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Preface to the Chinese Edition

It was a very great pleasure to hear that our short-course volume on laser-ablation-ICPMS
was being translated into the Chinese language for wide distribution in China. Laser-ablation-
ICPMS has grown to occupy a central role in inorganic geochemistry in many parts of the world
and its entry into the Chinese scientific community is a particularly exciting development. Chi-
na is in the midst of an unprecedented period of growth in science and technology, education,
and culture. From the successful bids for the 2008 Beijing Olympics and 2010 Shanghai World
Exposition to the recent announcement of ambitious plans for manned spaceflight and un-
manned lunar exploration, China has boldly given notice that she intends to become a full and
active partner among the community of nations.

The development of advanced laboratories for laser-ablation-ICPMS in China is a natural
component of the recent growth of its broad scientific capabilities. There are already more than
50 ICPMS instruments in China and many will be linked to laser ablation systems in the next
few years. These tools will give Chinese scientists new opportunities to study not only funda-
mental properties of the Earth but also to examine and solve a variety of real-world problems
facing the nation. These include issues as diverse as the prediction and mitigation of earthquake
and flood catastrophes; the sustainable development of vast natural resources of coal and
petroleum; and assessment of the safety of water and food supplies. Foreign geologists are in-
creasingly drawn to China to examine rocks found nowhere else such the controversial Dong-
wanzi ophiolite, reported to be the oldest preserved slice of oceanic crust known. Laser-abla-
tion-ICPMS data will be critical to understanding the nature and origin of these unique rocks
and others.

In the not too distant future one can see foreign geologists travelling to China not only to
examine unusual rocks in the field but also to perform chemical analyses in state-of-the-art laser-
ablation-ICPMS laboratories. I hope that the information provided in this short course volume
helps speed the development of China’s ICPMS infrastructure and, in a small way, helps con-

tribute to the continuing emergence of a great nation.

Paul J. Sylvester
St. John’s , Newfoundland
10 March 2003
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BB wE RN NEREA BB M- ICPMS SR BERVEEFTEY
Mo BRI M-ICPMS R K EAMR I FSERNENHRALEPREES
Ao EHNFTERBERAERHAASAXTHEN, PEHELERE. HE. X
R AR Bt it . ALK 2008 47 M a2 & Fn 2010 4F L & W A R h, %
RLEFANEAAZ AL RAARFEANWESHZHH TR, TLHEE
£ttt AW R B RS T —NEHEH TR B K,

AHWHAR - ICPMS SR EAFENRERTERAMREL IR ER
HE#2. PEAES0EULICP-MS B, TEAXRKEFSNBHRE K
AR RGE, XBRER T BRFFEREFRARBROAR, TATUH
BRAEHEN AR ETHHERERE, A EFARSBREHETRREARE, ¥
MEMELTERRKRBRNTEHEENAUNRAFA YL LBREITETFR A,
EAMREFRE AR S RP RN FEAF R R _WER, WALWWE
¥ (Dongwanzi) # &%, EREXRFRER FE WL oEEL . B
H-ICPMS B3 T X LB E T A TR R R R EREE
H o

EXEHERANELEFAAAERNORRERATEFHIEELTY
WEfR, THEBATFHRARNBEREPHTEIT. RELIXEER
BAFHNFELE ICPMS SR EAFTAHE, WHM—MAE KW E L&
(L & 3k

Paul Sylvester
St. John'’s, Newfoundland
10 March 2003
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#k # 4-ICPMS (LA-ICPMS) £ 20 t4 90 £ R M & X & & KN o &
A, BakvE K EA-ICPMS (SN-ICPMS) AR AT PR X —EENA,
{Laser Ablation ICPMS in the Earth Sciences Principles and Applications) — 47 [El
BT 10 £EXFERSHHF R, HETT AE/LF LAICPMS X R H
pEf AR, ZHEANEYE, XEHTESATRFSEXEE, B
WE LAJICPMS WA R FE M A TR S M B, RAMXNEE, BHENRK
EWMBEZH, LA EE AR, WEEBHNEAKE.

