October 2009

263

J =%

BRI E BI S Lk AR EEESBEOREA OB

(Frk 21 4 F 9 HZ1E)

BNTE* EBIEWE #m =

Examination of Rapid Analysis of Toxic Heavy Metals
in Foods for Emergency Response to Health Crisis

Chie Nomura*, Hirotaka OBaNA and Hajime Opa

Osaka Prefectural Institute of Public Health: 1-3-69 Nakamichi,
Higashinari-ku, Osaka 537-0025, Japan; * Corresponding author

A simple and rapid method for determination of intentional contamination with heavy metals
in foods using inductively coupled plasma-atomic emission spectroscopy (ICP-AES) has been
developed. The heavy metals were extracted with sulfuric acid in a disposable tube using a
homogenizer. The extract was diluted with 1% HNO; solution and analyzed with ICP-AES.
Recovery tests of 9 metals, As, Cd, Cr, Hg, Mn, Pb, Sb, Sn, and Tl from 12 foods were performed,
and gave acceptable recovery (71-107%) with low relative standard deviation {1-11%). The time
required for conversion of 12 samples to test solutions was approximately 2 hr. This method
could be useful for identification of heavy metals involved in food poisoning cases.
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%% (5) %1 DISMIC (817Kt PTFE, ¢25 mm, 0.45xm)
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+ & U+ A ¥ —1 TissueRuptor™ (GFR) + 74 8D,
ICP-AES i3 ICPS-7510 ((#%) BEBIfEmRED 2RV

4. ICP-AES sl

ESEEES 12kW, ¥R FATY, 7—=F Y PHA R
12 L/min, 75 X< # A 1.2L/min, ¥+ Y ¥ —#R:
0.7 L/min, BIAE: AR, F+ v/ ¥4 70 vE
RKREHEAFRF - — 7 PTFES, HIEHE: As 193.696
nm, Cd: 228.802 nm, Cr: 267.716 nm, Hg: 194.227 nm,
Mn: 257.610 nm, Pb: 220.351 nm, Se: 196.026 nm, Sb:
206.838 nm, Sn: 189.989 nm, T1: 190.864 nm.

5. BEROEX

As 0.01, 0.02, 0.05, 0.1, 0.2 ug/mL, BLUZ DI T
% 0.02, 0.05, 0.1, 0.25, 0.5 ug/mL 2 S LB EEEBR
(%WHEs & U 8% BB /KA % ICP-AESIKEAL
to. BREORBEBEEICBIAFRBELNEL, Ny 7
759y FEZELFOBIEREREROTREREER
Lt RBEOERC IMEIREBFEEHV.
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BB R 026 g 25D, BHIEE 10g 2MX 30
PWEREYUFA XL 2055 4g %D, 1%EET
50mL ALY ChE7 405 —HBLRRIEE L
7.

7. FMEUER

As 20 ug/mL, BLUFOM 9 THE 100 pg/mL 2 &
UIRATERER 0.25 mL 2508 0.26 g iU 7,
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BEICHBEEFANS - LERSOME LTRELR &
B{L T e %, As:0p), EILKSR, Fbh F 194, HE
Yy L EMEIFONEY, ZORTHEFCHELBORK
AcBirratos/MEORERIE 5mg(38mg As) T
0, HoEESLHETS L, BrBoBEHIERECS
W 2T, BREGEBEBEEOBRORERE, —RHE
TEE—AD200g EHZEL, As OFMERE 20 18/g
ELY. FOMOTHICOVTR, BhhEERMNASDS
ELIETHDE T EMD, OINEBER 100pg/g & Lk

2. ICP-AES ST DIRE
RIEHERBRENROTE, BLUMBHROWE S

* EhNEY EEAREFMHEELSMRERY
http://www.nihs.go.jp/mhiw/chemical /doku/guide/
guide.pdf .

* RS ACEDEFOEAAREERE (Y PEL2 TR
y—bF—sH
htép:/ /www.cerij.or.jp/db/sheet/sheet_indx.htm
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R OERIC L AMETEDIEE LT 5120, RER
EiEEmR I REAR S L. 8%OFBAEEE T 258
HEBRBEHEERERONEOEVCERT 5ICPICE
FARMEBEROZERL L T, REGHERFRON
BBEE8%ELTRELL 1 %HESEEEE LLES
CHNTREOETIES2 0D, Asid0.01~0.20
ug/mL, FOfth9rFEid 0.02~050 ug/mL OHFHEMIC
B THEEGRE 0.9999 LI k& BIF S EREE L RTHRER
»ESh.

