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FEE . it ICP-AES VEIE T 26 o BHE A TR ERET As TR SR, AR RIHE X P24 TP Xt As B9 & SR 4R1E ; R
BT S YL AR BORAEN 2 B B AR A PR Y As 15 3K AR YE FAO/WHO HLE AR As FLiF B A PEAG S5 26 2R PR Y As B
A, BRI ((D)AR - Fp R T As SRS JLPEEN As P& E7£0.18£0.31)~(13.33+2.21) mg-kg
dw 18], FHWIHY As 358 AE0.06+0.10)~ (17.09+5.8) mg-kg™ dw Z 8] ; W4 JFHE X As JCEBY & ERE 54N EMZE 2k
KIRRFREA X QA RIF A FT T  RARR As 15 3436 805 SIHE 0.35~26.66 12 0.12~34.20 Z 0], H Z 84 FF A K As
VSYAEEOR T 1, R\ BRI RN As &8 H85d GB2762-2012 L (PR EARifE 4L T 515 YK ; B)E AR N &3 & 500 ¢
PR AT B, 0 2T A4 I A As YK T FAO/WHO FLAE 1) PTWI bR (As<0.9 mg), KikE] As BFEAKT /1 H & 24 7E
TR T3 B A - PR R A As JTHRIMNE 25l i HAB B OOK | RAKEE) POk TR FERFRA As TLER, HIG, 5 T8 1k
As B FEE ANRAEEE, AT R RS K & B A4
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Abstract; In this study the arsenic (As) contents in 26 wild-grown bolete populations from Yunnan Province were
determined by ICP-AES. The accumulation characteristics of As in different species of bolete mushrooms from dif-
ferent origins were analyzed. The As pollution level in bolete mushrooms from Yunnan Province was evaluated by
single pollution index. The As exposure risk via the wild-grown bolete mushrooms was assessed according to As

Provisional Tolerable Weekly Intake (PTWI) recommended by the United Nations Food and Agriculture Organiza-
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tion and the World Health Organization (FAO/WHO). The results showed that (1) there were significant differences
in As contents in different species of bolete mushrooms from different origins, and the As content in caps and sti-
pes were in the range of (0.18+0.31)-(13.33+2.21) mg-kg" dw and (0.06+0.10)-(17.09+5.8) mg-kg" dw, respec-
tively. It is demonstrated that the bioaccumulation factors of As in bolete mushrooms is related with the growth en-
vironment and bolete species. (2) The As pollution index in caps and stipes of bolete mushrooms were between
0.35-26.66 and 0.12-34.2 respectively, and most of the them were greater than 1. It is indicated that the contents of
As in most bolete mushrooms exceeded the As standard limit which is prescribed by GB2762-2012 implying that
As content in bolete was in heavy pollution. (3) If the adults takes 500 g fresh bolete mushrooms a week, As in-
takes of all boletes were below the acceptable intake (As<<0.9 mg) without health risk. But in daily life people will
take in As by other ways such as other food (rice, meat, and etc.), drinking water and breathing besides bolete

mushrooms. Therefore, in order to prevent the harm to human health, the long-term or excessive intake of wild-

grown bolete mushrooms was not recommended.

Keywords: arsenic; wild bolete; health risk; single pollution index; Yunnan

fifi(As) X HAL G WA AR A w208 Y i, H
T LA A B M L BUE | B AR MR T A HLART
As S IACE Ym0 K IR B JR B fih i
AN, BT AR AL AT, Y As B
it B 2R AR M@ R AE e 20T &
YRR 2 NEREEA As (B ZERE, U HE S &
YRR As (5 RN E As Y HLBI 8, L &4
Y As O AERROL M As FRER 1Y R

BHEERFE , WEE RPN 21 g6
BT R B A B N RAE TS KP4, B
W E R FIEARREWEE, AT
RUEIEREE 2 B, EAUR T K &
B MRk KRR B SERECRE, HETE 1 )
e EE KRR HAGE 40 ZEK, SRR
on B AR B B OO 4 R A AR R SRR T,
W TR A 7 4 B R LN T B A e A
AR AR T

