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W OE: RSUHY T AR BB A 25 B PR g 5 (inductively coupled plasma-mass spectrometry, ICP-MS)
H BB AR bR, BEAR T ICP-MS 5 E41% ik (capillary electrophoresis, CE). =% AH i (high

performance liquid chromatography, HPLC), ‘S {4 (gas chromatography, GC). B ¥ {4 (ion chromatography,

IC). ¥ishiF 4t (flow injection, FI), Hi#Z& & (electric heating evaporation, ETV) . k¢ (laser ablation, LA)FI

AL %A (hydride, HG)IK FHEARBIFEBERE, X2 IR FH R W Re 5 B 0 FHHEAT T 9H, d 5 0 L S 5
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Application progress of inductively coupled plasma mass spectrometry
hyphenated techniques
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ABSTRACT: The recent development of inductively coupled plasma mass spectrometry (ICP-MS) hyphenated
techniques was reviewed in this paper. The hyphenated techniques such as ICP-MS with capillary electrophoresis
(CE), high performance liquid chromatography (HPLC), gas chromatography (GC), ion chromatography (IC), flow
injection (FI), electric heating evaporation (ETV), laser ablation (LA) and hydride (HG) were summarized, and the
characteristics and applications of these hyphenated techniques were summarized. The development prospects of
ICP-MS hyphenated techniques were also discussed.
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ICP-MS HA R . T4 K RIK . LPETERHITE
A AT R B A A A, IR AL ST T B AR T AR
PRy, PRz AN T BT . BRI L g
Br . WA Tl FIAE P BE 25 55 0, 76 4 ARt A B AR op
AT LR Z s>, ICP-MS B 76K R4 0t )12 1
FAS), A ICP-MS 5 HA AN 55T 06 P AR (1 £l ke sk
IS FIYE AT 2R0A, JEXE iR RS A T e B

2 ICP-MS BB AR

2.1 ERERK-BREBEFETERRIEE

E 41 % HL Pk (capillary electrophoresis, CE)HA 43
s . BN, TR RESL A 1A TSR BRRE, AT
SrEMEIRE T AEE TSR Ry T, £
ERTHEEMENG T REDE, W] LUk G 3 &

T4 B A TEALB 40 e R — R BRI TR,

HOr s s BANE AR 2 B IKE 1A R DGR R,
IR 7% B v SR O R 0 X AR AT A I 43 AT o
CE-ICP-MS(capillary electrophoresis-inductively coupled
plasma mass spectrometry)Bc [, R4/ —F WA, H
TR B ROC R ERE SIS S, & —FRa
(AL pY oAl a7

{2735 CE-ICP-MS B FHH AR T —Fi [l
ST 6 45 (Cr®), 3 frdik (Cr’ ) RNk iE iR % (CrPic) Y
J5ide, RIS TR R R B, AT AR A £ A P 4R
B %A G SRR IR VA T B i REE TTIS U, TR
20 min WA A BONREE P RBUTETESEEY, I
HARSHMASE RIS . Olesik 251815 it CE-ICP-MS B4
RISHEAET CE 5 ICP M ki, AP0 T 5k
REME T RR AT A, KA B RS e o, L
AR B S8 A S U BOR, TRUE T B AN T I A R A
BRI PR, Hm O o B 1T RIE S . SR AN
Y. BRESAGDIES, T CE-ICP-MS [RIIE 6 Flri
JEZ5(AsC. AsB. As(Ill). DMA . MMA . As(V)) 51,
FHIHG 53 P R o ol 85 A T, R B AR s s
BOEAAEAEZ AsBo PP AR SLTHFER D | RIS . S5K,
DT S BRI RE L R BOR
22 SMRHEGIE-BRBEFEFERIEE

w5 A W M 5% 3% (high performance  liquid
chromatography, HPLC)EL A /B30 . i . i
SAIVE R TEIZ . REIFIES 43 B 2R B S A, AR TR
{631 (gas chromatography, GO)Ifii &, HPLC & 8 T T
RIEASr, B EREEM 24, T HPLC 133l
AHIEH & — & WO A HLE R A TTHLE:, X ICP-MS
PERERGE . SRAFHEFNAEUPCHE IS BUE 28, FRAR T 20 i) R
FERRRE M, SR IE BOTE R RS B DRI T e . H

