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Abstract

BACKGROUND: Many edible mushrooms are known to
accumulate high levels of heavy metals. This research was
focused on health risk assessment to investigate the
mushrooms in Korea, arsenic (As), cadmium (Cd), lead (Pb)
and mercury (Hg) contaminations in edible mushrooms in
cultivated areas were investigated, and health risk was
assessed through dietary intake of mushrooms.

METHODS AND RESULTS: The heavy metals in
mushrooms were analyzed by ICP/MS after acid digestion.
Probabilistic health risk were estimated by Monte-Carlo
simulation techniques. The average contents of As, Cd, Pb,
and Hg were 0.035+0.042 mg/kg, 0.017+0.020 mg/kg,
0.043+0.013 mg/kg, and 0.004+0.004 mg/kg, respectively.
The results showed that contents of Cd and Pb did not
exceed maximum residual levels established by European
Uion regulation (Cd 0.20 mg/kg and Pb 0.30 mg/kg). For
health risk assessment, estimated intakes in all age
populations did not exceed the provisional tolerable daily
intake of As and Hg, provisional tolerable monthly intake of
Cd, provisional tolerable weekly intake of Pb. The Hazard
Index (HI) were ranged from 0.03x10™~0.01x10 for As,
0.02x10°~0.81x10" for Cd, 0.06x10°~0.38x10~ for Pb,
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and 0.08x107~0.14x10" for Hg at general population.
CONCLUSION: The HI from the ratio analysis between
daily exposure and safety level values was less than 1.0.
This results demonstrated that human exposure to heavy
metals through dietary intake of mushrooms might not
cause adverse effect.

Key Words: Edible mushrooms, Heavy metals, Hazard
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N1 9%01 EY 29 9 ek 29A el st
7% é}%i o]4-% 11 Ut} (Ikebe et al, 1990; Kalac et al,
1991; Alonso et al, 2000; Cocchi et al, 2006; Yamac et
al, 2007). 53], "X BE5575 (Bioconcentratin factors)
7} 7F=%H 50-300, ‘g 30-500°.2 A4 ¥ 019l o1 (Kalac and
Svoboda, 2000; Demirbas, 2002; Svoboda et al, 2006),
AL §F0] =& AEO|ERE QA Hall%=r) & 4 vk
dHA St (Gast et al, 1988; Falandyzs et al, 1994;
Lepsova ef al, 1988). 1eiut WA 5 n|F i 7%, &
A, aht ¥ 22 TR elA sl FtaEth opfelF
2 BAe] A APl FRER] 30-40% HAE LIl
(Zrodlowski, 1995), 7Fd#gelM -2 1/3 A% §Hgol
4%t (Kalac and Svoboda, 2000).
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OF F=oE 1 ole] WA F FEE F2e B ) ) M= o 4

F3} FAE A7} o] FolA 1 Atk WAL #71%, pH, 4

25 24 53 2 B QA5R gl 3% & HEME

Hgo] 2ov] (Garcia ef al, 1998) O|5& Fa4 I & by ele SUde gt (KNHANES,

Aol F98 gelow AgAr. ek ¥ ol 53t ZWw%%%“%a]%%Hﬁ5%%ﬁ@%ﬂ%ﬁﬂ“
o o #glen, 20114 39 FAHAS F40

2ol mix|e A Az WA ARdANA] ARAA] E FAL
A A tEe] wiA e FEES wAol siEAIATTE
AT AT qlom, A4l TS WA T o] glor
A 9 ARG AAES) Ao] Qltkar deA] Stk
(Kim et al, 2007; Lee et al, 2008).

omwi Z:L/\O ;q.oqx% T O]Hﬂo] H]—lﬂ_i *lyﬂ
A AAHA] kO™ (Lee et al, 1996; Park and

Lee, 2002; Kim ef al, 2005), B]%, 7158, 4, & 52 A

A AdEe] RaPdo] wot A% ol FHE] 47] vl
= - olellA] il A8 HelE L Qlek (Lee et al, 2011).

