55174 5613 ) B 2 4 o iR A A Vol. 17 No. 13
2026 47 H Journal of Food Safety & Quality Jul., 2026

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20260206001

SIRME: Moo, B, EE, 5. GO MR- RS S AR T e Rt 6 N E B ICR ] B KA
HR AR, 2026, 17(13): 202-207.

Yang Yuanchao, Zheng Cailing, Wang Huiying, et al. Determination of 6 kinds of heavy metal elements in Sanghuangporus spp.

by microwave digestion-inductively coupled plasma mass spectrometry [J]. Journal of Food Safety & Quality, 2026, 17(13):
202-207. (in Chinese with English abstract).

Bl TF - HLIEORE & 55 B TS i g Z i
6 PpEEIEICE

maAl, Ak TR, Ag2 o wO, sk |y o0

(1. SE Ay SR M PG, B 133000; 2. SOl A W g PRFR AT RE A T00S, wIE 133400,
3. AWM RLERE, TTIR 136200; 4. H W& & = 5 Gt e A58 0 a0, HIEEN 857000;
5. HARE ARSI PG, KF O 130000)

# E: BR8-S A B RS R I S ¥ Cr, Cu, As, Cd. Hg Rl Pb JLER &
W, Ak RARSRRAE ME— T AR, B 5E eI Au JCERIER He BUEsl, L 'CRh /E2h
BN R IE, &R 6 P48 o £ WL RN 5 B A R BT 0,999, J5 ik i BR 72
0.00009~0.00090 mg/kg Z[B]; i o 45 I0 2 5 (5 1A XS A5 1 f 25 (relative standard deviations, RSDs)#E
1.79%~7.26%2Z ), 2 A [F) e BE KT 0w R AE 92.2%~105.2%Z 1] o LA 5 76 Tk 2 B o v 490 It
GSB-19, (A 7EARME(EYE B P, RSDs 16 1.54%~6.04%2 6] . 53 %7 dkuinfinl 56 . Bkimsk, aik
M, & AT REPE AR TR SRR

XBIE: NG, BRSSO, R B4R, iR

hE 5SS TS57 SCRERBIEG: A TEHS: 2095-0381(2026)13-0202-06

Determination of 6 kinds of heavy metal elements in Sanghuangporus spp.
by microwave digestion-inductively coupled plasma mass spectrometry

YANG Yuan-Chao', ZHENG Cai-Ling', WANG Hui-Ying?, JIN Yin-Lan® LIU Shuang’,
MO Jiong"', WANG Man’

(1.Yanbian Agricultural Product Quality and Safety Testing Center, Yanji 133000, China; 2. Longjing Agricultural
Biological Resources and Rural Energy Management Station, Longjing 133400, China; 3. Liaoyuan Academy of
Agricultural Sciences, Liaoyuan 136200, China; 4. Rikaze Agricultural and Livestock Product Quality and Safety
Inspection and Testing Center, Rikaze 857000, China; 5. Jilin Provincial Ecological Environment Monitoring Center,
Changchun 130000, China)

ABSTRACT: Objective To establish a method for simultaneous determination of Cr, Cu, As, Cd, Hg and Pb in

s is HHER: 2026-02-06

EEWH: ENIMNEH L RTRI5 H (2021ZH31)

F—1EE: HoTH1985—), B, RMIURZIN, FEBF 7 AR R Ak . E-mail: yychao_2004@126.com
MREEE: WLN1982—), 5, @B LRI, FEEMIIT Iy AR E T T A . E-mail: 369839346@qq.com



%5 13 3]

oo, % - S A S TR TOERA I E R 6 MESJRILR 203

Sanghuangpor us spp. by microwave digestion-inductively coupled plasma mass spectrometry. Methods Nitric acid

was used as the only digestion reagent, the appropriate proportion of Au element was selected as mercury stabilizer,

and '"Rh was used as the single internal standard element for correction. Results The correlation coefficients of the

6 kinds of heavy metal elements were not less than 0.999, and the method limits of detection were 0.00009-0.00090 mg/kg.

The relative standard deviations (RSDs) of each element content in the sample ranged from 1.79% to 7.26%, and the

recoveries of 2 different concentrations ranged from 92.2% to 105.2%. The certified reference material of astragalus

(GSB-19) was detected by this method, and the measured values were all within the range of standard values, with

RSDs ranging from 1.54% to 6.04%. Conclusion The method is accurate, reliable, rapid, efficient and reagent

saving, and is suitable for the analysis and detection of heavy metal elements in Sanghuangporus spp..

