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Table 1 Main reaction products and signal intensity of

ZrOH/Mo0O and oxygen

e Q1 1 Q2 43 Hr iy BT 4 {55 R g

FRUEF IR

m/z (cps)

111 —32 39817

o 111 — 127 4073

ERRAG 11— 110 868

111 — 126 813

e 111 32 36109

bR 11— 127 1750
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Table 2 Optimization of oxygen flow

AT Zr PikR m/z =111 &b Cd Hifs m/z =111 &k

(mL/min) {559 B (cps) {5538 EE (eps)
0. 000 623.35 6288. 14
0.075 670.02 6024. 69
0.150 593.35 8971.34
0.225 335.50 12464.13
0.300 138.00 16208. 14
0.375 45.00 18299.17
0.450 21.00 18905.01
0.525 4.50 18352.57
0. 600 2.00 17020. 81
0.675 2.00 16071.31
0.750 2.50 14624. 65
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Fig. 1 Schematic diagram of ICP — MS/MS oxygen model analysis of ' Cd
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Table 3 Interference elimination effects in different modes
e JE AT Cd LR AABETR ! Cd PSR
FRER I THHREL
(pg/L) W (pg/L) {5 5 BE (cps) W (pg/L) {553 BE (cps)
100 0.014 87 0.00014 0.000 3
200 0.028 173 0.00014 0.000 3
i BABRTA TR 400 0.040 247 0.00010 0.001 10
800 0.095 580 0.00012 0.001 20
2000 0.171 1047 0.00009 0.004 60
20 0.006 37 0.0003 0.000
50 0.014 87 0.0003 0. 000
s 100 0.020 120 0. 0002 0. 000
FRARIER 200 0.049 303 0.0002 0.001 13
1000 0.172 1053 0.0002 0.005 70
2000 0.353 2167 0. 0002 0.018 237

TE: R AT Ze BRI ORI Mo BABRTER, SRS TUIIR BN O

4 bR s e R
Table 4 Analytical results of Cd in soil national standard substances

o INEMH e (A AR 2
FrifE o 2 5
" o (ng/g) (png/g) (%)
GBW07385 0.28 +0.02 0.285 I8
0.282 0.7
0.067 1.5
GBW07388 0.066 +0.007
0.068 3.0
0.143 2.1
GBW07389 0.14 +0.01
0.141 0.7
.07 -1.
GBW07407 0.08 +0.02 0.079 3
0.079 -1.3
GBW07408 0.13 +0.02 0. 131 0.8
0.132 1.5
GBW07426 0.15 +0.02 0.149 0.7
0.154 2.7
.13 )
GBW07427 0.13 +0.01 0.131 0.8
0.127 -2.3
GBW07449 0.108 +0.011 0.105 -2.8
0.108 0.0
0.061 -6.2
GBW07451 0.065 +0.012
0.062 -4.6
0.148 -1.3
GBW07452 0.15 +0.02
0.152 1.3
0.103 -2.8
GBW07453 0.106 + 0. 007
0.105 -0.9

35 BRI ERNRS )

Table 5 Detection limit and precision tests of the method

A5 0 ks 1 FR R 0. 003mg/kg, T2 H
PRHbER LA 76 FhoCR N & A 15 gL
ROLHAE X 5670 R A H PR (0. 03mg/kg) I EEK

L GBW07389 . GBW07408 . GBW07451 = /™[
R AR ED T4 50 BT 12 U0, 8 % B LUAH X
bRt 2 (RSD) 11, 4390 0 1. 8% 4.4% 2.4% , A&
5 G B R 3 B A 25 75 1CP — MSI S $tb R PR 5%
FEah AR Cd BKOTAR G

3

ST S e WIE v R 7 5 1 TR T 4
ST, Rl RN R A Ze 0T H L P Mo 0
KRR TS AR AU R, TR T X S & R
FE A Cd T, RS RS A RN T
2000g/g FH & 4/ T 1000 g/ g B X 45 T 455 19 5%
i) ] L Z % 5 388 4o o3 A I A 39— bR vE ) i, SR A
T B R (R SE (B A, A6t BRFIHS 2% 13 ¥
JEER, B TEA ICP - MS T4 R EUK IE 2 A1 5
BEBHL ICP — MS 2, A 55 57 1 S8 S 7 ICP -
MS/MS Al VR B3R b ik, h 2 H
PRIk AR Al FREE R A SE P s B il .

