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Abstract ; Soils are heavily polluted by heavy metals in China, especially by cadmium (Cd), mercury (Hg), arsenic
(As) and lead (Pb). Simultaneously, China is rich in wild Boletus, which is an important agricultural product in in-
ternational trade due to its great exportation and consumption. Nevertheless, wild Boletus is readily to uptake and
accumulate heavy metals from soils, thereby posing potential food safety risk and health risk to humans. At present,

there is limited information on systematically illustrating heavy metals concentration, distribution, food safety risk
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and human health risk in multi-Boletus polluted with multi-heavy metals. As such, this paper aimed to review: (1)
the contamination and distribution (cap, stipe, fruiting body) of Cd, Hg, As and Pb in 5 typical wild Boletus (B.
edulis, B. tomentipes, B. speciosu, B. griseus, and B. impolitus), which occupying the largest market proportion and
exportation, as well as their regional distribution characteristics; (2) food safety risk assessment methods on heavy
metals-polluted wild Boletus, including single factor pollution index method (P;), comprehensive factor pollution
index method (P), and bioconcentration factor (BCF); (3) human health risk assessment methods on heavy metals-
polluted wild Boletus, including estimated daily intake (EDI), target hazard quotient (THQ), international food
standard (IFS), and provisional tolerable weekly intake (PTWI), as well as the associated advantages, disadvantages
and application; and (4) comparison analysis of human health risk assessment results based on heavy metals bio-
availability or total content in wild Boletus. This paper helps to better understand the mechanisms and key environ-
mental factors influencing heavy metals uptake and accumulation in wild Boletus, and propose more reliable risk
assessment method based on heavy metals bioavailability instead of total content. In addition, the information pro-

vides theoretical bases and technical supports to prevent and decrease heavy metals uptake and accumulation in

wild edible mushrooms besides Boletus.

Keywords: heavy metals; wild Boletus; contamination characteristics; food safety; human health
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AR TRE 22 A b iR ol 9 HUUE DL R Y ) R 2
—O YR A BT I A T v R A JE T ey
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JFR X} Cd \Hg  As 1 Pb (1) s FH R AL A 35 e Bl
PR BRSO A SO IR T B A AR R
Cd Hg . As il Pb {48 i 42 4/ A B XU 1A i
J&& | R A B A S T Y ) A A B XU TEA AR
HORAAE R LS %, 25 1 AR SCN S AT o B AR 4
JH T v 4 S 1 Sfe R R HE A i 2 A N At R XL
VNS HETT AT 1k 27 BRI Ry X BT A T 7l
R 0 EBE 5y BN f A S it =

1 FEFFEELEIS R4 ( Heavy metal con-
tamination characteristics of wild Boletus)
1.1 B4R Cd 75 YL

Cd 2 EF MR RES HENTRZ —, %
R AN /NSRS 5 R AR AT I  Cd A
005 ~402 mg-kg (& DY KA BT
(B Z R EE NPT RYIRE) (GB
2762—2017) T HLSE B T B =il it b Cd A
PRAE©02 mg-kg™), Hir, KA 45 JH BRI 36 0K 2R I
R A Cd MRE ) o, HOR i 22 2/ A fdt e KUK
HASOCTE, MAh, BPA i Cd &R B U i
AU S 3 A 2 | SR R 2% R 47 Cd
TENERBENEE,

HAT, BF o HIE 1 5 A A= 22 F 3 Cd i1 &
ERRE T MRUR Ay S A 20 T T > I AR 40 I 1R > /N 55 40 1T
TR >Z300 A T T > 0 4 A T T, Cd 3 55 1 20 il o
0.05 ~40.2.0.017 ~25.0.,0.03 ~24.9.0.18 ~20.5 I
020 ~9.35 mg-kg ™', fcim Cd 25843 51 [ Z A% e
(1201 %5125 %124 %103 {5 A0 47 £5220, X
I B A A TP 0 Cd JT 3R B Re e 1 e AR 500, ]
REAZ Cd 1 m R & AR R cRn & 4R Cd
FIBLAR 5 AR [ EA

FHER T AT AL B A A oA s A Cd & Y 22
SR RN i (cap) & i R TN (stipe) . i H LA T
— TR LR AR TR 55 AT S 5 Y EUAEL( Qs ) R AL
HXTE &R isae 1™, hEHLIX T, 2R 5
AR GIAR AT /NSE AR BT D Cd B Qs TE23 51 8
081 ~843.134~2.01.097 ~22 1248, 4t 91%
P AR Cd 1Y Qs fE>11H1207228 g 1] g
B4 1Y SE MR A= 5, LA B 100 1| ZEAS A8 1) A 2
FFRh Cd & By Qus fHAT BN 1.0, 1.6 A
1310029 5 B M A LR A IR Cd S i1 Qu
HR 11259, SEMEFAE R Cd i) Qs fH
IR 795 AR K S AP RGE Y 19 i AR 4 i

B P8 BORE 76 2R TP Cd A il Qe <1, HiAy
AR TR Cd S Qus HI>1, RUIEF A4
JFBEEE X Cd 1 4R BE 3 i =5 AW, MR 43 B 2
SR AWE AR S RES TR HE
& B IS YRR R K B is w EALH A AR
SR, EL AT i B PR S i B Cd TR BT
Y AR AR I TR 35 AL 2 AR 5 Cd T R YR IR /R
A TR A EE AL A G

WAk, 3R 1 R R B AR B s TR [A]
MR IR BB AR A P T Cd TR S B2,
FEAPI 53, v s DX SERR 2R B Cd SR B
ZHMREW>EZEEE>amif > K> A
TE> 2 g 1l > 25 1 SC L > 1 3 > 2 g > g )|
VOB 5 A A IR Ry 2w 1 3 > 2 B > P )1 7
>AFREME> = B>/ BB > R L0 > B 3
LL>2 B /N2 A PN = e R L > R R >
= B B A I B = 3l D> 5 B 20T >
> 2w A /il o > U N R > B R, 2R
1M, A CEFAE A P A KRR T Cd & i 5 R
ARGE , PRt B A 4 T Cd 3 o 1 v 53 A
E X KRR EREE Cd 151 %
AT,

