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HAOOFEPLHER, BIHE BERE, 4 7Vv~x—72) ©
B SHEH S GofEEI M Tbh T, BT, &
BESFRRASIN S i, R OB E RS L CHEXL, 3
Y E AL & AR & o o IRt & BMEE T CATH 2
LIk, F—8ih oRE SN2 OWLEDORIHT
BTHLY. ZOBEEIZ AR ORI L FEICT T
WICEBALDOTH S0, BBHEEHAN L KA ILoOR
FEP—FT X, TOFEFBVILTICHER S AL
RIAFHT AE ORI E 2 5. ThEy [FHIHEO BRI
AV v, SERER RO CREELRSHTHL. L2
HH, BESNIZEAPBYORELREDOE VD DIZH T
D, REFFLLEGLAZVHP OB ICETZDLTL
¥H&, ZOX) RRENHEICZ->TLES. HIZ, 8
ROBIEEAMN OMAI X D SEERRE O TEEI MM % b o
&, BIHEOBBULGHFTE T, SHBBIHEORE
A EEELRBIDENT 2 E b vbhTWwa?, 20k
YN FEETEBRLEVI ) ZREETD, 1LFEW
LML > TEHRIERIBEONL Z LA MfFES N 5.
Bl 23, AR, FIHRESEITEINDS Cu, As,
Ag, Sn, Sb, Bi Z K OMEBRIITHEZLE TS LI
D BFEEANOFHAYBBELNEYT, AR E
BT B DL ERMARL % v 28RO B R #R
BEOEHTHLEEZZOLNTWAY, L LA, EB
SR TRIRLAAREE 2 > T O RFIRREI 24T - 726113 &
TRV, SFRBREHELTWET A A THH|ERITD
BOOPBERTH Y, HRICBWTHESIAFIE %,

SOFRARLAI Z A, %, BEHSEL L THO
IR (EH) HESMEELT—HRBICHVSRATY
BI70 eMIZE B 204, 206, 207, 208 DIUDDESE
FLAAAEET B, 2055 *Pb, *Pb, PhidZhZ
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WP R BERD S OBWEFII Lo TAKRT LI LDE
WA TH 5. #HiER EICIZE K DEERPIEIET 5 25,
SEERAICIZIFE ALY T YR MY T ARETR TV
728, SREERTERELZ *°Pb, *"Pb, *Pb AL T <
LR, SEMFHBRSET S kR, Thb
DRI T 2 LLETICERBEDBREDED Y 5 V% b

Do ak, YO LVOMBELELTVEMIE ST
*®pb, *Pb, PbAHEH L TV EAVWIRL L., 0 F
0, SREEER A ORI AR R I SRR & L ICEA O E R
EWnz AW,

HALAAHIE N B8O FMAHE O E ik & LT
B, WS OPDHEPRES R TRV g,
Andrasko 5 IZ5E%, BBERMALIECHVLRLTY
5 R B ERSWHE (TIMS) 2B EZOKRITE
BN & E B & ORFEFRINIEH L, IR
BoREBAL L UCOSRFMARLSH OF B ZGEHE L
729, EiZ, M5 I3E—DEOEALKH 100 EOWE 1TV,
FNOHORMAHEICKRE REVWE DD DL, 1ZIZFAK
DB EDIODDFHBIELEHRELRLY. k%
TIMS & TE A ERE R D *Pb/*Pb K U *®Pb/*°Pb
% +0.06% BEPOREGATCHETE 5 00, FRbh
BRI AL - R T ZLEN DD, FORTLHEE
e JEHECH B 5 2, FHICDE L OREEZET L. L
2o TEHL DR ENET 2 UEDOD L EHROBBICH
FAAHEE LTARME TH - 7.

%#Z°T, G. A Buttigieg HlI~¥VFaL sy —REFEE
FERLFEES TS AEBOHERE (MCICPMS)
EHVAEZ LT, BELFAEEICLY TIMS &L FRREE
OFBERMARLNEG TR THL L 2RELLY. L
2L, EBEIZO L) hEBEOREZ 2 T 5 R4
FTHFREENICIE R L, HEOHBBRIISHNTES L5 Rk
Wi,