%M Cd Z=H1{E Cd W (png/g)
L
(pe/L) GBW07408 GBWO07451 GBW7389
—0.0004 0.0018 0.0007 0.131 0.127 0.132 0.061 0.062 0.065 0.134 0.143 0.142
T 0.0021 -0.0012 0.0019 0.130 0.130 0.132 0.065 0.069 0.070 0.139 0.139 0.145
12 Y {8
0.0011  0.0013 0.0015 0.133 0.132 0.126 0.067 0.071 0.066 0.146 0.138 0.141
0.0014 —-0.0002 0.0010 0.127 0.130 0.132 0.068 0.065 0.064 0.136 0.142 0.140
bR 2= 0.0010 0.0024 0.0029 0.0034




5514 B LA R

SRR — o SRR 45 A R IR B S P R

740 %

ABEECR  f2f O AT R B S AR L S
*H%HE‘JYZEEZIIE*B%O TEARSLR A MR T,
M S & | KT 2000me/g. BH A Eﬁ?

1000 wg/g B}, 2 AN 5 4= 4 3 i T PR3 B AN 58 4
BT HTIRZERE NN o SRR FAS 7 0 3 404
TR & &, AT AERT LA R s S S8, 2P
REARTHE , LIRS HERR 25 2R .

4 ZECH

(1] BESCE, SKREOE, X b dh. A7 8 57 IO s 2 I

AR AR 1] 55K, 2008,27 (4)
310 -312.
Shao W J, Zhang J G, Liu J J. Determination of trace
cadmium in rocks and soil by graphite furnace atomic
absorption spectrometry[ J |. Rock and Mineral Analysis,
2008,27(4) :310 -312.

(2] faffifm: SRALL, 57 3C. U % 1CP — OES 2: 0 %

TR P 22 FOTR LT ] il % ,2018,37 (1)
84 -87.
He T Y, Zhang Y H, Hu Z W. Determination of 22
elements in soil by ICP — OES with microwave digestion
[J]. Chinese Journal of Analysis Laboratory, 2018, 37
(1).84-87.

(3] sREEF XU, HEH R, 55 Jr 28 AR - BB 5 5 B

TARIE T RS CTEE N PR 13 15 Fh BT R
i (1] BALAG 50 (fL2 3 M) , 2018,54 (4) -
428 —432.
Zhang G Y, Liu W, Cui S Y, et al. Determination of 15
metal elements in soil by inductively coupled plasma
atomic emission spectrometry [ J ]. Physical Testing and
Chemical Analysis ( Part B; Chemical Analysis) 2018,
54(4) 428 —432.

(4] Fo%E 5006, 2% R 5 55 8 TR B (ICP -

MS ) 5100 7 7 2 05 A AR 58 R LD ] v AL A
fk27,2017,7(4) .33 -36.
Qiao J, Tong K X, Li A. Determination of copper,
cadmium, lead in wine by inductively coupled plasma —
mass spectrometry (ICP — MS) [ J]. Chinese Journal of
Inorganic Analytical Chemistry,2017,7(4) .33 - 36.

[S] RMH,ZFBLUE, BOCE, 4. 1ICP - MS HORTE A1l b T
dri i L) ] Ak T ,2016,45(10) 11279 - 1287.
Song Y, Li X Z, Huang W Q, et al.
ICP - MS in petrochemical industry [ J]. Petrochemical
Technology ,2016,45(10) :1279 - 1287.

(6] BXA&RS, ™4, flfEfe, 5. ICP - MS Il g (42 [ 435875
JOROLTEA ) i H 14 Fhoo R [T]. BRI, 2017,
36(2) :448 —452.

