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Abstract: The sulfur dioxide residues of dried and fresh edible fungi produced in China were analyzed by @Risk
software, basing on Monte Carlo simulation, and hazard quotient was used to characterize their dietary risk. The
results showed that the security status of dried edible fungi were extremely poor than fresh ones, on account of
mean values of sulfur dioxide residue in fresh and dried edible fungi were 2.94 mg/kg and 43.70 mg/kg
respectively, and only dried fungi had higher values of sulfur dioxide than the maximum residue limit, especially
Lentinula edodes and Tremella fuciformis. The risk assessment showed that the dietary exposure of sulfur dioxide
only by edible fungi’s consumption was at a relatively low level to the ordinary resident, as each percentile of the
hazard quotient (HQ) of ordinary resident through consuming both fresh and dried edible fungi were far below 1,
with the maximum HQ of 0.0073. Furthermore, every percentile above 10th of sulfur dioxide by dietary
consumption of dried edible fungi was almost one order of magnitude higher than that by dietary consumption of
fresh edible fungi, for the hazard quotient. This research provided scientific basis for quality safety management of
edible fungi in China.
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KFE371275m, HOENFNFEE, ~N50.7-63.1 75, ToUH GBI Es a4, —SAREE N
ShERIN T AR, BEBRE. brEi. P OSThie, Ea M E TR B2E W ARE,
— BT R E RS EEIET SERE ST, R TR, AR EMT 4., (R

SAALTR S AT A B TR ER S (HSO5) « WERIIRER (SOy%) S EMARN NMA T, 2tk

fbooT HRAE . R RRSEARIEAER, KIS NMERFIR RS RS M RFSH =
W E faH, A —ESBUsEHET . S R B O i 1 AR T R
FRE{H (Maximum residue limit, MRL) : & fhiE#ZE 4 (Codex Alimentarius Commission, CAC)
e Bt . Vo e/ A8 3 B T b 5L IMRL 950 mg/kg, il S R I T — UL IMRL
H500 mg/kel®; HAN & RS AR E N30 meke®; EE QML M EEE )R (Food and
Drug Administration, FDAYHE, &M WL S 28T 10 mekeht, FERATRSH VR
#H10; PEGB2760-2014805E Tl €3 F 1 LB >k b — A AL MIMRLIE NS0 me/kg, Z3RIH %
AR FE A B F B AL BRMRLAE 400 mg/kgl!l,

AR, BB AR ) — B9 AT PR AR b s A X i B
SR BN T H G A AE IR %40.0%, PR HE N48.9 mg/kg, SRR HEN195.0 mg/kegl'?. 3
[ St F B B 5 2 KL H O A i 8 52 3 — SR IR, 201 148E~201 848 3k (B & H 1 th
RN EAS 5 0 R A (Rl 84t v, e DR AR B B R R A b 51 R ) 28.4% 0131, AR,
Bl Do R = AR e A= R AR TR S 4= 6 W E PR T VIVE /R s s (= RN <28 ez 1 P S R S G DY iV 2 )
B, SRZ RGVER RIS PPAL A% 50 (0156 & 52 55 VP A% 7R BEAT XU 3 i e 6 >R FH ] 5 1) % ik S 4
PP S5 R AT R S R B K. SR45 R P (Monte  Carlo) B30 7 L A& — Pl R PP A v, 18I X XU
A B IR BEAT LA AR OLT S5 XUR R A, ) DA BE 2l e bl JXU: 7047 PR LS4 9L . Monte CarloBADl L
RERGF A BEEY. WY WERE. SR TREY: . AR S S SURIE 12 BT
MO8, FEE i 22 28, A FiiEE Monte  Carlo#EfF AN NSk — S AR, KpEHRUE
Ppeor, K il e R R AE i fr B i R HEAT 1 VRAL,  JRRR S TRH LA KU AR L

WiEEHEDSNSITER, RECHREEES 2 FHAT TR mMEER. BARHE. P,
MRS . e BARE RAVELE, e R 10050, X 7806 FH B S R E 1 32 SR
012 LR EAT =B S Y FEEE R HE S~ ER80%EL b, 4w . Bas. RWMe. itk
R T 7= B AR R B P B ARG, BTk, A ORI 2 2 10Fh B B R AR
BRI 5 B BEAT TR A A, R 2R T 5 R D B EOR I @Risk B0 & FH B b = Ui
TR B B g XU R AT VPAL DL T R B FH TR v — A B R ke B AT S A R G £ XU, 9 8 FH TR ) Joid
B RAR AR .
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Table 1 Count of species and quantity of edible fungi

