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W EASWAT, &, REREMETHBEIH, RABTEL-LREBESFEHTHMAE (Ton Chromato-
graphy-Inductive Coupled Plasma Mass Spectrometer, IC-ICP-MS) kst fap &€ sk, — F K ap, Tap iz, A2k,
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Mushroom, Matsutake and Agrocybe by IC-ICP-MS Method

WANG Xiaoping'?, LIU Zhongying', ZHONG Yang', ZHANG Dingqiu', LU Yang', ZHU Minmin',
ZHENG Hongyi', HE Yexin', WANG Xin'?, HUANG Taorui’, JIANG Zubin®"

(1.Sichuan Institute of Food Inspection, Chengdu 610097, China;
2.Key Laboratory of Baijiu Supervising Technology for State Market Regulation, Chengdu 610097, China;
3.Sichuan Tourism University, Chengdu 610100, China)

Abstract: To analyze the speciation distribution of arsenic in agaric, shiitake mushroom, matsutake and agrocybe, the ion
chromatography-inductive coupled plasma mass spectrometer (IC-ICP-MS) was used to determine arsenobetaine, dimethyl
arsenic, arsenous acid, arsenic choline, monomethyl arsenic and arsenic acid, and the methodological investigation and
content determination were carried out. The results showed that the method could completely separate all six arsenic forms
within 5 minutes, and the peak patterns were good. The linear relationship of the method was good (mass concentration of
0.5~20 pg/L, >0.999). The detection limit and quantification limit of six arsenic species were not more than 0.005 and
0.017 mg/kg respectively. The recovery rate of six arsenic forms in agaric, agrocybe and shiitake mushroom could reach
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80%~120% with standard addition. For matsutake, the standard addition recovery rate could also reach 80%~120% when

adding right standard amounts (0.05 mg/kg dimethyl arsenic, arsenic choline and arsenic acid; 0.2 mg/kg arsenite and

monomethyl arsenic; 5 mg/kg arsenic betaine). Combined with the dehydration rate of dry products, the inorganic arsenic

content of the tested samples met the requirements of GB 2762-2022. The content of total arsenic in matsutake was the

highest, but the proportion of inorganic arsenic(arsenic choline+arsenic acid) in total arsenic was the lowest 3.6%~6.8%,

and the highest proportion was arsenobetaine (75.8%~87.3%). The main form of arsenic in agaric, agrocybe, and shiitake

mushroom were inorganic arsenic. The proportion of inorganic arsenic to total arsenic could reach 58.4%~66.1%.

60.0%~66.7%. 81.2%~91.7%, respectively. There was a risk of food safety when the total arsenic content was high.

Key words: agaric; shiitake mushroom; matsutake; agrocybe; ion chromatograph; inductively coupled plasma mass

spectrometer; arsenic speciation
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TR AT A A3 B i 22 B B = .

H B ZS53HT 22 S SO (1 - ri B &
GBS F R %7 (High Performance Liquid Chromato-
graphy-Inductively Coupled Plasma Mass Spectro-
metry, HPLC-ICP-MS) | & T (4% -ti B & 5 5 1
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Plasma Mass Spectrometer, IC-ICP-MS) | % AH (%1%
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JEARIATINE . HHET, TR HE I HiE AR
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1.1 MRS5EE

ARHE- B MAEFIESA G RIS E] 5 3 ~8 J,
Yokl PIE R BB AT AE T IARRAR | ff
PR AR . — PP L F LA | AR SRR . A AR v
W MIE R 1000 pg/mL, dbtdb Il it
ARIFFERE; il . SEARHER IR WRBEE S 1000 pg/mlL,
FE 5 (0,48 i Ko AL S Al O iR gk . il
fig  PLghsl, TEE CIHRBH A RAF .

iCAP Q HIL/EHE G 45 B TR BT 1 . DIONEX
ICS-5000 DP & {4i%{% . DionexlonPacTM AS7 %,
JEFE (4 mmx250 mm)  FRER K HIRBHE A R F];
ME204 43 #7 KV & - #4555 FE R = N 7
TOPEX UK INAAIY  _Limgilzse{askis & A R
INFE o
1.2 SLWHE
1.2.1 SAEE I8 GB 5009.11-2014E 5484
] SRV B v R B TEAI LA R ) 5 DB — 7 HRL e
G A5 B AR TSR S T
1.2.2 WIEZESNT AT LA B Bk a) s P Ao fag
L (As 75) 58, SRk i, RFIE A TE .

