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Abstract: In the last years(2005-2016), the performance of inductively coupled plasma
mass spectrometry (ICP-MS) has been greatly improved, and its sensitivity was up to
10° cps/(1 pg/L, In), and the stability to 1%-2%. The precision of MC-ICP-MS has

been remarkably improved, and the precision of isotope measurement is better than
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0.01%. High speed data acquisition technology and database technology have been
widely used in all kinds of ICP-MS, so that the data processing ability has been further
strengthened. The ability to eliminate the interference from matrix and polyatomic ions
has been further improved by triple tandem quadrupole and high resolution techniques.
Various green energy saving and environmental protection measures for ICP-MS get
attention. Analysis techniques for some high ionization energy elements like precious
metals, metalloid and non-metals have been significantly addressed. Hyphenated tech-
niques and speciation analysis of ICP-MS based on laser ablation (ILA), high perform-
ance liquid chromatography (HPLC), gas chromatography (GC), ion chromatography
(IC), capillary electrophoresis (CE), electrothermal vaporization (ETV) and chemical
vapor generation (CVG) have been rapidly developed during this period. ICP-MS
combined with single particle (SP) and single cell (SC) techniques led to the emergence
of function defined ICP-MS and greatly expanded the applications of ICP-MS. Rapid
development of ICP-MS technology has driven the ICP-MS applications from traditional
inorganic elements analysis to organic biological and morphological analysis; from tradi-
tional solution sample introduction analysis to online solid sample introduction analysis;
from traditional elements content analysis to 2D-3D imaging analysis and high precision
isotope analysis. ICP-MS analysis technology in the field of energy. geology, materials,
environmental protection, biomedicine, food, homeland security, and many other areas
of application has been further expanded. The mature ICP-MS analysis methods have
been standardized and widely applied to the routine analysis nationwide. This paper
briefly summarized and reviewed the major advances of ICP-MS in the years of 2005-2016.

Key words: inductively coupled plasma mass spectrometry (ICP-MS); performance;
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Table 1 Informations of the determination of non-conventional isotopes by MC-ICP-MS
b 23 A 9B AN alifk T i ) I3 9
Pl R [ {3 % 1 SRk
Sample Separation and Reference Precision
No. Matrix Isotope Instrument  Ref.
decomposition purification materials (2SD) /%,
1 AA 5% Mg m gl HF-HNO; [ 728 j5 4> DSM-3(Metal) 0.05 Nu 15
1H it [CRES GBWO07105(Rock) Plasma
2 kR 30Gi/28 S SAALEEILITTE BB TAHRME S NBS28 0. 04 Neptune 16
Bk plus
3 BRI UCa/1Ca  FRERUMR Baiy B, ol B NIST SRM915a 0.026 AXIOM 17
m 5z (CaCOy)
4 EERE:A §9/52Cr 4 HE-HNO; Bl 2843 853 NIST SRM979 0.016 Nu 18
¥a) T it Plasma
5 fEREhE 3756 Fe w4l HE-HNO; BB P8 # /B 3k IRMM-014, 0.05 Nu 19
i i i GBWO07105, Plasma
GBWO07111
6 REMR A 3%%/95 Mo o HF-HNO; BB Fae# /38 IMC, 99. 993 % 0. 06 Nu 20
PRI ALY T % Mo #V fiff 1 Plasma
&
7 B USHE/TTHE OB B (40~ RAE L, HBEH#FE  TEMORA, 0.089~ Neptune 21
65 pm B GJ1, FMo02 0. 23
8 MERH I87Re/1870s  Carius B HIWAE BB T2 M I85> GBW04435, 0. 13~ IsoProbe 22
% B B A B GBW04436 0.2
Re, 5141 Os
9 AL 32 Hg T KT 1 SnCly & J§, # 75 NIST3133 0. 06 Nu 23
RHESrE He Plasma

/]

3 RERB.XE£EMIEEE ICP-MS &
w=ZEEM

F4 )BT (Au,Ag, Os, Ir, Pt .Ru,Rh, Pd) ,
K4 )@ I & (B, Si.Ge,Se, Te . Sh, As, Hg) M4k 4>
J&ITE (P.S.CLBr D 55— L B e AR 4 i, Forfp
Cl 55— BS RN 12. 968 eV J&iX SET0E P i