P SCHR I , B X As SR A RIR 0w %
AE ST ;1998 AEFFE R 2B IFE T As T5 48 5 oR TG 4
b [X SR M PR (Laccaria amethystina)X} As W) & SR FE S
RITE YL DS BE (Y As % BERBIAF) 1 420 mg-
kg dry weight (dw)"", Zhang " E T =5 A
Hi DX A W R R L TR Y As i, K 020 I
(Laccaria laccata) , 21 1% {4 it ¥ ( Laccaria vinaceoave)
FIEE S B (Laccaria amethysthea) ) T8 55 1 As 75 &
YA BrR A, £ HIA W 7E 09 fil AU, Liu 552
R ICP-MS M5E TR A 2 B A R X FY 8 Rl A=
B As & i, 45 5 B R L0k 4 )] 1§ (Boletus
edulis) \ KZ1 4 (Russula alutacea) ¥ 17 B ( Tricholoma

matsutake) 5 Z P E RN As s, Bkt
A HE T As TR SR, THEATHREX As
P &% B ARRAIE MR A T A B AR DA AT B 2

ARICREET 10 ZF0 2 g i UL EF A 20 I AR
i, R ICP-AES 3EME T 4R JF A As TR & i,
O3B A TR B 2 A BF B As B9 E AR O A AR BB
GB2762-2012 FLE 1 & F T 15 YL Py FR ft bm o 43 A7 Y
A=A R As 15 BeoKF s $HR G R A 4 2R
FE A U (FAO/WHO)MLE [ 4 JH] As SUVFHRA i
PRESEA T 2 204, B A A IR B % 4
T FE UL B

1 ##l57i% (Materials and methods)
1.1 SEEEp R

B 2 B R AR JE R SRR DR R £ A
B AR S, MR A SR K R 2l Kk, T
fEIRAE P 50 CHET = E Byt 80 H R 4%,
TAE T RO BB & A IFRF S SR
HE L1,

1.2 &8 KAk

14§ . ICPE-9000 H BHH A 45 B 7 I i 1 & 4
TR (H A< 5 N 7)) s MARS6 G I A (2 [
CEM 2 7l),

R 1 65% IR (T 2 46), 30% i A Ak & (43
4y, As TCE AR E R W (55 rE bR BHE A BRA D5 4=
Yoy o A b HE) ot 32k FH 2% i (GBW07605) Fl i 3¢
(GBW10015)(Hbar F- b HR-0 55 ir) , B 4K
1.3 A T B RE A

K2 FREL 03000 g 28 AFEFES BT iR FE
JA 6 mL filff2 ,3 mL 30% SE/KH 1 mL B2k,



55 2 39

W RAGSE 2o LR AR TR vh B0 3 I S B e A 757

®1 FHEHERER

Table 1 Information of bolete samples
P 7 Hy A 5 o TR
No. Name Origins Fruiting body No. Name Origins Fruiting body
G A FAEMELL R R PRYG A IR MR U
10 14 7
Boletus tomentipes  Fuliangpeng, Eshan, Yuxi Xerocomus sp Shagiao, Nanhua, Chuxiong
HIAAE A TR SLRLNGE Y YA USR]
2 10 15 7
Boletus tomentipes Simao region, Puer Xerocomus sp Qianchang, Yaoan, Chuxiong
SR AT R T BT il s P AR AR
3 7 16
Boletus tomentipes Qianchang, Yao’ an, Chuxiong Xerocomus sp Guihuashu, Zezhou, Qujing
G A TR HEMER R R A TRYEAR A I BB TR
4 8 17 7
Boletus tomentipes Nanhua, Chuxiong Leccinum griseum Wauhua region, Kunming
HIA AT FREG ) TRYER A REMERE
5 9 18 10
Boletus tomentipes  Tongchang, Yimen, Yuxi Leccinum griseum Wuding, Chuxiong
G A T T VB AR T TE BT
6 7 19 10
Boletus tomentipes Nanhua, Chuxiong Boletus impolitus Wuhua region, Kunming
G AT EFHEFX SR T X
7 10 20 10
Boletus tomentipes Simao region, Puer Leccinum rugosicepes Simao region, Puer
G A T i A AR SELAVIRS 2 28 AT TR EBERES
8 7 21 8
Boletus tomentipes Guihuashu, Zezhou, Qujing Suillus brevipes Dayingjie, Yuxi
TR B T 50 T 21 Gl 4 I B AKX
11 22 8
Boletus edulis  Baofeng, Jinning, Kunming Xerocomus spadiceus ~ Wuhua region, Kunming
FRA T FEMER T ER TR A I B B AKX
10 7 23 8
Boletus edulis Nanhua, Chuxiong Boletus griseus Wuhua region, Kunming
TR EEHITEN AN R oA
11 12 24
Boletus edulis Pubei, Yimen, Yuxi Boletus luridus Guihuashu, Zezhou, Qujing
FERA T e qeaResy Al Zete T USR]
12 10 25 7
Boletus edulis  Longchuan, Nanhua, Chuxiong Boletus brunneissimus Qianchang, Yao’ an, Chuxiong
FEBRAF USR] S E&EHTEN
13 8 26 10

