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TR RE £Lh 76 & DY B E B KPUEIC DWW T, HPLC, UV BSHIC X 2 BRI, N O 2SR T

HOLHHT & A A 727 (HPLC-UV-CVAFS) 12 X

DIrREREITo 7. £9, AR S O K

OHHEIZOWTHE L, ANVA T MEEZLDMLEWTH S 2- ANV AT MLy ) — )b (2ME) 75, Hii#l &
LCHRIRINTH S Z L3537 o 7z, CHHg IREEDEGHE % b > 3 MO RRIEEEMEY B IZO VT, 2ME &R
X Z i & HPLC-UV-CVAFS (2 & D Il 247\, FRAEME & MEEANIZIZT—HT A L 2 Mgl L7z, ~ 7 uH
EDMmERMSRE (EFRED) 12oWT, FROGHEITo72. FNERIZ OV T, HPLC-UV-CVAFS #ll &
X > TSNS CHHg W & He IREOAFMEA, MEASALE TSI (HVAAS) &> THH
B (RRSUREE) L13IZ—H L7 T4bd, EARFOEYWREBIIONT, 2MEHMBICE > THON
SR %= HPLC-UV-CVAFS 235 Z &2 & ), KGOS BIE DR RIATZ 5 2 D505 h o7z,

1 # =]

REUIT D BHEOBENITLHED—DTH B9, FRZAF IV
KR (CHsHg ) B EDOTIVFNVKBIEHETH Y, KB
LS OREILE T [z hawa ] LhsTw
5. L Lahs, REOHEEAY I EYEsiic L b
M) OWRED CHHg ' 2 & LRGSR S Tw b
FCHARNIA R EOWEERELETHDT, WHEER
IS E N2 K2 2D IERE ISR R T 2 2 L i
EETH 5.

WEPE £ 7 & O LW ER DR IK LR EE 34T T h g,
IMBSALETFWIEHH (HVAAS) R EICX DRlIETE 5.
L Lah s, GREREZT)HER, Mookl TE
Bk (Hg'") & CHHg 7 &0 7V F VKA 558 L 2
TN 5% w. CRFETIE, FAZ7ux b 574 —%
5 iR, KREFEDRITHRM % ME§ 5 HikosBEd S
NCTED, REIEERAEs 2~ 757 14— (HPLC)
EHVLHFEMEHShTWwEYY. Zoldk, LT
WHR A T 5% Fv5A HPLC 12 & » T Hg*" & CH;Hg %
EOTNFNVKREGHEL, FEKET I~ - HRSN
(ICP-MS) R ZALRFHOU5HT (CVAFS) 7 & D5 )i
BECTARREHMHTL2D0TH 5.

AWRFHIEERAETH Y, LR X BEFSEGHT
e A A & 35 HPLC (M5 2 720121, AR [F
FHH A S KA AE I T 2 LD 5. 1966 412

® E-mail : ohki@apc.kagoshima-u.ac.jp
VR R R R BB T A R R A i - LS E TR 890-
0065 JEE W2 R L HE ML IS T B 7T 1-21-40

Westoo 12 & 0 il % Hl v 2 AWk 5 o CHyHg ™ Ol
WA S hY, 2%+~ O BESHRET ST &7
LA L%a2ss, Mgz HvsHtcid, A2Wilkhicas
NEARSPHDOMAKSEAEZ ENDLDT, LAV L
W GEDEE L. T2, B OBEAREE:E 22
729, TOWHWE HPLC I 20 3@ WEich 5. &
DA AW R S DRI DO WT, TIAh Y 53R %
s HEY, BEEHCLHEY, My RHvD )
B LA S