AFE -, Z, =, LEAHIHATBEERE, FW. B, NEY
WRMHBEE, FN\, +—, T_EdxFHAKXBRER, L. TES
ERMELBE, 1=, T HEHFEHLEE., REOATHRHAZER
24, KR,

EERAEY, AXHFANA AN ERGETERAAEHR ¥R E WL
HRW TR T HRNORAEL, AL AEFEF, REARTRTEHEN S
LT, ERERTFTRH. AT N EREFIAERERAEXELRE
(No.49973026, 40003004), EX A A B ¥ £ 4 FEXHAE (No.40133020) *
B MERTHHLAATHBERMATRAEXSE, EARFMRELH
HEWE TR, mEXFT Hihs AT K T %K Pierrette Tremblay % 4
W ARHEERE N EARE ST ERERR A BRI NFH THEERAS N
B R R R AT, A — B

B
2003 %3 A 18 FRX
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WU S S B AT (ICP-MS) 7E 1985 SFE BB A, & 20 #4290 41X
IR B AIRAE P ERER ST LR, FXE, NMRUEBRBERELE 10 FH%
XM AR RERD T FENHEIER. XMNEANFSRBB0E, FAIREOLRK . #
FHOCH LM RGBT L, BREDBRFRMIRPI R HEITH, BlnAdy
22 ff) Memorial X% 1 Aberystwyth /R LK%, HBERFH2E FEA KK 72 B b Aol —
AR — SRR, BIINTEEOE RG-S B REE St B TE RES B AT TR] R

At A MR A LA-ICPMS AR 7 ZRIFAH L, HEETEHE 20 g
60 F1 70 SEARH Y2 AUE A 2P KB B AR IR 2 K R B R B P I T8RS (EPM)
SRR B R (TIMS) RAKEN, EPM M TIMS ¥/{E# THFE¥EMN—TARRET
B TAEMBLER R RS RIOBEE, BEFI MRS LREMBIRLES. FUNETY
2R (F EPM 40#7) figEE 4 (bulk rock) BN Y) (mineral separate) KRz
R4 (A TIMS43#7r) BB MPER FBUE T H B2 bR R 2RI, {HR2, FHAM
¥ TR—#, EMP fl TIMS KB RARRK . XHFEF KR, EMP KB RRME
FEFARREEF BHREAKTERIE UL pg-g ' HWED) WITRKERSHT. LAICPMS Xt
2T YT ZTEREER TR H, MHAH - KNE . BRAFRTHED
WTAL, HEARETHEES. KBEAZEREAFHR XL LA-ICPMS #il & &
REEBEMEZE, AU, ¥9aaENRERESAERTSR,

LA-ICPMS 2 H TIMS Zir bt S E BN R RERE, AdEEK,
HABESRS BRI HE#Y ICP-MS{UEHEANER . ERAEXEMSHFO AU, T
¥RETHA ICP-MS R JEALIE N BIBUN SRR TR R B LR A KA
AR, At RFEM R MBI A TIMS #70E SRet, Blin HE FBEEr=
ERMRINLE R Cu WEREFM RN RELER 3. TATHE RAE 2637 R - a0 e B
PR MG . XK. BRATRIBRNTEN,

X RE B TR RHE B T B & 10 485k LA ICPMS (X8 B AR, UK
8 ARK 10 EHBABFTHROBHERE, FEHRPER, WF¥E, HBHFEMITA
CHLKEREWE —& LA ICPMS, LA-ICPMS THEEM XM (FMAK) MELKMEIR
KA TRE S S s R IR A H A RIEHE 1. AR BERAAX I TIRBH I
#, REEAXNBHEZRHANRBEN BB MEAIER LA-ICPMS Mk A G, 7k IR
B R o BR AL B A A R B P RUR

BN X7 YihS2 X TEIRE, Memorial KERBRBHEF R, MHA
S5FRMMEEREEHERLMP2EK, Agilent technologies, Bioptic Lasersysteme,
Micromass Canada, New Wave Research, Perkin Elmer Instruments i Varian Canada 5§
BT T iR A R T 28 X #F. BRI M ATXT st BR B2 W R EE A% . Mati Raudsepp,

v



MAC BlESBHIEA1E, TRBHEBLY,

Dante Canil and Jeremy Hall, MAC and St John, 2001 ¥R HEZE R <4 555
BAFRBARLITRMABRE TEROFE, HEPAR Pierette Tremblay ZEA R KX 1T
BEEMEAZHH TR LA TRIFMEIE. BE, MACEBERBRIIAHHE Rob
Raeside {EEE IR (BHEARTE L) NEFEBEFRET A, FE—IFBH.

