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Risk Assessment of Arsenic and Mercury in Mushrooms
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ABSTRACT - The present study was carried out to assess the dietary exposure and the risk for arsenic (As) and
mercury (Hg) through mushrooms intake. Various samples (n = 536) covering 17 kinds of mushrooms were collected
from retail outlets and markets in Korea. The contents of As were 0.003 (King oyster) ~ 1.952 (Matsutake) mg/kg in
raw mushrooms and 0.015 (Fuscoporia obliqua) ~ 16.95 (Matsutake) mg/kg in dry mushrooms, respectively. The
contents of Hg were 0.001 (King oyster) ~ 0.030 (Matsutake) mg/kg in raw mushrooms and 0.004 (Oyster) ~ 0.588
(Matsutake) mg/kg in dry mushrooms, respectively. The mean dietary exposures of As was 0.151 pg/day, taking
0.005% of provisional tolerable weekly intake (PTWI). The mean dietary exposures of Hg was 0.022 ng/day, corre-
sponding to 0.071% of PTWI. Therefore, the level of overall dietary exposure to As and Hg for Korean population
through mushroom was far below the levels recommended by Joint FAO/WHO Expert Committee on Food Additiv-

ies, indicating little possibility of concern.
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Milli-Q ultrapure water purification
To= 3

RNL, THRTE
system (Millipore Co., MA)ell 2]3] 182MQ <
AE SHTE ARSI 55 o992 A58 &
23-8-91 Multi-Element Calibration Standrad 3 (PerkinElmer,
CT) 10 mg/kg A|FS AHE3IH e, ol B4 A] working
solution 1000, 100 pg/kgs THE©] A3 . Working
solution A2 A 0.5% AAit S/FTE ARSI AE
o] 2RSS 23] AR&-3F nitric acid (purity 70%, Dong Woo
Fine Chem. Co. Ltd., Iksan)¥} hydrogen peroxide (purity
30%, Dong Woo Fine Chem. Co. Ltd., Iksan)= electronic
grade® T 3le] AEIAAT H4E 5 S| 91
ASHETEZ, CRM (Certified Reference Materials) = =
National Institute of Standard and Technology (NIST, USA)
o] Al FX| EENIST 1570a)5 T4t ARS8t AlE
HAHEA ARG AFE71E 10% Akl 2447+ H A
5 32 SRTE Aol 12T da ARSI

BIA| 2R 2%
AE F ¥ ZAe HETA Yrgazgel o
o st ARG5S $HE mohol 423 @
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oF A27)0] W3 105°CE 10PN 3-5417F Az F o

AACIES 43 F FAS Ytk o /S 124

7 Azste] FPol @ WA e 2AS wrEsdh
BX F HIL Y 32 U BN

AxE wAFe] A5, AFT AR 1 kg 247](Food
I

processor HR7625, Philips, China)E ©]&3] #23 & &
Mg AR ARESITE A HAlFe B9 22 & T
s

olEdg AAsSIL JHA & Fu7F 2 A9 JHA
kg, F97F & A 42HS 538 500g o1dS FH3
& k7] & o] &ste] #ASt AlA A RE FHISHITH
Asle AN 8= 22 PE packel]l ©ol 4 A =
HEATh AR (AR 05g T AE 295 4
H3 3 70% FAF TmLe H7re] 1A 7-s<H ]H]g—s A
7 % 30% H2kerEA 1 mLE 7KL microwave 33|
(ETHOS, Milestone, Italy)Z Z*] 2|3 cH(Table 1). E31E
X1 & E3|d-e Heat Block FH|(ED16, LabTech, MA)
= O]*‘lo}cq 120°CollA] 4A17F F2F JAZ T JEA 2]
F05% ANoT AxEO] A9 20g AEO HAS 40g
Eli gro] Aldgoo 7 ALR-Eom, ICP-MS (ELAN
6100 DRC 11, PerkinElmer, CT)E ©|&3}y T35 T
A3 2 tv”i—éi 2 #4831 AE(0.05 gy T4
71& boatol] AT & & A5E2 7] (Hydra-C, Teledyne
Leeman Labs, NH)Z & H"q stk AlE A ZAl A7 boat

ru 401

(e

d

Table 1. Operating condition of microwave instrument

Step Time (min)  Power (Watt) Temp (°C)
1 0:07:00 1000 100
2 0:07:00 1000 200
3 0:08:00 1000 200

