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Determination of six heavy metals in peanuts using microwave-assisted
digestion—inductively coupled plasma mass spectrometry

with an octopole reaction system
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Abstract: Objective To establish a microwave-assisted digestion—inductively coupled plasma mass spectrometry (ICP-
MS) with an octopole reaction system for simultaneous determination of six heavy metals in peanuts, including Cr, Ni,
As, Cd, Pb, Hg. Methods Peanut samples were shelled and crushed evenly, and 0.350 0 g was accurately weighed
and digested with 5 mL nitric acid and 1 mL hydrogen peroxide in a digestion tank. Following microwave-assisted
digestion, pure water was used to quantify the samples, and internal standards and an octopole reaction system were
used to remove the interference. Then, the contents of six heavy metals were determined in peanuts by ICP-MS. The
accuracy and precision of ICP-MS were evaluated using national criteria (GBW 10013 and GBW 10044) and spike—
and-recovery testing. Results The six heavy metals showed good linearity at the selected linear range (r=0.999 8). The
detection limits of ICP-MS ranged from 0.001 4 to 0.023 8 ng/mL, and the spike—and-recovery rates ranged from
94.7% to 98.8%, with the relative standard deviations ranging from 0.7% to 3.6%. In addition, the determination results
of the standard reference materials were all within the normal reference range. The detection of six heavy metals was
100.0% in 60 peanut samples, and the contents of six heavy metals were all low. Conclusion The established ICP-
MS assay is feasible for simultaneous determination of multiple heavy metals in peanuts.

Keywords: peanut; heavy metal; microwave—assisted digestion; octopole reaction system; inductively coupled plasma mass

spectrometer

DOI: 10.19485/j.cnki.issn2096-5087.2022.01.021
ERE T kA, Wi, TEHE, TR TR T A
BEEE: HiHi, E-mail: xuyan19771203@163.com



- 102 - FRGTEE2: 2022451 H4E 34 H55 1 Prev Med, Jan. 2022, Vol. 34, No.1

ARk, A2y, MR, ARACRIAS G BT SRS
HHRFENR, REAAETPNESESES N, #%
(Cr). B (Ni), il (As). # (Cd). %5 (Pb) 5K
(Hg) 454 WA &R AREPEYIREM, S AR
TR, R R TEE, MRS Ha R
GUMIMLIR R G F ARG E , a5 EIEMR, B
P E PRI AEF S0 o N BUE Y . ER 'R
2 it e B AR PR R A AR BT L AL A A P AR
H Cr. Niy As. Cd. Pb il Hg %5 & J& & A ™
RERE > APIEEA B Ay, —Fh e AUk
MAEA: TR o S R A B R

HET, B rhESE S I vE 2 A T
WIOETEE | 2O A I B & A5 B AR
PRk, XA R, SRS, BT
TR 22, ZICRIEINIERMRE T B o HK
A 5B TR S 5 (inductively coupled plasma
masss pectrometry, [ICP-MS) Zr#ri R, T T4LEE
Jisig, Al BEAT IR R b S 2 ou R R E T, JR
B 22 4 [ b i A D Bl b 2 50 300 E 1Y
Bk JWATFRESE L (octopole reaction system,
ORS) WAR/IN, HJuv, ATHE e 5/ i il 4 v
B, Wb BFRE TR 1 ARSI S O -\
AT Al R AR - L SR 15 25 28 TR i (ORS-ICP-
MS) WEfEAE T Cro Niv As, Cd. Pb Fl Hg &,
PRGBS o

1 RS

1.1 AR LXA 7900 HL ARG 45 B TR B gAY
(3EHE Agilent AF]); Master—D UVF #4li/KHL (2
MBS IR T 5 ETHOS One SRS (3K
F] MILESTONE); VB24 Plus #ga% (L EEIARER
IS BRAF]) 5 400Y ZINREMIENL (FARK .4
J7)5 ME204 E/02 J3453 2 —HFotr RF (MR-
FER A ABRAF) . ZIURRMENRME 24 (5
Cr. Ni, As. Cd Ml Pb 5§ 27 #C%, 10 pg/mL, %
51 8500-6940, FE[E Agilent A F]); ZICEK HELR
FE 2A-HG (10 pwg/ml, 585 8500-6940-HG, ZE[H
Agilent 23 ®] ) ; ICP-MS PHIEW [ &4 (Ce) . %Y
(Co) . #E (Li). B (Mg). & (T f4z (Y),
1 wg/L, %5 . 5185-5959, & [ Agilent /A ] ];
ICP-MS MHRIE G [ &80 (Se) . £ (Ge) .
(In) A% (Bi) 5% 8 P&k, T : 5188-6525,
100 pg/mL, FE Agilent AW ]; MR (P, it
5 20141009, JbEt e T )5 30% A LA (g