1.2 BpA4-HFEE He 15 Y HE

B4 A RO Hg 1Y & AR BE I AOR T Cd, 60k |
GUAR NS B RN EEAE S FPIEFAE 2R PR He (175 5
[%]7\7 002 - 220 mg . kg—l(%:é 2)[4,11,19*202325 -26283037 - 39] ,
i Hg 7 8 [E ZhRHEO0.1 mg-kg™ )R 220 i, A
ATETER SN LA NARME TR, tesh 5 By A 4
PR He & & R B0 BH 0% Fh 18] 22 550 M 3t 22
S, [RIFP T AR 2 O 55 FOAR YT Hg A M OSCRR 88 380
WEA R EEER,

AN ] A B A 2E TP R 6T Hg 19 B2 3500 22 57
2 R S w4 He o 5 FEFAE AR B X
Hg 115 268 1 IR SEMR A I TR > 20 4 I 1R >/ N3
A JFFRR > B A TP TR > B0 R TP A, H 351K 0.1
~220.002 ~130.009 ~49 0.1 ~32 F109 ~1.9 mg
kg™, Fe e Heg & 430000 o B bR ifE 1) 220 5,130
,f%: \49 ,f% ‘30 {%%H 19 1%[4,11,19*2023,2572628,30,37739]0 ET&
TR ERR KA M 4 T A He & & 2 hn, K
AT AR A I RN G 4R JF T He & i An, R
2 A[HL, HRAE Y S R ER AR R IR He B9 R AR R IR
95% LA I, PRL, I 7 AL A 4 R 6 He 19 4
BT B A i 22 4/ N AR fee R JXURGS
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Table 1 Cd concentration in different parts (cap, stipe, fruiting body) of wild Boletus
Cd i /(mg-kg™)
A R Cd concentration/(mg-kg™") PR B2k
Boletus species T AR ERRN Qs Origins References
Cap Stipe Fruiting body
- - 315~458 - 1 = Yunnan, China [13]
753 221 - 341 [z R EBH Kunming, Yunnan, China [14]
326 402 - 081 T 2 # E¥% Yuxi, Yunnan, China [14]
363 8.70 - 417 rf1 [E Z F {4111 Baoshan, Yunnan, China [14]
222 269 - 0383 #f1 [ 25 F§ K3 Dali, Yunnan, China [14]
- - 212 - rf [ Y )1 28 K5 46 Panzhihua, Sichuan, China [15]
118 499 - 236 th [ = mi 48 Chuxiong, Yunnan, China [14, 16]
- - 8.14 ~234 1 [E z5 B 28 I Chuxiong, Yunnan, China [16]
367 ~199 236 ~113 - 1.56 ~843 P [E 2§51 P Diqing, Yunnan, China [14, 18]
- - 277 ~115 - rf [z i 1 X Diging, Yunnan, China [17,19]
EU N - - 708 ~123 - 1 [E = F§ A3 Dali, Yunnan, China [20]
B. edulis - - 629 ~837 - P E = ® 411 Baoshan, Yunnan, China [20]
775 425 - 1.82 rH[E =R 3C 1L Wenshan, Yunnan, China [14]
9.50.620 2.83.337 - 336.1.84 H1[E = ® % Qujing, Yunnan, China 21]
4.13.1.17 1.64 046 - 252254 H1E % E % Yuxi, Yunnan, China 21]
- - 0.07 ~4.10 - F1[E = Yunnan, China 22]
2.11 090 - 234 [z # E P Kunming, Yunnan, China 21]
193 1.73 - 1.12 W HL Croatia 23]
140 ~530 0.55 ~1.50 - 152 ~3.53 v [E 2 #5481 Chuxiong, Yunnan, China 21]
0.96 026 - 3.69 [ = B %5 Puer, Yunnan, China [24]
- - 0.05 ~0.63 - th [ = mi 48 i Chuxiong, Yunnan, China [25]
096 098 - 098 T EPUJIPE S Xichang, Sichuan, China [26]
- - 741 ~205 - [ = B§ 1 JX Diging, Yunnan, China [16]
140 320 - 043 rF [ 5 B5 1 JX Diging, Yunnan, China 22]
470 ~7.17 372 ~449 - 126 ~1.59 rf1 [ = g 2191 Honghe, Yunnan, China [17]
048 ~3.15 040 ~2.04 - 154 ~220 [ = 7 #E 1 Chuxiong, Yunnan, China 27]
1.13 0.59 - 192 th [ = R 48 Chuxiong, Yunnan, China 21]
‘ n 258 131 - 196 " E = B %7 Puer, Yunnan, China 24]
Iij%tfntjiis 120 0.60 - 2.00 H1[E = # 1% Qujing, Yunnan, China [11,27]
0.67 051 - 131 Ff [ PO )1 2845 46 Panzhihua, Sichuan, China [11]
048 ~0.59 042 ~043 - 137.1.14 P [E 2 B %75 Puer, Yunnan, China 271
038 ~0.63 025 ~037 - 1.02 ~2.10 " [E = E¥& Yuxi, Yunnan, China [11,27-28]
036,046 037.031 - 097.148 F1[E = Ei% Yuxi, Yunnan, China 21]
- - 0.16 ~0.32 - HrE = £ Yuxi, Yunnan, China 271
- - 0.18 ~0.23 - [ = B 48 I Chuxiong, Yunnan, China 271
3.62~249 153 ~892 - 236 ~2.79 th[E £ 111 Baoshan, Yunnan, China [17]
N A - - 396 ~119 - TEZ M EHE Yuxi, Yunnan, China [16]
B. speciosus - - 0.03 ~2.04 - *H[E 2 ¥ Yunnan, China [22]
- - 0.07 ~0.81 - 1 [E 2 ¥ W Kunming, Yunnan, China [25]




