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Se ICP-
( ) QMS Cr Fe As Se (7]
pick ['7 ICP-DRC-MS
Bl As Cr Fe Ni Se CH,4 1.1~
ICP-MS Ar 1.6 ml/min RPg=0.65 ~ 0.8 Cr Fe Ni Se
0, 0.6 ml/min RPg=0.55 As
/ (m/z) 0.03 ~0.65 pg/L
31 SF-ICP-MS(sector field ICP-MS ICP-MS
SF-ICP-MS)®! 7 cl o,
(collision/reaction cell CRC)® (dynamic Ar As (m/z=15)
reaction cell DRC) - (collision- PArCr’ ICP-MS  As (18]
reaction interface CRI)®’ CRI He H, Cu Na“ Mg*
/ He H, Ca*
[10] [19]
2012 ICP-MS
1 ICP ICP-
ICP-QMS MS/MS2% ICP-MS  ICP-QQQ
Ar ICP-MS/MS  ICP-CRC-QMS
(1] Ar CRC CRC
QL)
Fe Ca Cu
CRC (Q2)
ICP-CRC-MS
1z Anp [ 3%(v/wv) (10 pg/L
As) CRC As 2.5 ICP-MS/MS Q1)
ICP-MS 2]
2 1CP-MS
Cd ed 2.1 (HPLC-
404 BSMo'%0" *Mo'OHT *7r°OH" ICP-MS)
%Mo'%0" **Mo'*0" *Ru'°0" *"Mo'°OH" 2.1.1 HPLC-ICP-MS  As Al Se
[14] HPLC-ICP-MS
DRC
HPLC ICP-MS
( CHy 0y
151 Guo 19 DRC (RPq) As
0, (RPg=0.75 0,=2.0 ml/min)
tsn  Mcd As As
Med  Med 0.8 HPLC-ICP-MS As
1.0 ng/g ICP-MS (
Ar YAr'?C )
40Ar160 40Ar35C1 40Ar40Ar ASm/ASV

40 ~ 80 amu S2Cr S Fe PAs
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95% ( )As
AS ASV [22-25] ( 1)
As™ As* Se Cr Al
HPLC [23,26—33]( 2)

£1 TEBHMBETLIEF A HPLC-ICP-MS & &% £ 4317k 8 As @ 2HF T
Table 1 Effects of different ways of sample pre-treatments and HPLC conditions of HPLC-ICP-MS on contents of As in rice

HPLC
Cis 10 mol/L 1- 0.0015 ~ 0.5 mol/L AsY 0.019 ~ 0.057 mg/kg [22]
250 mm x 4.6 mm +4 mol/L /
N As™ 0.019 ~ 0.289 mg/kg
0.05% pH 3.0 0.009 ~ 0.019 mg/kg
RP-X100 5 mmol/L + As™ 24 ng/g [23]
4.1 mm x 250 mm 5 mmol/L AsY 63 nglg
10 pm pH 6.2
13 ng/g
81 ng/g
1%(v/v) As™ 17 ng/g
AsY 18 ng/g
80 ng/g
1%(v/v) +1% As™ 11 ng/g
AsY 27 ng/g
27 ng/g
6 ng/g
2 mol/L As™ 0.6 ng/g
AsY 3 ng/g
5 ng/g
RP-X100 A 2 mmol/L 1% (v/v) As™ 0.5 pg/kg [24]
4.1 mm x 250 mm pH80 B AsY 0.9 pg/kg
10 pm 20 mmol/L / 0.5 ngke
pH 9.0
0.5 pg/kg
1.5 pg/kg
0.5 pg/kg
Discovery HS F5 0.15 mol/L As™ 0.08 ~ 0.17 mg/kg [25]
250 mm X 4.6 mm AsY 0.01 mg/kg
5 pm
0.01 ~ 0.02 mg/kg
As 0.14 ~ 0.17 mg/kg
As™ 0.06 ~ 0.13 mg/kg
AsY <0.008 mg/kg
0.01 ~ 0.02 mg/kg
0.06 ~ 0.13 mg/kg
ionization mode ESI)
ICP-MS / /
B34 ESI-MS
ICP-MS ICP-MS

