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Effects of Pesticide on Tremella fuciformis Berk Growth and Risk
Assessment of Dietary Exposure

YAO Qing-hua®®, YAN Sun-an!, YE Jian-hong?, HUANG Min-min!, CHEN Mei-zhen!, LIN Qiu®”
(1. Ministry of Agriculture and Rural Affairs Laboratory of Quality & Safety Risk Assessment for Agro-products (Fuzhou), Fujian Key Laboratory of Quality

and Safety for Agro-products, Institute of Quality Standards and Testing Technology for Agro-products, Fujian Academy of Agricultural Sciences, Fuzhou

350003, China; 2. Gutian Jianhong Agricultural Development Co., Ltd., Ningde 352200, Fujian, China)

Abstract: To provide the suggestion for pesticide application in snow fungus (Tremella fuciformis) cultivation,
eight pesticides were used under spraying mode in different periods. The effects of pesticides on snow fungus
strain TrO1 growth and health risk assessment of dietary exposure were studied. The results showed that all
pesticides except prochloraz cream and pyridaben/acetamiprid microemulsion had not significant effects on
growth of snow fungus. The level of pesticides residue was closely related to the type of pesticide and spraying
mode. While the pesticide residue were below the corresponding MRL adopted from GB 2763-2019, the cHQ
(chronic hazard quotient) of long-term dietary exposure for general population and young child ranged from 0.001
to 0.174 and 0.002 to 0.191, respectively. It indicated that the risk was acceptable. Based on the risk assessment, it
was recommended for snow fungus cultivation that acephate, chlorpyrifos, and carbofuran should be banned, the
use frequency of abamectin, prochloraz, and isoprocarb should be gradually reduced, and bifenthrin, acetamiprid,
imidacloprid, and pyridaben could be used with the appropriate pre-harvest interval. These might be useful for
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designing good agricultural practices (GAP) and registering pesticide for snow fungus cultivation.
Key words: Tremella fuciformis; Pesticide; Residue; Risk assessment

HLH (Tremella fuciformis) s 3 44 1% 4t £ 245 3
TP o T AR AR A K 2 BT O A A e R G e
A B AR, N AR IS W W T [ 235y
WEFE, 528 aHwEA, REES2h.
REEATYE. Wit R, BprE. e .
P NG I Th -5, R E = B AR 2 5
ZRIE R E R W RS 5 (6]
85 FHoAh /N SRAAE YA, B3 H R RE B o R 1) vl it
{80 FH B0 AR 2 RN AR 24 5k B R 2 vt , JE AR T
Fers g FER I8, Har, RZARE A
RE R A RN R, BRI % 1 Sk
@ RAN = G0, S EiiE 7o THRE
g bR 241 FH A DGR AR (002, H AR R
BRAG I 43 AT R A U o R S SR A U 9 1 R
& 8 MURATEFERIAm S 7 U R R B KK E
(RIS 5 ki R S5 (00K iy 4 1 2R 55 11 PR 2575 +F
BT TR E = R R 2R B AR AT T
i B A R RS VR AL o 59 SCHRFRTE 219 P s . K
i fl S A 24 AR A AR 1 SR AR K AR TR 9
fir R 2 RS A TR 2GRS, i R AT
A OSSR HAR B R 25 1 SEBR A
FAE AT BT ASFE,  H 35 R 52 A1 BA B 11 A 245 4 FH
Wo AR 7T LAFR [ R F2 4R A ik Tro1 A3 xt %,

®1 PHARAER

Table 1 Information of pesticides tested

Wt 8 AL H R o AR 2, IRIHE IR AL
JS AN [R) B gt 55 it FH o SR H A R 2 e, IR H
B L TR AR P A R R R R E T 3L
[ 1 1 R R XU, 3 R 24 5 B A T A A
B AE D9 B R B R A ML AT (GAP) il 2 Rl A
AL IR AT 2 A5 4 T PR AR I 2 4 10 R A i e

1 BRI %

1.1 AR

BERAR FE (Tremella fuciformis) & £k Tro1 KT
fEgAEHEEERNFRERAR . fHilr 8 4
RGFN RS R NE 1. 2R RS R 2GRN
UGy i 2, T E S E 288K R B A TR A
Al SN HARRT Dy i al, e E 2R
RAAMRAT; PSA F1 GCB FAHACHUER!, 2%
5 Agilent A]; C18 FIARACHUECRE, 1 S£[E Welch
Material A5 ARZbRE I E ARV R
WS Wk €% : Phenomenex Luna C8 (150 mm x
2.0 mmx=3.0 pm), WHEEFEP TAA,; SHHEE
FE: SH-Rxi-5Sil MS E 41 #1(30.0 m=0.250 mm x
0.25 pm), W H HA AT,