276 A 0x B OB ¥ WM 17 8
2kl
Cd & /(mg-kg™")
A JFHE S Cd concentration/(mg-kg™") i EEDTN
Boletus species W i TR Qes Origins References
Cap Stipe Fruiting body
- - 188 ~250 - HE = % Qujing, Yunnan, China [29]
- - 218 - 1 [ = ® 5 B Xuanwei, Yunnan, China 29]
19.0 12.0 1.58 R PYJIPE B Xichang, Sichuan, China [26]
145 755 192 th [ R 48 Chuxiong, Yunnan, China 21]
- - 119~158 - 1 [ = B 48 1 Chuxiong, Yunnan, China 29]
209 104 - 2.01 1 E 2 ¥ 2] Kunming, Yunnan, China 21]
KA A T - - 104 ~18.0 - 1 [E 2 # 2 Kunming, Yunnan, China [29-30]
B. griseus 124,119 736.739 - 1.68.1.60 H[E =R E% Yuxi, Yunnan, China 21]
- - 10.8.12.0.20.5 - E = E% Yuxi, Yunnan, China [29]
- - 11.0.130.189 - 1 [E = B 2197 Honghe, Yunnan, China [29]
- - 106,162 - 1 [z # 3C 1L Wenshan, Yunnan, China 29]
294 220 - 134 [ = B % Puer, Yunnan, China 21]
- - 523723 9.11 - A [E 2 9 - H Puer, Yunnan, China 29]
- - 0.017 ~1.70 - 1 = Yunnan, China B1]
BB A TE . - . .
B, impolitus - - 020 ~9.35 - FrE =7 £ Yuxi, Yunnan, China [16]

T w5 AR HR - R R Y5 35 A, TS AA v — R B4R 20 R 35 A ; B 536 HE(GB 2762—2017) 0 02 mg-kg™'

Notes: — represents that the cap and stipe were not separated in the “Cap” and “ Stipe” columns, and were separated in the “Fruiting body” column; Na-

tional Standards of China (GB 2762—2017) is 02 mg-kg™"'.

HPA: A JF R 55 9 Hg & il & T, TR =
FA A HLIX SER B8N /INSE KA A v A I P Hg
) Qs THATHI A 123 ~3.21 .1 ~3.43 .1.80 ~4.08 .1
~3.71 119 ~2.11(35>1), AL 5 9 2F B FE S He 19
Qs fE<1 , B, ~95% B A 2R AR Qs =
U078 e [ O 1 Y (S R v 2 I ) 9 R A I B
T Hg 1 Qg T4 2,40 FIT 1105 I >4 B4 2R AF
T w5 A He & 84354 0.83 ~3.40 mg-kg ™' #1038
~120 mg kg™, Qus THTEFEI N 2.1 ~3.9%7 ) i
FEIR UG ARARIEF A 20 I B AR b, 552 FUAR Y He % =
I35 0.059 ~ 061 mg-kg™ F1 0024 ~0.16 mg -
kg™, @AY Hg o3 TR . DL iFge R ]y
A=A B X Hg & 46 RE 1 N >4l SR, 7575 it
— S S 1 RO G 14 I DR o 20 R R 22
W H, 1 i 8 e i 21 3 BB A sl A 4
JH B 35 Y Hg 2RI T RATIRER

BP AR AR PR - SR R B AR RDE S /Y He, 36
ey WL He B ASEHE H 30K | 235k R ILR AN
ToHLoK 4 T 70RO g B BE k> & Bk oR > 8k ok >

THLRE, hE R 5 A BB AR A I AR S Y
ot TCHILoR AN P Lok, & B 3 5 o 3.02 ~3.71
mg-kg F10 ~0.089 mg-kg™, KK i ZHK, NN
AP Y Hg EZ L RHORMIE A, &8 D
s HEOR™, HH AT AR W20 18 43 B 6 0k | 4R
W /NG DR R0 A 4 B AR AR T T R [FDE S Hg
5 & ORI TR AL B AR 45 IR D Heg IR
st 2 A N AAAGE B XU