4. EBRTR

T v EBERVELAIEL, TOREOEFHDELE
REOAKXED I0fEIHENT 2REELEL b nRBEEL
FETHRESE L. BohFETRER As 10 48/8,
D 9 FTTFE S0 ug/g H -1k,

Table 1. Comparison of recoveries between HNO;
method and H2SO4 method

Average recovery (%)/

Sample RSD (%), n=3
, HNO, H,S04
Water 92/2 100/2
Tea 96/2 95/3
Milk 57/8 98/6
Curry 63/12 - 104/6
Fermented milk drink 114/6 96/5
Lemon-flavored drink* 332/6 116/4
Honey-flavored drink* 210/4 100/3
Lemon-flavored jelly* 335/20 112/4
Lemon-flavored soda* 320/8 102/3
Spiked level: 100 ug/g
* VC was spiked as the ingredient.
4.0
2
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Neight Ratioc[H,S0,(g)/Sample (@]

Fig. 1. Suppressive effect of H»SO, on the overestima-
tion of Hg value with ICP detection

M Intensity ratio of Hg standard solution (0.2
ug/mL) containing VC (500 ug/g)
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Table 2. Recoveries of metals from various foods by using HsSO,
Average recovery (%)/RSD (%), n=5
Sample
As Cd Cr Hg Mn Pb Sh Se Sn Tl
Added (zg/g) 20 100
Milk 90/8 97/2 99/2 99/2  103/2 92/3 102/8 42/12 106/3 98/9
Sobameshi 100/5 95/1 99/2 93/5 102/3 102/4 97/6 55/11 97/2 100/5
Brown sauce 102/6 94/4 95/5 94/11 97/2 96/8 87/5 33/14 94/2 97/4
Shao-mai 106/4 91/2 93/3 79/9 96/1 93/5 85/6 35/12 93/3 95/6
Spring rotl 101/3 90/3 96/3 78/8 95/2 92/5 93/4 22/9 92/2 89/4
Roast pork 74/9 92/3 93/2 79/6 94/2 98/9 90/2 26/11 89/5 87/7
Cream stew 96/6 91/4 91/3 90/9 91/2 90/5 84/4 48/10 90/2 90/6
Beef stew 92/11 95/4 96/4 84/8 96/2 96/5 93/3 50/9 93/4 94/4
Okonomiyaki 92/6 93/5 96/5 80/5 95/3 99/6 93/3 40/10 84/5 90/7
Gyoza 71/8 97/4 103/3 106/13 106/5 96/6 101/5 36/11 99/3 102/3
Chuuka-don-no-gu 99/3 96/2 98/2 88/9 98/2 99/4 95/1 42/11 93/2 98/4
Curry 84/5 102/3 106/3 107/8  107/3 97/5 105/4 71/9 106/1 105/3
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BOFBEREST D IRRHEROY 20~40 {0
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VT Hg OEIRER 21T -» 18R, VCE2SLALD
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6. AMNEMRSR

12 BRIC2WT 5 B2 0 R LiENEINRER 557 - bt 7
R, Se £B< 9 7TFE (As, Cd, Cr, Hg, Mn, Pb, Sb, Sn, T1)
KOWT, SPHEINERIE 71~107%, HESHEEREE S 1~
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RRERFRT &0 5, REHCHEBAEMA 3BICRES 2
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E&BOEROZERMIT, SPEX #H8 Y [CP-MS
BE&BRASIZHERIT XSTC-331 (295t %R 4 10ppm
B RUPMEMETERNS RO KRBZIER
(1000mg/L) & v iz, BEETTEMETERRN
SHEOBMESITAEER L, NEEERRIC
1L, SPEX #Ho 4 v LIZi#E|E (1000mg/L) % H
W, ERT LS ABBHEUGT 7o o8 Ese
HIXTWHI0%HEEEICR L, BRBKTHERLELOE
-,

2.3 %8&

VA ruy =T BREBIITA LA —r ¥
F 7 VB ETHOS TC # M L7, BiikiE
BIZIVRTHEOmliQSPUF 2 EH LI,

24 FHOFLE

FHDEFBHERBHI W CIEBROARE ek &
~vA 7 n Yz —7RRREO@ G THNEEITV, Zh
FNOERMERIE A i Ui, HEAREk R UE
ZORBIZISDOTEF~A 7 00 = — T HEORZ 1T

VVERAEE & tedie U -, MRONENRERERIT Tk, iEiRecE
KOBEHZEEBOIBMENRE 1gh7m v lpg (KB
110, 5pg) & d X3 IIEEEWREIRML, n=5TT»
7o. BEEEIIRH ghH -0 opg ORI 5up) & 22 &
IERERZEML . BRI =4 TIRMEILRKS % 1T
7,