Boletus edulis  Qianchang, Yao’ an, Chuxiong

Boletus umbriniporus Pubei, Yimen, Yuxi

F2 WRHBES
Table 2 Microwave digestion conditions
PR FHRETE]/min IR SC (IR ] /min - B 2E/W

Steps  Ramp time/min  Temperature/°C  Hold time/min Power/W

1 5 120 5 1 500
2 5 150 5 1 500
3 5 170 5 1 500
4 5 180 10 1 500

NG He R 2 0 SO T A 2D TR R SR AR A A
FE I 58 4, V2 A JE BCHE T A 5 N T R o8 4
%3] 25 mL HIE L, FTR 47K E 28] 25 mL
ZIEES P25, W SR Rl . LR 5 R T AR AT

TESEBRUED) i Sl £ 2 AR
1.4 #ES7ARIEZR

B 1 mL As JCEFREE (1 000 pg-mL")F
100 mL ZHHH, JH 10% HNO, & & 5 2 2k 7%
A1 BE N 10 pg - mL' B As bR AEGRE AW, 43 ) HL
0.00.0.20.0.50 .1.00.,5.00,10.00 mL As JC & Frififi%
W (10 pg-mL") T 100 mL & & d, H 10%
HNO,E %, Bt 0.0,0.02,0.05.0.1,0.5.1.0 pg-
mL" FFRUEA TR T HE 5T As TCRPRIERRZE
1.5 As FEIE

ICP-AES W) TAESHE 7« 45 B TR ik
10 L-min™ , 25 HEH 0.7 L-min™ | 4 By S 3
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0.6 L-min™ | S48 R Ky 27.12 MHz, i 23Ry
12 kW, As JUE YU E AL $E 189.042 nm; #i¢ A
ARG 3 5 0 e A B N A 1.4 ORI As T R bR
VTR, FR ST AR UE R 5 SR I 52 25 R KR, bR iEY)
G R FNAE BF R RR S Y As i,
1.6 SERHE b P

AP As TR & RIET I 200, WA
[P 2 2R X As 1Y & &6 I ; AR 4 FAO/WHO
HUER B As Fo 38 i b ofE A1 FR B GB2762-
2012 B2 M B As BREBRUE, PEAR B4 4 T B8
BHZ MR As IR, DLERIR0S e g8 505 41
B As BTG YRR S, Ha B AN

P,,=C./S,

Hrb PONATRIEY As {5045, C\ BT mIkE
Al As S, Sy O BT S AP As FRERARIEE

2 ZR 5732 (Results and discussion )
2.1 JrkEEER

As TR MFRAEZ N . y=0.0935x+0.2117
FHRREL £ =0.9994, P47 3 Yl e 45 AR i) ot
(GBW07605)+ As F-#7 54(0.274+0.06) mg- kg™
SFRER(0.28 £0.04) mg - kg HHIT, 3 S bR Y
(GBW10015)) As 7% 1 Il & {EL 47 (0.21 £0.02) mg -
kg SHRMENE(0.23+0.03) mg- kg AT ; 4 TP
FER B As IIAR IR A 92.8% |, 2 125 vk A |
CIETH

