B4+ rZbEis, SEIELNT
BEMXOEBEIRETHS 3.6 ng/kg/H
(ND=0) ., 4.7 ng/kg/B (ND=1/2LOD) I
ME 1 BEREDOH 1/28,300 2 5
1/21,700 & 72 %, EFSA LM ERLE (v
F<—2 BM) & L T MOE (RFEE & NOAEL
Mow—vr) ZEALTVWAR, BR
A HBCDs &FE1X EFSA O¥|EHEMEIZIR
5L TbHEL MERW, LIzdioT, Bk
T EBEIZEENH D LiEB LI,
LasL., &% & HBCDs {3 23kt S h
5 HIE, BEESCEMIRMGEMENSERD T
BV &, R THOWRELIERAOFE
MR EIEEE T N7 o — A p-450 OFHEI|C
SWTORELHDZ b P A%
HEMICEIT D HBCDs 1T & BIHEGRZE D
BREOHBIZOWTERT ILENRD
5EEDbND,

3-2 HBCD O %7 & & Kk T PBCD O
LC/MS/MS S #r - DRFS

HBCD DT R DB E S DT
VWNTH, InertsilODS—élu (3X150mm, 5 u
m, GL Science) & XTerra RP18 (3X 150 mm,
5 um, Waters) @ 2 KDOH T LEHH,
REER - TREEE X, BRAICHRET L7ofE
B Inertsil ODS-4 724 TILHOHTRER DS
40 UL EEZEL, Lo,
LE—-E—7 & L THBERZETH 7,
% 7T, XTerra RP18 71 7 AZER X THaET
L=l oA, BEZ 25901 @EeFo
R TRRME : 0.05 ng/g) TR L7223,
2 ODFHBEME(S, e )VEE o, B, vIF
MOEDBERET D ENTERE, K5
RO 6IZZFDLC/MS/MS 7~ 7T A
ERRER (NEIERE L L T ¥C-y -HBCD %

SKiIzENRT

Awvwr) 2739, 22XV, a. B.

y. 8. & ®SHBCD EMEEII2ARDFELE
DRERDYAL T LEMHEDED L
WWEVHEETEDZ EBNbhotz, —7F,
PBCD 1%, S EIORETTIX, £ HBCD £V %
REEIME L . LC/MS/MS TORIESMH 27
SNTBHZENTERNPoT, REELRKR
A& AkRE L. 47 0 HBCD R CiL. HBCD
B REMRSLARER D IDEFEREMEMEITON
THEREEBZ N EEZL TN D, ZOHE,
INEDOBRMEEIZONWT, FETFNAEDR
B CHBINTRNIERHY ., BiE{LD
21T, BElCH BT bENTZ o R, B 1A,
y BMEERRDVICAWSZ & LB,
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SHBCD 0.01ppm
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D

1 REFEZREEPRFID DBDPE {2 DWW, FESE
Li=oiriEzE A, ARBHER& S 12
BEE O Uiz, TORR, 12 BiET 4
K {4 H> & DBDPE 7% 5. 86~8. 08 pg/g ww D
BETHRHE I,

2 ==y Ry FFRIZLDHH
B, WK OEIRERE CTIE. FHX
\Z$31F % PBDE, PBB, Co-PXBs, DBDPE ™
—HEREFEH L, ND=0 & LEHE
® 1 B#EREIT PBDEs 28 1.66 ng/kg/H
(BIFEH#X) B X 1.93 ng/kg/ B (Fuil
[X) . PBBs % 0. 00786 ng/kg/ B (BARHIX)
2 O0 0.00238 ng/kg/ B (LM HIX) TH -
770 Co~PXBs IZW TN D& S EERIFE 22 &
LR S eh -7, DBDPE O 1 BEERE
WX, BEHIXAY 0. 0254ng/ke/ B, FuJlH
X1 0. 0038 ng/kg/ H Td > 7, PBDEs IZ
2007 FEE OB EIZ LT 4-5 Fld e
EThHo7,

3 ~—F vy Ry bFRICTLDHE
HHHIX 12 331F 5 HBCDs DB EFE Tid,
ND=0 & L 728 & 2% 3.6 ng/ke/ B .
ND=1/2L0D & L7235&7% 4.7 ng/kg/H &
720, 2007 £ HBCD s | HIEHE (ND=0
E LI-BED 2.4 ng/kg/ H. ND=1/2L0D
E L3S 3. 4ng/kg/ B) 12T 4-5
EloEME o7,

