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FUREET T A EBSW (ICP-MS) FHEHWTHIIE, Wi CHRBEORETH S MARBFOH
DRNARLAIH 24T 72D, RIT IV H VR VEREF LU — MRIRIC X 5 RS2 BE L7, miisse
WE RM), BRIAEEYE (CRM) ZHWEEICBWT, SHOZERBL VI 05 +0.1 ng (FUEHH
B0 3% ki), pH5~6I281F 5 EILEKITE CRM T 94 = 6%, Il RM T 89+ 4%, B CRM DALY
YA Y v 7 ABREHEIL>99.9% THY, ICP-MS 2 & BRFEMAELSTORMEL LCTHEY 2D DTH

LEzbni.

I/, EMBRICIEIARVEY /A7) L— FEAKERHVWFL— MHREDIE

ABAFZ 7Y L= 2EMELLD DL, FRWICETIED S DSOS ETRIFLERIELONS Z
EAERE N B CRM DERFEILARLIE *Pb/*Pb = 0.8201 + 0.0035, **Pb/*Pb = 2.041 % 0.006 (n=6)
ThY, XEMEE X —FK L7 REOERB~OFEAL LT, BREANNE S ZOMBRPHEAN 44D
BHROSRAMARLL S 21T o 78R, NRmFSRFRMAAE L BAEFRFAMEIIHO P CERL 5 ERL

7.

1 T C®HIC

EAE, L AL OSRBEAVNED BARREEDO RIS 2
HEENERMICHERINTEY, NEoHBEEL XV
DIRB L BRBIROBAT D02, HEARREFH OB GH AT
b Tns, MHESRIIHRET LA AV b, BREBIO A
== BW R EORABICHVOLNRT VWA R D — K
M ERRBTH DY, ZOEWEHERE IS X7 28
~36 HTH 5707, BREODRBEEZRBTLbDL LTH
WwWHNTWw5E., —F, Btk onf FaxFd 7Ry 4
b & RS &5 B EAARER R O O X BUE~ B4R
LEWEDIZ, BHICHARREFMO0 AL L
THEHTH»5. FICHEITNRISERBHICAFETES
NAFaFTT7R74 MEABTHY, ZFORI - BRI
BESTh AL, TBRE S & RIS 5E 244k T8
BEENRTWEDIL, BB O EITH 2 L THE
i LRAEOKT 5 F TOREMIT b B/NEHORER
BLr3azrhncEay

HEFHBF OSRMAELNES S, HROBFICET S
WZEAYTHONTE 770, M OB CHEMLAELOME
CHGONT & - BEEHEERSTE (TIMS) 1%,
EXNBDTENS DD, D 587217 %2 5 HEHE T 540

RO H AR A . 2778563 THRBMTROE
5-1-5

EhDH B I2OISERERBEPLETH Y, HITICDHELD
REZET L. BFETIIBEOETIITIMSIZZE S b00,
DB ECTH LHFEREE T XA<EESH UCP-MS)
EPZHINSL L) oTET.

I ICP-MS &AW 2R IC BT, KR
Bkt 87 EOGRMEENT L) v 7 ABWEECH LT H B HE
EEVWRHEOBETIE, ~ M)y 7 ATE0RALRE
CEZBEBRRVEZEZONED, EERBHOHD
AR A PSS 23546, SMBEECKE, TIVAUR
TUAY)TERELZEDT VY v 7 RBENE VDI,
T M) I ADLOEBEZER LTINS S WIS
HaH. FZE ME (&) TIEFHRRIEED 30
pg/LThHhAEDIZHL, T FITA A1) T ABEITIEN
212000 mg/L, #IF 400 mg/L TH Y, W TIXSHILE
Bomg/kg IS LANY Y LBEIR 0% THEY. 2he
NORE % 5, ICP-MS TRAAREIE 21T ) Bk
BEE LT—HI7% 10~100 pug/L IZSRBRE A RE T 55
&, MERABOF V)T A, HUYABEEXFLZAY
200 mg/L, SRIREEILH 80 mg/L, BREBOI VT T AR
BEIZ 3000 mg/L &% 5%, ZDX ) REBOKIFRSDE
A, A1V F— T2 —AOEHOERIZI BT VEB
ROBKTRE, WEARCEENELLIBRALDS. Lz
#5T, ICPMS ¥ AV BHETH o Th, LERABOR
B EREERSTEDG OPBT LLEN D L. 727
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Table 1
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Operating parameters for ICP-MS instruments

