201 44F

[LAEZ A D'

7KE2{t. PCB 3H D BX E B BIEICE I 5458

Study on Sensitive Measurement Method

for Hydroxylated Polychlorinated Biphenyls

FEBRZERF L
JICHAEMFEMER SHAMFERK

A FK



Chiubu Univensity 2015

2.

3.

4.

_ H {k _
= . 2 7
KRB K L B 7 = L D B B . o o e e 14
e DR b= o DR 5 X R 15
v 3 = B R 0 ¥ 10 » -~ 18
) - v S 18
2-0-0.  FHIDFTHPE. . . . o 19
2-2-83.  IKBBIEE T 2 S D L 21
0. R B 23
D A 34
MR REREAR VL E 7 = = /LB (OH-PCBS) DTE L .o oot oo 36
L. T D UT e 37
3-2. BB LU M Tt ot 39
ey - 1 39
3-2-0.  FCEIDFIMEE. ... 41
3-2-3. LC/MS/US JUTE . . o o oo e e e e e e e e e e e 43
e T = N =S 45
3-3=1. LCMS/US JUTE . . o o o e e e e e e e e e e e e 45
3-83-2. LC U FADIZEIE .. oo e e 49
3-83-8.  FUEEALFDLZEIIE . . o e e 52
334, BB 54
3-3-5.  MEFEI B DA PCB I DME . . . e e e e e 55
. R o o 60
MK T DKL AR Y B E 7 = = L (OH-PCBS) O B . e 61




Chiubu Univensity 2015

A-1. JEERZE (2010) oottt 62
Y B o O Y s 62
4-1-2. BT L O I e e e e e e 64
A-1-3. BB S 66
e Y =5 79

A-2. I (AR R 80
4=2-1. 1T DIT. . e 80
4-2-2.  BHL L O T 0 o 81
4-0-3. BB IS 83
e Y =5 86

. RFEB L O A D B . 87
B, BT 90
T B IR e, 92




Chiubu Univensity 2015

Table 2-1 Physicochemical properties of hydroXybiphenyls..........ccecvriiiriirieniieiieeeieeieeee e 16
Table 2-2  Analytical CONAItIONS ......ccvieriieiieiieeierieie ettt etee sttt e b e teseeesaeeteesseesseessessaeseenseensesnsesneesseenseenes 22
Table 2-3 Calculated IDL of hydroXybiphenyls..........cccoeviirieiieiieieeie et s 29
Table 2-4 Calculated MDL of hydroXybiphenyls.........cccviioieeiiiiiiiieeiie ettt e e 31
Table 2-5 Result of recovery experiment from Water SAMPIES.........eccveeiiiieriiieiiiieeiieeieeeiee et eree e e ereesvee e 33
Table 3-1 OH-PCBS StANAAIAS .......cc.eouiiiiiiiiiiiniiicrieeceeeerte ettt st 40
Table 3-2 OH-["*C,]-PCBs for internal StANAATAS................ov.eveeveeeeeeeeeeeeeeeeeeeeseeeeeseeseeseesees s seesees s ees e 40
Table 3-3 Analytical conditions for the LC/MS/MS MEaSUICMENL .........ccueveririreririeienienenieneeieeeeeeneeneenie e 44
Table 3-4 Mass method for the LC/MS/MS MEASUIEIMENL.......c.cc.erueuieiirieieieieiieienieeeieneee ettt 48
Table 3-5 Recoveries of internal Standards ..............ccoceveriiiniiiiinieeeee e 58
Table 4-1 Concentrations of OH-PCBs, PCBs, PCDDs and PCDFs in the blood of Yusho patients

collected in 2010 (PE/Z-WEL, NT183) .ouuiiiiiiiiiecie ettt ettt sre et e e s te e ta e e sabeesaaeessaeessseesssaesseensseesseas 69
Table 4-2 Concentrations of OH-PCBs in blood of pregnant women (pg/g-wet, n=253) .......ccocervereneneennnn 84
Table 4-3 Concentrations of OH-PCBs in blood of Yusho patients (pg/g-wet, n=183) ......cccceeverriririennncnn. 85




Chiubu Univensity 2015

Figure 1-1 Chemical Structure 0f 4-OH-PCBS .........cccueiiiiiiiiieiecie ettt se s 9
Figure 1-2 Formation pathway of 4-OH-HXCB from HXCBS........ccccouiriiminiiiniiicicicccneseseeieeeeeee e 10
Figure 2-1 Chemical structure of hydroXybDiphenyls.........c.ccciiieriirieniieiieeeeeee e 17
Figure 2-2 Flow chart of the measurement method for hydroxybiphenyls in environmental water.................... 20
Figure 2-3 GC/MS chromatograms of hydroxybiphenyls (20 ng/mL).........cccoceiiiniiiiniiiiiieneecee e 24
Figure 2-4 Mass spectrum of 2-hydroxXybiphenyl .........cccooiiiiiiiiiiiiieee e 25
Figure 2-5 Mass spectrum of 3-hydroxybiphenyl .........cccooiiiiiiiiiiiii e 26
Figure 2-6 Mass spectrum of 4-hydroxXybiphenyl ...........cccovoiiiiiriinieieeeeee e 27
Figure 2-7 Mass spectrum of Cg=2-hydroXybiphenyl ............coooueuivieeieeeeeeeeeeeeesesesee oo 28
Figure 2-8 Chromatograms of hydroxybiphenyls in the IDL measurement...........cccceeeererenenenieneenienenenene 30
Figure 2-9 Chromatograms of hydroxybiphenyls in the MDL measurement............cccceeeeroierieneeneenenienieneene 32
Figure 2-10 Chromatograms of hydroxybiphenyl in seawater in Omuta City ........cccceoverviioieriienieeneeieeierienene 35
Figure 3-1 Flow chart of the measurement method for OH-PCBs in blood samples ...........cccceeveenieninienieneen. 42
Figure 3-2 Product ion mass spectra of OH-HpCBs under different collision energy .........ccccceveeveeveeeeneeneene 46
Figure 3-3 Chromatograms of €ach product 10MN..........cceeiuiiiiiiierieieiieie e seae e 47
Figure 3-4 LC/MS/MS chromatograms of OH-HpCBs with an of L-column2 ODS (2.1mmx150mm,

T 44 ) USSP 50
Figure 3-5 LC/MS/MS chromatograms of OH-HpCB with an L-column2 ODS (2.1mmx100mm, 2um)......... 51
Figure 3-6 Chromatograms of OH-HpCBs at various injection volumes; from the top to the bottom, the

injection volume is 5, 10, 20, 40 and 80pL in that Order. ........c.ccooeiiiiiiniinieeeeeee e 53
Figure 3-7 Calibration curve of 4-OH-CB187 (0.1~8.0 ng/mL; IS 4.0 ng/mL) ......cccvvviireiirieieieeeieeieine 54
Figure 3-8 Chromatograms of OH-HpCBs in blood with the conventional method ...........cccccooieiiiiiiiinennn. 56
Figure 3-9 Chromatograms of OH-HpCBs in blood under the improved method ...........c.ccoooeviiiiiiiiiiniene. 57
Figure 3-10 SRM chromatograms of OH-PCBs in the blood of Yusho patient (PeCB:

Pentachlorobiphenyl, HxCB: Hexachlorobiphenyl, HpCB: Heptachlorobiphenyl)..........cccccevveivecirninnnns 59
Figure 4-1 Chemical structures of OH-PCBs found in the blood of Yusho patients...........c.ccoceveririeiincninenn 67
Figure 4-2 Relationship between the concentrations of OH-PCBs and PCBs in the blood of Yusho patients

...................................................................................................................................................................... 71

Figure 4-3

Relationship between the concentrations of OH-PCBs and PCDD/DFs in the blood of Yusho




Chiubu Univensity 2015

X (S 1SRRI 72
Figure 4-4 Relationship between the concentrations of OH-PCBs and lipid in the blood of Yusho patients

...................................................................................................................................................................... 73
Figure 4-5 Relationship between the concentrations of OH-PCBs and their congeners ..........ccocceeeevveeieneenncene 75
Figure 4-6 Relationship between the concentrations of OH-PCBs and their congeners ..........ccocceeeeveeciereenneene 76
Figure 4-7 Relationship between the concentrations of OH-PCB congeners and related PCBs ...........ccccccc..... 77
Figure 4-8 Relationship between the concentrations of OH-PCB congeners and related PCBs ...........ccccccc..... 78




Chiubu Univensity 2015

1. IXC®IT




Chiubu Univensity 2015

RV 7 = =L (PCB) 1L, KIZIET 220 LRI ZE . #ufgtEn B,
WRBE N EOMWEEZ R LA T, TENTFEDE I M) B 195048 =0
5 1980FARAT T 2T TFFM L~8T7 b A pE S, S T2EE %2 st R
R SR, BIFEIMRE SILCW 5, PCBEAIL, HEofitECTh v, £WE
FRPED T2 D | A DRV IS SRR S Uk % R 2 T TIRENR H Y
[1, 2, 3, 4, 5, 6, 7, 8, 9, 10], & MZBWTHFEEOBLATHREN I
TWnI[11, 12, 13, 14, 15, 16], PCBENZEZRFEIEEZ R 2 LA BT
D05, AR HURIRARVE D IEDIERR A~ DO RENR S S, EMO1TE)
FEIZBE b IWE & U CKEBEPCBEOE NS INTE Y . FAOHEED K
N2> 5 K ER{LPCBEA & Mt L 72t  [17]1%, PCBIREI O BENAEREY 27 & L
THERTERNI EERBRL TN,