HPLC-ICP-MS B AT 3 %N Cy M Cig W1
WIRTEAS, WEAR pH 7E 2.0~2.5 0 40 88U iclr, (A
Kl 4 A i 5 ar . BT, REIRSEU I UCR
F Dionex Ion Pac ASII (A 43 B4, LAk 52 i
A B KRN E RS, T HPLC-ICP-MS [RHHI 2 & 5
HOICHLR AN S LRSS 6 FINIRIEAS AT vk, & WIFAy
A R RN — B A = T R R R AR L
IR TR E AR

TR T IR A B SR 7K (GB/T 5009.167-2003),
RBET LRI ZER B0 HPLC 5 ICP-MS BRI, R
T ZE O 28, Cog BIAHZE UM KR 0.45 pm 7K
FRUESE, UL PA-100(250 mmx4 mm)BH B T @ 15454 5
TRIEA, 50 mmol/L fiffR%k H i shAH, Wik 1.0 mL/min; i
FEARFL 100 pL, 7E 2.0 ~ 50 pg/L 75 Bl N L B0 R a6
R, R AR TR R R 0.64.0.80 pg/L, 75k BN
89.0%~108%, KB 0.87%~5.80%, Z5HBFM, %IT R
LA, R . T, JUHGE T ARG 2R R
B SR B TR FRERAG I SR . #7920 T IR R R 11
WS PR TSR A TR F B, MBS F /N2 Ry L ThRY B
LS AR AR SR K R IR R R ARG
23 SEGE-BRBEEETHRILEE

SAETEGO)ME A THIER . Gy N,
5 ICP-MS BB, 7] H G AR A ICP-MS, T
B AR, BRI RR R 100%!1; AT B R
VRN, AT ARAT AR ARG ARG s R R 4 A Tl e == U, g HL
REA RCHL AT L B, W/ T, D 0 04 SR o R L
BB IS L. {H GC Fl ICP-MS 7ELRAH-E i S hr i F I 4
R SRS By LS It P42 1A 75 P 2o i i o =X
kWil GC % Hh e DAL AR A5 . H A EZ T
IR AL TP LY . A MR A HLE LS P 20 b7 -

H AT 2 Tl Vi & R, B UK T 22 H i1
MRS R oA E . Wi, #5728 IR RR L
FE R HT X 2 7 R A s LA R L R
GUODR B UERE, BF9E TS ERE (GO MBI R . 4
it LR R £ 5 B AT RS (ICP-MS) I BRI ] L 380K
Vi . S R Ak S A HT R B B M g,
T RS OIETIRELEN GC-ICP-MS ik, 45
KW, GC-ICP-MS 4 BB A RIGEE G 205 Al 2 BeExt Ak &
SRR T, B Rk, mERE . SR S Ui
FRIENRCR ) 94%~106%, Bt AAE HBR A 17 uL/m’.

£ IR — K[k (polybrominateddiphenyl ethers, PBDEs)/&
—RARERMERA IS Y, TR . BRI LE
AW B R £ 32 T FELAXT IR EI AR5 8 PBDEs iF
AW HAT B Y, Novak Z5LRFH GC-ICP-MS BEH
149 77 1 %5 PR 7K RE Y 6 4~ PBDESs (19I5 J5 B AT 1 43 #T,
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HF GC {UE M T AR S P AL 28, X T
MedE R Y R 2 A AL A ], Iy DA At B R
H L, GC-ICP-MS (141 FH T FE AR A 4%
24 BFRIE-BRBEEBRTARILEE

B Ffi%(on chromatography, IC)/&—Fh 3% H T =
F U o 8 WO B vk, AT LA T i L SR A,
HAlLLS AR B ARG TEE ST, BATEF
TS AT AT LS EUE DL . PR B R . B
YT B MAE, I FIRH E 240 43 F0 43 A [
LGN, LB Ak, TR T 2 i 205 s mn =AY
A TEMA RN, 5 1ICP-MS BT S 58 42
HERPE PRSI E AT