2:4-1 BRXoR%

300mL DT AF—AT7F A2 EHe #EMRIC
CRRLU 7z, BEEETIOML EMAT RS 7 bo—F
—TMAL, FENELNH MR LD G LT,

SHICIRIEREZSML MA T, KEOENBALLI D
FCR—F—TMRLE, Y ¥ —LT7FAaniE
FHRE MR TR LT «t@wmfo#ﬁ@bm2\
AEHED BN RERII AL ETHMRERYELL, &
BRi%, REHEZ20ML A AT T A I{SHEVGAL, B
ETA AT w7 L7,

2:4-2 w4009z —-THR

v —70RRRRRICREN0. 5g B
U, ZAUCEMEESSmL 2 A7, 305 BikE
Lt BI1LCFRTHRETYA /0o x—7 5%
(Tole, IOABESHLEE, FI7 FRTERD
T2ERG, BEOENREAL AR ETHELE
HRREKEVEZOEAT I I THREET L
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TIRVVIABRZEN G A AT v

A 7oy x—7 iR
AP =T C I <111
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F1l ~A e v o—7HHETEEREO LM

277 M) W (W) o)
! 2 1000 50
2 3 0 30
3 13 1000 185
4 ! 0 155
5 4 1000 185
6 17 1000 185

2-5 ESROME

BLTR R ORE & —EERL, Yo 4(C), v
He(Mn), 2250 ~(Co), =74 (ND), H(Cu.
Wi (Zn), EFE(As). B L (Se), 7 3w L(Cd),
20 AT, $8(Pb) MILTTEL ICP-MS THRIFEL
Too KBLZOWTIHERLLTWI L, A®—
EPRRIB LD, BREETRIL KBS
BEETHMETD LIz,

2-5-1 KEBOME
HEEIIRRA L AYA ALY HBOw—F% o Y —
JRA-2AZAER U7z, KEBOBEIEIZY > T ARTRERS
RET CIZITo7c. 20mL I A RT v L= &8k
MH0. 8mL AEROBERICERLZ. Zhiz,
ABMEKLIS. 2mL WM ImL 2 AN TERIEY BY
t,MEwE%rﬁmxiﬁﬁmL$mzt%
BRTDHZEIZLY, KRERERESYE, EIE
?\i?ﬁft&tﬂ-mggl,f: GRITEEE : 253, Tom),
2-5-2 ICP-MSIzkBHIE (11

FEEIT Agilent B DT7500cs ZER L7, HiRE
DFRELZ100mL F 70 2 B —B—210mL EREICE

L. AR IEE-HIZIT0COF Y 7 L
— hMETME LA, RESImL UTETHRIE
fotk, 2%MEE 3mL MA TR EREES Y, Bom
LT, ZORELZ~3ERVIRL 8. 2%MEE
F3mL MAT LB EE, 10mL A 2735 Rz
BL. 2% THRVIAB RS A 2T v 7 LT,
AAT o7 LEEBEERY 7oe Ly #wsmL
BEOERIIomL HRL (2BIRE %wﬁﬂ@
FHIRUKG), 7. BEsBEERT (1. 2,5, 10,
w‘w\WWWOWﬁW%ECM&Ltbm bR
FiosmL HRUE, R EEDERORE



TBIRIZ1000pph FIRIZHFR L-NERED A P T L
BEFERE0uL ¥ oM cL<EALIE.
ICP-MS THIFEZTTo7- (BRAWKWE S 1.5kW, 7
WA HARE : ¥+ U T HA 0.85L/min, A A
T v 7HA 0.20lmin, ~Y P LHA 5.5
ml/min), BEMS L L THZRCHER, £12F
WO FA A Of2ER2IRT, DTAA
DTFHEERETE-DIIay S HRELTANY
T LEERL,
F2 AENRLELEINTERVERER

TEL HEH FEL HEH
Cr 53 As (ArCD 75
Mn (ClIO, KO) | 55 Se 77
Co (ArNa) 59 Cd 11t
Ni (Ca0) 60 Tl 205
Cu (ArNa) 63 Pb 208
Zn (MgAn) 66

