77
MOE =D& RE{EE

C. MRERUEBL

R 1IGGHEICAWEZERETHD, Z0
X 1EBEOBM Lc~—4 v bRy
MR L BHEMBTH D, FAEITIEIL,
ZREEAIC L OB REREICH YT
BEEORBE A LI E 14T TR
& LIRA Lo 3B 2 B S S o Tty
L7z, 2013-2015 “FED 3 » 4T 2013
EEDORHSINBEEL 10 TH B, Hik & o
ERXROBRMEOHEMICIE & A L Hik
DB SR Do T2 7o s, Ul Ok
ST T2 COMOFEE & HREE A
Wz, BRHIBBFLLTIX 0 & AR LT, BT

INbOfEnn MOE 2B L, LT
RO REI LT D, FEIE, BiEE
BORIEL 7251 (Point of Departure:
POD) DEAN 134T 1 g/kg bw/day TH 5,

i

NOAEL : No Observed. Adverse Effect
Level. VLA

LOAEL. : Lowest Observed. Adverse
Effect Level. H/hath&

BMDL: Xy F<—27 HAED 95%EHET
FRAE

TWI : tolerable weekly intake %5 4]
HiE

EFSA : European Food Safety Authority
PR B i 22 R B

EPA : US Environmental Protection

XA E% 50kg EIRE L TD ugkg bw/day  Agency KEREE{RF#ET
Th b,
K2IZEMEOBRE L FOHMER LT,
#FETED MOE A& K
RUH
o OB R EOIEEGE POD
(28.1) (37.1)
14 11 b b OE LR ERE (400)
341 259 7 v MEFOKERD O NOAEL (9600)

B &= 7= B ERER CIRIR DR ERIIZ oW Tk NOAEL 9.6 mg/kg/d & BMDLos -
10.3 mg/kg/d D _DDIFVMER B > 7=7-, INSWFHEEA L=, MOE 13X THHERT

t 100 LA 72D CRE EDOBA L X2 BV,

A EREREIIRBERLE LTOIXTNEZEZLBEORETHY ., ZOEEZEBAL
TR & D b DO THRIC MOE %353 2 HELIEVWRSE £ TITNA T,

TNHIZ=T L
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¥ ' HOBE| R KEERE| POD
(70.8) (463.2)
706 108 < 7 2 LOAEL (50000)

POD i3~ U XA DEINMETOERERL LT, HRERHE TS MOE 3 100 282 T2,

=y
SR A B KRR POD
(2.9) (4.5)
97 62 Z v ARG EYH 2> BMDLio (280)
0.38 0.24 b RO 2R % Ol JE & D BMDLio (1.1)

—fREY 72T MEICBY L C D MOE 13 4B HUEE TI3f0 100 THRAREBERHETS 62 & 100 KV
/NS VETEH % 5 POD OFERENBRAG R OO TR TRITITERE L 1Tk bk
Vo T LD R ERIE S LA 12 MOE 135 @0RHET 1 LY /hE
2%, TWNAT o eRDBMICEALTIEIRE MOE i3 1 K0/hS<RH5DTINEITT
=y T NEYRIBENE BT EERY, BRREEEOBREEVI XD ET LAF—
EFRRTDIEOB=w VBT v ) - ERHICOTHDIE, FRCT LAX— DR
FERCRIEREN 52D X 5 R NTITBET T2 F B RV E WD EEMIE TH 5,

gl

S4B B B POD

(1.8) (2.0)

8 8 = L HED NOAEL (15)
0.56 0.50 FR A OB EE R E (1)

LUt FOUEMBEILRE CTRZESLHLIPPHEORE L H V. BRI BT,
U LI & SR BRI BREOEIXIT LA L RN &b, BE OREIECTEF
LWEDFEICRDZ L3RV eEEZOND, REREIFENLTVD X5 RO TRIIRZT
HOEIEENE D THBH, BLARLUYTY A M LR ERWEARKICE X2 D,

B FIYA

OB | OB OB R KRKEINE| POD

(0.37) (0.65)

27 15 R#% 237, EPA ® NOAEL (10)
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3.8 2.1 RZ X7 EFSA © TWI % Lo 7l
(1.40)

5.4 3.1 RE N7 BEREFREEOE MEFRIZER
BERIFIRVNE (2)

t hTTOBMIEREE (RPZ VR IVEENR—ELUEICRD) 22 FRAL MELTH
SOPDHEBNC KV ETRRDBEEFNSRENRESN TN D, EOEEAWTS HiK
HEEI/ NS, VA EHOBRIEM E LCTIEEWIE) THD, E hOF—F08E &
o TWBled, BIMERTHLNEEFHSRE LV IR MEENPE 2D 7208
EPPSLS THHFETEDLE WD HB S FRETIEH 5,

TUFEY
¥o¥ | H BE| B KEECEE| POD

(0.03) (0.20)

11667 1750 FHan, M, =L 25 z—n10 LOAEL (350)