T. Dufosse Hid—RICHMESTTHE LTELL TS
BERAEEGIE R ER L7z 1cP-MS (BAf%, QICPMS &
MRS %) & OEARB OSFEMARILIE Z 1T, 2
DRI 1% BIE'"THHIEDS TIMS ER X EHAS
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Table 1 Sample list of lead bullets analyzed in the

study

Sample Manufacturer Type of gun Surface

number ’ € i
S1 Remington Pistol Copper
S2 Remington Pistol Lead
S3 Remington Pistol Lead
S4 Remington Pistol Lead
S5 -+ Remington Pistol Lead
S6 Sierra Pistol Copper
S7 Sierra Pistol Copper
S8 Sierra Pistol Copper
59 Sierra Rifle Copper
S10 Sierra Rifle Copper
S11 Hornady Pistol Copper
S12 Hornady Rifle Copper
S13 Winchester Pistol Lead
S14 Winchester Rifle Copper
S15 Speer Rifle Copper
S16 Unknown Pistol Copper
S17 - Unknown Rifle Copper

=37 UEE - TBY, HiEL LTOEREEKE
WELTWS., L L, Bl CREBOEESM KT
52 L TQICPMS THUHEEZM LI XL ENTELL
WS RTHY, ERICHEERES T2 0F R R
HHNDDH LTV Zo K5I QICPMS IEHHMERHT
BOTHTSHHATETH L L E2 5N, A Ulidch 51
FERICHEAANDRHEHE LY. L LS, ok
RSOV TOFM BRI % <, F2ai LR A
v, FTTARIFFETIE, —RICHE S L L CR2EH
EHRICOIEEER L>2H 5 QICPMS THREEMAEIZE
WTEHNED B 5 SRR T ST BB &9 % Mk $
5 LEHME LT, ERNRNESGOBRETEIT- 7.
QICPMS THHN L HEANRY MV KRR &
DLEZY, THIZERERSHEIN TORMARS IR H
RKTEHOT, FICERENRE (mass discrimination
effect) LIFIENTWE ™, FEEEO S VERFMKLL S
MEATS 7201, SHEOmLE & bic, EMAREM
RILERD D I EWEETH D, AT, TOERE
W2 LT 5 < A8 7 2488 (mass bias factor) %
Bl L THIEREOWE 217, [Jo5N725H7— 5 OEH
POl 2 1T o 72, TITHE A 22 FH OB E SR~ IS H
L, QICPMS % H\ 7z SR TIRLAR L 0HT 12 & % BOLEE
EE Y [ONOF: T ko= O el
2 % B

2:1 &£EB-HE-HE

HE IR U 724825 13 WU EAR AL ICP-MS Agilent7500i
BT F Y FAHNYAFALE) T, 3754 F—1d
NE Y VEERY, RBEAIERYZAIVT 4 v IR

KAGAKU Vol. 55 (2006)
YTERMHALE. RYVRAINT 4 v 7 R T OEEOIRE)
HEWNAED D IRET HIRTIC L D, AEEARIEH L
TLEV, BEOEMAZHCTLIIBRAYNHEL0T,
TELRTREPELOLENLHIIC, ABFa -7
(TYGON®, WfE1.02mm) 2 XRYAF VT4 v 7RSS
AT BB, ERRSF 2 - TOBEEDEAZH
R, BEREEED 0. HEe LTEALL. BEos
RIS 27 70 Y EEBAE R T A BEHIIHRE D
WRTHovkE Lcb oz L.
AEHBERORBEIE, T TRMARER Direct Q™
(MILLIPORE #) T#E S h/-#@htiK (18 MQ cm BLL)
TRz, B ORI, BT M EL MR (BRL
FH) ROHRER LR 2RV, Si%ER AL
A L LT, SRM981 Common Lead Isotope Standard
(National Institute of Standards & Technology, USA) % fif
ML,

2.2 H #

BAEREE LT Remington 55, Sierra® 5 T,
Hornady # 2 5, Winchester $ 2 5, Speer # 1 &, X
—H =AW 25D, FF17mEH Wz, Table 1 I2—K%
RY. FTRTREZHEDLZOEALTEHENE T4 7 VIO
HHTHL., WThET7T A A THESINIHEHILTHY,
ENZENRA—H =Dy b FUN—PERBENLTVEPH,
BESNTZBMFEANATH 5. RHIE, BESHAD X
ICHEEHNLEH LD A 7L Y 7 P RS ¥
FERLDO L IHEEPWE L TEDN TS 54 TD 2
TEENH - 7.