ORI ZAE T AR AT, B—FaEthRiEmny
BT, [FEFEA SR, AR TS RRK B YR A
by, BRI P e ST R R
Yo ZRARERYE S T IC-ICP-MS B AN E KA 4
PG HraAasd)) . 5 ArifAs(V)) ., — HF &
(monomethylated arsenic, MMA)FI — H E:5#i (dimethylarsine,
DMA)) WY Jy ¥, 383 SR 520 2 6 20 3 i FE A R,
BB T XS ARG A Y 438 A E B 2k . BRIGSE
U R T 1C-ICP-MS 43#r T 4K /K Y Cr(I Al Cr(VT),
K FH EDTA BB AMRGEIR, SR T =R B i R 45 (AT
R A BEAL, FIF IC 4388 2 RN 555, ICP-MS I fIR vk
RO%E, THBR TS —BR(A carbon hydrogen, ArC)FI&-&-A
(C1-O-H) 4, S nfEaf oAl £ 7% “Cr, L3 Tk
FKH 3 M8l 6 Mk IR o 1T o

AN, HRar AR50 ] 1C-ICP-MS B FIH A, WE T
A maIES, RAT CBRITEEN . FAHERBUY T
Ab 38 7 VL SR T WA v T ATLATG AT 4G 2 SR R (SeMet) 1y 1
Wk, MCRAZFE GRS RO . 8. A8
JU AT 2 2B, R SR HUE I S A (reverse phase, RP)[E
THEEBUAE BR AR, ST EUM A ASRIE AT T 404, 418G T
WP R A o 22, IC-ICP-MS il 2 & Z4 LA ol gt 5
TR Hr iR BEHOR L .
25 REES-BERBEEEETHRILEE

WSS (flow injection, FI) 5 i dhREHLE . Eisk. &
BRSSO (S . e e S Y N 175 0 T A 0 I P A R 1]
., FI SEFEIAE SO AR (S Th i B I R, THARI =D, I
57 ICP-MS MR A HLIF ke il rp R 20 7 A 1 —
FONERT RN AL BN 5 . U, e v IR HLEEAR
W R A A B IO R B TR RS I 5 N v R VS 5 | P
JE b4 — A [l LA AR AL AL R AR AR M R G
HEE T, DD T XEEREE L AR AN L A A T Y, AR
AR & T AT R R AR . RTAEHE RS BT . H FI

B R TCIEAE A A, AR AR (A

THEPUEH 20U MR R ERRS, B T Hsh
T 55 - H JRE 5 55 0 A BT 1 0B T 0 s ) - A o
H . TIERE RSB AR, FELL UTEVA Wi
LR WIE A4h, 0.2 mol/L HCI WAl G, T 1Kl i o S
AZ IR B A 4 B RSSO E R A E Lk, S
R S Rl A R 2 L R A v A % - AR A
HIoHT, BRUE T Pk AT, R SafrE—5. %7
WX 28U R PU BRI BRS:50 5.4x107° g il 5.7x107 g,

AP TE T 2 REE R BRSO, 454 FI 52
WY ICP-MS WARFH ALl B EAE . TEULEEA |, B9 T
HEA ICP f T4 X X ICP A8 M B A HLVA 37 4 Je ik
TR/, F5E T HRERS RBUZRCR, ik
TR, 8T i FI-ICP-MS EL#:05E I Pb Ml
Cd Wik, NHAMIE IS gk &G Z Ik 4 BT R
R vTE Rtk b e
2.6 HBARRL-BBRBEFETHRIEE

i, #1428 & (electrothermal evaporation, ETV)J&—Flifif
ERHERERR, 36 G B R TR IOGIE (graphite furnace
atomic absorption spectroscopy, GFAAS)F H BG4 B 1
R F & B % 1% ¥ (inductively coupled plasma atomic
emission spectrometry, ICP-AES) & I &, IRFEIRFED,
fiReRs, KRS, ArkRIRotR, @ik ETV 1R
JEAk, SR BRI R AE TR, s #1225 0k
TIPS A (B ge SRR, AN BEA i 2
MeVE 4 JECE (Zr. Nb. W, Mo, Hi %) sk m il 7 41 58
B IR R R AL TR (N B Sh)FF

IKIPVR G 5T T ETV-ICP-MS B A, a4
BT R B O R R R g, RN, ST [
PRFEFERE B 5 ICP-MS 1 HR Ik, JEAIH] ICP-MS 19 2 0 K i
TREST, HIREI T B 22 H T AT R M B8 (Zn) 1
B(CAICRMAE S, #37 T ETV-SS-ICP-MS [R] K 4 7
i PR Zn) MK (CA) T3 vk, W2 TR il h B8 )8 Zn Hil
Cd PRI 753K o