afi, it 20170613, KEEHRHR AL A BR A
Al E G AR EYI BT (GBW10013, HiBRY)
PR IR AL 2 A ST ) 5 DO RK o3 o A i)
i (GBW10044, Hb ¥R 9 B8 M R AL 7 Bh & WF 58 A )
AR (4B 99.999%) 5 SEUS FH K AR 4K ; 52
95 B FH 2 L34 R SRV M B, SR AR RR S (12 1)
Bt ne, Ak, B FEECRIE: ot
A, JrE B R LI

1.2 7k

121 FESRRCANHE  FEA AT, LK RS, B
T, RN IS, BT A B ERAE, W
R 4 C, HEIREN 40%., FRE S8R
i 0.350 0 g ik 4 A% 3 VU 960 £ s it 1 F b, o
A 5 mL iR, #1E 10 min FA0IA 1 mL 30% 334
A, BRE GRS, BEAR. K5tk 2P
BE1, T 1500 W, FEHREE 120 °C, FHE S5 min,
4% 10 min; 58 2, THER 1500 W, #5066 E
160 C, FHiE 5 min, f£%F 10 min; ¥ 3, T%
1 500 W, #H0UE 180 ¢, JHiR 5 min, {f4%F
30 min” FRSFIRME. EMASHE, BUBINMRRE, BT
100 CHE s I HFm2 0.5 h, BHIE, WHiNMKES
EWRELE Y, HBAUK 2RISR, RS
25.00 mL, FEAIFFM,

122 FRERFIFINFRIEECH] 7 5RH 5% fisiR 1
5% s 2 u R IR A ARER A He AR RE K
P, BRI Cr. As. Cd I Pb IR AR R 5 He i
0. 0.106. 0.206. 0.407. 0.805. 1.01. 1.99.
4.03. 8.18, 10.0 ng/mL; Ni #rifE R FI W E K 0.
0.106. 0206, 0.407. 0.805. 1.01. 1.99. 4.03.
8.18. 10.0, 50.3. 101 ng/mL; Hg #rifE R LK
0. 0.101, 0.206, 0.405. 0.802, 1.00. 1.99 ng/mL.
KH 5% TR NIRR AW (Se. Ge. In Fl Bi)
P2 1 000 ng/mL.

1.2.3  ICP-MS {88 TAESM  skREfs, M
K. W, WA FEEE R ITE LT HIRER TS
i, AR REE . Rt B 5
. ALY . WU far A5 B3R A5 45 4R A Ak T e A
RS AR SENT « RAEHEFNBUIHE Y R B4
S 1550 Wi SRR 10 mm; 558 IR
# 15 L/min; 2 E 1.01 L/min; ff B <0 3
1.0 L/min; ESHZEHE 0.10 v/min; FALEIE 2 °C;
WETRUEE S0 3, EAE 3 Wk, HHE 100 K RS
Tt & 0.4 mL/min; R A 206 8 AL =000 &, 9k
43 mL/min; $EHGESE 1 IR 0 V; $2HGESE 2 A



BT~ 20224F1 HEE 34 B85 18 Prev Med, Jan. 2022, Vol. 34, No.1 - 103 -

J£-180 V; Omega fi%HLE-80 V; Omega & HiH T
10 V; b A LT E-40 V; Rl H T HLR-60 Vs
AT D 5% W0 5 - 18 Vi e R L R 5 V5 Ak
Y 5°Ce0"/"Ce’ A 1.09% , KHLEf Ce*/"*CeH 1.25%.
124 RWIrE SRS TAESIE, 7R
IIANARIEE “Sc. PGe, "In F1 *Bi, HRUKIE bR
ZYNER ., WA FAREER, FHECER) MassHunter 43
MR bnEth e, THERER RN TR & it
1.2.5 2 PRI A MR 1.2.1 ik bR
JEPOI KK (GBW10044) FEATRIALEE, %18 1.2.4
Dy g, SR AR AR X ARG AR X [R] s 2R AT 6 Ik
SEATIRES . SR SPSS 19.0 # 448 br, 2 A
PRGN 235 SR LR IO ¢ K, LA P<0.05 N22 5
Aaiteem L

12,6 JriERIR IR | KGR EE S nbR R R R
FH 1.2.4 BRI 7, SRR S A I RGESEUERE 11
W, DA A5 B0 3 A% bm ol 22 T 0T I 178 e 1
FSZES TR R . B 6 (i AEAERESY, $RIR 1.2.4
P EATIE 6 R, BOPRBIEMEAAIRE, Jfit
6 FVE A m A bRER 2 (RSD) 5 FR-TATHUE
AERER 18 0y, A ilxtaE 6 YEER AT, Bl B3
AVRBEEASIN, % 1.2.1 Fikaiab B s, ICP-MS
FE, BNREEIEAT 6 WOTATIRER, THEINbR IR
FEVERE AR EVE B, AT DU B 4 i Wk 1 e Ak e
FNTCRE S SRR NARITRF S EM LA
bR, exilbRiE .