KR HHRER B ER A O N TRV, HRE LD FRA V N THARRE~
—VUIEREL, BAE LIRS RN,

NRY g h

SRR B KB POD

(9.2) (15.1)

6848 4172 " BMDLio (63000)

MOE 3B RERBETH 4172 L k&<, @ELEOBRALIIR LR,

#h

Fo¥ O ERE| K OKEHEUEE| POD

(0.20) 0.71)

2.5 0.7 I EEAPEFEE D BMDLo: (0.5)
7.5 2.1 ifiJF£> BMDLo: (1.5)

3.2 0.9 {8458 B> BMDL1o (0.63)

SRDREERED 5 b, FEMEBEMEIC OV TS F &b DHME~DORIHEETH
LI, BISEERENAWE LARICEZE L HREDIBIIFELRNVEZEZ LN TND,
ERELHTIIELIDEIREEFPOFLLDLTHD, T DEMBEIIFFICT &b 2R ICFHM
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L7ebDTIERWD, TOEEDEEFER L, —KimL LTFEBIIERESZY DX
AE—RERPRALY SV, BREROFEDERBRIIRALVZARD LR
%\, MOE [T BEUEC 2.5, RARBIEETIZ 0.7 & 1 XV/EL, Zhidshic k2%
ERESIH TV ATREZTETEX 220, U A7 FROELIEMITE, 0FE LS L
BHBEREBEZ T RRA > bE LEBED MOE [Z2oWTH—HERETH Y AN T
b Y27 EROBEIRMIIE Y, 2BMORBRIIERISMIREG L T RARE) LXK
BRDOKEE) BHV ., BT LS TRRHEEAENER TERWEERH D,

A7

¥ o¥ OB OE OB HERKEBEA#| POD

(0.02) (0.05)

3000 1200 Z v N&EHEMED LOAEL (60)

VT DOEFENLOFERIZ LD MOE [T REREETS 1000 A EHY | Z& EORGE
R BRW, 122U Y T AT KV KIZEEND T2 DBEIKN G DREFEDIE D BEW,

==

MEFREL LTOFREOSREITR N

e R

¥y OB BE| AR KEIUEE| POD

(0.35) (0.51)

8.6 5.9 A, JECFA @ BMDLos (3)

0.9 0.6 S A, EFSA @ BMDLo: FER (0.3)
22.9 15.7 A, EFSA @ BMDLoy EFR (8)

E e RIIBLCEERPAWE L RS, BEOZ Y FRA VMt FTORADHE
FERDOHEMTH D5, MBI X VEEIKOBRENE S EFT —F DL IIKBERDOFZEETH
HNBEHBEFEOEETHR CEEND S & A S5, MOE I FEHEEEETH —HrARH &
INEL L VR EEOBEIEMIIE . BAROGAMEKERDO L RREITHE V2L
ZZONDN, ARATEENDEBERDOI BAF ATV UBBITERE R L FEORR
AP SN TS ZLICEEPBETH D, 2FY I AL BEITVIEA. BN
AMED e ROBBEITEM L B2 CHET 2 Ll MERICR A FTREMN H D, 723 FDA
23 2016 SR FE3R L TGVl Tl e ROFERE L U UHEPORIE~DEEL /NS 2T
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L OHBE~NDEEBLREN GV E LTV ARHERISERIC OV TOTFT —Z B A+45T
POD Xz ARBITEHTERVWERELTWS, LOLAEBRLT A Y I ADE FEREN
FEHLTRALDZNED, Hig Lt ARica A EkDE#E EREESZHOT LI O2BE

LTWd,

R KR

oy B BB R KEHRE| POD

(0.17) (0.34)

353 176 7 v NEEMED BMDLo (60)

IEHOKE DO RE~ — Y IR KBTS 100 Z#E 2 5,

AR
SRR B KB E#E| POD
(2.9) (22.6)
11034 1416 bt M EACRE (32000)

2RO EEEEIIERINTVAEND, EIXNTWVAF TSR OREE N
150mg/kg YU L TRERIEE WIOAERER DD TN EEEY Y OFREICHE
LTCPOD & L7, MOE iZ 1000 % E[HI Y Z4 EORBRA S 1T 5720,

7 ah

o¥) & B RE| R KEEUE| POD
(0.53) (0.94)

539623 30426 Cr(ID ®» J » b 18 M % MR B © NOAEL

(286000)

377 213 Cr(VDDZ v b+ iz BMDLO5 (200)
1887 1064 Cr(VD D~ v 2 JESE M ZE > BMDL10 (1000)
208 117 Cr(VD D~ v R FEREFHERZ > BMDL10 (110)

7 v A=A Ce(ID &AMl Co(VD THEEARE B2V BaPICHFET 2 DEEI
CrIIDTH 5, =721 Cr(VD & KHI L THIE L TV 2RWOTETH CrID Th o iGa
L2TH Cr(VD ThoefG & 23 Uiz, Cr(IDD#A Tk MOE 13HEFICRKE RMEL 72
VEE EDBERLITR RV, RIZ Co(VDREFEEN TV L LTS MOE 1323 A LIS+
DT RRA V P TIIEREREE TS 100 2825, BAICOVTHRAKERBETETO
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7 aLH Cr(VDTh 5 &5 BLEMTIIRVMRER L7284 TH MOE i3 1000 2L E®H Y |
Y R7 &g % AIaetEi R,

a0k
B REEL
EVTTV
FEHHB B B K#EBE| POD

(4.3) 6.3
33 22 RERMEHS M LOAEL (140)
0.2 0.2 WO (1)

