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Risk Assessment of Lead and Cadmium through Mushrooms

Hoon Choi, Sung-Kug Park, Bum-Noh Lee, and Meehye Kim*
Food Contaminants Divisions, Food Safety Evaluation Department, Korea Food and Drug Administration

Abstract The present study was carried out in order to assess the dietary exposure as well as the risk for lead (Pb) and
cadmium (Cd) exposure through mushrooms among the Korean population. Various samples (n=536) covering 17 kinds
of mushrooms were collected from retail outlets and markets in Korea. The contents of Pb were 0.005 (King oyster)-0.026
(Matsutake) mg/kg in raw mushrooms and 0.014 (Oyster)-16.411 (Manna lichen) mg/kg in dry mushrooms, respectively.
The contents of Cd were 0.002 (Enoki)-0.205 (Hericium erinaciium) mg/kg in raw mushrooms and 0.021 (Vegetable
worms)-2.650 (Agaricus blazei Muill) mg/kg in dry mushrooms, respectively. The mean dietary exposure of Pb for the
general population was 0.053 pg/day, taking 0.03% of provisional tolerable weekly intake (PTWI). The mean dietary
exposure of Cd for the general population was 0.168 pg/day, corresponding to 0.37% of provisional tolerable monthly
intake (PTMI). Therefore, the level of the overall dietary exposure to heavy metals through mushroom for the Korean
population was far below the recommended JECFA levels, indicating little possibility of concern.
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H, #70s FAEE SN WA 178 53602 AT,

NEETESY

B ATo] AT RE Ake EFARS TS AHEHA
3, SFSE Milli-Q ultrapure water purification system(Millipore
Co., Billerica, MA, USA)?ll 9Jsf 182 MO o2 A€ 5
FTE ARt S5 25 A28 24820 Multi-
Element Calibration Standrad 3(PerkinElmer, CT, USA) 10 mg/kg
AEL ARSI o™, vl 4 Al working solution 1,000, 100 g/
kg WHEo] AME-E T Working solution A1 A 0.5% ZXHvA)
I FHTFE ARSI AR AEHE A8 AR nitric
acid(70% purity, Dong Woo Fine Chem. Co. Ltd, Iksan, Korea)
3} hydrogen peroxide(purity 30%, Dong Woo Fine Chem. Co.
Ltd., Iksan, Korea)= electronic gradeE T3l ARSI T 3
TE& 55 IIY] At ASHFEZ(CRM, Certified Reference
Materials)Z+ National Institute of Standard and Technol-
ogy(NIST, Gaithersburg, MD, USA)2] AlF32] EZ(NIST 1570a)
£ TYste] ARgsisith AR AA A AREE A8 10%
Aokl 2447 JAGE F 33} SHRFE M| AxF v AR

4
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4EHE 53l 500g oFE HAT & wRi7|E ol &ste] #ES)
AA ABE st #dskE AlE= 27 PE packell ot
A AR WE Basilth AREEE 05g e AR 295
Adg7lel e F 70% FAF TmLE F7Esl 1A7HEQE o n)
Bzl 3 30% FAEEA 1 mLE F7FSEAL microwave X
(ETHOS, Milestone, Italy)® 2|3} tH(Table 1). w3lE vzl
T E3|Y-& Heat Block H](ED16, LabTech, MA, USA)E ©]
£31ed 1200CoIM 4XZF FQF FEAIZTE A F 0.5% 2
b0 F AZXES 79 20g AEY AF 40g0E B0 AlY
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Table 1. Operating condition of microwave instrument

Step Time (min) Power (W) 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. Instrumental condition of ICP/MS
RF power 1500 W
Nebulizer 1.0 L/min
Auxillary 1.5 L/min
Plasma 19 L/min
Lens voltage CAY%

Ion monitored (m/z) Pb207,Cd 111, As 75

Table 3. LOD and LOQ of Pb and Cd analysis

Metal Food LOD (ng/kg) LOQ (ng/kg)
b Dried 0.12 0.41
Wet 0.06 0.20
Dried 1.60 5.34
Cd
Wet 0.80 2.67

LA o 2 ALl 2™, inductively coupled plasma-mass spec-
trometry(ICP-MS, ELAN 6100 DRC II, PerkinElmer, Waltham,
MA, USA)E |83t FTus dds SHAtHTable 2).