Application of

(7]

(8]

(9]

[10]

(11]

[12]

[13]

Zhao Z N, Yan D, He Q H, et al. Determination of 14
elements in China Soil Pollution Survey by ICP - MS
[J]. Environmental Chemistry,2017,36(2) :448 —452.
TRAREL AR, £55, % B EJTBRE - FiER IR
FL R 3 558 1 MR B 0 b SRR ot P 20
Z[J]. HHML,2011,30(6) 737 - 744.
Zhang B K, Wen H L, Wang L, et al. Determination of
multiple elements in geological samples by closed
pressure acid solution — hydrochloric acid extraction
inductively coupled plasma — mass spectrometry [ J ].
Rock and Mineral Analysis,2011,30(6) .737 —744.
B, mEE , SKREL =, 45 ICP - MS il GFAAS
MR AT EEOF ST [0 ] ARl £ B 42, 2018, 26
(4):36 -39.
Dai G P,Gao J] M,Zhang H Y, et al. Comparative study
on the determination of cadmium in grain by ICP - MS
and GFAAS[ J]. Science and Technology of Cereals, Oils
and Foods,2018,26(4) :36 —39.
TR, BRog k. ICP — MS Il ik HIk b 31 FhoT R Y
JrEAtFE L] B A G 5 2k Gk, 2018, 27 (19)
2761 -2764.
Xu D W, Chen R L. Study on the determination of 31
metal elements in drinking water by inductively coupled
plasma — mass spectrometry|[ J]. Chinese Journal of Health
Laboratory Technology,2018,27(19) :2761 —2764.
ERRIA T MR T HL R D A B AR i
AEKH 20 F gz @R [T]. BERIREE AR 47,2016, 30
(4):56 -58.
Lu M J, Ling F, Liu Z F. Study on determination of 20
kinds of elements in the water by ICP — MS[ J]. Energy
Environmental Protection,2016,30(4) :56 —58.
Ef, £, 0K, 5 REE D - AR S AR
PRI K AR [T ] PREE T4, 2016,10(4)
2139 -2143.
Wang J, Wang X, Geng Z, et al. Determination of heavy
metal in marine waters by collision cell inductively
coupled plasma — mass spectrometry[ J ]. Chinese Journal
of Environmental 2016, 10 (4 ).
2139 -2143.
TR, SR, TR, 55 RIBHE G R A I
05 3t 3R A 27 A P AR R A B [T ] W & A,
2017,37(6) :20 - 25.
Wang ] H, Feng J, Wang D C, et al. Determination of

Engineering,

molybdenum, cadmium, tungsten, uranium and tin in
geochemical samples by inductively coupled plasma —
mass spectrometry [ J ]. Metallurgical Analysis,2017,37
(6):20 -25.

