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Determination of Lead,Cadmium, Arsenic and Chromium in
Wheat Flour by Inductively Coupled Plasma Mass
Spectrometry with Microwave Digestion

LIU Shuping,QIAO Jihao

(Gansu Institute of Metrology . Lanzhou,Gansu 730000 ,China)

Abstract In some parts of China, soil and water resources are polluted with different degrees for the
elements of lead,cadmium,arsenic and chromium. These toxic and harmful elements in soil and water enter
the human body through the food chain,causing great harm to people’s health. Therefore,it is necessary to
accurately and efficiently quantify these limited elements in food. Microwave digestion combined inductively
coupled plasma mass spectrometry (ICP-MS) were stablished to measure Pb, Cd, As and Cr in wheat
flour. The internal standard method was adopted, Rh, In and Bi were selected as the internal standard
elements. In addition, the pretreatment method of microwave digestion and the instrument conditions were

optimized. The detection method was quick and simple. The working standard curves showed good linear
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relationship with correlation coefficients greater than 0. 999 9. GBW(E)100493 and wheat flour SRM 1567B

were used to verify the method used in this experiment. The results showed that the measured values were

consistent with the standard values,indicating that the method used in this experiment is reliable for the

determination of Pb,Cd,As and Cr in wheat flour.
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A EICE MBI Z A S A A8 E 1 R [ A
JEM 0 E B R AN TR e e B & e A
b A B R S M DL e T A H O kX
HWE s YR Eis . RIE GB 2762—2017¢( &
vl 4 4 R R R T G ) B ) v O [ e
5 Pb.Cd. As 1 Cr & 5B T B0 A9 BLRE , ok
A Pb.Cd. As il Cr & &4 MR F 0.2.0. 1,
0.5 1 1. 0 mg/kg. KK %4 () (EC)NO 1881/2006
S Ay Ph &AM 0.2 mg/kg, Cd &
AT 0.1 mg/kg, EBREMEMRZE G & CAC
TE 2010 AR50 72 YR TUMAR 1 & i ARDEL b IS G )
FIVEE Z 0 FHARE ) BLE 25 9 h 4 B8 0. 2 mg/kg,
AT Cd fR& 0.2 mg/kg, K5 K As R K
0.2 mg/kg,

HAil,/NE#HF Pb,Cd, As #1 Cr I8 7+
FAT LB A B R RS (ICP-MS) 3£, B &
A58 T K 3% (ICP-OES) 3557, J5 7 W% Ui S 1%
(AAS) . As 7 R T2 YOGS (AFS) 2 2
Horpr ICP-MS Jr vk 4 M 1 B i 8 B80RE 4 i FLRg [
B HEAT 22 00 R it o AT TR0 L PR | o o R s Ak 4
PR B E B R L o R EZE TR,

AR SZ 5 SR FH G008 30 i - PR A SR B AR S
P RE /N FE BE AL R PboCdL As Fit Cr, £ 5 T
oAl 7 528 45 F . @3 X GBW(E) 100493 /N4
W43 3 BT bR W B AT NIST SRM 1567 Wheat
Flour #5 #E ¥ 5t #F 17 5 UE M0 2 45 2R 5 b fE {5 —
0, 0] Ry /INFE Ky v Z2 00 F HE B AT R 0K 50 AR T
BEr kS % R B N R B R il R B A R
(D=3

1 SCIGER4y

L1 EZMEFFEA

7900 HL A & 55 B TR BUE AL ICP-MS (224§
R 4 B2 7). XPR204 L F K F (Mettler-
Toledo 2~ &), i /D43 & 0.1 mg) , Multiwave PRO
T T fR A ( Anton Paar 2\ ®) ), ZM200 B B 1Y

heavy metal;inductively coupled plasma mass spectrometry (ICP-MS) ; wheat flour;microwave

(Retsch 2~ Al) ., AS200 % 43 41X ( Retsch
Milli-Q Integral 5 # 4 /K ¥ ( Millipore
DHG-9920A & X + # 4 ( L g — 15
Mastersizer2000 3R EE B AL (IR XA AD