. SR ICP-MS 3 1X 460 3% 14 2R B8 1K
07 R AT 2R TT R Y R (H hy TX ST R
RO 52 A AR 2 SR A R R M S B RS
fil Fi1 ICP-MS il 72 3 26 50 2 i) IF 58 A0 AR i 26
AU 2 B A, (TR, He &
ANETREBIURHAERZRHO T, He 53K
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Table 2

TR F B PR BUAERE b AT AL B HEAE A P
I SE DT PR BB TR 2.

ICP-MS MEARREFRFRER  XERTFEELRTEERR

Informations of determination of precious metal,

metalloid and non metal elements in different matrixes by ICP-MS

hacs B 2N s PR F e S i Oy ok ﬁﬂ,jlsﬁ SCHR
NO. Matrix Element Sample Inter[erence and control measures Limit O{ Ref
measured preparation detection
1 HBARMEREM  Au HCI+HF+HNO; CHy SR 02 g KR 3 5 3 25 1 ng/g 25
W SR it 3 B¢ Tal® OF 0180 H'S OH
ST IR A,
2 ABBAE Au ERFE L & 650 °C FEEEMERT S AL P S R A 0.03 ng/g 26
FRAIBE KA TR VR SR IR 5 W B T R R R
G o DB IRV VR R
3 fLIREES Ag Cl+-HF+HNO; i ZUKPLTE Zr'™ . Ag™ 5 2K T8 BUAR & 4.1ng/g 27
Bt A o R AWML R AR LS.
4 BETUHE Os. Ir. Pr. BR&mm. TKY BiesEE8E.20 pe/L LufE Wi 0.018~ 28
Ru.Rh.Pd fit. MEEAMAE-  BRIE:B SR A/ T APk Os fl Ru 020 ng/g
ARG EE (25 ) AFER AR R T A B S TR £
YERL 5 M 20 g BE HARREA.
i PR A T By R R
5 REREAEA B WA B R RN, FIALERM R E . X 2. 81 pe/g B, 0.5 ng/g 29
4l HE JF fig e E R+ 1.5%,
6 MnZn g% A& Si W W (HClH He Rl b Y i M br . 9.1 pg/g 30
HNO;)
7 HUERER Ge.Se.Te HNO; +HF+H: SO0 3% 2, B4 8 7 ICP-MS 5 Se Al Te 20 ng/g(Ge), 31
TRERMME .50 HNOs 5 Sl e 7.5 ng/g(Se) .
P, 3% LR 11 ng/g(Te)
8 @I Sb.As.Hg Tl T i CHNO3) Ge.In Bi fE WARIC R B IE T7 1 1~7 ng/g 32
MR FE.
9 EEEM P.S kR KBNS RN K PR S E AL TR 0.06 pg/L(P), 33
BRI PO FI SO 4y F & F 4TI 0.2 pg/L(S)H
S
10 KE KK & Cl.Br.1 T IR bR RS NHs KA RSB 78 1.2 pg/g(Ch. 34

T CL T .

0.03 pg/g(Br)

0.002 pg/g(D

4 BARAREESSHRER R

BRI JUAR A6 56 [ 0 B A 2 28 32 230 1)
R FHA K ICP-MS W) SRR 280 & Fh 2
A —E IR AR B RE 70 B BB . ]
VLA s B A RERE R il T J80 I 8 8 T AR R A
ICP-MS i3 2| 7R . HEAEA AR £
T ot ke i (laser ablation, LA)  H MK K

(electric theromal vapor, ETV).{k

Ak

H: (chemical vapor generation, CVG) 245 R ;
ELA JERE RN 3 B8 Dy RE Y R 2B SO £
(gas chromatography, GC). & T 4 i (ion
chromatography, 1C). & %% % #H £ % Chigh
performance liquid chromatography, HPLC)
O35 K P A B AR A 6 3% (hydrophilic interac-
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tion chromatography, HILIC). & 41 & H ik it T i I VS R R A BT i 3 AR AR 4t
(capillary electrophoresis. CE). #EFEPEIEL M. WS OCER & &0 KL JE 5 3D A
ARBPE K e diA3 ICP-MS MARSER TCHLIC R o A e ks B W) 2 3R 20 i o AU PRI T BT 4%
N R EEVE LAY RIE S0 WAL R ike REJES A HrfE Bl s+ 3 307,

