 10 mL/min.)

Clean up (empty PET bottle )
Wash by 20mL of purified water and add to cartridge
Wash by 20mL of acetate buffer* and add to cartridge
Wash by 20mlL of methanol and add to cartridge

Elution
Add 5mlL of 0.1% ammonia solution-methanol

N -purge

[

Concentrate to 0.5 mL

Reconstitution

to 1 mL constant volume by methanol

Analysis
by LC/MS/MS

Fig. 2. Flow chart of the pretreatment procedure for water samples.
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[

A medaka sample

] [ PP centrifuge tube (15ma) |

Add 2.5 mL of 0.25 M Sodium carbonate solution

100 pL of 10 ng/mL surmogate
Add 1mL of 0.5 M tetrabutylammenium hydrogen sulfate

-

Stirring

Add Sml of tert-butyl methyl ether (MTBE)

Shaking (2 min.)
1

Centrifuging (3,000 rpm 10min.) |

I

comibine

|

| Aqueous layer I —1 MTBE layer [in #F cantrifuge tube (25 mi) |
’—mus mL of tert-butyl methylether (MTBE) I
I Nrpurge [Concentrate to dryness)
shaking (2min.) | T

|
ing (3,000rpm 10min) |

Dissolution
Add 1 ml of 2% formic acid-MeOH solution (2 times)

I —

I
|

MTBE layer

[

of Oasis WAX Cartridge

Cleanup ~Add 5 mL of 0.1% ammonia water-

MeOH solution
Add 5 mL of MeOH
~Add 5 mL of 2% formic acid

g fatty matrix
Add 2mL of MeOH
Add 5mL of ultrapure water

o= by Oasis WA

I

Elution
Add 5 mi of 0.1% ammonia water-Me OH solution

Ny-purge
Concertrate to 0.5 mL

Reconstitution
{to 1 mL constant volume by MeOH)

Analysis, by LG/MS/MS

Fig. 3.

5 mL of ultrapure water. The target PFCs were eluted
from the cartridge with 5 mL of 0.1% ammonia water-
methanol solution, concentrated to approximately 0.5 mL
using N, gas, and reconstituted to 1 mL by methanol. The
prepared samples were measured by LC/MS/MS. This
procedure is shown in Fig. 3.

Instruments

Due to repeated measurement of PFCs, experimental
instruments may have been contaminated. To eliminate
the PFCs contaminants, all experimental instruments that
were used to extract and concentrate PFCs were washed
thoroughly 3 times with methanol. The concentrator was
washed with methanol for 2 hr or more. It was then rinsed
with ultrapure water for no less than 2 hr with its respec-
tive sole circulating operation.

Analyzing devices

Prepared samples were measured by the LC/MS/MS
system, which consists of HPLC (1200 series; Agilent
Technologies, Santa Clara, CA, USA) and mass spec-
trometer (6410; Agilent Technologies). The conditions for
analyzing devices were as follows;

Vol. 2 No. 5

Flow chart ot the pretreatment procedure tor medaka samples.

HPLC : Agilent Technologies 1200 series

guard column : ZORBAX Eclipse Plus C18
(2.1%30 mm 1.8 pm)
(Agilent Technologies)
ZORBAX Eclipse Plus C18
(2.1%100 mm 1.8 um)
(Agilent Technologies)
40°C

analysis column :

column temperature :
mobile phase :

(B) Acetonitrile
gradient (linear)
time (min) 0 4 20 28
(B) (%) 25 25 75 75
post time 17 min (Acetonitrile 95% to 25%)
flow : 0.2 mL/min
injection volume : 10 pL

MS . Agilent Technologies 6410

ionization : ESI (Negative)
gas temperature : 350°C

gas flow : 5 L/min
nebulizer : 60 psi
capillary voltage : 2000 V
monitor ion (m/z) :  see Table 1

100 -

(A) 10 mM Ammonium acetate
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Calibration, LOD and LOQ

A standard sample for each of the 15 PFCs was pre-
pared for calibration on a range of 0.05-80 ng/mL. For
accurate measurement, two calibration curves were
prepared for each PFC: a low concentration curve of
0.05-5.0 ng/mL and a high concentration curve of 5.0-
80 ng/mL. They showed high linearity, and their coeffi-
cients of correlations were above 0.995 for all 15 PFCs.
The S/N ratio of the lowest concentration of each sam-
ple was close to or above 3, therefore the limit of detec-
tion (LOD) was set to 0.05 ng/mL for each PFC. The S/N
ratio of 0.1 ng/mL concentration was close to or above 10
for each PFC, thus the limit of quantitation (LOQ) was
set to 0.1 ng/mL.

RESULTS

PFCs concentration of the water samples

As shown in Table 2, PFCAs of C5-C10 were detect-
ed in all of the water samples, with 73.0 pg/mL for C7 as
the highest total concentration. PFCAs in C11-C14 were
hardly detected or under the limit of detection (ND). As
for PFSAs, C8S was detected in all of the water samples,
with 14.0 pg/mL as the highest total concentration. The
others were detected only in some areas at low concentra-
tions. The highest concentration among PFCs was detect-
ed in Hyogo with 34 pg/mL for C6. The total amount of
PFCs was the highest in Hyogo, followed by Ehime.