A POR I - 45 T TiO, VR rh s 27 4k
JEE, JEXFIHEATT X R AT R R . B T I
X B4 B R AT R, AR ZE ISR IR Y
pH K 8.0, 7EHiFEH A 700 r/min FAEHL 30 min, {515 100
uL 1 mol/L HNO; HEATHEWE, TEMCEERN bty v 4 fbsk
(TiO,) ¥ 7 rh s A Y i R AL S AH AL B ETV-ICP-MS BXH
W72 PR BT /KR R 2 4 8 (9 i o
27 Bk R ERASE TS

Motk (laser ablation, LA)JE 20 42 80 4EUAK 90
SERANTE B —Fi B B 0 A A B R, t gk beih ™
e e S E AR R ST . 8BRS R W S S TR R
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TP FIRR EE RS TOC R L T . AN R
SR AT BE, YRR SRS, HAgPs . SCAT . nlam
Wi R, EXT TR B RBarA B kP 5
ICP-MS B, W LAFR 3 &4 2 PR IEH, $Rm R .
PR . [R] ESFAG 2200 %%

FEAARHA AR 7 0 LR P Ao A e o s 1) JR] BB ) R 85
FRORR ORI, X SRR ) A R L S RS L TR
PERA AT GRS ER . Bk, 0k i sk
Bk TAZARRE . AGIE | A% PRI W 45 4505 B B A R0
M BEPA TR AR S T AR B Al 4 TR R ALY
SR, SR FHRUH B 26 AR UL e &, DRIk IO be
T Z2 B ISR B 5 B IR T RS (IS 1T S50, bR HERE &
A& SCFAG IE BT B A3 R AR I B A I AR, e T RAR LT
WK B FR HEY) R CRM124-1, GBW04234 Fl GBW04238
PR K HME, @577 LA-MC-ICP-MS & 4l ks 4y
t Pb [N K (%Pb, 7Pb FI %*Pb) FLAEAYINER Jr ik, MSE
PRANTUR IR S TR T H R FBEPY,

EYENNEE TR S S T 2R EY LN, §
5 — Sy g 0 kA kR YIM 5L . a0 B R 2k B
(Alzheimer's disease, AD), B9 % Bl AD & K i UT R BE
AR ROAT . AL BB D R BRAR AR W B 2 B
FEIRTFAELLY . AN [ AKF_E J5AE ST A R i ik
ROCERIMN T KRB 5 3 T LA-ICP-MS
JEAL A AT A e S 30 BRI U R B 20 i
G R BUR AT o 2T 0 B AR oM T ERREST 3
iy cd, P, S, K. Ca. CuflZn 7 FiCEK, 348 THY
LA IC R AR I R PN, TAEYIY) A Fe
JCE W R AL E 54T Ok, N AL R R L N A T
LA-ICP-MS K% 5 o
28 SWHMASE-BHEBEFESTFHRRIEE

SAkY) & A (hydride generation, HG)J&—Fi k22 44
KA, JE BRI T BR B DL R S S AR T 1A
Z—o WA T R AR P AT A RS A
i RetE, R BT R SRS . S
TSR TRT B, B R b, I I A 8 R, Wl S8 B B Ak
H5 52K . 5 1CcP-MS ], At va ik & —
ICP-MS Xt B e mon EME N FHm . REEALER
e, LR BRAR, P 52 240 3R R ik R S
B HE, (I A A2 B R AL R A & A R 5
i, SR B AU B TR B T,
FIE As. Sb. Bi. Sn. Se. Te. Pb #l Ge A #H &M
Ak, BAORULRE—FMRA KRS .

fER—F A TR ITER, Se(IV)Ik 5@t & Y5k
B, MR RS R R, e Y
Se MM A AAFFEHRE ) L BR AL 2EE IR | ST RS 5L AL A W ik
S HAEE R WM T AL sh HG 2

5B ICP-MS B 7 vk U i R 4R 7K Hh e HLATAfy
BRI, SO T FHOTEK, kT RFE N BRE5SH
Se(VDif JFRLRFFE 95% L b it [a) 45 A4 () B8, W] N7 FH 1 vEHf
W E K L T T XK L K EE AR K ) Se(VI) AT Se
(IV)HeE . eAbh, (HEFS DR A HG-ICP-MS B, A
i 25 Ak R PR B i A R -1 AL R - EURR A R
TH A, I L R AT