Gy V&) Frilpit] Ak
Code Pesticide Formulation Manufacturer
A %I AR Z iR, 3%0E d bk (&Rl H R IEEAARAF
3% Bifenthrin, 3% Acetamiprid Microemulsion Qingdao Zhengdao Pharmaceutical Co., Ltd.
B 5% 4 T FLh INAR G BB A TR A A
5% Abamectin Emulsifiable Shandong Jinruite Bio-technology Co., Ltd.
c 300 5 H i FLih HRRA L ER)ARAF
30% Acephate Emulsifiable Chongging Agricultural Chemicals Co., Ltd.
D A5%MK B % FLih TR SR AR AR A PR A )
45% Prochloraz Emulsifiable Germany Aolien Plant Protection Co., Ltd.
E 10%0H: £ bk il BRI LERA
10% Imidacloprid Powder Jinan Yinong Chemical Co., Ltd
F 20%5% T Fl VLI REMEAR A BR A 7]
20% Isoprocarb Emulsifiable Jiangsu Huisheng Pesticide Co., Ltd
G 5%k 1 7, 5%NE IR L RIS AF A A IR A 7]
5% Pyridaben, 5% Acetamiprid Microemulsion Shenzhen Noposion International Investment Co., Ltd.
H 19 T 7Bt o0 1 B, 4% 5080 UL 71) 7 2 A A PR A F]

1% Carbosulfan, 4% Chlorpyrifos Granule

Xi’an Ruibang Chemical Co., Ltd

1.2 XA
BB e A (Agilent 1200, 2 [EH 2GR

i B \])-—E PU AT BT 1 (Agilent 6460, 35 [ %%
TR ARAF); SAERE((GC-2010 plus, H
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Ay EEA])- = EPURAT T HE(TSQ8040, HIAS g
A); IR G R (EE IKA A 7]); #75{X(KD-500DE,
A AERA R A ) & O0F1(Anke TDL-5-A,
g REANESE ) REAK S (Reati-Therm 111
HRATING/STIRRING MODMLE, PIERCE ‘A ).

1.3 R MR

WEACKI BT IR . B SRS HI 1%
L) AR R AT . KIS I 4 PR 2 I A
H(M1~M4), M1 NJEIETE 5, 20 d J5 K4,
M2 N JFEFETE AL 10 d Wi, 10 d J5 R4 M3 A
JRETE RN T2 1 7k, 5 d J5 46 2 kW24, 15 d )5
KA M4 NJRFEFLK 10 d W25 1%, 5d 5% 2
2, 5 d J5RAM . BB 3 MR WK T -
1.000.2 000 F14 000 mg/L; 4F/Km5iEE:4 1 800 mL,
M Zi&E5 59 1.8, 3.6 f17.2 g. 3Lt 12 Milde
AbEE, RRACEE 3 NESE, MHES 10 MR, 3360
AL B Y LA it [F) R R AR R 4l K 7R Ry
2 A

1.4 REAEKIEIRNE

BERIG AW G, FEHLER 5 MEE, BAE
FLREHLIEE 1 28R E, RAEbs = RE 7k B
1&(n=5) 0 Hdl P HhrrfE 2 FoR, KA SPSS
22.0 BAFEATMOTREA t #5596,  PLBER 6 4 5 5
HIMPZEFEEN, PLP<0.05 RREFREE.

1.5 REAFHRENE

BEALEBCRIGALI 5 228 H, B, R 255%
B sE . ARG N R B GYIN E 2 E AR ME GB
23200.113-2018M3IFN ki 2511 77 1AM, K H GC-
MS/MS WIERE RS RE . BEAEIR. M L
. mkigE R 5% B KT SR LC-MS/MS il e 8L H-
HomE bk BTAE TR R IR . DREERZ . ik Hk
S TR JEORR B B B B BE KT o R IR IR 45 SR AR B,
TR R I (R2>0.995), k. . 1 3 NN
AKSF B 70%~110%- € &R 0.01 mg/kg, #]
DL A& AR I8 ) 3K

1.6 KHIRE &2 8 XK Al

KA B aRE0E, IFE RN LE KA
8 B A 2518 11 & #% XU RS (chronic  hazard
quotient, cHQ), cHQ /XN, 4 cHQ<1 I,