(electrospray -
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£2 TREHABILIETEF HPLC-ICP-MS f&iH &1 F M43 R EHEY Se. Cr 1 Al ZEZEMFM
Table 2  Effects of different ways of sample pre-treatments and HPLC conditions of HPLC-ICP-MS on contents of Se, Cr and Al in various

plants
HPLC
PRP-X100 5 mmol/L + As™ 374 nglg [23]
250 mm x 4.1 mm 10 pum 5 mmol/L AsY 685 ng/g
pH 6.2 129 ng/g
2976 ng/g
1%(v/v) As™ 1 744 ng/g
AsY 2 729 ng/g
2 777 ng/g
236 ng/g
1%(v/v) + As™ 84 ng/g
1%(v/v) AsY 77 ng/g
104 ng/g
79 ng/g
2 mol/L As'™ 1 608 ng/g
AsY 1455 ng/g
1 699 ng/g
1312 ng/g
PRP-X100 10 mmol/L 5 ml +1ml Se 0.07 ~ 1.5 mg/kg [26]
250 mm x 4.1 mm 10 um 2% pHS SeV! 0.0006 ~ 0.064 mg/kg
Se 0.039 ~ 0.65 mg/kg
SeV! 0.008 ~ 0.018mg/kg
FPLC 100% 100% 0.7 4 ml + Al 3 100 mg/kg [27]
5mmx50mm 10pum  mol/L NaCl 0.1 ml + Cu 19.9 mg/ kg
1 ml Cd 0.34 mg/kg
Pb 4.6 mg/kg
Cr 197 mg/kg
CS5A 69% ~ 70% (v/v) 10 ml crV! - [28]
250 mm pH 11.5 Cr 160 + 4 pg/kg
Cr 81+ 3 pg/kg
Cr 22 + 6 ug/kg
Cr 25+ 6 pg/kg
Cr 23 £1 pg/kg
Cis 250 mm X 68% (v/v) 8 mmol/L Se 139.3 £ 11.3 ng/ml [29]
4.6 mm 5pm Se 70.11 = 1.10 ng/ml
pH 4.5 Se 43.46 £ 5.81 ng/ml
Se 9.32 + 0.39 ng/ml
Se 57.40 = 7.31 ng/ml
Se 14.46 + 1.54 ng/ml
Se 158.7 £ 17.8 ng/ml
Se 168.9 +£19.0 ng/ml
Se 47.18 £3.33 ng/ml
AE Nucleosil 60 mmol/L 0.2 pg/L [30]
100 mm x 2.1 mm 5 pm pH 5.9
BioWAX 2.1 mm x pH 7.0 5ml + crV! 6.6 ~84.2 ng/g [31]
50 mm, 5 pm 0.05 ml 1.0 mol/L et 240.4 ~3 279.8 pg/g
pH 7.0
ICSep 40 mmol/L As 0.58 ~ 2.6 mg/kg [32]
ION-120 4.6 mm x +3% ()
120 mm 10 pm pH 10.3
0.06 mol/L + As 0.03 ~ 3.2 mg/kg
3%
IonPac CG 5A 0.04 mol/L 0.04 mol/L AP 9.62 ~25.84 mg/kg [33]
50 mm x 4mm  onPac 0.006 mol/L 0.006 mol/L Al 300.6 ~705.1mg/kg
CS 5A , 250 mm x 0.090 mol/L 0.090 mol/L
4 mm pH 4.7 pH4.7
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RSDs 4.4% WI
RP-HPLC-ESI-MS/ICP-MS (331 HPLC-ICP-MS
Hg
Krupp [35] Hg2+
Hg (Ser)PC2Hg des-GlyPC2Hg (Glu) L40]
PC2Hg RP-HPLC-ESI-MS/ICP-MS ICP-MS  ml HPLC-ICP-MS  ul
As pH (0.1% )
As B¢ preud’homme B7
(size-exclusion-reversed phase [40]
liquid chromatography) ICP-MS
(ESI Orbitrap MSn) Se
Se' Se Casal
381 HPLC-ICP-MS  ESI Orbitrap [23]
MSn Se HPLC- 2.2 (TOF-MS)
ICP-MS 27 Se 2.2.1 TOF-MS TOF-MS
Arnaudguilhema ¥ HPLC-ICP-MS /
64 Se Se-Se Se-S ( )
30 (selenoethers)14 HPLC-ICP- MS
HPLC-ESI-MS TOF-MS
1 ng/g 2ng/g
2.1.2 HPLC ICP-MS
HPLC Teflon TOF-MS 441
PEEK ICP-MS TOF-MS
HPLC 100 pl/min ~ 1 ml/min (orthogonal acceleration time-of-flight mass spectrometry
ICP-MS 0 ~ 1 ml/ min ICP-0a-TOF-MS)
1 ml/min
401 ( 025mm) @I
LC 2.2.2 ICP-TOF-MS ICP-
AFS  ICP-MS Hg TOF-MS HPLC-
HPLC ICP-MS Qin 1
Hg (MeHg EtHg PhHg) Hg ICP-0a-TOF-MS (Indocalamus tesselatus)
ICP-MS (1] As Pb Cr Cd 9 Cr 0.08~
(AsB) As' 0.55 mg/kg As 0.99 ~ 1.84 mg/kg Hg  0.025 ~
KBH,-HCl (HG) As" 0.14mgkg Cu Pb 32~7.43 mgkg 0.81 ~
As" AsY MMAY 292 mg/kg 96.4% ~ 104.5%
DMAY AsH; MeAsH,  (GBW07605-Tea) Fragni [47]
Me,AsH  AsB [42] ICP-0a-TOF-MS
(photocatalytic 41 15 2Cr “cu PAs Mcd
vapor generation PCVG) HPLC AFS 208pp 42 92 15757 88ng/L
ICP-MS PCVG UV/HCOOH, ICP-0a-TOF-MS
UV/TiO,-HCOOH UV/Ag-TiO,-HCOOH  UV/ZrO,- Q-TOF-MS
HCOOH Se UV/ZrO,- (ion trap-time-of-flight IT-TOF)
HCOOH Se Se*'0.016 ng/ml,