FE ARG BORTE S RESS 1.0 g T 50 mL BRHES
CAE L I 1% THPRHS R 20 mL, Z=iRCE SR, 7
BT 90 °C HLFE PR HE 2.5 h, B 0.5 h #R$E 1 IR,
P EE, BUB W H1 2= 27, 8000 r/min B5.0» 15 min,
B3 Ze 0.45 wm 7K FR BRI DEAS R o

B O35 A S5 43 A . DionexlonPacTM
AS7 %A (4 mm=<250 mm); iishAH A: 2.5 mmol/L
PRIR ISR TRBIAE B: 100 mmol/L BRFERERIEIR, 5
FEVERR AR W2 1; WEE : 1 mL/min; #4744 B,
25 uLte,

ICP-MS Z5/F: SREEILER: As; SRAER: He
2 GPAT 3R 1550 W FEHGESE 1: —5.0 V; IS
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Table 1 Program of the gradient elution
YEMBLS ] (min) BIFHA (%) BB (%)
0~1.5 85 15
1.5~2.5 85—-0 15—100
2.5~5.0 0 100
5.0~5.3 0—85 100—15
5.3~5.5 85 15

1.3 HIELIE

S KCPE T SE 3 U, LSRR AE IR 25 (X£S)
IR, K H SPSS 26.0 AR EAR AT AT, SR
JHEAN 7 2200 Mr AT 4R ] o8, DL P<0.05 255+
BEit#E X,
2 HBRESH
21 FEbmERZ. KHREEER

FH 1% i ER ¥ 6 Fhih T 25 B il iR & Ar fE
W&, 2 RR AT @ ST 09 Sy A 7 IR AT I L o [
B 1. FRE 1 AL, AR 44T, 6 AT s (i
ESRpR . R SR AP RS | IR . — B kA A
12 ) 7F 5 min PNREASSCIN R 41585, HIgRILy, B WAk
FRIZEHFT N SCRRRIE 7,

20000 TR
18000 Bl

16000
(i

5 10000 f :
) . A AR
?m 8000 - AR

0 1 > : . -
S [E] (min)
BT 6 FiE S bR R i e
Fig.1 Chromatograms of six standard solutions for
arsenic forms

AT AR (y ) S GAAB R, ARAES R s (x) N
R AR AR RV ERRMERR LR, 1520 [ )3 7 R FIAE 56 2 %L, 4N
2% 2 7R, 72 0.5~20 pg/L LA, 6 FhaE S0AE>E

FEL r ¥9>0.999, BEHH I R ZRAE (RT3 R AR SCHEAR
o LA 1.0 g BURERESRS E 20 mL, 315 6 FiipiEZs
ARG H BR (3 A5 BN bb) FE S FR (10 S L), 6 F
TSR HH BB . 22 5 BR 473N 0.005., 0.017 mg/
kg, A7 R &, i f SRR,
2.2 MOAREYE