F72, RUEDTHMEDMHIE Z T 700K E L
T, TIMSIZ& o THIE I N HHESEE ST 17
HACEEE S NSO Z Fv 72, AR RE
SALMARZERT, EALEESE R, A I v =7 YW
DR FERBE D SRFN AR HED 7 B AF 2 v 7 DIz
Huwzzidk GUBES CP67) THh (™™,

2-3 HFAH

HAREO S L TS LT, FREFNRLUT ORI 1T
o7z, WEHHIO LI IZHEEPLEH LOBWILOES,
BEEIY VT2 o MBE IR L, KT
Bl7otk, HREBELZ:. 0, BHPHALRPLY 7 PRA Y
MEAD L I, HESOKIEMPME L TELNLTVW LR
Bobs, RBE2Ly ) — VP TooRBEEEEL,
MK CTHRE L2, 100mlOF 70 ry#8E—h—IZA
n, REE (GRER . WHEE . BMK=2:1:2) 40ml 2Nz T
2H, FHFHILZHETHEy VL — b ET45 5mEk L,
ABEMZ BTV LHEBERLA. Bohl#bde%,
KT L2, BHRERL 2.
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Table 2 Measurement conditions of Q-ICPMS

Plasma conditions

R.F. power 1500 W
R.F. matching 1.7V
Sampling depth 7 mm
Carrier gas 1.05 1 min "
Make-up gas 0.26 1min "'
Peripump 0.1 rps
Spray chamber temperature 2.0C

Mass spectrometer
Type Quadrupole

Scanning mode Isotopic
Number of scans 1000 scan's |
Minimum dwell time 100 us
Points across peak 3

204, 206, 207, 208 a.m.u.
Electron multiplier
(Discrete dynode type)
30~ 60 ns

Magnet mass (m/z)
Ton collector

Dead time

C O &) I L 72 SRR AR E A REHIN LT, R
DX LSRRI 72, B, AARTEBE (JIS)
(H 1121 $RESHHE)™ 2B8FIC L.

FKEPH ORI 2 U 72BALEE D 58 50 mg D/MF
ARIMLC, 77Oy ERRFICR L. 12% WHEE 05
ml ZZ, F7aryBosz L T120C KEELLT
VI NAT 20 S RMBEE L 2. NEEWEIZILE 045
um DRV F I I INFATTF VBRI TT T AN
— TR L, PR BMAT0 ml ISER LR, BiEH
DERIEE DA ppb £ % 5 X 512 0.1 mol/1 AR TAM
L, ICP-MS ZS#THERE L7, 372, —HoaRfkc
W ARERLBEEN LDV F IR —T a YEMET A
I, SRR E AN VEGCTRIBOBEL T, ZHRER
WL L7z, SRMO981 120V T b RBEOME 24T 5 72,

2:4 BRESROHOBESRGOHKRE

F R ESLM % Table 2R Y. 9, Li, Y, TI (%
10 ppb) % & 0.1 mol/1 IRF W& WV TREDF 2. —
SV T E T, FOB, CTIORERENE L, 2
BEICxd 2 AHHERE 2 RSD (%) P"EBE %A K9
12, 2% ) Pb ORMARKAIEICRBELRESRMEICRS X
S L), FOBE, AF YLV ADTA YV VLY
ADNTA—F —ICEBLTHRELL., BEOLRERD
BRizix, BEEEAT 100 scan/s TH DL DL, S MHIE
1000 scan/s THET A Z L CEBELRMEITTZ 5 “FH
RS E— F" CTHEETT- 72
RIZSRFMARIL 2 S AEEEICH5 5 728, SRM981 Z B L
TR S NS T, e RRHE T O ol B I
DWTHES L7z, SRMI81 &K D #riEE % 10~ 100 ppb
WCHRBL, SR AESTETT 7. m/z (n ZEER, 2
34 F COBWT, BH =1 204, 206, 207, 208 IZx}