Paul J. Sylvester
St. John’s, Newfoundland
24 April 2001
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Henry P.Longerich and Wilfredo Diego
Department of Earth Sciences and Center for Earth Resources Research
Memorial University of Newfoundland

St.John’s NF AIB 3X5, Canada

2# (Introduction)

RS TS B, DRGSR TR (ICP) B ARel, #H—2miasot
Fph (LA) FEATIA ICP BESK, FrLAEHZ LA-ICPMS, M4giBmMHE, A NiEF
FYRTEE LRSS, (HE, RATACEERRMAREE, B WSkTF R, ERIERITER &G —&8
4y, BPFRRERA, B {CE ARFEFZEAAN, [BHEBAE RSN . B THEN
M2, XNEBIETHERIN . HFXSE0EREE B AR s m e, Br
PLT A28 1 R R R Y

KEBFIE LT 5 HA% LR THE T 20 R U4 . AR 0L T X SR A 5 43 IF
EXFARPREFAN  XNT T EESRE EFE . S MEmESE(EL.1),

ICP B TR

PO AT 53 AT 88 BTEAS

I o

o— |

o

B1.1 RBHRES SR TR U R B
Gt 4oy HERG, TR (ICP). ArHrasfkiiss




SIHEHZ AR, ANEFZTHERREENRELNR Y, EREFZHRIEE “X
& RIIRIR, BE_MoaRMERTERT. REMMENR, ERKNRERNMNEEPX
— A ICP, BB E. FEaRAMNERST. @, WREXS B TR
o, AXEFEOEMARKE, MRERMEL (m/e). BE—H2, BRBREENWL,
REMBFBMHEMNK R TRE, EEETFRELNITEVRRERNET.

EZ %% (Vacuum System)

HBRER, E— P RSKETEFREAEERN, MURERS., NRARAEKXT Im
RFEH A BE, —8RIEUEAERATTEEAE AN BERBERE B R EH L
MEEHELKEE, BELRMWAP SN, ENSEPPERREHEES RS, A%
Rt iR RS H 2 IS X S R RS EE RN RS E S 034
F3 A HTE (Mean Free Path)

EEZZEDP VY EHBEREENEASY, CRET (BbihT) ERsk
TRTRERS B FIIBERT . RIERE, X MEEBAME, EEREGRENENBTENEETHN
. 7 ICP REEH IR BIRENE S, FHR S+ “IL” HO0RUH 1 mm &
%, HENTEIRARBEHSER., £1.1 FIHLORIRMKEHAHER, TREUEL
(Torr) RBMNHREENHE. FEFEEET N, RO, XFMHFIEZHEZSH
9% (FBUED . ARITEETRABSSEREN 25T M4 FHZ 370 pm,

£1.1 EHEOBREREREENNEN

EHP /Torr T H R
760 (1 atm) 0.000 000 1 m (0.1 pm)
1 0.000 05 m (0.05 mm)

0.05 0.001 m (1 mm)
1073 5m
1078 50 m
1077 500 m
1078 5000 m

OTorr AiREEHBEN, FEFRBERITEETFURE,

ERSEA T NMEFEMELERESRFRE (0.1pm), BEEXNREERTHE
BRI TEERIT ICP-MS (BRI BRIEBEE S 10 5Torr T, BN FHEHBEE N
5 m M EHRRURXBR—MHERNRGE, BAXN - IMEFEEIMUHENBELESS
— B A FREFRENILRRE, B—FE, FEEEENANEEERNEDM
BEROFHEHE, HRESBHESUESEEFRER, XHILA 10 WHRHR
%, FHRNERXMREALR EN, FERMOES . BB NUEFA TOF X3 7585
10 ®Torr MRIKE S THAME, “BHE” MSHENZH 2 10 3Torr BLEK,

2



EAFRELL (Pressure Units of Measure) @

7E SIBAH “BUR” RGd, EANMEN ZR2FEN, BFELEARXH. BN
BB RAR 10 4, MERNBERE T ERBHESAMBRANRZAT, FME
S EILHESERMEA TR EE, £ LEERP, RIHENZ—H Torr BIER ™ E
NTFHRAN, XHEBEEERE, ESETEN, RITEEHE—FE UENNRK S
fi, HHBNREBTHEEZN, FERIMEETERE (R1.2),