=74

WAl & Fa4 7158 BUCIA Cultivated fungi® 7F=F-2
0.2 mg/kg, <> 0.3 mg/kg o= #Helatal 9lom], CODEX
gl el = A 7ee sk At A5 e
2 =951 9t} (Radulescu et al, 2010). $55% 4%,
A Tud wFe Adsk] A% 7P T3 il 2lo]
AHES vEo R A SElEE Wshs ATt HAw
Ao, o] 5 AA fJEE Atel Qs 7 9AF] WX
of 7IRksk a2 gho® Aato] A& FA w1 W v
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Al ARERE Aok B SEAleke ;L«g—}o% A
231907, ZH5E 182 MQ 207 AAH BS AMEI

ol Al AR-SE 62% Nitric acid (Dong Woo Fine
Chem. Co. Ltd., Iksan, Korea)2} 30% Hydrogen Peroxide
(Dong Woo Fine Chem. Co. Ltd.,
ARSI, ICP/MS

Iksan, Korea)<

o olen w
e S 2

Electronic grade®

44 10 mg/L (Multi-element solution, Merck)E
2~5% Zrtel gAJsto] ARgSIgiT HlA, W, JHEES] FE

q A 7R e

‘?’1 3t AL \_]_'_‘E =T
(European Commission) & AH-8}3101,
_L Zo Z = ;g [e]

Rice Fluor IRMM-804
o BHe e
MESS-3 (National Research Council
Canada)E AH-3F3ich FARE 10% AAke]| 124171 o]
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HA = H|A, FIEE, & £2 '='—1

A gt Al 55 oF 23 g& 1Y ZHHESEEZRE
27 £ ¥, 62% FAF 7~8 L Hakslea 2~342
o

7Fekal ofHliEslE 3 ¥, Mirowave digestion system
(ETHOS, Milestone, Italy)< ©]-§-3to] Lallsisict. &7
= AM83lo] 25 mLE A-E38t1 o ysle] Al gdo 7

o, nlx, 7IEE, H ICP/MS (Agilent Technologies,
7500a) % FASIATE 2 A sk B AR ok 0.1

~0od

ge TtA7] (Mercury analyzer, DMA 80, Milestone)©ll
Tt 7dv)skEerdi o R SA% o, T Eas
Table 28} 2t}

Table 1. The number of mushroom samples collected from nine provinces of Korea

Gyeonggi Gangwon Chungnam Chungbuk Gyeongnam Gyeongbuk Jeunnam Jeunbuk

Sort of mushroom iiﬁglei
Agaricus bisporus 31
Pleurotus ostreatus 30 17 4
Flammulina velutipes 30 4
Lentinus edodes 30 11 1
Pleurotus eryngii 30 2
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Table 2. The condition of ICP/MS and mercury analyzer

Instrument Parameter Value
RF power 1200W
Lens voltage 9.6V
Neblizer gas flow(Ar) 0.85L/min
ICP/MS
Auxiliary gas flow(Ar) 1.5L/min
Dwelling time 100ms
Analytical elements »As, MCd, *®Pb
Drying temp. 200C
Drying time 150s
Decomp. temp. 650C
Mercury analyzer Decomp. time. 180s
Purse time 60s
Amalgam. time 12sec
Record time 30s
ey ot SE, O GRS ¥ Ao LU 482 ol§akly, 4
e Hrke AFSAE AISE A4z 33(2009) ¥ gl AR WA S-S “Ale7] SaAt okZA}(2008)"

Codex?] “213%F/d SJallg71edstel] st 4270l wpe} 4 RuXE dgsiglon, AT Aas “A37] Sdddex
A3kl om (CODEX Al A1Ft29198] 11787, 2008), ¥ AK2007)” 21 “Al47] 91794 g2AH2008)7 2] A=s
Arelds FEHY REREE FYs] Slsto] A4 7] AE slo] AgsIGie i} T4 B AU eEEE v
¥ Crystall ball program ver. 11.1.1 (Colorado, Denver, o L Ao oJste] AbEsieltk Al AdFel gk QUAS19
USA)<S o]438t] FERELE 1I1H3H= Monte-Carlo WS ShE-ta2 0] W3tk Sth percentile, 95th percentile #k& U

ALtk 95y 22 L9EdY w23 gk AT BRIy, QAEY  B7ks JECFACIA  ArIgE PTWI
At WA 7435 Ao s 84 HE EHojof sfEE (Provisional Tolerable Weekly Intake, 774 T35 &
(Lee et al, 2008) ¥ AollA= H4f, AR, 145 B 19 A =ESEATE AR wmE2TEY e =
el W Sl W7 Tl WA = v, |, F = I8l

—_

ol A = Z & (ug/kg baw./day)

_ A O T4 @ A (ng/ke) X AT ] M A i A H #F (g/day)
= AN eo] Hat Al (kg baw.)