HIE, A&, KA, B FEHE T I AEESMEE L2 HRAROREMALSN 829

LT, ZREFhE -7t BUHRMPS £0.05 am.u.
(amu.: EMEEH) OWTAEISHEMEL, m/zd7
D ORAAREZFE L. FEERII§ 5
15 RE Lz, ZRBERLFERICHEL, B oRME
M D S 22RO FMARET R E R 2 LT Wiz 1T,
07pp, /2ph,  28py, /20Ph, *Pb/*°Pb DL RIMIAKI % B E
L7z, SOX)RWEELSFBBRITT L5 HEYEL,
ERIANLARIL O T & AR MR 2 % SR 7z

eV T, SRMOSL WA FAVT, 1 m/z H72 ) OFEHIE
MIZOoWTHRE L7, RRECERAALZEEL, 5 =
EDEIIE & R E T KD 7=,
BIAKBICBI2E5REORENLEZHET L0,
SRMO81 AW % e L CHREDELIEL, 5 ohs ik
& Zo RSD » O AN e 2 i M L7z, o8
B h7z 2 e IcBI 2B MEOREE LT 57
DIZ, BEOBEZ 31T SRMI81 B %4 0B LHlE
L7z, HIZ, SRM981 25 520/ 2 DI, Ehe
4 IR T, BiLE» SHIE 2 SO s EOH
BEIZoWTHRE L7,

25 Q-ICPMS (CH (T 2 HEEFIIROMHIE & S AED
BhrsL

S THRRIZE I, QICPMS Tk FAL A4 BRI
Hsk4 2 ERAENFESLE L SHDT, SRMIS1 % Hw»
TRANA T AMIE "R AT o 7.

SRM981 %< A/5A 7 AMHIE IR #E A & LTl nt
5H YN EIZIHMEL, EBOGFTHEILHEON
7= &R E CYPb/*Pb, **Pb/*°Pb) O #EHE AT
NIST 2 & o THIES N TWwWBREMARLLDMEIZL 2 L)
2, FNZEhOANA 7 AR (BRAFE/ERIE) %K
W, WEMIZEDRANA TARRERTSLZLICE-T
MWIE L7z, ZBUEOKIC, Ao L 5 2AE Y —3R
Mo TV 5B EGHEDBEENET ¥ 5720, RO
FEATHHIC 2~3 A EEEZ I L TR OEAZ OB
Wriroiz. :

AN T ARBROHEEOREIRD L HITLTK
D7,

SRM981 DHIESE: M * oy

SRM981 DFRFE: R * on

(M, R: WEMERORIME, on: WEBRE, or: ik
EDOFEHEAR )

Ey5L,

wmm:%{ (o) 4@]-)(5}
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Fig. 1 The effect of the lead concentration on the

relative standard deviation (RSD) of the lead isotope
ratio measured by Q-ICPMS

Each RSD was obtained by 5 times measurements.
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CZOEHITHBILL o THEONAEZEREBICBITAES
SR % SRMO81 D CTHIIE L T & Nz RLLATE
DEDE D PO LV, 22T, SHREEICBY
T TIMS 2 & o Tl SRR RS S Tn b 4
FIROEINITONWT, RELEEHCTHTETY, Bohi:
MR L SHFZERBEIC L > THICHE Sh Tw AP L 2
WL 7. ‘

2.6 FHILHABADICH
FPHMAABICBIT A AR OB — LR T 572012,
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B OGEEE (a), M (b)), BEH (o o 3HAIC
YL, ZhZhossFMALz iz L.

RWT, Table 1 DREHIOWTHW 24T o 72, AE
T, HES»SEEARBZHERRLZ. S r6 20
ZN2RTORPL, drziTo7z.

3 MRLES

31 BREESNO-HORAEREORE

SRTFIRLAR LI 22 0D 72 8 O B i 73 BRI BE I D W TR
FLAEREZRT. 5 MEEIC X > TH SN ERMRLL
(*Pb/**Pb, **Pb/*Pb, **Pb/*Pb) DFIEIZXT 5
WA (RSD, %) % Fig. 112R79.