Wi, ANHT MEELO(EWEMLFIE LTHWS
& EWERED SRR AR AYT 2 B 2 L ASHE
NTW5. 2AVAF MLy ) —)b (-ME) &z,
<4 7 DERESEOM 217D HiESRE s hY. 2
D%, <A 7 aERNETbad TOMB&tE T RT R
X, S-ME B EZH O AHICE Y, ARSCEEL) SRR
CAKBRED L E T2 5 2 LRGN, £, 2
DEIHBHE LTL-YATFA VR EDRBENTH S
L shTwaY. LaLeds, Zhsoifikos
CIZICPMS Z HPLC O ithd & L THW A H 0 T,
CVAFS Z g & L THW A5 120w T+ I ad
ST\, ICP-MS &, HEREMEL O 5T - BRI AT] K
GFBEE Lo TV EARFUEIZOWTIE, AEY =%k
FELRTORENEH S, $72 CVAFS I3, LRDOT IV IV
H AT 5 ICP-MS ICHRTT Y= 7 X MYICH
FITdH 5. ICP-MS 7% CVAFS I[ZHE_THF) R & L Tid,
WAL O LEAEE L, M2 EEHBICEAT L7720,
HPLC & ICP-MS #HAECT& 52 & THA. CVAFS DYH
i, TV OVREREE R He' IR T A 7200, I
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Table 1 Total Hg concentration in certified reference
materials
Sample Certified/pg g-dry™'  Measured /g g-dry ™
DORM-2 4.64 = 0.26 4.50 = 0.09
DOLT-3 3.37 £0.14 3.35 = 0.19
NMIJ-7402a 0.61 £0.02 0.60 £ 0.04

a) Measured by HVAAS.

UV B4 CRRIL A % 47 9 218 4% HPLC DB I U &
%h. bbb, HPLC, UV B LG ELE, CVAFS Ok
4 (HPLG-UV-CVAFS) 2Sh# & 725, Z it HPLCICP-
MS IZHEART, EHERTPICE E N M EYoRE Y 2T
BT WIS 525, T LD BRIV EERTHT
H5bH. T, TNFTOMERICBTEE LTHEHEIN
AWEH AR R CH Y, EBRO R AN~ D
BRI B A7, FERBOWEWIZOWTHE S
%A Th, HIC CHHe OREZMEL TW5 7217 TH

D, EKHELDOIEZITWZEDOEOZ M ZE MG L Tw
BENIIE L ALV, B, BARICBWTEAS WA
DWFEEMPICE F N5 KEHE O 55 ) %8 712 HPLC-UV-
CVAFS "W H M 72flix, THE TIZZR\W.

RIFFETIE, 2-ME 7% & OB AERIC & 2 K80 &
HPLC-UV-CVAFS % Fi\C, R 7% &EY R o kg
ORI ERERA. REE LTIE, FIEEEWE O
59, FEREE LT, ARADPLET L RO BN
BbEDTHE T 72, 1812, ERBRHI Wik Ak
D HVAAS & IV TRKSUREZHIE L, Cofemfis, 4
NERTHOSNMEOEFHELZ KT 2 L) FET, #
HOFIEZ T L 7.

2 % B

2-1 BAPRUHEE

AL R T & H DORM-2 (F A ) U DOLT-3
(A JFI) &7 F & ESLAFJE A A 5, NMIJ-7402a (%
) 1O R SEBTRR AT ZERT & 0 AT L7z, R A
OFEREELT, IV 2TV5, NUYFIAL VA, 353
x7u, IAy<ru, ANFwru, o8, A IO
Wiz v (FNF< 7 aidMEBbEE L), 2h
5DRFHE, EMORA—IS—<—F v FERIEL VT —
Ay PEFHALTABRANEE I DBA L. Rt
TV, HEBHEE HWTHELZ0L, 525 0wIIhlT,
W EREE & L7z, KX, Purelab Ultra Ionic (A V4
) ZHAWTHEEBEL, $NTOERZELTHT L.
o-ME (HiF£ 98.5 %), FFIIVEEEF b~ 2 (SDS, #i
FE95 %) IZADLME TR BE 770 0) &
Sigma-Aldrich % 72 & 303813 BRIT 58 A 45 L A1
M5 7L —FObDEMH L7
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2:2 HEhOMBKEREIT