T—ENHEY 2 BARNDOEIEIIFKIMN (KA 1 HH7 Y 58 ug/day 55 157 pg/day)
X599 Thb, MOE I KIERHTHE N TOFEEZEOIREIZ OV T ML EIX

H 5,
A F VKR
WoHy O OEBE| ERKEBEIUEE| POD
(0.13) (0.32)
10.8 4.4 1R FE, EPA DA 2 F (1.4)
6.2 2.5 Mg FEE, EPADz—x> F (0.8)
9.2 3.8 MR E, EFSA L ARRZEZES (1.2)

AF VARG U IR P OB OBEIC K 2R R ORI E~OFER ERT R
KAV N THDID, IRLERDIOTEFETHSD CRE TSR bR o TV D03 H
RTIEHFEBITEERNE LTND), SEIOEREHEE I IRHIIEIR 251 Lz b DTk
ROD, HEISNERBE—VVIE 1 i Thol, #oTY A7 EROLEMENH DM,
IR L TR A FAKBOLZWADOERICEAT 28T L WO U A7 EHARMPBRICE S

NTN5,

ULEDRERP S, —RiREEIZ SN T
IXMOE 100 LT, BIsH RPN AWE D
HWVNEE O OB D 72 BB O
Ti& MOE 10000 LA T % U R 7 BEEOES

NERZ S & S HIBT g Z D & H
AN E - TY R 7 EEOBSENERLD B
DI, EHEER, ., IFITA AFL
KBNS Z LD, ZDHIHBLAFIK
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#£1 HAANOFELROWEERE (ug/kgbw/day)

JL3R SEYE R | 7 —%%n

RUER (B) 28.1 37.1 32
TAI=vh (A 70.8 463.2 32
=& (Ni) 2.9 4.5 32
L (Se) 1.8 2.0 32
BRIy A (Cd) 0.4 0.6 32
7 FEL (Sh) 0.03 0.2 32
XY 7 (Ba) 9.2 15.1 32
¢ (Pb) 0.2 0.7 32
77 (U) 0.02 0.05 32
& (As) 4.3 8.1 32
e R (As) 0.3 0.5 22
KER (Hg) 0.2 0.3 32
Z X (Sn) 2.9 22.6 32
71 (Cr) 0.5 0.9 32
a3k (Co) 0.2 0.3 32
EY 75 (Mo) 4.2 6.3 32
AF kiR (MeHg) 0.1 0.3 32
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%2

POD (point of departure) MOE OF-EIZFEH L= D

- NOAEL 9.6 mg boron/kg bw/d POD (u g/kg bw/day) 9600
T RRA N Ty MEFEEERBR TOBFOKRELT. LOAEL 13 mg boron/kg bw/d
Hidh EHC204 http//www.inchem.org/documents/ehc/ehc/ehc204.htm

EFSA 2004 EFSA http//www.efsa.europa.eu/en/efsajournal/pub/80

+ UL 0.4 mg/kg bw/d POD (u g/kg bw/day) 400

TV RRA Vb b hORSERE

Hidt 1998 EHC204 http://www.inchem.org/documents/ehc/ehc/ehc204.htm

+ BMDLO5 : 10.3 mg/kg-day POD (u g/kg bw/day) 10300

T2 RRA Vb BFOERERD

Hig EPA IRIS

http://cfpub.epa.gov/ncea/iris2/chemicallanding.cfm?substance nmbr=410 Boron and

Compounds CASRN 7440-42-8

- LOAEL 50 mg Al/kg bw per day . POD (u g/kg bw/day) 50000
TURFRA b =V AORTETORER, FHEERK 100 T PTWI X 2 mg AlVkg bw
H#  JECFA 2011  "Joint FAO/WHO Expert Committee on Food Additives,

Seventy-fourth meeting, Geneva, 14-23 June 2011."http://www.fao.org/3/a-at873e.pdf

- BMDL10 of 0.28 mg/kg b.w, POD (u g/kg bw/day) 280

T RRA b Ty hOBHEZOKRIE2 X, TDI X 2.8 pg Nikg b.w. per day

Hige EFSA 2015 http://www.efsa.europa.eu/en/efsajournal/pub/4002
+ BMDL10 of 1.1 pg Ni/kg b.w POD (u g/kg bw/day) 1.1