WEORE BB OMBEIEL 25138, T4bb
BEMENPRKEL RBIEIERL oz, TNIE, BEHWE
PHML-2 8T, ENEFROEERBRENNSS ol
DTH5D. BHIRED 70~90 ppb D & & *'Pb/* Pb .
U *®Pb/*Pb L RSD i F N2 0.2% BEL 2D, 10
ppb BEWOBE L D B *PPb/*°Pb HITHI L Tl 4 535 <
WEMM E L7, —7, 100 ppb & T **Pb/**Pb Ik
DORSD iX2% #M2ZTLEo7. Zhid, FEREDO—F
v ph DR FHMENKRE L )T X220, RBEO
ZALBFIED 72 D EI SV A E— KRS T+ a7 E—
FIZHEBMICW h Bbo220THS. oA Y~ b
$2i% 90 ppb B D & X1 3.0 X 10° cps (cps: count per
second) ZDIZH LT, 100 ppb #EH#TIE 9.3 X 10° cps T
Holz. WVAE—FPLT7FUZE— FNGH)EHLLE
D, BIEAE (P/ARE) P#EYThhollcd, TO
9 Hh Y v MENERWRELE Lad ozt EZON
5., 2L, BRELTHYFA Y Fx YT L—a ok
BREL, 7FHu s E— FTOHE RO &R RN
FEIWCEABETH o7z, ARERNEBIZEBR I TVwE K
BT HAEEOLRREEMN (dead time) X 30~ 60 ns FEET
HY, RHBOWEE— FOUYHZIZEFTHE 1 % 10°
cps # FEIZITb NS, ICP-MS DREIZZDOEFE VT
4 va rRWERHIZL o TEDLL D, —HRICREREE
ERETE LW, REBHBORE T, 7SVAE— FTHll
ETE 5% 70~ 90 ppb DIREDIE 2 ICP-MS (ZEA
T2 2L TRINGOREGEEZ /NS L, NERME RS
Mt ERERICL o THEL TV A 720ICE L 5H®R
EEWHETEXSL MBI LA,

RIZ, 1 m/z&720) OES ROV THET L 7.
Fig. 1 DR ZEZE L, SRMI81 @ 70 ppb i % T
HEEIT oM. 1 m/zd72) OFBSER & 1% 5172 RSD
DOBfR%Z Fig. 2127 3. S#EHEROBIRM 15B0L
&, "Pb/*°Pb R O *®pb/*Pb KK B RSD 13, #
heENn02% UTERD, BMENN LA, —BRNZHE
TEDEESN T, TD1 m/zH720) OEFEEIZ 0.3
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~3HBTHLOT, ThERBETLIENRYELFHELT
WHZ LI D, SHOERETIE, 1m/2zH2) OFSE
BI72%0.3~3FTld, RSD A%0.75~0.39% T&H 5 DXt
L, o2 157528 T, 2BULEIEENR
EL72 T m/zd 72 OfSKHEZ 5B ERT AL
T, TIAROD L ERFHENIZ/20, HBHVITHRE
#wh o OET ORETERE (REGRE) PRI S hzz0lg,
AEBEORBENTNLELZEZZ NS,

70 ppb W E W E L 2B OB ¢ (s) & *Pb,
*"Pb, *°Pb, **Pb DFMHIME 1, (cps) H 5, FEHAMEIC
B3 BMET R IRERE (Owe=lu./t) ZHEILL, %
Nxd L ICsHmEMAIcH T 2 MEIREr L FREND
RSD DHFMELEIHE L, Fig. 2170y bL722. EHI
N7zEHIMED RSD L F KL TWB I EH 5, Fig. 2
TRONIBWASHRMOERIC L 200EEOmLEIZE, B

HA, RE, KA, 9 . FEEE T 7 AHESTHEZ AV AR OSRMAELS 831

1 m/z3 720 ORFEERZ 158 L v ) &8 T **pb,
*7pb, *Pb, *Pb D4 DD m/z EWET S L, EHIER
Blixssobeih, —AB s SRECTHERITZ HEMHE
b, COWMPBHTEANRBEI ORI L, £
I EoREVEHINEREECH 2 L E L, WEORBES
BIZ1m/zd 720 15 OB E L.

Pl XHic, SRR Z EHBEICEL 20050t
LT, FEBEHEOBEER 70 ppb, 1 m/2d 720 OWE
B REL, UTOREE2ITIZEE L.

REBICBIZEFMEOMMZEN L RREEICH
LTIz # R, “Pb/*Pb, *“Pb/*Pb D 131
B (20 7R EE) 12, REIR (4 REHARE) TR EL
TWBIZENGTh o7, TITEAR—ZADHERE L, 4
DF—=FRFREZVD, ThS5OHER 5 EMYEL -
LEOEBRIT01% LT ERY, BEREOLEER

FEFIZI W LR INL., Z0LHICEBEOREED
BETHLZENLHEL, SANATAZHIET 5720
‘ ? SRM981 B, ERE 5 IV TLic 1 HElET
40 . HrZEEL7

T OMATRADERIC L BHFGPREVEVR S,

—&— 207Pb/206Pb

s e 20ibb20600
=30 & -+~ cal 207Pb206Pb 3.2 SRM981 % A\ - TED B IR O
5 | ---8-- cal 208Pb/206Pb b o - o " it coe
25\ ---a--- cal 204Pb/206Pb SRM981 %5 5 @~ 7Y ¥ 7L, HiLE D HHEE
2 50 B 7SO B HLME LD W TR L7 #5 5 % Table 3
I WRF . ZERBRE R OME b 1T 5 7275, 70 ppb 1B L
£ o PZREHB D P DA ¥ P10 cps A —F —TH 5D
2 0'5 DR L, BRI TIE 50~ 70 cps BETH - 7-.