4 HBCDs DFTEMEMA (6. ¢) % LC/MS/MS
ECHOBEENS SBERIEST 2 Z LA
T&E, ZHUZXY, a. By v, 0.

¢ MSHBCD EMEEII2ARDOEEORELR D
WAL T AEMAEHLEDLZ LKA

ETEDI EBbnroTl,

E #BrFesER

1 IR
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BB FIVKBOEEMD-HD T x ZIVFHFEHE

GC-MS EDBIF

WA CEEN, ORAR - R BuEN BEOVAT BB L

T VEEEKL-HF A2 0T T T 7 4 —-EESH (GCMS) FEIZ LD EMF A FNVREDTEE
B L7 BEH UYL - BESAD BAREERICE > TAFVKEZRA»LSEEL, MLz 23l
LB LY AF A VEICHEIRBE L. B LAAFVABEEZF I 72 VA T7BF P) T AICE T

Tz VBEKLL, AT Y B L FERMELAATFN T 2 2 VKR E,

1fE-2#&7 3~ (PSA)

IZHTLEBVTHEREL, GCMS (SIM) K& DillE L7, 5 EOREEERE (CRM-7402a, CRM-7403a
BCR-463, ERMCE-464 & U°DOLT-4) % V70T EOMREFMoOB R, EE (%) 98~108, fHTHE
(RSD%) 10 ki, ZPEE (RSD%) 15 RiiTH 1, BEAEFMEI L o ORISR L W04

ETHLI PRSI

1 &

AFIVKEE, BRKF(EEHNO—DTHY, SZEICE
WA ERERD LD HPHEEREFISEITIIA, KR
KBIAROBEEICOZERZRITIEFRES LT
BV, F7-AF VKB, AMBHEOORYEHD AL
BT A raRe s VIHEO L B REKERYIZIFC
HLEThTWS, ThICH LEAGEE IR, FSTHK
EHYOXEEREZN L-EREZEORAH LOB I,
L, HEoLEHEEL, BRELHETIFEELZBEELTY
Y.

AERICAETND AFVKBOMTEE LTI, EEAR
e BERM AR 20T M5 T 4 — - EFHER
HH (GCECD) BEARENTWE, L2ALIOFHET
X, BOSAEREBHEINTVERVEYEHEATLILIC
mz, Sy 7 FhIADERIREEINRTVE7-DIHE
BEAMEC, S SICKRHEBOERERUREMEIC D MEDE
HHND.

L3O GGECD HEDEMIZE, AFVKEOERZER
EF AR, ANESIESENRE LIV FV Y
HEY, HERREME - MLV UHEEY, 7 ovh ) R
EY, BAbA U v A - HREESIQD SARERERED v
VIHARETRUBERBAMBE 2SI VML
GCECD ®BHEBEI O~ 57 1 —-FEHET T A

i

' S T AR ZRRT - 810-0065 fREMELARE TR R R HITE
9-1-34
PEVEEGASEEREHT . 1588501
1-18-1

RRHfitAAX LAE

< EBSWE (HPLCICP-MS)VIZ X Wl ES 5 HEDE
B AFNKEETFIN, TuEL TR T 2 o VEEE
{b+2 L CHEEZED, FARBICEMY S 7 okl
(SPME) % AWTHAZu~ boF 7 1 —-RFHILST
it (GCAFS)®' % 7213 GCICP-MS" THIZE T 5 K ik
HBEXNTWS, Ll IhooFERwThd, BRE
RUEREICENRS OO, EHH»D I LU 4%
OPEERELEL T L -0NAEME. XY REED
BV AFVRESHEREE LT, MlCIEAEEmsEE, Al
FIZIEGOMS FHV 2 HFEMEL L ZZ 6N/, Aam
S OFEICBOTIIEEN V.

ARFETIE, BERTFOXAFVRETCELZ HE L E&E
SHEOHEEZENEL, 72 VBEKRLENMLT, B
EEO-FHMTEICBI2MEREL LTIRASATY
5 GCMS X DHIET AFEICOVTREL, 2ok
ZEHLMIL-OTHEYT 5.