ICP-MS agilent 7500ce

Plasma conditions

Plasma power 1.6 kW
Plasma gas flow rate 15.0 L/min
Carrier gas flow rate 1.2 L/min

Data acquisition
Acquisition mode
Monitored m/z
Integration time
Dwell time
Number of scans
‘Number of measurements

1000

Isotope analysis

204, 206, 207, 208

3 s/mass (1 s/point)

3 ms/mass (1 ms/point)

5 times/sample

Spectrum
(206, 207) 208
0.3 s/mass (0.1 s/point)

100
3 times/sample

L, TIMS CRLELEINLIILEREETHDAL THET L
C A/ AN

S L— bR M S R 13 B R AR 0D B K 72 45 B 5 v
ThHY, ke BB~NOBRABDLLE . L LS, —
BRZREL— MERTHAHA I HERA X L — MR
i, 7h ) EETEORFER LT VL) LEER
ORFFEDSDH B0, WO X HICEBHRICT VA Y 2HET
ENZBIIETNLE, INLIIBRERTICH BERETS
FTharZLilhd Z0iz0, BEIISZEOHRT v E=
v LB LRI 2 v LHIOTERE < MY v 2 ATE
DFBERTT D FHES—BHICHVCORTWEY2, o
R, SHECH»EREIEL, ZEROFRT VEZT AR
X BEROWEEL D 5.

R T, 7Uh ) HETEISTT 2 WS EOK R
V7 IANKUBEFL— MEEEFE L -THHOF L
—FFARZ A=)y VeI TAERRE T
$hEkoBEL, ICP-MSIZ & 2 8FMAKLGH 21TV, 0
BWHMEZ BE L2 RICOWTHRET 5.

2 % B

2:1 ICP-MS IC K& % EIGI AL BIERE E DIRES

S ESRFEINLAR L AT ISV 72 ICP BB AATEEE  (Agilent
7500ce, Yokogawa Analytical Systems #) oD §f [F] A7 fA kb il
EREEIZDOWTHRAZ:, BHERE (TAMAPURE-AA100
ZEEALZTER) ISR LSRR OEEYE (NIST
SRM 981) % #iAKZHWTHML, 1~20 pg/L DBRED
BEEEZRE L (BBREE 015 mol/L). Z DIEEER
Z T, Table 1 D5 THEMMAKL O EZ 1T - 72,
SRR 1Z 2"Pb/™Pb K UF *®Pb/*°Pb I ER SR & L
BOEL 3BEITHEZIT, €OMNEREFZE (RSD, %)
EIREBOSMRE L OBRERD . AV 7z#ikiE Mili-Q
Academic ¥ A7 A (HAIVURTHE) CX9BHLLD
DTHY, PLTEARERTIITRTIoOMA (MQK) %ME
HAL7.

22 HAPORILIE

2:2-1 EROERE  BIEEEEYE (CRM, NIST
SRM 1486 Bone Meal) |3 50 mg % ~EAH > 78 Ic X b
RO H % AV CTHEE, MQAKZMA 50 gic L7 I
WEEYE (RM,
Level-l, SEROAs #) 3 1mL 2 _FER ¥ 7HEIC X ) 5F
L7=t&, MQAKZMZ 10giZ L7

2-2-2 EIMEHEERE SFOEMMBAHICHVW:ZF L
— N NFAAZHI =P PVRHINAT 7 20V —8
NOBIAS CHELATE-PA1 2 U° PB-1 T&H 5. PA-1 X HA
JRIZBKMERA S 7Y L— ], BEREZIRIT I/ HINVEKY
BRAEIF L — MEREREL A I TR L — VERREL R
ORAMEREREL 2o TBY, BIREAEEL 240 mg,
IS4 R 0.25 mmol/g TH 5. PB-1 ix PA-1 L A U
EOBREEZFON, EMBREIVECVRVEY /XS
7Y L— MEESEKTHY, AREYZEURAHICHARES
iz, BIETREEIL 240 mg, AR 0.2 mmol/g T
B3Y. FZTHRIEREOI L, RENERNEERIE
CEFTFRENSIME RM IZ2WTIE, PA-1 & PB1 WA
A CEM#EB 2T, SRoBIEESEWE 2 8IRT 5
LDk L.