®k3 HHEMAs RERES HAHKIELL
Table 3 The As contents in bolete mushrooms and cap to stipe concentration quotient (Q )

As 3 & B R Fl/(mg kg™ dw)

As A58 4 0 F (mg kg dw)

P P
As average content and range/(mg-kg' dw) Qers) As average content and range/(mg-kg™' dw) Qers)
No. I #% Cap i Stipe No. I # Cap TFi# Stipe
1.01£1.56 de 121145 fg 0.30£0.27 e 0.11£037 g
1 0.83 14 2.68
0.01~5.25 0.16~4.24 0.02~0.72 ND~0.76
4.87+3.38 be 3.96+2.02 cdef 0.55+0.68 de 0.48+0.57 fg
2 1.23 15 1.14
0.04~10.34 0.37~6.35 0.08~1.82 ND~1.75
1.96+2.51 cde 0.96+1.09 fg 1.04£0.35 de 5.58+4.67 cd
3 2.04 16 0.19
0.35~7.58 0.18~2.64 0.58~1.49 1.11~14.98
1.73+1.47 de 1.67+1.78 efg 1333+221 a 17.09+5.8 a
4 1.04 17 0.78
0.38~4.40 0.03~4.82 10.34~16.20 8.79~24.14
2.24+1.16 bede 1.97+0.77 efg 0.67+1.07 de 0.39+095 g
5 1.14 18 1.7
0.36~4.28 0.72~3.29 ND~3.48 ND~2.66
1.54+1.01 de 3.37+3.08 cdefg 0.69+0.32 de 2.12+1.26 defg
6 0.46 19 0.33
0.19~2.90 091~9.82 0.18~1.18 042~424
10.81+£3.03 a 13.38+2.75 b 1.51+£0.39 de 0.95+0.41 fg
7 0.81 20 1.59
8.12~17.37 10.54~18.82 0.72~1.95 041~148
3.49£1.69 bed 5.05£2.78 cde 0.62+0.31 de 0.53+0.68 fg
8 0.69 21 1.17
2.35~642 1.77~9.02 0.12~0.95 ND~1.16
0.99+0.53 de 0.71+£0.39 fg 0.24£0.35 ¢ 0.83+£0.42 fg
9 1.4 22 0.29
0.05~1.79 ND~1.16 ND~0.75 02~1.52
0.91+0.81 de 0.61+£0.25 fg 0.51£0.20 e 0.67+£0.49 fg
10 1.5 23 0.76
0.35~2.50 0.39~1.05 021~0.75 0.14~1.73
1.09£0.25 de 042023 g 5.08+£2.03 b 6.23£2.76 ¢
11 2.62 24 0.82
0.75~1.58 0.03~0.76 2.86~8.08 1.03~9.88
0.55+£0.27 e 0.61+0.38 fg 1.61+£0.87 de 0.89+0.54 fg
12 091 25 1.79
ND~0.81 ND~1.06 0.89~331 024~1.74
0.62+0.38 de 2.77+2.17 cdefg 0.18+0.31 ¢ 0.06+0.10 g
13 022 26 2.99
0.1~1.26 0.04~5.81 ND~0.61 ND~0.21

TE :ND R AM 5 Qo TR R T S HIHARY As AL,

Note: ND is not detected; Q. is the As concentration quotient of cap to stipe.



552 i

W RAGSE 2o LR AR TR vh B0 3 I S B e A 759

2.2 AW As TR

AR SL AT As Bl EZ R WR 3, HE3
AU TRIRRSS |7 b A 08T T8 o R Y As &5 B A7
FEIR i 22 5% PR H R 5 113 DLy B 0 4 i 1
W AR As P38 R AR 3R £ (0.18£0.31)
mg-kg” dw F1(0.06+0.10) mg-kg™" dw, ifii % [ & W
AR BCPEA A5 I 58 T o T AR Y As % B AR R
A5 (13.33+2.21) mg-kg™ dw F1(17.09+5.8) mg-
kg™ dw,3X 2 i AR TR TR w SRR Y As B A
B EPEE (P<0.05), R B 8T DX 20040 4 1T
PR o R ) As 5 5 0K T B W] AR IX 0y R e
WZE PR, 23 91035 0 (10.81 £3.03) mg - kg dw Al
(13.38+2.75) mg-kg" dw;2 P4 JF R 35 10 As &
TAEE 22 AR R 25K B KO NIRRT As &% &
2 SR F) K- (P<0.05) ;s AR AP 77 M 4 T i
AR B 25 S T RE 5 AR DA R IS SO [R) i IX 4 38
SAEERE 2 RA K,