PFCs concentration of the medaka samples

The mean concentrations (arithmetical mean + S.E.)
of PFCs in medaka samples are shown in Table 3. Long-
chain-PFCAs (C11-C13) and C8S were detected at high
concentrations in almost all of the medaka samples.
Among PFCAs, C11 showed the highest total concentra-
tion with 66 ng/g, while C8S was the highest with 26 ng/g
among PFSAs.

Short-chain-PFCAs such as C5-C8 were detected in
some samples at low concentrations, while they showed
high concentrations in all of the water samples. In the
Hyogo sample, C8S was detected with the highest con-
centration at 13 ng/g, and was approximately 2-14 times
higher than the other samples. C8S was detected in both
the water and medaka samples. The total amount of PFCs
was the highest in Nagasaki, followed by Hyogo.

Relation between the water and the medaka
C8-C10 and C8S were detected in both the water and
medaka samples, so the relation in the concentrations
between water and medaka of each of those PFCs was
examined by scatter graph (Fig. 4). The concentrations

of C8S, C9 and C10 in the medaka increased with those
of the water, with the coefficients of correlation between
them being 0.99, 0.96 and 0.86, respectively. The coeffi-
cients of correlation for C9 and C10 were 0.99 and 1.00
respectively, after eliminating the unexpectedly high
Nagasaki sample data. However, C8 showed no clear
relation between water and medaka concentrations, with
the coefficient of correlation of 0.43.

Bioconcentration factor of PFCs and carbon
number

We calculated the BCFs of C8, C9, C10, C11, and C8S,
which were detected at high rates in both the water and
medaka samples. Each BCF was calculated from the PFC
concentration ratio of the mean medaka concentration and
the mean water concentration. BCFs were approximate-
ly 330 (C8), 480 (C9), 8,700 (C10), 110,000 (C11), and
5,500 (C8S). As shown in Fig. 5, the larger the carbon
numbers of the PFC, the greater the BCFs are among the
PFCAs. The BCF of C8S was far greater than the BCF of
C8 with the same carbon number.

BCF and log K,

The log K, values of PFCs have been reported as 4.30
(C8), 4.84 (C9), 5.30 (C10), 5.76 (C11), and 5.25 (C8S),
respectively (Arp et al., 2006). As shown in Fig. 6, BCF
of the PFC was related to the log K, with the coefficient
of determination of 0.90.

DISCUSSION

The typical PFCs of C8 and C8S, of which produc-
tion had been stopped, were still detected in the water.
Measurement of the concentrations in the sediment sam-
ples of these PFCs is necessary in order to understand the
environmental fate of these PFCs more thoroughly.

New PFCs which are not regulated were also detected.
C6 was detected at a high concentration in Hyogo’s water
sample, which indicates the dominant source of the new
PFC may be located in or near Hyogo.

The reason for the unexpectedly high concentration in
the Nagasaki medaka samples compared to those in the
water samples may be due to the fact that the medaka had
been exposed to water with higher concentrations before
the sampling. The reason for why C8 showed no clear
relation between water and medaka concentrations is still
unknown and should be clarified.

The BCF of the PFC was related to the log K, for wild
medaka. The BCF and log K, of PFCA were both relat-
ed to the carbon numbers. Therefore, C5-7 may not con-
centrate in the biological body because of a short carbon
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Bioconcentration of PFCs in Medaka
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Fig. 5. Correlation between number of carbon (C8-C11, C8S)

and BCF.

chain and a small log K, value. If the lipid solubility is a
main determinant of log K, and BCF, this accumulation
of PFCs in wild medaka may be applied to other aquat-
ic life.

Inoue et al. (2012) reported the BCFs in carp (Cypri-
nus carpio L.) which was examined according to OECD
test guideline (TG) 305. Their results were considera-
bly lower than our results, as shown in Table 4. In their
study, the BCF was not related to the log K. The reasons

Correlation between PFCs(C8-C10, C8S) concentrations of water and medaka. Each point + vertical line = mean + S.E.
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Fig. 6. Correlation between log K, (C8-C11, C8S) and BCF.

behind these results are unclear, but may be due to:

(1) The samples of OECD TG 305 were exposed to a
much higher concentration than our environmental
samples.

(2) A different species was used (carp vs medaka).