FL—=F;FARAZ A= MYy VIMEARIICTE =Y
Vv (BEEErzo~ N5 7, BEEEE) 5 mL TH
%, MQJK 10 mL T¥EL, HWC ik (EFLEH,
BIBALSE) 2 5FE L7 3 mol/L MR 10 mL THE#E
I MQ K 10 mL T 2 BIPEH 24TV, BRBICHERET v E=
7 5 (GR for analysis, Merck #) 7 SFHEL 72 0.1 M B
B7 VEZYAKRBE b mLEAVWTI Yy F4a=rr
2Tl B, BEEET Ve AKBRIIFTEIREICH
WL, WRTpHZ 55 ICHELLR, FL—IFT1R7
(Empore™ Chelating Disk, 3M #) % 2 B&REL TH
L7250 %Hwi-.

& CRM 5% & I RM I3 BEBE 7 v =7 A
KREBR T Y E=TKZMZTpH5~6 [THEL 7.
FEBE 7 » = 2 KWL, B CRM 121X 0.1 mol/L %,

™
seronorm  trace element whole blood
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7 VRS T RIZEM
BERE (Ultrapure, BIRALFE) 272, 2B, 458
WO pH RABICHVBEERET v E= 7 AKBHEK ST ¥ E
=T ROLERITDH S U RIEEOMBRERICH LTH
EEREIT>TROTBE, RERTIEIIEROREERT ~
FEoy LAKBBREFT VEZTKERNTEORE LT
25, 2 pH ETOBHIC & o TERD B D OFE LIS
CHILERTEIHDTHE. REBEDO pH I, FL—
FFEARZ A=)y VEBEBBRBLIBROREEREZ HWT
EREZATo 72,

pHREZ 7o BB Ry 7u L v @y y v v
(0mL) ZHVWTHFVL—FF1 A7 A— 1) v VICHE
10 mL/min L FTHEA LA MQ K 20 mL THFL—+F
A R7 W, 3 mol/LASHER 3 mL Z B L, WEINL
TSP AESY, BERIIMQEHVWT6mLIC LB
ICP-MS Ml F sl & L7z

2-3 & CRM RU'IM&E RM & A\ 715

2:3°1 HINIILY MY v A5 DMSEERUERM
pH D& WAL LTE CRM 2, L — MR
BB Y T 5 PA1 2BV, BT L5 BET HRE
WO pH i, BRTEOBRECKELS525. B
CRM SMEHIC SAEEEM 2 RN L 72 T, pH1 %5 8 T
OB EREL, BEHAMHMBEZTY, SREEROSKD Y
Vo AOBEE RS, Fi#lpH ZHRE L7z,

& CRM & 2:2-1 1o THRBREERL, 205 20g
ARY, TNICEZTRBAOEERBW (XSTC-331 Custom
Assurance Standard, SPEX CERTIPREP Inc., USA) % &®
WMEL LT2Bngllib )M THRMERE L. &
BHAMIL 2:2-2 126> T pH 2 FRE L7 CEMME 217
v, BEERRIEMQ VT 10giC L, ICP-MS HIEARAR
FAEEL L7, AFREEH T Table 1 DG EMTHOE
BE21To 7. ICPMSHIERFEBO—HZEIZ10/BHRL
ICP BN #rde®E (P4010, AME) 2k I VT I 20
EETATo 7. $ROFBMMEL RMER ANV T T L OFREE
OB A SHMOENEEL H VST A< M v o ABREKER
ZRD 7.