H []— R HEAS ) 20 JH B SR 1 As & 3
AT, []—Ff 20 JF B [6) 7 SR Tl ) As 5 B2 A W
W25 R B8 B XA 10 G006 4 T i
TEKQ SREE TR As A 0.04~10.34 mg-
kg dw Z[H], AR As & H7E 0.37~6.35 mg-kg'
dw Z i) R 3 WIS T S0 11 BRI+
SEAR(9 SRR T H R AR Y As 54 HITE 0.05~

1.79 mg-kg" dw FIARKH ~1.16 mg-kg' dw Z[H],
TR As UK BY & BB 5 4 i i A=
KB B IR RN A B R A C,

ARSI BTN ) A SRR S As BRIk T
SCHRARAE Y W B & (Laccaria) B 18 M 48 52 23457 (Sar-
cosphaera coronaria) i As # = & 1 """, Zhang
EPIE T SR b X 48 bR A £ 24 B 4
o As JTUR Ea, KU F AR BT AR TR T As B
Wi 25 5 o il B2 5 F) (Scleroderma citrinum) 1
As TR AN 1.7 mg- kg dw, #F 4% ( Lentinus
edodes) T & &AL, {1 R 0.019 mg-kg” dw, ZH4+
FFERER As 81K T 0.8 mg-kg' dw, %R
SEENE T 12 AR AE A A O, R
1 4F JF 7 (Boletus magnificus)f) As & f Xk 0.55
mg-kg" dw, i #A B ( Tricholoma matsutake) (V) As %
iR, I8 5.2 mg-kg! dw, Ayaz FPIE T+
H O DB AR R 2R BT R & i, KL
IS v As i A, 1 36 MR A TR W T T ( Can-
tharellus cibarius) A i P AR AKE H
2.3 AHEAFEFRAL As & a2 5ot

WFSEHRIE , JCER 76 B W B AS [FFR AL rh 43 A A
BI5] — M SRR o > B AR AL (B R s &R AR
FEHw AR AAE2ZE S SR ER S
NI As 55 H(Q ) HE S I H TR 55 TRIAR AT As

R4 TEMELFERN As TLRIBEHR As BAE T
Table 4 The As pollution index of different kinds of bolete and As intake estimates

As 1544541 As HEAfit/mg

As T5 44541 As B A fi/mg

G G
As pollution index As intake/mg* As pollution index As intake/mg *

No. Wi Cap i Stipe T % Cap A Stipe No. B Cap T A Stipe T# 55 Cap A Stipe
1 2.01 242 0.05 0.06 14 0.6 022 0.02 0.01
2 9.74 7.92 0.24 02 15 1.12 0.98 0.03 0.02
3 3.92 1.92 0.1 0.05 16 2.09 11.16 0.05 0.28
4 3.46 3.33 0.09 0.08 17 26.66 342 0.67 0.85
5 4.48 3.94 0.11 0.1 18 1.34 0.79 0.03 0.02
6 3.09 6.74 0.08 0.17 19 1.38 423 0.03 0.11
7 21.63 26.76 0.54 0.67 20 3.02 1.9 0.08 0.05
8 6.98 10.09 0.17 0.25 21 1.24 1.06 0.03 0.03
9 1.99 1.42 0.05 0.04 22 0.48 1.67 0.01 0.04
10 1.82 122 0.05 0.03 23 1.02 133 0.03 0.03
11 22 0.84 0.05 0.02 24 10.16 12.46 0.25 0.31
12 1.1 121 0.03 0.03 25 323 1.8 0.08 0.04
13 125 5.55 0.03 0.14 26 0.35 0.12 0.01 0.003