TV RARA b b b TORDOREROBEMMERER

High EFSA 2015  http//www.efsa.europa.eu/en/efsajournal/pub/4002
- W TIEFED AR B 2 DIERBHK BRI 720 1991 EHC 108

http://www.inchem.org/documents/ehc/ehc/ehc108.htm
Se . |

- NOAEL: 1.5 x10-2 mg/kg-day POD (u g/kg bw/day) 15
T RRA b BUURE (R, KE. MEFR)
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Hi# EPAIRIS

http://efpub.epa.gov/ncealiris2/chemical Landing.cfm?substance_nmbr=472

« ik A Adequate Intake (AI) 70 pg/day ~ POD (u g/kg bw/day) 1

HEt  EFSA 2014  http//www.efsa.europa.eu/en/efsajournal/pub/3846

RZHELBEOMTHH Y FRRIZI Y Z4k 1986  EHC58
http://www.inchem.org/documents/ehc/ehc/ehe58. htm

4

- NOAEL : 1 x10-2 mg/kg-day = POD (u g/kg bw/day) 10
T RRA M B RRZ RS
i EPA IRIS
http://cfpub.epa.gov/ncealiris2/chemicalLanding.cfm?substance_nmbr=141
- NOAEL 1.40 pg Cd/kg b.w POD (u g/kg bw/day) 1.40
T RRA M B MRZ RS
Hi#h EFSA 2009 http//www.efsa.europa.eu/en/efsajournal/pub/980
(TWI 28 2.5 pg/kg b.w(0.36 ng Cd/kg b.w., )ii#4%3Kk 3.9 72D T 0.36x3.9)
- 14.4 1 glkg {KE/HE POD (u g/kg bw/day) 2
T RRA b B MREURY
Hih gizeLBs 2008
https//www.fsc.go.jp/hyouka/hy/hy-gaiyou-cadmium.pdf
« PTMI 25 pg/kgbw  JECFA 2011

http://www.inchem.org/documents/jecfa/jecmono/v64je01.pdf

- LOAEL : 3.5 x10-1 mg/kg-day POD (u g/kg bw/day) 350
T RRA b FHia, MLBE, AL AT r—0
gt EPA IRIS

https://cfpub.epa.gov/ncealiris2/chemicalLLanding.cfm?substance_nmbr=6

+ http//www.inchem.org/documents/ukpids/ukpids/ukpid40.htm
T e

- BMDLO5 : 63 mg/kg-day POD (pu g/kg bw/day) 63000
T RRA Vb BIE
H# EPA IRIS

http://efpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=10
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- EDORBIE 0.2-0.5 g, KEENY U LADER/NEER =29 mg/kg . HEIIHETRE

EHC107 http://www.inchem.org/documents/ehc/ehc/ehc107.htm

- BMDLO1 0.50pg/kg b.w. per day POD (u g/kg bw/day) 0.5
TV RARA L BEMEEE O DLPHRE 1200 HETI5R8FLLOERE
0.50pg/kg b.w. per day));

H#t EFSA 2010  httpY//www.efsa.europa.eu/en/efsajournal/pub/1570

- BMDLO1 1.50pg/kg b.w. per day POD (u g/kg bw/day) 1.5
TV RFRA b IUEME, mPERRE 36 FRMUT58FENLDOERE 1.50ug/ke b.w.
per day);

Hiih EFSA 2010  http//www.efsa.europa.eu/en/efsajournal/pub/1570
+ BMDL100.63pg/kg b.w. per day POD (p g/kg bw/day) 0.63
Ty FRA b BEERE BMDLIO, MR 15pug/L (FHX T 2 R%H b OFIE
0.63pg/kg b.w. per day).
Hi#t EFSA 2010  http//www.efsa.europa.eu/en/efsajournal/pub/1570
- JECFA X PTWI 25 pg/kg bw o7 0% Y Tif, BEIXZRVWE L,
TV RRA b 0.3 pgkgbw/day TIQO0.5 &A1 > METF, 0.02 ugkgbw /day TILE
1 mmHg L&
it JECFA 2011 WHO Food Additives Series 64

http://www.inchem.org/documents/jecfa/jecmono/v64je01.pdf

- LOAEL  0.06 mg/kg b.w. per day POD (u g/kg bw/day) 60

TV RRA b Ty MEEE

i EFSA 2009  (WHO % k)
http://www.efsa.europa.eu/en/efsajournal/pub/1018 (TDI 0.6 ng/k kg bw/day)

BEEERS 2011 (TDI 0.2 pg/kg b.w. per day, ZZ4£%%% 300)

... . .

- BMDLO.5 (3.0 png/kg bw per day) POD (u g/kg bw/day) 3

T RRA N KERA

High JECFA 2011 WHO Food Additives Series 63

http://www.inchem.org/documents/jecfa/jecmono/v63je01.pdf

- BMDLO1 0.3 25 8 pg/kg b.w. per day ®f#f] POD (u g/kg bw/day) 0.3-8
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T RBA b M B BERA
H#t EFSA 2009 http//www.efsa.europa.eu/en/efsajournal/pub/1351
- NOAEL:8x10-4 mg/kg-day POD (u g/kgbw/day) 0.8