3R B
ICP-MS HLI A AR T AE K B 20 R T 40 HT 4R 1
GO Sl RS T AR R, BRI T

SR, TN TR AT R IR T LR
{HEICSHTE . BT 7 A i5 3 A (U0 PMy 5) L iE
Fo WL AR LA Kok AP 5 i AL D T BE AT B S TR R
ICP-MS I FHH A SR AW T SUORE O EE X 2 i A2 o 2
P9 ICER AT AS e 2 e 7R )

FIHI, ICP-MS 55 AR FHE A (9 [ ZEbR e Tr ik
AR R, ASIAT L 5 AR FE AR A T A R 2
it fR DA Il (R, X AR THAGIAT Ml AP g — LS,
SR TG MK F-LRE RES I — D F T, HURASRAEA
AR, F R R 5 T

Bl Bk 22 R B AN W A i, B AR S )l ) S A
THE%, ICP-MS Wk FHE A ) & bR U 3 R IIRAERERN
REAL A B I S e, [N, o 2 gk e BN A2 2% 1) B XE A
7 ] 14 25 RS A 3] B 1o P 5 A i

SE

[1] Adrian AA. Inductively coupled plasma mass spectrometry(ICP-MS): a
versatile tool [J]. J Mass Spectrom, 2007, 42(4): 419-427.

[2] Grotto D, Batista BL, Carneiro MF, et al. Evaluation by ICP-MS of
essential, nonessential and toxic elements in Brazilian fish and seafood
samples [J]. Food Nutr Sci, 2012, 3(9): 1252-1260.

[3] Reidy L, Bu K, Godfrey M, et al. Elemental fingerprinting of soils using
ICP-MS and multivariate statistics: a study for and by forensic chemistry
majors [J]. Forensic Sci Int, 2013, 233(1-3): 37-44.

[4] i, SRS WU AF B TR A (ICP-MS) R B T (1]
B ETCHLMTIREE, 2011, 1(1): 46-52.

Feng XJ, Qu TY. Recent application progress of inductively coupled
plasma mass spectrometry (ICP-MS) [J]. Inorg Anal Chem China, 2011,
1(1): 46-52.

[5] BERUEE, 2522, MR, % ICP-MS A»Hrii FIHER[]. 2k,
2016(6): 731-735.

Jia SZ, Li CA, Jie T, et al. Application progress of ICP-MS [J]. Chin J
Anal Lab, 2016(6): 731-735.

(6] #M, duklfE, 2B, & IS & A5 R TR BB TR N Tk R
[7]. BULER S EST, 2012, 18(5): 1-6.

Yang F, Meng QX, Peng ZH, et al. Application progress of inductively
coupled plasma mass spectrometry [J]. Mod Instrum Med, 2012, 18(5):
1-6.



oM

APHPE, S LB G A B AR TR IR BRI i

3407

[71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

falnl, Mgk, ARG, SEF CE-ICP-MS HHHEA BRI (R e £ b
PREIE S AL G W IR [CL 2 G2 AR R 2 A R 2,
2015.

He Y, Chen JF, He FF, et al. Study on determination of chromium
compounds in health food by CE-ICP-MS [C]. National Chromatographic
Colloquium and Instrument Exhibition, 2015.

Olesik JW, Kinzer JA, Olesik SV. Capillary electrophoresis inductively
coupled plasma spectrometry for rapid elemental speciation [J]. Anal
Chem, 1995, 67(1): 1-12.

I, T B K- F B & S B PR BRI T B AR S R
ATEZSHG . AMEMEAPD]. FHMH: M AAE, 2011,

Zheng JP. Determination of selenium, mercury and arsenic compounds in
different forms by capillary electrophoresis coupled with inductively
coupled plasma mass spectrometry [D]. Fuzhou: Fuzhou University, 2011.
BR&oE, ML, F&IT, S B IK- g A 55 B TR
T rp Al A2 A 0] kil 2 506G 2 M, 2014, 34(6):
1675-1678.

Chen FR, Zheng Li, Wang ZG, et al. Determination of arsenic in
landianmajiao by capillary electrophoresis with inductively coupled
plasma mass spectrometry [J]. Spectrosc Spect Anal, 2014, 34(6):
1675-1678.

AETR, BiRA, 832, %. HPLC-ICP-MS ZEZRIKFH/HT it rh I HLAR
AR AT D]. & Tk RHE, 2017(4): 68-72.

