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Determination of trace heavy metal elements in aquatic product by inductively
coupled plasma tandem mass spectrometry

LI Aiyang”, WU Suyun, LIU Ning, LIU Shuilin

(Department of Material and Chemical Engineering, Hunan Institute of Technology, Hengyang, 421002, China)

ABSTRACT An analytical method for the accurate determination of multiple heavy metal elements in
aquatic product by inductively coupled plasma tandem mass spectrometry ( ICP-MS/MS) was estab-
lished. For the spectral interferences caused by complex matrices in ICP-MS/MS analysis, O, was in-
troduced into the octopole reaction system ( ORS) as the reaction gas in the MS/MS mode. The analyte
Cr", Ni", and As" could react with O, to form CrO*, NiO ", and AsO ", respectively. While inter-
ference ions did not react with O, , the O, mass shift method was used to eliminate the spectral interfer-
ences. Using Sc, In, and Bi as internal standard elements, the matrix effect was corrected and the
drift of the analysis signal was prevented. The interference free determination of trace heavy metal ele-
ments Cr, Ni, As, Cd, Hg, and Pb in aquatic product was realized. The accuracy of the method pro-
posed was evaluated by analysis of scallop composition analysis certified reference material
(GBW10024). The detection limits of analytes ranged from 0. 85 to 4.28 ng/L. The relative standard
deviation (RSD) was <4.65% . Thus, ICP-MS/MS operated in the reaction mode was an effective
instrumental strategy for overcoming spectral interferences, which allows the accurate determination of
multiple heavy metal elements in aquatic product at trace levels.

Key words aquatic product; inductively coupled plasma tandem mass spectrometry ; heavy metal ele-

ments; spectral interference; mass shift
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Fig. 1 Mechanism of spectral interferences eliminating

in the O, reaction mode
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Table 1 Mass spectrometry analysis modes of analytes

BEC/(ng - L")

[ % T F SQ #Ek MS/MS £ =
TR He #ilf it 0, i NH,/He J i

2Cr OAr'2c, ¥Cl'°0H, **Ar'°0, *Ar'N 69 200 101 18.4 20.7
ONi ¥ CoH, 2 Na**ArH, ®Na*’Cl 513 25.7 5.80 4.06

" As OABCl, o0, PONdT T, OSm Tt 13 800 20.6 9.22 31.5
"ed S Mo'®0 32.3 44.1 31.7 48.1

2 Hg 86wleo 11.8 18.7 25.0 39.2

208 py 205'°0 9.75 26.3 16.5 31.9
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Fig.2 Optimization of the O, reaction gas flow rate
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B VAW, R T 1ICP-MS/MS JEATI 52 , 18 $| 43 M e K
MR HE N Ze B diE . LB S AE 11 s o ot
FAF SO 3 A5 FN 10 A% b oA 22 Fir Xof 7 1) ¥ BEE 43
A 2 5 A6 H B (limit of detection, LOD) il i€ 12 bR
(limit of quantitation, LOQ) " | Wit 2 A[LIFH,
HIOCRMLTEME R E=0.999 8, Lk 1E X R R IF;
Cr.Ni, As Cd,Hg.Pb f) LOD 43 5|k 3.01.4. 28,
2.94.0.85.2.62.0.97 ng/L,

R2 SWMTENRAHBESRUR
Table 2 Calibration data and the limits of detection (LOD) for analytes

LR Q—Q, W e ¥ LTI/ (ng - L") LMAEE R EUR LOD/(ng - L") LOQ/(ng - L")
Cr 5268 S2¢100 ¢ 0 ~100 1.000 0 3.01 10.3

Ni 60—76 ONjleQ 0 ~100 0.999 8 4.28 14.4

As 7591 BAs'0* 0 ~100 1.000 0 2.94 9.80

cd 111111 et 0 ~100 1.000 0 0.85 2.83

Hg 202202 W2 Hgt 0~ 100 0.999 9 2.62 8.73

Pb 208—208 208 p + 0 ~100 1.000 0 0.97 3.22

2.4 HWHUEMBEZERIE
R 5 E 43 AT 7 T 1 o A PR RORS 9% R SR ICP-
MS/MS Xt = ZAr 1 2 % W) it i3 U1 (GBW 10024 ) 5 &2

MZE 6 U AR 3, 6 Do Hroc xR Ml E L RS

] G A U 225 40 JoT 1 DA UE (B 356 A — B30, AR X s o4 Ol 2
(relative standard deviation, RSD) <4.65% , I 9F T
JIt 33 ST 00 40 AT O U R ARG R

#3 XFICP-MS/MS NEMRESEZEYWEREN(GBWI10024) 53 #T 45 R (n =6)
Table 3 Results obtained for analytes in standard reference material scallop (GBW10024) using ICP-MS/MS (n =6)

JLFE  WEf/ (pg-g”')  RSD/% M/ (pg - &™) TLH WA/ (g - g7") RSD/% WM/ (pg - &™)
Cr 0.26 +0.011 4.23 0.28 £0.07 cd 0.98 +0.022 2.24 1.06 £0.10

Ni 0.32 £0.013 4.06 0.29 £0.08 Hg 0.043 £0.002 4.65 0.04 +0.007
As 3.51+0.1 2.85 3.6+0.6 Ph 0.13 £0.005 3.85 0.12
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2.5 KFE@BSH

K TR ST B 5 58 T 5 28 DL K wh AR b
(/Mg lp Fifa BRER B3 DL BEfa) hE 4R T E Cr,
Ni As .Cd . Hg .Pb (% & & , & dh B Z I E 6 1k,
MR 4 LA LS KK E &R IT R I & a1
b FARARAKSF o B DU Cr (Cd (Hg \Pb 1) & 5

fe, IR R N A0 e, B TP As BB i R, W
P E G R U Cr . Cd Hg Pb 3 8 3 20 e ik, B
) NS R AR, D AR As 1S R, A%
B g K™ i (HHER B DL B 00 ) vh 9 B G IR T R Y
RO T IROK ™ A (/N B R ) R LR
Ul WS RS

®4 XA ICP-MS/MS MUEKFRIZTHELER(n=6) Hfi7 ing/g
Table 4 Results obtained for analytes in aquatic product using ICP-MS/MS (n =6)
P Cr Ni As Cd Hg Pb

JN g B 212 £8.45 236 £5.38 543 +19.0 308 +10.7 127 +3.52 392 +10.4

Al 173 £6.53 355 +11.0 611 +23.1 22.0+0.85 63.1+2.91 126 £3.77

HH R 189 £6.79 582 £17.2 845 +30.5 673 £27.9 228 £7.18 180 £6.80

Jii DL 376 £12.7 410 £13.4 1120 +£34.6 1340 £51.5 304 £6.90 674 £19.5

fift 272 £9.01 167 £5.06 2310 £86.2 812 +34.6 271 +7.86 215 +6.39
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