F1.2 EHARNEMXE

mH bar psi torr Pa

1 bar 1 14.5 750 100 000
1 psi 0.068 9 1 51.7 6 895
1 Torr 0.001 33 0.0193 1 133

1 Pa 0.000 01 0.000 145 0.007 5 1

BEE: FRPRE Pa AREHEEHRANL

Torr REZEX KA (mm Hg) BRES (E%) MEMNEERMNZ—, RENEFEH
(EAREEITERNM), BRAEXAKETPH HeHERE, EXRSBEESRA
FRMRE S, BAHKERMRERENRERN, FIUH-NELRERNLFHR
HEHWML R (Torr), BT MS REMES /N 1 Torr, FIUEHHZFRE (milli-Torr) X
MY, Torr PIRARE SIHANL, HER—MERIATTHEN, ESNBESM,

KRE (FF5 atm) BAAHMBERCETERTRER, BEEZRaNEH—
AR, 1 KREET 760 #5o

BAE (bar) SKKEHMMY (BERE, BEAREEITEEN), B—Irepd,
1bar B/ latm, BE%F 750.062 Torr, BTLA 1mbar £ 1 Torr (1 mbar=0.75 Torr),
W—FEM, FTEEHESE,

EA B EESAIR Pa (Pascal), & Torr # bar SN @@ TEE E A&,
1bar #EHH T 100 kPa,

T % B9 E B Pounds per Square Inch (psi) AT “B” EEZZRSENE, HHATH
fE S MBS E, ELEPTEF . latm %F 14.695 9 pounds/in® (psi)o X~EAIFE
IRESEEPOEREER, ERAXNEE, RERS psi. EFEHN HERTE
MRZNMRSEABERR) MM FAREIRER, MARHENTFRENNE, Ukl
iREL. RN ZERESESERSE (FIMKRERK) b, EEE AR AFFETHR
(Pounds per Square Inch——psi) BHAIRFER, ERMEM FAREAMST, WARHEXT
FE, “W” (Gauge) WEBRHBEENAMRBENZE,

EN#3E (Pressure Measurement)

FTERBNE, REEHHNERFEERENRI IS . AILAEE GRS
BHEXE, —RXREATHEENNSHF—BR=ERELRSRGEENERBEXRNAS
FIRENN “BA” SENARERPXFMHEFES, “REFHEHMESIHHE

O iFEME: B Pa M. BB, atm. bar. psiv Torr FMARBEEEITREN ., AENUSNERMA
BEBEXR, AHEBBTRE, £ERXHEEPRAIAFERELE TR AL,

3



WEA R, LR NS REERRENES, BiHEl, XeiihgREs
R, KRS ERNRSHTRSBRSE, RRFN—H. S0 RB4
BRI 23RS R

BB (Pirani) EAM XFHRREOEANT —, BESH—X ELITHH
B THRYN R NHR, BT,
Bee IE BB AL, XA 26 W] LA o AR 4 i
o XM REF5HE “Dewar” WHENE
HAHREE, T REENBE, HFRHK
(PfEA A A R HEE) WL, B,
B2 O e T 5 2R 216 1 4 A4 ol £
Wo EENERESRLE (H1.2) THA
— &ML (RKH, RERM), WAL
ERLREFHRASALERERGR . 2
1 T T R R 8 2 R A AT A TE A 7
ZHRET T, XREMEFRETRMR
TR RAEST o BB/ SR>, M
LREBE. XMEBALKKE, HaHE
(BB AR BT s, WA e
: HBRENRGEMES  RBIE, MR
e EERNBHSHEANE A, 4M1071~1073

Torr, EXVWEENAKHNRFAE L, B
B 1.2 Pirani BREE ERRELN. XMREMWKIERTE 1 atm

M—4 “MR” BT #4947, B HEMEH Weat-
stone EABFE BWE, HFFNAD —IHEXBHN “HE" RLESE, WR—ER
BB RS

AR (Thermocouple) XFHIEAT —BmtE, EAMREEESERBHMR.,
HRETHIABEENWREER, BHERNEAABRRENHISEE, FUEYHTE
G, BAANERSBHILHFRAD, AREMEA &5 RRUE P R LA 3
%, ERZ SRR E KN RICR B BRI ST AL AT . e 8 R o 5
NERPRANBE ., RENKEIREERASERE SR/, e 818 E RS,
XHMBREH, TAFREENBBIKRSE. EMFR, XHALERBAMEZ, A
AR EMARE (BEESH) MUREER, EE B LRI AT+,

