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Application of cumulative exposure assessment method for exposure assessment of harmful
elements and pesticide residues in Ganoderma lucidum consumer population in Jilin Province
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Abstract: Objective To understand the pollution levels of elements and pesticide residues of Ganoderma lucidum in
Jilin Province. The cumulative exposure health risk of introducing Pb, Cd, As, Hg and pesticide residues when
consuming Ganoderma lucidum. Methods Forty-eight samples of Ganoderma lucidum planted in Jilin Province were
collected. The contents of 37 elements and 57 pesticide residues were tested in accordance with the national food safety
standard method. The exposure level of major Pb, Cd, As, Hg and pesticide residues was calculated by deterministic
point assessment method and the cumulative exposure level of hazard index (HI) and relative efficacy factor (RPF).
Results Pb, Cd, As, Hg were widely detected in Jilin Province, with the detection rate between 95. 8% and 100. 0%,
while the excess rates of Pb and Hg were 2. 08% and 4. 17%, respectively. The average daily exposure level of the four
elements was between 0. 000 2 and 0. 001 1 wg/(kg-BW). The exposure level of the high consumption population was
between 0. 000 3 and 0. 003 4 pwg/(kg*BW). For the cumulative exposure of Pb, Cd, As, Hg, the HI value of the average
consumption level was 1. 98x107 and the HI value of the high consumption population was 6. 26x107°. The detection rate
of the 5 pyrethroid pesticides was between 4. 17% and 16. 7%, the acute exposure level was between 4. 64x107° and 5. 65x
10" mg/(kg*BW) , the acute cumulative exposure level was 1.25%107° mg/(kg*BW). The margin of exposure (MOE)
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value of pyrethroid pesticides was 8 800. Conclusion Based on HI method and RPF method, the exposure assessment of

hazardous elements and pyrethroid pesticide residues in the consumer population of Ganoderma lucidum in Jilin Province

was evaluated. The risk of chronic cumulative exposure of elements and the risk of acute cumulative exposure of pyrethrin

pesticide residues were at acceptable levels.

Key words: Medicine and food homology substances; Ganoderma lucidum; harmful elements; pesticide residues;

cumulative exposure assessment
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ZiR WK 4. 4 FOoTER H PR EEKEAE 0.000 2~
0.001 1 pg/kgBW ZI[H] ; P, % #8 /K- 7E 0. 000 3~
0.003 4 wg/kg*BW Z[d],115 Ph.Cd.As Hg 4 Fi T