' Table 3 TiX, YANA TAEZHMELZVEELLFEON

0.0

TR B AR Lz, I F— IR LT > Tw
%, Table 3ICABNE LI, TRTCOUEMITEED
HWPHT—R L, ALY SHEL EO O HEICHEBMESS
H5HTENHERINL.

DX IBETRED B LS MR, ik
7o & ) REBENNROEELZITITVEDT, IhEH
ET 572D ICFAMALSRIES T30 ERYE

Integration time per m/z / s

Fig. 2 The effect of the integration time per m/z on
the relative standard deviation (RSD) of the lead iso-
tope ratio measured by Q-ICPMS

Each RSD was obtained by 5 times measurements.
The symbol with dotted line was the value of RSD cal-
culated based on the statistical error.

Table 3 Reproducibility test by using 5 samples collected from SRM981

Lead isotope ratio

07py, /20py, 28py, /W0p, Wipy, 26py,
1 0.9264 = 0.0022 2.205 + 0.0063 0.05911 % 0.00053
2 0.9271 + 0.0018 2.205 + 0.0068 0.05912 £ 0.00051
3 0.9266 = 0.0021 2.208 = 0.0068 0.05930 £ 0.00034
4 0.9268 = 0.0034 2.205 = 0.0071 0.05923 £ 0.00025
5 0.9265 £ 0.0021 2.210 = 0.0077 0.05936 = 0.00070
Mean 0.9267 2.2066 0.05922
Cv 0.03 0.10 0.18

The values were obtained from the intensities of me, 2O(’.Pb, 207Pb, and *®Pb without mass bias
correction. The measurement of Q-ICPMS was carried out in one day. An error bar repre-
sents the 2 standard deviations for the sample set. - CV = coefficient of variance, %.
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Table 4 Analytical results of the lead isotope ratio for the lead plate, which were collected
from Kanazawa castle (17 century), compared with the reported values by using
TIMS
Instrument *7Ph/*Ph **Pb/**Ph “'Ph/*Ph
QICPMS® 0.8621 = 0.0037 2.1332 = 0.0124 0.05480 + 0.0006
TIMS"” 0.8603 = 0.0003 2.1280 % 0.0006 0.05524 * 0.00003
TIMS® 0.8605 + 0.0003 2.1303 £ 0.0006 0.05518 = 0.00003
TIMS® 0.8604 2.1277 —
a) this work; b) reported by National Research Institute for Cultural Properties, Tokyo; c) reported by
Smithonian of the United States; d) reported by National Museum of Japanese History; An error bar rep-
resents the 2 standard deviations for the sample set.
Table 5 Checking of the homogeneity of the isotope ratio in single bullet samples
Sample Analyzed Lead isotope ratio
number position 207py /QOGPb 208pp /206Pb 204pp /206Pb
S4 a 0.8381 = 0.0033 2.0578 £ 0.0057 0.0539 = 0.0004
b 0.8388 = 0.0030 2.0550 £ 0.0095 0.0536 = 0.0007
¢ 0.8414 *+ 0.0037 2.0589 * 0.0073 0.0538 £ 0.0007
Mean 0.8394 2.0572 0.0537
Ccv 0.21 0.10 0.24
S5 a 0.8345 = 0.0055 2.0512 = 0.0107 0.0534 £ 0.0006
b 0.8348 = 0.0038 2.0462 *+ 0.0106 0.0536 = 0.0005
c 0.8331 = 0.0050 2.0502 + 0.0096 0.0536 = 0.0006
Mean 0.8341 2.0492 0.0535
cv 0.11 0.13 0.19
S8 a 0.8331 = 0.0075 2.0433 £ 0.0105 0.0530 £ 0.0006
b 0.8340 = 0.0052 2.0473 £ 0.0128 0.0532 £ 0.0002
c 0.8333 = 0.0039 2.0473 = 0.0087 0.0531 £ 0.0003
Mean 0.8334 2.0459 0.0531
(0\% 0.06 0.11 0.16
S13 a 0.8262 = 0.0031 2.0314 £ 0.0075 0.0526 £ 0.0005
b 0.8263 = 0.0039 2.0332 + 0.0051 0.0528 + 0.0006
c 0.8248 + 0.0029 2.0294 *+ 0.0136 0.0525 = 0.0005
Mean 0.8258 2.0313 0.0526
cv 0.11 0.09 0.30

The values were obtained from the intensities of ***Pb,

of variance, %.