KEY WORDS: microwave digestion; inductively coupled plasma mass spectrometry; Sanghuangporus spp.; heavy

metal; element
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% # (Sanghuangporus spp.) 2 # )@ T & HfL i )&
(Sanghuangporus) i — 2 1 22 FL TR A B AR, H A2
HHEFAEE A 16 AR, S Tl . R RO B
KU, REFORSH 2R ZmA. W, =ik
LIRSy, BADUME . braedl ., ity /I,
T BERRAETR Y, Rl LR TS5 A 24 FH B

ARk, B EFREIMBRWY R, 74 TR
STMEME s, AR A 7 ™ G T
i Ay ) 249 L 2 A B D 2R U100 4 i A Sy o
M EE TR —, mGE T RYITER 40 st T
SRR Y 22 40 FHAIRR AL & TR B PR L.

FHPOTRE SRR ER D, AR FE0
JFH FL R 545 B TR % s (inductively coupled plasma mass
spectrometry, ICP-MS)al HLIBGRE 5 55 12 1A R SOk
(inductively coupled plasma atomic emission spectrometry,
ICP-AES)[RIN Al g b Z R0 R, HILAREASR] A ASTH]
KA TR R - 1 S A T T B 2, AR
T4 P25 Y ICP-AES 5 T (45 5 W7 A 1 3 il 24 FH 207
hIMETT R, JF T TR E SR

ICP-MS 75 BA R . tkumv . suThne
SR OB RAEO R TIOR8 A i T R
HEATIH MR ATAL R R, HOA BRI otk . 1A
HYN R R SCRAG IR SFIL A . AR
B fi-ICP-MS [a] Il E & 8 724k Cr. Cu. As.
Cd. Hg Fl Pb 6 FiE SR CR O, HRGIE HLHIR Hg JoR
FER), A Rh AR NEROTR, DA ST B Al
B AR AR . TSR RSO TR 1

1 MR5ERE

1.1 w55
PHRXRE AR THEIN AR, 36 4 iy, FEdhg 52>

My CZ220213, CZ220214, CZ220215, CZ220216, ¥K
VEARBLkRE 3 A48 il 3Lk,

Cr. Cu. As. Cd. Hg. Pb. Au. Rh HTEMRER
WREAE N 1000 mg/L, EZFA €48 & EFHRH
L H ), ICP-MS JRISE IR (BT e B 10 me/L, fEE
R4y BT A e 2 |D); AR (FR T4l BV-IIL, Rkt
BERRAL2E A BR 2 T, S8 K b i i K (o 1 ek iy iy
ERHRAF), HEAEY R GSB-19(ER Y H L ER 1k
2EE AT
1.2 UFE5E%

PlasmaQuant MS % ICP-MS 1% (& E BR 2 /3 Hr X &5
#3245 wl); ETHOS One HUG: i AN (G A 2 ZR B i 28 )
CPA225D Y+ J7 43 2 — i F K- (1l |8 2% 2 R 4 ),
ED16 B HL G AR (AT SRAR B RHMU R A A IR A F]) o 52
I rp B A A% LA A0 3 RS FR VA W (1:4, V)R 24 h LA
b, gk E T4 .

1.3 ZWFE
1.3.1  ARBZEIREH

LRI W IR ERE I (1:49, V2V, TR)ANIR,
FTRCATC BT R # 3, o Cr. Cu. Pb Fiit kR
10000 pg/L, As. Cd. Hg Bk J 100 pg/L,

REER: BLO0.5 g Au SRR, FIHRRIEBE
HE S50 g,

RAFRE TAER W Bl—E BN S I XA H R
FSRAER, SRAFT YL, 102 il RV V0% G B IE 1 B
TIRRRERM R TAER W, Hh Au, CrBiEikE R 0.
10, 20, 50, 100, 200 pg/L, Cu JEEHE R 0. 5. 10, 25,
50,100 pg/L, Pb etk 0.2.5.5.0,12.5.25.0.50.0 pg/L,
As, CdJEEWE N0, 0.5, 1.0, 2.5, 5.0, 10.0 pg/L, Hg
FiEvEE R 0, 0.1, 02, 0.5, 1.0, 2.0 pg/L,

INFRIR: ISRV EC  BT f W 4 20 pg/L () Rh
TEVRAE R AT IR
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FW PR EBRRR Y, T 60~70 CHLTZ{HE,
WS RIS 45 FH O FRIBURE 0.2 g(RSHI 2 0.0001 ) T 100 mL
T I ARED, A 8 mL iR, PR IRS) a5 & 30 min
PLE, B TEMA U TR 1 FRP AR, BRI, H
AR MR R, K T A CCE F AR AR A |, 120 °C
INPGERR ZFIA 1~2 mL, BEFHBEREMN, dKERE
25 mL, #E RS RIS S 2R T A .