(3) According to OECD TG 305 the exposure phase
was 28-60 days, but environmental samples had
been exposed for about 1 year, considering the life-
cycle of medaka.
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Table 4. Comparison of concentration of exposure and BCFs between wild medaka (environmental samples) and carp
(OECD TG 305 samples).

wild medaka carp ratio

PECs (environmental samples) (a) (OECD TG 305 samples)V (b) (b)/(a)
guemwion pop cpemin e owenmin e

C8 9.4 330 4,710-47,600 3.1-94 501-5,063 0.0094-0.028
9 2.8 480 - -
C10 0.7 8,700 - -
C11 0.6 110,0000 91.1-946 2,300-3,700 152-1,577 0.020-0.034
C8S 2.0 5,500 1,880-16,000 720-1,300 940-8,000 0.13-0.24

1) Results of Inoue ef al.
2) Concentrations are in pg/mL
3) Mean concentration of 7 samples of environmental water

The BCF data derived by the OECD test guidelines
may be verified by the environmental data.
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FREFRRD

R bR FZR IS KO LCMSM) IS LD e T /A Rt OfEs

ORI Fni&, v HE-, BFR BE  EFREREEEPFEYE ¥ — FHAERTEE)
(55 52 BleE#HmAR 2N ESES) CER27F 12 A3 H~4 B &)

AFRTHBESNAIMZDO I L, ¥ (R) 2T ELEIOT /A RSy ObTA2) O
B e bR EE (ScCO2-SFE) IZ2WW T L, # A 4 — R7 L A fithds (DAD) % fifi 2 72
k7o~ 777 (LC) ICXkDEERMBEIZOVTHE LT,

—F., k7 v~ 7T 7 EESHE (LC-MS) OIERIZSWTIE, v T A v hus /A4 R
PR D00 /X7 A—2 B LN TIERL, EEEE LTOBEEIIARHTH -,

ZIZT, huT AR WTAy, BETXFH T v, 7axhrFr) OFRICHLEL 2D 00T
RITA—=H DML E BIIZ, BrAT L—A A1k (ESD) BIOKKE F(bFA 41t (APCI)
AF WA 2 T AN EBE &5 HE (LC-MS/MS) % & Bk DG &2 il Tz,

FER. LC-MS ORBER X, TREER A : MeCN/MeOH/Water (50/45/5) . 1B B : MeCN/Isopropanol
(50/50) Z HEAMRL & L, APCLIZ K5 A A Ak fifE & U CIRBER ~D A A AbfedEAl (52, H)
DORIMIATO R NFE Lz, £/, MV T AL C30 T2 E2RRL, VTA L BT F

Doy B U 72 i IR & U TR A - B (75:25) ORI ZHH LTz,

APCI (2 X2 LC-MSUMS)HrClx, BEA AL ELTAT A T [MHH-18]1+ 2 H 7= 5
551.5(m/z), B7 ¥H > F 2 TIE[MHH]+HIZH 725 569.5 (m/z) ZEER L, LC-DAD TOEEIZH N
e ZNETHZ LICL Y, LC-MS THREDOERMENEOND Z & iR LT,
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FREFRRD

HOMEAERR Y v FLEWD T v F 2 W TZERNEIRR O RS

O%%H%T,W@jww g £ MH S, EE B
TR RETZet L 2 —, TR EREE R, F AR A ARl R R SR
%42 Al A RSN S CER2746 H 29 H~7 A 1 H. 4&iRi)

(H%]ﬁ%7/ﬁmA%(m@) BREEFRRAVE &L A RSN ETH Y . (KW PFC Th
% PFOS. PFOA (% POPs §:#0% ;@ﬁ%#ﬁﬁéhfwé LovL, KR E L CBREER B IAL
B S 3, IRFEHO R 5 2 HEORBM PFC b £S5, £ 2 CARIFETIE, BREEH
MHIR &N HFix O PFC 27 v ML L, ZOAENIZEIT 5 PFC FrRAVENRE & Oz
i A ENRE 2 >V TR L 72,

[ 5] PEC @ 5 5 3 FED B /LR %R D PFHXA, PFOA, PENA & A JL7R g% D PFOS % Wistar
FRHET v MoEME GRERE D) KOEM (BoK) #&5 L, Kl - ik (. B, P, O,
M, fdf, 4if) Z#H L. LC/MS/MS THodr Lz, @tEes (0.1 mg/kg~0.05 mg/kg) % 5 55~
28 H ORI IR 2> DI () 2R L, 720 1 02A KO3 0 H o RWIgRE Ok
JE/K, 1ppb. 5ppb, 25ppb) %A NEas DI ZRE LT,

[F5R & EBR] SRR | B30T 2 ERIIEL, PFHXA TIXREREITR 6
7o T2 H3 PFOA KT PFNA TIERFHIZIG U TR 20 T T b & VWMEm 23558 9 H a7z, PFOS
DLW & R 72 28 LTI Cle b B - 722y, £ O I EEILR U R #EE D PFOA X
DR, REHED 1 2%\ PFNA LV ENo 7o, REEGEHER CTIL. PFOS IIFIRIZ I THRIEHY
IR R AR U, A B HER S 2 #E R R, PFOA - PFNA CIEHERIME & 1ZIEFR%E TH
ST b0 B, PFOS TIFHERIED 7~9 £ & < . PFOA DX 6~8 fif. PFNA D) 6~7 fF
WY L7z, BLEX D PFOS % EAYIFIRZE AT BB RE T 2 0 A7 63, T~ D%F
FLHEL Y A B HEAE DAFTED R S vz,
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T v BBV OREDK « [BE - RE~OEFER L L OHE

WFRIE ', EEOE 2, RS 2, SEa s/ 2
R H R LR e & —, 2 E ST B B ST
%50 M A AKERESSHS CE 2843 A 16-18 H, &)

