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Risk assessment of heavy metals in Lentinula edodes and the role of substrate in accumulation of heavy metals
LIU Zhe, WANG Kang, MU Hong—yu, ZHUANG Jian, LI Hua—fen"

(Beijing Key Laboratory of Farmland Soil Pollution Prevention and Remediation, College of Resources and Environmental Sciences,China
Agricultural University, Beijing 100193, China)

Abstract: In order to investigate the heavy metals content in Lentinula edodes in the Beijing market and its dietary effect on human health,
107 fungi samples were collected. The levels of Cd, As, Hg, and Pb were measured, and the dietary risks of the four heavy metals to human
health were evaluated through the target hazard quotient(THQ) method. Additionally, the correlation between the heavy metals contents in
the cultivation substrate and those in L. edodes was studied. The results showed that the contents of Cd, As, Hg, and Pb in the collected sam-
ples were ND~0.76, 0.01~0.30, ND~0.03 mg - kg™, and ND~1.79 mg - kg™, respectively. The over—standard rates of Cd and Pb were hoth
5.6%, while no Hg or As contents exceeded the standard. No significant differences were observed between the heavy metals contents in
fresh and dried mushrooms. The contents of Cd, As, and Pb in the fruiting bodies of L. edodes were significantly correlated with those in the
substrate. The enrichment coefficient of Cd is the largest, which is 3.70, 5.67 and 1.63 times of As, Hg, and Pb, respectively. The THQs of
the four heavy metals were all within the safe threshold, but it was noteworthy that the THQ of As for children was relatively high. There-
fore, the major pollution factors of L. edodes in circulation in Beijing were Cd and Pb, and Cd in the cultivation substrate was more easily ab-
sorbed and accumulated by the fruiting body of L. edodes.
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LR Cd . Pb FI Hg S5 E AR W HE 1, FFH A Fp
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AF 5T B 2T T 9 a0 3 ) 45 KA SR AL A vl b R
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B B 4 A R T AL i BN T E
Tk, SR A I A RUBT fF ) 4 AR S 107 4y, o
RS 400y, BE AR AL 67 17 .

[, N TS ES R SR S RPEE R
SR, T 5 LU ORI M X 8 A1 B bk 1 5
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KRE SR 2APATHES o O T PRIEARE i 2Z 8] iy Al
oAk, SR AR B AR A it 34 R Sk AR o SR M S S A TE
A DX 5 A HE AT | S B AT AR PER R AL
SEARF LA K B LU DX B P B s 9 5 |l L K A e
B AAT AR A DR . B2 A A
ARG FRE AHE EKRR ARFFSE  ORESE LR R I
FAY TR S B 1 o
1.2 HAETF

TR R AR 5 7 B2 [ 5256 2 R T RTAL BE, B
B T 0 A A A B ) SR R At 4% 5, B
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1~2 d J& , 7 70 CHEFH rhpE - 2 18 o 5t , R g
BT BT i o BE T A i £ 7 4 B i A T A T
AN ML o

T ki B O R AR 5 A S0 Z M 1~2 d, T 70 CHt
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ffi F RS- FREL0.500 O g 3 18 1) 7 2 B b i A 51
TR T f7 vh , BES INA 8 L AR (D24t ) , A Ak
T 55 2 d FHARCIBE I i ASGEEA 7 R I ik, e T e
SEARLERE P TH AR R R A7k E 45 2 50 mL 2R il
o RS UE . SRS R BR AR S R T
. WA R A Cd L Pb R TR o O
D (A6 mT - F AR A BRBTAE 2 7] TAS-990 Ff7
4 GF-990) ; Hg As F R 260 B TH e (At 5t
T RALAEAT BR S 7] AFS=920 XUH J5 194 L) .
DU T 5 PO bR E T ORI HERE S W A H H A BT 3R
L, ZE B AR S 0 2o A b [ AR A
GSBZ 51001-94 ESP—1 P4 £ fifi -7 Fl1 25 [ kf b B4 T
iR . A KL E e E
L4 Gt SR S5EEENIRE
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SR O R T R IR L e E KRR h
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t £ FH B H Cd . As Hg  Pb B FR MEME 4 514 0.5.0.5
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BEEEL ity P S Qe PR AR A A HBUK AT, TR A il
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L5 At KB4 77 %

R 56 1 1 PR B th YRR AR G R A0 IE
(Target hazard quotients, THQ) ¥ A {41 1o 7 7% 45
T 4 Ja 0 A (i B 3 TR0 UK, o AR E B 42 S I
W) S T B BOR B B AT N T AR AT 2
S JE A S SERR HE, RS THQ (E<1, 3R
7N 7 4 o) B s N HEAS A7 TE B 8 0 i XU, , THOQ L
TR, 2 WY T 4 Ja Xk A ) fekt B XU B O . JF HL
THQ 7 AT DX 0 A JL 2 Fs N i U 72 B, A
EESEPNEANE = NN LSRR NS YN 3
XU R . THQ H AR -