Rl /INHE. ORI £ S5 A B 1 T R e R



HoO

iy

ot

w1 http; // www. ykes. ac. cn 2021 4
SRR T AR IE[T]. A6, 2008 ,27 Analytical ~ approaches  for the detection and
(3) :197 -200. quantification of TiO, engineered nanoparticles in surface
Li G, Cao X Y. Interference and its elimination in waters [ J ]. Environmental Science Nano, 2018, 5.
determination of germanium and cadmium in geological 313 -326.
samples by inductively coupled plasma - mass [22] Thomas Z, Johan H K. Laser ablation Rb/Sr dating by
spectrometry[ J ]. Rock and Mineral Analysis,2008,27 online chemical separation of Rb and Sr in an oxygen —
(3):197 -200. filled reaction cell [ J]. Chemical Geology, 2016, 437,
[14]  PISIEH, FERI, B 0t , 45 Wi & 46 o TR 5T 120 - 133.
0 S TR EP%JL%X%%&I%%EWH@“I‘%&;&Y%% [23] Amr M A,Dawood N D A, Helal A I, et al. Rare earth
T LT]. ALK 5 (b4 1), 2016,52 (9) . elements and '"“Nd/"™ Nd isotope ratio measurements
1026 -1030. using tandem ICP — CRC — MS/MS: Characterization of
Sun Z Y,Dong . M, He Y T, et al. Interference and Date Palm ( Phoenix Dactylifera 1..) [ J]. Journal of
elimination method of Sc,Ga,Ge,In,Cd, Tl in geological Analytical Atomic Spectrometry,2017,32.1554 - 1565.
samples by inductively coupled plasma - mass [24] Pinheiro F C, Amaral C D B, Schiavo D, et al.
spectrometry[ J ]. Physical Testing and Chemical Analysis Determination of arsenic in fruit juices using inductively
(Part B:Chemical Analysis) ,2016,52(9) ;1026 - 1030. coupled plasma — tandem mass spectrometry (ICP — MS/
[15] %7K ICP - MS ki Efmm THMA L AHr[J]. MS) [ J]. Food Analytical Methods, 2017, 10 (4 ) :
HrieA 04 )8 ,2011(6) .47 - 49. 992 —998.
Chang X D. Analysis of interference phenomena in [25] Guo W,Jin L L,Hu S H,et al. Method development for
determination of cadmium by ICP — MS method [ J]. the determination of total fluorine in foods by tandem
Xinjiang Nonferrous Metals,2011(6) ;47 —49. ICP - mass spectrometry with mass — shift strategy[ J].
[16] B, 5/, HKar, 4. EE.W*%A%:F%¥1$ s Journal of Agricultural and Food Chemistry, 2017, 65
N0 it Kt 4 P A 5 e B SR TR AT LD ] b (16) :3406 —3412.
Fhefa41,2016,32(4) :515 - 519. (26] Rk, WA HLEORE & 26 B 1 R Btk il e 1
Luo C,Tei X Y, Huang Y H, et al. Determination of MEELT]. N4k T ,2018,46(6) :95 —96.
cadmium in zirconium and zirconium alloys by ICP — MS Song W, Hu C C. Determination of cadmium in soil by
[J]. Journal of Analytical Science, 2016, 32 (4): inductively coupled plasma — mass spectrometry [ ] ].
515 -519. Guangzhou Chemical Industry,2018,46(6) ;95 -96.
[17] #2222, E£5F ook, 5 g & 4 Tk [(27]  IRREE, Bkt v IER 5 45 5 1 IR B 1% (1CP -
BORE R e ARG G e R LT ] A/\ﬁﬂ‘ﬁ MS) JilsE HEh i ESR TR (1], hE I
2016,36(7) :1 - 14. 2,2015,5(3) :16 - 19.
Jin L L,Wang X J,Li H L, et al. Progress in inductively Le S K, Duan Y M. Determination of heavy metal
coupled plasma — mass spectrometry technology and its elements in soil by ICP — MS[ J]. Chinese Journal of
application in metallurgical analysis [ J]. Metallurgical Inorganic Analytical Chemistry,2015,5(3) .16 - 19.
Analysis,2016,36(7) :1 - 14. (28] MK, VLG, B 4. T SR # SRR - ICP - MS
[18] Jackson S L,Spence J,Janssen D J, et al. Determination IR 2 3 F ) As, Cd, Pb, Cr,Zn, Cu, Ni[ J].
of Mn, Fe, Ni, Cu, Zn, Cd and Pb in seawater using HhF 41,2019 ,43(1) . 166 —170.
offline extraction and triple quadrupole ICP — MS/MS Hou P F, Jiang Y, Cao L. Determination of As,Cd, Pb,
[J]. Journal of Analytical Atomic Spectrometry, 2018, Cr,Zn,Cu and Ni in soil by ICP — MS method without
33.304 -313. perchloric acid[ J]. Journal of Geology,2019,43 (1)
[19] TuoM Y,Xing S,Yang Y G, et al. Sequential analyses of 166 - 170.
actinides in large — size soil and sediment samples with [29] Z=@9R, 25/ Bhiy 45, d BG4 45 B R s 1k
total sample dissolution [ J]. Journal of Environmental 28 - HE 4 B A R S o A% A A S 1 SR A IR T
Radioactivity,2018,187 .73 —80. FELT]. A, 2016,35(1) 37 - 41.
[20] Taylor V F,Li Z G,Sayarath Vet al. Distinct arsenic LiZ Q,Li X Y,Zhong Q,et al. Determination of Cr,Cu,
metabolites following seaweed consumption in humans Cd and Pb in soil samples by inductively coupled plasma
[J]. Scientific Reports,2017,7:3920. — mass spectrometry for an investigation of heavy metal
[21] Gondikas A,Kammer F,Kaegi R, et al. Where is the nano? pollution[ J ]. Rock and Mineral Analysis,2016,35(1) :