PCBREDMREHIL, I/ MEEKICRTET 5T b7 v APAS0IZ L 57K 8 Th-> T, &
D FBIRPEMNT—KBRAUIR, —KBRIGIR, ATF LT AR AF IV AVR ART
H%, Bloch® [18]1%, 4RI 7 == &2 UHFIRE L, JRF2 LAY
ELT, 4 K4 R T 2=V 2D NI v U BERERE RO TH,
L7z, AMEFIZEWTS, KEEEARY ke~ ==/ (0H-PCB; Figure 1-1)
%, PCBOMGEHM & L THELRKZR ZFFSLEEZ BN 519, 20, 21, 22, 23, 24,

25, 26, 27, 28, 29, 30],
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Clx Cly

HO

Figure 1-1 Chemical structure of 4-OH-PCBs

Figure 1-2i%, b MMETFIZEBIT HPCBO TR SN HRHERKE O 1l TH 5,
DFED, 4-0H-2,2",3,4,5,5 —HxCB (4 - OH-CB146) %, 2,2°,3,4,5,5
- HxCB  (HxCB146) #BULEM & LImAN OBEER 72 KEBLS CARKR T 57210
T72<.2,2",3,4,4,5 ~HxCB (HxCB138) %°2,2’,4,4’,5,5 —HxCB (HxCB153)

R EME L, AR F T RAER NIHEEBE Z#H L THARNRT B2 65,

[31, 32, 33, 34]
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Figure 1-2 Formation pathway of 4-OH-HxCB from HxCBs
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PCBR TNOH-PCBORE L D721 1%, IO TH Az a~ 757 4— (6GC) . H
Ay wa~ N7 7-EAHERR G (GC-ECD) WA a~ 7T 7B &S5
Hrik (GC/MS) BFIH SN TE M, ZNHOHETIHE, #i, 7V —v 7T v 7,
BLOHEREEZB LT, YU 7 VORILEEZVLEL LTV, TA7 o
YT T 4 —IZBWTE, RS VB T A S L MERNH D T L
D BVRZEMENKRD BB, GC/MSIZ L HOH-PCBOSHTIZI VT, #FEMAL
R KD | RSB BN E 5 2 TS [35, 361,

s, FHH D ORZEEZEICHBWT[37, 38, 39, 401, t b+ DOH-PCBE
HEEE 2 D256, REORMEE (WESE . HR%E) oAHE2EZE TR,
RO E LR NHIRT 2061 H D, WEETH S 7 61X, PCBIH, Co-PCBIA
(co-planar PCBs) . PCDD¥E (polychlorinated dibenzo-p-dioxins) M TURPCDF
¥4 (polychlorinated dibenzofurans) ZATIZHEER S 2 MR b #7272 1.
Wz tRIT 2 2 L <OH-PCBEZ A H & L TGEIM L 72V & OB )N
77

EH DTN OT, B METOX A 4% % (PCDD, PCDF JE & Y Co-PCB
F5) M O 72 B NS HWE I BT 2 BEHI BV T, 5 DMK ETH A A4
X O VHNT E ATREIC T B IIE R B K O RO RTALERIE O R AT o 72,
Tbb, EERE SR (ASE) (2 X 2 sk ek & ORFE Ok, #ekik
D1/ AART—=NTOHT LY V=T v 7 5B I OREEBEEAEE (SCLV
injection system) Z¥ifif L7=@mffREN A2 a~ N7 T 7 /&5 iRAeE &y

Hrit (HRGC/HRMS) % HWNTC . Bl ik & fifle e L 72 [41],

- 11 -
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fl )7, KBk PCB JEIZBAMWIZ ARZEE T HRGC/HRMS % IV B I IT & E 72 i AR
CEMITERS D72 ENBETH LM, i HEL LTHEARD 22 evy (3-1.
IZCOI) , EFHOITAWIELIRTONSE & L C/KEe{k PCB 35D LC/MS (1281 5
MRt omE[42]. b MLERECOSMME43], BRI TEOK R 21T
UN[44], JHE B IR &2 =0T (45, 461, SRR IR A FH N 7240 4T [47] 24T
ST, BT IR AR % Z & 72 < OH-PCB B A I3 27 ICiZmr 7k
DR (20 pg/g-wet) D[ EAMETH D &HBrS 7z,

AWFFEO BEYIE, & bl oKEELAR Y ke 7 = =/L¥H (OH-PCBs) % PCB
$Hi. Co-PCB %, PCDD %} O PCDF FHpHTIZ i S D bg D Milslkl s b iz
(CMIREBRET 5 2 &< MIBECET 2 HFIEEZRET 52L& TH D,

B2 ETIL, KBLAR VALY 7 = = VT ZERNARDS @l C 4 R o
A oAb ESHHEEFEMCRETT 5 Z E B LW e, Fe b AR LR
EFRFOKBRILE 7 = = VEIZOW T, REKT ORI E 7 = = VO E &k
IZOWTRETZ 1T o 72 (48], BREFHOKERMLE 7 = = VIEREZ RS2 2 &
1T, HBMIC LV KBMEAR Y B Y 7 = S AVENERT D AREERH 5 AT
HETH D,

WICH 3E T, Mg oKE(LAR ) ke~ = =14 (OH-PCBs) =ik

K

EEIEOWIETIE. L RROMMNDLC BT ML AEHE— 27 Oo4esiit.
RERE R LCTEABEORT . BLOA T 1k, a2l P a v KA F i (SRM)
72 8D MS/MS IEDORIESRM O i, 7, JRHE7 ERUBHLEL T IE 2 /ET L,

N6 Ziet L CHE A M h OKER{EA U b e~ = =/138 (OH-PCBs) %

- 12 -
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TR DK 4 5D ERE (Bpg/g-—wet) THMTHINR D HIEABF L1-[49], 2D
X o T, A UMY > 7 v 2 H LT PCB 4, PCDD %8 &% OF PCDF $8% I E L
DO LA ENFTIRR D53 OH-PCB % 43 it S &, LC/MS/MS 14 T s @ 3 Hr 28 7f
RRIZZR D | 7o e Mikalkl 2 B8 e LianWe, & 4 ETHET 2280 ME
B ) BRI S L7z i EE KR {k PCB HH O E ERYFHM A FTREIZ 72 -
7
B4 BT, BASEAT o 7o MR K ER{E PCB HHO WL E #IE AR L T,

183 44 OOMIE A 7> B ERIN S M 72 MLk, 6 U8 253 44 0 A AR N ikAi 70~ & £
ST MHEEREHT DWW THIE 21TV, EEIEO A NEOHER & E & RO
DA B IV T A A ST U 72 [60],

PRI 5 FETIE, AR ARIE L. AFERRED SR 2 RE LT,
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2. KAEBIHABILE 7 2= VEDOEELE
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2-1. [FC®HIC

SHGE T DKL E 7 = = L OWELFRMER % Table 2-1 12, F7z,
Figure 2-11Z 2, 3-, 4- hydroxybiphenyl Ofb=24#1E % 779,

KERILE 7 = =)L L KEE{L PCB (OH-PCBs) D@ I LB L TR Y |
KB PCB & 0 ITBKMEI RS BREE P o268, BORHMA LB R 0> 258 1 THH I
PEM BRI & E 2 B, KER{L PCB OIS E 122 FikEH v | KER{E PCB
DE BAHTE A D RNARARE Tl @iz 2 E RN AR 2 LEE L3 572D, K
RERE & ORI B D AR T EAE A R D KEM L T =
SAVOGHHEREN A EE 272, £, KLY 7 = = VIR ERIC K -
T/KEE{t PCB 2T D72, ABHLELEE TOBRFICFIZ LD 0T opiE &
RHAEEE S E X bIL, ARRETEITo T,

EHEOIT. INE TKBEEPOEWE DOHTEDHIE 21T > TE72h3, K
Blbe 7 2= VD X777z /) —VHKBELZREDL, OREKBEEOD 5
BORBRIID 7261, 52], FALFWESIIEFR R AREE TIZ, KER
EEF D7 2=)v7 = /) — (=KLt 7 = =/V) % GC/FID {EIZ TE &, GC/MS
RIS TR 2 0715(63), E7-. KE. JEE, WP 7 =/ — /8 14 1
% GC/MS-SIMIEIZ TEET 2 HIL[54] o 523, Wity “C, TT7 bk Ehie
WHEAEEDE 2 W T2 FINARRIRIEZ BT L TRy, £ 2T, FH bk
ke 7 ==L® 3 RO EMIR (Table 2-1 B L Figure 2-1 ZMR) Z%f5 L4

5. KBNS D GC/MS IZ X D otmikamat L, B RE2157-,

- 15 -
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Table 2-1

Physicochemical properties of hydroxybiphenyls

Molecular Weight Melting point Solubility

(monoisotopic mass) O (mg/L) tog Pow
2 - Hydroxybiphenyl (1%92'(2);2) 59 (];(;)8,) (]35')?p9.)
3 - Hydroxybiphenyl (1%92'?);2) 78 (é)?;_) (%f;_)
4 - Hydroxybiphenyl (1%92'(2);2) 166 (Eij ) (]éfp?.)