Sk 25 By v 0 A AR P, EAR T | SSA
T« B MANE AT = K7 TR is e, inpra:
h T 1~10 52 B R OK S, BP433124 0.01. 0.05.
0.1 mg/kg, iNprigw g R ULFR 3. B3 3 AT Hl, K
B ASMZE R ELE T 6 PR AL, L m ks
B, HomAr BB R I FE 80%~120% L FBl N, i A2
GB/T 27404-2008 FYZLR, H R ENRCERAFR XS R (i
2% (Relative Standard Deviation, RSD) #J<10%, 1}&HH
AP A A E: | S 285 2 0 6 FRhIE 245 i
PR FIRG 25 B BAR Uy, 55 SR G i AR el i —
sl f 3 3, MAEE AR EH SRR . P AR R A — F 3
AR & B, 43 9N 8.640. 0.207. 0.296 mg/kg,
W = AT AR AT, RR 5P e, AR Sk
HAE bR N SR S PAE R AR & AT, — )
SHHREE SR 0.5~2 fi%, Ak 0.01. 0.05. 0.1 mg/kg Jill
L= IS LR o A VWL Vi = S ST SR A T N A 7
Fil— FF ELAIAR [ENRCER, f 1, 5 S g Fn— P
InfrEdE e 2 0.2 me/kg, MR SERRINARE L 5 =
5 mg/kg, AT 6 YCOFATIRES, 153V AR Fn— FH JLff
TINAREIAER Sy 81.4%~107.3%, AHXT AR ZE RSD<
10%, B AR BISEh 85.5%~92.2%, AHXHR
HER 228 4.2%~6.7%, F=IHAS 7 L0 E P8t 6 Fip
MU, HuEm RS 2 B4
23 WEESSH

RVEAEARHE | ZEWIEE | A AR T AR I A S5
A5, SR A D7 ot HA RS mg . — FF LA | SRR |
APAAGE , — FF LR IR R I TR, U ST
Fe b BARE Sy e B ULEE 4 FN3e 5. B3 4 AT, B
A . B2 | 7 2 AT H #R A G HE e A,
P AR AS T sh i T SR I AT AT Y, 2
TAFHEUNR Y, — M ATEAEE AN, X 5% E
MECO H G 3 ANRDEAEREENE B RB/ Ny WA
>t e >— B Jiefitfi>— B e e LA~ A R Sk, L

26 FEIES T AZIE M FE L AHOC AR A BRANE T BR
Table 2 Linear regression equations, correlation coefficients, detection limits, and quantification limits for the analysis of six arsenic
forms arsenic compounds

5 k& R (min)  ZeHEER (ug L) I MR KHRmgke") EERMB(mgke")
1 RSB 1.35 0.5~20 y=8755.0839x+495.3564 1.0000 0.002 0.007
2 R 1.67 0.5~20 y=9157.9620x+105.4422 1.0000 0.003 0.010
3 DZGA 1.88 0.5~20 y=5718.1914x—540.6451 0.9999 0.005 0.017
4 i LB 2.65 0.5~20 y=6625.8697x+115.2694 1.0000 0.005 0.016
5 — I 423 0.5~20 y=9307.3192x—-480.3991 0.9998 0.004 0.015
6 il 4.87 0.5~20 y=11014.3191x+2052.3160 0.9995 0.002 0.008
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Table 3 Recovery results of six arsenic compounds
} A A 0.01 mg/kg 0.05 mg/kg 0.1 mg/kg
Y (] (m g‘_kgfl) HUEESs T I NE L &S RSD(%) Mg EE nbrmics RSD(%) iﬂllﬁ%ﬁé Jib [l RSD(%)
(mg-kg™") (%) (mg-kg™") (%) (mg-kg™) (%)
PSS 0.004 0.015 118.1 6.9 0.056 106.2 6.2 0.108 104.1 32
ZWEE 0.018 0.029 112.2 6.1 0.070 105.3 3.0 0.120 103.2 2.0
KH AR 0.095 0.106 110.1 73 0.145 101.5 49 0.198 103.1 3.9
i R A NA 0.010 108.2 0.4 0.047 98.2 6.4 0.098 99.2 24
— L 0.009 0.019 106.1 5.4 0.058 100.1 5.0 0.109 101.2 3.0
Tz 0.030 0.041 110.6 9.6 0.083 107.3 7.6 0.140 110.1 6.6
AT NA 0.009 110.1 42 0.050 106.4 6.6 0.101 102.8 6.5
R 0.030 0.042 116.2 2.4 0.082 104.5 3.1 0.137 106.1 6.0
. NI 0.025 0.034 91.3 4.0 0.076 103.2 5.4 0.129 103.2 6.8
ks
it A NA 0.009 97.8 2.9 0.046 95.3 7.6 0.092 93.1 1.8
— F i 0.004 0.015 102.2 42 0.054 100.1 5.1 0.100 96.2 53
iz 0.034 0.046 119.3 6.7 0.088 109.3 8.0 0.150 116.1 9.2
T2 e NA 0.008 109.1 49 0.051 108.4 8.1 0.103 106.3 6.1
THER 0.014 0.024 102.3 42 0.064 102.8 0.2 0.115 101.5 3.3
- EAER 0.044 0.052 80.5 15 0.094 101.6 0.1 0.143 99.3 2.0
TR NA 0.010 104.3 6.0 0.046 96.2 3.4 0.092 932 1.0
— R 0.008 0.017 88.2 45 0.050 86.1 12 0.094 87.1 0.6
R 0.094 0.104 96.3 0.2 0.151 1143 0.7 0.202 108.2 0.1
T2 f 8.640 / / / / / / / / /
AR 0.032 0.041 86.2 4.0 0.078 93.7 2.8 0.123 90.9 42
e AR 0.207 / / / / / / / / /
U NA 0.009 87.1 4.1 0.035 81.1 7.3 0.087 87.8 7.7
— i 0.296 / / / / / / / / /
R 0.071 0.081 100.3 6.0 0.121 100.1 23 0.187 1173 7.0