2 £ B&

2-1 HREE

AF L KGIEREIT Y -2 Y4 2 RABUE{L A F VK
BHAER LA RIS 582 mg & PV Y TH
L 50 mLICEAELR (XFUKEE LT 1000 mgL™).
SREFICEEER I mL R 1 % ¥ A7 4 VHHE 100
mL 28V, 15 59HEE S LADbKEXEFERICZEET
BEL RRLAKBEZEEERELLE XFAVKEREL
T10mg L™, MEGARESRIIEEERZ 1% ¥ A
FA4VERTHRL, 1~100 ng mL™' OEHEAT5RED
BRAEHRARL -
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Table 1 Analytical conditions for the determination of phenylated methylmercury by GCG-MS

Gas chromatograph

Inlet temperature

Column

Carrier gas

Oven temperature program
Mass spectrometer

250 C

He 1.0 mL min ™"

Transfer line temperature 280 C
Ion source temperature 280 C
Mode SIM

Monitor ions m/z 2927, 994, 277

Thermo Scientific TRACE GC ULTRA
GL Science InertCap 5MS/NP PROG 10M + TL (30 m, 0.25 mm LD, 0.25 pum film thickness)

50 C (1 min), 10 C min"" t0 200 T (0 min)
Thermo Scientific TSQ QuantumGC

a) Quantitative monitor ion.

Walpole R # (pH 1.0} 1 mol L™ EEBEF b Y 7 A&
# 250 mLiZ 1 mol L™ $EARAINX pH % 1.0\ ZFAE L 720
L, KCILKEFLTEAL..

2% T hNI 7z NVEKTEF MY LNBERIET T
Tz VARYEEFT PY T A0 g KTHEMRL 100 mLICE
BHL7

IFLYITIV-N-7undy Yyt uyssrni=
7175 (PSA) 3Y—TH 4 L A8 InertSep PSA (200
mg/3mL) & n-~"NT7 ¥ 2mLTaryF4 a7 LT
ERLA

n-NT G VIIHIEMBETER n-~T75 > REGHTH)
AL

ZOMORERIHRERERBAD 2V IIFRGEHEAL
7=,

2-2 # ¥

NI 5 BORARESRS [CRM-7402a (¥ 7 AR
%), CRM-7403a (* 7 V¥ HEAHEK), BCR463 (¥
BEAMEK), ERMCE-464 (=7 AERASH) kU DOLT4
(v 7 ¥ 2AREBR)] ZHW.

2:3 k &

FE Y F A — 13 KINEMATICA K Y b0 > PT3100
Z, BO0BEIAREEER 6200 %, FR7uT S
7 71 Thermo Scientific #l TRACE GC ULTRA %, [{#& %
#7 &1 1X Thermo Scientific & TSQ Quantum GC % A L
72, GG-MS DRFE 4413 Table 1 1R L7z,

2-4 8B fE

2:4-1 H H HABEH3gEIOmLAERY SO
VUBF o — 7RG EL, 1 mol L™ &1kh Y A
BHRIOMLZMZEALZODL, FHESR) &N
4mol L' HREE Lo mL RS ML > 15 mL 0% 45 5
#®E D L, 3000 rpm T 15 SR LHHLA 1% AT
1 VBB AmML FANZRBEIC IV /10 mL 25 HL
T 15 #HE#EE 9 L, 3000 rpm T 15 ML L D

B, KBESMLMHBEES. 2w vTa v FELER
BlzowTiE, MM ryBxE¥Ry PTHRELEZOL,
n-~NFH 2 15 mL ZMRAT55H#EEH L. 3000 rpm T
15 SR OSELTASF ¥ 2FhE LIz 57,
2:4-2 7rZ)FEEE HHERVZFREOHE
BEHLE 1 mL 12 Walpole #&# (pH 1.0)5 mL 22 EHA&
LDb, n-"7F 2 25mLR2% T FF 7220k
UEEF P LABHImLEMARAEL, 30T ICRRELL
VoA —F—NZFT 0GB T ICBERL RS | B
BLA ANT7UBEPSAICERAML, i1 mL 25
FLCHBEEZ R LM EERE L.