FABARE FA (Hot Cathode Ion Guage) FIRBFIHIEEEFHESRE N %A
JRERBIER), EIIARMNMRAN MSBERE S, FUBE X MR RS RIER
NAERKA . XRE—EHRORARM . A—KRLK=EBTF, BTY 100 V HHEE
HEEMmE. BF R NREFHRASESIFFEEERF, EBFRIEE—&HH
HERZINE, RS FERSENREL, XMRNBEY LYERENYZ &
Ko (BRFERAGETHRLTUK S, XHALTUERKEE FRE, =ERE
M TR, FIUENASERERR (B HHAKSENTEE “T20” Mk,

4



Y—mEhnt, SrARIE SR ETB M B 2 RS R AR XFHLA] AT M
1072 Torr 3| MS fEABIMBIKE 1. HFXMBEABHFHE, FU—BS Pirani #LEH
AR,

WBREFR (Cold Cathode Ton Pump) B XN BFEHETCEHALRE, BEBMS
HAEENR, FIUEXBERE, XS RERNEK, BAERRR, B aggst
R BASERE T, FREHLE1000~3000 VE “BE", 43— RASESFRIEE
Hemt, BA— BT AER EBE CFRE) e NERNSKHEETF. XN IEEF8M
EEABICEAR R 3", HRERGITZEERET, HIES TR R,
GG E IEE K B 2 R A BB » X LR SR 1 1A T L 75 7E MS RGHIE N B
oro fEREIRMEBBME, HTFEMT=ENBEFEREKR, SFRE, BRXMEREER
BIENRGFHIEREE . XFHESHRATE, FYENREHEENERAEENEE,
HFR (Vacuum Pumps)  “F” WNRFEPRESKFE S, 5 H AR RE KL
YERT, EENEERNES ZREHSRETH TREN, BRENERENZGE TR LSS
RGN W RNRGE B EHENESBERRK) ZRNTVE. T8 2EEHS
W, REBENE LI WRREEE, REEREREBTE, REENMTRIERE
BRES, YES5RERE MR EHERELZNE EF, REARERS, WERER
R, MERGEH . EHRBRRENRR “RBH/N, FRERFH—FETR. FFUE
BT MMESREE, FRERBINBMARES, MEENRGERESEWHEE, &
EESRARAX, FRREHEE., EARKMSH, APEER—BREE “WEEImmH
R M “BROTE BH. HMEERRmiE R,

HEFYMMIER (Rotary Mechanical Oil Pumps) JEHVIBMELES -LMNE, BT
EBESNT atm BEATF 1 Torr, EfINBRARENBMEBEXBINIESR 1074 Torr, X2
Lhr ERGILFAFEREE A BARNES, BVXSENEEAE, SRFEETE RN
PR LE, EHTAE - MROFE FIERER—EERRSESEL, AlESHEEx
FERNBEARGEHBABRAS . BNEIRY, MEERS, mEEEk, BHE
HiRMEEm (BH), RENTEARHES, REEELY, BERENELHER
. BARNKELEREZ TIHFZRENRPEGE, R/, RS KRS 6
g “RA” AERR. RAFHEEAASHF “HBAZEX" (Down To Air) B,
HAE AR Y EPBEERSHEAR, REERRA TENERM, Hh “BHES” EAE
AREEMREMRSEZ R T/E, HAEGEMARERERBOENZRTE, LA
“X#5" (backing) FXE, EHPREEER “XFF KEER., A ICP-MS BT e
FHEFEKX, XTKHES—BIE0.5~2 Torr Z[A], A LA R — I FE R i
TE R R XRBNRE (REE) %,

mE 5 FR (Turbo Molecular Pump) REDTEMEHMKAIBHE, TEARLE
RITFIAULES . XFPE ARG TEET — iR, EXFMRYS4D0EMEAXD “WHE” W
THREMERR, EEFERZ 100 000 rpm WEE T GEFRW) BREH 24 h AB 28
%o HMBMEAIARMAN “HH” Wi, SEFTEEREBE, IHERGE, B
NER 10~20 “FM7 MW, FUOBSTIENE TR, YRASES FEE—BRN T
Pox M “F” PWATRITT —HEL, T E WER, BIEREIWRE ‘X