* Ventilation 10 min

Table 2. Instrument condition of ICP/MS and mercury anlayzer

Instrument RF power 1500 W
Nebulizer 1.0 L/min
Auxillary 1.5 L/min
ICP/MS Plasma 19 L/min
Lens voltage A%
Ion monitored (m/z) As 75
Oxygen flow 350 mL/min
Drying Temp. 300°C
Drying Time 70 sec
Decomp. Temp. 800°C
Decomp. Time 120 sec
Mercury analyzer Catalyst, Temp. 600°C
Catalyst, Time 60 sec
Amalgam., Temp. 600°C
Amalgam., Time 30 sec
Detector, Integration 100 sec
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) EX] BEE 9|5} tH(Table 2).

BN AT

A Z3HA(LOD, Limit of Detection)®} g #3HA(LOQ,
Limit of Quantitation)= 3c, 10c oA A sFA ). 3
TE& AP FAEY TEES ET8YES Hkste WA
FRIFEFEAE o] &3 PHORE Pt TE55 £
T8 H7P el fortification level> 20 ug/kg (Low level),
200 pg/kg (High level) 7 FFo2 39HE AAJakgnt <l

0.030 = 0.003 mg/kg®] T},

BT AHE Q19 S b Bt

2 Aol wAAATE AEA PIVH<LOD)]l 3¢
= B <60%01307] W2l 3% Z¥+= middle bound
(MB, LOD2)2.2 Ao, S35 s A
57 (point estimation) W2 oll wjg} FaPatlon, WA F
7 Ht S5 IS RSt Al A= Al
T A EFAA Be FSRAZFSERZAL 47] 2
AP 22008y AHEE FEI1on]?, ANARERE F
AZZ 13 SAS (ver 9.1.3 Service pack 4, SAS Institute
Inc., USAYE AH&3te] WA HHZFS =8t &
Aol AR 17F59] WAL Bl thek A= A
A7t FAGO R AFHFE TAA FEEY =
WAL 7 A ALY A3 v AF S 7 st
=297HE T8t 58, FEHA, A7 Ale
AzwAlolm WAl ng FgHA HHAFoRE 714
sttt =Fgdo], whrte, oAl AxWAl B o}
Uzt AHA R fEHER FAE A dFHFe=E
7Hg stk AolE F3 F5E5 =EF S ENE Joint
FAO/WHO Expert Committee on Food Additives (JECFA)
ol A e 2573 F SHAIZH(PTWI, Provisional Tolerable
Weekly Intake) B=i= WHOS] LU )43 $HA F(MADL,
Maximum Allowable Daily Body Load) WH] $I3]%=(%)E
2bEate] 22 5Ee] BIHEE RISt T A Y F
2] AATAFL 712 50 ug/kg b.w./day, 4 ng/kg b.w./
weeko] .

o} 7]

A3t or, Ao 47 0.1~25 pgkg, 0.1~30ng Ako]

o] ExoA FAHEYIL RFEe] 0.9999 oo =2 vhel}
A4S BHoFAh BFE H7Pgd wE 3

Table 3. LOD and LOQ of arsenic and mercury analysis

Metal Food LOD (pg/kg) LOQ (ng/kg)
Dried 1.38 4.60
As
Wet 0.69 2.30
Dried 0.005 0.02
Hg
Wet 0.005 0.02
120 l 7
100 7_
i N %_ j’_
£ 80 A
o
§ 60 -
T 40
20 A 3 As
[ZZ] Hg
0 T T T
Fortifiedsample  Fortified sample CRM
200 pg/kg 20 ug/kg

Fig. 1. Recovery test for arsenic and mercury analysis.

A= A 89~108%, T2 101~111% ©|AT}. AF
EZOl AJFX EZ(NIST 1570a)2 ©]-&3te] 34§
243k A3k B A 90.9+6.3%, T 118.6+ 1.2% ©|
o WL =Ao)] WE C.V(%)= 10% "H]ATHFig. 1).
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g UYmAE 2402 Hit 0.036 mgkeol Atk 5 5
3 FolmAle]l 7Y EF Bl Hlg] §olstA] ol A
APAG7E AARE S Ak BF MAFRe] v AR AL
o2 Hof Sujital Fyate] dEkalol7 & AR AL
BETH 20043 2] H Ao wpEm !0 |4 HF g

jus

o



Table 4. Arsenic and mercury concentration in mushrooms, raw
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Concentration (mg/kg)