25 & &

242 VERB L - WA GCMSIZIEALPET A 2
LIt BohAsav T AOY — s ERS S, MK
BRIEICI VRBBETOAFVABROBELZRD, &
LIZTRAEHRRIE - CHREOEREZEH L

AF VKB EL ik (mgkg™") = REBR L ) Kb HERE
HHRIE (ng mL™") x A HUE (4 mL) X 15/10 X ARG/
FEHRELE (0.3 ) /1000

BEQOBEMREZBET 2 Y — 7 BEME L LR
WZownTik, MEHEE1% AT VBB TEERRT S
ZETHEREE MY L 2B, CRM-7402a, CRM-
7408a R ' DOLTA 22T, Bohz X FILKEER
#2093 (RBEL AFUVKRPL DFHHFEOL) ZFEL
T, KPLLTOEEELDbETHERH L.

2:6  HATEOMEETM

ERPOLEYE T EEZHEFMT 220051 K5
18 LT, BESBELY "BRTFOEBIIHT 8
HEORZYWFMEFTA P54 2" R "BERTIRETS
REEFICT 2 RREO R SHEFMA A K54 27 R
ENTWE. IhoH A T4 r25E10, HMFEOMEE
ZEMETAIL L L MRS BN L T29WHERE
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120 - 120 — .
pH: 1.0, Reaction temperature: 30°C Reaction time: 1 h, Reaction temperature: 30°C
o 100 o - . 100
o~ / ®
3 (A) ~ . (B)
g 80 8 80
< ,// : \‘\
g v
g 60 \ 4 g 60
g L
F 40 % 40
(0] —_—
= &
20 20 Y
0 ! 1 1 1 ) 0 L 1 |
0 0.5 1 15 2 25 0 2 owm 6
Reaction time / h
Fig. 1 Relationships between the relative peak area and (A) reaction time and (B) pH

B -0 DEBREEIE, SE 1 RIS AR PNER
(28647, 5 AR ZMAE L7z KEBEEICEVWESNL
SEE —TEREBOSHSITIC I D@L, BHENS
L BABERVENEETHRELL. ILERISE
B 5 SN SREHE I T A FHE (v =10) DF
SLLTHERLE HEIN-EERUHEIX, BESHH
BERIELTVWEHAL K4 2 hoREh - BEME L g
FTAHZETEMELA. b, HEESTMICKLL, BEOAR
PRIELERETT 7 RBELIHER AFVKEEER
DT E 2B — 2 BPBENEHh o7 2 LIT L ) BREL 5
L7 $£75, 1ngml™' OFMEBERERLUE L AERES
Ny oy - 24 XL (S/N) 10U ETHBHIEITX
h, <P I AFKETCTOERTREHEIAL

3 BRERUEE

3-1 BEELEMAHDIEE

A FLABOFEHRMLIE, FL"Y, TV RY
7 x ZNVHERETY HERE SR TR S, ZFVRY
TOUENBERLETIZE SN 2 FEADEREENIEEIC
B, GCDEAICIXSPME SN EBNLETH 72 —
5, BESTOSFIIBVT, 7 VFEKLoob
n-~FH ICHH L GCMS IZX WEIET 5, SPME %%
DEE LRWATEY S RE S TS, Ll 205
FEEERROERETHRA 100 ngmL ™ E&E L, BIEA
ORFNHIET B OWMIREEZ T > TV 5. Ko
FURESIIIBWTIE, EETRELY TIFLLEND
hEEZLNILD, BRFOAFVKESTICHNLN
TWw5 GCECD " OEETM G ngmL™) D 1/5~1/10
RFEEL LT ooV BEMUREEEERE L £
7o, b &Bom#its by, MEn ) 4 XeRP S8,
INRBEDO AFVKROERE L T2 REHNF
L, SFEECESICE DA LSRIERPOBREIZ>VTHR