Se™ 0.014 ng/ml  Se Cys2 0.018 ng/ml, SeMet 0.007 ng/ml,

[34]
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TOF-MS (counts/
sec/lng/L)
( BU Lin Jiang?
(ultrasonic slurry sampling electrothermalvaporisation
SLi 500 ~ ***U 2 200) TOF-MS USS-ETV-ICP-MS) As Cd Hg
ICP-oa- Pb As Cd Hg Pb 0.3
TOF-MS  ““oa”~ 0.1 0.1 0.2 ng/g HPLC-ICP-MS
Huang 1 USS-ETV-
ICP-DRC-MS Cr Fe Cu
Zn  Se 110 4 12 2 ng/g
(Microfluidic chips)
Wang %
(441 TOF-MS ETV-ICP-MS (ul
Ni Cu Co pg ) Cu Zn Cd Hg Pb Bi
OptiMass 8000 ICP-TOF-MS (LODs) 6.6 ~89.3 pg/ml RSD  4.23% ~ 8.15%
(SMARTGATE ion blanking system) (n=7 c¢=1ng/ml) HPCL-ICP-MS ICP-oa-
11.5 ~ 125 TOF-MS
(2C7) 14~25(“NT °0° OH  BH,0" 2N,
29 ~32.5(°NO" *0; **S") 37.5~42 (“Art YArH' 2.3.2 ETV-ICP-MS As
YA ) 55.5 ~57 (°ArO") amu Ar Cd Hg Pb
05¢g 10 ml
481 Fragni 17 1 ml 10 ml 1% (m/v) 8-
SMARTGATE Ar C O Na S (8-Hydroxyquinoline) As Cd
Be In Bi Hg Pb 10 ml
10 min 1 ml 1% (m/v) 8-
0.35 ~ 1.51 counts/(sec-ng-L) 521
2.3 (ETV-ICP-MS)
2.3.1 ETV-ICP-MS Electro-  TAC 8- 531
thermalvaporisation (ETV) 2.3.3 ETV-ICP-MS
ICP-MS
( )
ETV  ICP-MS e
0.1% CHF; CCly Cr Mo Zr
31 ETV-ICP-MS
(49] ICP-MS
ICP 24 (CE-ICP-MS)
( 30~60cm) ( 3~4mm) 2.4.1 CE-ICP-MS

