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Spectroscopy and Spectral Analysis
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B ICP-MS 5 &2 2% JE AR rhy i Cd i |2 F B M
FEIT A9 A0 27 23 B9 3 AR 39 0 TR 35 G A0 20 BT 0 5K B KUK
fill 488 S it (CRC) 2y ICP-MS #2461 98 Br 1 40 119 38 H 77 3%
L fa A T v AR () S 2 R T8 . T B N D R S T
RS BRI B 7 1 2 W T B2 R 0 23 T 445 R 4 AR R AR
TEME . TG 5 ) SO R AR SR U AR AT ICP-MS(ICP-
QMS) 3 R SO I 1 45 55 #9 FL, DAy 5 1oy ol e JiE 7 o
BB T .

HL R B S S T A R BB B B (ICP-MS/MIS) i) i 4 ¢ 72
CRC 1585 — DU T 53 3t 3o 38 88 (Qu D 5 AL SRV 46 E T Aif L (m/
DWE T HEA CRC, M RH4R 5 T CRC W R 1 £ 5 S I
T 3o 5 DT B R (QuO B R R B TR AR
m/z 8T AT TCR Y O BEAKIN G . O S % R PR A
TR A R R R e T R T SR TR ) DR AR
R JT I i Ak B R 4y LA S A B £ . AT ICP-MS/
MS i E H iy B4R U R Cd i &, JE T MS/MS 80N
Ve FEAE BN 1G24 > B I RE . 23 I LA He o NHy/He(V/V =
1/9. He HZMAD . O g KW . X HE 43 B B3 T 4 49
BRER, B n B4 LA M B & P E e R Cd B8 eI
E P24 R B M
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1.1 #E5iRH

1000 mg « L'y Mo, Sn I Cd .50 2 b HEVA W . 10
mg « L7 Rh PIFRIEH, 65% (w/w) (B ALRN IR » 30 %6 (w/
w) 1Y H 40 R K, 15 E Merck; b2 % 8 K By (SRM
1568b), 3¢ B B K b5 #E 5 H AR O % k. T KOk
(GBW10043)., P Jil kK >k (GBW10044). 1 B K %
(GBW10045) , H [ 1 53 Bl 27 B H BR 4 24 b 3K 1k 27 38 5 1 5%
fis 6 FREAN LA B2 Sl B R A T, SRR OR
FHE o Z&A afE — B 4R 4l , B2tk o Milli-Q 8 4l /K L 75 .
1.2 {U=ffnig&

Agilent 8800 ICP-MS/MS {¥ , 2 [H Agilent /47, MARs
S M AL, £E CEM A H . Milli-Q Baikil. E£H
Millipore A #] . ICP-MS/MS TAEZS B M4 RF 3
., 1550 Wi REERE, 8§ mm; A s, 1.08 L » min ';
B A, 1.80 L e min™' s BUArEEE], 1 s @52 K
¥, 3; KM K. H,, NHy/He, O,; H, i, 7.0 mL -
min~'; NH;/He /i, 5.0 mL * min~'; O, Ji+#&, 0.4 mL
min~ ',
1.3 HmmaE

G RILA IR T 105 ClRE R/ T EEE, M
BRI 0. 25 gORf A 31 0. 000 1 @) Bt T fih Bl I V4 foe e
rf, i A K I TR AR I A 65 % Co/w) Y R 4 mL
309 (w/w) BREIK 2 mL, WA #E 20 min J5 2E17 5 0%
i (15 min & FHE 120 C; (2)3 min ¥ FHE 150 C;
(3)5 min B FHE 190°C . FREE 15 mins JFA 25 3R 090 #7 2
THHR 1600 W, HMAERGEARBHEER, ¥BE 25
mL 255 E A . R A IR 5 R A5 A IR T

1.4 Fix

B 0.0, 0.1, 0.5, 2.0 F1 10 pg « L7 f Cd BRI A5
VAN 1 mg » L' Rh YRR T B Y FRIR & 2 %
¥ Rh WERIE W S50 T I E LR & AW ARHETR W FE S i
WA = 1 W AT W g, A ICP-MS/MS B A /Y
MassHunter #4425 A fE 1 26, #EAT &R PE Sk . R H A o
f £t A i Cd Y& 42
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2.1 RESHERE