FERBE (D
RIS RAHEHR Sample quantity
Species of edible

Sample category ) 2012 £ 2013 & 2014 £ 2015 4£ it
funet 2012 2013 2014 2015 Total

Wit AR iy 65 18 0 210 293
ARH @ 31 7 0 63 101

gk 78 84 61 153 376

A 60 86 46 185 377

S 82 33 52 65 232

WE 1 0 0 4 5

R 9 0 13 1 23

A 0 0 0 59 59

FLIR 45 0 2 0 15 17

g 19 0 0 0 19

Tt & F A 1 35 64 0 109 208
ARE 88 126 0 181 395

HE 35 15 0 39 89

W 2 24 14 23 1 62

B 0 0 0 9 9

st 526 449 195 1095 2265

o WREEAHEBAR: © S SR .

 Auricularia auricula-judae and Auricularia polytricha were included; ® white beech mushroom and beech mushroom were included.

1.2 /K&

750mL A B ZLIRAE . SOOmLME N . 2mLER i € & L SOmLERTRIE i e & Lighhr T4
WRHE R A IR A
1.3 A&l rik

HR A U PPAl 101 H 225K, LAGB/T 5009.34-2003 (£ & HH AR ER 2L I e ) Hh )58 =ik “ 728008
Xof £ FH A R I SR AR R B B AT RN, BV B PR 2 R OGS0 A R ) B FH B RE S AT R A I
RN, CBREGH 1 A D T R EE IR, RS VR BRIR AL, P ARSI AR
FIT T AR (0 BIObR A VA VU B P TR il ) SR & 2 B IR (limit of  detection,
LOD) 43.0 mgkg, X FHRKHKIHEME—R{E12 LOD 24, B11.5 mg/kg. BUATRIMIbRHE %
GB/T 5009.34-2016 (fr b ZaEZbriE & ahh S8R RNE) (XERE 1281k, MR T 35—k
“ERERBIBUORI NG, G R ARG 28 0 55 1 e AR 2T,
L4 RS VEAl 7572
1.4.1 RS IR A =X

% F AU (hazard quotient, HQ) £ H B Hh — S8 AL B AR B B b AT AR i, DL — bt H
RVFBRANTE (acceptable daily intake, ADD NAREAT VPN, it Bef AFER) AL & R B R E
TEAEE H RV E T E XS RTHQRS 27, DIRAEZ & IR TN A AR RSN, A
X (D PR, MHQ<I W, FoREARNK; HHQ>1 I, RUIH KK, HEMEBK, KB,
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e (ZCiXFi)xABSxEFxED
HO = =
T

BW x AT x ADI (1)

tote 2D Cespouse  dose) B e HIER RO TN e R BR 0 T EL LG R A
mg/(kg-d-bw): Ci Cexposure concentration) 3 i B i) £ F B AR X ik B i
mg/kg: Ti (food ingestion ) JyHilE sk &/ E (0 ARG, ke/ds ABSIl & % — LRk
FH: EFNEHaEHMNREME, KAE: EDyEHaHENRERFEm, 5 BWHARKE,
kg; AT RRCPHEHE, K ADDhAEH oA Eme/(kg-d-bw).

1.4.2 R A iedf R st

(1) EHE T SRR EC: FARM HREGIRES, 12 H@risks. 78R & H W o — %0k
Ik B A AT S, B &G B - -RTJ7 (Chi-Squared)  “ZfEFR-IAK (Andrson-
Darling) ARl 5% KWK /KRR (Kolmogorov-Smirnov) 3 MG iH I LI TRL, DLRtE
P I AT BRI AT BR B8 o BEATL A [R] it Al B A [ it SR 28 10 B FH B — S B ek B 20 A1 e
RSB T SRS A

(2) W HBANEF AR ERIEBW: 5] FIHRFE e 55 N0 Ll & e e E, 120094
il R RS N EIRARS, WR2PTRP, AR TAHZ (World Health Organization , WHO)
FIBEA E R AR ZHZ  (Food And Agriculture Organization, FAO) & /& (A BRIA 5 ML AL R - & b vs
QMR (GEMS/food) o A AT A h 19 K S 3L62/ N £ fi v R K £ I T S g ) L o),
PN AR SR SCHR 73 ) 51 LR BT 8 R ) 6 FH TR 2% & Bl n AR S PAT I TA) (2012-20154F) (RN HBH:
e N R TR o FLT S5 A 70 s SN BR RN B FH T R 2 oY, b it R 40k
WA\ e g B 1771 P = R e B 5 i N % N R R RN e B S M v N e Y P 78 5 /N 1 T K
N w2 RS EE.