* FEMPIETF BT 5 9F A 4 > OB ERT,

3. BRRUER

31 ICP-MSICHEUTLBRBBOER

ICP-MS TH#IEZTTH11mF W T, 1-100ppb
DEET7 ROBECIZERRZAEL. RERL
fER LT, WTFhOTREICS>WTYH, 1-100ppb &
BEGH TRERCBIFLERMENRE O, KR
LR R RIEASRSHEr 2 AVT, 0.5ppb D1ERE
BRTEEEITo-, T/, ERICERT 2K (BY
KECBAKICHBTE TS o/ EEMELLER,
0.2ppb UTTHY, BREEMREEFOELKEOR
BIERKERTETHD EELLN, §LE
DOREHC BT D EETRMEZ. ZKRRUEFREKEK
T0. 02ppm, FAZTO. lppm TH o7,

3.2 YA/ O9z—THREBOEHDRY
Ay —T7HREEEAVT, REHALS
EREORE (EROBEERE L LTI, wmiFHH
&L THREEREK, ERREE L THESE) oL
ERLT, EREFRORBESRT IO~ A 7
nyx—7REBOKE (RREV 070 &k
ML, RICFTFo2 5 L TREBOSEET-
Too DERRNICINZ ZREEEOEII8mL & LT, FHiR
BEDKROEAZIL, WThoRE L 1EOS#E THE
BEBLSRENRELNT, LLids, ZXiE
IEO SR THSRENEREFE L, ARYIH
ROBETAHIEETLTWERS, S 6IARE
KFEO. 5mL & BEEE2mL 2 MX CHBURL T v 75
LATHRBET>T., OFBR, 2EHE 0N HITR
BREONERBLENTELIEND, XK
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BHieA 00— DHRE2EIT>Z &L LT,
o, DRBIZRAWSEABOEIZOWT, 0.2g £0.5¢
THRRLEERLIZEZA, YEOLpBOELE
Windgdr o toisd BEHL0.5g 2 ERT AL L
Ufz, BEEIZ>W T, ARRETHE DV ET
BERTHIENBTUTHLLHMLO g 2ERT
A&z,
33 BERHOSHICLISHEORIE
FOBENRITESNTWDRMEMN & 0EEERE
(ZARRUVHEE) #H0T, w4709 z—7 50
L ARESEORIEE T, FILEEZORE
& ICP-MS (KEBIZKEHITEH) THIEL, TEE
EEREEAR LR U, BHERE (WKRUSEE) o
RiEL~A 700 2—7HBREROC-SHEIL L
HERMBH XIIRT, T, vA47vo0u=2—Tk
DRGSR LDERBE EREEOLLOE: (R
BevA/uyz—75B0L00) 2RISR T,
LR OEERE CTiX, Cr, Mn, Cu, Zn. As, Cd
DEFTHFIC DV TERBEITFGEIE &E WV E (BhAs0. 7-
L20FEA) THorz, Ni THHAZELESVE
Thot, EMRETHHEBRSIIETIE Cr OfEN
Kot TOMOTEIZ OO TIEIFREROER N
Rohd, KEFTEEREPIERECLIEENR
TEOT HRIHTRIELUT TH o7, £/, Se, TI. Pb
IERFEEA o fo T ORI TE o fe, w4
7ayx—7SRETRETHOBRDIMEL A%
MENUEDBRIFRERPGOND Z Ebho
7o, BAEOEYERE TIX Mn, Cu. Se, Cd, Hg ?5
FTEICDOWTERBEILFRAE LV E (0.7-1.20
M) THhotz, As KU Pb (X1 5ERESHOE
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Screening method of multiple elements using microwave decomposition equipment

Yuki ASHIZUKA', Kana OKAMOTO?, Shigekazu YAMAMOTO', Reiko NAKAGAWA'

Fukuoka Institute of Health and Environmental Sciences,
Mukaizano 39, Da:zaifu, Fukuoka 818-0133, Japan
*Kurume Institute of Technology,

Kamitsu 2228-66, Kurume, Fukuoka 830-0032, Japan

‘We developed efficient method using microwave decomposition equipment for the screening of multiple elements in the case

of food poisoning. Food samples (brown rice and soft drink) and a biological sample (human hair) were used for this

experiment. We established the condition of microwave decomposition equipment using these samples. The method was

validated by recovery test and measurement of standard reference materials. These samples were analyzed using inductively

coupled plasma mass spectrometry (ICP-MS) in order to measure multiple elements simultancously. As the resuits of validation

test. satisfactory recoveries (70-120%) of 10 elements (Cr,

Mn, Co, Cu, As, Se, Cd, Ti, Pb and Hg) were obtained

from food samples. Furthermore, the time required for analysis of multiple elements was shortened. making it possible to finish

these analyses within one day. This method is very useful for analyzing multiple elements rapidly in the case of food

poisoning.

[ key words : element, microwave, food, biological sample, ICP-MS ]
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