L TS

_H

BREKMNOMI SN KA 7 v FLEWPFCs) DR EIA T HBZEN H 0, AR ORE L
=T Tuv% Z &, Perfluorocarboxylates(PFCAs) D [k FEUT It U TERBE KN 6 A X 1 ~DYRAELRE A 1Y
ML, Wi @ PFOS (C8SHREIZFRNH D Z &, WIRDJEE D PFCs R MEN o722 L2 8%
AE DS THAA Lz, AENEMSE L 0 L FEE 2803 & 3k, IRIROIRE D S O 224
HZl, FEAXDIBIREROI LY ~OERMLE D, RAENISEEM BT 21T - 72,
TN, AF T, AU RO OREKEEE, FAEMAIIE T, AW, B, A, B,
S, hm, fEhdo 8 Ml L, 2014 4F 7~9 A2 CTH IV ERILTE, 7k, &P UIR
@ CERE U7, BRBEK M OVERIZA A 1 70, A B IF4 S 20~30 PT, B &4 ¥ 0% 12
ICERI L7, &V 7V a2aitE L, LCMSMS CTHIEZIT -7, WA XS PFCs 1L,
Perfluorosulfonates (PFSAs)?D C4S, C6S, C7S, C8S, C10S, PFCAs @ C5A~CI14A & L7-,

[F5 R K OB L]

[BREEK] ERITITINES & RIBk CSA~CIA DA £ <, CI0A U LORHFILEMITIZE A LT
tljéirbfmxof:o HINOH 7V TiE CI0A & CHA BERE TR Sz,

[EE] EE C8A XV E#H PFCAs L U PFOS(C8S)N E Ik Sz, BRBEK CoEispEs
omﬁzﬁfr“ g7 %mﬁtﬂiﬁxé’?zﬁwmﬁ: K CIIIRE D b O &3 /D 72 o 72, PFSAs Tl
C8S ML R &A1, Rl & @k TIX, BREKD DT ST C10S bk S 7z,

[ A &7 TWESE & AR CITA~CI3A 23 TR S 7z, M &I A TEE I <, FRIZ Cl1A
~CI3A [ZM DM S DT T -7z, MRS, MBI RERITR bnRhoT,

[BREEAK - JEE » A X O] BREK & ERE O T C8S KU CIA, BREIKE A X EE & A
X 71 DT C8S IRELIZHBIN RO b Tz,

[(AZT - W F Yy - [KEORMERE] AXH - hZ¥EL, COA~CI2A TIERFHKIZIEL T
IRAGEREA G 2B m A58 0 biviz, C8A | if&wﬁxi‘g@@au“jfwbwﬁw/%%TM@&@%&#T%@
Mmoo, [RIRFEE O C8S 1F, EMEIRIED COA~CI2A O L X H > Tz, Fiz, KE T
C8A~CI2A ORHFENE <, RFEEITIL U CTRMERESBEMT 2EmERZ D bbb 00, ﬁaﬁi
FERS TR oT, 7ok, RETIXC8S DRHRITH £V m< fmxofzo

[F&®] BEALIEENOLIX, RESIMEZET CBA~CI2A AEBITHR Sz, £z, 4H
WD T C8S & CIA TERIE/K & JRE DOIRIEM CTHBINRD b, %5'732:7175'%7/( I, IR
iz (1%AEE) X5 b0, FEROEBBEMmAED b, thoBFEIC S RO ZREm A
HDHINEIDITONTIE, ABOMRFHEEETH D, 723 PFOS(C8S)IE, FIK~DEMRD 3 kFE
BAZIS U CHENNT 5 PFCAs SR 22 R LT\ e, —FHIEKE ~0 PFCAs LREMMIE, MR
~OER L FBEOMEE TIZd 7228, 5%V P A L L, BICEEMICHRH 1T O LERH 5,
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FREFRRID

Cooperative research on analytical methods of emerging contaminants in water
and sediments

OfpsT ', FWFRIE ", M Ak’

Kyunghwa PARK®, Jaewoo LEE’, Hyeonseo CHO'

UH T IRBRER MR e A —, PACRUNTNIRSE, R E E LB SR b, R [E L A KR
The 15th Korea-Japan GOM & Joint Symposium on POPs (°F-hk 28 43 H 3-4 H, #EZ L)

AWFFEIX. PFCs OBREEVG R FERER &L EMKRN~OEREFEEEZP LN T 22 L2 B E LT,

SEEFRENG L Lieoix, AF. Kbk, Al T, @ oOFS 7 e, BRBEAKEIRE (%
HS1VRRIR) | A X H (K HT 20~30 FiR) ZHELL 7,

AFINF T RIET oot L, BEIX 1 BREHZ0 3EOEY IR Lo 21To72, 728, o6
*t 42 PFCs % Perfluorocarboxylates (PFCAs)? C5A~C14A. Perfluorosulfonates (PFSAs)?® C4S,
C6S, C7S, C8S, C10S & L, HEETH —IN=motriEad AvCti#, LC/MS/MS THIE L
776