BEAb, R 2 AT HIR [R] 7= it VR 4 A 4 JHF X
Hg JCER MY RN R W] iy i Bk 25 =, sl
Hu X AR AT T P Hg & 5 /NI by 2 e AE b &
B> T L1 > 2 T R B> 0 ) 1 ZER AR > 2 i PR
>R BRI E = B E> T E s R
LLi/s PR> [ 2= pg B W/ SC > [l = p A > [ =
P> 5 B > [ DO )1 P B /N 36 2R TP
N EEAE >R hE> R R L > R (H
JRAR A T R 48 A T T v Hig 55 2 00 b Sl v 22 S
FEXA 2 3R RBSE: T XA i He 1 7 i 48
i, WA e S —F X Hg B9 & R0V BEA X,
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*2 HE4REARBAL(EE.EM FEE)HeHEE
Table 2 Hg concentration in different parts (cap, stipe, fruiting body) of wild Boletus
Hg & iE/(mg-kg™")
2 P A Hg concentration/(mg-kg™") 0 7o 275 3CHk
Boletus species W ki) RS s Origins References
Cap Stipe Fruiting body
360 ~22.0 1.30 ~840 - 204 ~321 " E 2 M £¥% Yuxi, Yunnan, China 371
150 820 - 1.82 th[E = mf#111 Baoshan, Yunnan, China 37]
- - 820 ~150 - [ #4111 Baoshan, Yunnan, China [20]
16.0.1.30 6.10.1.60 - 262.123 " [E 2 #§ 3 X Diqing, Yunnan, China 371
- - 096 ~16.0 - 1 [E =i JX Diging, Yunnan, China [19]
2.10~13.0 130 ~6.90 - 161 ~2.66 T [E 2 ¥ 2 Kunming, Yunnan, China 371
110 450 - 244 P [# 7 3C 111 Wenshan, Yunnan, China 37]
730.530 390,240 - 1.87.220 1 E = F M Chuxiong, Yunnan, China 371
S ) 42 .5;)70 1 94(1).4(())90 : i 3(:,739 N [ = F§ EH Puer, Yunnan, China 37]
B. edulis B o o H[E 2 {5 &3 Dali, Yunnan, China [4.20]
- - 040 ~2.70 -
256 235 - 1.08 TEH L. Croatia 23]
- - 042 ~130 - H1[E = AEME Chuxiong, Yunnan, China [25]
038 0.16 - 237 [ PYJI| 4 & Xichang, Sichuan, China [26]
- - 0.62+0.06 (n=47) - Hi[E = AEME Chuxiong, Yunnan, China 4]
- - 066021 (n=4) - T E M E¥% Yuxi, Yunnan, China [4]
- - 0.39+0.04 (n=37) - 1 [ = B B Kunming, Yunnan, China 4]
- - 0.15+0.05 (n=4) - 1 [E = # h%% Qujing, Yunnan, China [4]
- - 0.10£0.04 (n=3) - 1 [ = R ZL7 Honghe, Yunnan, China [4]
390 ~130 3.10 ~6.60 - 125 ~2.09 H1E = AEME Chuxiong, Yunnan, China [37]
170 ~120 290 ~430 - 058.1.19 ~343  HE=R EE Yuxi, Yunnan, China [11,37]
540.3.70 2.80.2.30 - 1.92 .1.60 1 [ = M Z1.77 Honghe, Yunnan, China [37]
B ) 0.60 120 - 050 1 [E = F§ % Puer, Yunnan, China 37]
B. tomentipes 0.50 0.60 - 0.83 1 [E = # K3 Dali, Yunnan, China 371
029 0.17 - 171 v [ DU 1| 2845 4 Panzhihua, Sichuan, China [11]
0.13.0.10 020,020 - 1.30.1.00 "1 [z 5l IR Diging, Yunnan, China [1137]
- - 0.04 - [ = B f# 11 Baoshan, Yunnan, China 28]
090 ~4.80 0.80 ~1.50 - 1.13 ~320 H[E =~ £ Yuxi, Yunnan, China [37-38]
490 120 - 4.08 [ = R Chuxiong, Yunnan, China 37]
INELE T 390.2.10 1.70 .1.00 - 229 2.10 i [E =7 %% Qujing, Yunnan, China 371
B. speciosus 2.70 1.50 - 1.80 rhE #4111 Baoshan, Yunnan, China 37]
1.80 0.80 - 225 . 371
[ R E B Kunming, Yunnan, China
- - 0.09 ~0.42 - 25]
3.00 290 - 1.03 77 [# = g {4 11 Baoshan, Yunnan, China 371
0.90 320 - 028 th [ 5 7’135 Qujing, Yunnan, China 371
2.60 0.70 - 371 [ = R4 Chuxiong, Yunnan, China 37]
VRSN 220 220 - 1.00 1 [z R % 7H Puer, Yunnan, China 371
B. griseus 140,190 0.80.,0.60 - 1.75 3.16 1 E = F £ Yuxi, Yunnan, China 371
0.66 ~1.30 038 ~0.60 - 180 ~2.16 1 [E = # BW] Kunming, Yunnan, China ~ [30,37-38]
120 0.60 - 2.00 1 [E Z B KB Dali, Yunnan, China 371
- - 0.10 - rh [ PU )1 P5 E Xichang, Sichuan, China [26]
SR 1.90 090 - 2.11 [ é%ﬁ'g”)?Kunmi.ng, Yunnan, ?hina 37]
1.90 1.00 - 1.90 H1E R E¥% Yuxi, Yunnan, China 7]
B. impolitus .
083 ~34 038 ~120 - 218 ~283 2% Poland [39]

T« a6 AR T — R AR 43 35 I , TS0 v — R B R4 0 36 FIAR 5 B R ARiE(GB 2762—2017)47 0.1 mg-kg™' |

Notes: — represents that the cap and stipe were not separated in the “Cap” and “Stipe” columns, and were separated in the “Fruiting body” column; Na-

tional Standards of China (GB 2762—2017) is 0.1 mg-kg™".
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1.3 BRI As 15 Ju 1k

FEM G /NS IRAE T ELAE SRR AL A R
ikt As JTE, TR ECY 0.01 ~ 18.8 mg -
kg—l[l1,192123,25,27—28,30,44](%% 3) ’%K%/a\iﬁﬂj <<ﬁ~lill:llil£‘é
] ZARE R 5 e B ) (GB 2762—2017)2 41
SERE FH B B HR T As B9 HEBR (0.5 mg -
kg™, A ARE 37 £, BLAN, BP A AR R R
HAs IZFIEDS, B As & A7 76 035 B9 AR R i
PRI 25 5% TR — AN [R) BB A (35 AR Y As 75
AR 225 (B0 W A,

BPAE AR FB R As i A2 S R B R R A
()5 FPEFAE 2R HFER As 3 & K/ Sk 504K 28 I 1
>R FF B> E M A4 BF B >/N S 2R P, & i
43514003 ~18.8.0.028 ~7.02.0.18 ~4.24 0.21 ~
1‘ 73 %ﬂ 004 ~026 mg.kg—l[l1,19,21,23,2527—28,30,44] ,Zﬁﬂﬁﬁ?
JFEH As T EMHE"T P RZ F8>05 mg-
kg, 2R EAE 1.00 ~19.0 mg-kg ™ Z ], it bR
HE2 15 ~40 £, R As FHH 03 ~7.02
mg-kg P SR E GPRE Y LR, B
S/ NARARFR RS ES T, SRENTE MR

K3 HELHEARBL(EE. ER FRE)ASHEE
Table 3 As concentration in different parts (cap, stipe, fruiting body) of wild Boletus