Cd A 8 e Iy RARF A2, Hh' Cd o Cd iy B2
N F 2V RECRA . AR SR Cd A 6 Bl &R
SIBTIR AL 2R . AR B4 LA S B S . Mo 7E R S
BT P JE R MoO'™, MoN', MoC’ £ xf ' Cd',
Hedt, meedt, medt, Medt, 1 edt i e %
I, "0Pdt, "2SnT, " InT, MSnT, Snt & X CdT,
2T, M Cdt, M edt, M CdT g e T R R B R R T
. BHWEHAT, EALXEYH Sn & &5 Cd MY, Mo
g T Cd, T Pd A In 19 #E (8T Cd, Bk, Sn Al
Mo FFTE B T3t 2 5 mi Cd MAS i 2 , 1 Pd Al In 7T AG
B TPl LA Z s . NH, /He #1 O, AF 01 B T 41 55 38 FH #0 fx
A Rk 0 R R SR, 7E ICP-MS/MS 43 #f 45 5] T 1 32 Ri
F. i H, 7 ICP-QMS J& fif 4 & 4 i 19 I B <. B+
NH;/He fil O, #1643 KB LB TH IR, % ICP-MS/MS
G340 A H AR R SO AT B B T4 BB s . AR S
K 100 pg « L' Mo Al 1 g » L' (¥ Sn i 4 b5 ME I WP
AT pg« LRy Cd ARiER W . 75 MS/MS #E0F . 433 %
A H.. NH;/He fl O, Jy IS, AR AL 5 5 355 05 B T
o, ZE1Cd, M Cd, "2Cd, P Cd, M Cd, MO 1Tk
e (BEC), Z5R L% 1,

MWFE LA LIE . R He RO 6 4 Cd 7 A % 1
BEC £k, R O, KM AH BEC Fe/h, 5l ad X 1R A br i 7
W AT RS i &k B, MoO', MoN' Al MoC* fig 5 H..,
NH; /He fl O, KL RN . M Sn™ A5 H, 1 NH;/
He KB RN (ILE 1D, B Sn M1 Sn 1 FE
ANTF 1%, EARSRRET Cd A Cd g 2 i R TR T
M+ Sn &\ TH" Cd 2. Hik. kA H, M
NH;/He A, HA#ELE"Cd, M Cd, " Cd R4 H7 7
PR T . BT H, (LA S Ar BepgF Pl e, 5 Al
THE B SO R B R, X T R Mo R Cd iy i e
e LAY R T BR T4 .

O, RMAERT, Sn™ 5 O, Wy P B4R 2 Wk #1472
(AH, =00, B7E /AR B s R AR R 0™ A (9 50
i g SR HE Sn™ 5 O, RBL. fff Sn* & A Ji & 7% 8 A4 i
SnO" , MIfiTH B Sn X' Cd, "™ Sn %t Cd T8, W
MSnxt e Cd B F WL 2), BARTE O, BT, 6 4
Cd [R5 2 AR A% 19 43 H1 R B AR F NH, /He B, {2
BEC H it NH, /He WAL, FL, A8 %E O, K
NS B T T
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1 FAARKST CdHESFHRE (BEC)
Table 1 Background equivalent concentration (BEC) obtained for Cd by using different reaction gases
BEC/(ng « L™ 1)
Isotope Abunﬂdance Mode Interfering ion Production ne
/% H, NH;/He (O}
1oCd 12. 49 On-mass B Mo 12CH, TMo BCH, %Mo NT, Mo 0" nocdt 36. 5 15.8 7.52
Hicd 12. 80 On-mass B Mo 13CT, Mo NT, Mo 60" et 30.9 9.70 3. 06
HzCd 24.13 On-mass 10 Mo 12C*T, %Mo MNT, Mo 160OF, 1128pn* nzed+ 51.5 23.6 15.1
115 Cd 12. 22 On-mass 100Mo B C*, 9"TMo O™ 3Cd* 40. 3 11.7 6.03
HiCd 28.73 On-mass 100Mo MNT, %Mo 160O", 14Snt nicdt 55.2 31.4 18.9
16 Cd 7.49 On-mass 100 Mo 16O+, 1165+ 16 Cd* 162 53.0 26. 4
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Fig. 2 The mass spectrums of mixed standard solution (100
pg L' Mo+1 pg+ L' Sn*1pg-+ L' Cd in O,

reaction mode
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2.2 RESKEMMRK

£ MS/MS #1:0F . R A B B AR #E 225 ) 5K By (SRM
1568b) Xf Fz < O, Wi i 4T T ifk. 8 7T AR O, i
T, EEEOCd, M Cd, 1P Cds TP Cds M Cd 43 A TE A R A
SRM 1568b Ht Cd & 25 Ay 52w, 25 3L WL 3,

ARE L, BEE O, Wi msgm, 54 Cd [\ 67 R /i E
4 AN NI 7B W B2 SRM 1568b 191 18, 28 B T 48 3% i
B, M O, WA 0.25 mL - min ', "2Cd A Cd
F A 5 SRM 1568b BN E M HEA —F, H"°Cd, "' Cd,
P B E 2 RAT R R s 2 O, i iAF] 0.4 mL + min !