EESHEO I B, BREKTOAK T v H#IEW (PFCs) JREDITR - A)Il - IfET, EEH O
PEEEITAER - BT, EA X P OREITRE - K TRl %h%h@%‘/ﬁ’/w&)%*ﬁﬂj
XX D PECs (X, Rk 24 4EJE (2013 4EE) ~27 4 (2015 4E%) TRIBEOBMZRLTEY
BE/K T C5A(PFPeA)~ CY9A(PFNA) & C8S(PFOS), JE'E T C8A(PFOA)~CI12A (PFDoA)& C8S, A 5!‘
71T C9A~CI3A (PFTrDA) & C8S Th » 7=,

BREEK & A& H ORIZIE C8S DIEN> CIA « CI1A (PFUAA)EFEIC LN R O, /72, EED
BB E (AW HT-0) LEREAKKROA LT DR O CIA « C11A « C8S B HLHBENA LT,
BRBEAK B A X I ~DORMEREIL, COA~CI2A DIRFL & ORI THBEAR S, C8S X i &g
RO E R L TCWen, A7 & 7 — VKGRI (logKow) BEET S &, C8S & & O THIBIMN
O bz,
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KEBRERO N =X ) — LT I USTEOKET

OFEREL IV, TWHIE, &4 AKfH CaFREEREMFEE S 2 —)
9550 Bl H AKEREFESFS CE28 43 H 16-18 H, &)

MU= ) —NT IR, A7 F KRG ERE (log Pow)h3-2.3 & BUKYED m W EEMEME <
HY ., HBRITEIEFEECRY v L& o3l vy 7 —EEETER NS B AMICE S £ ClER
SRS TWD, £z, (LFWEOEFE K ORLEEOHHNT B3 2 BT I W TR L4
BIZHESN TV D0 EFOREHEREN 2 BRBEFOERFAEROMBELLEL I TWND

Z AR, EARRHEEIC X B RTALEE & LC/MS/MS Z LA DR ok 2 et Uy B AR
HUZ DWW CEEMIZRET L7z 0 THE 32,

[FER K OELE]
(1) [EAEA=M vy OREHE R

EAHI-1 vy ORRFHE, Waters £1:0> Oasis MCX plus (FoiE & 225ng) Oasis HLB plus, Sep-Pak Plus
C18(FE & 360mg), Sep-Pak Plus PS2 ™ 4 Fi¥EZ VTR L7z, Z OfER. BIEN 70%LL F &
RAfFTod - 72 Oasis MCX plus (LLF MCX & lE) K TN Sep-Pak Plus C18 (LA C18 L HE) @ 2 FE¥AD
[EAH 2RI L 72,

(2) 2T 4 v a =TI BT DU R O KRR R

Verisie & L C. MCX Tl 25%7VE=T KA )-M(5:95) % . C18 TII /) -v&E W CTRgt 1T - 7=,
ZOFER . MCX TIXEM OBEERIE L LT 25%T7VE=TK/A)-M(5:95)% 20ml LL . C18 TidAry/)-w
Z20ml UL Bk $T 22 LT, 7TV EIMMERFTRE TH - T2,

(3) & IV IE O R et R

WHIABEET. MCX Tl 25%7VE27K/A8)-M(5:95) % VN, IRHE 6ml THia L7 ks 5, g
DRI 90% LA k& BAFTH o 72, C18 TIIA )W, 25%TVE=T K/} ) =n(5:95), X E&/A%)-1(0.1:99.9)
DA HEUEWE ORI 70%LL_E TR O 22137220 7272 IS HIABE I A v 258 IR LT,

(4) Bl pH ORET#E

MCX Tl pH OEEZ 2T 72> 7o, C18 TIXEILFED pH8 T 79% & e K & ip o iz ikt %

pH IZFHFET D 2 & & LTz,
(5) SR AT B D B AR

FIAKIZ DWW TIX, MCX TIERIIK 100ml O A g TH e 7 — MYE OEIED 95% & B4FTh
27273, C18 TiX 50ml DEfT T 76%., 100ml DAL T 55% &K T L7z7z8, AL 50ml & L7z,
WEAKRIZ DN TIE, MCX TlEhe s — MYE OEIGEZ 70%LL BT 5121E 2ml OART2RA T
HoTon, C18 TIX 10ml £ TOAMMARETH - 7=,

[£&®]

KEBEHO NV =& ) — AT I O0HEE LT, MCX & CI8 ZHi LI-fER, WAkE L%
SAMTED CI8 ZHWEMMHEZRIR L, LC/MS/MS TERT D ONEEMN LT-, 5%
WENT U T2 o bTiE 2 W CEREBEK T O ERERA 2 I L, FREREZINET 2 TETH S,
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PM, 5 553 T K 2 B {5 G oD SERE AR I

O/INRYE, e AT, WiE S, 2 AT, el Ca FIRBREEORERT 70 & o & — HIERFL )
VRR 27 RRER R - BREEZEGOIIER RS CPR284E 2 H 9 B R 1)