As FHt/(mg-kg™")

25 JH T R As concentration/(mg-kg™") 0 7= H S 3CHik
Boletus species W Ei Fsrk s Origins References
Cap Stipe Fruiting body
7.02 092 - 763 1 [E 2 # %75 Puer,Yunnan, China 24]
- - 538 - 1 [ 2 B KPR Dali, Yunnan, China [19]
SER I ND ~2.50 ND ~5.81 - 022 ~262 T 2 #2E 1E Chuxiong, Yunnan, China [44]
B. edulis W AR TR S
0.05~1.79 ND ~1.16 - 1.11 ) ) ] ) [21,44]
Kunming,Yuxi and Chuxiong, Yunnan, China
0.68.095 133.0.88 - 051.1.07 W [E =B M%% Qujing, Yunnan, China 21]
8.12~174 105 ~188 - 077 ~093 [ 2 B %75 Puer, Yunnan, China [44]
108 4.87 134 396 - 081.123 1 [H = ¥ %7H Puer, Yunnan, China 21]
487.108 396 134 - 123.081 H1[H = ¥ %7H Puer, Yunnan, China 27]
0.04 ~103 037 ~635 - 0.11 ~1.62 " E = B % Puer, Yunnan, China [44]
235~642 177 ~9.02 - 058 ~0.69 Ti[E =R M Qujing, Yunnan, China [44]
AT 349 565 - 0.62 1 [E = # h%% Qujing, Yunnan, China 27]
Z Al
) 230 1.90 - 121 v [ U 1| 2845 4 Panzhihua, Sichuan, China [11]
B. tomentipes - o
154 ~196 096 ~337 - 046 ~2.04 H[E =~ AEME Chuxiong, Yunnan, China 21,27]
0.19 ~7.58 0.03 ~9.82 - 046 ~2.04 H[E =~ AEME Chuxiong, Yunnan, China [44]
101224 121.197 - 0.83.1.14 " =’ £ Yuxi, Yunnan, China 21]
001 ~520 0.16 ~424 - 0.06 ~124 T E 2 ¥ £¥% Yuxi, Yunnan, China [11,27.44]
T EZ= R EE
B - 0.10 ~0.24 B . ) ) 28]
Yuxi and Chuxiong, Yunnan, China
AN TP _
) 0.04 ~026 - - - 1 [ = # B W] Kunming, Yunnan, China [25]
B. speciosus
021 ~0.75 0.14 ~1.73 - 043 ~1.50 [ R P Kunming, Yunnan, China [21,3044]
TRAG A TP A HE AR ER
) 026 ~0.55 030 ~0.56 - 048 ~1.83 ) ) [21,23]
B. griseus Puer and Yuxi, Yunnan, China
0.52 0.50 - 1.04 [ = B2 Chuxiong, Yunnan, China 21]
AR LF TR .
0.18 ~1.18 042 ~424 - 028 ~042 1 [z . Kunming, Yunnan, China [44]

B. impolitus

2 26 FRARS TP —ROR AR R4 35 R, TSRS - R E R4 0 36 R ; B ZARHE(GB 2762—2017)4 0.5 mg-kg™'

Notes: — represents that the cap and stipe were not separated in the “Cap” and “ Stipe” columns, and were separated in the “Fruiting body” column; Na-

tional Standards of China (GB 2762—2017) is 0.5 mg-kg™'.
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AF SMVHE | 5 VR I Il S b %) A 2 JHF TR 35 AR A
As T T BN = E SARMERRAEL, 177 /1N 38 RN # 48
A As FREHGER D, B, S R A AR
TR R A RN SRR AR I TR 25 5 IR BOFFR R As
JCE  (HERAN AR R AL HI A AR

AR EBME T As S RAFEZES, KU
Sy T ER T, B Que>1 Bi<1 ,{H5 Cd #1
Hg JTTE A, As 70 R 784 1T B 35 AR Hh 0 f 2
ST ERE, T E oK SER SRR
As TG Qus THZM 4 043 ~1.83.0.22 ~7.63 Fll
0.11 ~2.0411 2124273044 vl [ U] J1| 228 A 46 G5 A 2F I B
As TR Que [H M 1211 ~51% HYEFA: 4= T As
TR, AR I As &8 g3 <t 2 55
FIRXT As B9 s SERUN 25 57 0 b E A

PP A B TSk As EELICHLAA HUE 517
e, WEEH) As TEZS EZALIE TCHLAN . 6 iR Eh
As(IDFEfEREE As(V); A HLEL &) . — H 3L iR
(MMA) , — P B 52 (DMA) | fift IH 5% (AsC) FH A =5
l(AsB); - fb & ) SRR AL 5 9™, BT
AFEIES As BYBRETESR TS 22 5 B35, — RN b TEAL
AP EEPE G, A AL A BEPE R /N TE B, 4 As(TTDY
FERT As(V),MMA F1 DMA FE1EER, 11 AsB
1 AsC LR, B, A BB A 4 I
PARFIES As B &, H KA 4 5+ DMA
diEb ~39.3% , AU HLMIEZS B £ 4R, Koch
LS SY R B, INEE K As 15 YL b IX R 48 A B A 2R
R AEE R TP, RUIEF AR Y As B3
IR I PR R R, R RN
FIEZS As 724540 B b 9 & 25 B A, AN F
TEAG R RS, Ak, Wenfh 5 32 B AR A
4 (R T A X 5% B A4 B % 4 i A i
FEMLHIE LER,

F e 3 AT, R B IX SEM 2000 /NIE A il
M 5 FHEFAE R PR As AR EAG st 22 5 (1
X2 EAUE R 5 & 4 As JGE A9 4 IF i b
TR, H As S RKNIF R 2 5 > w5 il
B> A > A p A >~ B, X T RS X
I IR A TR As i 2 FA G, (H TN
TR 1 A G T XK AR R R R IE T As 1
Fra, PR TG 7 0 W o A A 2F T B AR KR As
H I i 22 S 1 AR
1.4 BPA4 R Pb 15 4L R