R B BERE N, NBFEEE SRR HUE N
1.98x107°, A B v v K3 9% K /9 HI {5 R 3. 95%
107, i 2% A FERY HIME M 6. 26107,
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Tablel The content of elements and pesticide residues in Ganoderma lucidum (n=48)
LR ki R/ % AT/ % A6 E V5 B/ (mg/ke) M/ (mg/kg) HAE/ (mg/kg) P,/ (mg/kg)
B 100 — 0.222~19.2 5.43 4.07 13.5
Na 100 — 4.70~299 90.7 76.4 243
Mg 100 — 569~2 091 856 794 1214
Al 100 — 6.82~174 67.9 60.2 153
K 100 — 619~8 987 3619 3202 8 349
Ca 100 — 1419~3 499 2211 1937 3353
\4 100 — 0.015 8~0.998 0.209 0.137 0.586
Cr 100 — 8.57 7.99 1.01 55.4
Mn 100 — 6.15~66.8 33.6 34.0 57.2
Fe 100 — 26.2~911 162 72.7 575
Co 100 — 0.016 0~0.765 0.126 0.073 1 0.526
Ni 100 — 0.141~9.55 1.84 0.785 8.57
Cu 100 — 0.302~19.6 6.42 4.84 15.7
Zn 100 — 2.07~31.8 10.5 6.21 27.1
As 100 0.00 0.008 55~0.419 0.129 0.078 7 0.307
Se 82.8 — ND™*~0.199 0.046 2 0.029 6 0.119
Sr 100 — 4.97~18.9 10.1 9.35 18.40
Mo 100 — 0.032 2~0.734 0.122 0.059 5 0.347
Cd 100 0.00 0.011 2~0.241 0.081 0.065 0.235
Ba 100 — 1.00~33.0 12.1 9.09 30.0
Hg 95.8 4.17 ND~0.167 0.0329 0.042 8 0.094 8
Pb 100 2.08 0.026 0~1.24 0.219 0.118 0.838
it ER" 100 — 0.065 3~2.49 0.632 0.548 1.72
SR A 10.4 0.00 ND~1.75 0.143 0.025 1.10
TR A TR 4.17 0.00 ND~1.53 0.087 1 0.025 0.025
R U TR 4.17 0.00 ND~1.56 0.088 3 0.025 0.025
TR T 4.17 0.00 ND~4.05 0.191 0.025 0.025
RN 16.7 0.00 ND~2.29 0.205 0.025 1.34
W AEICE ST EHNY La.Ce Pr.Nd.Sm . Eu.Gd Th.Dy Ho Er Tm.Yb Lu 7 & Z Fl; "ND i WA MK T 07 2 (0 46 4 B
F2 R[EPER A R 20 o AR S i
Table 2 Consumption of Ganoderma lucidum consumer groups of different genders and age groups
NG PN PR A kg TH PR IEE/ (g/d) YA/ (g/d) AL/ (g/d) P,/ (g/d) P, /(g/d)
18~44 % 5 235 68.5 0.006~21.4 0.367 0.100 1.00 1.68
18~44 % 1t 262 55.1 0.003~7.14 0.399 0.110 1.43 2.86
45~59 % 5 189 68.7 0.006~28.6 0.865 0.132 2.86 2.99
45~59 % 1t 225 57.6 0.006~7.14 0.423 0.137 1.67 2.74
60~88 %' 3 156 65.5 0.006~48.6 0.692 0.082 1.68 2.02
60~87 % 4 169 55.8 0.003~10.0 0.361 0.088 1.43 1.95
EING 1236 61.6 0.003~48.6 0.500 0.110 1.52 2.86
%3 REWHBABBARZIIAMNICERZENEN
Table 3 The exposure health risk of hazardous elements when consuming Ganoderma lucidum
SRR R v . UREDAIERER 55 . Py 2 it/
HQ HI JTE HQ HI LR HQ HI
(pg/kg*BW) (pg/kg BW) (pg/kg*BW)
Pb 0.000 5 4.17x107 Pb 0.000 1 8.33x107° Pb 0.001 7 1.42x107°
As 00002  6.67x107° L As 0.000 1 3.33x10°° L, As 0.000 7 2.33x107™ B
., 1.98x10 . 3.95x10 L 6.26x10
Cd 0.001 1 1.32%107" Cd 0.000 2 2.40%x10 Cd 0.003 4 4.08x107
Hg 0.000 1 1.75%10™ Hg 0.000 0 3.85x107° Hg 0.000 3 5.25x107*

L WOLANSKY #1 WIL FOB 2522 & 46 £ K h
S INAELRE s A RS 2, T LA W28 4 Tk 254k 25 5 K

PO, T SLAT B 1Y RPF (. 46 s dEAL &
3516 95% W {5 X 18] /) BMDL,, & 14.5 mg/kg"', H

21z 6 s 57 o A, S EPA 358 BB S 44 Bk
TR B W, X A5 TR 2 A 25 5% B B BB PEAL
44 4 35 e AR 25 1Y) BMD,, 5 IR &35 18 BMD,, #

TG ERHIE R MOE (H AR . ABRR AR 25
MatE R REROILE 40 RZHBARHETR
Z I ANHY B BR R A2y Bk 2 5RK O 4. 64x107~
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H4 HBAERALE M QM RRERHL
Table 4 The acute exposure level of pesticide residues when consuming Ganoderma lucidum

| BMD,,/(mg/kg* BW) RPF IESTI/(mg/kg* BW) MOE IESTI,,, /(mg/kg*BW)  MOE .

AH AR 76.3 0.19 4.64x107° 1.65x10°

SR A R 8.9 1.63 3.48x10™ 2.56x10*

S A B 12.6 1.15 2.50x107* 5.04x10* 1.25x107° 8.80x10°

LA e 14.5 1.00 5.65%x10™ 2.57x10*

I 9 4 g 135 0.11 3.51x107° 3.85x10°

5.65%107 mg/(kg*BW) , S 1k BRLREE KT & 1. 25%
10° mg/(kg*BW) , i+ 55 MR R AR 25 5 — R ARG O,
MOE {fi 7 2. 57x10°~3. 85x10%; i+ B 4 s K L 2 4
P RBEZNE DI, MOE {E°4 8 800,