M7 2B, AEEICLY, £0RMMOSECIER
MEAZRNBZ LI D720, GCH T LAOHLIHTHR
b shB LE LT

EEARE 1% YVATA VBRTHERLABL AT
VKSR 100 ng mL™ BHE VT, 7 = S VEEERILRIE
DEE pH, R AR L2 Cai 513, pH 4
~10DETIE7 2 = VLOEITE pH & DMITK & 2
Bl w2 MELTWA., ABFRETIE, AFVKEL
YAFAL VAL LTIV U LHHEBLTHwE I LD
5, 7z VHEEKLOBRIZAFVKE-T AT V8K
FRMEREILENHLEEZLSN. £ T, E#lpH
owTiE, X OBELEHT T, 7z VBEEELOD
KT HHEERE L. BEERO—E% Fig. 1 1I7
T, BRI R LAKEEGO#HBENTHELONLALRKD
V7 BRI T 22 0o ¥ — s @REO R E G45%
TRLA. RIGHEME | BEMUE, RGO pH £ 05~
15 ABTZ LT, 7o VB ERILOMRIRKE
LA EDTREN:. SREORIHERIIOVTIR
LTwuwvd, ABEORFOEEL,S, 30C 352 L
THERBENRRE LI EPHLh LR TR
LOERICEKTE, DUk, pH 05~ 1.0 DEFHNT 30 T,
| B oFEMMEETI L L .
—%, FERSOETIIEN, ~ATF VBIERD
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Table 2 Evaluation of the performance characteristics of the method
. Measured value (mg kg™') L
Certified b) - Reproducibility
a) Mean Trueness  Repeatability . %
Sample value Days -1 9 within laboratory
(mgkg™") (mgkg™) (%) (RSD%) (RSD%)
Ist 2nd 3rd 4th  5th
CRM-7402a 0.58 £0.02 Portion! 0.675 0.507 0.662 0.610 0.524 0571 98 93 15.4
(cod fish tissue) (as Hg) Portion2 0.570 0.484 0.655 0.483 0.543 - ’ ’
CRM-7403a 5.00% 022 Portonl 4975 4.112 5.382 5.378 5.365 -
(swordfish tissue) (as Hg) Portion 2 5.425 4.444 4.697 3.627 4.113 4.952 100 99 1.7
BCR-463 3.04*0.16 Porionl 2564 3.381 3.734 3.246 3.527
(tuna fish tissue)  (as CH;Hg) Portion 2 3.157 3.675 3.426 3.243 2.851 3.280 108 96 1l
ERMCE-464 550+ 0.17 Portonl 6.394 4.963 5.351 6.592 5.243 -
(tuna fish tissue)  (as CHyHg)  Pordon 2 6.707 4.932 5.538 6.622 4.598 5.604 104 41 14.9
DOLT+4 1.33£0.12 Pordonl 1.441 1.265 1.435 1.344 1.273
(dogfish liver) (as Hg)  Pordon? 1498 1302 1338 1595 l.198 1364 103 71 10.0
a) Contain their expanded uncertainly (& = 2 is the coverage factor). b) » = 10.
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Development of the GCG-MS Method Following Phenylation to
Quantify Methylmercury in Foods

Tomonori SakAMOTO™ ', Kouichi AKAKI', Takahiro WATANABE®,

Rieko Marstpa® and Hiroshi HIwAxr'

! Fukuoka City Institute for Hygiene and the Environment, 2-1-34, Jigyohama, Chuo-ku, Fukuoka-shi, Fukuoka
810-0065
? National Institute of Health Sciences, 1-18-1, Kamiyoga, Setagaya-ku, Tokyo 158-8501

(Received September 25, 2011 ; Accepted December 2, 2011)

A method for the determination of methylmercury in foods by GC-MS method following
phenylation was investigated. Methylmercury was isolated by acid leaching (mixture of
potassium bromide solution and sulfuric acid saturated with copper sulfate), the extraction of
methylmercury into toluene, then back-extraction into L-cysteine solution. Methylmercury was
phenylated with sodium tetraphenylborate, and extracted into n-heptane. Phenylated
methylmercury was purified by PSA mini-column, then analyzed by GC-MS (SIM).  As a result
of the performance evaluation using five certified reference materials (CRM-7402a, CRM-7403a,
BCR-463, ERMCE-464 and DOLT-4), trueness (%), repeatability (RSD%) and reproducibility
within laboratory (RSD%) was 98-108, less than 10 and less than 15, respectively. It was shown
that the method satisfy the performance satisfied criteria set by Ministry of Health, Labor and
Welfare.