1.2.7 PRESEY AN %I 1.2.1 7R EY)
B S (GBW10013) F1PUJI KKk (GBW10044) it
FTRTALER, F2RR 1.2.4 Jrkae, BAPRED i T
6 UCOTATIRYS, ARYEFRAE A A AR AR EY) T
o6 FPE S EMN S R, R GB 2762—2017 (&
LRFEFERE i PG RIS ) @ NY/T 1042—
2017 (&pEadh AL R EFEARHE TP
1.2.8  SLPRAEAEFE AN AEFF B XA P S
REE 60 M AEARES, HATERN 6 PP 4R, R
PR R BB AR ERE S 6 FEE 4w i & 6

2 & 7

21 ZRT&HTFHRMGKE JOKH Cro Ni Hl As
95 2 RAEARERL AT 8 TAREE, BHRARCATT 2
FERREMEVEIEIN, “Cr 328 *Ar°0, “ArC. *CIOH
A YCIUNH 28T T4k, “Ni ZF] “Ca’0 Fll *Na’Cl
BT T, PAs Z ] ©ArClL, ©Ar*SH il “Ca®Cl
SR T Cd. Ph Rl Hg AOIIE S SRAE 2 FBEUT

PItehrEEa I . D36 1. #] 1.2.3 ik, RAA
AT R LA B E R TR S FEAA T 5 R 5
R, A ERATE/NT 1.5%, FFloT
RIFESEBTRE, RSB TRIME.

R 2 M 6 MESJE A IIE SR AL
Table 1 Comparison of determination results of six heavy metals

under two analytical modes

—— EE

F4)E ek Measured content/ (mg/kg)
Standard

Heavy comeny PREBGR mpmERGL ¢ P
metal (mefke) Standard Octopole

meke mode reaction system
Cr 0.17+0.05 0.242 0.194 6.330  0.001
Ni 0.21+0.06 0.276 0.198 8.517 <0.001
As 0.12+0.03 0.156 0.128 8.215 <0.001
Cd 0.018+0.002 0.018 2 0.018 8 1917  0.113

g 0.002 20.000 5 0.002 29 0002 36  2.122  0.087
Ph 0.09+0.03  0.084 6 00862 2316 0.084
T ARIE( 2" BTRBECA R R, 7 R IBUE AN

J# . Note: The standard contents before and after “+” are nominal

contents and un(:ertainty, respe(:tively.
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Table 2 Linear equations, correlation coefficients and detection limits of the method

E4)E WFRICE 2 MBI Linearity K3 BR Limit of
Heavy metal Internal standard range/ (ng/mL) AHEJRE Linear equation ' detection/ (ng/mL)
Cr “Se 0~10.0 y=0.094 9x+0.067 9 1.000 0 0.023 8
Ni "Ge 0~100.0 y=0.052 5x+0.001 7 1.000 0 0.016 7
As "Ge 0~10.0 y=0.009 1x+1.357 2x10™* 0.999 9 0.014 3
Cd "In 0~10.0 y=0.002 1x+2.334 4x10™° 0.999 9 0.001 7
Hg *YBi 0~2.0 y=8.882 1x107*x+5.798 3x10°  0.999 8 0.001 8
Pb *YBi 0~10.0 y=0.016 9x+9.557 2x10™* 1.000 0 0.001 4