Mushroom N
As Hg

Oyster 74 0.022 (0.002~0.152) 0.002 (3.9 x 107*~0.010)

King oyster 69 0.003 (n.d."~0.022) 0.001 (2.4 x 107*~0.003)
Button 54 0.089 (0.002~0.236) 0.025 (0.001~0.134)
Enoki 71 0.015 (0.006~0.039) 0.004 (0.001~0.023)
Shiitake 39 0.030 (0.006~0.083) 0.007 (0.001~0.023)
Tree ear 7 0.011 (0.005~0.036) 0.002 (0.001~0.005)
Matsutake 8 1.952 (0.008~15.368) 0.030 (0.003~0.216)
Hericium erinaciium 4 0.011 (0.001~0.018) 0.008 (0.001~0.014)
Beech mushroom 19 0.017 (0.005~0.064) 0.002 (0.001~0.005)
Pleurotus feulae 9 0.004 (0.003~0.008) 0.002 (0.001~0.007)

Yn.d., not detect

Table 5. Arsenic and mercury concentration in mushrooms, dried

Concentration (mg/kg)

Mushroom N
As Hg
Oyster ) 0.044 (0.009~0.079) 0.004 (0.002~0.006)
Convert” 0.005 (0.001~0.008) 4.0 % 10 (2.1 x 104-0.001)
King oyster ; 0.033 (0.010~0.064) 0.008 (0.003~0.014)
Convert 0.005 (0.001~0.009) 0.001 (4.4 x 10-0.002)
) 0.125 (0.037~0.395) 0.027 (0.005~0.088)
Shiitake 32 Convert 0.013 (0.004~0.041) 0.003 (4.9 x 107~0.009)
Tree car 2 0.168 (0.028~0.365) 0.023 (0.008~0.061)
Convert 0.012 (0.002~0.027) 0.002 (0.001~0.005)
16.947 (2.203~24.582) 0.588 (0.398~0.852)
Matsutake 4 Convert 2556 (0.317~4.064) 0.086 (0.066~0.121)
Sanghwang 18 0.052 (0.012~0.212) 0.029 (0.012~0.070)
Lingshi 19 0.044 (0.018~0.086) 0.026 (0.009~0.056)
Agaricus blazei Muill 5 1.607 (0.438~3.293) 0.140 (0.035~0.310)
Vegetable worms 10 0.492 (0.073~0.896) 0.007 (0.005~0.010)
Turkey tail 10 0.296 (0.081~1.020) 0.023 (0.014~0.054)
Herisim orinaciinm ] 0.105 (0.019~0.367) 0.020 (0.005~0.039)
Convert 0.014 (0.002~0.048) 0.003 (0.001~0.005)
0.073 (0.042~0.098) 0.021 (0.015~0.025)
Beech mushroom 3 Convert 0.010 (0.006~0.014) 0.003 (0.002~0.003)
Fuscoporia obliqua 10 0.015 (n.d.»~0.040) 0.013 (0.005~0.020)
Manna lichen 1 1.689 (1.143~2.017) 0.201 (0.094~0.695)

DConvertion of As and Hg content of mushroom, dried into that of mushroom, raw

In.d, not detect

Fo] =etz] 0.008 mgkg, MEo] <0.001 mgke, ¥aol
0.051 mg/kg, ®J°] <0.001 mg/kg, 3L 0.004 mg/kg, 5|
2.983 mg/kgol 2™, Cocci e al.!Vol] WEH, Fo|mAl
o] W4 o] Hat 0.21 mgkgol ek ek =) f-%
U A BAF] Ha dE B 2R3 AR o
ATk Az wAel A%, Fol Az, A, oA A
st BF H 0.5 mgkgr]Woldnt. ol Az, 4l
&, AolwAle] Ha wa T 169, 1.6, 1.7 mg/kg®l
Rom Hustere $o] AxolA 24.6 mgkgol Atk Ax

WAL F =B, Al$o], 3 59 ¥4 S AE|E
o2 FREA Ikt 79 oF 4148 71EF v & o]
ZAE At Table 5). $0] Az 7% 44

Jato 7 BF 10 mgkes AL, FETHS HAT
A% 2 mgkegS 2T ol AEAFH L FolHA A
A H Aol W gEFatol 7t A WE T} Agaricus
A% ANH WA (Agaricus blazei Muill)e- B