2:3-2 ME~<FUyI2L50HRPE  HREFREI

M RM %, L — MIREMME A 5 213 PA-1 RO

PB-1 % V7. M RMIZ2-2- 11> THEREZ/ERL,
ZDH)HLYgEWMY, 2-2-2 LIFARIC pH 2L L2HT
EAHMH 217V, BEERIE MQ W T6gicL7:. HHE
WO—HEEIZ2/ARL, CATARNERZEML72#
ICP-MS 12 X D D EE %47V, PA-1 & PB-1 OEILE
DB AT o 72,

2-3-3 SAEIML{ALLBIE B CRM i 2-3-1 TR L
72 ICP-MS I %2 B 30 2 W TR RMAR L DB E % 170,

HE, &K : RT3/ HVE/BEF L — MEIREAMAML /ICP-MS 12 & 5 AR EF ORI 54T 101

SCHRE & O LB & e BB K OVFE & & 574 L 72,

M RM 1 2-3+2 CTHERLL 721 8E# % ICP-MS I & R
Be L, SBREMEEOREICHVSE DL L. OB
WEAALFRICREE LTH 60 mg/LIFET Z8ICL 5
FM AR ENDOHEZTRD 720, M RM 2> 5 D5
HEE & REHESEL (NIST SRM 981) DEIEBE & hEkL,
Bl % 4T o 72, SREE¥ER (NIST SRM 981 B, &k
B 25ug/L) LILERM S OSSEER (SRIBREE : ~3.5
pg/L) ORMALHEIZEYEL 4~5 BTV, ZERE
LRSI HEE D RSD (within-run precision, %) %MWET 5%
bok L.

2-4 EHBEADIEH

BREOMHE 21To 708 %, EBov Mg RO
WAEA L7z, B, 2004 1T L7 50~80 o H
AANBL40EE (KFEFE) 2BEIIVRELTIS S
t.mﬁ%@%ﬁ%%%bwﬁﬂ%&ﬂ%ﬁ%ﬂ%,222
WZHo TR Z/ERL, 2-2-3 L FRRICSHROGBEZ TV
ICP-MS il Ak # /B8 L7z, M¥ix, 2005 4E 10 A5
5 2006 £ 3 B ¥ CICEHRBRNO/NEREES k2 ZZ L7
MNRDSE, EEICE 2HBEORBREZILL T+ — 4
Fa sty b BELN2 137 B0 5B L 72 MO 2
AR ICHIE L7 3 B0 DMBEREIOW TSRO EER
o7z MEIX 2-3-2 & FRIC ICP-MS 2 F AR 2 /E R
L7z 2B, /BNRESOERKIT 2005 £ 11 B ORI T 2~
4 Tho7z.

3 MWRLEL

3-1 SRFEIGIALLBIEREE

HZIZH V72 ICP-MS 128w, BBt RE LD
ECTEELNRTGA—F —LEZ 5N HMIEE L FALARLR
EREEE L DBIRE T2 Fig. 1138RFERRLEE *"Pb/* P,
*°pb/2Pb 12DV, FHEEFEOPWE 1 EICD X 5 \ATH
N5 ELUBEIE (Table 1) ORSD % 3E4G7ay b L
2HDTH5. :

ABEN BT 5 FALARLEIZE D RSD X SREEIEH L &
BIZONT/IEL RBBEAERL, $RIBEDT S ug/L UL E
27 % & *Pb /™ Pb & UF *®Pb/*Pb O R4 H I A E
BT DME (0.1~0.3%) &Hol. —RREYIZ ICP-
QMS O [EIfL AR ERE BRI 0.3~05% L ShTHh™,
RHILTH G O LEPOER * 72 0™ ¢,
IhEFBEORMAKIEIEEEISREIN TS, ICP-
MS 12 X B8 RVAKLEIZE TIX, WERBhOHEEL L
T>20 ug/L BEMH VSN TE 278, SEEM L2
ICP-MS TIXEED B 72012, 5 ug/L TH5o7%k AL
HEBEEEONLEZONS, L) oT, 500
FEICBTLHREETOMBEL LTS5 ug/L 23528 %
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Fig. 1 Dependence of precision of isotope ratio mea-
surement by ICP-MS on lead concentration (ug/L)

Each dot in this figure is the relative standard deviation
(RSD, %) of 5 replicate measurements. O : 2pb/
206Pb; X - 208Pb/206Pb

1O0BREL, RESHE, EEBROER, SREOA
WEREEZERELL.