AL Cd 1 Hg, BF A= 4 3 X Pb (1) SR BLRLY

AR EE ,Po & AE 002 ~4.46 mg-kg™ Z[A],
R F bR MR AR (1.0 mg - kg™ ) A9 0.02 1% ~ 4.46
fU92720280 e 4y {H Ty a5 SR AR U 1| P S
b DX e 2 T P 25 AR RS HE P e A X A
5L 9.3 mg-kg 5.2 mg-kg™', Liu 20
A E R LR A F A T Pb 55N 5.63 mg -
kg™ XA RES XA A P F A OC, HEFA
A= JHF TR 3 AR X As TG E (R R L 2R L, B A 4
JHF B 55 FIAR X Pb 1 5 AR AN 265 5 i 2 vk A0
&, B e ARk i o0 A B R AN

B A: A BF A 25 AR A P ST RFEZE S B
WEME, mFEE KW LRGN 3 B
i Pb E Y Qs HYLH N 0.04 ~1.42.0.23 ~3.37
FI03 ~1.78, Qus>1 B Q<1 #7241 FL B 1l VAl
HE DU VG B SRR BF B Pb SR Qs TH N
143 1.8C>1) AHVU PG & B4R A I 1R S BEAS AL 50
EIFHET P B Qs 435170 0.6,0.3(<1)P2,
PRI, B A4 40 T T 3 ANAR X Pb i & 4 8500 25 7 9t
o EHERAE, X T RE S 4 P A4 5 & 4 Pb ot
ZHX,

HRTA SEEF AR P Po &8 R854
HALE JRE 2 T TR AN SE MR AR B 2 R IF B P Pb 5
VL5 4 0.17 ~9.30 mg-kg ™' F10.02 ~5.63 mg
skg RO R R R A A AR T R P
FHOEN 045 ~338 mg-kg ' mEFRW/NES
JIFE Pb & &0 4 0.11 ~0.42 mg- kg '™ #7 K
DL BERE 2 T Pb & B A AH SCHGE . A H /N4
JFERT, A SR RN GRAR 3 Ff 20 T B 2 45 25 5 W i
Pb LR A4 AT I A, 5 Cd Hg F1 As JCE AL,
BY A AR B X Pb 19 5 AR 00 B AIK, (H 36 43 5 it
HhE GARERY 1A% ~ 4 £, IR B 222 B 1 AT
o7 3 A i 2 A N AR ARG

2 HEFHESENREREEE AMEBREXKE TN
(Food safety and human health risk assessment of
heavy metals in wild Boletus )
2.1 HAERE ML ehE

FHT, 72 2% (4 & 1 4 8 Y BR A o 32 22
AR A B AR R b W BR i) (GB
2762—2017) {7~ it Jo T2k W ol 2 STt s 1 FH AT )
(CCGF108.3—2010) f1{ LA F B M EMHE) (NY
5095—2006) %4 AL &, (B a9 4 E K
HEE SIS Y BR ) (GB 2762—2017) % 542 J& Y
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%17 %

B 2 SR T Ay A AT S it A PR A, HLAARRR f
R s P, WA, KA B AR A LA A DA A
ZUFAO/WHO)HLE , AMAXT Cd . Hg . As 1 Pb 4 J&
S Fk A B {H (provisional tolerable weekly intake,
PTWI)/3 %124 0.007 ,0.005 .0.015 #10.025 mg-kg™',
Pt AR BT R 65 kg MR A T 45200 Cd Hg |
As 1 Pb BY#E A M 0.455.0.325.0.975 F1 1.625
mg"™  MRIELL B AR AE, AT )0 VA B AR A R D
A MY A A AR R XU, I 4l a4 R

HASTE R I, WF 98 & O 3038 B 4 3 vh R e
S He 1 As, (HFR [ R b %8 4 B R bR i
15 R ) (GB 2762—2017 )X Bt %o £ 1 1 K il
i PR As FILEL He f8CT BABA A9 A2, X AT RER A
R0 PR B A B B L S e As I He 096 i % 4/
Nt BRE XU, 228 17 5 i B A £ FH BT 0 7l e s
F52 5 fad e % ik, @A J5 i 75 v] 5
KA A R TP A LS T 4R 1 S S
FHIRURE: , 25 1 R 65 A Ml s o 1) ) 2 5 0 A T 2 46 3

(URE9icia e TlPEICHE AN BRI AR

R4 HE4FEARIL(ESE. AWM. FXE)PHEE
Table 4 Pb concentration in different parts (cap, stipe, fruiting body) of wild Boletus

Pb & & /(mg-kg™")

