510 % 55 20 9] B 2 4 o iR A A Vol. 10 No. 20
2019 410 H Journal of Food Safety and Quality Oct., 2019

16

K
I E,fH% % XeF

R T ™ 5 B B IR Be, JRJH 215128)

W OE: B a7 oY - o R A 25 AR 3 ¥ (inductively  coupled plasma mass spectrometry,
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Determination of 16 kinds of metal elements in edible fungi by microwave
digestion and inductively coupled plasma-mass spectrometry

WANG Jie", XU Ping, WU Jin-Ying

(Suzhou Institute of Product Quality Supervision and Inspection, Suzhou 215128, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 16 metal elements in edible fungi
by microwave digestion and inductively coupled plasma mass spectrometry (ICP-MS). Methods The samples were
treated by H,O, microwave digestion, and 16 metal elements in 5 kinds of edible fungi were analyzed by ICP-MS.
The linear range, limit of detection, precision and recovery rate of the method were investigated, and the method was
applied to detect 16 kinds of metal elements in 5 kinds of edible fungi samples. Results Each element had a good
linear relationship in the range of the corresponding concentration standard curve. The correlation coefficient was
0.9992-1.0000, the limit of detection was 0.001-0.80 pg/L and the recovery rates were 80.2%—108.3%, with the
relative standard deviation between 0.08%-3.88%. Conclusion This method is simple, less interference, high
sensitivity, low detection limit, high precision and good accuracy in the determination of various elements in edible
fungi, and is suitable for simultaneous determination of various elements in edible fungi. In addition, it is found that
edible fungi, especially auricularia, contains relatively high aluminum, and trace elements like zinc and copper. It is
suggested that people should eat edible fungi properly.
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RIATHE . s . Sras . kel b A A R AR BUmRE
IR, BR T BEIMNESS, BREEA 2R 2l
PRAEME, M5 EENIMFZRFFHEM, BETHEEH
P KEG M2 FAVFR T K o SR T B P F 48 1 & 41
P A Yy, mans- 3 KEARBIS YL H 25™
&, G R R E . GB 2762-2017 (T
LA EFARME BT YRR ) ekt B
(Pb). fifi(As). #A(Cd). R(Hg)AE™MHEMIRREER, EL
JEF(CHREE FHEGH M, 51RO MBS, HIEHEM
JH, 55 2, Sh(Sb)Xs B A U PS5 PLV)RE
i AR i, SO TR 8 B (Mn) iR 23
it A AR BRALAETT D ) RV [ S Ao o Sk B R 4
fift . . CREEAE TER, HEHRTEMESEITEWA
HEAEAFRENGEE, REMRERARPSMESRS
HHAEFEENE .

& BRSO F LA VLS IE A TE, i
WE Z AT LT IE AR B . B R RIS A 28 TR Ak
TR AR ORI AR, 3 APRTACEE Ty A L, RO iRk
JrE, THRBCR RS, AR5 S GB 5009.268-2016
(EA LA EZRME &P ZIe R M M7, R
i - PR SRR A 55 2 F AR BT 3% 25 (inductively  coupled plasma
mass spectrometry, ICP-MS)X}& A 16 FhoT & #47
T, FEXTIZIT I TR BRI 2 T T B RS, LIRS
X PR P 4 R T AR R R A FE A
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Agilent 7700X HLEGHE 25 2§ T A BTG AL (L 1R 2 (e
FHEATER 2 ml); Phoenix Rl RALAL . MARS6 fRp i A%
(EE CEM ZA#]); Vulcan 42 4 [ LS IR O K
Questron 24 H); ML104 51 K-(0~120 g, JelE Hphi)-1E
A 2225 w]); BHW-09C fr AN #A e (1 1 AL 2/ R AT R
AR

P A% 28 VA U - 5 L 22 B AR 2 el B AR 1) BRI A
Environmental Calibration Standard Part#5188-4688 4F(Al).
BLV). B8(Cr). Hi(Mn). BE(Ni). i(Cu). BE(Zn). fifi(As).
fifi(Se) . $H(Mo). H(Ag). #(Cd). #(Sb). #I(Ba). Hi(Pb)
WREEY N 10 mg/L; FR(H)RER IR A 1000 mg/L; A

FRVE: Part#5188-6525 4i(Bi). 4%(Ge). #(In), #H(Li).
f4(Lu). #(Rh). Fi(Sc). #h(Tb)H ¥ 100 mg/L; fi5kR .
WEKETH, M REER DB RAF).
22 ELWHE
22,1 Hepara

AR A PR, of 80 Bk, & M.
FRE 0.3~0.5 g # i, B FIHMAE T, A 5 mL A2, 2 mL
BRI, OB . HIRF | MO T AR A e T I
THARIEFE 160 °CHEIEINAAER 1R 70 min, B H], EHFE
50 mL, [AEH8Es FaE, XA Sk A S T R AR IR
TR E LR BEYE R Z N .
222 ARERR AL

BG5S TC R PR A 25 53 A e, T A A I ik
FERIRRIE RS, SPRERIEMHRE N 0. 10, 20, 30, 40,
50 pg/Ls
223 BBELEH

(1) TR A

ASCR P TE A A TR B, SO T AR AR LR 1

Fz1 WUEEMEH

Table 1 The condition of microwave digestion

IR FERNRE/C T E]/min

A L 1] /min

1 120 5 2
2 150 5 10
3 185 5 20

(2) BRIk
SHREhAE . AUAGE . A TCREE RS JE ICP-MS Y
FE TSR, BAEAIF IR 2.