F2 LETERAEABANRE
Table 1 Daily consumption of edible fungi of ordinary resident in Shanghai
N FERREFAERE TR AR FHEHERE

Classifica Average consumption of Average consumption of

tion of fresh edible fungi per day dried edible fungi per day

the crowd [g/(kg-bw)] [g/(kg-bw)]
RIFEN 0.329 0.118
LN 0.237 0.092

(3) “HEAMBMGETR R BABS: —E MBS E T/K, wIE B BB A AR i T
sS4, BIABS 182,

(4) ZEFEINFEF 3 2 RREE A ED: 2 i 56 [EA I OR 47 32 (USEPA) KUK 73 4 T Uik oA S 25040
EF A B350 R/AF, A FFEER TR [ED 70433,

(5) FiPBEAT: NED*365=25550K .

(6) S AMmAEH VPR A EADIL: RHEKCGFAO/WHOR IR & K 25 5123 (The Joint
FAO/WHO Expert Committee on Food Additives, JECFA)FI¥#, — LA ADIHE ~0- 0.7 mg/(kg-d-bw)

[34]°
1.5 HEar

Y 10T 337 65 fr FH BT S S b 1) £ FH A1 P — S AL Bt ik B A S M gEAT I L, 23 ] EHIBM SPSS
Statistics 193K {48 LRI R 7 Z /08T (one-way analysis of variance, one-way ANOVA) 4T &2 %4y
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M1, AT A %2 EVERIA Y (Duncan’s multiple range tests) , {2 4K p< 0.05.

2 RGN

2.1 AR E S A A R

AT TS 3 T EE 9% 1 10R 3L 15024tk R i 8 T L2 SR 763 LTl £ F R RE it — S AL B
BREDIRGLHEAT 10 HT, 0 TR A AL S 48— B 1.5 mg/kg (12 LOD) , ANl B b — Aok
AR IR PR . SR8, 1015020 ORI £ 11 B — S B T2 5k B8 2.94 mg/kg, K

MRL{EH (400 mg/kg) , JToEFRILG . Horbop e B g FAR S5 Rk th Ui, FLAR8 Rt & F
TEMNIR TR B EON1.71- 5.07 mg/kg, LR EZEF (< 0.05). SFHT63HLR T H & B AL T2
BB EON43.71 mg/kg, FOKK HE N3380.00 mg/kg CRRED , #2TGB 2760- 201480 5E 1T &
W AR IIMRLE (50 mg/kg) , SREFR A N8.9%. HorbFHlRHE AL m-T- 15k B &
¥ (208.80 mg/kg) T IHAMAFFHIEHE, HIKEEFL (51.46 mgkg) , #AW#E. AH. 4FHE
TR B R E R (< 0.05). FRZEAT B AL AR i R A RARTE O, AR
S OVRE (19.1%) « &k (18.8%) « ZMW#E (9.7%) « KH (1.5%) . BT, THlE
FH B B AR B B ARG D 8 T #r it & F B, A& s SR Eo L.

RONEE. REJCE NI R ERF T, TR, TH. TRESTHERN AL
B AR R IGTE30% A 1, A H I R 3 F N U 1) B R EDS- 360, AR B b R A HH AL,
FARE M m AR R TR EEIRAM T T2, FREESGEI IRk I )& . MR
B ANIE SN (W TE RS B Bl — AL IF AR 75 5 b — SRR e — SRV, 75 2 R AAE U A ol 25 o
FERMWEEHRBANEY), XA S WTE T4 ) & B 7E200 mg/kgZ I, HE N Fik4770
mg/kg, H 5 T EEE 4 b S R0 38, RS B A W AE A TR 2 1 AR TR A e A o
LR, AT A (B i, DRI s v — A K % B T B el VRAR AP A, AN — s 24k
VSIS0, R 2 S A 25 Bt £ i TF R BT R ANIE — S AR R 5 T Ak, GB2760-2014K FL#%
T W R b AR PR AR, (U T 4 3 2 A A HE 1 5 £ FH 1 — AL B MR LB 400
mg/kg, EIRT R ILAR T P B AR RL,  E 2 To2 0 T R B 1R £ FH 1 2 5 48 H
MEZ, ZHCAC (50 mg/kg) MHA (30 mgkg) MIREAE, ARBE. “Fis. XASEE 75 & 24 BT 2 A7
FE—EiBhEm ), AR TRECHENE O 5 RE, RS E 5 AR 4 it # i & F R =%
BRI PR AR -