®1 WORHEHBRER

Table 1 Procedure of microwave digestion

P ML /°C TR E] /min i 31 Bt [A] /min
1 120 5 5
2 150 5 10
3 190 5 20

1.3.3 ICP-MS T4k &4

TEALER A T (R 2), RS ARUE TR WGk
JEMAREE AR A ICP-MS X, PIARE I i A F TR 1E
LI, W RF TR R NFR G R MR A5 5, DRI
W PRI T 5 AR IC R W R A5 S ELECA AR bR, DA
REN T VR B AR AL R, SHl AR HERZk . Bl &
FRIP 25 FIVA O URE S 7 W R R AR O T A, bR 4
T2 AR SRS, 80 b o i 2R 15 B RE S iR i rh
FRMC R MR

#*2 ICP-MS{UEIIESH
Table 2 Instrument operation parameters of ICP-MS

TAHESH B TAHESH BE
AR R W 1350 FALEHE/C 3
At BT =325
A TR 9.0 KRS B

/(L/min)

L=
Eane 1.00 FREG R mm 5.0

/(L/min)

s A B
MEPUREE 5 RYehiat B

/(L/min)

o L1 EE L

SHpTBEE it e s

/(r/min)

TS AKX AU 5 A5 X 1

AR et

/(Lmin) 110 TR IRE 3

- 0% NP

: I B st ]/ 2

Fibs e IF B2 B I] /us 0000

1.4 HUEEALIE
R FH Excel 2016 3R 44X} 5208 45 SR s EA T4 B4 .

2 HRE5HR

2.1 [REMIERFMARTRRIEE
FRNDT R T . FERMFEAR, Pb JTLREU

206pp . 207pp 208pp Z UM S, TAs. 'Mcd it T
W EA B IERE RN R | ZIRTFETERTI; 6 Fify
MEABICELL PRh 1N NER. FIEE . WNARLE &
FHAIE HFRIE 3,

%3 RUEMAGRTE

Table 3 Isotopes and internal standard elements

. . AR -
BE RfiFEmy . T4 1y
TTHE
Cr 52 —
Cu 63 —
As 75 [P As]=[75]-3.127%[77]+2.733%
103R1, [82]-2.757%[83]
cd 114 ["“Cd]=[114]-0.0268x[118]
Hg 202 —

Pb  206/207/208 —
R AR IE T R

22 FHEKIE

ICP-MS T4l Bl T AR Bk T M2, B
ETHIMEERAFESME. S, ZRFEFRNE
A2, G B PRI R . TP AR 5
55 LR . DU 28 85y Uk A T T B a2

FHALIE TR IE R Z AR, @ 5 e
XSRS TE IR, AT — e R R HOE B T, O
PSR I T R 7 2 2F BE B 0 ELTERR i i 25 T R ORELEE
IXFP O o — oL A 5, SEBRIER I P REAF 7 T
R, ol SR (R BRI A = A 22 o

PAs 5 YACCl i ES, ol CACC i
VABCL (558 B, W [PAs]=[751-C°Cl B Al F
BEYx[PArCl=[75]-3.127x[PAr7Cl); T “Ar’ClL X5 7'Se
T, AIME ¥Se KitE TSe (FEIREE, W[ACCIH77]
—('Se F /228 £ )X [P Se]=[77] —0.874x[*2Se]; #2Se X2 ¥Kr
T, M5E PKe M K (5 S0, WI[Se]=[82] ((VKr F:
/BKr B )x[PKr]=[82]-1.009% [¥*Kr]. AL E 3 4K,
153): [PAs]=[75]-3.127%[77]+2.733%[82]-2.757%[83].