¢

H] 2 8l o] PTWIE 20101 3| ¥ glov 4 Hwe] monthly = ARSISIE S =E A4slr] S8kl S84
PTWIZ} §loB = o9 3k (As-350, Pb-25 1g/kg b.w./ (Hazard Index) *'H-& AHE31S1, $18iA97F 1.00] Eo
week) &2 AMEI 1, FHEES F240] o} JECFACA el drgo] ¢HE, 1.0 olateld el P Aol
2010d PTMI (Provisional Tolerable Monthly Intake, FHEA =tk sl
AAHE R o= AAsIslen® 25 ug/kg bw./

o1 215 (111) = HATE A ol o & T e 1‘?—43154] =2 % (pg/ ke baw./day)
JECFA®) F3 3 A =& 3183 (ug/kg bw./day)
gt | aF 2, 100.10%, 7F=F 98.03%, ' 104.06%5 ), v ¥
AAlmict A 2ol 10, 50 ug/kge skl Blags &l
7l1EE H Hel 24 rad A3} 86~118%°] 35825 A0t (Table 3).
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Table 3. Recovery test using certified reference materials.

Certified = Measured

Ir{r?;f;fir;\i Analyte  value value Rec((o)/:)/)ery
(mg/kg)  (mg/kg)
. As 0049  0.049 + 0.002 100.10
(m%‘olz) cd 161 158 + 0.13 9803
Pb 042 044 + 009 10406

Mess-3 Hg 0.091 0.093 + 0.004 101.70

HA & S35 LE:

Sl f-& WA 550l tigk v, FEE, |, 2 459
Tod et 9 9 ¥ Fig 10 YERgICE A oV mAl
T 559 Tud HUEY 23 i) fke o] 011
mg/kg, =E}2] 0.018 mg/kg, *J°] 0.023 mg/kg, 311 0.019
mg/kg, %ol 0.007 mg/kgoZ A FHi 0.035+ 0.042
mg/kg O % UERton, okfo] wAle) w4 Hid, WA
oo ARl AMikE: st glom, ek, o], AfEol=
oL} WstE FAEE ARgStaL QU Al Aol =
A gl o] AR R fFo] WA B4 9] =& o
= iR Ao 93t Zow dkEATh (Ha er al, 1990;
Demirba., 2000). 7F=# ¥5°] 0.003 mg/kg, “FH 0.014
mg/kg, “¥°] 0.002 mg/kg, 331 0.052 mg/kg, Al&E<] 0.012

(a) 500

400 4 °
300 4
200

100 A

As Concentration (ug/kg)

Agaricus bisporus -
Lentinus edodes
Pleurotus eryngii -

Pleurotus osteratus
Flammulina velutipes

mushrooms

(C) 300

250 4 .

200

150 4

100 +

Pb Concentration (ug/kg)

-
-

Agaricus bisporus -
Pleurotus osteratus 4
Flammulina velutipes
Lentinus edodes
Pleurotus eryngii -

mushrooms

mg/kg 2 A H 0.017+0.020 mg/kg o= LERE oM,
Sl = BT © Tu5 712 A A o] wieel
7IEA 2 A = gAY, EUZISE (0.2 mg/kg) 2
7et AgrRax e} ulwshd B AT o HARe] B s
T AR ZAREITHAE OIS A,
2010). H 9F50] 0.029 mg/kg, =E}2] 0.044 mg/kg, “Hol
0.030 mg/kg, 311 0.054 mg/kg, A&°] 0.057 mg/kg o=
%A 3 0.043+0.013 mg/kg O FARE O, EUZIH0.3
mg/kg) tH] 71 23t BAEE 1910, 422 k0] 0.011
mg/kg, =Ft2] 0.003 mg/kg, *¥°] 0.001 mg/kg, EiL 0.004
mg/kg, %ol 0.001 mg/kgl @ A S 0.004+0.004
mg/kg® FAMEIGILE BHAY A9 B Aol A &
W} obd AEAEE 7)F0 2 ZARBINY] wlite] 1% e
To% TR vk 2jolr) Qlont, # ol AR MAH
5% A BE ST fARE $AE BATHKIm et al,
2009, AFelekaebds ATtEIIA, 2010).

BIAE 580 Tud FEe] BERK AR WA 2 o
B S ARletaL oS 3] S18l AT (Box Plot)
= glsilon, ARl ke ofiuat i Al 1
ARESSE, BARESITE dERe AR A ARl
TUFk (median) 22 YERNSIT} (Fig. 1).