Ee X Ep X Fig X C
THQ = Rep X Wig X Ty

AR SRR L2 1.
GRS

21 BREPEEESE

ey BN ESES T ESEICR R
Gt prai R R 2, REMNE MNP ESE C.
As.Hg.Pb iy % T i [l 43 5 2 ND~0.76.0.01~0.30,
ND~0.03 .ND~1.79 mg-kg ™', ### GB 2762—2017 H4H
o7 (%) PR SR o, Rl 1 2 4 b Cd L Ph R I AR AR
i BRI N 5.6% , 111 Hg A1 As oA I ARE B, 4
il 4x J8 o0 R I AR AR S R BOR/IMKIR By Ph>Cd>
Hg>As, H 1 Cd  Pb 19728 5 R KT 100%, 1

x107? (1)

2

T 37 6 FH A R R R 5 PR 104 5 i U8 B K5 T
As Hg & A, W 2 A2 A0 AR X i 790 e o 465 i 4
7 AR S R BN T 100% . TG N Rk TR
FAE R R A2 R R, F 4% Cd  As Hg Pb 4 FP 8 43
JR AR 5 M Bl &1 AR b VT4 £ FH T (0 )8 5
/N, A 45 R CdL As| Hg Ph B A5 8 23 51 8 3.0% . 0.
1.6% .05 BREL ARSI U 1| 3th X6 FH B A R 4 o, &
4t Cd As Hg . Pb B FRF 53501 47.06% .0, 11.76%
0. T AU EETLE HEA8 1 I A 25 SR R L 69 17 7 i A
fm 11 Cd . As. Hg. Pb # #1273 51 O 10.14% . 5.80% .
1.45% .0 SR, LEAS [F] ) 1 A 45 53 b A 4 v Cd
(YRR AR AR

AW I 2 A SR TR B B A Ph>
Cd>As>Hg(F£2) , 2= FEAE R b 50 Ty 32 5 A 1 1
&)@ Tty TR A 15 B A 45 L% Phb>As>Cd. T
5K I SN 2 g B £ AT A A DU S Cd>
Pb>As. X UL, AN A b X & F & 4 8 & i s A
—%.
B i A S SR E AR, T AR A A s 4
JE SRS X T F T T S
Br g5 &3, i s EHHhESE
Cd.As Hg F1 Pb 19 ¥ B2 ¥ [ 73 51 2 0.01~0.76 ,0.01~
0.30.ND~0.03.,0.03~1.79 mg - kg™, “F- 2 & & 43 51 &
0.15.0.05.0.004 9.0.23 mg-kg; TEFEHHE LR
Cd. As.Hg 1 Pb i & & 3 Fil 43 %] iy ND~0.57,0.02~
0.22 .ND~0.02,ND~1.32 mg- kg™, F- 3 & & 7 0.16,
0.09.0.002 6.0.24 mg-kg ;BB 5T EF/ LI ES)R
TGRS SR TPE SR Cd bR R

®1 ESEICER

Table 1 Evaluation parameter summary table

SRS SR Bl Hfy B BB A I
Parameter symbol Parameter meaning Value Unit Data source
Er T TR 365 dea’ [8]
Ey T HR ] ] 300N, 7(JLE) a [9-10]
Ty AR B0 LT 15 2 R I 1] 109500 A ),2555(JLE) d [9]
Fre T HRHEA S 134.708%N),93.4(JLE) g-d’! [11-12]
C A E SR o W2 mg kg BN Rl oS
R 2l Rio(oral) Rin(Cd)=1x10" mg-kg'-d”! [8]
Rin(As)=3x10"
Rin(Hg)=3x10"
Rin(Pb)=3.5x10"
Was NS SNy 61.75( ) ,25.6(JLE) kg [11-12]