Bf, 54> Cd R R 2 A5 SRM 1568b [ IA e H— 3,
qeer A O, ik, "°Cd, "M Cd, "2 Cd, " Cd, "M Cd e
ERERARRFTEAZ A, FHb, ATEEE O, RN 0.4

mL * min ',

S
(=)

B Certified [72"°Cd §Y'"'Cd 1120 [ P CAEEE 1 Cd

Ll“ mn

0 | HIE L b b E
SRM 1568b 0.00 0.05 0.10 0.15 0.20 0.25 030 035 0.40 0.45 0.50
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Fig. 3 Effect of O, flow rate on the determination of Cd in
standard reference material SRM 1568b
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2.3 HIRTERIERE

VBT o Rl B I PRI« T Ll I A 1 £ 5
B Ing 2 AMRENFAE Y In M In, HEE  In il T
5 Cd [R)3 2R 14 5 2 FIT R, 88 W (B0, R R CA I
FROGEE . (B In 20 A S2 86 b 40 b ) 47 2619 Cd 72 4 T3k
Rh 77 R4 i M — 7 iz % Rh. 35 A1 B8 ol i 15 Cd
Beili, 76 O RBIBER T RN O 1002 B K WL R
BARE PR RO A, R 1 pg « L7 Rh g ifi
T A A B AT LUA O 8020 19" Rh " 8 A ik e
RN PG, A SEEG e Rh'" Sy AR W I B 7R 4% IE it
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Fig. 4 The mass spectrum of 1 pg + L™" Rh standard

solution in O, reaction mode

2.4 ZUXFEERHR

TEARAL B ICP-MS/MS Z 17, #5524 Jr i % Cd £ 51
PR AT E . L Cd MM AR S0 (ot R Cd 5 N
PRICER Rh B9f5 5 30 8 LU ARD T X R ) W B8 1 3l 3l A7 4% 1k
V. g sy Cd Al 3 A A i b 2 SR R BTt 2 19 vk xb s
VEWGE S E 10 W, 35 Cd [N # Wb 25, LL 3 f5 45
YA 22 T XoF O F) vk B DA A At O A i R (LOD) . AR 2 AT LU

. Cd R RTES BRI E N B RIFIAERR. &
A SC R E=>0.999 8, Cd ) LOD i 2.03~13.4 ng » L',
Horprt Cd ) LOD AR, Rt . A LRk Cd S 43 # [l {2
BT 05 1k B HEA PR E A RRE B AT

F2 CdEMLEMELMEXREHIR(LOD)
Table 2 Linear relationship and limits of
detection (LODs) for Cd isotopes

Tsotope Linear railge Cofr‘elation L()D7
/(pg+ L7H coefficient (R)  /(ng+ L~ 1)
1o cd 0.012~10 1.000 0 5.16
1 Cd 0.004~10 0.999 9 2.03
nzcd 0.016~10 0.999 8 11.8
15 Cd 0.008~10 1. 000 0 4.70
MCd 0.020~10 0.999 9 13.4

2.5 FHEBERETN

R FH A 77 122 [ AR 75 (GB5009. 268—2016) % 4 A F7 1
S Y RAATR AT, BAFEREENE 6 K, B8k
0 0T VT 43 BT 7 Uk 0 D B SR AT ST b, A R 3
T LA H s AR D7 TR 00 DU 2 A 5 v 5 25 ) T 1 O (i A —
B, Gt iR, fE 95 Y M E (5 K, AR k5 B AR L Y
M5 2 BT P25 5 (p=>0. 05), G T 45 Jr i M 1] 4%

R3 HESEURHITER(n=6)

Table 3 Analysis results of standard reference material (n=6)

. Certified Found/(pg « kg™ 1)
Standard reference material . - ¢ test
/(pg = kg™ This method GB5009. 268—2016
Rice flour (SRM 1566a) 22.4+1.3 22.1+£1.0 22.7+1.6 »=0.23
Liaoning rice (GBW10043) 12.04+3.0 11.640.7 11.841.2 »=0.37
Sichuan rice (GBW10044) 18.0£2.0 18.440.6 18.7£0.8 p=0.24
Hunan rice (GBW10045) 190420 186+11. 3 193414.1 »=0.18

2.6 EEREERS

NAATTEEN 6 F B Y LA KB E R T ESE Cd
SR AT I g . I 2R A E AR (GB5009. 268—2016) #F 17
TE, HAFEREEME 6 . NFKATTLEL, AFEYHE
Bk 0 I 52 45 SR — 3, ik 6 Fh R N AN B4 LA 2S5 B £