5



W FERERMFRTUARZR, HRAREBNENER. BARNERERKHEL,
WRKRITTE RN, R AREEM, $AA ] HA{ER KSRGS,
HMZFE (Other Pumps) FEFH WS PRAOMBIEME, BRAEZ RS PTREMS,
R T BB RLERIER AR, BFREELEIN, ERREANEEFEHSHE], X
FRRBVE, VBRERILTERTERNE, HEER, THESERHEE “AH” (home
made), HARMERFEHMEL He ik, HEAELSHETHEN “BR”, Z/EBISEAE
BIZHEBRARSUE, HERARN T —%, EX—H EEEA - MEEE, FANHES
WEH, A, FEENETENFERLRBBESIRA MSFEREHBBEHERT, &
FEHIBFREAEELEBEH. PBRHESFARE—R VGICPMS B/ “V#E"
W RRFEAMGS B —HERIS, REAT ICP-MS, BEESZGHNERHTEA D 58—
LB . Sciex 55— ICP-MS £ L FAEBRE, REHL RE—HEE, A He kRS
FE15 K TIAE, XHRART M RPPRER, EXMEE—/ WG4 EERRIEE T,
HEGHABRRE. EASTFH. RETRILSFSHRUGIN RGBS M F

% F ¥ (Ion Sources)

FEES/DF 1070 torr BRI FlE, TEASEARITE: BFE. AHTE8F
B, BFRESERT, E—EH A bnEMRELSIE FRENY ., 220
Y, HRFBITEENBHEERESETE (ICP) BTE, HbE FEOEITHsHE
AP EEELBAR MS REEMZ S, RAMBS ., BRTRSHERBRE, AR HiRE,
BRI HONSSER N ERAEEEN,

ICP ICP KYLIRBARRGHNE FR, A8 AN EFRINETFEE,
752 20 tH42 80 FERPHA B BBRMIRNER MR ASET SR FERBA - EE K
BUENARAEERENES RS, ICP RREFNETFE, HXEH 8000 K AHME
B, RERETRHRAMERRE, E— I BNABRKNEE T, b FmEyE
AR TTR S AR AR S AN E A TES RS HRIF A MR TE, Sk
ICP H#EIE 100% BB . H—FiE, FAMESL FIEEHE () TERTLIEE, HbxE
Bk, Bx He. Ne #l F SMITA LR WHER RIS TINESD), BERPABERENNEFRE
BRETE TR ERBE AN R AR IR . AR P ITA TR ORI BE /1 FUR BRI e LUB IR
o

#O (The Interface) KRSEM 1075 Torr Z KO AR F—5 B ERMBIEW,
ENEER M EEE, F—F$RESSBERZ FERYAN 1mm K/ (B 1.3) #EK
( “suck”) FBFHE, XPMEBMRES (sampler), —MH Ni ), HETBE Al. Cu Hl
Priil, ZEREBERFWRFUHUFREBENSEE FEAELISER . FERHREG
tE, BAERH. HERESHUIMNENENKSEAR 0.5~2 Torr ZIH (WiE 3 4
BEY), AEZHERFEER, ENZEAR (FE) WILEBRHER, KERKSS
WARMNEARMA T BEFRL . KEBHSEE BB (cean out) MAMBIH, H
M B HM AR AT DKL, RITMERREEARMTEEERK S, RERSHRE S
(BRKX) WEDRERMOSEREE, B RERNSERMEHTREM 1~2 L (BB
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Y 100 % @8 X A/NML) , GBI RAE R BT E]E SRR B E o, T RA X
a7 AT AR R RO T R

HEHE

<« =HHE

E 1.3 ICP-MS#D#HxEE
B THRBE REE”, REEE - BB, HAL DRI

RFEERIEL) 1 em B—A/MLERMMEE . X MR ERIE (skimmer),
FRBIER T, [EEL 1% MR . E1X— 8 ERSE TR, EoREx
HEERS (B TRAKRER), FEFEDOE FIHREERERRSHBES (“frozen”) T
fBLRS o ARHRARJG I TR SR 2 10 % Torr, VRN RAERS, XME—MIE Ni, AlFICu, Pt
WAl B, XA DA )y FBE R 3 SRR IR R TR A 1 . — i, (AR
&, IS BRI R SRR, H S — R X