T NA"FIRARK ;TR AR, I R AE S

AR — PP LA R LA AR AR SRR A L
fith, SV AHER AR PR S JCHLR, GB 2762-2022 X FH
Hr JCHLAP S A A R (B FH B S CHCRT S 0.5 mg/
kg FATEE A A 0.8 me/kg. ARE R HAHR LT
it 0.5 mg/kg), GB 2762-2022 i Mip & = A 8
S TCHLAP BB, AS I TehL . e 4, M
S e, S AR iR F 7.88 me/kg, X HAMIE
M E, ZBICHLR & 2R, Bmh 5 5MmE
0.62 mg/kg, i J& GB2762-2022 R ; Frill A B FI4%
TR A S A AT GB 276-2022 X HICH LA
TR, S A RS A — AR AL 5 A
0.97 mg/kg #Aid 0.5 mg/kg PR, PFE—210 & TeH LA
FHoH 0.883 mg/kg, GB 276-2022 5 H il &
V5 Gy B ek I A AE I T 5 it v s Je g B 25 5

JioK e R AR TR, MR SCHRHE BT i £ TR & 7K
N 80%~90%Y, GB 7096-2014 X il B 4% & 7k
IR < 13%, YT GB 276-2022 X il B 4%
JTCH AR R 24 3 mg/kg, VL5 T 0.883 mg/kg,
W A | S8R |« 5 2k FIAAEAE S T JCH LA 5
I GB 2762-2022 iR,

A GE BT AR Sk A PUTAS [RI - X, A3 5
AT, [E— A 6 FPRIE S A S — 2, X
ER A E B FH B R AR N AR OG, BIT IR B | ARt
i Bk AT 6 FPARIE A B A o T R Y
80%, PiAAIX 4 FHE R H M LXK 6 FHIEE
TifEo MR 4, PAEAE TN & FH B P S & B2 0=
fY, X5 B i 5 B2 IR 45 R — 2k, Bk A
15, AR R R R i JC AL QLR R AP 2 ) 5 HEAR