AN 5 sl AEE o] 85 uiH] oA AFA
s Syt A T2 o838t Sl Al

El
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5378 B FAFE vls] wolA v AFE
ARl A g oal tha e H|AgH
Holm, ¢&o] WAl F= oAd YA
oA A= 7] w o A1
T 5olAel ogt Zo=m ddtE 43,
2, 7Rl vl HaEgES 0.015~0.492 mg/kge]
o} 20049 A1y Ry WEH0 u|A i §go)
Eo] 0.062 mg/kg, 733 0.197 mg/kg, ¥A 0.074 mg/kg, 21
& 1.254 mg/kg, 5383 0.193 mg/kg, 7= 0.276 mg/kg,
A40] 2.057 mg/kgol ATt I EF oA v A e g}
2 AxolA 0.00~1.39 mg/kg'>'Y, o] A 0.00~0.76
mg/kg' ™'Y, EIHA AZX 032mgkg'?, $0] AZRNA
0.28 mg/kg'?, FAHMA 0.01~0.44 mg/kg'> oAt wWEbA,
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T 8
Lo Z o Ao
"o 2
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S HE 2 Ax WARY Nk G B Ban &
ARBIAL R SEIQAT Fo] Az A4S Be £F

A=7de wMAle] 2 shaF2 0.001(A1501)~0.030(F<])
mg/kgel 3L, & Hof 2 FolwAlolA 0.216 mg/
kgﬂ‘iié’ﬂ% T2t AT (Table 4). FolH A 15 A|<)gh
2 0.004 mgkgl 2 TFE WARO o T
wf\}f?} FEolTh 20049 2 oF Ko mEWY, £
& Ha o] el 0.004 mgkg, M<Ee] 0.002 mg/kg,
o] 0.013 mg/kg, *°] 0.002 mg/kg, E3L 0.014 mg/kg,

%0] 0.063 mg/kgelRL™, Cocci et al.'Vol] WEH,
o|HAle] & Flako) Jﬂ-‘,} 3.94 mg/kgol&’ir/}
"H 0B =o0] /ng quﬂ o sl-ako F)r
ALY W FEoIUT Ax HAlY] e
o] 7z, A1, AMoHAlE At BT 0.05
U}O]%E}(Table 5) _/r_o] z /\]E:l Mo]u{)\q o]
< e 0.588, 0.140, ozo1mg/kg<>l°iouﬂ JMJ g
%ol AxeA 0.852 mgkeol At 43, FA, FFdIE,

&, A7PAle] e AR 0.007~0.029 mg/kgel A
om, BF 0.1 mgkg FITHIRATE 20049 2ok B34
of M2, F& HF FEFo] Ho] 0.015 mgke, S
0.050 mg/kg, GA1 0.029 mg/kg, 1% 0.311 mgke, 523}
% 0.065 mg/kg, 75 0.015 mg/kg, A1°] 0.119 mg/kgol A
o} ofe] EFlA & ke =Eke] 7134 0.08~45.30
mg/kg'>31020 Bo] 7890 mg/kg'®, Aol AZoNA 82.00
mg/kg'®, FEo] AZ 0.03~0.60 mg/kg!> 1310171920 F 71
A AZ 0.05mgkg'?, $0] AZAA 0.67 mgkg'?, FA|
HAl 0.01~0.42 mg/kg', =FF o] 4.40 mg/kg'® oAt}
A, U - S AE wARe 72 FES B E
A FARSEAY @& FEol AT

_1

HAR Mo IE v]d =E5F U o=
171 MARE 745 TE *ggi T8k 197) 3
AR AFE Q8 vk =E2Y1E FYE
7t A3, %OWMM A5 0.037 ug As/day= 714

iy koo
X0 iy g
Rl o 1o

Table 6. Daily dietary exposure and risk for arsenic and mercury by mushroom intake

Mushrooms Food intake Daily intake (ug/day) % PTWI
(g/day) As Hg As Hg

Oyster 1.5 0.034 0.003 0.001 0.009

King oyster 0.5 0.001 0.001 48 %107 0.002

Button 0.4 0.034 0.009 0.001 0.030

Enoki 0.4 0.006 0.002 22x10™* 0.005

Shiitake 0.7 0.021 0.005 0.001 0.015

Shiitake, dried 0.05 0.006 0.001 2.1x10™* 0.004
Tree ear 0.01 6.0 x 107 8.5x 10 22x10°° 2.7 %107