=M HE

Z23H(LOD, Limit of Detection)2} 7 #3HA|(LOQ, Limit of
Quantitation)= 3s7} 10s FollA AR 8Tt 348 A8 &+
AR FHE EFENE Hrlske B H JISEFEES °
L3 W g FAYP3INY. 25 A58 H7PHS fortification
level> 20 ug/kg(low level), 200 pg/kg(high level) & o2 3
HHE AAISEA T CRMS Alax] EZ(NIST 15702y ARS-3H
o} 2F4d gk W 020 mgke, 7H=F 2.89+0.07 mgkg, Hl
4 0.068+0.012 mg/kg, S~ 0.0300.003 mg/kgo] AT

HAR MFZE Q5 S35 2lolid ®It

& AeA E4AA7E HEDA PIRH<LOD)K! A-9= BT
<60%01%17] Wl B2 A3= middle bound(MB, LOD/2)C.
2 AYATHT). T55 38% 7= A% 24 (deterministic) W
2wt Fgatgon, AEd Bd F55 FF e AREst
Atk AF AFATE A AR wket =R
YA 471 22pd =008y ARE 85132 (6), YA
F25H SAXZZ a9 SAS(ver 9.1.3 Service pack 4, SAS
Institute Inc., USA)E ARE-3te] WAH HHAZE AEsisich &
AN ARG 17352 WAl 5 g dH3% A7)
FARIo 2 AFAHTF ZAIA FEEe] e wAlY AS f
A WAl dH " T dHSthe 7St =E29UE Fest
ATh FFIE, FEHUA, AL Adxuslelm ok Ale]
B2 A8 AHEe R st =Rl R, o)<
WA AZHA B ol AWACE FEHER AR #E
WA HHAFCE 73Sl ol Fe s R=EPoRER
E] JECFA®A A|A]3t provisional tolerable weekly intake(PTWI,
A4 F7Hd %31 8-%F) T provisional tolerable monthly intake
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*@z JHZ feEle WARe § &2 EU 71549 03 mg/
kg(=ERIHAL, FFolAl, Tl sshrTh wg- W 5
o). F5E 3 Jé&ﬂ%hc 25 0.05 mgkg olstied, &
oAl A 0.026 mgkgo 2 HtIZhS HITHTable 4). ?4_‘%}243
2 WAL g SAERT $345 dEko] Erha 484 e,

ol TEES AR Y & e 5ol WysE 7t
AL S origith WAl FHRER YESo|HLR st F
T FH g0l AolsAnt 01‘11 ZAtA AEE wxle] g 3
o FFol| TEQle] I FFolM HEEAT FH, 2004
W 2ok B A m}ecﬁ(g), g Hggao]l ekl 0.230 mg/

kg, 2 _E}a 0.024 mg/kg, 0] 0.048 mg/kg, *Ho] 0.061 mg/
kg, ¥ 0.106 mgkg, %°] 0.201 mgkgolANL™, Cocci S(9)
oAl W ko] A 125 mgkegl® WIS Tl wiet
A, ol ZALIA FU 75 F9 A WAFe o e g &
Holld HyE FFHT) B 3090t AXYHZE fEEe
AR P HAgEe AoluAle AQEtrE BF 1 mgkg
o] tK(Table 5). AolMAY] Ha o T=FS 164 mgkgel L
w ZHAFTEFS 11.0mgkgl 2 thE AZWAl vis)] 433 =
& 5 o} 3, Aol A (Manna lichen, Umbilicaria escu-

Table 4. Pb and Cd concentration in raw mushrooms
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Fig 1. Recovery test for Pb and Cd analysis.
lentaye QA T ShtR AFEA AN AN S5 dElEi