T RRA b LER, BE (BREE. A

HEL EPA IRIS

http://cfpub.epa.govincealiris2/chemicalLanding.cfm?substance_nmbr=278

* Oral Slope Factor: 1.5 per mg/kg-day . Drinking Water Unit Risk: 5 x10 -5 per pug/L
TURRA B

it EPA IRIS

; http Ylcfpub.epa.gov/ncealiris2/chemicallanding.cfm?substance_nmbr=278

- BMDL10 0.06 mg/kg bw per day POD (pu g/kg bw/day) 60

TV RBRA b Ty S OMXTEEEOHEM

it JECFA 2011  WHO Food Additives Series 63
http://www.inchem.org/documents/jecfa/jecmono/v63je01.pdf FHEFE{REL 100 T

RO ERD PTWI 1 4 1 g/kg bw

http://www.efsa.europa.eu/en/efsajournal/pub/2985

EFSA 2012

-+ 150 mg tinkg BF (1 H 1500g &5 LKE L T 2250mg, {AHE 70kg T 32mg/kg)
POD (ug/kg bw/day) 32000

T FRA v b BERARER

High  EFSA 2005 http//www.efsa.europa.eu/en/efsajournal/pub/254

+ PTWI 14mg/kg bw JECFA  (PTWI OEHRHLIAT Cidk BMHEEOH &
BENHEHINZLEZOND)
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemID
=515

- 67 mg of tin (267 mg/kg food) THEE/RL

H# CICAD 2005 Tin and Inorganic Tin Compounds (Cicads 65, 2005)

http//www.inchem.org/documents/cicads/cicads/cicad65.htm

e
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- NOAEL 286 mg Cr(IIl)/kg b.w. per day POD (u g/kg bw/day) 286000

TV RRAF NTPDF v MER CORMRERBRORKRREGE (TDL 1JBMO LM
¥ 10 /M%< 0.3 mg/kg b.w. per day,)

i  EFSA 2014  http//www.efsa.europa.eu/en/efsajournal/pub/3595

- BMDLO5 0.2 mg Cr(VD/kg b.w. per day POD (u g/kg bw/day) 200

TV RARA b MERE, #Z >y O~~~ b7 Uy MED

Hi#  EFSA 2014 http://www.efsa.europa.eu/en/efsajournal/pub/3595
« BMDL10 1.0 mg Cr(VI)/kg b.w. per day POD (u g/kg bw/day) 1000

TV RRA Vb JEBERE., BEEBAOEF

H#t  EFSA 2014 http//www.efsa.europa.eu/en/efsajournal/pub/3595
- BMDL10 0.11 mg Cr(VI)/kg b.w. per day POD (pu g/kg bw/day) 110

T RRA L~ FEEEMRE, M~ v X+ TR ERGBIEAL

it EFSA 2014 http://www.efsa.europa.eu/en/efsajournal/pub/3595

s Sl AEMESRER, 6 fliTEESE 1988 EHC61

http://www.inchem.org/documents/ehc/ehc/ehc61.htm

kCo

- CobaltIIDIIHME CTizittm
CICAD 2006 COBALT AND INORGANIC COBALT COMPOUNDS

http//www.inchem.org/documents/cicads/cicads/cicad69.htm

- LOAEL : 1.4 x10-1 mg/kg-day POD (pu g/kg bw/day) 140
TV RRA b~ REBEREMN
i  EPA IRIS
http://cfpub.epa.gov/ncealiris2/chemicalLanding.cfm?substance_nmbr=425
- Adequate Intake (AI) 65 pg/day kA  POD (u g/kg bw/day) 1

Hifh EFSA 2013  httpi//www.efsa.europa.euw/en/efsajournal/pub/3333
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+ BMDL5 : 1.472 x10-3 mg/kg-day POD (u g/kg bw/day) 1.4
T RRA b WERE, MR

it EPA IRIS
http://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=73
- BMDLS5 : 8.57 x10-4 mg/kg-day POD (u g/kg bw/day) 0.8

T RARA b HREFEE, n—zF

- NOAEL 1.2 ng’lkg b.w  POD (pu g/kg bw/day) 1.2

T RRA b Txu—bvAf O ark— FOIRERE L RRE

Hif EFSA 2012 http://www.efsa.europa.eu/en/efsajournal/pub/2985
%3 6.4 T TWI for methylmercury of 1.3 pg/kg b.w.

BMZ2ZEES NOAEL I EFSA LR U, RReEMARE 4 ©TWI

2.0pg/kg b.w (TDI 0.292 11 g/kg R E/H)
https://www.fsc.go.jp/hyouka/hy/hy-hyouka-methylmercury.pdf

JECFA PTWIof 1.6 ug/kgbw, JEEMEENE
http://apps.who.int/food-additives-contaminants-jecfa-database/chemical.aspx?chemlID