HIR T E g E Cd. H A RO AU T R E Y 0. 06
mg + kg il I FREE AR, R TR E B9 0. 04 mg -+ kg
FRE bR T AT 6 A 224l LA 250 D2 i BT R A B
@8 Cd A HATWAE 1 e e UK

R4 BHIALHEHRAP CASENTHER(n=6)

Table 4 Analysis results of Cd content in cereal food for infants (n=6)

This method

GB5009. 268—2016

Sample Origin

Found/(pg « kg™ 1) RSD/ % Found/(pg « kg™ 1) RSD/ %
Millet flour for infants Jiangxi 7.2640.31 4.3 7.1940. 36 5.0
Organic millet flour for infants Sichuan 5.124+0.19 3.7 5.2040. 23 4.4
Millet flour for infants Shanxi 3.3840. 10 3.0 3.31£0.12 3.6
Rice flour for infants Shanghai 6.054+0. 21 3.5 5.9740.18 3.0
Chicken mushroom porridge Japan 2.43%0.06 2.5 2.4840.11 4.4
Salmon corn porridge Japan 2.08+0.07 3.4 2.0340.08 3.9




2822 ik 2 5k o b %42 5

IR, B T A O, BRI BR BT T4t . Cd iy LOD g
3 4 B 2.03~13.4 ng« L', ¥ Cd Jy 40 47 il 3 % 345 19 LOD
FeA . T ST 0 7 EL A B TR B L b PR L 4 R
HS7 T AT ICP-MS/MS 1) O, R MR BRTHRME  wHEmst. RLILA LM E4R Cd miEH S
WA LA KM RSP RSB CdWF k. £ MS/MS #1 &l A I3t TR 30 3%.
KT, X HRA Hy, NHy/He F1 O, 2 2 S0 B BT T 4%
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Analysis of Heavy Metal Cd in Cereal-Based Complementary Foods for
Infants and Young Children by Inductively Coupled Plasma Tandem
Mass Spectrometry (ICP-MS/MS)
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2. College of Chemistry and Chemical Engineering, Yangtze Normal University, Chongqing 408100, China

3. Institute of Chinese Materia Medica, Hunan Academy of Traditional Chinese Medicine, Changsha 410013, China

Abstract Cereal-based complementary food for infants and young children is an important energy source for infants and young
children nutrition. The main raw material for the cereal-based complementary food is rice. While, rice can easily absorb heavy
metal Cd from the soil and water in growing process, result in a relatively high residual concentration of Cd in rice, and posing a
potential threat. In this paper, a new strategy for determination of heavy metal Cd in cereal-based complementary food for infants
and young children by inductively coupled plasma tandem mass spectrometry (ICP-MS/MS) was proposed. The sample was
directly determined by ICP-MS/MS after microwave digestion. The main spectral interferences in the determination process were
Mo based polyatomic interference ions (MoO" , MoN™, MoC™) formed by high concentration Mo, and isobar ("'2Sn™, *Sn™,
15Sn" ) formed by Sn. In order to eliminate these interferences, in the MS/MS mode, using H,, NH,/He, and O, as reaction
gas, the interference elimination effect and analysis sensitivity of different Cd isotopes were investigated. The results show that
in the H, and NH; /He reaction mode, both H; and NH; can undergo mass shift reaction with Mo-based interfering ions, but
cannot react with Sn'. "°Cd", "'Cd", " Cd" can be selected for determination. However, the reaction speed of H, and Mo-
based interfering ions is slow, and it is difficult to completely eliminate the mass spectral interference of Cd in high-concentration
Mo-based matrix. In the O, reaction mode, all interfering ions can undergo mass shift reaction with O,. Although the analytical
sensitivity obtained is slightly lower than that in the NH;/He reaction mode, the background equivalent concentration (BEC) is
significantly lower than that in the NH;/He reaction mode. The optimal analysis scheme for eliminating the interference in the
determination of Cd with O, as the reaction gas was determined. The accuracy of the method was evaluated by using standard

reference materials, and the reliability of the method was verified by comparative analysis with the national standard method
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(GB5009. 268—2016). The results showed that the LOD of Cd is 2. 03~13.4 ng + L', and the measured value of the standard
reference materials is basically the same as the certified value. At the 95% confidence level, there is no significant difference
between the comparative analysis results. The method has high sensitivity, accurate and reliable results, and is suitable for the
high-throughput determination of heavy metal Cd in large quantities of cereal-based complementary food for infants and young

children.

Keywords  Cereal-based complementary foods; Infants and young children; Inductively coupled plasma tandem mass

spectrometry; Cd; Reaction mode
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