Xiong J, Tan YL, Gong L, et al. Analysis of inorganic selenium and
selenium amino acids in food by HPLC-ICP-MS [J]. Sci Technol Food Ind,
2017(4): 68-72.

S, MR, B2, 55 BOEEI-HPLC-ICPMS B ARLE K
il it B AL B BOR S 0 b B IERE SR (7], B AR, 2014(5):
282-287.

Dai X, Lin XN, Zou XQ, et al. Determination of bromine in rice products
and expanded food by microwave extraction-HPLC-ICPMS [J]. Food Sci
Technol, 2014(5): 282-287.

AR, TREHE BREML S RS R HBRE TR RS
RIRFFEIA ], BABAER: 1250 0E, 2016, 52(11): 1359-1364.

Wang ZY, Zhang HK, Chen SM, et al. Study on the analysis of element
morphology by inductively coupled plasma mass spectrometry [J]. Phys
Test Chem Anal B, 2016, 52(11): 1359-1364.

TRIEA, SRAE. S G351 B 5 5F 2 TR R/ 503
B B FERE[T]. FRAEAS 3 Ak 2% 50 0E, 2009, 45(9): 1132-1137.
Zhang HT, Zhang LX. Progress in application of gas
chromatography-inductively coupled plasma mass
morphological analysis [J]. Phys Test Chem Anal B, 2009, 45(9):
1132-1137.

B E. FRE M DR SR BUIR B s (1], v E A AL L& AT,
2013(9): 56-59.

Qlan BZ. The development status and trend of ethylene industry in China
[J]. China Petrol Chem Econ Anal, 2013 (9): 56-59.

KPH, B, BprE, % A GC-ICP-MS ILPudiilE 2 iR
LA AR SR, 2014, 32(4): 350-354.

Song Y, Zhang Y, Wei XY, et al. Rapid determination of trace phosphinein
ethylene by GC-ICP-MS [J]. Pet Technol Appl, 2014, 32(4): 350-354.
HABRT. - BUI B ARAER AL M5 K P43 3 b i (D). 0
IRIEE: WAIRIEII TR, 2016.

Zheng WY. Application of gas-mass spectrometry in the analysis of

spectrometry in

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[27]

(28]

[29]

volatile components in plant leaves [D]. Harbin: Harbin University of
Science and Technology, 2016.

Novak P, Zuliani T, Mila¢i¢ R, et al. Development of an analytical
procedure for the determination of polybrominateddiphenyl ethers in
environmental water samples by GC-ICP-MS [J]. Anal Chim Acta, 2014,
827(3): 64-73.

Licata P, Naccari F, Bella GD, et al. Inorganic anions in goat and ovine
milk from Calabria (Italy) by suppressed ion chromatography [J]. Food
Addit Contam A, 2013, 30(3): 458—465.

BB, RIAF. BT O - LR G S B T AT (IC-ICP-MS)
e KR P RITEAS[D]. 2B ST FE4R, 2013, 8(2): 280-284.

Li LL, Zhu YC. Determination of arsenic speciation in water by ion
chromatography-inductively coupled plasma mass spectrometry (IC-ICP
-MS) [J]. Acta Ecol Sin, 2013, 8(2): 280-284.

Mo, Aoz, BRER, 45 BT G- R g A5 B T IR BRI T E 1R
RSP = MRS R T]. Al HLAE, 2012(4): 127-130.

Chen G, Lin L, Qian C, et al. Determination of trivalent chromium and
hexavalent chromium in drinking water by ion
chromatography-inductively coupled plasma mass spectrometry [J]. Agric
Mach, 2012 (4): 127-130.

MRSL, PMERE, INIREL, 45 B (-l 5 45 B IR BT R I
Wik TR AS[T]. BRI -1 40, 2015, 51(9): 1227-1231.

Lin L, Sun HB, Sun JH, et al. Determination of selenium in milk powder
by ion chromatography-inductively coupled plasma massspectrometry [J].
Phys Test Chem Anal B, 2015, 51(9): 1227-1231.

AL, EIRIE, IMEESE, SF. BT - AU B G A5 B TR BRI E
FUBHSRIEASD]. AE5 I, 2014(3): 390-396.

Li L, Wang LL, Sun HB, et al. Determination of mercury in milk powder
by ion chromatography-inductively coupled plasma mass spectrometry [J].
Rock Miner Anal, 2014(3): 390-396.