(SRM981) % HET HLENDH 5.

33 TANATAMIEELPIREOFELS L & DREE
R E S L agest, BV ERREEYHE, A3V
T OO S IRERBICBV CREEENEE5H
FEIZL > TR ENLEFRIROFRIZONWT, KEEH
WTHHITEITV, BONTRERLE SHIRBEICL->TT
TIHE SN TV REYP L KL 2. ZhEhO%
BRI T 5 N2 fliE NIST SRM981 12& > T7 49 A~ b
FCBMHL-C—-2RERT 797 ak—Va VHIES
NfETH 5.

SHTE% Table 412783, 95% B L~V OHH% R
T 20 DEETF L. AR THELNALSIEL T TK
W SN TS OB FRERE T L, AWEETO

207

206Pb, Pb, and " Pb without mass bias correction.
An error bar represents the 2 standard deviations for the sample set.

208 CV = coefficient

SAEOMERE LB W L SRS L.

3.4 BHEBNDICH

F AR OME OB — IOV THETT 5720, B
OB (), FEE (b), WEKEH (o) ©3HAL»S
RonzZNThOBFENMAKL%E Table 5 (S8 i34 F5H#
H, S4, S5, S13 1ZWEEHEI;) IR L7z, Table 5 1A D
NB X I, BRPHON K ORESRTHEN & H 12, FALIC X B8R
R ARICEBEREVE o7z, 2%, BARIO
EODHEEDOHEML, BRLTwL b DEEZ LN
5.

RIZKE D A —J—T2> % Remington, Sierra, Hornady,
Winchester, Speer @ 5 LN %z A — B — BB 2 3 %
LU, B 17 EBZ WAL, %80 ppb @ 0.1 mol/1
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Table 6 Results of the lead-isotope analysis of the
bullet samples

Sample
number

Lead isotope ratio

207Pb/ 206Pb

QOSPb/EOSPb

Sl
52
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17

0.8779 + 0.0040
0.8104 £ 0.0023
0.8282 £ 0.0033
0.8388 * 0.0030
0.8353 = 0.0040
0.8441 %= 0.0042
0.8328 = 0.0057
0.8333 = 0.0039
0.8336 *+ 0.0042
0.8193 = 0.0034
0.8262 + 0.0031

0.8569 £ 0.0057

0.7682 + 0.0043
0.8107 = 0.0041
0.8261 = 0.0032
0.8069 = 0.0092
0.8654 + 0.0037

2.1347 = 0.0101
2.0031 = 0.0083
2.0355 = 0.0063
2.0550 = 0.0095
2.0483 = 0.0126
2.0758 = 0.0094
2.0374 + 0.0103
2.0473 = 0.0087
2.0408 = 0.0123
2.0173 = 0.0097
2.0314 = 0.0075
2.0788 = 0.0100
1.9244 £ 0.0068
2.0040 = 0.0091
2.0308 £ 0.0094
1.9935 £ 0.0149
2.1043 = 0.0100

An error bar represents the 2 standard deviations for the sam-
ple set.

WIRIEHEZ QICPMS IZBA L7z, DR “'Pb/*Pb It
Fo O 2°pb /2°Ph H @ 5 [ E O ER ¥R (RSD) &
Ehd 02% Bt ThorzdY, —#03% witkk-oTL
¥5DbHotz. TIZ, AN TAREREE ELE
NOMEMICHE L CHEBILEIT - 2/ F % Table 6 127K
L7z, #R5% *Pb/*Pb vs. “*Pb/*Pb 75 7 LiZ 71
v F ¥ B L Fg 3DOLI kol BTIE, 95% DIEMHE
LRVOFHRHERT 20 DREEFMF L. TIMSEL
'Y, QICPMS % I\ 72 88 BRI T OB
W7ph /2ph T 0.76 ~ 0.87, *Pb/**Pb T 1.92~2.13 L i
BYVDOHEMERL, BB &S B RMELZRT
ZENRERTE . Lo L, FfEESIERIETHTHR
S AR B 2 R D — b o 7.