- 16 -
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CAS No. : 90-43-7, Formula : C;H;0O

i O

CAS No. : 580-51-8, Formula : C12H100

HO

CAS No. : 92-69-3, Formula : C12H100

Figure 2-1 Chemical structure of hydroxybiphenyls

- 17 -
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2-2. BEBIURIRAE
2-2-1. BRAE

2 — hydroxybiphenyl (2HB), 3 — hydroxybiphenyl (3HB), 4 — hydroxybiphenyl
(4HB), ~FH o Yrunm A Z L BIOEKERET N DAL, REEEKR
B 73 % Wako Pure Chemical Industries (Osaka, Japan) 725, "Cy - 2 -
hydroxybiphenyl (*C, — 2HB; 100 u g/mL in nonane) % Cambridge Isotope
Laboratories, Inc. (MA, US.) MLZNZEIEEA LTz,

AL =B LOWEHIK (LC/MS oA RASE) | 7T 77 v-djp. D ABRIZ,
Wako Pure Chemical Industries (Osaka, Japan) 72>5HEA LU7-, [EARFHH D —
RV v ¥ Sep-Pak Silica Plus i, Waters Corporation (MA, US.) $Z&fHH L

7’»
—o

- 18 -
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2-2-2. EAHOATRE

AEFE 200 mL % 300 mL 32— MZEY . Ve — FNERER (YC, - 2
-k FRerFvE 7=/, 1.00 mg/L) %20 uL, WAEE200 uL, 7 om X
Z20ml ZANZ, 10 spfER & O Fhitite, MEAKmIEET ~ Y 7 A THZK L, 100
mL 2987 7 2224, v—% Y —2 /KL —Z — K OVERKIE FTO0.2 ml
ECERMT 2, BRARHSRE T, BifRz Y72 ¥ v /~xh v
(5:95) 4 mL ([ZIAfif L, Sep—Pak Silica Plus [EFHA— FV v VICARTT D, &
v rma AR/ ~FH o (5:95) 4ml BEEL, ThEETH, KRiZ, V7
HE AL /~FH(3:1) 6 L THRWEZEH L, EFKMFTO0.2 oL £
TIRMET Do IAMRHRIZ > Y D ARA 7 NEEHERR (T2 77 - —d,p. 1. 00 mg/L)
20 uLIIML, ~FH o Tl nL IZER L b O ERBRIKE T 5,

OGN HED 7 v —F ¥ — k& Figure 2-2 |[Z/R7,

- 19 -
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TS
Water sample Extraction Dehydration Concentration [  Dissolved ]
200 mL phosphoric acid 200 uL anhydrous Na,SO, rotary evaporator DCM/HEX
dichloromethane 20 mL and N, gas (5:95) 4 mL
1 min to 0.2 mL
surrogate
('3Cs-2-hydroxybiphenyl 20.0 ng)

1 1 N 1
— Clean up :—i Concentration = Making up volume[—]  GC/MS-SIM
Sep-Pak Silica Plus Rotary evaporator hexane 1 mL
Wash : DCM/HEX and N, gas
(5:95) 4 mL t0 0.2 mL
Elution : DCM/HEX
(3:1)6mL

Figure 2-2 Flow chart of the measurement method for hydroxybiphenyls in

environmental water
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2-2-3. KBIEEZzZILDER
IR O E & Table 2-2 12789, GC/MS %E@E L Agilent 6890 H A7 1~
N7Z 7 (GC) & VUEMVE ESHTEF JMS-K9 (JEOL Corporation, Tokyo, Japan)
DI DM E E FAVEIRA A Ui (SIM) ICX VW ER L, GC ofrh 7 Ak
LT, HP-5MS, 0.25mm X 30m, 1.0 pmfilmthickness (Agilent Technologies,
Inc., CA, US) AV, ¥+ U¥—H AT 1.2 nl/min DEFHEE— R T, 2

FEAEIZL.0 uL THIEL,

- 21 -
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Table 2-2 Analytical Conditions

GC/MS

Column

Column oven
Injector temperature
Injector

Injection volume
Carrier gas

Interface temperature
Ionization temperature
Ionization energy
Monitoring mode

Monitor ion

: GC : JEOL IMS-K9, MS : Agilent 6890N
: HP-5MS 30mx0.25mmx1.0um

: 60°C(1min)— 20°C/min —280°C(8min)
: 280°C

: Spitless (Purge on time: 1 min)

: 1.0 uL

: He (1.2mL/min Const. flow)

: 280°C

: 280°C

: 70 eV

: SIM

: Hydroxybiphenyl; m/z 170, (141, 169)

13Cy-2- Hydroxybiphenyl; m/z 176, (147)

Acenaphthene-d). m/z 164

- 22 -
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2-3. BREER

Figure 2-3 {2, 4% 20 ng/mL O /KEE(k PCB BAMEAEEUEM T C HERkIA D C, -
2 — hydroxybiphenyl ¥ X OH/KFBERAEO T F 7T - d,,®SIMZ v~ k
75 NERd, £7-. Figure 2-4, Figure 2-5, Figure 2-6 [ZIZZFEh 2-, 3,
4 - hydroxybiphenyl OB & 227 k% Figure 2-7 2% “C, - 2 -
hydroxybiphenyl OB &A X7 KL% 77F, 2 - hydroxybiphenyl 3 & C, - 2
~ hydroxybiphenyl (X [M-H]"A A > DM BRI LARZETH D Z & 2 RRITIE,
T AT —=aridMRRt EEZ N, BEKREE=F —A A THHE
T B IFIEIT A &I L7z,

ER IR (Instrumental Detection Limit :IDL) DEFHE{E% Table 2-3
(2, IDL JIERFOKBILE 7 = = VEMEAKORRED 7 u~ 77 L% Figure
2-8 \T"9, OMrERMHIEAR (Method Detection Limit :MDL) . Z0ATHEE &R
S (Method Quantification Limit :MQL) {X Table 2-4 D L3V THDH, £l
MDL HEWF D 7 m~ 7T L% Figure 2-9 (2”3, #E/AKIZ 10 ng/L (ppt) FH4
I LTZBR 7 [E o0 Ik UEBRIZ I 1T 5 BILER A Table 2-5 (TR d, il
I¥ 2 - hydroxybiphenyl O F¥JEILERIL 94 %, FEHERZEIL 2.5 % & MD T R4

A EI & s¥ s

- 23 -
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[7<br 78] Yl @ AHSGHIEL (%)
[100]1 4

10:06 14957 — 0
1:170 [0]-] I 170
10:106
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\H‘ ISERUUN Y
I N/l
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| \ |
i |
| {1
I ]
N ) o in
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Figure 2-3 GC/MS chromatograms of hydroxybiphenyls (20 ng/mL)
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[ x~" 27 kv ] 1220, . 1233 — 1236, . 12422

1 O002%2%

1 70O
509
141
115
| 6Po 89 o >53

O \‘w L al, Hm‘m ol ull ‘\ s im1\5#‘ : , . o . :

m, S HO—> 1 00 150 200 250 3«

Figure 2-4 Mass spectrum of 2-hydroxybiphenyl
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L2~ 7 v ] 1449. . 1453 — 1458. . 1465
1 00%
170
560%
141
1 115
59‘ Jl élo% L 1‘5 “‘ ‘ A ‘
m/ZSrG}> 100 150 200 250 3¢

Figure 2-5 Mass spectrum of 3-hydroxybiphenyl
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LAx~" 27 ] 1461. . 1465 — 1469. . 1474
1 O00%
170
5602
| 115 141
1 =37 5
OH/?%MMH % 10% ‘\\‘ %5‘%“ . . .

m S H>O—> 100 150 200 250 3«

Figure 2-6 Mass spectrum of 4-hydroxybiphenyl
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L x~" Z7 ] 1228, . 1232 — 1235, . 1240

1 00%

176
5%
147
1221 o533
o1 %; ‘

O mﬁ%\?\mm , ]Tq‘ . \‘ “ :\Iﬁw5 i : bt : l , :

m,  FH>O—> 1 00 150 200 250 3«

Figure 2-7 Mass spectrum of 13C(;-Z-hydroxybiphenyl
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Table 2-3 Calculated IDL of hydroxybiphenyls

Hydroxybiphenyl

2HB 3HB 4HB
Sample amount (L) 0.200 0.200 0.200
Final volume (mL) 1 1 1
Concentration (ng/mL) 1.00 1.00 1.00
Injection volume (uL) 1 1 1
Result 1 (ng/mL) 1.01 1.04 0.951
Result 2 (ng/mL) 1.07 1.01 1.01
Result 3 (ng/mL) 1.07 0.993 0.943
Result 4 (ng/mL) 1.04 0.988 1.06
Result 5 (ng/mL) 1.03 1.04 1.03
Result 6 (ng/mL) 1.06 0.918 1.00
Result 7 (ng/mL) 1.01 0.909 0.874
Average (ng/mL) 1.042 0.9851 0.9809
Standard deviation (ng/mL) 0.0278 0.0528 0.0622
IDL (ng/mL)" 0.11 0.21 0.25
IDL (Sample based, ng/L) 0.54 1.1 1.3
S/N ratio 14 11 11
CV (%) 2.7 54 6.3

* . IDL =t (n-1, 0.05) X Gyg X 2
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Figure 2-8 Chromatograms of hydroxybiphenyls in the IDL measurement
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Table 2-4 Calculated MDL of hydroxybiphenyls