VI P AT AR SE R T AR (5 B 3R A 1 50%

Note: Fix is an estimate , assuming that the intake of edible fungi accounts for 50% of the vegetable intake.
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R2 BEPEECRTREERITHM (mg-kg'BERE)
Table 2 Statistics analysis on heavy metal contents in Lentinula edodes(mg-kg™" Fresh weight)
JEE e/ME i BUH Percentile value N L] Pt ’fj\/ﬁ‘%# ’7‘1':)‘:‘;%&55( ﬁ‘(ﬁl‘&ﬁ bR
Flement Minimum Maximum Mean tandard Coefficient of  Standard Excess
25% 50% 75% 95% deviation ~ variation/% limit rate/%
Cd ND 0.03 0.10 0.19 0.50 0.76 0.15 0.16 102 0.5 5.60
As 0.01 0.03 0.05 0.08 0.16 0.30 0.06 0.05 77 0.5 0
Hg ND 0.002 8 0.004 1 0.006 6 0.019 1 0.03 0.01 0.01 95 0.1 0
Pb ND 0.05 0.13 0.26 1.00 1.79 0.23 0.30 130 1.0 5.60
TE 2 5 RE=hRE2E PR ND FOR AR . TRl
Note : Coefficient of variation =STDEV/Average ; ND means not detected. The same below.
R FRVHABRFETESRTRAEM B (ng kg ' BERE)
Table 3 Comparison analysis on heavy metal contents in fresh and dry food Lentinula edodes(mg-kg™ Fresh weight)
I H Items Cd As Hg Ph
P AT 1 YR 0.01~0.76 0.01~0.30 ND~0.03 0.03~1.79
(67) T 0.15 0.05 0.0049 0.23
AR5 BB % 100 96 91 144
EFRE/% 4.48 0 0 7.46
TR YR BEV ND~0.57 0.02~0.22 ND~0.02 ND~1.32
(40) SET 0.16 0.09 0.0026 0.24
AR5 R E % 105 47 91 107
HRPRR /% 7.5 0 0 2.5

FART T4 , (2 Ph AR R E 2 T H 4510 3
¥ BBRE I ZE%E T 6 X 4 R i
R BN, T F RN 129 03B B 7 4 Ph (1)
KN 0.11 mg-kg™', 97 3 i & 4 b P (-3 55
O 0.217 mg kg™, Tl 7 4% v Ph (P34 & 2 L
BT 2 1 B v o AR YO 25 b T B A 1k
it EF 4P P B A B EES X BE S5k
i PR A TR A 6
22 ESEREFEPHNRITSA

Atk v 4P 4 AR A 1 (T 1) s 4 il
AR R A S0 ARG, B2 A4
Ao Cd &5 7E 0~0.30 mg- kg™ 30 Bl PN A4 75 26 K i 5L
o7 B 83% 5 As & 1 F AL TTE 0.02~0.10 mg - kg™
Z 8], 5 R 86% s He 7 i #AIK , fie RAA L M 0.03
mg-kg™', 7E 0~0.01 mg - ke [A] (4 4k AE S A BB
92% ; Pb %t [\ FF 32 S50 A £ 7 5 AR IX I, 0~0.30
mg- ke Z [ ARE A 5 R B 81%., H LRI UL, 4 FhEE
& FE A R BARIEE N, AR S R
FRE BT o LA 38 30N o AR R AR 1 v T
R 25 R8N, 37 0 & 4 b He 19 & Va7
ND~0.05 mg - kg5 As [ % & 7 Fl 78 0.01~1.10 mg -

kgo EMAR UL, A 4l b Hg 19 & i AL, i AR Ok
VR Z  ARNE A As I & B E — 2R
23 HEERMERAEESESENEM

T A E 4R FEEORE TR BT Kk fE R
5N T REFRRIE RN 4w BRI B R
R b, 0T SR AR T A o SR S AR R
SIATEE R BN I Cd L As  Hg  Pb 7 12431
4 ND~0.17.0.01~1.32 \ND~0.15.0.01~3.05 mg - kg™,
Tt T SL K Cd L As Hg Pb 7% 143 51 i ND~0.16
ND~0.31,0~0.04.0.01~0.86 mg- kg™ £ JH T & 15 it
R AR B A A P T A R RS M R AR o FR
B XoF 355 L I RN A 2k - S AR B 4 JE S s T A
Ktk oyt (R 4) 45 R ERM , 734K+ Cd . As . Pb & i
HEFHESRE SR SN R EME, FEXcd
e R L 4 & As \Hg . Pb 93.70.5.67 .1.63
ARG HL B ) Cd 3 5 B a1 SR IO B
TEAMIE S N EE 43 J@ B9 AE DL, AR T 21 55000 45 4 5 A
RN E ERE ST TS, BB 46 S PP 4
J& 18 AR fE 1Kl Cd>Heg>As>Cu>Ph; 5 HUESE
TFFE T 75 2k F1OROUA B 4k S5 5 7 4 ) i 4R RE T L, 153
Y25 FJE Cd>Cu>Zn>Ph ; B B S COOH RAA B AR 77 4%
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Figure 1 Cumulative frequency distribution of metal contents in the Lentinula edodes

TRl FE ARG 45 R BRI RS Ph A As (1) & AR AE
AR 2 B5F Hg Al Cd A9 & 45 REGEF] 2.4~4.0 Al
27.8~32.4, /2 Ph il As L B A . AR ZWFTEEE AR B
A CA AT s AR RE T, AR R SL I Cd 1
X il S AR Cd B IR K