1 Loz
WUINRLFIRE (PMys) DR HTIR, SRk 22 4F 3 HIC TRAIGYBIIETESR 22 FOHIEIC
FES S KKDTHGDOWRPLD F R R BT 5 FH D ALBRELHE ) 2SUUE S TLUR TR BE 275
Lo TWnD, ¥ Z—7Tik, ¥k 25 FELOE TR (—F) kOB =K HF
(HHER) @2 Ericisn T, BEADRET 28I (5 4 [BI4-254H 2 A8E]) & mREN TS
LD WDV T PMy s 248 Loy 7o & i L T 5,

Rk 26 £ 7 H FAIAG 8 A EAITHIT T, PMys D ERE RN RNAH CBII S vz, 4%
FRIZOW TG I & %IRRT E 0 Ot L7z L 2A, v U T HRIRKER—RH & LT
EZLNEOTHRET D,

2 FERIE

PM,s OiEHEB#EIL, B EHMIMICB O TR 26457 H 24 A225 8 H 4 B £ TOHIRICHW
THME L7e, ABHEE L Oy ot (G E @ oekRiRE (EC). AREKE (0C), 1 A4 85k
o3RS 13 By ROV L AR v 3t o) 1 TR U INRL IR B R B E ~ = = 77 L (BREEA) |
WD WTEm L7z, BRBEHEEUX PM2.5 e —3R U v A% 75— (Thermo FisherScientific H
Model 2025) 2 5& M L7z, #ifE~7 « % —i%, PTFE /BT ¢ L& — R OHERME 7 1 L
=% LT, BRIEAD 7 42— 1 EEICEI L, g ECTr o r—2 —HfTHRE L
77
3 RN OB
B T RRET THIZE L 72 PMys IZOW TR i 24T o 72 & 2 A, PMys DIRE LA IZEHHE T OC
LRV ART N atORENEF LT, FRZ27 H 29 BiZ, VARZvahOREN T H 25
A EHA_T 90 500 BB ITHINL TRV | Ao A~ ZADRBEY DS PMys DIRIE ERICEEL 5
Z TV D AREMED RIR S U7z,

I, Bl EZE ORI OV TR GBS RITIC TRET L7z & 2 A, 7 H 29 B, =y 7
HDO YT HEHZESIHBTWAVIAAL TV b D EHEE SN2, YERE, XU 7HIT TRk
BERBARKEDRFAEL TEBY | FRKKOBRBED S E HHICHIMAL TWZZ ERE X BT,
F7- UREHIEICIE PMys OB FRS B AROE M CHII S -, ESTEREEATIEATS & oo TR
LFFFZEICSE L T2 BIRERO 55, IWBRA L, BEES WA i & 08 ERINZ T2V T
VAR TV at v OREE ER BT b, $% G RENMENTIC L0 XU T B 22 RN
AL T D EHEE ST, AT, 7H 25 H b 26 HIZHT T, dLMEETH PMys D&
IREFZPBHI S TEY (7 H 26 RIZITALERTT, BT RO CHEEMREN R En), &
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NRYTOFMAKIC L DHELEZ LR TWD,
PLEOFER L0 | MikEgIiE, U 7 IO KBRS — K EHER S, KIRICBIT 5
PM, s BiEETE YD — 3B v L 7o 77,
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FRERRDER

AFRICBITAE NATD U IOSH EFOEBSZIEOHR

OfcfEes ') TIFHIE Y, v HFn5L 2, /Rt !
VS R IRBR BRI IE Y o & —, 2 U0 BRI R LR RO e R Rk BR B 2 o 2 —
527 mEFARMEATSFINES CER 2843 A 5 B RERMT)

1 1TC®IT

WHET T HEEMETH e MRV~ b, dedes albopictus 1%, T v TESSTF 7 L =T EED Y A
IV APEBRB AN T B IEYYE R FEREE B TH D, BARTIE, 1948 FF TIIiARRSERALR &
EN TV, 20k, FALHDG Pl 351 2 A Bl nsth 2 124b E LTIV . 2000 4F0 5 I3
FRANOIL B WALk Loodh 5,

2014 HEZ BARIZEB W TR T0 AR5 0 (TR A LT=T > ZEWOMIRGATIZ, VA VAZBN T2 hAY V=
A DAERAIIDILRIS, ZDOFEET - T BEDEGL ) 27 ODILRZEWT 5 2 L &R Lz, Ditbiud,
EFRENTOMENER Lood 5 b b AY T~ H DA B K O BAEAH 526 L, A1 OFIRA
ICRPRIZE T D728, 2009~2015 420> 7 4EH], EHFRMIZIE R HO7 28804 BRI O & 1T
olz, Flz, B MRV~ OABGAIBHERSF L 3IRA v ¥ 2 KT —2 2 M, GIS I L O%EHE
TV T HEC LY O RSM A G LTS, BT OMREASTZOTHRET 5,