AW E R ORISR EE I 21X, HVAAS 8 (HARA ~
AV A E MA2000) 2k o TiroZ. 4TI, 2%
BEO7 N> T, AR — MCEUE R OFIGAtSE
TEHEOFMAM G : 7V I 5), B GHAK : KiEE
AN T L, BEEF MY L) 2 ARTIT- 72, HIER,
Fl—#EHC W TAR L D SHfTV, FHEERD .

2:3 =¥ S DKIBEOHE

AR S QKRS OHNFI KB ILH & ~ 37 D5y
A2 Hiwe LT, FENGMEHKER (sodium dodecyl
sulfate, SDS), ¥ ¥ X7 UG REFETHLHTF) T v
B UF - ME W0 3 fi 2 ik A7z, SR & BB 1 BRI
FEB KR 0.1 g 2 HEFELC A, A DK 10 mL %
Mz<T, 12h#kEH Lz #OHER, 045 um X 7L
YT 4NY —ERCTREEEZTY, R GIRER) 2o
WTPIREOEERIZHE L 72 SRR, F—EHCoWwT
L ED 3HTTo 7.

2-4 HMEBRBEPOBKBREAE &EKBIFNEE

FTHS VAR D AR SRR EE I E & HVAAS 12 X D 47w, il
AN & BRI % KD 72, HPLC ¥ A 7 4% Rheodyne
WAy y— (7721 YTV —720uL) &
JASCO PU-2080 K » ZIZ X DR S NTHB Y, KPS
BEix ODS 1 7 & (FIEAESE T34, Wakosil-IT 5C18 HG,
4.6 mm X 150 mm) ROVERER (¥ /= :K=1:9,
0.01 % 2-ME # &%) %IV, #i%= 0.85 mL min ' 2w
THr- 7. CHHg @ Hg' ' ~DOMEAbIE, MIbHIKE R
[0.14 % KBrO; (m/v), 0.5% KBr (m/v), 2M HCl] %
JHV>T PSA 10.570 UV-oxidation system (PS Analytical %)
WZEDATo72. 72, CVAFS JllE%, PSA 10.025 Millennium
(PS Analytical #) % H\TIT- 7=

3 RREEH

3.1 EPEBPOHKFRERE

3 fl O AR HEY E (DORM-2, DOLT-3, NMIJ-7402a)
IZD W T, HVAAS IC & 2 MK RIBE O & %17 - 7-.
Table 1 \IRT £ 912, WEMITRETMEE L vw—F%ERL
THEY, HVAASIZ X D Th o OAYRE ORIKRIEE
ZIFFEICHETE 2 L2 h o 7.

HVAAS % W, Ml &Hx oifERMIcE TN
KIKSUR M E % 1T 5 72, Table 2 ICZF DR ERT. I
I~ 71 (southern bluefin tuna), ¥/N¥ <71 (yellow-
fin tuna) X OFZFDONNE, H7% (mackerel) IZDWTIlX, #
e 2 ORI OV TRERERE 217 - /2. B
THHANARKREALIETH L~ 70D, HAPIZEW
KMEGATUDLZLRICHIBNT VLGS, WY F A
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Table 2 Total Hg concentration in biological samples

Total Hg concentration b)/

a)

Sample ug gdry”!
Minke whale 0.07 = 0.02
Bottlenose dolphin 5.40 £ 0.30
Southern bluefin tuna-1 1.67 £0.12
Southern bluefin tuna-2 4.01 £0.22
Yellowfin tuna-1 0.12 = 0.02
Yellowfin tuna-2 0.59 £ 0.04
Yellowfin tuna-1 (entrails) 0.35 = 0.02
Yellowfin tuna-2 (entrails) 0.76 = 0.06
Bigeye tuna 1.04 = 0.10
Mackerel-1 1.09 £0.13
Mackerel-2 0.45 £ 0.03
Chicken grunt 0.24 £0.03

a) Muscular tissue except for noted. b) Measured by HVAAS.