Hydroxybiphenyl Recovery

2HB 3HB 4HB (%)
Sample type Water Water Water -
Sample amount (L) 0.200 0.200 0.200 -
Standard amount (ng) 2.00 2.00 2.00 -
Concentration (ng/L) 10 10 10 -
Final volume (mL) 1 1 1 -
Final conc. (ng/mL) 2.00 2.00 2.00 -
Injection volume (uL) 1 1 1 -
Blank (n=2, ng/L) 0 0 0 80
Sample (n=2, ng/L) 1.77 0 0 79
Results 1 (ng/L) 9.48 8.98 7.50 63
Results 2 (ng/L) 9.03 8.22 6.07 74
Results 3 (ng/L) 9.18 7.40 5.36 71
Results 4 (ng/L) 9.28 9.77 8.10 90
Results 5 (ng/L) 9.34 9.25 7.24 79
Results 6 (ng/L) 9.75 10.1 8.66 80
Results 7 (ng/L) 9.46 9.42 8.47 77
Average (ng/L) 9.361 9.026 7.343 76.3
Standard deviation (ng/L) 0.232 0.941 1.24
MDL (ng/L) " 0.91 3.7 4.9
MQL (ng/L) 2.4 9.5 13
S/N ratio 21 17 17
CV (%) 2.5 10 17

*] : MDL =t (n-1, 0.05) X on-1 x 2

*2 : MQL =on-1 x 10
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Figure 2-9 Chromatograms of hydroxybiphenyls in the MDL measurement
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Table 2-5 Result of recovery experiment from water samples

Sample type :;TEL? n Standard amount Concentration Recovery CV
(L) (ng) (ng/L) (%) (%)
0.2 2 0 ND - -
Purewater o5 2.00 8.7 87 i
2HB
0.2 1 0 1.8 - -
Sea water 0.2 7 2.00 9.4 94 2.5
0.2 1 20.0 100 100 -
0.2 1 0 ND - -
3HB Sea water 0.2 7 2.00 9.0 90 10
0.2 1 20.0 120 120 -
0.2 1 0 ND - -
4HB Sea water 0.2 7 2.00 7.3 73 17
0.2 1 20.0 99 99 -

- 33 -



Chiubu Univensity 2015

2-4. HEER

WK Z G & LI AKRILE 7 = = VO RS HTiE 2 B Lz, ARKOHiED
RO BRI, (1) BREAKPOKBILE T = =L 0@ EEEORE, B
L (2) KEE(L PCB AT OIEWE & L COREHLEE L T 02 2 74
5L Tholz, HEY (1) TIX, ROPEIC LY KBH T OWAKRED S
KL E 7 = =% MDL L~ /L Tl L7z (Figure 2-10), HAY (2) Tik, K
fefb B 7 = =L DEIERIT 100 %2 < . B S 7o aEHLELE R To KRk e
7z = VOB ORE T Do EZ N, e, YU BT NI T A
sma~ N7774—TliE, KBRILPCBRT 7 au XA F 2 /~F%H (1:1) THEH
THDOIZK L, KLY 7 == Vid L0 BEOFm W7 aa A 2/~
@D THEHTLDZENRHLNNIRY, VTN AT LIa~v NI T 7 4—IC

o TOKBRILE 7 = =V DR Gy & IKERIE PCB Z 43 C & DM R 21572,
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Figure 2-10 Chromatograms of hydroxybiphenyl in seawater in Omuta city
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Mk PKERILR Y L Y 7 = =/)VIH (OH-PCBs)
DEERE
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3-1. [FLC&HIC

KERLA U il e 7 = =)L (OH-PCB) EHIX. Af&do PCB fR#t e LTE<
HHNTWD, Sakiyama HOFIE[GE], 7ok, RERKERZEAR L LT
W[56] Tk, ¥ A FIVEGEEZ FI\VC, OH-PCB & B L E LAY, A b ¥

EPCB ZfFE L., TNb A, MuMRREET A7 v~ NI T 7 4 —/morfkieE &

i

S3HT (HRGC/HRMS) 2 AW CERTE 5 Z &2 #AA Lz, £7-, Matsumoto & [57]
E. RUATFATINANTDT I AL Z AN T AT ARIED . OH-PCB FHD E &
o TR BB ALFEMRLIETH D Z L 2HE Lz, BT, Yasutake & [58]
1% HRGC/HRMS %A F L T #F8 (L EUGR & W 2R WHIE I DWW T LTz,
—J7C, R.J. Letcher 5[59]1%, k7 n~ h'T 7 4 —/% T NERINIE
(LC/MS/MS) & FHWT, A FZ Dy va s <oiifEd o> OH-PCB D E & 21T -
7

EHOIL 22O T 5 g DMIKABHT KD & A A% o D @ R 5
BRI LI, ZORUCY 7B RIEEC OH-PCB JEOMIE 2 Al HE & 7o Ui,
OH-PCB FHODWNE D T2 DIZR IR MK & B & LRI s, XA A U E
E L7z i o> OH-PCB IR EEANHIE T & | MiEaE O IREEE D4Ry AR 720
ZLinb, HAFF T UL T DB O KR E LT O 2 LB TE D,
ZZ T, OTHBLIEMEFOX A XX A HOGHEEZ S EIT, BT
n~ T 7 4 —IZXDHMIT, ¥ A A% U HHE OH-PCB A M IR LD 7
L BET DA/ LTz, F£72. OH-PCB DOIERE 2 B EHICBT LT

OH-PCB |ZEHE~TREEAIICHER T B726D, 7 ua~ N T 7 ¢ —D45EE, MS/MS DA
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TS, 2V a U5k SR F oty D s/n e EEREEICHE L, *
NOOREROEFEE LT, MEF O pg/g-wet L~ULDJRFEED OH-PCB % /AT

D kARSI LT,
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3-22. BHEBLUSHAE
3-2-1. BRAE

KEgAL PCB DO FEHEY)E 1%, Wellington Laboratories, Inc. (Ontario,
Canada) . Cambridge Isotope Laboratories, Inc. (Massachusetts, US) 72>
BEA L7z, BEA LTZIEHEYE % Table 3-1 12 &0, T =R U LIZTH 1
mg/L OREWERR 2 FHR U7, PEERER L LC "CIzTT kL7 OH - [C,] -
PCBs Z 7% L Table 3-2 2% & 7=, 4 - OH- [¥C,,] -2 ,3,3 ,4” ,55 -
HxCB (4> - OH - CB159) 1%, ¥V P A/4 7 & LTHWE, Table 3-1 B X
M Table 3-2 |27 L7z OH-PCB [RIfEIA A I TR B & 1ERk L 72,

TER=bhUL, AX =), BT =T A, #AK (LC/MS 7 L— K)
(X, FOEMSE T3 (Osaka, Japan) 22DHEAL7c, ZO#FE TRV, WEEEE/
U ATNELIOLDOMOREE « Wi (XA A 087 L—F) bRERIZ,
FOEMFE T DB ATF Lz, Envi-18 (500 mg / 6 mL glass tube) [EAHHHH %

— " U w1, Sigma — Aldrich, Ine. (MO, US) HAF|H L7,
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Table 3-1 OH-PCBs standards

Compounds Abbreviations
4-OH-2,3,3°,4’,5-PeCB 4-OH-CB109  4H109
3-OH-2,2",3’.4,4°,5-HxCB 3’-OH-CB138  3H138
4-OH-2,2°,3,4°,5,5’-HxCB 4-OH-CB146  4H146
4-OH-2,2°,3,3°,4°,5,5’-HpCB 4’-OH-CB172  4H172
4-OH-2,2°,3,4°,5,5°,6-HpCB 4-OH-CB187  4H187

PeCB: Pentachlorobiphenyl, HxCB: Hexachlorobiphenyl, HpCB: Heptachlorobiphenyl

Table 3-2 OH-[13C12]-PCBs for internal standards

Compounds Abbreviations
4-OH-2,3,3’,4’,5-PeCB 4-OH-CB109  M4H109
4-OH-2’,3,4°,5,5’-PeCB 4’-OH-CB120 M4H120
3-OH-2,2’,3",4,4’,5-HxCB 3’-OH-CB138 M3H138
4-OH-2,2°,3,4°,5,5’-HxCB 4-OH-CB146  M4H146
4-OH-2,3,3°,4°,5,5’-HxCB 4’-OH-CB159 M4H159
4-OH-2,2°,3,3°,4°,5,5’-HpCB 4’-OH-CB172 M4H172
4-OH-2,2°,3,4°,5,5°,6-HpCB 4-OH-CB187  M4H187

PeCB: Pentachlorobiphenyl, HxCB: Hexachlorobiphenyl, HpCB: Heptachlorobiphenyl
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3-2-2. EHEORLE

MmiEEEr 5g 2, TA YV a— MefE Lz rice—RFLE, £2~,
NERIESHE - LC O - ["*C,,] — PCBs, ["C,] - PCDDs, ["C,,] - PCDFs ¥ X
[C,] - PCBs ZWIN L7, W Hoe% (VirTis Co. Inc., NY, US) (2T, 15
BRI S B2, TR hy in~F®Hr (1:4, v/ v) ZERiagthhH s
& (ASE-200, Thermo Scientific Dionex, CA, US) D7 DOy L L Cff
A U7z, R Z T < & CTRME S B 721, REZ n-~F 3 IR LT,
ZD, ~FH UMK Z N2, —BfE Lo, ~F 5 A 2 R
SAYEEL. RHERER/ U BV T A (0.5g) (ZHAM LTz,