®3 ICP-MSRKREUKAEAREESHER
Table 3 Hyphenated techniques and speciation analysis of ICP-MS

A B ¥ N EI=W Sl VEROE 3 rjﬂ%ﬁﬁ SCHK
No. Hyphenated Main technical feature and object measured Application Ref.
techniques field
1 LA 193 nm 4> FIOER . 257 nm KR RE, SR U-Pb & 4R, o SR 35
2 213 nm BOGAE . FAZ LI 4 R A K JORE 9 5 B AR 3T EX ks 36
3 213 nm LR . MC-ICP-MS 4l J50RL 45 th 4% 2% 5 1) T (2. 38 LL (B . R AE 2% 37
4 HPLC As BB AsClD CEMERER (AsCV) (BB . MMACH LRI . DMA & i 5 35 38
(R . AsCCRR BB F1 AsBCRfi BR B 32080 o A i PR AE 0. 006 ~0. 015 F}2
pg/ LI . FEOK TG Y& B,
5 Sh A 45 ShCIL/ V) W N-FF £ 3 & B I (NMG)-Sb 45, #2549  NE W 2% 39
AR PR S ShOV) %,
6 Se B SWIFMAARHEMR . WD RHE., ‘sl 40
7 Hg T8 & 45 3ok . R AR H Bk 0.5 pg/kg. RS, B 41
8 Br (T8 256045 vl {32 2 75 B SO0 1 I S IR A MBS . &R, 2% 42
9 TR Br (9B 2454 a0 45 1T R 105 \Br~ F BOs o BIEF4rH7HE . NaOH Syt sh 38 43
AR K BRFT 35 5~9 pg/g. MR IKEE &
10 GC He MBS GAE ALK IR MR . BRI B SRR A EYEY 44
WA 0. 27,0.12.,0. 16 pg/L. A MLAES .
11 P.SHI CLER . GC-Q*-ICP-MS {4, K i B 43 51 4 45 HLBE 0. 0005 pg/g. A E& SR 45
HLBR 0. 675 pg/g MIAHLE 0. 144 pe/ke. R RALE .
12 IC 1S4 1 M 105 . Na,CO; Ml NaHCO; i sh A # B Jy 0. 1~1 ¥k 46
pg/L, WRIEREN .
13 JEE Se RHIBEA . HEAME FRBBEELEGE TAMG, SV M S W& M4 HBURE 47
X E R FRATIA 7.3 f1 8. 3 pg. K KAES .
14 CE Au EEAEBNE(NE 50 pm, K 50 em) . MR GHGY S MEEAHE SPEZ 48
P HLER . Au RSB A 5. 2 pg/L. 25905 30 7E (TRE S .
15 Pt ffil 7 3 B AN (AR 50 pm. K 50 em) WPt B HER 0 5.2 pg/L. B FH A#lEzh 49
HRR TR AR 254 5
16 ETV i 178K (REEs) , [6 & 47 8 K i (0. 5~2. 5 mg) F & d A8 R PEFE ICP-MS Il bR R 50
FE o SRR By (R-12) 4 Sy ek 30, ol WA vl 34026 R0 0 B8 32 RABE . il
FRAE ng/g K. fBAER
17 Fe.Co.Ni,Cu fil Zn,Pd g ETV B 5#),CH, J ICP-MS Zi& i Sk, Fe.Co. EES54Y 51
Ni,Cu I Zn B H R 435124 0. 01.,0. 006.,0. 007 ,0. 004 ,0. 006 pg/g. ZEM-FIH i
HERESh
18 CVG Cd.Hg.Pb Ml Se. 7£ T /K A B v .8 52t 3 a4 41 448 KBH, 38 5= A AL 24 280 B BE 52

Hedq ' Cd 8 Hg 2 Pb F177 Se Jy i B 7] ICP-MS il 2 iU ¥ . Cd.Hg.Pb,Se
Kot BR 4330 2% 0. 15,0 09.,6. 0,0. 03 pg/g.