FONMERAR THZ: Y cHQ = 1, KA AN
P2 K {g BE XS . cHQ=EDI/ADI, \F EDI N
A 1 kg 7RE R 2%k B8 B H 3%\ & [edible daily intake,
mg/(kg Bw d)], ADI % H 25174\ & [acceptable
daily intake, mg/(kg Bw €)]. EDI=(C xD)/Bw, 3,
C NHRHH R 2R /K F(mg/kg), D NEEHEANE
(BN 30 g, JLE 10 )51, Bw i 9 T3k &
(M 53.23 kg, JLE 16.14 kg)itl.,

2 SRR

2.1 TRRAGNBREEKKIEH

ML AT, RZGFRE A T R
FERMR B A KA — e . FH 5 LT A i
K Z5(M1), F 2 000 mg/L BE 23 g + 0 g1 Bk i,
s ST H R FL 7 PR B FRA U R + 1 i
PR LR Wb I, AR SR B R A TR
(P<0.05), F§ 1000~4 000 mg/L B4 B 2 7L« Bk fcf
FEFLIM AT R e B+ B AR ORI W e, AR
TR E AR E T X E(P<0.05), HRHE IR
10 d A5 A4 25(M2),  F 4 000 mg/L B4 36 i +
WE R DR A 7L 7 BT 44 TR 2R 3L ) 2 3 R AR H T
SR E42(P<0.05), FH 1 000~4 000 mg/L 2.7 FF i
LI ALk A ) SR R AL A R + B H PR
AL AN T o T + B SRR 751 5 it ) 4R E
AR E AR R TR (P<0.05), {HEHE 4 000 mg/L
(IR Bt fr L 2= S BUR B SR AR K AT . 4R H-
JRETERBT25 11K, 5d 555 2 IRBE24(M3), Wit
1 000~4 000 mg/L [FJIKEF iz 7Ly F11 2 000~4 000 mg/L
(RIRA I R +WE RURTSFL A 2 S BUR H 7 SR A KA
i, AR AL EE 5 X HEJC B2 2 7 (P>0.05), 1EJRIE
FERUGE 10 d 5245 1 %, 5d 55 2 IREZ5(M4), &
ZPARESEAR A K 2 5 M3 BARAL,  (HmE
Jiti 1 000 mg/L F] 10%ntk HOIoR 77 v 5. 25 42 = E B+
SR B

2.2 He RN R 25 B IR

M 2 AT, 4 PP T, HRE L
¥ Tl S AR T4 PR e 1ol 1) Bk B8 7K ST 3K T T i e
MIFR(0.01 mo/kg). HoftA 245k B /KA 23 M4 >
M2>M3>M1 K%, 57 SR 24 ik
FH—%(: M1 (20 d)>M3 (15 d)>M2 (10 d)>M4 (5 d).
M T8 R H AR 255 B BR Al AR a2k
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Fig. 1 Effect of pesticides on snow fungus growth under different modes. CK: Control; A—H see Table 1.

I K B R S I BOIR S, ARAIT S S IR G
AL R BRAEEARAEREATHIE DS, I Mg + I HUBK Rk
FUF S LT PP e L ek v e ) AR 2455 B KT M T
AR AR 2455 B R o BT 1 2R L L KA 7Lt
PEE EELBRRASS 70 G SR+ R BRFL R A TR S
JE+ BESEIERORL 7 55 5 AA 2 IAEAR B IR SE T TE B
If g it , LA FEIG T 4 000 mgl/kg I, Bk BE 7K
AART AR AL B IR B . 72 ML AT M3 ST,
Wit A FEAR T 4 000 mo/kg (57 A B, EREF 544
HH ) 5 B B AN 2 AR

2.3 REBEHEREITA
FEAHRIT GB 2763-2019 H 55 3 A 25 5% ¥ e K
PREAE AT, W RARLE KR ERE R
AR 25 (S AU IS It e i R . AR 3 WT IR, 12 Fif
AR 25 118 P A R XU (CHQ) A 0.001~0.174 (&
A)F10.002~0.191 (JLE), @k T 1, fdFRREK
SRSz Horh, BUYERZR . SWEH . R ERE
THRTE A ek, FEAE . REEER . T E B

e PR cHQ #4178 F 0.01, EE N 0. BEIRZS.
SER R PREERZ ) cHQ 43314 0.174. 0.093. 0.059
(B A)AT0.191. 0.102. 0.065 (JL#).