Table 3 Extraction of Hg from biological samples by
extractant solutions

Extraction ratio of Hg/ %

Sample - -

SDS”  Subdlisin”  2-ME?
DOLT-3 h£2 384 103 =6
Southern bluefin tuna-1 4=+1 77*6 97 + 4

a) 1.0 % SDS; b) 1.0 % subtilisin, 1 M Tris-HCL ¢) 0.10 %
2-ME, 0.15 % KCl, 0.10 % HCI.

V7 (bottlenose dolphin) % I+ I < 7 TR VIR FLREE
L7z, ANF= 27U (bigeye tuna) b 1.0 ug g-dry '
VLEOKFIREEZ D o TV, FNF <7 0OKGFRE
FRRIE D 572, FNF<7aliZonTid, HAliEF oK
HUREED 7288, TN IR TR R E o 72
PRI, R HARTHI AP OKSURE ARV 2
EFHMBLNTBY, H7Y (mackerel2) R4 HF (chicken
grunt) [FHBIRVKEHREZR L7, LA L&A, #
NOPMEMAE (mackerel-1) X~ 7 T PCHd % KRR
Ho T,

3.2 £WEFEHL S OKEREOHME

MWEENO X9 AEWREhOKBPHEIZOWT, H55lE
BET)HAEICE, FTEEES T~ MY v 7 AR
THRGW R, EY A E AT, fLENELE S
FIHBLAZTER S, 20X Ril# e LT,
RHEEER (SDS), W& (F7FVIY), ROAVAT
MEEW (2-ME) @ 3 fi% A7z, DOLTS KNI F3I <%
7 8 (southern bluefin tuna-1) IZ2WT, 25 OHIHH
DO % R A 72K % Table 3 1273, K=,
DOLT3 O¥AIIFEIMER, I F I v 7 DA 1d HVAAS
WEICE D HOSNMELZEHEIZLTRD. DOLTS L
IFIVUDOMWFIZOVT, BIFaKEMEEZ RSO
13 2ME DA TH 572, 2ME DL HITA VA T M k%

KA+ HPLC & 3 AUR - HOBIAT % H > 2 2o vy o0 k8 5l i 1075
120
100
S g0 F
2
g
= 60 [
8
<40 F
s}
—e-DORM-2
20 —O—Southern bluefin tuna-1
O (J 1 1 1
0.00 0.05 0.10 0.15 0.20
Concentration of 2-ME / %
Fig. 1 Extraction of Hg from biological samples by a

2-ME solution

Table 4 Extraction of Hg from biological samples by a
2-ME solution ¥

Total Hg in Extraction ratio
Sample extraction solution/ of Hg/
ug L %

DORM-2 46.3 = 3.1 100 =7
DOLT-3 348 +19 103 £ 6
NMIJ-7402a 5.7+0.2 93£3
Bottlenose dolphin 448+ 28 83 +5
Southern bluefin tuna-1 16.2 = 0.6 97 + 4
Bigeye tuna 9.9+0.7 95 =7
Mackerel-1 11.8 £ 1.0 108 =9

a) 0.10 % 2-ME, 0.15 % KCl, 0.10 % HCIL.

boLEWIE, & N HOZRIEE RN T 5 Y AV
74 FREGZUINCE, /MM SN KM T 2
CLIEVREATE SO, SVKEIIHEZ Ry & E
Zbihb.