ISR/ > U BN T K n—~F P 16 mL THEH L, 1y & Lz,
Z OW4yiE, PCDD #H, PCDF #5335 L O Co-PCB $H % & ir,

WIZ, 50% Y7 ma A&/ n=~FH 2 16 nL TR LB D%, 56 2 sy
L L. OH-PCB & &de, &2 M0 afaEEIc L0 ISIEHE AT E TR L
7otk A AKX 7 —)V 2 mL QR LT, A X —/VIEHRIE, ENVI-18 1 — |k
U BICAf LI, OH-PCBE A A % / —/L4nl TR LT7c, ZDt%, B
2K 0.1 mL £ TERKIR FTRME L, A%/ —/VEHK 0.2 nL IZERE. LC
NA TN LT,

SO 7 a0 —F v — k& Figure 3-1 2”7,
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5g Blood Sample

< IS 4ng
ASE Extraction

H,S0, digestion

Concentration

Ag silica gel column

Fr. 1 Fr.2
n-Hexane 50% DCM / n-Hexane

Active carbon column Concentration

Envi-18 column

Y

For PCB, Dioxin
Determination

0.2mL in MeOH

»
>

Syringe spike 4ng

LC/MS/MS-SRM
ESI-Negative

Figure 3-1 Flow chart of the measurement method for OH-PCBs in blood

samples
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3-2-3. LC/MS/MS #5E

B LO/MS/MS MIELZ1E, Alliance 2695 36 X U8 Quattro micro APT (Waters
Corporation, MA, US)Z M\ =, Z#HTH 7 AiZiE, L-column 2 ODS (2.1 mm X
100 mm, 2 wpm, CERI, Tokyo, Japan)Z V>, #Ei 0.2mL/min & L7z, 7=,
WESRIIMTEED A BERN R bb# & L C L-column 2 ODS (2.1 mm X 150 mm, 5 1 m)
ROV, PIIBEESME, A X 2 —b 2nM FEEET B =T A = 40 : 60
THY ., WEHEAZEIL20 ul & Lz,

KAk PCB FHO E &I, ESI-Negative, SRU{EIZTITV, a2— 2 23 L OWL
WIEH AL, BHETHD, A A MEDTODOX ¥ T U —EAIL 1.0 kV, 22—
YEIYaY Va VEMITREECET ST,

Z DA, LC/MS/MS | E &M% Table 3-3I2F & 7,
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Table 3-3 Analytical conditions for the LC/MS/MS measurement

Flow Rate 0.2 mL/min.

Injection Volume 20 uL

Column Temperature 50 °C

Mobile Phase 2mM Ammonium acetate : Methanol =

60 : 40 — 5 : 95 linear gradient

Temperature;  Source 120 °C
Desolvation 350 °C
Gas Flow; Cone Nitrogen, 50 L/hr
Desolvation Nitrogen, 600 L/hr
Voltage; Cone 30-50 V
Capillary 1.0kV
Collision Argon, 15eV
Ionization ESI-Negative
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3-3. RRLEEE
3-3-1. LC/MS/MS e
aYVarvzRAF—¢TuF I b A ORI

Figure 3-2 (%, 72252V Vg =3 /L¥— FC, /KEE{t PCB %8 (OH-HpCBs)
DT AT DEREARY MLlart, (A) a2l Pa o RxF—n20
eV OYGE, BEIWY B) 2 VarmpbF—7240 eV DLETHL, (A) I
BT, M-H” OBE—E—7 (n/z408.7) BNEESNT, ZZTiE, 7774
AT UBER Lo, —J5, (B) IZBWT, IMFHCL] (mz372.7) %
L [Cl] (m/z 34.8) OFKA AL NBIERINT-,

Figure 3-3 |X, Yu &2 b A0 u~ 7T LERT, [M-H OA A4
E—JREIL3 DA A DR TR b ENoT, M5, [Cl] A A B — 7
X, 3 ODOHFTHEIIHARTH o7, 7 - ) A4 XTIE, bEho
oo K0T, I0Z 7 MM ELTHRBAFT 2R INLZ, T/, OH -
HpCBs ZERTH7-0I21%. m/z 408.79 — 34.97T DA F oty haE=H —
L7,

ZF DD LC/MS/MS 1%, Table 3-4 D LB TH D,
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100- 408.7
] (A) 20eV
me
0
34.8
100i
(B) 40eV
* - 408.7
1 336.8
1136.7 3347 3707
O+ H‘w‘”wHH\HH\HH\HH‘\HH\HHMm/Z
50 100 150 200 250 300 350 400

Figure 3-2 Product ion mass spectra of OH-HpCBs under different collision
energy
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PCBOHf74 1: Daughters of 409ES-
100 14.18 409
R 1.50e7
[M-H]
2
O T TrTrTTT T T T T T T T T T T T T T T T
5.00 10.00 15.00 20.00 25.00 30.00
PCBOHf74 2: Daughters of 409ES-
100 1419 373
} 3.82e5
[M-HCI]
& 14.46
0 T L T T T R B h— T T T T T T T T T
5.00 10.00 15.00 20.00 25.00 30.00
PCBOH(f74 3: Daughters of 409ES-
100 14.16 35
i 3.63e5
[C1]
LIS
0+ T I BRSRE L I A BN B ——————————— [ime
5.00 10.00 15.00 20.00 25.00 30.00

Figure 3-3 Chromatograms of each product ion
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Table 3-4 Mass method for the LC/MS/MS measurement

Precursor ion — product ion

Compounds
m/z

2Cy- 340.87 — 34.97
OH- PeCBs

BC - 352.91 — 34.97

2Cy- 374.83 — 34.97
OH- HxCBs

BC - 386.87 — 34.97

2Cy- 408.79 — 34.97
OH- HpCBs

BC - 420.83 — 34.97

PeCB: Pentachlorobiphenyl, HxCB: Hexachlorobiphenyl, HpCB: Heptachlorobiphenyl
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3-3-2. LC W35 LOREIE

ZAIVETOMEICENT, FE OITMEFED X 9 72 4EWFaalEHI B8\ T
WX, DT LOFFEVEEZERET AT, I RE YA XDH T L%
BIRL T\, L L, MR O S TSRS D720 71T LS,
K% Gl h 7 2w RO D0 ENH 72,

INFETORFHNIBNT, BT AIZON0TIE, RO L-column2 0DS A3t
BN E -T2, ZOREIZCEWTIE, 77 L0k FH A XIZER L
oo BIFHYAXOED B um & 2 ym) 22O H 7 L% HWT, OH - HpCBs
EERIRZE L, WFED SR 7 v~ N7 F7 LAD#A1T>72, Figure 3-4 A
RifE 5 pm DA T A (L-column2 ODS, 2.1 mm X 150 mm, 5 pm) k57 m< b
75 LTV, Figure 3-5 28KifE 2 ym DA F A (L-column2 ODS, 2.1 mm X 100
m, 2 ) IZ&ED7 0~ 7T ATHD, 0B, LC HWEDOREIMES DOREFRT,
FIFE2 ym O 7 KT, B E 100 mm Db D& L7,

RETOFER, KR 2 ym OO T LEZRHNTHEONZZ e~ NS T LDV TS
b I AR, RIS um DB T LADOENL Y bEhoTe, LD /NS IRRIED
7T AME, TR OB O S Z LN TE, sEEEEZR EESEHZ LR T
X5, LEDOH T AOFELICE Y, miEH kit PCB 4 HIE S 5 72 DIk

FE RN EDOTDIlHEGTDHZENHLNE ST,
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PCBOHg169 MRM of 11 Channels ES-
100- 11.79 408.79 > 34.97
| 6.46e4
13.59
O\O,
0““““\““““\““““\““““\““\““\‘“‘\““\““““\““\““\
2.50 5.00 7.50 10.00 12.50 15.00 17.50 20.00
PCBOHg169 MRM of 11 Channels ES-
100 11.77 420.83 > 34.97
| 3.13e4
13.57
L
O A I B S B U B SN B s B e nae B 1011
2.50 5.00 7.50 10.00 12.50 15.00 17.50 20.00

Figure 3-4 LC/MS/MS chromatograms of OH-HpCBs with an of L-column2

ODS 2.1mmx*150mm, Spm)
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PCBOHg122 MRM of 11 Channels ES-
. 8.23 408.79 > 34.97
100
i 919 1.14e5

%
!