ROV OPICRARPEINL DL H S, L
LA R OBAREERICOWTER W 21T 728 2 5,
AKEEOFHME (m/z 196, 198, 199, 200, 201, 202) &
BIBBRALT ThozZ &2 b, *Pbicid 5 MHg @
HRARZ P VTFHBERVWEWVWZ 5.

BSOSO EMARIZIE~ 10%" & K& L BIEA
HAHDOIRL, SHEOWZEIZHWZHALSEETRTHE—
E CKE) OA—»—0b0%HEHLTED, BARLL
I CH o 72720, FEROHEIUDFE—TH - 72D
Hb. bbHA, TNEHRICTELOICIEEICEBER
WE, WMEITEICLDIE, HWALO X~ =20 DFHE
POARTRTH 5. BEEOE - AL O FRA AR R K
XL BB LOHMEDDHDY, 20 L) pEALTHNL,
QICPMS TH EICHMERBANASTES2D L., T2
RYRI VT4 v 7Ry TRFELTIC, A@EAT I AW

2.15

o | +
210 rLu | 43 +
%i_ Sﬂ”‘%—k

t . s ‘ [

- 202 / \
A 205 ¢ o082 0.832 0842 | }
\'\\ /l’

e //

195

1.90 . 1 ! L s
0.76 0.78 0.80 0.82 0.84 0.86 0.88

207Pb / 206Pb

Fig. 3 Results of the lead-isotope analysis of the bul-
let samples

B : Remington; O: Sierra; &: Hornady; L B
Winchester; <: Speer; & : Unknown; An error bar
represents the 2 standard deviations for the sample set.

=R AT =RTIAF L EXFHATS L self-
aspiration mode TRABZEFEATE, RUVI7PL5DIR
WOBEN L, FOBEICHETESL LVIFHED
HY, RHEBARDBRIZL o TLEICEBELEET
X5, WThoLEICY, BEEORVERMARILIHT 2
1957201213, BHETHDL L LD, EEERAMET—
FEBLIENEETHS.

IO XA HOMETIE, SRR O R@E e &m0
DM EAT- 722 LT, HER, HEORE THALDHFM
RIS HIZIEBWONT I b o7 QICPMS ThH, H#H
LEEZROD HHETHEL OBENOFMAALLDOEZH] S5
WA ENTER. 2F), BHABORRBNE T2
B, QICPMS % MESHTICOAFIHT % D Tid7 < §iA
PR HICDISHTA I LA TRETH 5 LRIE S N7,
LH51T, BMETEOMBIZOVWTHEbETHRITTAZ L
T, BIRERBEFLELTHA).

4 #E Bt

WEBESREZEHTAZ LT, QICPMS T DM
fifklt% RSD 250.2% LRBELICHMETE L Z LD TH
o2, FORBEESFEHALRIISHA Lz 25, B
FHZOW TR X < AR OB Z#5$ 5 2 L A5 hE
Tholz. Tz, BURBHOII TN ZNESED 5 R
RETHEELTWD Z EPRGrolz. ARIZLY, Q-
ICPMS |2 & % $HIFAL AR LI 5 C & DAL O R AL %
WO 52 B8 TE, EBHESTOBS~OISHAT
BTHoZ ENELEINA. QICPMS EHE, HHED
FHERAERETIC D RESIUHEDTWAE I 26, K%
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Lead Isotope Ratio Analysis of Bullet Samples by
Using Quadrupole ICP-MS
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The measurement conditions for the precise analysis of the lead stable isotope ratio by using
an ICP-MS equipped with a quadrupole mass spectrometer were studied in order to apply the
technique to the forensic identification of bullet samples. The values of the relative standard
deviation obtained for the ratio of **Pb/ 206Pb, 207Pb/ *®ph and 204Pb/ 2°ph were lower than 0.2%
after optimization of the analytical conditions, including the optimum lead concentration of the
sample solution to be about 70 ppb and an integration time for 1 m/z of 15s. This method was
applied to an analysis of lead in bullets for rifles and handguns; a stable isotope ratio of lead was
found to be suitable for the identification of bullets. This study has demonstrated that the lead
isotope ratio measured by using a quadrupole ICP-MS was useful for a practical analysis of bullet
samples in forensic science.

Keywords : bullet samples; lead Isotope ratio analysis; forensic identification ; quadrupole ICP-
MS.
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