B G T AZA 53— 0 o XATF O AT L HCRBE SSRGS /ML K8 £, B
AERIVERIRS B TAET 10* Torr i X A1 TAEZE 10° Torr SUERIE X IR, XE
SRR AR X, S AR RS KM BIE S R AT REE — M N ) B2
X, AN EES DO R B SE [ AL R LR 2

FERIAR G RAF KBS, FUREETRE-NB/MISLEM . ERRNESTER
R4, HEfREERMEA. FEE (donut) AE B TR LR, MBS s
A BT (dises) BUPIMR. BRBAEB FHRSL, X “BE” BREREH LT REER I
AR B R AL T . XA A AN AR MNEE, BT RERSL, FUESE %
Wk, FTREAARIM RS, EARZRBEE RN THREII0ERE, d—aE s, A%
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BHRERSBRTHE-BELEE TENEERERFNESEEEE., ARIBEGEZHEK
HEXATREMRET ML, BIREERIFMICE, NRAER, BEEION. 5
AR E, FAERMBERREFSHEREE “THEEM” (trade off), BIEAERAK
RREEHE BTN, UNATEE, R SR, SREABE FREE, B
BAN SR RTFEEE B FRME R AR, B/ Rt (REE) RENEFER,
N R RESA BT

AR AR (Dynamic Reaction Cells or Collision Cells)  5h75 5 iz th 2 flf
R BT ME] ICP &K, BRHW TS EMCRE . BRI AER MS 25
MEE, —BR “=ENEFT” (triple quad) M, BF—59 T K ALFE D E WUERAE+ &
A, ERIEBIRNAIED—EZRFET, SFEFLAN TR Fe TERMEN A0 KR
BE. wAARY, ERIMPEFRY “HBL” TTEERMCE LR, X H T2 HE
BT ERZ GOV ZA, REEANRAT . AT, ARFFRANRIY, bR
R B AT LA o
HAp®FIE (Other Ton Sources)  7EMCIR— TGS MS (NP R R T, FiEExt
BB EFNEEIFH TR A XS TR, Wik E & 8T Hh
B, BHHEREZJNETRITHERNME (K. B. BREEFH), XL, EELHS®
HAFRRETF . BAENEFRIABETRNIIE, £ MS FIEHL MS S E4 £/
B IRELN . FEUBR L RHEAE TR, BREV MS REAZFXLN, BRIISMT
H FAB (RRBJFEFEd) WE Zn MR LK ITHEHS ICP-MS HH1E T A, hmE
(CI) ABERL FREBEMES, T EZATAEIMS, BRLUBFTEIMS, Fif MS 5%
A E ]I ETERMELR LA, B—REMUESER I E RTS8, XK
PR (B, BHE. BEH),

AL MS USSP REARTFRE (ED, EIRE—& MSIUBHNETFE, Z40
R—M™ERTFHRHEATAEANEAR, ZEIH, FREHEREENHEFIRREBTES
R, XRME “RERME” RSUFTANER, BUNBRSHES (H. CO,.
N;. SO, B SFs) 1 H, C. N, OM SHFENEK, BTHERAPEEEYRATHRMER,
RREARX XA LR LR, BRBTREIXETENETFEE,

AEH (Thermal Ionisation) (TI) 7EX BAABERBIMEE, HATHHITHER
PERTABSE=AMFNRRAREREENE FRZ—, TIMS HF—BFRME
AR (F¥BIR Rb/Sr. Nd/Sm M Pb / U) BARKMHE, JEkRSHHK ICP XY E—Ffh
Fo £ TIHEPHRBEEY | mmx 10 mm KPR ESBHRZ L, SHYERL FLMRET
ERERAEHBERHEBRNIB RN BEARE, Hh¥ “BAR” (magic) EH, BIErR
B ss, BFRINRL ERHERSME, NEPmEENE, BRIEEEST
XFE TR E, I T ICP f TI BAEMFEMN A FWER, heBERT
2 000 T ICP IR £ 8 000 T, HT TI ANEHEEETEEBFHEENER. i
R3PS RBEX TI RARBE, WXt ICP BN LEL, Bl Hi/Lu XN EEHEE 4
RGBS A ICP JE, 8 TIRIREE,

B R5H8 (Mass Fractionation) FE/MER— N EHEHNE, FRESERRE
o FEXBEBRBSBREXARFE TIHUEININR, HREY TI LB MR
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