BT R T0 R bR o Aif A5 7 W (GBWO0S619, A5 i fH
1000 pg/mL, 1 [ i 5 Bl 22 BF 5B » 4 B0 K b
WA % 15 W (GBWO08612, R #EfE 1 000 pg/mL,
5 B 25 0F 5T Be) . Al B T K AR E BE A5 U T
(GBWO8611,brifE{E 1 000 pg/mL, H [ 1 &5 &l 2=
WEFEBE) » 5% BT R bR THE A 25 W W (GBW 08614 , Bk 1fE
1 000 pg/mL. o [ i1 & B} 22 0F 52 B ) » Wheat
Flour(SRM 1567b, NIST) , /N 85 L4343 Bt A 14 9
B (GBW (E) 100493, 84 BF 44 52 & I #2 A A BR A
A s BRI W (Agilent 23] A6 90 46 il B2 CBR 5 28
A L4k (18.2 MQ + cm),

1.2 XBHE
12,1 BEfE%&

INZER AR R A T EAR T AR KIGTE R AR
FEE TG YL X, 1 SRR R AR B /N HR B R LI e O B
e SRIGHEATUE U R E T EORT R4 TR 7E 80 CHY S
PFRHET 24 hy 325 HIR S DLBRES . FEH] 150 pom i 1)
S0 S AT 43 5 0 43 I 0 B il CE R 360° E % 1 TR
R 38 2= 12 b, WOR TR B EURE 6 .
TR T e P BRI 5 55 8 AR O i 7 0 L B LA
XFFRAEM 25 /N T 520 BF L BE S AT 3 5. B TS
FESAE S B TAE & L HEAT X2 43 %6, S HURE 5l #%
20 g/HHIHLHRS 2B A 50 mL B kE (0 3% I8 b P
ANZ AW A B s In B, DARUZ 0% 5 200k o
B R E P Z AN R IR B R . S T R AR
FH® Co 7 RIS T AL B L it 47 T3 % T 4b
1.2.2  FE&IY R

T A SR S T SR E A T R TE R A3 B A 6 mL
8 43 BT S Vi i TR« 152 Y VR R A (L3R D) HE T
P S FR T L 52 LR Ve HR TR MUK 8 1 Sk K
Al K25 e 2 0, T2 FREREREL TR 1K,
PLPRAIE AL SR A RGET I B b AR S5 e . HIRCR
FH AR HE R PRI 0. 5 g (ERA %] 0. 000 1 @)

GIDE
Hl D)
EIDE

B



o5 3 3]

R A5 R T At v R 1 5 B T AR B v DN B /N TR Y LR R 19
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F 2 0y o SRS TE A I A RE b AR U A G 95 2 e i TR
6 ml, B TR T AR A I A QE A TR LR 2) . %
B A 0 B AR RS B 55 19 50 mL R 4R
Hh {5l P RR 07K T VR T i A N BE 2R B RS B R &
I b S AT RE LR T R W b n sk B A A R e A LU
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Table 1 Microwave digestion cleaning method

P & P/W fif 8] ¢/min B T/°C
R 1300 5
SIE R 1300 15 PR 38 kB BR A 240
By ELEE 550 10 LA E R AE 190

B 70

R2 WMKEBNEHTE

Table 2 Microwave digestion method for the wheat flour

IR Y% P/W B[] ¢/min LR BE T/°C
I % 1 B 700 10
AR 700 5 P il BR A 240
R ey 1 400 10
oy R AR 1400 25 214N FEBRAE 210
BH 70
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Table 3  Analysis results of grain size of wheat flour

BURERV € HAp d0. 1 d(0.5) d(0.9)
1 pm 6.31 32. 95 122. 62
2 pm 6.18 31. 74 119.57
3 pm 6.28 32.51 121. 40
S pm 6.26 32. 40 121. 20
T g 22 pm 0.07 0.61 1. 54
E X A Al 25 % 1.12 1. 88 1.27
7
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Figure 1 Particle size distribution of wheat flour.
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Figure 2 Comparison of the water loss rate

for different temperature in wheat folur.
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Figure 3 Internal standard recovery of Pb,Cd, As
and Cr in wheat flour by ICP-MS.
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Figure 4 Calibration curve of Pb Cd As and Cr in wheat flour by ICP-MS.
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Table 4 Detection limit and quantification
limit of Pb,Cd, As and Cr in wheat flour