(0.3 ~ 0.8 L/min)
[50]

(capillary electrophoresis CE) 20 80

CE
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pH 2 min
Cr
0.1 pg/LCr™ 02 pgLCr  0.03pg/L  Crl®
CE-ICP-MS
Zhao " CE-ICP-MS
Se¥! Se'v SeCys2 (selenocystine) SeMet
(selenomethionine) 0.1 ~ 0.9 ng/ml
90% ~ 103% RSD 3% ~ 7% (n =
6) ETV-ICP-MS CE-ICP-MS CE-ICP-MS
CE
24.2 CE ICP-MS CE CE MS
ICP-MS CE CE-ICP-MS
[61]
( )y 3
ICP-MS ICP-MS
ICP-MS
CE
CE
ICP-MS
ICP-MS 71
( )
ICP-MS (
ICP-MS )
ICP-MS
[58-59]
Liu D7
30 min
10 As
0.9 ~ 3 ng/g Kovachey [ [ ]
(capillary electrophoresis flow 2015’4'7(3): 435-439 ' '
focusing nebulization system CEFFS) [2] , , .
4 - (1.
,2014, 51(5): 1 066—1 067
(3] , , .
PEEK [J]. ,2011, 85(11): 1 878-1 916

Pt
Pt

(4]

(3]

Husted S, Persson D P, Laursen K H, et al. The role of
atomic spectrometry in plant science[J]. Journal of Analytical
Atomic Spectrometry, 2011, 26(1): 52-79

Leiterer M, Einax J W, Loser C, et al. Trace analysis of
metals in plant samples with inductively coupled plasma-
mass spectrometry[J]. Fresenius’ Journal of Analytical
Chemistry, 1997, 359: 423-426