=3083
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Here, we set out to improve our previously developed methylmercury analytical method, involv-
ing phenyl derivatization and gas chromatography-mass spectrometry (GC-MS). In the improved
method, phenylation of methylmercury with sodium tetraphenylborate was carried out in a toluene/
water two-phase system, instead of in water alone. The modification enabled derivatization at opti-
mum pH, and the formation of by-products was dramatically reduced. In addition, adsorption of
methyl phenyl mercury in the GC system was suppressed by co-injection of PEG200, enabling con-
tinuous analysis without loss of sensitivity. The performance of the improved analytical method
was independently evaluated by three analysts using certified reference materials and methylmer-
cury-spiked fresh fish samples. The present analytical method was validated as suitable for deter-
mination of compliance with the provisional regulation value for methylmercury in fish, set in the

Food Sanitation haw.
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Introduction

Methylmercury, an organomercury compound, has ad-
verse health effects, such as marked distal sensory dis-
turbances, constriction of visual field, ataxia, dysarthria,
auditory disturbances, and tremors, due to its action on
the central nervous system" ?. The central nervous sys-
tem of the developing fetus, in which the blood-brain
barrier function is not fully developed, is reported to be
particularly vulnerable® **. Due to concerns over ad-
verse health effects, international organizations and
governments have issued warnings regarding the con-
sumption of methylmercury-contaminated foods, partic-
ularly fish and shellfish. In March of 2004, the Joint
FAO/WHO Expert Committee on Food Additives (JEC-
FA) lowered the provisional tolerable weekly intake of
methylmercury from 3.3 to 1.6 ug/kg body weight/week.
Also in 2004, the U.S. Food and Drug Administration re-
vised its advice and recommended that pregnant women
limit their consumption of specific kinds of fish and

* E-majl: tawata@nihs.go jp

*! “Food Safety Risk Assessment Related to Methylmercury
in Seafood”, Food Safety Commission of Japan, Tokyo.
(2005). https://www.fsc.go jp/english/topics/methylmercury_
risk_assessment.pdf

*2 “Methylmercury; Environmental Health Criteria 1017,
WHO, Geneva (1990). http://www.inchem.org/documents/
ehc/ehe/ehe101. htm

shellfish**. On June 3, 20083, the Ministry of Health, La-
bour and Welfare of Japan (MHLW) issued its “Advice
on Fish Consumption and Mercury . In 2005, MHLW
also issued a modified proposal, “Advice for Pregnant
Women on Fish Consumption and Mercury” *'.

In 1973, MHLW set the provisional regulation value
for mercury in fish and shellfish (excepting some fish
species) at 0.4 ppm as total mercury and 0.3 ppm as
methylmercury. In the appendix to the notification in
which the regulation values were published, the analyti-
cal method for methylmercury (hereinafter referred to
as the “official method”) is presented™®. In the official
method, methylmercury is extracted with benzene under
hydrochloric acid and then transferred to a cysteine-con-

* “FDA and EPA Announce the Revised Consumer Advisory
on Methylmercury in Fish”, U.8. Food and Drug Adminis-
tration and Environment Protection Agency (2004). http://
www.fda.gov/INewsEvents/Newsroom/PressAnnounce-
ments/2004/ucm 108267 htm

“Advice for Pregnant Women on Fish Consumption and
Mercury”’, Subcommittee on Animal Origin Foods, Food
Sanitation Committee, Pharmaceutical Affairs and Food
Sanitation Council, Ministry of Health, Labour and Wel-
fare of Japan, Tokyo (2005). http://www.mhlw.go. jp/topics/
bukyoku/iyaku/syoku-anzen/suigin/dl/051102-1en.pdf
“Provisional regulation value for mercury in fish and shell-
fish”, The Ministry of Health and Welfare of Japan, Tokyo.
Notification No. 99 (1973).
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taining aqueous solution. The methylmercury is then
once again transferred to benzene by acidifying the
aqueous cysteine-containing layer, and is then measured
using a GC-ECD equipped with a packed column. Be-
cause benzene (a carcinogenic solvent) is used for extrac-
tion and ECD (which requires special control for its f
-ray source) is used for the measurement, the official
method is not versatile. In addition, it has been reported
that, depending upon the species examined, the recovery
of methylmercury in analyses of fish samples using the
official method may be low”.

In order to overcome the above-mentioned drawbacks
associated with the official method, method providing
more efficient extraction of methylmercury was devel-
oped by employing alkaline degradation of proteins, hex-
ane washing to remove fats, and dithizone as the com-
plexing agent. This method was also adopted by the
Japanese Ministry of the Environment*®. The method
uses toluene instead of benzene; but, as in the official
method, ECD is used for detection. Although a method
employing inductively coupled plasma mass spectrome-
try for measurement of methylmercury has been report-
ed”, the detector is not sufficiently versatile for food
analysis.

The authors previously developed a versatile analyti-
cal method involving phenyl derivatization of methyl-
mercury and subsequent measurement by GC-MS, which
1s widely used in food analysis'r’). In the present paper,
this previously reported method (hereinafter referred to
as the “original method”) was improved to achieve the
level of performance necessary for use in determining
compliance with the provisional regulation value for
methylmercury. The improved method was validated.