(b) 250

200
150 1

100 4

Cd Concentration (ug/kg)
[ ]

t
i
t
{

Agaricus bisporus 1
Pleurotus osteratus -
Flammulina velutipes -
Lentinus edodes -
Pleurotus eryngii 4

mushrooms

(d) 50

Hg Concentration (ug/kg)
N
5

&
t
X
t

Agaricus bisporus
Pleurotus osteratus
Flammulina velutipes
Lentinus edodes
Pleurotus eryngii

mushrooms

Fig. 1. Box plot of As (a), Cd (b), Pb (c) and Hg (d) levels in five edible mushrooms
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Hazard Index (x107%)
-

Mean  95th  Mean  95th Mean  95th Mean  95th  Mean  95th
As cd Pb Hg  Combined heavy metal

Fig. 2. Hazard index for As, Cd, Pb and Hg
in edible mushrooms for general population
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X gHE dysiglon, ot FETE7} log-normal
distribution &Ejel 23st Ao Yepsith sk A
ol AEe] &% F42 monte-carlo simulationd}olA]
100,000%! simulations &8to] FAHY wEY B7h=
19 Fat AFE SiFE a9d AFRE wesisle
o (Table 4), A= HFTFE Bt 2olAdF el ot
I wAF I8 wEFFOE o] Rl
59 1Y A =FY AEE IR Table 58 Ltk

WAL 5l thgh 1Y A wE23s 7k A3, va
o] 739 H¢ 0.06x10°~0.71x10° 1g/kg b.w./day, 7H=F
2 H 0.02x10°~0.67x10° pg/kg b.w./day, W Hit
0.20x10°~0.69x10" 1g/kg b.w./day % LEEOM, &8
0.05x10*~0.08x10° 1g/kg b.w./day 2 A2 S vpepsitt.
Fa5e eF 7105 Slahd B3 HA> ek wAl-ok
Fol MAl oM, MAR 5% F Hh Ed 7|ojnst
2 WS Fpol>Ra WA, EES HalEk #A,
e mrRl> R B, 528 Aol> e WA sow
HERten, BE ATHIAS B wE5E0] FAM
B7FE QT (AlF2eREeHAA A HAA, 2010).
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Table 4. The average body weight and intake rate of mushrooms for each age population (ZH177% %A}, 2008)

Average Mushrooms (g)

Category Classification body weight  Agaricus Pleurotus ~ Flammulina Lentinus Pleurotus
(kg) bisporus ostreatus velutipes edodes eryngii

General General 55.01 0.38+0.03 1.52+0.10 0.41+0.04 0.69+0.04 0.47+0.05
<2 12.39 0.20+0.07 0.87+0.26 0.22+0.10 0.31+0.09 0.28+0.13

3~6 19.38 0.44+0.10 0.80+0.14 0.17+0.06 0.30+0.06 0.30+0.14

Age 7~12 36.65 0.70+0.11 1.23+0.20 0.31+0.08 0.65+0.09 0.38+0.08
(year) 13~19 58.56 1.64+0.25 1.10+0.30 0.47+0.17 1.23+0.15 0.47+0.13
20~64 63.07 0.25+0.03 1.81+0.15 0.47+0.05 0.78+0.06 0.61+0.09

>65 57.38 0.04+0.02 1.36+0.33 0.40+0.13 0.37+0.09 0.20+0.05

Table 5. Estimated exposure for As, Cd, Pb and Hg of the Korean overall population

Food intake

Exposure of arsenic Exposure of cadmium Exposure of lead Exposure of mercury

(g/day) (u8/kg bw./day)  (1g/kg bw./day)  (ug/kg b.w./day) (ug/kg b.w./day)
Sample th th th th th
95 95 95 95
Mean . Mean . Mean . Mean . Mean .
percentile percentile percentile percentile percentile
2‘3"”'”5 04 00  071x10° 154x10° 002107 0.03x10° 0.20x10° 0.51x10° 0.08<10° 0.20x10°
ISPOIrus
Pleurotus 155 01 051x10° 132¢10° 041x10° 117x10° 135107 463x10° 0.0810° 029x10°
ostreatus

Hammulina ) 4
velutipes

Lentinus
edodes 0.69 0.04

Pleurotus /7 5
erI]gII

0.17x10° 0.34x10° 0.02x10°  0.04x10°
0.24x10° 0.67x10° 0.67x10°

0.06x10% 0.17x10° 0.09x10° 0.28x10°

0.23x10° 0.58x10° 0.01x10° 0.02x10°
1.74x10°  0.69x10° 1.85x10° 0.05x10° 0.10x10°