3:2 & CRM RU'M#& RM % AL\ 7-1&5d

3:2-1 ZFERE MEHFRARERROBKYIEL
HEZ 10 BATV, BERED 3R Bo) KHELVHY Y
P52 HMBEEEMRIBTHER (IDL) & LTRDAHR
0.001 pg/L & 72 o 72
RS TOSBROBEERBIT ORI 0.5
£0.1ng (n=6) THorz TOZEREHFEIZMIE RM
POHED 3% KW TH Y, MAEAFELLAL DM EMEI R
NEELZETIEZVWEEZ LN

B, ERBRBOHOEERGLIF L RAND 72 0BRMER
REOS 2 BB Z L 2o TER LR, SR
B, BAA S A6 DEEE (2074 asy TEAD
BEAHA T 512 8 mol /LA 8 mL 2@ L CTH/72), #A&
WO pH FEICHWZFER T v = AREBRIEZNZE
n03+03ng <0.02ng <0.02ng ThHYH, FHDOE
BOBEPETHD LEZ LN

3:2-2 ¥l pH LS/ DN ABIRISHOTE B
CRM %5 DERERNFER O H V¥ 7 ABREED pH KENE
BN R % Fig. 23R Y. B pH A pH 2 X &<
%5 LSrDOEIRRIIEML, pH4~6.6 TBLZ90% L
rE%o7 F7:, pH6.6 XBR 5 LEHFOEPNEIIIES
DLEMAR S N7A8, T pH R TIREENE RO A v
Y LDIKBAL OB E AT TBY, ABHER A O
I UTHEMIE 2D, L — MR OSEORE
BRI E N7 LSRR TH B LE 2 bz
C—F, ANY T AOEIREE<pH 6.6 TE0.1% LTFT
Holzh, pH6.6 2 BZ 2 LML, pHb~6f1ET
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Fig. 2 Effect of sample pH on the recovery of Pb and
Ca from bone digests

@®Ph;OCa

FERDOEITED 90~ 100%, IV 7 ADKREER)>099.9%
THY, ZODpHEETEFHOSBEZIT, SHREAMAL
R R OSIBEMN b ug/LI% 5 &) CHAEET-
THBEDANTY T ARERIBLZ50ug/LEEL 250
T, FFEETHW XL — MRO A VT T ARFRITT
FTHHEEEZ LN

3:2:3 FL—FHTALPAL E PB1ICKBIMERM »
5OMEURE 3:2:2 TRLAEIHIZ, PAL AW
EDF CRM 53D 5 OERENIERIT 90% LLETho7z
A%, M RM SR A S O EILEIL 78.7 £ 8.9% (n=5)
L&D o A2 —7, PB-1 2 X I RM 20 5 O 5 EINER
1389.0+4.0% (n=6) & PA-1 X D EBEIZEVEILERSS
Bons (tHE, p<.05).

UL PA-1 & PB-1 DEMBIIROEEY & OBMMEDE
KEBEEZOLND. Thbb, FL—MEEOEE pH
TH % pH b THO— I MBS P ORSEDOH
B $ERE R L, XA REY L OBRESTE Y PB-1
DOIEMBIEER I ITWAE S DAY, PA-1 OEMBHIRICIX
BESNTIIA T2 Z2EBT S, EFEZNTHHEIDL.
L7230 T, GRBREOBRFAEBRYVPERRLIVISCETN
HIEBFFREINLMMBEAL T, PB1 2SI LA
WL THBEEZ LN

2B, ROLICETFEORETVILEE, FL— MR
12X 25 8OO EINED 100% T2 TH, ICP-MS I
X 2R R 2 88 2 T L 9 5 FfRa-5lidie
IHBVEEZLNS. LA oT, R zElET S
OTHhNWE, RFRTHLNABEINE (B >90%, MK
89%) THHThHoHLEZOND,

3-3 & CRM RU'IM#HK RM FOERFLEBERSE

ICP-MS % Fi\v»T& CRM F O FAFLOUEZIT o
7ofER (Table 2) Tid, ABPEHRE NIST OfE (CCEK
18 IZ51H ; *"Pb/*™Pb = 0.8249, **Pb/**Pb = 2.0241) i
L —BL T F72, BHTHHT OFE R RSD 1 *"Pb/*Pb
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Table 2 Analytical results of NIST SRM 1486 bone
meal measured by the present methods