"ed ZRFESM R S T, @ sn
JeitE "Msn (FE A, W[MCd]=[114]-(""*Sn FJE/"Sn
F )= ["13Sn]=[114]-0.0268%[118]

Pb A5 4 FhlFIfZ 2, Horp 2%Pb Nl P AR BB
B, FEIUN 1.4%. °Pb., 2'Pb 1 2°°Pb Jujilt ff 1k 56 15
7R, NTE LSRR A P 3= AT AR, R E Pb A9 3
ol 5 B[] 57 2 ANRN AT A5 2 B s 4 0 2 4

Ak % T PR B W FRALON A LA, AR
R TE 2 — T i FH A RV S A8 AN R 0 3 A R0 it
PR L S B AN AEFE T RE P o M R e o, L
e SRR R R, A B REARIE B oe R Y, (HR
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AT R W AR B A A, RIS R b
WHMICE, I HNRICEARN IR =4 g4,
LS B0t U S {8 FH B — P BR oG 2 DA RIS AR A I 2R
B OCR . AW SR " CRh VR — N FR TR,

JCIZN A JE F ICP-MS i —FhE SIS 88, ¥ He
TCR SRS B R G 7 A g ZUWR B, AT ™ A 5
TCRNE, 3 BUPRHEVE AR A He S RMATRE,
I LI IR S 40 M Bt A e st 1) 20700 Au, He PG
RATE RS E 1Y 4 7R 5%, BNk R A28, ASHiE 5T iE
W AERAPRE TAER I PRI Au JCRIERRRER, 4.
SRR 100:1,

5 HILAE i B BI85 8 R B T30 1) HNO3-H,0,
KR, (HERBEREINA Hy0, J54 7t K IR B 25 1 8 i
T NEE, AT HNO; A ME— g, A TR R
IFRTERRRCR, NG5 AAES R T T T A5 g
23 RERZSHEEHIR

$21.3.3 el b, HE GB/T 37837—2019
C VIR B & S B TR @il ) A1 HI 168—2020
AT W 43 87 7 TEARAE TR S BRI ), 20 L
SRS R 11 R, BRI AT R W TR
o BRI, AR MER 2E S ik i BR (method

detection limit, MDL)=3S £534R8 1 fiA%E7, HRAR
&, BRI 40 6 PSR ITR LN RIH R A DGRBS
AMIETF 0.999, J5 1A HBRAE 0.00009~0.00090 mg/kg 22 [f] .

24 EEMSEE

FREL CZ220215 5 BT, 5B 1.3 i PATil4 6
By T, AT E SR TMER RSD, Kk Ak
BEEM. KPR 0.200 g, ARYEFES P& ICER
i, AR 2 AR ACE IR SRR R, B
WA AT 6 4, Mmbr/a R & &, ANE W
CZz220215 St A TR TR PHENAIR, HH R
R, BEMEMENCRERILE 5, AP 6 HESETE
FrEMER RSDs 76 1.79%~7.26%2Z 1]; JbR-F-2 [a] g 4
TE 92.2%~105.2%Z[A], JINFRHESLH) RSDs 7E 0.76%~6.55%2Z
i), 4554 GB/T 274172017 GHETFE b0 ikl
FISTEFERG ) X 72 R RN SE 58 28 PN AR S R B R
2.5 FREYIRNE

PEBE FEAREYI R GSB-19 B iiE Jy k18 F M A gh S vinfh
B, R 1.3 AT 6 i T, TSI E (AR
RSDs, £ 03 6. frEP iAo R & RS Err (i
FEIPN, RSDs £ 1.54%~6.04%2Z 0, £ GB/T 27417—2017 Xf
LR E N R RN EK .

R4 BOEHZGSREMAEG DR

Table 4 Calibration curve equation and method limit of detection

JLH e 2 )5 e LEESES ()] LM/ (ne/L) MDL/(mg/kg)
Cr ¢/s=(237.0+96.91+727.2xconc)x[I/S Ratio]" 0.9996 0~200 0.00060
Cu €/s=(76.0+61.02+758.6xconc)*[I/SRatio] 0.9997 0~100 0.00090
As €/s=(40.7+5.238+69.35xconc)*[I/SRatio] 0.9995 0~10 0.00090
Cd €/s=(2.2-5.927+878.9xconc)x[l/SRatio] 0.9996 0~10 0.00030
Hg ¢/s=(57.0+17.43+1338%conc)x[I/SRatio] 0.9997 0~2 0.00009
Pb €/s=(353.7+6258+16560xconc)*[l/SRatio] 0.9996 0~50 0.00030

H: FoRIU o/s HFS MR, cone UK, I/SRatio K ARE T,
®5 FAEBEEMMETETIEN=6)
Table 5 Method repeatability and recoveries tests (n=6)
JLR FHATRAE/ (mg/kg)  RSDs/% bR/ (mg/kg) Tz 6/ (mg/kg) RSDs/% LA/ %