DA BE7sPd FF(fungi)’t oFd A F(mycobiont)?} ZF(pho-
tobiont)2] FAYAQ A 2] F(lichena)Z EFETH AolHAle o
717k Ake] upelell EojA Agks FAA «1(‘“ RitOEHE Sol%
o=z o WAl vjg] | o] w2 Zlo® FHHEn Ax
HE f5ue WAl T =8, 2 =8, £3, 50|, Fol
Fgdol], vrbe Ml *§%ﬁEﬂi¢ SELYT o A A
AT eHER, § 3 AE7ITes FEEy it
& A oF 6100 71 W Tl FHaEglon], sl 0.02

gl RO R B 0.1 mgkg mIWOIATh 4, 49X, ¥, &
Fokx, 75, AMAY] & 13RS 0.052-0.100 mg/kgel
th ol WAl F 4, IA, AE, SFekRe A2 A
ul—r/)—i O]"‘ZHHHE uLo] A(EA]—E]]_ glg_ , T2 ol 21—7]—1:!{/‘40
AAANHE FEEIL Utk o]E WA ElIHA
dAgel =7] Wil & ol AiA °
b AEHAAYE HASFE ¢ & =
SFAATE. 200413 20FY B Ao WEWHER), @ HHEo] Ho
0452 meke, ’F8 0568 mgkg, DA 0.166 mgkeg, 217 0.131
mgkg, 532 0316 mgke, & 0.376 mgkg, 21°] 9.976 mg/
kgolRaL, o8] F3oAM o ke melg] 71X 0.01-27.7 mgkg
(10-19), F°] 29.5 mg/kg(15), & =] A= 1.1-27.3 mgke(15,

o oX A

vkr

o
L

Raw mushroom Number of sample Concentration (mg/kg)
Pb Cd

Oyster 74 0.008 (n.d.”-0.048) 0.048 (0.007-0.163 )
King oyster 69 0.005 (n.d.-0.062) 0.014 (0.004-0.040)
Button 54 0.020 (n.d.-0.049) 0.004 (0.001-0.013 )
Enoki 71 0.014 (n.d.-0.069) 0.002 (n.d.-0.016)

Shiitake 39 0.011 (n.d.-0.031) 0.078 (0.008-0.261)
Tree ear 7 0.019 (0.004-0.044) 0.005 (0.001-0.009)
Matsutake 8 0.026 (0.001-0.109) 0.049 (0.015-0.112)
Hericium erinaciium 4 0.015 (n.d.-0.036) 0.205 (0.046-0.373)
Beech mushroom 19 0.008 (n.d.-0.027) 0.052 (0.012-0.093)
Pleurotus feulae 9 0.006 (n.d.-0.020) 0.041 (0.023-0.142)

Yn.d., not detected
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Table 5. Pb and Cd concentration in dried mushrooms
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Concentration (mg/kg)

Pb

Cd

0.014 (n.d2-0.027)
0.001 (n.d.-0.003)
0.019 (0.009-0.033)
0.003 (0.001-0.004)
0.070 (0.001-0.635)
0.007 (0.0001-0.062)
0251 (0.027-1.308)
0.019 (0.002-0.096)
0.124 (0.096-0.150)
0.018 (0.016-0.021)
0.057 (0.004-0.313)
0.052 (n.d.-0.271)
0.066 (0.021-0.088)
0.100 (n.d.-0.220)
0.716 (0.210-1.191)
0.031 (n.d.-0.079)
0.004 (n.d.-0.011)
0.081 (0.016-0.192)
0.011 (0.002-0.027)