Materials and Methods

Samples

Certified reference materials (CRM) for validation
(CRM 7402-a: cod fish powder; BCR-463: tuna fish pow-
der; ERM-CE464: tuna fish powder; and CRM 7403-a:
swordfish powder) were purchased from Seishin Trading
Co., Ltd. Fresh fish samples (cod, tuna, mackerel, and
bonito) were purchased at a supermarket in Tokyo.

Reagents

Methylmercury chloride was obtained from GL Scienc-
es Inc. (Tokyo, Japan). Potassium bromide, anhydrous
copper(Il) sulfate, sulfuric acid, cysteine hydrochloride
monchydrate, sodium acetate trihydrate, sodium dihy-
drogen phosphate dihydrate, disodium hydrogen phos-
phate dodecahydrate, sodium tetraphenylborate, and
polyethylene glycol (PEG) 200 were obtained from Wako
Pure Chemical Industries, Ltd. (Tokyo, Japan). Other
reagents were of pesticide residue analysis grade or spe-
cial grade. Ultrapure water was produced using a Milli-
Q purification system (Element 10) (Merck Millipore,

*¢ “Mercury Analysis Manual’, 2004, Ministry of the Envi-
ronment of Japan, Tokyo (2004). http:/www.nimd.go.jp/
kenkyw/docs/march_mercury_analysis_manual%28¢%29.pdf

Billerica, MA, USA).

A methylmercury standard stock solution (1,000 ug/mL)
was prepared by accurately weighing 58.2 mg of methyl-
mercury chloride, dissolving it in toluene and adjusting
the final volume to 50 mL with toluene. A methylmercury
standard solution for spiking (3 pg/mL) was prepared by
accurately weighing 58.2 mg of methylmercury chloride,
dissolving it in water and accurately adjusting the vol-
ume to 500 mL, and then diluting 3 mL of this solution
to a final volume of 100 mL with water. A 1 mol/L potas-
sium bromide solution was prepared by dissolving potas-
sium bromide in water. Copper(II) sulfate-saturated
4 mol/L sulfuric acid was prepared by adding 200 mL of
concentrated sulfuric acid to 600 mL of water, allowing
it to cool, adjusting the volume to 900 mL with water,
and dissolving anhydrous copper(Il) sulfate until the so-
lution was saturated. A 1% L-cysteine solution was pre-
pared by dissolving 10.0 g of L-cysteine hydrochloride
monohydrate, 8.0 g of sodium acetate trihydrate, and
125.0 g of anhydrous sodium sulfate in water and ad-
justing the final volume to 1 L. Sodium phosphate buffer
(0.2 mol/L; pH 7.0) was prepared by mixing 0.2 mol/L so-
dium dihydrogen phosphate (acidic solution) and
0.2 mol/L disodium hydrogen phosphate (basic solution)
to give pH 7.0.

A 1% sodium tetraphenylborate solution was prepared
by dissolving 0.2 g of sodium tetraphenylborate in phos-
phate buffer (0.2 mol/L; pH 7.0). The 1% sodium tetrap-
henylborate solution was prepared immediately before
use. A 1.5 mg/mL solution of PEG200 was prepared by
dissolving PEG200 in toluene.

Equipment

The centrifuge used was a Model 6200 from Kubota
Corporation (Tokyo, Japan). The homogenizer used was
GM200 from Verder Scientific Co., Ltd. (Tokyo, Japan).
The GC-MS used was a 6890N GC & 5975 MSD from
Agilent Technologies, Inc. (Santa Clara, CA, USA).

The following conditions were used for GC-MS mea-
surement: InertCap 5MS/NP (0.25 mm 1i.d.X30 m long,
0.25 um film thickness) column (GL Sciences Inc.); oven
temperature, 70°C(1 min)—20°C/min—280°C(5 min); in-
jection port temperature, 250°C; transfer line tempera-
ture, 280°C; ion source temperature, 230°C; injection vol-
ume, 1 pL; carrier gas flow rate, 1.0 mL/min (He); ioniza-
tion method, EI; analysis mode, SIM; ions monitored,
m/z 292 (quantitation ion), 294, and 277.

Analytical procedure

A sample of fresh fish was homogenized and 10.0 g of
the homogenized sample was weighed and used for fur-
ther analyses. A portion of CRM (1.0 g) was weighed and
mixed with 9.0 g of water. Each sample was shaken with
100 mL acetone for 30 sec, and centrifuged. The super-
natant was removed. 100 mL of toluene was added to
the residue and the mixture was shaken for 30 sec, then
centrifuged, and the supernatant was removed. The ace-
tone- and toluene-washed residue was shaken with
40 mL of 1 mol/L potassium bromide solution, 40 mL of
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coppex({Il) sulfate-saturated 4 mol/L. sulfuric acid, and
80 mL of toluene, and centrifuged. The toluene layer
was collected. To the remaining water layer, 50 mL of
toluene was added. The mixture was shaken for 10 min,
and the toluene layer was collected after centrifugation
and combined with the previous toluene layer. To the
combined toluene layers, 50 mL of 1% L-cysteine solution
was added and the mixture was shaken for 5 min. After
being allowed to stand, the water layer was collected,
and 30 mL of 6 mol/L: hydrochloric acid and 30 mL of tol-
uene were added. The sample was shaken for 5 min, and
the toluene layer was collected. This procedure was re-
peated three times, and the volume of the combined tol-
uene layers was adjusted to 100 mL with toluene. A
4-mL aliquot was removed from this solution, 5 mL of
0.2 mol/L phosphate buffer (pH 7.0) and 1 mL of 1% so-
dium tetraphenylborate solution were added to it, and
phenyl derivatization was carried out by shaking for
10 min at room temperature. The reaction solution was
centrifuged, the toluene layer was dehydrated with an-
hydrous sodium sulfate, 1 mL of the solution was accu-
rately removed, and 0.5 mL of 1.5 mg/mL PEG200 was
accurately added to obtain a GC-MS measurement solu-
tion.