#3 AAAAE - ahmBRER

Table 3 Concentrations of sulfur dioxide residue in different types of edible fungi

SO, % EE (mg/kg) Concentration of SO, residue B BRE%
B RAEMNR HhEE —
SERE AR R » SEEME 95% B A5 X /] b BAE Number Ratio of
Sample Species of Sample fr %t
Mean + Standard 95% Confidence interval Maximum of exceed exceed
category edible fungi quantity Median
deviation of mean value standard standard
e a L 293 3.32 +4.09* 2.85-3.80 1.50 21.39 0 0.0
] NI 101 5.07 +9.79* 3.14-7.01 1.50 45.00 0 0.0
Pk 376 2.78 + 4.87* 2.29-3.28 1.50 66.08 0 0.0
LT P 7 377 3.15+9.04* 2.24 -4.07 1.50 142.00 0 0.0
Eagit 232 1.71 + 1.10% 1.57-1.85 1.50 12.20 0 0.0
HRE 5 1.50 + 0.00* 1.50 -1.50 1.50 1.50 0 0.0
R 23 3.55+4.41* 1.64 —5.45 1.50 15.40 0 0.0

AR 59 2.46 +5.23* 1.09 -3.82 1.50 34.60 0 0.0



CILE SRRz R&E %
HgE 19 1.50 + 0.00* 1.50 — 1.50 1.50 1.50 0 0.0
N (¥/i3 17 1.79 + 0.82* 1.36-2.21 1.50 4.36 0 0.0
Mt 1502 2.9446.18 2.62-325 1.50 142.00 0 0.0
Tl A ik 208 51.46+ 113.81% 35.91-67.02 8.17 642.00 39 18.8
i3] KE 395 8.14 + 16.22* 6.53-9.74 1.50 167.56 6 15
LZREN 89 208.80 + 597.13# 83.02 —334.59 1.50 3380.00 17 19.1
F T 62 13.10 + 25.96" 6.51 —19.69 1.50 127.00 6 9.7
A 9 3.80 + 6.90% 1.50-9.10 1.50 22.20 0 0.0
Mt 763 43.71 +220.99 28.00 —59.41 1.50 3380.00 68 8.9

o FEFAHFAMN S AR R R A EZ MEEEEER (p< 0.05, n=FRiE),
S w22 1S

2 Means with the same symbol are not significantly different between themselves (p < 0.05), and fresh and dried edible fungi are

compared separately; ® It’s calculated by mean and standard deviation.

2.2 A A T A AR B R A B Y

FOEREFEHE SRR B SR EINS, THETEL . TARESRE B,
PP T T A H95% B A5 X 181 5% BE & 5 S b ik B & 0 A A 2 K
AR B @Risks. 75A4E, 5 10503 W& FH 3K —

G—IR{E1.5 mgkg) , BB FEMEIA100000%, AN &R EHE S —

{7 ARES

o FMELE. RE. Hg
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Fig. 1 Simulating distribution of sulfur dioxide residual quantity in varied edible fungi based on Monte Carlo simulation
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i ARiskExpon(1.4346,RiskShift(1.499)), “FIJ5RFH#42.93 mg/kg; il 8 H B 0 = A LB ik fE =55
il S4B H 0 A5 (Expon) , i ARiskExpon(42.206,RiskShift(1.4447)), “T-145% ¥ & 43.64mg/kg.

¥ —E BRI B B L E MR RBESHARNANX (1), B @RiskS. 780401 5 H B AR SAE Ok
NG GBI AR RS AT, B RERUE RRIEFA100009%, 4 R anE2fs .