2.5000 11.3368 1.62 92.2
Cr 9.0324 1.79

6.2500 15.6043 1.34 105.2

1.2500 3.9216 1.27 103.5
Cu 2.6273 3.38

3.1250 5.7409 1.49 99.6

0.1250 0.2719 6.55 99.2
As 0.1479 5.23

0.3125 0.4696 1.49 102.9

0.1250 0.2017 1.85 99.1
Cd 0.0778 3.92

0.3125 0.3821 0.96 97.4

0.0250 0.0407 3.02 94.4
Hg 0.0171 7.26

0.0625 0.0807 1.54 101.8

0.6250 0.9849 1.98 104.0
Pb 0.3349 3.15

1.5625 1.9099 0.76 100.8
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Table 6 Reference materials test (n=6)

g FRIE(E FRE

/(mg/kg) /(mg/kg) RSDs/%
Cr 2.2+0.4 2.1883 4.88
Cu 8.5+0.7 8.0921 1.54
As 0.57£0.05 0.5790 4.03
cd 0.042+0.010 0.0444 3.43
Hg 0.012" 0.0110 6.04
Pb 1.44+0.10 1.4360 4.08

i RN S E M.

2.6 SEFRFESINE
B B SEENE KAy 3 (S kEGL CZ220213

CZ220214 Fl CZ220216, FFOFEMFATHIE 3 0, W2
RBCESME, SRAMCREELE 7, 3 RSP
Cu. As & i R TAHOCHR A ; CZ220214 H1 Cd & hE
F GB 2762—2022 { &ML LB R BiHI5HYIR
) M WM/T 2-2004 € 24 FAEY K il I oh 28 R e A7l
FRifE ) 25 PR, T CZ220216 Ay Cd & iHE T
GB 2762—2022 HIFREHE; CZ220213 HH) Hg Fl CZ220214
[ Pb 43515 T GB 27622022 H£ FH Bl B il it iy Y 3R Al
Pb FREHE; CronE & B 6 Mot E s, {HGB 2762-2022,
WM/T 2-2004 1 H [ 24 ) CURSoR 45 BREHE

GB 2762—2022 1F k6 {4 4 [ bR R (1 B
FEAREE NS, 2 7 51 T AR b B S i B
S, ARFTHERAEHE, FRERIIA (REZ), H

F 7 EFRAERINE L R (ng/kg, n=3)
Table 7 Test results of actual sample (mg/kg, n=3)

JLHE 7220213 CZ220214 CZ220216 GB 2762-2022 WM/T 2-2004 o[ 24
Cr 3.5071 14.3397 14.8885 — — —
Cu 23576 3.3612 2.7767 — 20.0 20.0
As 0.0706 0.3646 0.2240 0.5 2.0 2.0
cd 0.1150 0.3979 0.2975 0.2 0.3 1.0
Hg 0.1157 0.0968 0.0147 0.1 0.2 0.2
Pb 0.0960 0.5224 0.3508 0.5 5.0 5.0

e R TCHLAR A BRI YR B LR AR BR R, — 3R ORI AR .
W3 1 — i 2l B EL T 2 TR, 5 S HAE
FRAHE, (PEZGULY F WM/T 2-2004 F1 ) IR H5HR
HHASHEE L,

3 Fw5itie

AWFFELL HNO; 1E Ry ME— T i), SR FH ol T -
ICP-MS [RJHHE R 6 R4 @R, i RhfEhH
—WFRC R R EZ N TRTE, P Au TGEE KRR
FEF, HECHBE Hg nE MiciZa . T Hg iR AR
FE, £ GB 5009.268—2025 { & EEEFfE ERhhE
TC R N E YAEARE 7 R 3ok He bRt s e fil i, A
J5 ik S T H A e R A BT B, FE ARG R AR AE T
YR VR B AR A s/ T TR R

AL | AHOCRE. FEHEE | BRI BETT
4 GB/T 27417—2017 (W5 ¥ IAEESK, AH L 4GB W
ICP-AES Jy kP LHA SR 5 ik K PR, 16 T e 152
W RAKFH Cr, Cu, As, Cd. Hg fil Pb 6 FhEE 4R CE &
SRR, HA R A | PRl AR R R

AP 4 (3R EFEML T Cu, As, Cd. Hg. Pb
M EERFS ChEZGIL ) PR AR R, FE RS G
P AR A B A TR, R, SRR
PR IRIZR . 07 R, NP EREE | BRI
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