Isotope ratio  Measured (n = 6) 2 Information®” CV, %

27pp /2Ph 0.8201 * 0.0035 0.8209 0.43
25p1, /2%ph 2.041 * 0.006 2.0241 0.31

a) Mean and 1 standard deviation ; b) Measured by TIMS at
NIST and cited in ref. 18

215 ¢
214
213 | L
212 F e

211
210
209
208 | ——

2.07 1 1 I 1 I 1 I
0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.90

207Pb/206Pb

ZOSPb /206Pb

Fig. 3 Lead isotopic composition of contemporary
bones, blood, and environmental samples

¢ Contemporary Japanese bones (This study), B :
Contemporary Japanese blood (This study), O:
Japanese total diet (Yoshinaga et al., 1999)*”, X :
Vehicle exhaust particulates (Mukai et al., 1998)"? :
Airborne particulate matter collected in 7 cites in
Japan (Mukai et al, 1998)'. Typical precision of iso-
tope ratio measurement (2 o) is indicated by the cross
bars in full line.

LA R S I A SR ALAR L & 7R L7z, 2001 ~ 2003 4E 1T
A FNRNBoMmAPSEFRMAEKIZ, 1920~1950 F4F
ODHAANDBHRMAKL L IIKRELS BLLHMERL.
FFDT— 5 L BARERN 7H#HH T 7Y v FENK
SBEOHRAMAL CPYME « EkRFE)", RUHAA
DRENEFOHREMALY & 2 HET 2 L, FEREL
THRADBEHRIZER L TV 280RRIEL LT, o
FELZDDTRBEVIEDSHLITHS.

SHRIARNFECTHRE L7 8r 0k L ICPMS 2 L D4 <
DREHH LTHA L, HARADHRBERI DV TR
TIFETH 5.

AEFFRZITIICHZY), JETAFL—F RBLTIHER
W EE L2MB NS T2 uY— XFBRER, IWARMF

RICEH LT, T2, BER2ERMHMEL TS BEOF 4R
'NPO D3 VAT 2ORBINMREK, BEEHERICEHFLET.
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Isotope Analysis of Lead in Biological Samples by ICP-MS with Pretreatment
Using Polyamino-Carboxylic Chelating Resin Disk

Sayaka TAMIVA' and Jun YOSHINAGA'

! Department of Environment Studies, Graduate School of Frontier Sciences, The University of Tokyo, 5-1-5,
Kashiwanoha, Kashiwa-shi, Chiba 277-8563 '

(Received 1 August 2007, Accepted 20 November 2007)

Solid-phase extraction using a polyamino-polycarboxylic acid-type chelating resin was exam-
ined in order to separate lead from biological samples for an isotopic analysis of blood and teeth
by inductively coupled plasma mass spectrometry. The recovery of lead from a digest of a bone
certified reference material (CRM) (NIST SRM 1486 Bone Meal) was 94 = 6%, and >99.9% of
the calcium matrix was removed. The average blank level was 0.5 + 0.1 ng (less than 3% of the
total lead amount of the samples). The recovery of lead from whole blood reference material
(89 = 4%) was somewhat lower than that of bone CRM, presumably because of the presence of
undigested organic matter in the digest. The use of a chelating resin with a divinylbenzene/
methacrylate base was more suitable than that with a methacrylate base for whole blood. The
isotopic ratios of bone CRM after a lead separation were 207Pb/QOGPb =(0.8201 = 0.0035, and
**pPb/**Pb = 2.041 £ 0.006, showing good agreement with the information value from NIST.
The isotopic ratios of lead in blood samples from 3 children and those in 4 adult bone samples
were analyzed with this procedure. We found that the values were clearly different between
blood and bone, indicating different sources of lead in these two types of tissues through they
were taken from contemporary Japanese.

Keywords : 1ICP-MS ; blood lead ; bone lead ; polyamino-carboxylic chelating resin ; matrix sepa-
ration.
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