Preparation of standard solutions for calibration curve
Aliquots of methylmercury standard stock solution
were diluted with toluene to prepare standard solutions
of 0, 5, 10, 25, 50, 75, and 100 ng/mL for use in con-
structing a calibration curve. The standard solutions
were then subjected to phenyl derivatization and subse-
quent processing identical to that of analytical samples.

Preparation of blank and spiked samples

A blank sample was prepared by sufficiently homoge-
nizing cod or tuna muscle that was confirmed before-
hand to contain less than 0.15 mg/kg of methylmercury.
A spiked sample was prepared by accurately adding
1 mL of a 3 pg/mL aqueous methylmercury solution to
10.0 g of the blank sample homogenate, mixing well, and
allowing the sample to stand for 30 min prior to analy-
sis.

Method validation

Four different CRMs and two different spiked samples
were analyzed, and the trueness and precision (repeat-
ability and intralaboratory reproducibility) were esti-
mated. For the CRMs and spiked samples, two parallel
analyses per day were carried out for 5 days. Simultane-
ously, two parallel analyses per day of the blank sample
were carried out for 5 days. The analytical result for
each spiked sample was obtained by subtracting the
mean of the results obtained from analysis of the blank
sample from the result for each individual spiked sam-
ple. One-way analysis of variance was performed for the
10 analytical results. The validation was independently
carried out by three analysts (A, B, and C). Analysts A
and B carried out the validation using CRMs and spiked
samples in the same laboratory (laboratory I), whereas

analyst C carried out the validation using CRMs in a
different laboratory (laboratory II). The validity of the
analytical method was confirmed by comparing the esti-
mates of trueness and precision with the performance
criterion shown in Notification No. 0926001, “Guidelines
for the validation of analytical methods for testing met-
als in food” *’.

Results

Improvement of pretreatment and extraction procedure
In the original method, 1 mol/L potassium bromide so-
lution and copper(Il) sulfate-saturated 4 mol/L sulfuric
acid were added to samples and methylmercury was ex-
tracted with toluene. Depending on the fish species ana-
lyzed, this sometimes resulted in substantial emulsion
generation during extraction, greatly compromising the
efficiency of the extraction procedure. Therefore, sample
pretreatment using acetone and toluene, as employed in
a collaborative study to validate a quantitative method
for methylmercuryﬁ), was investigated for its potential to
prevent emulsion generation. For pretreatment, 100 mL
of acetone was added to a sample and then removed af-
ter shaking for 30 sec, followed by similar addition and
removal of 100 mL of toluene. This resulted in a dramat-
ic reduction in the frequency of emulsion generation in
samples prepared from cod, tuna, mackerel, and bonito.

Optimization of phenyl derivaiization conditions

In the original method, phenyl derivatization was car-
ried out by transferring methylmercury to a 1% L-cyste-
ine solution after toluene extraction, adding and mixing
Walpole buffer (pH 1.0), adding n-heptane and 2% sodi-
um tetraphenylborate solution, and then allowing the
mixture to stand for 1 hr in a 30°C water bath with mix-
ing every 10 min. However, repeated injection of mea-
surement solutions prepared according to this procedure
ultimately resulted in a significant reduction in GC-MS
sensitivity, which was thought to be due to adsorption of
various phenyl compounds generated by the decomposi-
tion of tetraphenylborate (e.g., biphenyl) on parts of the
instrument, such as liners. In order to avoid this de-
crease in semsitivity, reaction conditions that would re-
duce the amount of degradation products formed with-
out impacting on the phenylation efficiency were
investigated (sodium tetraphenylborate concentration,
pH, reaction temperature, and reaction time). The gen-
eration of biphenyl, the degradation product formed in
the highest amount, was used as an indicator to assess
the effect of modifying the reaction conditions. We found
that when the concentration of sodium tetraphenylbo-
rate was reduced from 2 to 1%, the efficiency of phenyl
derivatization did not change. Therefore, the sodium tet-
raphenylborate concentration was set at 1% to decrease
the amount of by-products formed.

The effect of pH on phenyl derivatization efficiency

*7 “Guidelines for the validation of analytical methods for
testing metals in food”, The Ministry of Health, Labour and
Welfare of Japan, Tokyo. Notification No. 0926001 (2012).