A PR i Ao Pb concentration/(mg-kg™") FEHb SR
Boletus species o AN TR Qes Origins References
Cap Stipe Fruiting body
- - 563 - 1 [ 25 ® K FE Dali, Yunnan, China [19]
442 179 131.1.79 - 035~337 H[E = E% Yuxi, Yunnan, China 21]
416 247 - 1.68 [z 5 3 Kunming, Yunnan, China 21]
240 140 - 171 f [ P )1 75 B Xichang, Sichuan, China [26]
BVt 0.84 ~2.06 1.11 ~157 - 0.64 ~1.20 [ = B2 I Chuxiong, Yunnan, China 21]
B. edulis 144 097 204 275 - 051,108 1 E = E 5 Qujing, Yunnan, China [21]
142 0.99 - 143 B i Croatia 23]
- - 0.19 ~142 - "1 [ = ® Yunnan, China 22]
0.15 0.65 - 023 F1[E = 3%7H Puer, Yunnan, China 24]
- - 0.02 ~1.10 - 1 [E = B A Chuxiong, Yunnan, China [25]
- - 1.64 ~3.88 - H1[E =AM Chuxiong, Yunnan, China 28]
- - 138 ~322 - E ¥ FE Yuxi, Yunnan, China 28]
102,134 2.71.1.09 - 038,123 H1E R E# Yuxi, Yunnan, China 21]
A I 145 1.50 - 097 T [E 2 # 2 I Chuxiong, Yunnan, China 21]
B. tomentipes 139.1.90 0.78.143 - 178,133 o [E =g % Puer, Yunnan, China 21]
096 320 - 030 [ U )1 2647 48 Panzhihua, Sichuan, China [11]
0.58.0.67 1.10,1.00 - 038 ~1.78 *FE =3 % Yuxi, Yunnan, China [11]
0.16 0.15 - 1.07 1 [E 5 # JX Diging, Yunnan, China [11]
N - - 0.19 ~0.75 - "1 [E = ® Yunnan, China 22]
B. speciosus - - 0.11 ~042 - [z P Kunming, Yunnan, China [25]
520 930 - 0.56 R PYJIPE B Xichang, Sichuan, China [26]
2.18.0.80 154,136 - 0.59 142 HE = E% Yuxi, Yunnan, China 21]
1.12 645 - 0.17 1 [z 5 . Kunming, Yunnan, China 21]
TRA A TP A - ; ;
B, grisous 021.0.11 446 246 - 0.05.0.04 1 [H = ¥ %7H Puer, Yunnan, China 24]
- - 101 ~124 065 - [z 5 . #H Kunming, Yunnan, China [29-30]
0.84 1.82 - 046 [ = # & Chuxiong, Yunnan, China 21]
- - 0.17 ~146 - "1 [ =R Yunnan, China [22,29]

T T AR F - R AR5 3 35 A0, TS AA Hp - 3R B3R 40k 35 A ; B 5365 HE(GB 2762—2017) 0 0.1 mg-kg™'

Notes: — represents that the cap and stipe were not separated in the “Cap” and “ Stipe” columns, and were separated in the “Fruiting body” column; Na-

tional Standards of China (GB 2762—2017) is 0.1 mg-kg™'.
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*5 AAERRHEFGZPESEHRERE(GB 2762—2017)

Table 5 Standard limit values of heavy metals in edible mushrooms and their

associated products (GB 2762—2017)
4 JE A

Heavy metal species

B ah5]

Food species

PR f/(mg kg ™)
Standard limit value/(mg-kg™")

ar s P B As Total As 05
B R (NS FIIRANHE .
¢ L) J Hg Total Hg 0.1
Fresh edible mushroom (exclude Shiitake b
P 1.0
mushroom and Agaricus blazei Murrill)
Cd 02

2.2 B RERETEN Tk

MG S i P TS G i 22 4 XU PE b o
Mk, BAET, 32 UL 5 G 45 507k (sin-
gle factor pollution index method, P,)PFH£ ki HH BRI
EEJRITGY AR, I PR 53 KBS 5 2%, P, <
0. 6(—%K), RUITFLETS QW) & 45 B v T
Al P=0.6 ~1.0(—40), RIE LT Y W5RE ; P,
=1.0(=49), KU Ym0 & R s i, BA
WER LN, IS L6 15 Qe 8k
(comprehensive factor pollution index method, P)PFAft
0B X 2 FARE STE YE ALY S L P IEHY
AT Y ICEAFER Y 875 AR RN bR iE A
P<I(1),dEi58;1<P<2(ll), REFEIG5YL;2<P<3
(I, s g ;3<P<5(IV), *Hi5 94 P>5(V), &
B G et A= ) & 4E ZR B (bioconcentration factor,
BCHM ZHIEM i RZ o m 54K LRt ER
SHEWE, R TEY S RE P oTREE
ol R K B A S PR il T R4 B A B h
LRGP B ML 2R, BCF<I, Rniz/EY
R ETTR G AR, S e S oo R 4
YR EERAL; BCF>1 FonEPXT Bir & Jm o R B
A BB, %6 TEAIN4R T P, P.BCF Y
S AT PP AR LRSS AR B AR B AR
A JHF O E 4 i 1 IXUSSE A IO FH A1 R
2.3 AR RS A I 1%

A2 P 0 3 AR T 5 A AR B 28 %)
A, BRIL, PP S A 4 T 0 A i R JXUIS: 1oz L
HEXT LA A7 e ) SE PR A B 5905 Y i 2 4
AR IEAT LA™ BT, H B8 A &Pl (esti-
mated daily intake, EDI) b5 /& 3 15 £072% (target haz-
ard quotient, THQ) ., & /i % 4 ¥& U ¥ (international
food standard, IFS) A PTWI J& & N ZFAk 87 A= B
15 G 0 AR S XU 1 H FH %5 (3R 7)., EDIH
5aWhE4eE &8 TR e e HE A X,

THQ J& —Fi F T3Pl A A i £ ) 0 B 43 s i
| R A AU PR DA 125 o 20 A T e R I
A TGN i, DU e 0 AR B A5 e 37 i
H5ZEHmn W EE A TEM AR ifE, THQ<I, R IIXT
TR N TC 0 35 fE R ARG, THQ> 1, WU A7 75 i B X
Bor, HL THQ HE R, XU 8 =™ IS 2 1F A1 B
A T TP R A R R R R AR DS
FREN T EZ —, FERE IFS<1, L # ANk
AR s IFS < 1, U AT 42252 s IFS>1 , XU e 4o 7]
PR EER ) PTWI # HAEIRAE N B h 8 A A
BEA R T R N R KRS 09 258, B — J& Py AT 432
ZWA T4 R AR, EDI, THQ,IFS 1 PTWI
5 Az T 4 e A N\ A (it BR XUSS: A 5 v LA B A
SC,H A THQ A1 PTWI 76 & 5 4 8 19 A\ A fE
DU PPN H B FH )
2.4 EWIARCETTIAN SE R