R4 GB 2762—2017 H 23R ) 75 4% T 42 )8 & it

R4 RIBFERERHETFRHAESRSER/XSM
Table 4 Correlation analysis on heavy metal contents between

cultivated substrates and Lentinula edodes

B . WAERH W
JLH IEUJE& . R Enrichment  Threshold/
Element  Regression equation ;
factor mg-kg

Cd  y=0.989 12-0.003 6 0.918 6¥*

As  y=0.2042x-0.0029  0.982 8+

Hg  y=0.190 2x+0.002 1 ~ 0.621 0%

Ph y=0.2229x-0.0045 0.862 5%+

T 43 IR 155 0.01 H110.05 B F KT s B 4L RE=F 4 1

SR T A ko B P SRk i (A R PRV
ok BRSE IR, R 7 TR ) 4 2 ) B

Note: ** and * represent significant levels at 0.01 and 0.05

0.85+0.11 0.51
0.23+0.06 2.46
0.15+0.05 0.51
0.52+0.12 4.51

respectively. Bioconcentration factor = Average heavy metal content of
Lentinula edodes fruiting body / Average heavy metal content of substrate.
Threshold: When the substrate concentration exceeds the limit, the
mushrooms grown on the substrate will exceed the standard.

PR, 38 2ok 1 0E 5 B A Tk B 5L B Cd . Pb \Hg  As 4
FlvA 75 5 4 R A I VR B2 43 o 0.51.2.46.,0.51
4.51 mg kg, #7344 JE O ik = T ORI Sl
Tl TR E AR BN, A AR R R
L TSR W 4 iR AR A B PR R B 22 A
ki o W IR T 4 JE R TSR Y R R AR,
BB T E ML R IR R i E 4R ok
s il A s - SR R A S B i, DT S B 4 A A 2
e YR
2.4 NfRGERXUEE 5 H

R A (DT THQE , X i A AL 24 & H
T o B A 42 R )7 A I f R RS A T 1A . A5 R I
%5,

ZE R B R, s, 7.47% 1Y Cd . 8.41% )
As . 1.87% 1) Pb H B8 THQ>1 By &0 , 4716 £ KU o
M AIEA Cd ., As Hg F1 Ph G ZE #) THQ HE KT 1,
SR b A 2k v 4 R 4 G BN AR T 1 L2 4
sk JL#E R 16, 18.69% K Cd .23.36% I As . 5.61% K
Ph H B THQ>1 Y L, 33 843 7 4 % )L 2 1 fed g L
AR JLEEHE AR 4 4 FhEE 428 19 THQ H{E <
1, As B THQE B K AFAE M Fa B . L EEXT 18 AT
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RS IRTEREEFHEFEBAGNEESRE THQE
Table 5 THQ value of heavy metal in contact with human body by the residents of Beijing

L% A Adult JL#E Child
Element  THQ>1 B9} %k Percentage of samples/% xS JEHE Range  THQ=1 AU %L Percentage of samples/% xks U Bl Range
Cd 8(7.47) 0.34+0.34  0.01~1.67 20(18.69) 0.56+0.57  0.02~2.70
As 9(8.41) 0.46+0.35  0.01~2.15 25(23.36) 0.77+0.58  0.04~3.59
Hg 0(0) 0.04+0.04  0~0.22 0(0) 0.07+0.07 0~0.37
Pb 1(1.87) 0.14£0.19  0~1.11 6(5.61) 0.24+0.31 0~1.86

i 4 FhE 4 JE 1Y THQ X34 & T RO, B W] o
T Foe A 4 S N L 1 fE B XS, R F R, A A1
K IJLEEHAFENCREU L EHE, 4aMMELE
JCZ Y THQ K /MK R H As>Cd>Pb>Hg, i X1 ¢
SECARIE G K e T TR 2 XU THQ {8 Cd>As>He>
Ph, AW A 225, FAL LS IF 5 45 5 R As>
Cd>Hg>Pb, ARG RAFAE LR, 5 H AR IEA
[FIFSEE A — S0 K

3 g

COARGECED b 28 4 [ bR e £ s e R o)
(GB 2762—2017) " ML E Y FRAE , Cd . As \Hg . Pb [
FRF43 514 5.60% .0.0.5.60%.

(2) 1 75 4 P £ 75 4 o 4 O i AR — B
B Tl T SR AR ST A R A A e S A
S R B AL T 4 R B 0 R A e o B T
B SE. o Cd R B E £ 6

(3) &M 163 RECLTTRE AN 5L E LA ik
WARHEA 4 FhEE 4R U K 1 THQ BEIALT 1, K/
WK R As>Cd>Pb>Hg, fE L AU N . JLEEA As
1 THQ (B4 5, 5 R R

S 3k
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