T DL/ QL/
TCE EmH M o . .
(pg kg™ (pg+kg™) (pg+kg™")
Pb 208 He 0.001 9 0. 005 6 0.018 7
Cd 111 He 0.031 0 0.093 1 0.310
As 75 He 0.092 9 0.279 0.929
Cr 53 He 0.090 2 0.271 0.902

2.8 MELHR
T e L A R o Y YRR I PR SRR 4 A T A

FEAKT Pb.Cd As Fl Cr 70 % ¢ I8 5256 )5 vk 2547 I
FE L BFNEE RS ATIN GE 2 WKL 5 TR A SR AT A
Pb.Cd.As 1 Cr JL R 1E /N2 #y A i o 3 122 43 )
BT 4y B (w) R R A 0.110, 2.70, 0.289 Al
0. 416 mg/kg, HARHENR 224> 34 0. 003 1.0. 042 6.
0.005 4 F1 0.017 1 mg/kg; A X 45 U A 25 53 1 Ky
2.82%,1.58% 1. 87 Yo fl 4. 11 %, ¥/NTF 5% , Ui 1
R D 0 R AT
2.9 EHmEIW

RT B E % Rk 0 T AR, BE R T ONIST
SRM1567b F1 GBW (E) 100493 /)N 2 ¥y 4 i b5 #E ¥
JE AT B BE - TR B A — fE e 25 (B X 25 5 1F
FEVEH . FE 6 I AN A 45 R R, & 0 R
I 5 SR AR A — B0 A F & e R e H
4 5 35 S HE B T RE Y
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Table 5 Determination results of Pb,Cd, As and Cr in wheat flour /(mg -« kg™")
it H 1 2 3 4 5 6 T8 o 1 Ml 22 AR b o A 22
1 0.110 0.108 0.110 0.122 0. 106 0.110
Pb 0.110 0.003 2.8
2 0.108 0.113 0.110 0.111 0.111 0. 106
1 2.71 2.74 2.66 2. 80 2.71 2.62
Cd 2.70 0. 04 1.6
2 2.73 2.69 2. 65 2.67 2.77 2.66
1 0. 285 0. 289 0. 289 0.276 0. 282 0. 290
As 0. 289 0. 005 1.9
2 0. 290 0.297 0.298 0. 282 0.292 0.292
1 0.429 0.421 0.401 0. 434 0.39 0. 394
Cr 0.416 0.017 4.1
2 0. 404 0. 458 0.423 0.420 0. 389 0. 424
TV RN %,
F6 /NEHF PbCAdAs I Cr TEMEHZWIELE R
Table 6 Verification result for the determination method of Pb Cd As and Cr in wheat flour /(mg - kg™")
- NIST SRM1567b GBW(E)100493
JUR
SV-U MV-s E, SV-U MV-s E,
Pb 0.010 440.002 4 0.011 240. 0015 0.42 0.24+0.02 0.2434+0.013 0.18
Cd 0.025 440.000 9 0.025 140. 000 6 0. 40 0. 63+0. 04 0.6414+0.019 0. 40
As 0.004 840.000 3 0. 004 740.000 4 0.18 0.04=+0.01 0.03940.003 0.21
Cr 0.07+0.01 0.066+0. 005 0. 57

T SV-U 7% 7 M8 AR B i
3 it

SR P I T - F TR S A5 B AR 0 1 D
INFER ) Pb.Cd.As 1 Cr & & ,Pb.Cd.As f1 Cr
AFBIFE 0~5.0~50,0~10 F1 0~10 pg/kg i ¥k
JEREH N 2 RIF LR R, KM R R T
0. 999 95 4% 0 Z M 2 &5 SR AR X b o i 22 /N F 5 %05
T Ao G Y B e B A 5 2R S R % 9 AT R 4K
T3 AL PR i I . IR B fd T NIST SRM
1567b 1 GBW (E) 100493 #7 4 it 5 3F T A< 52 16
JIT R FH B 75 vk 2 E G AT S 0L AT R 2R L SRR
Hh K 5T 2 ARG S A
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