HH LA AT AT B AT N TR £ FH B I AN LA 1) XU 7 <P 3294843 531 0.0084 J2
0.0064, 97.5%/ s (1) 75 2 i /K P U 7 20 531 9.0.0268 £20.0208, - A BCAE NI i1 - BCAE N, (H
BN, AETERE Q& FREE K. AR RS NI F0 R s K T AR XU 75 .5.3400), i ey T A 5T
FRrASE R, 2R Iy PPl P | AR E: IR 0 9% B N B B A 2 & (0.28 kg/ d) , LU NACHE
F6 51 B bSO T F B 2 R 184, TR F R S S 16T, HFC P M AR A i AR
RT3 5 B B 20 A FOAE P R R B R AL, TR T AR e Ol A S 51 F IRV 2 AR
N20094E R A LS R, (HR A — e R, 2002FEFRESHE DR - HERTHOE, &
PG 3 T 2 B N 9 50K, 201 14F Je 7= BERG 80 22, 22201458 £ HI a7 820 820094
(1.3 F500, e B e B P B H T30 P s b R R AR LA, R B N 1.3 J5 e K E A
0.0095, VHZART 1, 8 A B HE N — A0 I RS AT SRR A

RS Al BT —E AR ENE, EAET P E BRI T — 2T R P s ke
SHEERECHTRESR, BaiHan R AR RIITIER, BIRMA WS R m
Bll, TR R . AENEE . A b A bR s v A L T I A RN RS R R R
AR e R SEHOE ) ) B S EI AR E, HRFEIE . SRS LHT, sz hE AR
FRRFEG R SR AR W BRI T T X 5 YRS B R B AN IS B A, D E
SERTTRE S s, AT BTG AR R s DU AR FUAN DA R R e — 1) S 3R 6 1%,
M B H R 2 SN AR SE . KR DL IR BRI Y8 2 Rl A Fe o — S0, 0 IR AR 1) —
A 2 e RS PPAS AT AR AE — 58 JR PRt o A i (R AR DA 90 R o e £ 7 2 s 1) R 5 22 4 i e VP A

IDESSE AR
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Fig. 2 Hazard quotient probability distribution of sulfur dioxide by dietary consumption of edible fungi to the general population
2.4 ANFEINHRE R H w2 B SR TR — SR I XU EE Lo

WA (1), FIFH@Risks. 7873 5l 1t 50 [ R B S i N2 i g FH v B 1) &
AR AR KB 200 A1, RO R E IR 100000K,  Frfaal B3 k3 s, K35
N, LITE10%07 B G, il s R T FH RS AR TN R ) XU 7 A S S50 = T i
B, HXT P28 R B AN B — R BN RS i 2408 i T N e R4ARIR, REUE
N2 B £ F B A i) B FH R A2 B0 N — AU AR PR XU B T~ 331443 1) 79.0.0013 £20.0070, 1= % 55 B
IIAE RN B R AR TR AR I XU v T ] — N EOE , wT BUE R R T
AN A AER B RS AR T & . SR ATEE OO, A 7851 H ARG B 2 B b s
BB i B RSN B 20 0 Tl & B 0345, (H 2 F B b — a5 P I 20 9 i 2
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Fig.3 Comparation of hazard quotient of sulfur dioxide by dietary consumption of fresh and dried edible fungi to different

crowds

(Fresh 1 represented the HQ of sulfur dioxide by dietary consumption of fresh edible fungi to the underage population; Fresh 2
represented the HQ of sulfur dioxide by dietary consumption of fresh edible fungi to the adult population; Dry 1 represented the HQ of

sulfur dioxide by dietary consumption of dried edible fungi to the underage population; Dry 2 represented the HQ of sulfur dioxide by

dietary consumption of dried edible fungi to the adult population)
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Table 4 Summary statistic of hazard quotient of sulfur dioxide by dietary consumption of fresh and dried edible fungi to

different crowds

PN RHEZA KB
Crowd Sample Hazard quotient
classification category HB/ME BoRHE SEHME s Psy® Pys Py s
Minimum Maximum Mean Standard Ps Pys Py7s
deviation
ENEEUN et 0.0007 0.0073 0.0013 0.0006 0.0011 0.0026 0.0031
an ! 0.0002 0.0632 0.0070 0.0068 0.0050 0.0206 0.0254
BAEN et 0.0005 0.0053 0..0010 0.0004 0.0008 0.0019 0.0022
an ! 0.0002 0.0493 0.0055 0.0053 0.0039 0.0161 0.0198

*Pso 950 AL H, BT R IINRF S, T i RN E50% M B AV EUE . Pos K Poy s[RI HL.

a Ps, represents the 50th percentile, namely the number arranged at 50th percentile of all variable order lowest to sort, similar to Pos

and P97_5.
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