R 3 JrIERER R %

Table 3 Accuracy and precision of the method

AR R Background 4 .}Jﬂﬁ% TR JE I & SRR
RSD/% Spiking content/ Measured content of Recovery Average recovery
Heavy metal content/ (mg/ke) (mg/ks) spiked sample/ (mg/kg) rate/% rate/%
Cr 0.051 9 1.1 0.025 0 0.074 8 ~0.077 4 91.6 ~ 102.0 97.1
0.050 0 0.098 2~0.104 0 92.6 ~104.2 96.9
0.100 0 0.014 3~0.157 0 91.1~105.1 98.4
Ni 0.298 2.8 0.150 0.435 ~ 0.455 91.3~104.7 98.8
0.300 0.572 ~ 0.597 91.3~99.7 95.1
0.600 0.872 ~ 0.906 95.7~101.3 98.3
As 0.022 6 3.6 0.012 0 0.033 8~0.034 8 93.3~101.7 96.5
0.022 0 0.042 9~0.044 8 92.3 ~100.9 96.3
0.040 0 0.060 9 ~0.063 2 95.8~101.5 98.7
Cd 0.068 6 0.7 0.035 0.101 ~ 0.105 92.6 ~102.6 97.4
0.070 0.133 ~0.142 92.0 ~104.9 97.5
0.140 0.200 ~ 0.212 93.9~1024 97.4
Hg 0.002 53 1.9 0.001 25 0.003 65 ~0.003 80 89.6 ~ 101.6 95.6
0.002 50 0.004 80~ 0.005 01 90.8 ~99.2 94.7
0.005 00 0.007 22 ~0.007 53 93.8 ~100.0 96.7
Pb 0.006 72 1.2 0.003 4 0.009 8 ~0.010 2 90.3 ~102.4 94.8
0.006 8 0.012 9~0.014 0 90.9 ~ 107.1 98.7
0.014 0 0.019 5~0.021 2 91.3~103.4 97.6

&4 PREYECT 6 FIEGBIIIESTR (mg/ke)

Table 4 Determination results of six heavy metals in standard substances (mg/kg)

Gk #17 Soybean (GBW10013) PO)I| KK Sichuan rice (GBW10044)

Heavy metals FRUE(H Standard content 5% [ Measured content (x+s) FRUE(H Standard content 5% { Measured content (xs)
Cr 0.28+0.04 0.295+0.023 0.17+0.05 0.194+0.044

Ni 4.0+0.3 3.92+0.32 0.21+0.06 0.198+0.034

As 0.035+0.012 0.035 6+0.014 2 0.12+0.03 0.128+0.016

Cd (0.001 1) 0.010 39+0.000 61 0.018+0.002 0.018 8+0.001 1

Hg (0.001 5) 0.001 56+0.000 42 0.002 2+0.000 5 0.002 36+0.000 21

Pb 0.07+0.02 0.060 8+0.003 6 0.09+0.03 0.086+0.032

H RS BE NS, bl 7 ATREME N AR, “+” JFIEUE WA . Note: The values in brackets are reference; the

standard contents before and after “+” are nominal contents and uncertainty, respectively.
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JRER I, BTEPRHEERE L EIN, SRR
100.0%. Hr Cr. Ni. Cd #1 Pb ¥ 5%k 100.0%;
As B RNy 85.0%; Hg K%K 38.3%. W 5.

&5 60 MEERT 6 MEGEMIELR (mgke)
Table 5 Determination results of six heavy metals

in 60 peanut samples (mg/kg)

HEm HAEE R W 5E {H Measured PR
Heavy metal Content range content (x=s) Limit
Cr 0.029 9~0.132 6 0.074 1+0.022 0 1.0
Ni 0.143 ~ 0.643 0.357+0.103 1.0
As ND ~0.041 4 0.020 3+0.007 2 0.5
Cd 0.038 2~0.147 5 0.072 5+0.024 4 0.5
Hg ND ~0.005 89 0.001 92+0.001 32 0.02
Ph 0.002 34 ~0.011 95 0.008 62+0.004 78 0.2

7. NDE/RAKH . Note: ND, not detected.
3 W #
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MITERE, J& ICP-MS FE A B RS S 1R . o
AALEUER A, R 5K, AS5EM
ST, SEmR— R I RS Rl R i, 4R
PR AR, 3R A B4 B A PN A ASE L T PR AR
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WY, i AR K
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T BRSO B AR A, SR
AT RE MR T IRE B . ARSI T SEAAR DT RN
TELIMANFRICER “Se. Ge, "SIn, ™Bi, ARKIE
SRS B RSN HIRON, . FEARRANE | H B AR Je 28
(] L fr 50, BRI 25 SR R . 2R TR T
Yo 2 MR TFAHRNE GE T, HHEHAE
SOREIN B HAG MR A Ffer e i 5 | e ms 4. ek
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FAe m AR S TR E 55 TR ST
Yoo S & AL A 4.3 mL/min AL A
TR, BTSSR ELr . RS0 R 2T 2400
RIYEN R TE ] — B ES, NS AR
T, ARPREREFER. T/ REE SRR
N EICE 2Cr. “Ni, PAs, "'Cd. ®Hg 1 *Pb K4}
Broxt g, HARXT F KR IRY 83.79% . 26.22%.
100.00% . 12.80%. 52.40% #1 13.18%.
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W, AP AR A B i e R R S %
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