Tree ear, dried 0.02 0.003 3.8x10™ 1.0x 10 0.001

Matsutake 0.02 0.037 0.001 0.001 0.002
Sanghwang 0.004 1.8x10™ 1.0x 10 6.6 x 107 3.2x10™
Lingshi 0.004 1.6 x10™* 9.1 %107 5.7x10° 29x10*

Agaricus blazei Muill 0.004 0.006 4.9 x10™ 2.0x 107 0.002
Vegetable worms 0.004 0.002 2.5%x 107 6.3 x 107 8.1x107
Turkey tail 0.004 0.001 7.9 %107 3.8x107° 2.5%x10™
Hericium erinaciium 0.002 1.7 x 107 1.2 x107 6.1 x 1077 3.8x107
Beech mushroom 0.002 2.5x107° 3.7x10° 9.2 x 1077 1.2x107
Pleurotus ferulae 0.002 6.6 x10°¢ 33x10° 2.4 %1077 1.1x107
Fuscoporia obliqua 0.004 5.3 %107 4.5x107 1.9x10° 1.4x10™
Manna lichen 0.0004 0.001 8.0 x 1073 2.5x107° 2.6x10™

Sum - 0.151 0.022 0.005 0.071




Vegetable
worms, 1%

-1garlcus blazei __——

Turkey tail, 1%

Shiitake,
dried
4%

Fig. 2. Contribution ratio of dietary exposure to arsenic by mush-
room intake.

Matsutake Agaricus blazei
Treeear oo/ Muil, 2%
2% I
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dried
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Fig. 3. Contribution ratio of dietary exposure to mercury by mush-
room intake.

I o2 ElRMAle} golHAllA 0.034 pg As/day
o] EILE 0.021 pg As/dayol Atk WA FrgFo] 7H
EUE FolwmAle] A HA AT Ht I
ol 0.02 g/dayi el AR 758 SRR el
WA AFR A3 =T AR FEoldTh 8],
A AR HFHE g vt ekl BlA =
2 0.151 pg As/day©] A THTable 6). F5E Hl A =E7]
&S AHRH, FoWMA 25%, =ElMAl e} gFo] Z+
7} 22%°lReH, FaWAl =Ete], AjEol, F&ol,
o], WAl MA] 63%=E A5 tHFig. 2). $Isl=
= EE27]980] & $o], =elglHA o] = 0.001%
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olglom x| WAR HFH=E 3% H|A I
Z 0§ vk 0|3 tH(Table 6).

= 0.005%

H-IA-IE L-I_:Ho“ [[]-E L% L__% o _‘-:_

HA HdFH = < FEolmAlo] 0.009 ug
Hg/day® 7H3 =3 A}L I thro® FIHAL 0.005 pg He/
day, =E}2]H51 0.003 pg He/da ey o3t} AA| HAFe A
HZ A & =X
Hg/day®] %A TH(Table 6) L —’F% =
H, FEolmA 2%, 28] B A 22 13%, 21%
°l&’i°fﬁl FauARl =B, AjFel, Fol, Wol, 3
HAlo] AA| ] oF 86%S XHA| 3 THFig.
E YFrE: =270 g0] =2 o], TawAlo] zhzh
0.03%, 0.01%°]on Ax] BlAlFe] A3z <3 o
A== 0.07%= w5 W o ATk(Table 6).

oft
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[o] OF

- =
= Arels WAFe Ha B e oF duEAE
S kel sRle] AFoan WAL AT A9l F
w5 fadS ket =W fF wAR 17 F5,
53671 Ak, & e AEWAY] 7 0.003
(ME01)~1.952(%°]) mg/kgol AL AZHAL 0.015(=171)

~16.95(%0]) mg/kgo] Tk, & dHeke WEuAO 7S
0.001(AH%21)~0.030(:°]) mg/kgo| AL AZH AL 0.004
(=EF2])~0.588(F°]) mg/kgol At =l 5 HAF F
=4 FFE B 23 FABIAY W FEoldh 4
FozMN WAS AHAT A4S, AAFTY HAh =EFS
0.151 pg/day© 2 fIi== 0.005% F=olRoH, & =
E%2 0.022 pg/dayS = == 0.071% Fol At o
A, vt S92 S 55 = WAl EAlshs 1
a2 g 2o Qo zRE ke Zo=m vhdhE

INEE

B ATE 2011KE AFFFIAA ] AT w)
(11161KFDA037)& Tsﬂﬂ‘dwﬂ olof] A=Y T
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