SRR . R i 5 - A6 8 TR S B R s v h 4 JE JE R AL [D].
Bt BLMITRE R, 2012.

Hao Li. Micro-flow injection-plasma mass spectrometry for the direct
determination of metal elements in wine [D]. Hangzhou: Hangzhou
Normal University, 2012.

Lara R, Wuilloud R, Salonia J, et al. Determination of low cadmium
concentrations in wine by on-line preconcentration in a knotted reactor
coupled to an inductively coupled plasma optical emission spectrometer
with ultrasonic nebulization [J]. Anal Bioanal Chem, 2001, 371(7):
989-993.

FER, BOKNI, TRAKIE, SF. 00T - SR B A s A B R 43
Br SRR BB T]. BEEAR, 2010, 31(1): 34-38.

Wang C, Zhao YG, Zhang JL, et al. Flow injection-inductively coupled
plasma mass spectrometry analysis of uranium in soil samples [J]. J Chin
Mass Spectrom Soc, 2010, 31 (1): 34-38.

O, RRRNE, KA, S Ok R R e
FREYRISRL]. AR b EAAR, 2012, 33(9): 1957-1963.

Hao L, Cheng HY, Liu JH, et al. Determination of lead and cadmium in
liquor by micro-flow injection- plasma mass spectrometry [J]. Chem J
Chin Univ, 2012, 33(9): 1957-1963.

Beres S, Thomas R, Denoyer E. The benefits of electrothermal
vaporization for minimizing interferences in ICP MS [J]. Spectrosc, 1994,
9(1):20.

TRYE. BRSSP B R AR I R A it R



3408

1 i 2 A iR AR I

1l 55 8 &

[30]

[31]

[34]

[35]

[36]

[37]

[38]

[39]

FIEEIGBIFED]. dbat: shELRRbE

Zhang Y. Determination of zinc and cadmium in agricultural products by

,2016.

electrothermal vaporization of tungsten coil inductively coupled plasma
mass spectrometry [D]. Beijing: Chinese Academy of Agricultural
Sciences, 2016.

FAE, frds, BRI, S5 AU BRI P s e R AR - AR K -
FL IR B 45 B PB4 BT SRS AL R B R (0], ST ik,

2015(9): 1313-1321.

Wang F, He M, Chen BB, et al. Titanium dioxide coated hollow fiber
membrane  micro-extraction-electrothermal  evaporation-inductively
coupled plasma mass spectrometry analysis of trace heavy metals in
environmental samples [J]. Anal Chem, 2015 (9): 1313-1321.

R, Ak, WREME, G WORBE GRS - S S S e T R B I
FHEAAE M BT H7 o B9 T [9].  EEALAS BT L4, 2011, 33(3):
212-218.

Tan J, Guo DF, Zhang YH, et al. Application of laser ablation
spectroscopy and inductively coupled plasma mass spectrometry in
geological analysis [J]. Chin J Inorg Anal Chem, 2011, 33 (3): 212-218.
Balbuena A, Davila JA, Reynoso E. Modification to the z-scan technique
by widths measurements [J]. J Phys, 2011, 274(1): 12139-12145.

A, A8, R, 55 BOEbe -2 AR S TR B
SERIBURIY R AR HUAE]. ATk, 2015, 43(5): 703-708.
Wang W, Li ZM, Xu J, et al. Determination of total uranium isotope ratio
in uranium particles by laser ablation-multi-receiving inductively coupled
plasma mass spectrometry [J]. Anal Chem, 2015, 43(5): 703-708.

VM, A, IR, AR WO - 2 R B £ A T TS
72 Bl AORL Ay rp B 2% 3 R0 R BB ). A BT Ak, 2016, 44(7):
1053-1058.

Wang M, Li ZM, Xu J, et al. Determination of lead impurity in uranium
particles by laser ablation-inductively coupled plasma mass spectrometry
[J]. Anal Chem, 2016, 44(7): 1053-1058.