0.45x10°  1.47x10° 0.05x10* 0.01x107

PTWI (%) 0.003 0.008

0.14 0.37 0.08 0.25 0.04 0.11

PTWI : Provisional Tolerable Weekly Intake
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ZAFE WA 5%l tiste]l PTWI (Pb), PTMI (Cd),  (¢) '
PTDI (As, Hg)o} vl B7kst A% S35 A4l F704
A AT F vlA 0.003%, 7FEF 0.14%, @ 0.08%, + o
2 0.04%7A 1% w|THe] B X2 GER)Qom], Sk e
FAloll 8310 B7Ist A3} GA] 1|4 0.008%, 7H=F 0.37%, i,
W 0.25%, & 0.11%2 v S AREE T [
2 olpelA wAlFe faiAS (H) A A%l u
E19 f3EE =2 Aetel JECFACIAN AN g A '
HAFFE FFS 1Hd F, AEaon (Fig 2), MAF :
05 A Aol HeiAE 1.0 olskR b Es Elsksl O T Mn osh M s e osih Men 95k s o5 wen st
O ok AR A9, 0-64] frok Al7]e] BEA %ol oo
71 opdel Q] g AgA R Erhs Havk 9lo
1, ol ofd A7)el Fuo]l kEd A9 e A"l v @ *»
o] wol A% F HARo] 27 Wio] AT wEET
A AL =gl ?7%}741 ks Bk Qo (Tsuji et al, _
2004; Zaldivar, 1977; )3 2]FEbA %4 Oﬂ?ﬁﬁ 2010). 2 os
wepd A Fa SHEE WUk A3, WA 5% 1 g
T A AN Bagk 2 =9 Akl 1.0 Zi} A ="
okokom, WAl 59 nih, o, Jl=R, &9 AT = .
BE gajo] ArEe 23k o], 0003 (BFA)-0008 (= -
HF)E RUEE o WAl 55l gigk QA g8 75 A "]
2> %}T_‘Z RORE Jéﬂ'ﬂ 211:}— (Flg~ 3). 0.0 -
S L N e s
@ v M coricns iporis e
[ Pleurotus ostreatus
‘1 T Lentms et
~ B Pleurotus eryngii
jE ' Fig. 3. Comparison of hazard index in edible mushrooms
R in each age category
%
Ny A wEY Yh dA BE e A wefs)
ol o] o]Fo])7] wiie] AAZ T Fote] A7t dofupl=
et T e e e 315 Zlo] AMdou Algte] 1S H9T = Ql HAEo|
tiek <k g Srlol Hole) %E— letsio] B715}
® oo} s} (Choi et a] 2002). 1913 95th percenﬁlefl

Cd Hazard Index (x107)

_QDDEQM

Mean  95th  Mean 95th  Mean 95th Mean 95th  Mean 95th Mean  95th
<2 3-6 7-12 13-19 20-64 >65

Age

W Agaricus bisporus
[ Pleurotus ostreatus
B Flammulina velutipes
[ Lentinus edodes
B Pleurotus eryngii

A= v 7 HWE 5% Aﬁ 017x10 3~0.15x107,
7}5%5’— 0.03x10°~0.17x107, & 0.51x10°~0.18x10%, &
& 0.01x10°~0.29x10° 1 E72 A¢-olw HAFY] 9
oHZ]#% 1.0 oJ3}& QHAE 207 Uitk A5 93|
A5 4] Fig. 30ll4] B vkel o] gfpob ol 4
W el 7P A vERg o Ao w o el 4
iass 7HB—§ Tase] uigk A8 F7F Al wEge] BTt
A AsiAF7E 9Al vehdes A9t Sl BE
Chat] thls AEelA ZYERste] fEiA5E
& Fol= YelXG7t .08 A4 Uepd 5= 9lom
A% AF e digt Jeide dxd & ol ¢
o

A7F itk (Zheng et al, 2008).
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Ty Agellde WA s B7F Al AR,
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1 ATelA = MR 5ol st &
Hg)dl 3 ARt 584 s
A H7ke Fselch wAdYe] gk a8y Aes
Qet] TFEATEAS T8 A 98.03~104.06%2] 34
52 ATE A Y] HAF 55 7F F5T 3054 B
e A}, nae] HEE- 0.035 mg/kg, 7FEFS
0.017 mg/kg, == 0.043 mg/kg, T2 0.004 mg/kgl
2 7o) A Ee] ol Fel disixlis EU 71 (Cd 0.2
mg/kg, Pb 0.3 mg/kg) ] K5 71 o]atgitt. BAlF
T TuH wE 7957 2 WAS Bi>ER> 4SO
wolgloH, MAR 5% B flaA B7F A3 flEiAg 1.0
ofst flaliol gl Aoz FrIEHGIt vA, JlEH, |,
Toe B el flEiAlrE A4S Ay dnikele] A
$-0.003, 7A1FT1 749 0.008% 1A SlaiAdo] fl= Ao
= EIEGoH, BE AF F s mEEel dd HAF
o] 71=E FRkeh 2olE Fdt ehdell= EAIF Sl A
o7 et

A 2
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