5 ICP-MS 851
[6] Rodushkin I, Odman F, Branth S. Multi-element analysis of [20] Balcaen L, Woods G, Resano M, et al. Accurate
whole blood by high resolution inductively coupled plasma determination of S in organic matrices using isotope
mass spectrometry[J]. Fresenius’ Journal of Analytical dilution ICP-MS/MS[J]. Journal of Analytical Atomic
Chemistry, 1999, 364: 338-364 Spectrometry, 2013, 28: 33-39
[7] Fietzke J, Eisenhauer A, Gussone N, et al. Directmeasure- [21] Balcaen L, Fernandez E B, Resano M, et al. Inductively
ment of *Ca/*’Ca ratios by MC—ICP-MS using the cool coupled plasmae Tandem mass spectrometry (ICP-MS/MS):
plasma technique[J]. Chemical Geology, 2004, 206: 11-20 A powerful and universal tool for the interference-free
[8] Dufailly V, Laurent L N, Guérin T. Determination of determination of (ultra) trace elements—A tutorial review[J].
chromium, iron and selenium in foodstuffs of animal origin Analytica Chimica Acta, 2015, 894: 7-19
by collision cell technology, inductively coupled plasma [22] Narukawa T, Matsumotto E, Nishimura T, et al.
mass spectrometry (ICP-MS), after closed vessel microwave Determination of sixteen elements and arsenic species in
digestion[J]. Analytica Chimica Acta, 2006, 565: 214-221 brown, polished and milled rice[J]. Analytical Sciences,
[9] Kalinitchenko I, Wang X D, Sturman B. Simple and 2014, 30: 245-250
effective control of spectral overlap interferences in (23] Liu XJ, Zhao Q L, Sun G X, et al. Arsenic speciation in
ICP-MS[J]. Spectroscopy, 2008(Suppl.): 38-46 Chinese herbal Medicines and human health implication for
[10] Pereira C D, Garcia E E, da Silva F V, et al. Behaviour of inorganic arsenic[J]. Environmental Pollution, 2013, 172:
arsen.ic anfi selenium in an ICP-QMS with 'collision an.d [24] Il(‘irgr; IJS;‘(, Kim W-II, Kunhikrishnan A. Determination of
;?::t?:melt?:r;’gjz[g‘& fo;l;;njll 7(6)2 Analytical - Atomic ars.enic species. in rice grains using HPLC-ICP-MS[J]. Food
[11] Tanner S D. Characterization of ionization and matrix [25] ]iif:cli,arfrfgoiczi(;iﬁ:i?11312 2:; :1.5(?};10ilaiographic
suppression in inductively coup?ed ‘COIdi plasma mass separation of arsenic species with pentafluorophenyl
spectrometry[J]. Journal of Analytical Atomic Spectrometry, L .
column and application to rice[J]. Journal of Chromato-
1993, 10: 905-921 graphy A, 2014, 1354: 109-116
[12] Lucimar L, Fialho, Pereira C D, et al. Combination of cool [26] Galinha C, Sénchez-Martinez M, Pacheco A M G, et al.
plasma and collision-reaction interface for correction of Characterization of selenium-enriched wheat by agronomic
polyatomic interferences on copper signals in inductively biofortification[J]. Journal of Food Science and Technology,
coupled plasma quadrupole mass spectrometry[J]. 2015, 52 (7): 4 236-4 245
Spectrochimica Acta Part B, 2011, 66: 389-393 [27] Novotnik B, Zuliani T, S'cancar J, et al. Content of trace
[13] AnJS, LeeJ, Lee G, et al. Combined use of collision cell elements and chromium speciation in Neem powder and tea
technique and methanol addition for the analysis of arsenic infusions[J]. Journal of Trace Elements in Medicine and
in a high-chloride-containing sample by ICP-MS[J]. Biology, 2015, 31: 98-106
Microchemical Journal, 2015, 120: 77-81 [28] Vacchina V, de la Calle I, Séby F. Cr(VI) speciation in
[14] Way T W, Wiedmeyer R H. A table of polyatomic foods by HPLC-ICP-MS: investigation of Cr(VI)/food
interferences in ICP-MS[J]. Atomic Spectroscopy, 1998, 19: interactions by size exclusion and Cr(VI) determination and
150-155 stability by ion-exchange on-line separations[J]. Analytical
[15] Hattendorf B, Giinther D. Strategies for method and Bioanalytical Chemistry, 2015, 407: 3 831-3 839
development for an inductively coupled plasma mass [29] Thosaikhama W, Jitmanee K, Sittipout R, et al. Evaluation
spectrometer with bandpass reaction cell: approaches with of selenium species in selenium-enriched pakchoi
different reaction gases for the determination of (Brassica chinensis Jusl var parachinensis (Bailey) Tsen &
selenium[J]. Spectrochimica Acta B, 2003, 58: 1-13 Lee) using mixed ion-pair reversed phase HPLC-ICP-
[16] Guo W, Hu S H, Zhao J, et al. Removal of spectral MS[J]. Food Chemistry, 2014, 145: 736-742
interferences and accuracy monitoring of trace cadmium in [30] Todoli J L, Grotti M. Fast determination of arsenosugars in
feeds by dynamic reaction cell inductively coupled plasma algal extracts by narrow bore high-performance liquid
mass spectrometry[J]. Microchemical Journal, 2011, 97: chromatography-inductively coupled plasma mass
154-159 spectrometry[J]. Journal of Chromatography A, 2010, 1217:
[17] Pick D, Leiterer M, Einax J W. Reduction of polyatomic 7 428-7 433
interferences in biological material using dynamic reaction [31] Guo X N, Liu W, Bai X J. Speciation of chromium in
cell ICP-MS[J]. Microchemical Journal, 2010, 95: 315-319 chromium yeast[J]. World Journal of Microbiology and
[18] Chrastny V, Komarek M. Copper determination using Biotechnology, 2014, 30: 3 245-3 250
ICP-MS with hexapole collision cell[J]. Chemical Papers, [32] Hedegaard R V, Rokkjer I, Sloth J J. Total and inorganic
2009, 63: 512-519 arsenic in dietary supplements based on herbs, other
[19] Leentvaar L, Rebhun M. Effect of magnesium and calcium botanicals and algae a possible contributor to inorganic

precipitation on coagulation flocculation with lime[J]. Water
Research, 1982, 16: 655-662

arsenic exposure[J]. Analytical and Bioanalytical Chemistry,
2013, 405: 4 429-4 435



852

48

[33]

[34]

[35]

[36]

[37]

[38]

[39]

(40]

[41]

[42]

[43]

[44]

[45]