Miller LM, Wang Q, Telivala TP, et al. Synchrotron-based infrared and
X-ray imaging shows focalized accumulation of Cu and Zn co-localized
with beta-amyloid deposits in Alzheimer's disease [J]. J Struct Biol, 2006,
155(1): 30-37

SRICH, ARSI, EHF e, 55 BT HOER - HUSHE 5 A B TR
TR AEYICRIRBHT]. HTEE, 2016, 44(11):1646-1651.
Zhang XY, Zheng LN, Wang HL, et al. Biological element imaging
analysis based on laser ablation-inductively coupled plasma mass
spectrometry [J]. Anal Chem, 2016, 44(11): 1646—1651.

WHLLE, AT, RH, 55, WOCR - i JRE A A5 B T R T I
RS HTENEST SR Cd P S, Cu 55 7 BIILHK[IT]. 04712, 2014, 42(3):
355-359.

Yang HX, Zhao LH, Gao JX, et al. In situ analysis of seven elements of
Cd, P, S, Cu in Indian mustard by laser ablation inductively coupled
plasma mass spectrometry [J]. Anal Chem, 2014, 42(3): 355-359.

R, EZE. (AL -HO R - R R & 45 T IR B
R GRE S P OTR ORI AT K, 2014, 42(4):536-541.
Feng LX, Wang J. Determination of iron in tissue samples by isotope
dilution-laser ablation inductively coupled plasma mass spectrometry[J].
Anal Chem, 2014, 42(4): 536-541.

MM, #isE, R, 5 AR ERR Y 1CP-MS I FIHOR A ERE[T]
I %A T, 2012, 39(17): 83-84.
Liu BB, Wei L, Lv H, et al. Progress in the hyphenated techniques of

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

hydride generation and ICP-MS [J]. Guangdong Chem Ind, 2012, 39(17):
83-84.
Hamilton SJ. Review of selenium toxicity in the aquatic food chain [J]. Sci
Total Environ, 2004, 326(1):1-31.
W, R, KIS AR TR RS A TR
ST E KKK P AN ZS ). 2 Hrfk#, 2014(5): 753-758.
Chang Y, Qu JG, Zhang RF, ef al. Determination of inorganic selenium in
natural water by hydride generation and sectorial magnetic field
inductively coupled plasma mass spectrometry [J]. Anal Chem, 2014 (5):
753-758.
M, ARy, EXE. AU R A -G SRR RS
T D AE PRIFEAE A PR AN D], BEAL A 38k 24 40, 2015, 51(2):
157-159.
Fu HM, Zhou YQ, Wang QH, ef al. Determination of trace selenium in
environmental samples by hydride generation-inductively coupled plasma
atomic emission spectrometry [J]. Phys Test Chem Anal B, 2015, 51(2):
157-159.
BEW, OE, Bke, 5 REERE S ARTTE(CP-MS) KR T
BRI RE]. T EITCHL iR, 2012, 2(2): 1-5.
Li JY, Shi L, Lu SH, et al. Research progress of inductively coupled
plasma mass spectrometry (ICP-MS) and its hyphenated techniques [J].
Chin J Inorg Anal Chem, 2012, 2(2): 1-5.

BRI, IRPA. ICP-MS AR 25 . BRI BRRLA{LAS,
2011(5): 29-34.
Li JY, Xu SR. The past, present and future of ICP-MS instrument [J]. Mod
Sci Instrum, 2011(5): 29-34.
SO, VEM, 420KT, % ICP-MS FHXHTHEASE AT RIE S5
M b o7 FH B R [J]. 244z, 2013, 34(4): 247-256.
Zu WC, Wang Y, Li BN, et al. Application and progress of ICP-MS in the
speciation analysis of food elements [J]. Chin J Inorg Anal Chem, 2013,
34(4): 247-256.
KRB, RS, ICP-MS i A B ok & R[]
14(10):1-4.
Zhang GY, Cui SR. The latest application and future development of
ICP-MS [J]. Sci Technol Inf, 2016, 14 (10): 1-4.
TR, SOl, MFEA. AU G SF B TR B (ICP-MS)I FIE AR /Y
L), HETCHLMTE:, 2016, 6(3): 19-26.
Zhang GY, Wu C, DengYJ, et al. Application and prospect of inductively

. BHEVEIN, 2016,

coupled plasma mass spectrometry (ICP-MS) [J]. Chin J Inorg Anal Chem,
2016, 6(3): 19-26.

CriEsm e Kk

EE BN

B, HRE, TEARFEAR
mmIER2.
E-mail: 510561404@qq.com

EEFI/% Bt SRIEM, ETEH
M.
E-mail: zhongyuan764@ 126.com