TE:“*" 48 B 500 g Bl A= AT AR As,

Note:“*”is As intake estimates when consumption of 500 g fresh bolete.
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JTCRINEERNZES, &3 v, AR = Fhk
A= P PR 3 AR As i Q)T 0.19~2.99
Z[R] T SR [ o R R AR Y PR R A R Y
Qs T/, 35 1 As & B TR ; R A BI1&
G113 DU S8 0, 20 JHF B TR 5 1 As & iR AR Y
2,991 (Qus =2.99); MIKE A 4 FIFESL 12 1 Qs 2051
9 1.04 F10.91, R o5 WA As BRI,
£ T I 51 B N R e o I N R IV A R
FRBE VA R AT , A6 W o 7 it = T DR sl DA A
() 25 8 v T A PO O, A PR 35 S R As
LB EE IS, X T Re 5 X As TR P
BEREA X,

2.4 IR EHE T

241 AsI5YIEH

48 GB2762-2012 HE & (£ H 1 S Ho il 5 rh
As [REFRME(As<0.5 mg-kg" ) A IFEFES 1Y As
TR TR As (75 P48 50 — Mok his gL

BEOKT 1, RS AL FH V5 YK, R 4 AT,
AW o AR As 15 448 507E 0.35~26.66 %
0.12~34.20 Z [a];80% LA [ 4F PR As V538 50K
F 1, B R AT E IS oK, kA R
B LA DX BCPEA 25 I A TR 36 | AR Y As % B2
S3 )i GB2762-2012 MUE B I As PR AR HERY
26.66 fi5 1 34.20 fi5, As bR
242 B ARVFRAEPTWI)

FAO/WHO #5E 55 8 As A543 A& <0.015
mg-kg” body weight (bw)®*, LABAE A SEIRTE 60
kg T, B — 8 AR iF A As .60 kgx0.015
mg-kg' =09 mg, B NG &R 500 g Hrfif
AR, DU o A R ER AR As . 500x10% x4
HFHIHY As & (b 10% 9 2B BFE T8 20 5 Hos
J 1 L)

& 4 AT HLBAE N B B 500 g B 4 e
B A, A B As 43 B 7E 0.01 ~0.67 mg #l
0.003~0.85 mg Z 0], 5 PTWI #5#E(As<0.9 mg)tH
b, a B ] 500 g B ff A4 TR E AR As P KT
PTWI FRif s SR FH 500 g % H BB FLAE X 19 JK e
LR PR A As 5 PTWI AR+ 43460, [Rl H
WA AR YA As TTE, I,
R T B Ik As %R G E AR R, AN H K al K
B IRYERR A IR

K H ICP-AES I T = m A ) b X Fp 24
JFEE T As TR & i, 45 50 Bon AR = B4R i

W As FE2ZE SRR, H3E . ER As FH SR
S (0.18+0.31) ~ (13.33+2.21) mg-kg™ dw Fl
(0.06+0.10)~(17.09+5.8) mg-kg" dw Z[a] ; [F]— & #f
A A HF TR Z R As A eSS, &
WA= 6T As JC &R 1Y & B8 R AN AN 5 2 i s b
AR ERRA L, B 55 WA KB
TIARINE A B EA R,

A5 GB 2762-2012 #LE 1) & HIH As FREEPRE
TR A G As 15 G485k, 45 5% Bon 2804 T i
) As 15 G880 1, HroR B B AR X RO
A 2F B8 R 55 BRI As 5 e 38 5053 3R 26.66 Fll
3420, %4 PR As AR E 4 FEIGYOKF, #
BN BRI 500 g B 28 U, U3 ik 4 T B
A As PHET FAO/WHO #LE ) PTWI FrifE(As
<0.9 mg); Kk, B & 500 g et T E B
KIkF] As REE/KF-, SR H F A R ATTBR T
B E A A AP A As JC K Ak 25 i HoA
PR K 24 IROK IR 45 iR 1R 438 A\ As JT
K HIL, B TR As 28R f AR, AN H
ot sl & P AR AR T

BIMEER: 2481981-), B At BB A R, 22K
FHAMHM AR LR T RFENFA AR, LEFRKEXL
190 & % .
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