CEOHRERAMFERIUIR. BRI cHQ, 8 4R
ZGAE AR EARES A R AR 4 DR T FR el
AR, o H e E A B OSSR RS
i, HHEAEH ) Rrbmsi e, SR E R
ARI BREEAE M2, M3, M4 B = i 4
AR SR A, BT 2 B 2R 7 PR BN P e B
K2, TEARFFRKT b R IX 3 Fife 25 1A s B¢
ARG WE PR, At ek, ki R O KRR AR 2,
A BRAT B AR BT SR A KT B E e, 7EAR
HAREE o AT AAr 38 AR R v R R A 2 4 [ B 3,
JHFEBEARAGTER cHQ =ik 0.174 (R \)F1 0.191
(JLEE), FEASFH rh 7 PR A A

3 F5e Mg

TE RIFAROATE(GAP) T, & B AR 25 Bk RE
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Table 2 Pesticide and metabolite residues (mg/kg) on snow fungus cultivated under different spraying modes

St W (mg/L) M1 M2 M3 M4
Treatment Concentration 1 2 1 2 1 2 1 2
A 1000 ND ND 0.17 0.09 0.10  0.05 0.49 0.27
2000 ND ND 0.67 0.21 0.10  0.05 0.57 0.29
4000 ND 0.04 1.49 0.37 028 012 3.08 0.79
B 1000 ND 0.26 0.22" 1.98"
2000 ND 0.30 0.30 3.18"
4000 ND 1.22" 1.02 10.06
c 1000 ND? ND? ND? ND?
2000 ND? ND?2 ND? ND?
4000 ND? ND? ND? ND?
D 1000 0.02 7.19" / /
2000 0.12 721" / /
4000 1.05 / / /
E 1000 0.03 0.85" 0.36 17.2"
2000 0.07 157" 0.55 26.1"
4000 0.16 2.03" 0.94" 32.8"
F 1000 0.06 0.66" 0.14 3.23"
2000 0.06 0.76" 0.21 7.45"
4000 0.09 157" 0.33 8.86"
G 1000 0.01 0.01 135" 0.33 021" 0.08 1.36" 0.40
2000 0.04 0.02 142" 035 / / / /
4000 0.06 0.02 263" 1.08 / / / /
H 1000 ND? ND ND? 0.04 0.01* 0.04 ND? ND
2000 ND?2 ND ND? 0.04 0.01* 0.06 0.02" 0.29"
4000 ND? ND ND?  0.10" 0.01* 0.11" 0.04" 0.31"

ND: REGARKH; ND: R 2GR AP AR, o A E B 1 TR KA B, * B RARE IR S . 1 BORSME. wE Uik,
AN R L W DK 20 TR v B SRR L ) FEAEE A~H LK 1

ND: Pesticide undetected; ND?: Pesticide and its metabolites undetected; ®: Detected concentration of carbofuran; /: Snow fungus fruit growth were inhibited; *:
Exceeding pesticide residue limit; 1: Determination value of bifenthrin, acetamiprid, pyridaben, and acetamiprid; 2: Determination value of carbosulfan and its

metabolite, chlorpyrifos. A—H see Table 1.

R 3 AR E A 1 R B U D Al

Table 3 Chronic exposure risk assessment for long-term intake of pesticide residues in snow fungus

ot EDI [ng/(kg Bw )] cHQ
KL R?‘S‘ifjg‘lgel MRLs ADI Hn L n i
Pesticide (mg/kg) (mg/ka) Liug/(ka Bw ] Adult ChiljFrLen Adult Chilcfen

LK% T Bifenthrin 3.08 4 10 1735.86 1908.30 0.174 0.191
mE HUBk - Acetamiprid 1.08 15 70 608.70 669.14 0.009 0.010
R4 2 Abamectin ND 0.2 1 - - - -
Z M H % Acephate ND 1 30 - - - -
&% Methamidophos ND 0.05 4 - - - -
k&[4 Prochloraz 1.05 2 10 591.77 650.56 0.059 0.065
M sk Imidacloprid 0.16 0.2 60 90.17 99.13 0.001 0.002
S Isoprocarb 0.33 0.5 2 185.98 204.46 0.093 0.102
Ik R Pyridaben 0.06 0.1 10 33.82 37.17 0.003 0.004
THIFLEE Carbosulfan ND 0.05 10 - - - -
SLE A Carbofuran 0.01 0.02 1 5.64 6.20 0.006 0.006
#4EI Chlorpyrifos 0.06 0.1 10 33.82 37.17 0.003 0.004