0.123 (0.024-0.223)
0.013 (0.003-0.023)
0.136 (0.049-0.235)
0.019 (0.007-0.033)
0.411 (0.093-1.277)
0.042 (0.009-0.134)
0.069 (0.038-0.126)
0.005 (0.003-0.009)
0.419 (0.268-0.734)
0.062 (0.039-0.104)
0.146 (0.076-0.360)
0.109 (0.012-0.278)
2.650 (0.795-4.179)
0.021 (0.010-0.041)
0.357 (0.188-0.662)
0.095 (0.017-0.195)
0.012 (0.002-0.025)
0.383 (0.356-0.415)
0.053 (0.050-0.059)

Dried mushroom N
Oysty 2
yster Convert"
Ki v 3
1ng oyster Convert
Shiitake 52
Convert
Tree ear 29
Convert
Matsutake 4
Convert
Sanghwang 18
Lingshi 19
Agaricus blazei Muill 5
Vegetable worms 10
Turkey tail 10
Hericium erinaciium 6
Convert
Beech mushroom 3
Convert
Fuscoporia obliqua 10
Manna lichen 11

16.411 (11.023-19.164)

0.061 (0.005-0.293) 0.052 (0.008-0.124)

0.253 (0.123-0.318)

"Convertion of Pb and Cd content of mushroom, dried into that of raw mushroom.

In.d, not detected

18), %ol ZAZR 0.28-6.90 mgkg(10-13,16,18,20,21), T Al
0.92-1.12 mg/kg(10,19), 0] AZ 529 mgke(10), FAHA 0.17-
3.90 mg/kg(14,22), M 0.90 mgkg23), =FFIo] 24.0 mg/
kg(15) oItk webA, o ZAllA Az wAlFe 3 e
B} 233 fARSE ol

HAR & FIEE &

AELUR F5ET HARY 7I=F H48E2S EU 7154
21 0.2 mgkg(=EFRIHA, FFolial, EaAld sshrt) whe
FFoTh FEEE AR Z vk, YFol, Fol, oy
Ao t=g Hadel 0.002-0.014 mgkgo 2 FHayo] 7P o
S IFCINL, =B, 83, Fol, T, ofMAle Wi
©] 0.041-0.078 mgkgo &2 FrFo] F7Ee|dnh =g Ho] H
A 7% Jl=g e B 0205 mgkglS 2 AN 0373
mgkg® 2 THE WAl H|a] FHFo] =UTH(Table 4). =Fgtde]
WAL 7 F9F FgmAle R AAAH] FEEHY skou), F
2 Au7)E HERE JAFANL s 802 E {EEHIL
Ack. =RFPo] HAL mixE T FEE 22 e £
G A& AREsh WA e SAAE S AiETQ).
webs, =gl MAle] Fl=g RS wix|el] o3k zlo|rTh
% BolAd 93t Roz waHnt 3, EU 7EAE 239
A= B 3970 T 1IAEAAFT U] 3%)S2 Ykl
o, BN B FI=F TS 0.078 mgkgel ATE 2004
oFY WaAol| WEW (), JF=E Wi ko] =elE] 0.010 my
kg, & =E}E] 0.009 mgke, ¥Ee] 0.001 mgke, *Fol 0.001 mg/
kg, 32 0.065 mghkg, $°] 0.031 mg/kgolR2™, Cocci 5(9),
FRolmAle FI=E S Hd 1.00 mgkegS 2 HISISITE )
ZA, =d /% T A AR JI=F FHe B BdRG

> fo o fr

FARIAY we otk AzFHZE fEEE wAFe 7t
TE B AR
& 0795 mgkge 2 THE WAl Hla| Fds] 2 FEolUrh
HA FRER F55 FHE0] Holsi, 53] 7