19 oAb 2= SR R L (PVG) L SR A6 AL 2 IR i VR 48 i F 3L IR #F 4 . F TICP-TOF ¥ 5 3R b5 53
MS P 7E . BRAIE TR 0. 14 pg/L. MR /K KA HEBE SRR L
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2R

ICP-MS i F # P ki (single particle, SP)
OI M I AR R R (0 R . BRBOR 4y
T 2 BRLATURE 4 B 5 v 3 3 B A0 A R AR
FE W Y R B A 26 A TICP-MS i 170 %
ARAF R T O T B T M5 5 4 S e T
S Z LR R TR HE 5 RS S b B
PR 7 5 3R A Vs TR B OB (R AR S A TR
i B AR L ) S AR UL T -3 B it ICP-MLS
A3 M DL G 3 49 4 H B (SEMD 18 1) B 0k, SR
Ji 30 3 WORL B B8 1 o ROURE AR Gl i 1CP-
MS 4743 B A g 159 21 W0k 9 41 B A5 2 (HAS
J& F AL T 3 (1 B BOR-TCP-MS A

2011 4F, Bendall %" % i 4 J8 o R A id
kT RS Y e TR N R SR ERE S S S
S T X 4 i B 43 85 54 41 MY (single cell,
SC), F A ICP-TOF-MS Wi, 82 B84~ 41 Jift 1) Ji2 7
J S B R R F R S Y SO0 4 R AN
Jif 2 T AP A S A T AR L JR %l
A3 BT A XF AR A5 B BCHE AT 4 . AT S B
it 40 2 0 A A 5 I8 4% A A UL gE . SR Il
PR bRIC PR, &5 G TR A iy ik LB T
XT 4 B 2% T 22 58— R AR G W 04 TR B AR
H£F SC-ICP-MS JFH, p= A 7 % ] A 5 3% 3
A0 LA I 40 B 08 2R i . BRSORE TICP-
MS 31 i 32 Bl 4 22 (1 f Au B Ag 44k i
LR AR 0 70T B 41 3 A S B R
20t Fp B R A R Ag B 4y BT ORI A
B[] 43 #F Q-ICP-MS Il 2 /)N 35Kk 35 F1 1 ] W8 FF
B 17 Fh A R T R,

6 ICP-MS tR&EF &

AR 2T ICP-MS R (1 4% Ff i i
J5 AR AR 0 A S i A DU X G 5 R A M REL
VR N A OB A A R
FESIN o SN S R N B AN i 7/ NG LB B TN 3
b HL LA R A AR S VBORLY L
B K AR ah HE R R SE 2 AT FR
A 35 [ 25 37 P B9 TCP-MS AR J5 7k B ad
116 14~

7 ICP-MS AREREE

I AESR 33 ICP-MS 7E {038 R fa
EME B TR R A R B A B A
A S T T ) 1 R AT A ) R S L R A EE R
Wi . FREFGEDE RIS T ICP-MS U s
B AL, 5 E A 3% ICP-MS B T — & 3%
GrAs e fl ICP-MS M ) BRF 4 738 & )
HEZEHE N BEARE, ICP-MS {3 A
WELLFIL KRG A - D) #& ICP-MS X
DB SN T I 7 = A O 7 /R 1A
RIS E RS ICP-MS {3 2 14 5B & Jie 1 %
DEF AL R AR R A U 0 B
Ab 3R 3 R AR L S IR RE AL A B A
ST B R JE T ) 5 2) T [ o X 5 0T DL I fig
SE UL FHERE FH ICP-MS {28 Fl iy i — 1R fb
RBF % . W L LA-TOF-ICP-MS H {1t % [ 3D
AR BT AR 33D W K 1 R 8l £k A sh k2% 5
B R 5 BV O R R R R W 1) 1CP-
MS 22, GORARE VER TR 7 25 L s b HE VR 5 £ %
R 2 A R TR b R A 1 T Al ] £
VAR BRI 2 AT R AR AT .
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