— 100 —



51 ARG U — v A5 B A R IR B T A S P R 54540 &
37 -41. cadmium 1in environmental geological samples by
[30] Euo, EAR, 7 MaE. Heb 8 X il & 55 5 1A inductively coupled plasma — mass spectrometry with
SRR BT T ). P E IO aE, 2015, desolvation[ J |. Rock and Mineral Analysis, 2017, 36
5(2) .12 -18. (6) :574 -580.
Wang F,Wang D S, Tang D N. Study on interference of [33] ey, 25N, 2sHn , 4. fif$E s il — A R & 45 5
tin in the determination of cadmium by inductively TR RS SRR ERLIT]. KK
coupled plasma — mass spectrometry[ J]. Chinese Journal (feze4r 1) ,2014,50(3) 345 —348.
of Inorganic Analytical Chemistry,2015,5(2) ;12 —18. Ma X L, Li G, Li Y, et al. Determination of trace
[31]  FE3EF Hom, MIrE , 25, o SRRl & 45 5 11 i s cadmium in zirconium — based alloys by impact reactor
FER B TR R R R T]. AT, 2020,39 inductively coupled plasma — mass spectrometry [ J ].
(1):77 -84. Physical Testing and Chemical Analysis ( Part B:
Yu L L,Guo B,Liu Z,et al. Trace cadmium in geological Chemical Analysis) ,2014,50(3) :345 —348.
samples with high content of tin determined by [34] 1ot l JE, FEE 2. shEeB i ICP — MS il
inductively coupled plasma — mass spectrometry [ ] ]. FEHIERAL 2R o 14 FOREOTR [T A0,
Rock and Mineral Analysis,2020,39(1) .77 - 84. 2019,38(4) :394 —402.
[32] EX,HuK, @R, 5% REE - LB s S8 T Xu J L, Xing X, Tang R L, et al. Determination of 14

Determination of Cadmium in Soil Samples by ICP

AR T A5 1 R S P AR [T, A T,
2017,36(6) :574 - 580.
Wang L, Yang L F, Tan X Z, et al. Determination of

Oxygen Reaction Mode

ZHAO Zhi - fei',
(1. Agilent Technologies ( China) Co. ,

REN Xiao —rong”, LI Ce”,

GUO Zhao'
LTD, Beijing 100102,

trace elements in geochemical samples by ICP — MS
using kinetic energy discrimination mode[ J]. Rock and

Mineral Analysis,2019,38(4) :394 —402.

MS/MS Using

, SONG Juan -¢', GONG Hud’

China;

2. Hubei Geological Research Laboratory, Wuhan 430022, China;
3. Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210000, China)

HIGHLIGHTS

(1)
(2)

Directly analysis "'

Optimized oxygen flow rate at 0. 45ml/min,

Cd in soil samples by triple quadrupole ICP — MS oxygen reaction mode.
the interference of 2000wg/L Zr solution and 1000pwg/L Mo
solution to cadmium can be reduced to less than 0. 005ug/L.

(3) The method detection limit is 0. 003 wg/g, which can meet the trace cadmium analysis in soil samples.

— 101 —



- a8k
11} 2021
w1 http; // www. ykes. ac. cn F

ABSTRACT

BACKGROUND: When using inductively coupled plasma — mass spectrometry ( ICP — MS) to analyze soil, the
zirconium hydroxide , molybdenum oxide, and tin isotopes can cause serious interference on cadmium, which makes
it difficult to accurately determine cadmium in soil samples.

OBJECTIVES: To develop a method for accurate determination of Cd in soil samples.

METHODS : ICP — MS/MS was used, and "' Cd without isobaric interference was selected as the analysis line. In
MS/MS mode, the oxygen introduced into the collision reaction cell can be reacted with "' Zr'*0'H* | "'"Mo'°0 ",
inducing electron transfer, dehydrogenation, oxygenation and other reactions to inhibit the overlapping interference
of these polyatomic ions on ' Cd.

RESULTS: Oxygen flow was the key factor in this method. 0.45mL/min oxygen flow can reduce oxide interference
to less than 0. 005wg/L when zirconium concentration was lower than 2000pwg/L and molybdenum concentration
was below 1000g/L. The method has been verified by the national reference materials. The relative error of the
measured value and recognized value of the 11 national reference materials was within = 7% , and the relative
standard deviation (n =12) of three soil reference materials was less than 5% .

CONCLUSIONS: Triple quadrupole ICP — MS oxygen reaction mode can eliminate Zr and Mo polyatomic ion

interference on Cd, and this method can be used for the determination of trace Cd in soil samples.

KEY WORDS: soil; cadmium; oxygen reaction mode; polyatomic ion; triple quadrupole inductively coupled

plasma — mass spectrometry
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