2-ME & % v B 23Uk A 5 o KR o il 12 B
WT, 2ME OR#EBREE % MET L7z, Fig. 112, DORM-2 &
"I F 3 <271 (southern bluefin tuna-1) {22\ T DHEH
ZARTDS, MFEOLEED 010 % LD 2ME EET, 13
FEA 2R L7z, DEORRIY, DRBEOERTIE
0.10 % 2-ME &% VT, ik 6 oKkt %217 -
7=.

Tl & OWERE SR EEHZ DWW T, 2ME IS & 2 K8
O % A, HVAAS 12 & 2 JllE % 47RO HiH s %
K72, Table 4 I[Z/RT £ 912, 3D FRIREREY R K O
4 FEOFAFHNI DOV THRET L7225, 83~108 % OhiizET
Hot HEORRHZEY F ORI B~ M) v 7 AR
57012, MERIZETORXLDOEVPRLNLEEZS
DA, AR O VT, 2-ME HiHIC X b g Ak
HIBATHTH B 2 L2505 o 7.
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Table 5 Fractional determination of Hg in certified
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Table 6 Fractional determination of Hg in biological

reference materials samples
CH;Hg" Hg** Sample CHBP(Ilg +—/1 Hg;+ /71 Rf;;oy)er(};/of
Sample Certified/ Measured/ Measured/ Hs sy Hg gdry g /%
ug g-dry™! ug g-dry ™! ug g-dry™! Bottlenose dolphin ~ 2.41 £0.30  1.52 = 0.21 88
DORM-2 4.47 £ 0.32 4.39 + 0.44 n.d.” Southern bluefin 1.25+0.30 0.32 = 0.04 97
DOLT-3 1.59 £ 0.12 1.55 £ 0.08 1.67 = 0.11 tuna-1
NMIJ-7402a 0.58 £ 0.02 0.53 £ 0.02 n.d.?
Bigeye tuna 0.76 = 0.04 0.34 £0.03 111
a) Not detected.
Mackerel-1 0.69 £0.07 0.35 *0.04 88

Signal / arbitrary

Retention time / min

Fig. 2 Chromatogram of Hg species in HPLC-UV-
CVAFS for southern bluefin tuna-1

3:3 £PHHPICEThIKBEOHIIER
3O FEAEHEY)E (DORM-2, DOLT3, NMIJ-7402a)
22T, 2ME i T 5 7z i 2, HPLC-UV-
CVAFS JlsE 2k L, KBTHE R 247 o 72 W S 7zl
W O CHyHg "B M OF Hg " I % SRk b il B 12 3
HL7RAR % Table 5 1R, T O OFRGEEEREYH I,
CH;Hg BREDOREFMHEE b > TV B, 145 N7l e fHid
mﬂﬁ EETH > 72. DORM-2 K UF NMIJ-7402a 12 1%
IFLAEETNTVARWA, DOLTS IZIEHh7% 0 &
ihfwt. DOLT-3 (213 He" iR EEDFRFEMHIZ 2 V2%,
RS PE DORRGEAE (8.87 ug gdry ) 22HEZ T, HoHh

7o H REOWEMIIZ L DEEZ NG,
A O EWHFZ OV T D, -ME i & HPLC-UV-
CVAFS 5812 & 0, KU D53 Bl & %17 - 7. Fig. 2 12,
34 3 <271 (southern bluefin tuna-1) IZ2WTHZ T~<
NS AERT. CHgHg+ b Hg%C:*H%ﬁ_é ¥— 27 OAE
MWEN, CH,CHHg % EZ DMKV — 7 13/ 5
N h o7z, ABFFETIE, Table 6 12789 4 FlLo> e A A
FHZ DO W TR EREZ T 7225, TXTOREHIDOW
T, 7ux 77 Al Fig 2 L FBRIC CHHg & Hg'™ @
=2 DARTHo72. Yin HIZE B L, WEYWOEREF
I21%, CHyHg " & Hg' "Dt b fiid & Ehe v e diih &

NTBLY, BONHERIRYRLOLEEZI LN,
Table 6 12, {ll5E S N7z Hh S H o CHHg " B & O°

a) Recovery of Hg was obtained from the concentrations of Hg
species in the extraction solution as follows. [Total Hg] is from
Table 4.