R2 ICP-MS (UERBIERM
Table 2 Operating condition of ICP-MS

KAt S Stk SRl
SN IW 1550 Fd  EE/EOFE
LB AR/ (L/min) 15 RERHE/AGHE BN
#</(L/min) 1.07  RAFHEEE/mm 8~10
WA/ (L/min) - 040 R F )
A[AMR/(mL/min)  4~5  RRIEINE S 1~3
FEAR IR TR (/) 0.3 CiVzR/€ 2~3
FAE R/ C 2 il FE AR He
LESIERY, 0.10  FSFHFE/s 0.30
3 BERE5H

31 FHRRKE
ICP-MS #5455 i T Al e 411,
it T4 A i R TR . DU A8 T A 25
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1E 80.2%~108.3%2 0], UiHAZ i LA RIFARE S, #E
Wi EE, REAETE L B R P RO R I E K.
Fz3 16 MHMTEMNLMTEE. HXRER, RHREEMEFE

Table 3 Linear ranges, correlation, LODs and linear equation of
16 elements

og AMEE MR R

2T e

B REE SFNOCEMIT, H AR CERN N ERFNITE /(ug/L) r Kug/L)
T B R . ASCHEER] BiL Ge. In. Li. Lu. Rh, BIAD 050 09992 044  Y-168.4896X+73.336
Se. Tb NN, ERSENMTEMR, S5 THRIEHN V) 0~50 09999  0.001  Y=7257.6011X+7.776
il S AR, IREEBR TR H .
o B&(Cr)  0~50 0.9999  0.11  Y=9393.6542X+1005.3
32 BT ERR IR E(Mn)  0~50 0.9999  0.04 Y=4206.2491X+175.5
A EBIFRRS 16 FIOCR A bRHERHIOETIE, L) BN 0~50 0.9999  0.80  Y=4790.1045X+3815.0
16 FIOCE MR EE AR AL AR, LA 03 SAHR AR THEUE 1)
HA AR, SEATL P 1 4007 I 11 7S P Hl(Cu)  0~50 0.9999  0.12 Y=13270.8490X+1649
W, ARHEFRE GB/T 27404-2008 ( S35 R I Hi3E fr B(Zn)  0~50 0.9997  0.54 ¥=1813.2184X+973
SRR AT Y DA s F ARk, rS bR AE R 2E 0 3 4% fifi(As)  0~50 0.9999  0.003 Y=1290.7526X+4.446
SRR R LU EAE A 25 0 R 194 H BR (limit of ffi(Se)  0~50 09999  0.59  Y=62.0427X+36.2933
detection, LOD), ZARILIE 3. SR, 16 FioL A HI(Mo)  0-50  0.9998  0.02  Y=5817.8886X+113.3
RIBEE, AR IR R RAT(>0.999) (Ag)  0~50 0.9999  0.01  Y=22202.3972X+234.0
33 HEMENEEE fa(Ccd)  0~50 1.0000  0.001 Y=2854.8529X+1.480
H TS UE Iy VR U PE ARG, R b A S BH(Sb)  0~50  1.0000  0.005  Y=7678.5074X+35.56
f, 45 ﬁlué-:ﬁﬁrl:jm/\ 3 PR EE B IOPRHEIR S 2L #l(Ba)  0~50 0.9999 0.03 Y=2596.7740X+85.56
WE 11, THE AR, O 1 AR EE A, TH5AR
SRR 22 %02 RIS 51 10, 20, 30 pg/L, % HE(Pb)  0~50 0.9999  0.01  Y=31737.0388X+360.0
WiiE 4, hE4 Al I, RSD 7£ 0.08%~3.88%2 [, EES K (Hg) 0~50 0.9995 0.04  Y=5801.2260X+214.8500
F4 FEEWERBEE@=11)
Table 4 Recoveries and precisions of the method (n=11)
. oh (i SS HARH AW EXs3
e BIC%/%  RSD/%  BICR/%  RSD/%  BICR/%  RSD/%  FICR/%  RSD/%  [IEH/%  RSD/%
FR(AD 81.3 1.59 83.2 1.91 82.6 1.36 82.6 1.26 83.1 1.29
HL(V) 99.8 0.37 89.1 0.42 95.8 0.20 85.5 0.14 86.2 0.26
% (Cr) 90.0 0.39 108.3 0.19 85.3 0.17 83.6 0.16 85.4 0.16
% (Mn) 104.4 1.87 83.2 0.56 80.2 3.79 86.8 1.23 86.9 1.35
B(Ni) 88.8 0.41 87.5 0.22 81.3 0.17 82.8 0.20 84.7 0.23
Hi(Cu) 97.3 0.96 81.3 0.74 81.8 0.32 95.1 0.86 81.6 1.11
£%(Zn) 94.8 2.71 97.8 3.75 93.8 1.34 85.3 3.10 80.3 3.88
fifi(As) 923 0.42 84.7 0.19 93.9 0.13 83.7 0.44 83.8 0.57
fifi(Se) 86.7 0.41 85.7 0.29 85.7 0.33 82.0 0.36 86.6 0.66
#(Mo) 98.9 0.38 89.5 0.30 90.3 0.20 90.1 0.46 92.7 0.46
H(Ag) 88.4 0.29 83.2 0.17 82.4 0.09 84.2 0.42 83.1 0.52
B(Cd) 97.4 0.53 86.2 0.19 83.5 0.08 83.8 0.47 85.4 0.47
4(Sb) 91.2 0.33 89.0 0.18 86.3 0.08 88.9 0.34 86.3 0.72
Bl(Ba) 97.3 0.64 88.5 0.21 87.6 1.19 99.1 0.34 99.1 0.67
#5(Pb) 94.1 0.33 89.5 0.18 91.5 0.12 89.6 0.33 88.3 0.72
K (Hg) 95.3 0.69 93.6 0.65 932 0.33 92.6 0.58 91.63 0.52
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A3A%F 20 #RFE I 5 FhE FERES S 16 ooy
WA TIE, BRRAE G R RS R TR &
H P S, S5 5. ik 5 AT, EETR S
BEENICEA Al, Mn, Cu. Zn, Cd, Ba, HBRIEX 6 Fl
JCEHITRLHIE 1o hE AT LIE S, HETRE Al CE
S A, JUHEAREZ, &ik 310 mgke, R GB
2760-2014 (k2 A E AR E 2SI bR e ) 1)
ACEFXE 2 e T T A S BR R, X R AR
A HUE R BR L EER, S IR SR, & A R A R
S E, MAl RN E AR TR O AR R —
Floer NARME AT F 0 ER, AT AR N & BUE 7 08
PERRE, BRI R G RER AL A F!PL pi5H
DR EM, Cd JLELE GB 2762-2017 (&5 24 E F Ak
WE A TS e BR ) AR o b R PR RO
=<0.2 mg/kg, F#HE<0.5 mgkg, IBREEXT 8T £ A
D™ b o AR YIS A RE A 2 S FH B T S, RS 4y
BB KR, Bk Za] @ i ST AR AR
15 B LA B A AT HoAS B 5 B 45 e . s Ch Rl
WA FRRUERR ) 45 6 /A — MU Irh B SR N 91.7%,
WSk 154 92.3%, AREH 91.8%, 5 2 FRE(E 4 B 0 & 4
<6.0 mg/kg, HAR<2.5 mg/kg, HAYKN M E TR 5
W Cd JCEF A PR ERR 2R . Ak, Cu Al Zn B AR
Mo e RN, WP A —ER Cu Ml Zn, 3B S HA
A LA AR AT e RS, HfhE 4R oo R,
Ni. Se. Sb ¥ HAMH, V. As. Mo, Ag. Pb, Hg &t
X IIHAR, 7446 GB 2762-201 K i i & ERRAE &5
g e R ) I i 45 i bR R, 1R I A R H
HIA 22X B R A T5 YL .