4 MIESHUER I E SR (mg/kg)

Table 4 Determination results of arsenic form and total arsenic content (mg/kg)

d % T I RIATH i fELTRE — 3 iR ST
AH1 0.014+0.002 0.018+0.005 0.095+0.007 NA 0.019+0.005 0.030+0.008 0.19+0.02
AH2 0.010+0.003 0.013+0.003 0.103+0.006 NA 0.019+0.007 0.036+0.006 0.21+0.03

AH AH3 0.014+0.004 0.018+0.004 0.087+0.009 NA 0.016+0.003 0.024+0.007 0.19+0.05
AH4 0.011+0.002 0.011+0.002 0.041+0.004 NA 0.012+0.007 0.024+0.005 0.10+0.02
ARH5 0.010+0.003 0.012+0.003 0.033+0.007 NA 0.009+0.006 0.022+0.006 0.09+0.02
T 0.012+0.002 0.014+0.003 0.072+0.032 NA 0.015+0.004 0.027+0.006 0.16+0.06
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4
Fn e GEIBAT S DR AR — iR S
AR NA 0.018+0.007 0.031+0.009 NA 0.010+0.002 0.028+0.007 0.09+0.02
AR 2 NA 0.026+0.009 0.0280.007 NA 0.0070.003 0.037+0.011 0.10+0.03
- AREE3 NA 0.0300.007 0.0390.008 NA 0.008+0.001 0.0410.009 0.12+0.03
AR 4 NA 0.015+0.002 0.0220.003 NA 0.009+0.002  0.020+0.0013 0.07+0.02
AREES NA 0.030+0.004 0.049+0.005 NA 0.012+0.003  0.043%0.0013 0.14+0.03
SEHE NA 0.024-0.007 0.034+0.011 NA 0.010+0.001 0.034+0.010 0.10+0.03
gl NA 0.014+0.003 0.044+0.010 NA 0.008+0.003 0.094+0.013 0.17+0.06
k2 NA 0.017+0.002 0.115+0.011 NA 0.011+0.003 0.261+0.023 0.41£0.13
- ] NA 0.013+0.004 0.098+0.012 NA 0.007+0.005 0.161+0.035 0.29+0.11
4 NA 0.0260.005 0.214+0.021 NA 0.014+0.002 0.212+0.045 0.48+0.18
S NA 0.047+0.007 0.637+0.012 NA 0.017+0.004 0.246+0.037 0.97+0.11
SEHME NA 0.023+0.014 0.230+0.193 NA 0.012+0.004 0.2030.003 0.47+0.31
FATHL 6.640+0.513 0.032+0.008 0.207+0.021 NA 0.296+0.018 0.0710.008 7.6120.65
LINEW) 6.417+0.841 0.1800.053 0.290+0.025 NA 0.348+0.032 0.157+0.015 8.28+0.71
e /NER] 5.835+0.397 0.088+0.015 0.227+0.022 NA 0.362+0.043 0.0350.003 7.09+0.69
P4 6.670+0.298 0.119+0.011 0.368+0.039 NA 0.310+0.031 0.033+0.008 8.17+0.82
LNER] 6.928+0.399 0.111+0.010 0.466+0.033 NA 0.585+0.047 0.155+0.013 9.14+0.88
FHE 6.414+0.533 0.038+0.053 0.244+0.107 NA 0.638+0.118 0.165+0.062 7.88+0.77

TE: “NA"FRR A

5 OMIEA S BRI (%)

Table 5 Arsenic form as a percentage of total arsenic (%)