I I I LN B B L U B
2.00 4.00 6.00 8.00 10.00 12.00 14.00

PCBOHg122 MRM of 11 Channels ES-
100+ 8.23 420.83 > 34.97
i 5.06e4
9.19
B3R
0““““\““““\““““\““““\““““\““““\““““\““\Time
2.00 4.00 6.00 8.00 10.00 12.00 14.00

Figure 3-5 LC/MS/MS chromatograms of OH-HpCB with an L-column2 ODS

(2. 1mmx100mm, 2pm)
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3-3-3. BHIARDOREL

HE R o R D 1) LoD 72D JKEE{K PCB FHDORIEICK T 5, EARDE)
FIZONWTHRHFZITo72, ZOREEAREICEL X, 77 AFKEHM, BEHH
ML, BUEHAIRSEITIKIFT 2 2 NMLN TS, £ 2T, @V Bl R &k
FFLOD, IV RERFARICOWVTHRFZITo T,

Figure 3-6 (X, S X3 EEA®E (6 ~ 80 L) 128155 OH - HpCBs D7
B~ T L% RLTWD, EAEOEINIE U THBENRITMET L, &
T A XL, mELTe, HEAEN40 pL 2B TGS, 7~y )T
LA EOVE—IBG5EEL. REUREARETHD Z LD oTc, Ko T, 20 ul
FEADHEIZIE, L0ENT T I ) A X EFRATRER S HEN RSG5

52 Lol
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Figure 3-6 Chromatograms of OH-HpCBs at various injection volumes; from
the top to the bottom, the injection volume is 5, 10, 20, 40 and
80uL in that order.
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3-3-4. BRER

I

ZIVE TOMETORE R A KM L, KERL PCB BHOME LIS, 2EERK
RS % i3 2 7o DI B OIER 21T o 72, Figure 3-7 (X, ZDOREHIL
L T 4-0H-CBI87 {23317 % 0.1 725 8.0 ng/mL OHPA TORER TH D, MEAR
X, PNEERED 4 - OH - [C,,] — CB187 & 4 - OH - CB187 ML, I LU,
ZOE— 7 RN BIER LT, MERORKIRE 0.1 ng/ mL (X, MKFIRE
D 4 pg/g ITRIIE LTV D, BT, BAFREMRMEZ R L, HABEHREIZONT

HEFRERTH T,

0.8 | y=0.0958x+0.0188
R2=0.9953

Area ratio

0 2 4 6 8
4-OH-CB187 (ng/mL)

Figure 3-7 Calibration curve of 4-OH-CB187 (0.1~8.0 ng/mL; IS 4.0 ng/mL)
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3-3-5. IMERFHDKERE PCB EHDRITE

BAYE S v To mEE I E S EOISHE] & LT, iiksUER o KER (L PCB FHOHI
ExRIT-o T, KR OH — HpCBs D7 1~ 7T KMTHOWT, fiEkik & ik
RENTHELOBTHEZIToTz, WEROTIEZLL 70~ 7T L3,
Figure 3-8 Th VU, R INT=HIEIC L D7 m~ b7 T AW, Figure 3-9 Th
Lo YT FNRREICER LTCGE, 1RO FIEIL, RSN HEL VK25
MO TED, Ny 7 7T RL~YLTHIR L7256, RO FIEITHR S
TeFEL VMmN ol o, R SNTETHEZ, 7ae~ 775 ED

B — 27 OB b IA L LTV,
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PCBOHdA84 MRM of 13 Channels ES-
100- 14.08 408.79 > 408.79
] 1.31e5
2 -
14.71
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0 T L L T T T T T T T T T T T T T T T e T T e T
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1007 14.06. 1.77€5
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Figure 3-8 Chromatograms of OH-HpCBs in blood with the conventional
method
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PCBOH(f801 MRM of 11 Channels ES-
100+ 8.66 408.79 > 34.97
i 5.58e4
X -
9.69
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Figure 3-9 Chromatograms of OH-HpCBs in blood under the improved
method
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Figure 3-10 &, MIERE MK T OKERIL—5. 6, THFELE7 =z=1D
SSMZ 1<~ 27T hZ&RmLTW5, 4 - OH - CB109, 4 - OH — CB146 + 3 - OH -
CB153, 4 - OH — CB187 3L %4’ - OH - CB172 i & 47223, 4 — OH-CB146
FEO3 - OH - CBI53 (X, AN R TII AT TH -7,

Table 3-5 X, ARHTEIZI T 2 NEMEEME ORI TH 5, Aotk
TIE. PCBH, XA A XV HHEDRIFGHTEZARIE LTWAH 728, ASE filiH]
OB 2 AT > T D, D72 SEHEIERIT— A 220815 & MK
THHN, MR & 5B L T2 BRI °C T~ kK EE{L PCB 3 %4 PSR 15 &
LT FNERFIRE CTH 2720, REINETH > THIREOHMENAZIE B X5
no, 72720, 3 - OH - CBI38 {TMi 7K EIRIC LV i C &, oirct4
MBI LT, AROHHEICBWT, 37 - OH - CB138 (%, FileS: T THf L T

HHDEEEEIND,

Table 3-5 Recoveries of internal standards

Congeners Mean SD
4-OH-CB109 324 4.7
3’-OH-CB138 3.8% 1.7
4-OH-CB146* 44.7 5.1
4-OH-CB187 33.6 6.3
4’-OH-CB172 42.2 59
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PCBOHf684 4H187 4H172 MRM of 11 Channels ES-
8.69 408.79 > 34.97
100 9.54e4
12 :
me OH-[ “C,,]-HpCBs 9.66
0\ T L L L L L L L L L L L T
6.00 7.00 8.00 9.00 10.00 11.00 12.00
PCBOHf684 MRM of 11 Channels ES-
8.69 9.66 420.83 > 34.97
100 13 M4HIS7 | M4HIT2 5.48e4
2 OH-[ C12]-HpCBS /\\ /\
G\ T I I L I L I L T
6.00 7.00 8.00 9.00 10.00 11.00 12.00
PCBOHf684 MRM of 11 Channels ES-
8.93 374.83 > 34.97
100 1
12 4H146 -00e5
3 OH-[ Cu]-HXCBS
O\ T L L B L L L DL L T T T L L I L L L B L T
6.00 7.00 8.00 9.00 10.00 11.00 12.00
PCBOHf684 MRM of 11 Channels ES-
100 10.01 386.87 > 34.97
13 M4H146 M4H159 1.27e5
® OH-[ C12]-HXCBS 8.93
0\ T L L I L LA L L L L I L L L L T
6.00 7.00 8.00 9.00 10.00 11.00 12.00
PCBOHf684 MRM of 11 Channels ES-
8.63 340.87 > 34.97
100 12 3.60e4
< OH-[ C12]-PeCBS 4H109 -
0\ T I L L L T T T T I L I L T
6.00 7.00 8.00 9.00 10.00 11.00 12.00
PCBOH{684 MRM of 11 Channels ES-
M4H109 9.24M4H120 352.91 > 34.97
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Figure 3-10 SRM chromatograms of OH-PCBs in the blood of Yusho patient
(PeCB: Pentachlorobiphenyl, HxCB: Hexachlorobiphenyl,
HpCB: Heptachlorobiphenyl)
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3-4. #EER

EHOIL. b g DIMIEEEING | PCBHH, & A A% U HH L KEE{k PCB % 51/
B (pg/g-wet) ICEET HHIEEZRBE LIz, ZOFHEX, O THRBLIELA
IR VHOEBERESIIEEZERR L, 7L u~ NI T T 4 —53HET,
B A A% F L KB PCB MR NRNE D IZHEEL, Z e~ F oD
7 4 — D5 MS/MS DA A AkS M, 2 U P a &M SRIA Ay hov
T e ) A R EFMICHRE T2 CiER LT, 20282k~ T, ¥4
F 3% 2 FH LR CRUBHE D KPR 22K ER (b PCB BHOFRA 21T 5 Z L A FRE & 72

-7,
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4. MEHF OKEBEILRY #EL 7 = = /V¥H (OH-PCBs)

DIRPE
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4-1. HEERBE (2010)
4-1-1. [ZLHIC

JHAE & 1E, 1968 AP B AR —H#FCHA L7z, PCB XU OBELEMIZ X 5
KRBT HEFHEIC Lo T ERSNZEERERETHD, 714 A4 AV
RSB IRV T OB AR & LTl FRIZ PCB 2 & & A A% 3 L% (PCDDs, PCDF's
Co-planner PCBs) 723ERL L TUW2[60], & DOEMEARNREA L, RG22 EH
HIEICRoTHIERZENTZBDTHD, ORI, RARMIIE. &
REDPCBRFA AF L VNG EN TN Z ERH LN [61, 62, 63],
BHEOMBEN ORI TND[64], FEHDITINE T, PBRY A A F 2 M
DB OV TR 2 B2 (65, 66, 67], ZAUCEED X JAE B MR D4y
Mra 9 L C 7268, 69, 70, 71],

Fo. OWEDORKG 28 U CEME I BdinE, et 2 x4 L 45720
Tix7e <, BAEEO ST ~DIGH 72, 73, 74, 75, 76, 7], BILOHEZ
HI7RETCOIRAF Yy 7728 [78], @ L THELAEZX > TET,

Enomoto® [79]1X, HARDE b iHEH OOH-PCBOIRE 2 A L7 fE R, F2/e
AR L~ L A3 4-0H-CB109 (10-230 pg/g-wet) , 4-0H-CB146 (13-340 pg/g-wet)
4-0H-CB187 (12-110 pg/g-wet) T o722 & Z#HE LT\ %, 7z, Linderholm
5 [8011%., 94 DIMIE FFE 7> & D Y > 7 /L O OH-PCBR 1L, 4-0H-CB187,
4-0H-CB146, OH-CB10935 X U ~OH-CB120DJEIZEIRE TH -7~ Z & 2 HiE L7,
S BT, 6-DDOH-PCBIEH DA FHEIL, 390~1300 pg/g (IL{F) DOHIPHTH Y |

FDOYHEILT80 pg/g (IMLIE) TH-o7-.
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ZDOFETIE, AWFZE T SN mRE Tk Z2 M LT, 2010 4512 183 4
DIRIEBEE D HERE L 7= Mg - oK {l PCB 8. PCB 2. # A A% DM+