x5 16MRAREFEARAEHERTNENESEE

Table 5 Average contents of 16 elements in different edible
fungi samples

— B Mk 2l AH FWTE Ak

/(mg/kg)  /(mg/kg) /(mg/kg) /(mg/kg) /(mglke)
FR(AD)  34.04 20.00 310.95 9.95 56.47
BLV)  0.06 0.02 0.53 0.01 0.11
#(Cr)  0.17 ND 1.65 ND 0.22
Ei(Mn)  13.20 6.51 27.82 6.13 14.43
R (Ni) ND ND ND ND ND
H(Cu)  4.90 5.20 2.75 18.25 6.32
BE(Zn) 4530 20.30 13.72 50.92 59.15
fii(As) 022 0.09 0.15 0.02 0.22
ffi(Se) ~ ND ND ND ND ND
H(Mo)  0.17 0.06 0.07 0.05 0.21

RS
S i (SS ARH FWEE ek
T Amgkg) /Amgkg) /(mgkg) /(mg/kg) /mgke)
H(Ag) 003 0.02 0.02 0.03 0.03
H(Cd)  0.60 0.28 0.06 0.05 0.41
(Sb) ND ND ND ND ND
M(Ba)  0.69 0.75 10.42 0.22 1.02
#(Pb)  0.06 0.05 0.33 0.03 0.12
JK(Hg)  0.05 0.04 0.02 0.01 0.02
T AT H R, ND B RA H
350 — g
300 = fES g
~ —— KH
2 20 —— S
£ 200t ——
i)
<»L: 150}
5 100
50
0 0 1 ———’1_
B (Al 4 (Mn) % (Cu) %% (Zn) %% (Cd) %l (Ba)
I BB D& ITTE SR
Fig.l Distribution of elements in edible fungi
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