Shang D R, Zhao Y F, Zhai Y X. Development of a new
method for analyzing free aluminum ions (AI’") in seafood
using HPLC-ICP-MS[J]. Chinese Science Bulletin, 2013,
58:4 4374 442

Vogiatzis C G, Zachariadis G A. Tandem mass spectrometry
in metallomics and the involving role of ICP-MS detection:
A review[J]. Analytica Chimica Acta, 2014, 819: 1-14
Krupp E M, Mestrot A, Wielgus J. The molecular form of
mercury in biota: Identification of novel mercury peptide
complexes in plants[J]. Chemical Communications, 2009,
28:4 2574259

Bluemlein K, Raab A, Feldmann J. Stability of arsenic
peptides in plant extracts: Off-line versus on-line parallel
elemental and molecular mass spectrometric detection for
liquid chromatographic separation[J]. Analytical &
Bioanalytical Chemistry, 2009, 393: 357-366
Preudhomme H Far J Casal G S
identification of selenium metabolites by online size-

et al. Large-scale

exclusion-reversed phase liquid chromatography with

combined inductively coupled plasma (ICP-MS) and

electrospray  ionization linear trap-Orbitrap mass
spectrometry (ESI-MSn) [J]. Metallomics, 2012,4(5):
422432

Casal S G, Far J, Bierla K, et al. Study of the Se-
containing metabolomes in Se-rich yeast by size-exclusion-
cation-exchange HPLC with the parallel ICP-MS and
electrospray orbital ion trap detection[J]. Metallomics,
2010, 2(8): 535-548

Arnaudguilhema C, Bierlaa K, Ouerdanea L, et al. Selenium
metabolomics in yeast using complementary reversed-phase/
hydrophilic ion interaction (HILIC) liquidchromatography—
electrospray hybrid quadrupole trap/Orbitrap Massspectro-
metry[J]. Analytica Chimica Acta, 2012, 757: 2638
Handbook of Hyphenated ICP-MS Applications. Agilent
Technologies. http://www.chem.agilent.com

Chen K J, Hsu I H, Sun Y C. Determination of
methylmercury and

inorganic mercury by coupling

short-column ion chromatographic separation, on-line
photocatalyst-assisted vapor generation, and inductively
coupled plasma mass spectrometry[J]. Journal of
Chromatography A, 2009, 1216: 8 933-8 938

Yin Y G, LiuJ F, Jiang G B. Recent advances in speciation
analysis of mercury, arsenic and selenium[J]. Chinese
Science Bulletin, 2013, 58(2): 150-161

Li HM, Luo Y C, Li Z X. Nanosemiconductor-based
photo-catalytic vapor generation systems for subsequent
selenium determination and speciation with atomic
fluorescence spectrometry and inductively coupled plasma
mass spectrometry[J]. Analytical Chemistry, 2012, 84:
2 974-2 981

GBC Scientific Equipment Pty Ltd. Technical note: The
advantages of time-of-flight mass spectrometry for
elemental analysis. http://www.gbcsci.com/

Willie S N, Sturgeon R E. Determination of transition and

rare earth elements in seawater by flow injection

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

inductively coupled plasma time-of-flight
spectrometry[J]. Spectrochimica Acta Part B, Atomic
Spectroscopy, 2001, 56: 1 707-1 716

Qin Y Y, Zhang Z H, Li L, et al. Inductively coupled
time-of-flight
spectrometry (ICP-oa-TOF-MS) analysis of heavy metal

Food

mass

plasma orthogonal acceleration mass
Indocalamus tesselatus
Chemistry, 2013, 141: 2 154-2 157

Fragni R, Trifird A, Nucci A. Towards the development of a

content in samples[J].

multi-element analysis by ICP-0a-TOF-MS for tracing the
geographical origin of processed tomato products[J]. Food
Control, 2015, 48: 96-101

Husakova L, Urbanova I, Audrlicka-Vavrusova L. Multi-
element analysis of urine by inductively coupledplasma
orthogonal acceleration time-of-flight mass spectrometry[J].
Microchimica Acta, 2011, 173: 173-181

Martin-Esteban A,
vaporization-Inductively coupled plasma-mass spectrometry
(ETV-ICP-MS): A valuable tool for direct multi-element
determination in solid samples[J]. Critical Reviews in
Analytical Chemistry, 2003, 33(1): 43-55