Keywords : methylmercury ; GCG-MS ; phenylation.
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Introduction :

The aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor that mediates the toxic and
biological actions of many aromatic environmental pollutants such as dioxins. As part of an investigation to
clarify the interaction of foods with AhR, we previously reported that excessive intake of foods containing AhR-
activators may be conductive to promote dioxin-like toxicity though there would not be a problem following
normal intake.” Additionally, it is discussed that the signal transduction of natural AhR ligands, which occurs
after AhR activation, should differ from that of dioxins. In this study, we examined the binding ability of fifty
extracts prepared from kinds of commercial supplements and health foods containing high concentrations of
their respective ingredients to the AhR using reporter gene assay. At the same time, the active sample extracts
were fractionated to characterize the AhR active substances, and reversed-phase HPLC analysis was conducted
for the active fractions

Materials and methods
1. Extraction and isolation

Fifty supplements and health foods were from drug stores in Japan. The samples were prepared as follows:
Tablets were powdered and the contents of capsules and soft capsules were used for sample preparation. The
materials (1 g) were homogenized in ethanol/water (4:1) (30 mL) for 10 min and filtered. The filtrates were
concentrated under reduced pressure and freeze-dried (total extract). Total extracts were added to water (10 mL),
and these solutions were subjected to liquid-liquid partition (each 30 mL) to give three extracts: n-hexane, ethyl
acetate, and water soluble portions.

2. HPLC conditions

HPLC analysis was carried out using a Shimadzu Prominence system. Conditions were as follows: column, L-
column ODS (5 um, 150 x 2.1 mm i.d.); mobile phase, solvent A was 3% acetic acid and solvent B was
acetonitrile (030 min, 0-50% B in A; 30-35 min, 50-85% B in A; 35-40 min, 85-85% B in A); injection
volume, 5 pL; column temperature, 40°C; flow-rate, 0.3 mL/min; detection, 200400 nm.

3. Estimation for AhR ligand activity

For the identification of AhR-activating materials, a CALUX assay was used.” When mouse hepatoma
(H1L6.1¢2) cells are exposed to ligands such as dioxins, luciferase protein synthesis is inducted. The amount of
light emitted by the luciferase protein is correlated directly with the dioxin level, and this system is used as a
simple dioxin monitoring method (Figure 1).

Ligands:
Dioxins, efc.

# \ # plox — L Detection of
ABR Complex dioxin-like compounds

Figure 1. AhR-mediated in vitro bioassay (CALUX assay)




Results and discussion

Although most of the samples showed no dioxin-like activity even at a high concentration, some samples
exhibited activity at high concentration in the order of mg/mL in dose-dependent manner. In order to
characterize the active components of each sample from soybean-related samples (No. 30 and 31), sesame (No.
29), and propolis (No. 26), AhR activity was measured for the respective n-hexane, ethyl acetate, and water
fractions. The n-hexane fraction of the propolis extract sample exhibited AhR activity, and marked AhR activity
was noted for the ethyl acetate fractions of the other samples (soybean and sesame extract samples) at 0.1-10
mg/mL (Figure 2).
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Figure 2 (continued on the following page).
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Figure 2. Concentration-response curve and RP-HPLC profiles of active samples and TCDD for the
induction of luciferase activity in the CALUX assay.

(A) Propolis (No. 26), (B) Sesame (No. 29), (C) Soy-bean related samples (No. 30), (D) Soy-bean related
samples (No. 31)

H, n-Hexane fraction; E, Ethyl acetate fraction; W, aqueous fraction

a, isorhamnetin; b, pinobanksin; ¢, chrysin; d, pinocembrin; e, galangin; f, tectochrysin; g, pinostrombin;
h, artepillin C; i, sesamin

1, daidzin; 2, glycitin; 3, genistin; 4. daidzein; 5, glycitein; 6, genistein; 7, formononetin; 8, biochain A
Signals in HPLC were detected at 254 nm except sample 26 (at 280 nm). Sample 29 did not provide an
aqueous fraction for analysis. ¥ AhR activated fraction

HPLC analysis of the active fractions of sesame and soybean-related samples identified isoflavones, such as
daidzein and glycitein. The n-hexane fraction of the propolis product which showed AhR activity contained eight
compounds such as tectochrysin and pinocembrin. Among these compounds, tectochrysin showed remarkable