Agaricus?} Russula 7152 MAA 5Fo] =rhal g&A ot
(24). Agaricus A AHM A (Agaricus blazei Muilly> H3, I
A a3 Al 5 ST AREE o8-S wiRelA] 2l
A=y vt s 1S F2 o838l it Yol
A FE olAHE HA F& o &g wiRoA AujE7] W&l
Bl =g o] B2 AL T SolAd ot Aoz
SEThl). ARSHE G5 WA T =Ee, & e,
o], Fo], =Fgdo], Wie HAe AEFHEE F5H
AF A AEFHE 2EHER, JleF S AeTEeR
R B A o 7140 THEF = E el AEA
H, B=71F0RE 7t=E Aol 0.1 mgkg VINh HohgE
FEIHAL] 0.134 mg/kg] S tH(Table 5). wEhA], o1& AZH
o] Jl=F FHE AETIEeR SRS R8T Ay BF
U 71211 0.2 mgkg HIFto|qith. F2 F&HA R AFH w0
< A8, GA, TFE, 75, 2L Aol Jt=g e
S 0.021-0.357 mgkgel Ao, FEHA 11S ALty BT
Smgkg HTeIATE ol AZFE! WA, Sl Jt
ZE T AR W FEelTE 20049 219FY HAIA
of WEH(8), 7I=F He FFo] Fol 0.031 mgke, 3 0.558
mg/kg, G 0.047 mgkg, 217 4279 mghkg, $E3Z 0.020 mg/
kg, T2 0.254 mg/kg, A3°] 0.169 mg/kgolL, 2] E3A 7}
TE e e Az E3E-11.20 mgkg(10-19,25), &l
AZE 210 mgkg(15), & =g AxoA 0.21-1.90 mgkg(15,

Bel fH > IE of

i)

fo lo oy K K

A

pond

™
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Table 6. Daily dietary exposure and risk of Pb and Cd by mushroom intake

Food intake

Daily intake (pg/day)

% PTWI of Pb % PTMI of Cd
Mushrooms (g/day) Pb Cd

Mean P95 Mean P95 Mean P95 Mean P95 Mean P95

Oyster 1.5 42 0.012 0.032 0.072 0.02 0.01 0.200 0.16 0.44
King oyster 0.5 0 0.002 0 0.006 0 0.001 0 0.01 0
Button 04 0 0.007 0 0.001 0 0.004 0 0.003 0
Enoki 04 0.006 0 0.001 0 0.003 0 0.002 0

Shiitake 0.7 3.8 0.008 0.042 0.054 0.02 0.004 0.295 0.12 0.64
Shiitake, dried 0.05 0 0.003 0 0.019 0 0.002 0 0.04 0
Tree ear 0.01 0 1.0x10"* 0 2.8x10% 0 5.2x10° 0 6.2x10° 0
Tree ear, dried 0.02 0 0.004 0 0.001 0 0.002 0 0.002 0
Matsutake 0.02 0 0.001 0 0.001 0 2.6x10* 0 0.002 0
Sanghwang 0.004 0 2.0x10* 0 0.001 0 1.0x10"* 0 0.001 0
Lingshi 0.004 0 1.8x10% 0 3.8x10* 0 9.2x107% 0 0.001 0
Agaricus blazei Muill 0.004 0 2.3x10" 0 0.009 0 1.2x10%* 0 0.02 0
Vegetable worms 0.004 0 3.5x10% 0 7.4x10° 0 1.8x10%* 0 1.6x10* 0
Turkey tail 0.004 0 0.003 0 0.001 0 0.001 0 0.003 0
Hericium erinaciium 0.002 0 2.3x10° 0 3.1x10™ 0 1.2x10° 0 0.001 0
Beech mushroom 0.002 0 1.1x10° 0 7.9x10° 0 5.8x10° 0 1.7x10* 0
Pleurotus ferulae 0.002 0 8.8x10° 0 6.2x10° 0 4.5x10° 0 1.3x10"* 0
Fuscoporia obliqua 0.004 0 2.1x10* 0 1.8x10™ 0 1.1x10* 0 4.0x10* 0
Manna lichen 0.0004 0 0.007 0 1.0x10™ 0 0.003 0 2.2x10* 0
Sum - - 0.053 - 0.168 - 0.03 - 0.37 -

Vegetable

worms
1%

Shiitake, d
6%

Fig 2. Contribution ratio of dietary exposure to Pb by mushroom intake.