2 Hik

2.1 WCHOAE B A

A TR A g & U0 BT A . 2009~2015 4E0D 6~10 HIZfT-7-, diaHisIL, &
AV~ T DARGADER LT S0 R A i BRPNIE 600 Hits T30 U7z, s g3
(ZSFBEDOBENCEE 2 & O TF/KRERALAET & 2V NFBRINTHE SNl X A Yie EOKIZE Y (ar=—)
EL, ERLTWAI LB L OMHA KO~y M THEL, £ 50 ml &R Y ZAF L U BYKARIRITTZ
F O KEEAE LT, BT 1 S o X 1~12 an=—Th o7, £7-. ShhSEERI ISk LT X 7K
M f R OIS LRRIR & Lo, BREE U728 ERITARERNC 2~3 HIZ | [BIFEEEFG IS K OMRE KD
RHEATO, P LTk a2 =—7 L CRAS . SRR CIE AR AR 2 [RE LT,

2.2 b AV~ hOABSMOMAT

(HAEHIT 1 km A 3 2 KIRT —F 301 « R AT L) 12XV, AFRAEIY -5 3 kA v 25
12 1978~2014 40D 37 D B FHRIR AT L, A v 2 200 11 HYEERE] 3 X 0@ 110.8C
R L T AREEIREE ) 2 L, £, [URDSNOBREESM & LCANEEIZER L, FateT

Vo 7id, —RAGBIRIRGET L (U o7 BT logit, T o & LRRITIHESRIRA v o= (n=235)) &M
Wz, ISEEBITERA vV a0 NAY U~ I ORHES (BHHSEE TREAED) . BRI EIO
BLOQOD 5 FBENEEI N 3 IR A > v a2 NHBEEZ AW, ST A—28U%, AIC ZaHiiEfES L
7=
3 AR

3.1 b FRVI~AOERST
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BNIZEIT S 7 FEMORETE NAY U~ I OABPHES S - Musid, i, 1880, bk, B
INTT, —BarT, KRBT, A, (LTI JUUKEERTO 7 17 2 BT OME~ 106 #imTHY . & FAT I~
DEEDHERSZALBRIL, EHTTREFET (39° 427 427 N, 141° 07 16” E) Th-o7-, KFEAE
HE CIIBBRT ORI ZIT VR T h AV~ A D4R 2 FkHEL Sz,

3.2 b MRV HOAEBESL:

— ARG ET M K DT ORER, A v a@moe P AV~ omibEIRIE, 11 AR,
[10. SCHBRE & T2 AEREIRE) BRI TANEE) DREEEL, 7o, £/37 XA —X OEHE(R

BRI A LTz & 2 A, T10.8CEREE T2 AEFEIRE] 731.446 L & FAV U~ IOAERIZH -
EBRESEBELGZ D EAIESINT,

WMHETMILD, HTEANOTRTO 3IRA v 22O T, 1982~2014 F\ZBIT DEMA v ¥ 215
Db MRV~ NIOERMEREZRN Lic, Ay v afDb NATV U~ IARRMESEL 5%ANM. 5~20%, 20~
50%, 50%LA LD 4 BRI UaFIROE FAV U~ IARRT v vy TR H Z N TE,
F7o. 3 WA v v afif=lkm® STl U TR Lz AT~ D AERHERMRBOFELRIER 2 Ao &, &
kAP~ h A B EER B%RLA_EOHIEIE, 1989 A4EEE) B HANN Uiked, £ 10 4EJE M1 CHEMR L7203 B & BEIMEH
(ZH 0, 2011 FEIZIFIR+D 11 %2725 1, 851km* [T LT,

4 EE

2009~2015 I T - T FIRITIE R 7= ZWCEO A B A AFE R D AT IRN TIEINEE)
SASTEHEN T TREIC e R AV~ ANV ER L TND 2 E MRS STz, 2000 4% TORAET
X, AN BR RV ERALR T o 7243, 2014 ARSI T OO ML CRILO E A D HER S
72o 15 M THI 100 km A RALIRME B L72 2 &1272 %, Fio, RFEFEARBFEHICIBW T H AT H K
FEHT £ COAERSMNRA BN E ol

t%xyyvﬁwéﬁkmf%é%%$ﬁ%’iJR%%K%@EE&—?%»%T&éﬁH%ﬁEﬁ
WL TERY, FERSONADES L, WOBRHNIT 25 OSBRI X 0 IRFEPH IS0k S
A RSHIEDIERT 2RI % LB Z B,

b hATV T~ I OARICEET ZBREEN & LT, [RIBEORMTNZ, Fl NOEEZ /T A—2 L
LCHErET U v 72T, A RRICBIT e NAV U~ HERRT Vv b~y 7 HER LTZ, 260
I, BEE P AP~ I OERBRHER SN TV T HAEBSE Bl L2354, EE Y A7 N6
W2 EERLTED, 4k, RO K OBEBRAH 2559 D BRI, i%%ﬁ@ﬁ%%ﬁ%ﬁét
TliE7e < ARSI D 2 B E#RE 2RI LT RRO A D WREME A THIF 572 EOFIENF R TH
HEEZD,
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EHFRRICBITAE AT ONH & A E SO