AhR activation (Figure 3). AhR-activated compounds identified in this study are reported as beneficial
constituents. Also, they do not have accumulation characteristics such as the dioxin. Most recently, several
papers reported that AhR activation may be involved in novel physiological functions.”® Therefore it is
suggested that natural AhR ligands characterized in the present study may play some beneficial regulatory role in
human. ‘
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Figure 3. Concentration-response curve of selected compounds and TCDD for the induction of luciferase
activity in the CALUX assay

Each point represents the mean of at least three replicate analyses. Results are expressed as means + SD,
and asterisks indicate statistically significant differences (*p<0.05, **p<0.01).
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Introduction

Polychlorinated biphenyls (PCBs) are persistent and bioaccumulative
substances, the usage and disposal of which were banned in 2004 under the
Stockholm Convention because they are persistent organic pollutants. Recently,
various kinds of PCB metabolites have been detected in the environment. Mainly,
the PCB metabolites are formed by the metabolism by living organisms of PCBs
in the environment. Hydroxylated PCBs (OH-PCBs) are well known as
metabolites of PCBs. OH-PCBs show a high affinity for thyroid hormone
transport protein in the human blood, resulting in a reduced quantity of thyroid
hormone. OH-PCBs have been detected in the blood and tissues of humans and
several wildlife species and in environmental media.

In general, hydroxyl groups of OH-PCBs are derivatized to methoxy groups,
OH-PCBs are measured using a high-resolution gas chromatograph /
high-resolution mass spectrometer (HRGC/HRMS) as methoxylated PCBs
(OMe-PCBs). However, the reaction efficiency of the derivatization depends on
the substitution position of the hydroxy! group and the number of chlorine atoms.
Moreover, because the stability of the reaction affects the measurement accuracy,
it is desirable to measure OH-PCBs without derivatization. Our goal is to
develop an analytical method for measuring the concentration of OH-PCBs in
foods. In this study, we sought to determine which capillary column was most
suitable for the measurement of OH-PCBs without derivatization using
HRGC/HRMS.

Materials and methods
Chemicals

The standard solutions of 38 kinds of OH-PCB and 7 kinds of OMe-PCB were
purchased from Accustandard, Inc. (CT, USA). The OH-PCBs standard for the
evaluation of capillary columns and the labeled PCBs standard for the internal
standard were purchased from the Wellington Laboratories, Inc. (ON, Canada).
These standard solutions are listed in Table 1.

HRGC/HRMS
Identification of OH-PCBs and OMe-PCBs was performed using
HRGC/HRMS (Agilent Technology, USA, 6890 series /Waters, UK,

Autospec-Ultima) above 10,000 resolution.

Table 1 List of the standard
solutions

The standard solution 0f 38
kinds of OH-PCB

6-OH-CB2 3'-OH-CB65
4-OH-CB1 4'-OH-CB50
4-OH-CB2 4'-OH-CB61
4'-0H-CB3 4'-OH-CB69
2'-OH-CB9 4'-OH-CB72
3'-OH-CB9 4'-OH-CB65
4'-OH-CB9 6'-OH-CB106
4-OH-CB14 6'-OH-CB112
2'-OH-CB5 4'-OH-CB86
2-OH-CB12 4'-OH-CB93
2'-OH-CB30 4'-OH-CB106
6'-0H-CB18 4'-OH-CB112
3'-0OH-CB30 4'-0OH-CB121
4'-OH-CB26 3-OH-CB101
4'-OH-CB30 4'-0H-CB101
2'-OH-CB61 6'-OH-CB101
2'-OH-CB65 4'-0OH-CB159
6'-OH-CB69 4'-OH-CB165
3-OH-CB61 4'-OH-CB172

The standard solution of 7
kinds of OMe-PCB

4'-OMe-CB3 4'-OMe-CB101
4'-OMe-CB9 4'-OMe-CB159
4'-OMe-CB26 4'-OMe-CB172
4'-OMe-CB72

The OH-PCBs standard
solution for the evaluation of
capillary column

4-OH-CB#54 4-OH-CB#146
4-0H-CB#104  4-OH-CB#187
4-OH-CB#107 4-OH-CB#172
3-OH-CB#138

The internal standard solution
13C,,-PCB#70  13C,,-PCB#138

13C,,-PCB#111

13C1>-1,2.3.4,6,7 8-HpCDF