Recovery of Hg (%) = {([CH;Hg "1 + [Hg*"1)/[Total Hg]} X 100

Hg' 2R REICHRE LRz RY. T2
Table 6 (21%, AT ORAKPIERE (Table 4) % 35
& L7z AZRT. Fig. 207 0<% 77 AIRT
51z, BEDs a‘ﬁ%ﬁ:f &, ERBOSHIBIT B Hg
¥ —27 O S/NHA/NS L, BRRFUT OH5H 247> T
RS H B, FZT, t%%%ﬁ]ﬂ‘(ii Sy R A AR
L72& 25, 3+ 320 (southern bluefin tuna-1) (&
FNLBEO HE RETH L, ERTETHL LD
Girolz. DLEosREy, AR 2ME il %
To72ibiRE, $XTOFEHI OV THVEIERLSH S
N, F72HPLC-UV-CVAFSIZ X ) CH,Hg " & Hg* D5 Bl
BYNEWIATZ D EDFEH S,

4 Fk =l

Fli 2 DAEWREHICOWT, AKX 57J<§E¥H3bﬂ
&, HPLC-UV-CVAFS 2 X % KR o 55 B %€ AAT.
fiF & LT, FmiEERl (SDS), Bk (ﬁ7%l}&y),
BORANVAT M EEE DS OMLEYW (2ME) &R A7:75, 2ME
b EN KSR E R L. 2ME I Z w5 L,
FGEERERE O M 53, e OWiE N RE (R
Aob, GRELY 2R ELT) ZLATEL Thb
DYWL Z O-ME W 2 BV THl U 7255 515 S s 4l
HIAEIZ DT, HPLG-UV-CVAFS (2fit L 72. CHHg i1

DG % b D 3 O FRAAREW B I oW, FRAEE &
FEAEDNIT BT 5 2 & MR Lo, M4 Ol £ Uk
(23R DIMBEHIZOWTH, HPLC-UV-CVAFS 12 & -
TH 5N S CHHg & Hg2*i;%f@®A§+1ﬁfaf, HVAAS
WEICL S TRHONLBAKPIBREDMHELIZIZ KT LD
T, EMEZRREITZ A EHFHI NI, Ttmb%, H
Zij\ﬁi%ﬁa“éi@%ﬁ%%ﬂﬂr DWW, 2ME it &
HPLC-UV-CVAFS #5212 & 0, KERFE D 55 Bl 58 = SR R0
WATZ B 2 Moz
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The combination of HPLC, oxidative decomposition by UV irradiation, and cold vapor
atomic fluorescence spectrometry (HPLC-UV-CVAFS) was applied to the fractional
determination of mercury species, which were contained in biological samples, such as seafood.
Firstly, the extraction of mercury species from biological samples was studied, and it was found
that 2-mercaptoethanol (2-ME), which has a mercapto group, was an effective extractant. ~For
three certified reference materials, which have the certified values of the CHgHg+
concentration, extraction by a 2-ME solution and the HPLC-UV-CVAFS measurement were
carried out. It was confirmed that the measured values were about the same as the certified
values. The same analytical method was applied to real seafood samples. The sum of the
CHs;Hg" concentration and the Hg*' concentration in the extraction solution, which was
obtained by the HPLC-UV-CVAFS measurement, was about the same as the total mercury
concentration obtained by the heat vaporization atomic absorption spectrometry (HVAAS)
measurement. Therefore, it is evident that the fractional determination of mercury species in
biological samples was favorably performed when the extraction solution obtained by the 2-ME
extraction was analyzed by HPLC-UV-CVAFS.

Keywords: fractional determination; mercury; biological samples; HPLC; cold vapor atomic
fluorescence spectrometry.