ND: RZAkH; MRLs: SRik B R &, cHQ: 18128 KUKk, EDI: HIE&; ADI: HAVFHRA S
ND: Pesticide undetected; MRLs: Maximum residues limits; cHQ: Chronic hazard quotient; EDI: Edible daily intake; ADI: Acceptable daily intake.
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Table 4 Suggestions for pesticide application in snow fungus cultivation

e IR AW W it A 5 W (mg/L)
Pesticide Formulation Suggestion Spraying mode Concentration
3K A HG g, 3%0E tBK 3% Bifenthrin, 3% Acetamiprid FL7 Microemulsion u M1. M2. M3, M4 <4000
5%BT4ER % 5% Abamectin FLiH Emulsifiable D M1 <4000
30%Z. It H T 30% Acephate FLiH Emulsifiable B - -
45%IK L% 45% Prochloraz F Emulsifiable D M1 <4000
10%t; H1lik 10% Imidacloprid #7 Powder u M1 < 4000
20%5F TR 5, 20% Isoprocarb Fi Emulsifiable D M1. M3 < 4000
500mAlH R, 5% H1Jbk 5% Pyridaben, 5% Acetamiprid FL7 Microemulsion U M1 <4000
1% 5 F 8, 4%35 4688 1% Carbosulfan, 4% Chlorpyrifos iR Granule B - -

B: 51, D: JRAEAT; U Al IE A R A %2 4z R BRY .

B: Banned use in China; D: Diminish use; U: Use with consideration of the appropriate pre-harvest interval.

PR AAED (1) 77 B SR AR 24 75 B R N A i R 1)
i SEFE IR AT B2 KPR (B e aHE A
7], FREA 2 2 K AR A A RE 50 AN AR T s 22
A OCHRARIET,  F oy AR 2 U T S R 2
PR B A KR B G RAn s, ] Seid A Kali sk
PRWRTE  JBEHE o AT ST FH Wi it DK B fl L, ol R,
WE PR A LA AR 2 B A A SR S . BRI U,
FEAR BB S AR TPt A 2y, 75 [R5 A 2450 R
LB 22 TN 2K B () 520 o

AR A 25T A AE W b 1 T A RO 0 Bk B K P
WHWEZER. AKBFT, BRECRHENE. 1€ RURGL
FLANAL, 2 Hok 5 H AR 25 5% ¥ = T GB 2763-2019
W) R SEAH N R 25 R IR & . X 5 HT A BIWEIT
S5 SAEAL, Sl F A 2SO IR 2 s 7 i A A 2
RN, BOR SR A i B R H R g
(R F o T2 4 i 7 Bk (Amygdalus persica) b #1252
WIAUN 1.6~6.7 d, J& 5 T fif Rk 2451240, At e £ 125
IR LR, e IR 461 7 d Jim, HoAE H i (Brassica
oleracea var. capitata) 15k B /KK T+ 0.01 mg/kg,
e HIEP TN 6.77~13.51 d. X AJRE G
Sl a5 RO TR R m et AR AR
KRR R VI

TENGE B R BVPL, SrAE R RS
Wi PEAf 25 SR 1, AR EE & FH A £ 1S Ve
A EPE T, 2 3 AR E ok 2455k B 14
AN . HR¥E Cengiz EPOIFIRF LR, fEHKKT
Pk 15 s 1] DL 2 BR P 404 (Lycopersicon esculentum)
1 68% 1) i B FI B B . Abou-Arab 2271\ i vk
A LVE AL BRI LR R 10 (1) 2 MR 2555 8 . Boon
S BILE VP IR B P MU A 2 2 5 VRAG BT, IS YE
AR 25 0 RN 0.76. MIELIEVE, ZEAT A

R 2GR E B . Huan 2O €, =it
fE 5 35 FIK L . (Vigna unguiculata) F (kg = . B
RAGHRSE 8 PhACI R, BRI L K TE Y. T
AT Ab B AR R SE R = R B AR B BB L AR B IR
72%10, AT, WREIE. FEAKRATRE A
B RE B 2 3 800 R R AR S, A2 BE
RO 2 2 s B XU R ERAP K-, B R T E B
TR PR R s A 24 0 FH 8L

TEAREARIE IS AR A, BRE SR £ i A b sy
WEEmAH R nE HURAL, HA 6 AR 2R H1 S
PRI A IE TG B B 03 . R E AR 25k R K
B 2 RP 2L Ut it A B AR SRC Fid 22 4 1) o A 55 U AH
Ky WRORZME . WE H DRGSR ZE R T R e k7Lt
ZH T AEFE A 255 B B KT GB 2763-2019 6
YRR TR IR E . TER TR AL T IR &
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