v /e TEEER SR AR T I B — i R TeHLat At
AH1 7.4 9.5 50.0 NA 10.0 15.8 65.8 92.7

ARH2 438 6.2 49.0 NA 9.0 17.1 66.1 86.1

KH ARE3 7.4 9.5 45.8 NA 8.4 12.6 58.4 83.7
AKH4 11.0 11.0 41.0 NA 12.0 24.0 65.0 99.0

AES5 11.1 133 36.7 NA 10.0 24.4 61.1 95.5

SFIE 8.3 9.9 445 NA 9.9 18.8 63.3 91.4

ZEM 51 NA 20.0 344 NA 11.1 31.1 65.5 96.6

P ) NA 26.0 28.0 NA 7.0 37.0 65.0 98.0

- %W% NA 25.0 325 NA 6.7 342 66.7 98.4
A4 NA 214 314 NA 12.9 28.6 60.0 943

Zeh s NA 214 35.0 NA 8.6 30.7 65.7 95.7

FIAE NA 228 323 NA 9.2 323 64.6 96.6

vl NA 8.2 259 NA 47 553 81.2 94.1

a2 NA 4.1 28.0 NA 2.7 63.7 91.7 98.5

=k B3 NA 45 338 NA 24 55.5 89.3 96.2
k4 NA 54 44.6 NA 29 442 88.8 97.1

S NA 48 65.7 NA 1.8 25.4 91.1 97.7

FHME NA 5.4 39.6 NA 29 48.8 88.4 96.7

FAEL 87.3 0.4 2.7 NA 3.9 0.9 3.6 952

FAE2 77.5 22 35 NA 42 1.9 5.4 89.3

e WH3 82.3 12 32 NA 5.1 0.5 3.7 923
FAH4 81.6 15 45 NA 3.8 0.4 49 91.8

PAHES 75.8 12 5.1 NA 6.4 1.7 6.8 90.2

EAE 78.5 1.3 3.8 NA 47 1.1 49 89.4

T “NA”FRIR AR THUH=SE R+ R A = RS0 P LA+ S0 e -+ B I F -+ e 2

0N, TR AR EL T 7%, T 5 b e 1 S ARH B AN 2 it 322 A TEH LR A,
FHZEWH A 75.8%~87.3%, iX 5 H U5 43 F1 i va 4l I 7 AN E N hroy i =i N S = A e ol 8

SO JIE B ANE ZSREE RIS DL . 3 LED

E 43 LUAR S, 5359100 58.4%~66.1% . 60.0%~66.7% AR5 1IC-ICP-MS W58 A H: | Z5migE . 7
81.2%~91.7%, iX 5 IR 5 ali 50 HEAH T, X D] Lt FVEATEE R A AP RIS m . Y LA SRR | A IE




S R ]

FNF A TR T OB AR TATOERE I ARH: s AR e s - 259 -

Bl — FH LA . IR, BETE 5 min N ABK 40405,
HERIIRYET, 6 PRI A R . 2 m R4 AN i
0.005. 0.017 mg/kg. X Hrk# AT bR 4g, RE-
ZEE IR 6 FPIE S IR 80%~120% JE [F
(0.01. 0.05. 0.1 mg/kg Jnpr&:), ELMARENKRCRAEXT
PR 22 RSD 45<10%; TEMAFH I A 0.05 mg/kg
T HIEmR . A ETAIAH R, 0.2 mg/kg VA ER FI—
FLf, 5 mg/kg i FE SE ML, AR [ 53R L B A
80%~120% Ju[Fl . ARH- | Zshiah | gk FIAAE P 3=
FEAER SR . IEh | AR . — FF L g
TEAE, 456 TH R 0IK 3R, FriliARTE- | 354 . Fas
FOFATEAE S TCHLAR 5 B AR5 B GB 2762-2022 ZK;
AP R, (H AL s S e R IR Y,
NI 7%, H A LR A E, O b
3K 70% LA I ARE- . A4 R0 2% g JCH L OIE A
PR+ ) o B B 4 LUAR &1, 439018 58.4%~66.1%
60.0%~66.7%. 81.2%~91.7%, & BAARHE: | ZSHh) g F
Tty A SR A T AT AR, P AR | 54k
AT SR = B e B L XK . A3
ST T AR A . A AR EITRRIE S oA, 48
NAS AR ASLE SR ) O b, S S T SEAR S | 2%
T . B I AR R g B B AR R A ) A S ST
PR T B S
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