3 it

(b 1 245 31)2020 4ERURLE 245 HI R 22, Pb<5 mg/kg.
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MR R ARG P R AR 4 R R A R
FFa R EEOR 52023 4R T4 55 9 Mol 4% I
1% 58 BE S 2 i R TP A M A S ) e R
27 ,Pb<1.0 mg/kg.Cd<0. 5 mg/kg.As<1.0 mg/kg.
Hg<0. 1 mg/kg. HMA IR ZHEG 4 B8 1
FE &b Ph B AR, 2 Oy FE & He 88 A5, 88 A5 55 i R
2.08% 1 4. 17% . M PR FRifE AR, R ZHAETEA
AT 4 B SR AR B A T A AR AR
5 [ A i AT 2 4y SN P N 2 R R R
MR Z e FE & ENE . S 20 RNEA S 0 R
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2% BA R, R L R 2 A TR 2k 24 8% B I PR B AR A
DRl A BIF 5 ) B X322 5 o 48 TR A 245 5% B8 dE A T 04
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3.0 pg/ (kg BW) H1 A AR O I 45 850 0 75 1 2¢ A 1K
4 JE L i ) 5 N R (BMDL,,) 1. 2 g/ (kg BW) .
3R BMDL #9325 T ANHES 5, PRt JXURS: R AE 4
WA P A As (9 BMDL #h Hifdt 45 S8 . [A]
WHH5E T 4 FhoC R & H 288 09 HQ B A1 2 PR 7% 5
HI A, 7T LLE 5 HIAE AT DL 4 16 oAl 22 00 25
e BB G B . THIA 4 FhoT R 9 R LR K
S, NBEEE T 28 KB HI(E A 1.98x107°, AHE
I HTH B K1 HI B 3. 95%107, A i 71 9% K
F HI{H 6.26%107°, {4 %% AHFANR Z I35 NG H
TG E R K KR AL

SR, B AR 06 R AT B B A A 1R AT
ZHREI A B REEE T As.Cd Hg Pb [ 255 KT
B A IE, As NEH 0.85 wg/(kg:BW) .Cd K%
H 0.746 ng/(kg*BW) Hg J B 0. 07 pg/ (kg BW) .
Pb 4 JE 10. 12 wg/ (kg BW ) 2319190 s 71 0. 54 fy S 2
I 4353 R 0.85.0.024 8.,0.01, 1. 45 pg/(kg*BW) .
{UHEA Pb ZHEHEC 4 it JECFA 48 1 B off 1) it
5 1.2 pg/(kg-BW) 4 Foo 2 H & &R IEM 2
RO HUME R F 1, 07 W b Ja RO H I & 4
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1 7 2 7 Al B P 5 BT A TG 3 ) A R R AU

H H, AR 25 5% B2 19 3 B8 #5074k HI 35 1 RPF
DA N, 2k B R VT AL S T B R 6R OT
ALY WS o 255 SCBRBERE, IR ER 2B A 2
PER v, BEBUR BTN 2tk (24 h) B R
W WEIT, HLAETR 284 25 A AR RLAY 1k 2 454, 55 7
VEFIBL AR [R], (A 5] 9 2 iR 2 A 245 1) 2 M v e AT
—E S B, AW 4 S | USEPA 1Y
IR A2y RANR B IPAGIRE R 2 A&
FHRZ 5 A3 e A 25 3% B8 ) 21k R R 68 1T
A1 0 AT VAL o T A% 4 R 28 A 25 A N TR R
MGG W) IR A TR 1Y) R #E KT IR A B R A
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B ONBEA TR SR 25 MOE {100, 2 B2 52 KU
AR B, REZE AR R R ZH|AN
BRI AR 2 2tk BB TR K A AE T 32 K

(B A5 8 B2 0 2 AR 58 /Y HT 3R AR 9 i R 48
S AR AL A ) BB B P RN 3 s R L
R S5 AR E 22 5, AR AN BEAS R 25 5 45 5
A 8 F B 2 AGE T 00 0 2B P
il HERRE AN MBI — SRR R EIH A
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% [ 3 T M W) B B 2% 0 285 1 RPF k% 4 Fh ok
TETC M R EE G DL HEAT FEOPAL , H AT RPF 75 3L
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S [ K T A R AR R G R RS P AL
HEAT T R, S F AR HAEAG O R R 2
A B TE  JE R A IR S A 2 R AR R AU LA
Wl TG 250 1T Jo 10— 25 (R RS 6 VA

Zi b, AR WF ST 3L F A () HI A RPF 2 Ff 21
TR R VAL T R AR R AR H O E K
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