REZAEL, ZhofbEWoika+ 52 LA ML LT,

- 63 -



Chiubu Univensity 2015

4-122. BHBLUVIFHE
AR

AHFFETHIMICHE U 72 i ik, 2010 4E DRI\ T 183 44 DIHIE A
MO LT, T_XC, A 74 —AhRarty F&ET, migRkE% 10 mL
D~RY v BT E SR INE A L CRILL . oW &2Bisd 2% T 4 CTff

1FL7-,

AR

KEE(L PCB B DOAEYEYE 1%, Wellington Laboratories, Inc. (Ontario,
Canada) 33X 0" Cambridge Isotope Laboratories, Inc. (MA, US) 2>BHAEAL
7o Table 3-1 23/KPe{k PCB DR D U A F TH D, BIFEHEWRIL, T F=
FUALTHIRL, & 1 mg/LAEMER & 702 X OB LTz, RNERAIRIEICE T %
PSR HERR & L THWD PC Z U kiERERR (OH-[C,]-PCBs) %, Table 3-2
[CE LD, 4 - 0H-2 ,3,3 ,4” ,5,5 — HxCB (4" - OH — CBI59) IL.
VYT ANRAL T L LTHWE,

Elo, TR bR=RMI AZ =), BT UE= T L ERIKIE, LC/MS
7L — ROFEHEE T ¥ (0Osaka, Japan) Sz HAW/=, EAEMMHI— R » 2
121X, Sigma—Aldrich Inc. (MO, US) #o Envi-18 (500mg / 6mL glass tube)

Z Tz,
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A DFALEE
AR B O TIEEE 5 ¢ ZoFricfik Uiz, sUBIORTLER G EOFEIX
[3-2-2. FEIOFILE] OETHRRZERBY THDH, oo 7a—F v — |

% Figure 3-1 Z/R9,

ZkBE(E PCB JEDEHE
LC/MS/MS Z3#T1Z1X, Alliance 2695 U — X EEEK 7 v~ N 7T 7 £,
(ZHEfE S 4U72 Quattro micro APT E &34t (Waters Corporation, MA, US)
AW, T 7 2120, L-column2 ODS, 2.1 mm X 100 mm, 2 pm (CERI,
Tokyo, Japan) Z V>, BEIFILFE 0. 20l /min (2T, A X/ —/b : 2nM HEEE T
YEZU LA 40:60 MO T TV MRUETICTONT 2 T o7z, BBt OLSEE
AFIT20 pLTHD, TOM, S RMEOFEMIL, Table 3-3 DY TH 2,
KEE(L PCB FOMHIZ, =L 7 huAxTF L —A 41t EBST - ) 12k b
BRIEE=F Y 7E—FK (SRM) IZTHEZITo T2, 23— T AL L OE
WEHAL L CHEFEEFEA L, STV —ICHIRISNDA A bR T vy
I 10KV Thotz, 2V Vg VAR — (L KA AL D= DITiE{L S,
AV HAZFZT NI L, EOM, EESIEHIERE LT EE

(A Aty b)) OFMIE Table 3-412F L i,
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4-1-3. FERLEEBE
M F K BEAE PCB 25 DHE
HE B i O KER L PCB JEZ HIIE LTRSS, kD4 20— 7 B &
iz, 375 4-0H-CB109, 4-OH-CB146+3-0H-CB153, OH-CB187 ¥ L !
4" -OH-CB172 TdH %, ZNLSNDEMKITER T 5 v — 7 i3t S oiz,
Figure 4-11&, JMAEBE MLHE T2~ b H S Hu7- k(b PCB D IE 27~ L T
Wo, IO WEIL, MEEPNEEIL TR Y ANLIKEER, 30L& 541
PR EHR SN TV D IEOE 2R, T 0 Z &3k PCB FHOHTH,
MEFINZEBNT HDNDOZEEE N RUTFEL TWDHREERSH D Z &

o LT\ 5,
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Cl |
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" O O )
C

Q
Q

Q

cl |
4-OH-2,2'3,3'4',5,5'-HpCB (4'-OH-CB172)

Figure 4-1 Chemical structures of OH-PCBs found in the blood of Yusho

patients
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M HFAF FKBAE PCB 2 DIRE

183 44 D e FBE i o D 7K ER (b PCB %5, PCB $H., PCDD %} O} PCDF $H DR
HELOLHDON Table 4-1 TH D, REDOVEIE TLE L7286, KBk PCB
S 310 pg/g-wet Toho7-DITk LT, PCB NS 2300 pg/g-wet, ¥ A A F
> ¥ (PCDDs + PCDFs + Co-PCBs) 7% 4.1 pg/g-wet T 7=,

FEKER{E PCB FHO MY (REEHFH) 1%, LITO®EY, SREICHRHS
Ni=bONGIEIZ, 4 - OH - CB187 (ND - 1300 pg/g-wet). 4 - OH — CB146 +
3 - OH - CB153 (8.4 - 1200 pg/g-wet). 4 - OH — CB109 (ND - 530 pg/g-wet) .
4’ - OH - CB172 (ND - 380 pg/g-wet) Coh o7z, iz 4 >DKEE{L PCB
DM EIX, 36 205 3800 pg/g-wet OHEIPHTH Y | & DFEIHEIL 310 pg/g-wet
ThoTo, TNHORERIL, Linderholm HIZk - THESINZHDOLE L —%

L7,
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Table 4-1 Concentrations of OH-PCBs, PCBs, PCDDs and PCDFs in the
blood of Yusho patients collected in 2010 (pg/g-wet, n=183)

Congeners Mean Median  Min. Max. SD CV
4-OH-CB109 67 49 ND 530 68.8 1.02
i_g).gg.%l];f 53 96 71 8.4 1200 106 1.10
4-OH-CB187 120 77 ND 1300 131 1.12
4’-OH-CB172 29 20 ND 380 35.1 1.22
Total OH-PCBs 310 230 36 3800 340 1.09
Total PeCBs 150 130 11 830 111 0.734
Total HxCBs 1000 820 80 6300 785 0.774
Total HpCBs 840 620 86 6600 793 0.942
Total PCBs 2300 1800 210 15000 1800 0.799
Total PCDDs 2.4 2.0 0.49 7.5 1.32 0.558
Total PCDFs 0.70 0.31 0.034 5.5 0.922 1.32
Total PCDD/DFs 3.1 2.7 0.54 11 1.79 0.584
Total Co-PCBs 1.0 0.90 0.13 4.8 0.686 0.663
Total dioxins 4.1 3.8 0.74 13 2.23 0.545
Lipid (%) 0.25 0.25 0.15 0.62 0.0606  0.238

SD: Standard deviation; CV: Coefficient of variation; CB: chlorinated biphenyl; Pe:
penta; Hx: hexa; Hp: hepta; ND: not detected; PCDD: polychlorinated

dibenzo-p-dioxin; PCDF: polychlorinated dibenzofuran; Co: coplanar.
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MR FKBBEAE PCB 35 & < DB 5B D BIF

Figure 4-2 1%, JMJEMAFE MK T D/KER{L PCB JEIR B & PCB JHIREE & OBfR %
RLTW5, TEOAHRBIRIMRANKER(L PCB HHIESE & PCB HEIRE & OB THIZE Sh
7oo LinL., /KEE{L PCBEHIRE & % 1 A% % (PCDDs + PCDFs) R & DfH
X, AELRBRITRD Snedotz, (Figure 4-3) 7z, /KEg{k PCB HEJREE
RN B & ORI HAHEBIBRIIBIE s e h o7z, (Figure 4-4)

KEZ{E PCB #HIX, PCBEADLIFEIND 12D, HOBREDOHBIIAE SN D,
—J7 T, KBt PCB JHE & A A F AL, IREEOEmWA A A2 LR
i & L FHE OV KMk PCB 1L OBRTH 2 DT, MERERIBIR IR
MmolebDeEZOND, Lo T, KERL PCB JHIZ, XA AFT U HEE,

NEEEHACREL TWA EITEZ B,
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Figure 4-2 Relationship between the concentrations of OH-PCBs and PCBs in

the blood of Yusho patients
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y=0.0028x+2.226
10 R?2=0.1193

Total PCDD/DFs (pg/g)
=]
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Total OH-PCBs (pg/g)

Figure 4-3 Relationship between the concentrations of OH-PCBs and PCDD/DFs

in the blood of Yusho patients
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Figure 4-4 Relationship between the concentrations of OH-PCBs and lipid in the

blood of Yusho patients
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Figure 4-5 3 L (8 Figure 4-6 1%, T . #/KER{L PCBEIEE & 4 - OH -
CB146 JEERB L V4 - OH - CBIST IRE L DR EZ R LT-bDTH D, WEMER
&b, WeUKER{L PCB JEIRFE &L O CRAFMEABBRARD END T b,

B EE R — Rk TR EHIFEE LW D EEZ HND,

F7-. Figure4-7 & Figure 4-8 1%, T ¥, EE/LAEWRLORBEGEEZRL
DO ThDH, T7bb, 4-0H-CBl46 & HxCB (#146) . XL OV4 - OH - CB187
& HpCB (#182 + #187) TH D, Mi#H & H. PCBEE & Z DI D REFRIZIHB VT,

b HRRE OB EO b D Z ENPALNE R ST,
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Figure 4-5 Relationship between the concentrations of OH-PCBs and their

congeners
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Figure 4-6 Relationship between the concentrations of OH-PCBs and their

congeners
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Figure 4-7 Relationship between the concentrations of OH-PCB congeners and

related PCBs
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Figure 4-8 Relationship between the concentrations of OH-PCB congeners and

related PCBs
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4-1-4. #EER

EH DI, BA%E L7z i sl K ER L PCB JE O MR E RIRIC L D | 1834 D
THAE B 7> DRI S 72 sk 2 e U7z, #e/k il PCB JRIREE 1, 36 705
3800 pg/g-wet DIREFIFHATH o7, £z, ZOFEHMFEIL, 310 pg/g-wet TH
-7,