18), AFo] AxE E7E-3.50 mgkg(10-13,16,18,20,21,25,26), 3%
Al AzE BA5-0.21 mgkg(10,19), $0] AZE EA%(19),
FRHAL 0.08-0.30 mgrkg(14,22), T-2H A 0.50 mgkg(23), =
FFolMAlS 152 mgkg(15)282 B EJTH wlehA, o] =
AFEL =Y 8 1R WAlRe 7t=E RS EF )19 fALS)
Ay ge 5ot

HAF dH0 OE S35 flsiy Bot
H &Y A 6=

B delld 2AR 17 5 wARE X Ee AR T

2ated HF 19 F5O dig wAF AFHE A @ =287
£ FYsIth =28 7F Ao, =AY 739 0.012 pg P
day® 71 B3 L OhF o2 XAl 0.008 pg Pb/daye] 22
w UHXE 25 0.01 ug Pb/day Ptk W Ha o] 7t
= MojmAle] 749 A AT Hat dLHFFHFol
0.0004 g/day= AHFHZ A3 F =EHFL E2 5o 24
o, A AR HHAZ Qg f2ivet duk=rle] | =&
€ 0.053 pg Pb/day°]tKTable 6). 3+, AA A7 I+
(POSYFALE] A(6), =ERRIHAT EaAl HAZ % ==
2o 77} 0,032, 0.042 ug Pb/dayS 2 PTWI thH] 0.02% F=°



Matsutake
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Tree ear, dried

1%

Shiit;

Enoki, 1%

& {lslld 37t 671

King oyster
4%

Button, 1%

Fig 3. Contribution ratio of dietary exposure to Cd by mushroom intake.

2 okth U] WAl A STPosydFEel 001971 =
EHS AET F UAHe). M FEE F =27]14E8S A
B, “elWAle] 22%, o]l B Aol ZHE 14%01 S
w Fol, Aol ZH} 11%, 12%CIAth FoHAR] e, &
LEeR, o], o], TamA o] A <F 65%E AT
Fig. 2). =230 W& Yel=e =&7]|980] =2 e, %
Aol ZkzE PTWI thH] 0.01, 0.004%°]9oH YHA|s 2%
PTWI ™8] 0.005% v]Rko]ich o7, AA AR HdFH=
13w YalEE PTWI the] 0.03%E m¢ we $Fo|9on,
Syl gut FHlo] MAAFHR Q3 & YalrsAe vl v
THTable 6).

IIEE =& ¥ ¢
HA HHZ QA3 7lEF &7 “elRIMAY 49 0072
= I o2 EHA 0.054 pg Cd/day
ol e YmAE ¥ 0.02 ug Pb/day UTIAT SH=g Ha
ol 7P w9k AlEwAle] A ASuAle] HHHo=R vt
At =E2G7E APt on WA ArFe] P ddAd
ol 0.004 g/day= HFHZ Q13 TIEF eF3Fo] W2 2ol
Ak 8740, AA MAF HFAZ A vt g7 F=
2 0.168 pg Cd/day©]ATHTable 6). $HH, A A+H
FPSYHHAS] 7-9-(6), =EFRIHAS B HHAR
%S Z2F 0200, 0295 pg Cd/day= PTMI THH] 0.44,
0.64%= Sokth MAl FE5E JI=F wE7|9&8 AYEH, —
Bl Alo] 43%, TaWAlo] 32%clen & e, ¥ 7
Z, AlEWA Z47E 4, 11, 6%elAth FaMAl e, & =
g, &F&ol, o], FamMe] A o 80%E A sATHFig.
3). =& W2 eee =E7]og0] e ek, Tl
o] 242+ PTMI tiH] 0.16, 0.12%°]1R ™ YmA= 2% PTWI
o] 0.05% PIRre R, AR WAFe AHE Qg Fl=F 3
T PTMI t¥] 037%=2 w9 W& FFoll7]d eivet o
HE =Hlo] MAEHE Qg 71=F H3l7FedS SHokth(Table 6).
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