H#ii,EDI IFS \ THQ il PTWI ZEPEAN /7 1 ik
T A T A 2 5 RN R R PP B AR TR A
W 4 R 48 TR B AV A A iR XU 17 S
R AR AT B A 20 o AN I, PRI, 6 T e 4 )
SO 7 N s Y Wik AN R S BE 18 Bk
100% AR, W] B2 il XU B0, ARk AR AR
PR 1z i F T8 A JE I R pE R U PE AN
HoE SURR A NG AR5 Y e m b Reg ot 5 W
TE AT ARIEIA I LLAFI™ A= A 50 ]
T W it i B AR AR R, FE PP A TS
Py i i XSS J 1T AT 3kt A DA 4 f A T SR 1)
PO IR 22 , X o 4w i A B AU I AT
R SO HMAE, O Z W TRE 5 K
T RIS 7™ T A5 1 A R AU DA rp el

PRSI 5 R WAL T PN S A AL T A S 562
AR R E I i, Hod (RS E s
% FAYA SBRC(Solubility Bioavailability Research
Consortium) . IVG(In Vitro Gastrointestinal) ,PBET
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(Physiologically Based Extraction test), UBM (Unified
BARGE Method)3% , 1R 41 iz W 4540 12 B AT # A f]
BRI R A THRAE LA, AT ) 2 1 T
IRE 18 A b FE N IR AR S IR B9 o rp s e )
AT ROPE™  (EHAP O 4 RAE i M A B e
JTTHAN AR N S EE R R, 8 i BN AN |
HMRH AR R L5 S PPN 5 G W) 1 A A 8

RN S PR AR S SR F A ™ il v T 4 R
YA DT . AN R ) B A RTR
RSN T LA sl /N R T AE
P R S Y HESh Y, B R FE T A SRR
RO IR E OGS TR RSS2 50 I E /Y 2
WA LSS SR, S T AR RSN Ty 12 F
G IR ARSMH OGRS TR SE T RIS 7 s
O A= A R B AT REME N, SBRC s E
TEFE NS L3 As A=A BERT S S T R
R SR DG AR

EAF TR, C A D a5 B A= A vk
DA P A A4 T v B 4 TR 8 A ARt R XU 1L i ke
Z I TR S Y TE RS2 3R 00 A WA AR A A
RIS IO AR, 26 8 XFLL T B R A FIAEY)
AT B A 2 TR o E 4 R 11 A AR B XU P
T2 5. SRR W] L T 4 Jm 4 i A A XL
SAEAETE T A A S B A KU A,
W, AR F 98 E R G TS e W) A AR VAR OC T
T PEHT

3 45i& ( Conclusions)
Y4 - B 22 FE 42 (Cd  Hg  As T Pb)i5 Y81
G, HOTR AR5y, B A A I OO R R

4R ICEMEE S K/NIF R Cd>Hg>As>Pb, Cd
A He S2F FF B IR IETS Yot R, N i B 6 1 4 i
PSP A B X Cd A He AW IR SR AL 5 6 B3R
BEsgma K, DA SV 6 28 4 55 N AR FEERRE XU |
FEAF I RR AR 0] o, Gk RAE NG 3 Fh AR SR
BHMBESIBICR(JUHAE Cd il He) iy B A4 4+ T
RS R, RN L e A W A s, kA, B
A IR TSR AT UK AN [RE A1) As F He, {H3%
WAL B As FILE Hg, B PE 558 A JCHLEH I
HECRK Mg 20, HERE(E ML e lZinER
s TS YeIBR ) (GB 2762—2017) 4 FR & A A
A As Fll Hg 8 it SORFI T 37 A 20 97k &
T B B 28 A AR R XUBS TTAY

A5 WP A A T P 35 RO P A R Y B AT A 2
S N THEMEIS Y E Cd M He, - % & i
R T (R s P 22 A A A I TR R 1 AN T
TRARY Qus Hrili>1 MBS RS 5 4 I 5
B A/ KA Cd He 1554 5%,

HF A A I B P A R S AR I A 25
Al g5 X 4 8 RARIK ARG o Cd Hg , As Al
Pb (975 Je A7 5, {0 B RTAUA B 5% 53 B B A= 24 i
P 4 FhEE 4 JE JT 3R B E SERE 1 (BCF), 1% B
e 5 A 5 rp 4 A A A S E AR A N AL
PRI, 7 JR AT 9 VR A B A P 4 T R R R 1T
BT A 1 i is R AL OV AR R AR
PR PR AT BEL 2 18 AL B S 4

Xof 5 A A B 4 S 1) A AR B RS DA AT e =
Bl RGN R R AT 4R 25 G e
A, T 228 NARAT S0 WSt 8 P4 7 35 7T e e Ak
KU, HHETCA 9 LL PBET 1RSS5 040 7 v

*8 HE4MEESREESEVANEEANFRRREITMN LS

Table 8 Comparison analysis on human health risk assessment based on heavy metals

total content and bioavailability in wild Boletus

LRAWIRES E iy A WA AT (PBET) ZER A 275 3k
Evaluation method Total content evaluation Bioavailability evaluation (PBET) Result comparison References
A JiFEiH Cd 1 EDI 7A2(0 N Adult) 0.04( A Adult) AU it 25 B AT 3]
EDI of Cd in Boletus 6.98(JLE Child) 0.04(JLE Child) Risk significantly decreased
4R Pb (% EDI 043(A A Adult) 0.02(B A Adult) AU k25 W A 3]
EDI of Pb in Boletus 040(JLZE Child) 0.02(JLE Child) Risk significantly decreased
- . B REERRAR L) 57% , XU 0855
. e . 1.00(B#H Gastric phase) i
HRFEH As FE/(mg-kg™) The effective dose was
2.30 1.00(H +iAH [48]

As content of Boletus/(mg-kg™")

reduced by ~57% and

Gastric and Intestinal phase)

the risk decreased
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SRR B | LIS W I B 24 T v S e B N
AR DXL , PRI £ il 22 4 IR AR R e

BIREER 3 F1987—), %, B+, 8 HE R, T 2R
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