Venable J, Holcomble J A. Peak broadening from an

Slowikowski B. Electrothermal

electrothermal vaporization sample introduction source into
an inductively coupled plasma[J]. Spectrochimica Acta Part
B: Atomic Spectroscopy, 2001, 56: 1 421-1 440
Aramendia M, Resano M, Vanhaecke F. Determination of
toxic trace impurities in titanium dioxide by solid
sampling-electrothermal vaporization-inductively coupled
plasma mass spectrometry[J]. Journal of Analytical Atomic
Spectrometry, 2009, 24(4): 1-50

Lin M L, Jiang S J. Determination of As, Cd, Hg and Pb in
herbs using slurry sampling electrothermal vaporisation
inductively coupled plasma mass spectrometry[J]. Food
Chemistry, 2013, 141: 2 158-2 162

Huang S Y, Jiang S J, Sahayamc A C. Ultrasonic slurry
sampling electrothermal vaporization inductively coupled
plasmamass spectrometry for the determination of Cr, Fe,
Cu, Zn and Se in cereals[J]. Spectrochimica Acta, Part B,
2014, 101: 46-50

Wang H, Wu Z K, Zhang Y. et al. Chip-based liquid phase
microextraction combined with electrothermal vaporization-
inductively coupled plasma mass spectrometry for trace
metal determination in cell samples[J]. Journal of
Analytical Atomic Spectrometry, 2013, 28: 1 660—1 665
Kirkbright G F, Snook R D. Volatilization of refractory
compound from a eletrothermal

elements graphite

atomization device for sample introduction into an
inductively coupled argon plasma[J]. Analytical Chemistry,
1979, 51(12): 1 9381 941

Zhao Y Q, Zheng J P, Fang L, et al. Speciation analysis of
mercury in natural water and fish samples by using
capillary electrophoresis—inductively coupled plasma mass
spectrometry[J]. Talanta, 2012, 89: 280-285

Liu L H, He B, Yun Z J, et al. Speciation analysis of arsenic

compounds by capillary electrophoresis on-line coupled



ICP-MS

853

(58]

[59]

with inductively coupled plasma mass spectrometry using a
novel interface[J]. Journal of Chromatography A, 2013,
1304: 227-233

Yang G, Xu X, Wang W, et al. A new interface used to
couple capillary electrophoresis with inductively coupled
plasma mass spectrometry for speciation analysis[J].
Electrophoresis, 2008, 29: 2 862-2 868

Li J X, Umemura T, Odake T, et al. A high-efficiency
interface  for

cross-flow micronebulizer capillary

electrophoresis and inductively coupled plasma mass

[60]

[61]

spectrometry[J]. Analytical Chemistry, 2001, 73: 5 992—
5999
Kovachev N, Aguirre M A, Hidalgo M, et al. Elemental
speciation by capillary electrophoresis with inductively
coupled plasma spectrometry: A new approach by flow
focusing nebulization[J]. Microchemical Journal, 2014, 117:
27-33
I
,2012, 33(4): 193-201

Applications and Advances of Hyphenated Techniques of
Inductively Coupled Plasma Mass Spectrometry in Analyzing
Heavy Metals of Plants

ZOU Xiaojuan', YIN Xiaoming'’, LI Rong" %, YANG Chaoguang'

(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China;
2 Jiangsu Key Laboratory for Solid Organic Waste Utilization, Nanjing 210095, China)

Abstract: Since the introduction in 1980 inductively coupled plasma (ICP) has become an universal technique with high

resolution and sensitivity, lower detection limits, and minimal sample consumption for inorganic especially heavy metal element

analysis and is widely used in the determination for large ranges of samples. The hyphenated techniques of ICP to mass

spectrometry (MS) largely promoted the technology for inorganic multi-element analysis. This paper reviewed the theories,

performances, ways to reduce spectral interferences of ICP-MS and related hyphenated techniques from 32 related references in

the analysis of heavy metals in plants, so as to provide valuable references for the technology of heavy metal analysis in plants.

Key words: Inductively coupled plasma mass spectrometry (ICP-MS); Hyphenated technique; Heavy metals; Plants