Ofcile ) TIFHIE ', PEHFEL 2, /N R !
VS R IRBR BRI IE Y o & —, 2 U0 BRI R LR RO e R Rk BR B 2 o 2 —
W31 FAEBREFFSRIT AR VAR A (B 2842 A 18~19 H < I1EH)

1 ZL®IT

W7 U7 ZFPEM E T 5 & N AT T~ T dedes albopictus 1X, T v TEST I L T =T BNED T A VA
PERBA AT 2 EIWEXHR EEERH RS Ch 5, FETIX 1948 - F CIIARISAELALR & =i
TV D, 20tk BACHDT hgsEHZ 31T 2 4 BALBRD R4 1Icdb E L TR Y | BIE, AFRAOIL E
AN EILE - B R E2B Y KL 2R D UEEICILIER Lo2dH 5 2,

2014 FELFE, AARICBWTKR T0 £50ICT v VORI TR A LI Z Lvb, B hRAT U< H
DAEBSAIROIERIT, TOEET v VBEDRY) 27 ODYEREEWT 5, ZNOOEGEZIT T, BAE
T L TS M EYYE I BT 2 FPERGYE TIATEEH) 94 RE L. BIGIEE MRV U~ I ORELEGT
TV TEEORGYE TR AR LD Z L &l oT,

bhbihud, BTFENTOHMENIER L oob 5t F AT Y~ H OAEBRIE L OVEBESIFEZH SN L,
AR OBIRBEI W RICE T 5 Z & &2 B, 2009 40> 5A FIRWIZIZAIRIC 72 208D A BRI
DFEZATH & & b2, GIS, FatET V v 7 FiESEZ AV CRURSIC BT 2 A BB O 211> CTE 7=,
AHTIE, HFRICBITHE MRV~ ORGSR RSAE, 6 X O MEYYESRICET 21 > b
T — I HEEED BRI DN TR D,

2 Jik

(1) DA B

FHAIREIX 2009~2014 4FD 6~10 H |, FifsHis It Bz vz, BENT b HiiiRiE 7o AR
P JOME il & v R s A5 3 B OO vaE s & BRI 8E L, B 431 MR TR L7,
AR BT NS OB N E N 72 & DT ARSI AT B D WIERIMNOIE S-d & A Yis E oK F
D (zr=—) L, ZELTVDIOHHRI L OMAE KO 2y N T L, FEREN T %, PHEL
7 B R % SHARBEISEE CIERE IR 4 R E L 7=,

(2) b R AV~ OERBSIEOMT

BTRIZBITD 3IRA v v afEOe NAV Y~ W ERBMRENGTT 720, —fEERAETT LV (VU
27 BT logit”, T A DENRITTTHERGA v 2" (n=235)) \ZK VT & T o7, IWEERITE D &
Ay aZlDb FATY~ A ORMEE (RS TR0 | SITAEIR U< 1 AEERUR]
[10.8CHMME L T2 HMEFIRE ] BEO BRA v = AOEE H17)) &L
3 KR
(1) b hAYI~IOARBIAG

BN TEE SNIOREIZ Y~ hY 7 h, & FRADY~H, Y~=&o~h, A4 7avy 7, oy
YTH, TEIARSTFEN, ST THIAT, FLRTFINTIBLOA =W TH -T2, 2D I b,
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Y~ MY TR HT 431 HUS D 5 5 365 MUK CHER S, FAHUE SIS W TR Th o 7,
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Monitoring of Population Trends in Asiatic Black Bears in Iwate
Prefecture Using Bayesian State-Space Models with Population Indexes
Developed Using the Hair-Trapping Method

Kiyoshi Yamauchi!, Shigekazu Kurakake!, Takahiro Morosawa2
1 Research Institution for Environment Sciences and Public Health of Iwate

2 Japan Wildlife Research Center
V" International Wildlife Management Congress, July 26-30, 2015 Sapporo Japan

Abstract

Asiatic black bear (Ursus thibetanus) population sizes were estimated for the entire areas of both North
Ou (Ou) and Kitakami, Iwate Prefecture. Local population sizes were estimated using the hair-trapping
method, which had been established previously as an efficient method for estimating population size in bears.
Harvest-based Bayesian estimation using state-space models from the past to the present were used in
conjunction with hair-trapping results to estimate population sizes. Numbers and variances of bears (Ou, N =
1,314, 95% CI = 988-1,640 in 2009; Kitakami, N = 2,094, 95% CI = 1,777-2,411 in 2012) estimated
previously using the hair-trapping method were used as prior distributions for initial numbers in the system
process. Observational data of population densities in particular study areas estimated using the hair-trapping
method were also collected. Credible intervals of these population estimates were narrower than those made
using a model in which the prior distributions of initial numbers is uninformative. Estimated population size
has either remained unchanged or increased only slightly over the past decade; however, a temporary
decrease in population size was observed in a year during which a large number of bears were killed. We
predicted that population size would gradually decrease if increased hunting pressure was maintained over a
longer period. Applying the harvest-based Bayesian estimation method using population parameter indexes
developed through hair-trapping would allow for the successful monitoring of population dynamics of bear

populations. Moreover, these models enable managers to set appropriate hunting quotas.
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