72, AU 5 g DM 7KL PCB . PCB 4, PCDD %) O PCDF #H
DFRIFFERENAIRETH o7, £ DOWEREIL, /KER{E PCB 875 310 pg/g-wet,
PCB JHAY 2300 pg/g-wet, Z A A ¥4 (PCDDs + PCDFs + Co-PCBs) 2% 4.1
pg/g-wet ThH o7,

1 D7kl PCB Bl E & PCB BRI & DRI IEDBAMRIMBLES S L7203,
KAl PCB JHIREE & & A A% v HRIREE & OFITIIA B R BERITEERD bian
olz, TOZ &R, MHEOFAEEDEVITER T D RO R RN
EEZOLND, TbbKEE L PCB FHE XA A% VFHITAWVICER T 5%
S TIER VDS, R (BKME) 72 EWs bRz =N D 22T i d 5
REOHBEZRTLEZXOND, ZORFITKERL PCB ML XA 4 D

ERNZEPRRD L ETRRTLODLEEZD,
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4-2. Wiw (BREESH)

4-2-1. [FL&HIC
EHOIX, I E TEOMmET [81]3 LORILH[82] D ¥ 1 A% o U HH,
BLOZOEBEMEIZOW TR L TE72[83], I E COMPHERN D @iRE
TR REOME BT (TR LT AR E B IRRE & 5 2 O D I ML h o 7K gk PCB

DI OV TR,
AWFFE TR MEEEHE, LR D 253 4 Oiffm RIS vz, =
DETIL, KE{L PCB HHD WS B HOKIR FE & ARE S 2 Il hat i h oo 7K
b PCB JERFEAME L, KBRIC X > TRIERELZ 2 L 7o e ORFEZ 1T

& & BT MIE B M T O IKER{E PCB AR &l 21T 9 Z & 2 ARV & T 5,
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4-2-2. BHBELUVIMFTHE
FUPHRIX
ABFIE TR T2 MR EURH ., ARMIE KRB E AR AT 31T 2 i) & =
R— MFSEO T T, 2009 05 2012 F ORI S vz, MigaEEHT, 1> 7
F—b Fartr b aFre®c, FLRTTRNE KO OB /EFE D 253 4
Offm GRS iz, B, igaCEHIRNE 2 463 2 £ Tofl, -30 C

I CTRRAF LT,

AR

K&t PCB FEDEEHEM)'E 1%, Wellington Laboratories, Inc. (Ontario,
Canada) 33X 0" Cambridge Isotope Laboratories, Inc. (MA, US) 2>BHAEAL
72, Table 3-1 23/KER{L PCB HHDIEHER DV A N Th D, KIEMERILX, 7 F=
FUNLTHERL, &1 mg/LIEEMERE 25 X5 LT, RMEFHIRIEIZEIT S
NHEEAERL & L THWD P°C T~ bEEHERR (OH-["C,,]-PCBs) I, Table 3-2
IZFE L, 4 - 0H -2 ,3,3 ,4 ,5,5° - HxCB (4° - OH - CB159) I%.
YT ANRAL T L LTHWE,

Flo, TEF=RMNIA AZ =)V BT E= T L HEHIKIE, LC/MS

T L— ROFEHMIL T (Osaka, Japan) HAE =,

EH A DFHEE

AT BV TILIEREL 5 g Z2 oot L7c, s RILER G {E DFEMIL,
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[3-2-2. FEORIAE] OHETE~TZLBY THD, wFO7a—F % —F

Z Figure 3-1 12737,

LC/MS/MS JIE

LC/MS/MS 23412 iZ, Alliance 2695 »'V —Xmfifikr u~ 777, BX
O Quattro micro APT EH&/HTEE (Waters, US) ZH\\ =, W H 7 HITIE,
L-column2 ODS, 2.1 mm X 100 mm, 2 pm (CERI, Japan) % M\, B&EHHILY
TV MRBETIC T 21T o7z, TSRO, Table 3-3 D@V TH

Do
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4-2-3. HERLEEE

HAN 253 £ Ot o ik H o 7Kk PCB JHO PR EEIZ DWW CTRIE L7 /E R,
EE e KERE PCB RIRIADIZE A L% BAFE LIz FIECRIES 2 2 L3 T
&, TORER%L Table 4-2 ICF &5, FERKER(L PCB HOMY (RE
#IPH) X, ATOm@Y, SREICHE S 72 OnBIEIC, 4 - OH - CB187 (\ND
- 52 pg/g-wet), 4 - OH — CB146 + 3 - OH — CB153 (ND - 50 pg/g-wet). 4 -
OH - CB109 (ND — 38 pg/g-wet), 4° - OH — CB172 (ND - 12 pg/g-wet) T&H
STz, B &7z 4 > DKEE{L PCB O EIL, AR L-~UL)s 5 140 pg/g-wet
DHFIFHTH Y . ZOYHIHEIL 32 pg/g-wet Th o7,

f 7 A A D fLHE T oD 4 S DIKER{K PCBEAD M FE I, 36 7> & 3800 pg/g-wet
OFHTH Y . TOEHHEIT 310 pg/g-wet T o7, (Table 4-3) Z DOfE R &
. HERE ORIKERL PCB O FEIEIZ, BAROHGEOZN LY H 10 f55&

Mol Z ENH LMo T,
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Table 4-2 Concentrations of OH-PCBs in blood of pregnant women (pg/g-wet,

n=253)
Congeners Mean Median  Min. Max. SD Cv
4-OH-CB107 5.6 ND ND 38 8.0 1.42
4-OH-CB146
3-OLLCBIS3 12 11 ND 50 10 0.875
4-OH-CBI187 13 11 ND 52 10 0.797
4’-OH-CB172 1.2 ND ND 12 2.4 2.03
Total OH-PCBs 32 26 ND 140 25 0.807

ND: Not detected, SD: Standard deviation, CV: Coefficient of variation
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Table 4-3 Concentrations of OH-PCBs in blood of Yusho patients (pg/g-wet,

n=183)

Congeners Mean Median  Min. Max. SD Cv
4-OH-CB107 67 49 ND 530 68.8 1.02
4-OH-CB146

©3.OH.CB153 96 71 8.4 1200 106 1.10
4-OH-CB187 120 77 ND 1300 131 1.12
4’-OH-CB172 29 20 ND 380 35.1 1.22
Total OH-PCBs 310 230 36 3800 340 1.09

ND: Not detected, SD: Standard deviation, CV: Coefficient of variation
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4-2-4. HEER
EH OIE. LC/MS/MS 5% F 7= i alBk Hhk 2k PCB B oD R B i kI &
0. BAN 253 44 OEhF) HEIR S U7 Mgl 2 0E UTe, 4k o ik s 0ek
o FERKIE L PCB 2, AFZE TR SN HIEICL - TERET D Z LN
T&E 7o, MUKERAL PCB AR AL IE, AR L UL b 140 pg/g-wet D EERFIPH T
bole, Flo. TOYEIMEIL, 32 pg/g-wet TH Y, HIEBRH MK T DK 10%

DIREICHET L2 ERHLNE 5T,
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S.
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LC/MS/MS=SRM £ % FIv 7= it v o> K et PCB JH oD v Jik P iE Bt &2 B 6 L 7,
Rz, MS/MS &t ofist, REHEARO KL, X W RIEROMINN LC BT LD
BHE CTREMIEE DR L2 ER LT, ZOFETIEL, PCB $H, PCDD FHE
PCDF FHDOWEIZ, BIMOFE A2 LEE L 425 Z LS | JKER{K PCB B DMIE & 1B
322 &ENAReEL 72 o7,

o, RSN EREA VT, WERE MK (n=183) HoOKEE{L PCB
HOEREEZIToTo, T Of/KER{L PCB IR, 36~3800 pg/g-wet (F#J 310
pg/g-wet) Td -7, TFEEMMEKIT, SR HIEIZ, 4-0H-CB187 (ND-1300
pg/g-wet) . 4-OH-CB146 + 3-OH-CB153 (8.4-1200 pg/g-wet) . 4-OH-CB109
(ND-530 pg/g-wet), 4  —OH-CB172 (ND-380 pg/g-wet) Td 7=,

AWFFEIL, b M H0> PCB $H, PCDD ¥8. PCDF %8 &% OVKER{L PCB $H D [F]f
EETH->T, TORNEMGMD TREHTHY | MhiZHZ L2 0ERTH -
oo BHNIZT—2 L0 #IKER(L PCBs & #& PCB I B M IXIE O AR BIBAFR A3 58
D LIV WKERIE PCBs IREE LRI & &0 & A A% 2 U HH & ORIZITAE R
BIRIZEED B ie o 7z,

7. i oMk (n=253) 1 OFRKER{L PCB EHIRAE L, ND ~ 140 pg/g-wet
(¥ 32 pg/g-wet) T o7, TAUE, HIERE ONFIIEDK 10BN YL T 5,
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