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Pesticides, heavy metals, radioactive substances, and ash of
Poria cocos distributed in Korea

Eun-Kyoung Jang, Hye-Mi Jang, Chang-Heun Wi, and Seung-Eon Ban*

Jangheung Research Institute for Mushroom industry, Jangheung 59338, Korea

ABSTRACT: The purpose of this study is to provide basic data on the safety of Poria cocos, a major Korean herbal medicine, and
to establish tolerance levels for hazardous substances. Residual pesticides (321 types), heavy metals (7 types), radioactivity (3
types), and ash content were analyzed in 10 Poria cocos products distributed in Korea (5 domestic and 5 in China). Of the
residual pesticides, cypermethrin was detected at 0.03 mg/kg in one domestic sample and was below the standard value. Of the
heavy metals, the levels of Zn, Pb, Ni, Cu, Hg, and Cr were below the standard values in all samples. Hg was not detected in
any sample. Cd was detected at 0.011 mg/kg in one Chinese sample. The radioactivity concentration was also below the MDA
value in all P cocos samples. The ash content was less than the standard value of 1.0% in all P cocos samples. The findings
indicate that P cocos distributed in Korea is safe. However, because P cocos is always exposed to harmful substances because of
the nature of its cultivation in the soil, it seems necessary to establish systematic management standards for the entire production

stage, such as cultivation, storage, and distribution.
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10t grep & shuoltt. Be vkt AzF 330
o] Eo] AAkE| L YA ArbeFo] B3] 68%(7201 =)
oS ToA YL e A oltk(Yearbook of
Traditional Korea Medicine, 2019).

Hgo prdo]v Al I (Polyporaceae)ol] 43 BiA o]t}
Ale] AL by el 71 s sttt 9F
Rz HH wekd gojg] mepe] H#3S FAT
WA= ge] AAA7E ofd el A
ol -5t

oz} sk A
tH(Yang et al., 2015).

o] 2 AF-S pachymic acidZ TJ3EE|E lanostane
type®] triterpened] SFgHEC|H, 1 FZAQ0 tumulosic
acid, eburicoic acid, dehydropachymis acid, poricoic acid
o] d#HA Atk (Hoang ef al., 2005). L 9@ 717+
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Hatol® QAo 7t Yl ke R ok, XY, Ad,
A4S 7H AL o ARG, ‘_—.%‘70}, HAE &
A, ey 55 RAIEJTH(Yang ef al., 2015; Kim et
al., 2018). HZol= 1A W FE/04 Z3r7 BarE o]
7715 2F 2 s AAIEE AREE AL UTh(Park er
al., 2016).

HH-2 ol 1980t Z2HE JAFA7E Al ZtE
AL 1990 el = o bl SAZAIRE dEde]
oJA 7o S ok AFH B FAel &
th(Jo et al., 2013). B 9] AFA = AL FET &
L @S El] migste] Ajuisle miEAHE 2t v
-8R 42lste] Apfstes ZIWAMH o2 v, of
AR H2oll EEE ZIWA g R ok o SRl ol
oJgh Aiko] Bt wiEAuH-S AubEQl WAl o
= 98 EY & A0 w2 IS vt Ay &
5 73 ol o]Edo] S5 - A= o] 43 ikl
A AstEr= 6h:]-(Chang, 2000).

AW o2 WARE tE FAHE HE Fa5 T
o] E=rly U A < E]-(Chm et al., 2012). T3+ Auj 24
ol B33 B T Fsk] Wil woF Aol
HiA] A gu EGolA HolH7| % gtk HAlS ddds
AZHE QAR frr]Eol &= %— 3
wfj o] 95 SH7ol wIzke Rt ‘”E}
Exo] Aujalr] wiel] LHE E
ere] sk, %T—:“\, WA %O A
o, A -fFeg Follx AFAl, HA 59 sieEd
< AR 7‘1\3 TE Ut FJ
Jsrt GetA ol Fojx L
o] FAstaL 7] W&ol falEEe] ¢ ﬁ/‘é
= ol

b
(o3
o
e
[o
ol
o
N
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oi-Ee] wAle ARl Aldshe st deiA
=(GAP), o|EFA B A =, ASAASA =, FAAEY
FAE(GMO) 59 ke hdaE]Al=] ol qhdst
Al ARE L AR, R g Bl tiEk fell=
A B P AN iRk Ay wElRk Aol

& AN e Sl St B disl ARl
(321F), THH(7F), ¥AFe (3F), Sl F&= A5t

Cultivated Living

ug =
AR ARE 202049 39T 129744 A AG
ol FF F WA 57, FHW 579 B B

S FHst] ARt AlEE AEEAe TAIEAA
2 AAE W, o wet B ¥ Y5 REA(-20°C)sh
AR89 tH(Fig. 1, Table 1).

RS HAt
FHREoRE AEFFHY] TR AW, o ot
3215 AAEIA R B4 248 Table 294 ZTH(MFDS-
Korea food code, 2018). A& 10 g2 polyethylene bottle
o A &sle] acetonitrile 100 mLE #H7F3F & 5,000 rpm
NA 37+ #Askete] st oJdlel] NaCl 15 g&
A7yl 3027 X8 5 3,000 rpmol| A 10—1—71' OJ/‘]
LTt A5 10 mLE 40°CollA 12+ As=

T 20% oMlEe] EFH 4t 4 mLo &35S} SPE—
ﬂorisil(SOO mg/6 mL) phenomenex(Torrance, CA, USA)
o & T 20% oFAIEC] SgE 4t 5 mLol T &

Table 1. Purchase area based on Poria cocos sample

Samples Purchase area

A Gochang, Jeollabuk-do

Origin

Uiseong, Gyeongsangbuk-do
Korea Jangheung, Jeollanam-do
Yeongcheon, Gyeongsangbuk-do

Sancheong, Gyeongsangnam-do

Yeongcheon, Gyeongsangbuk-do
Dongdaemun, Seoul
China Dongdaemun, Seoul

Dongdaemun, Seoul

— = T O m|m g 0O w

Boeun, Chungcheongbuk-do

~ Powder

Inside

Fig. 1. Morphology of Poria cocos in cultivation of Landfill.
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Table 2. Operating conditions of gas chromatograph

Parameters Analytical Conditions
Detector GC-ECD GC-NPD GC-MSD
Inlet split (1:2), 270°C splitless, 250°C splitless, 250°C
1.0 uL injection 1.0 uL injection 1.0 uL injection
Column DB-5 (30 m x 0.25 mm, 0.25 pm) DB-5 (30 m x 0.25 mm, 0.25 pm) ~ DB-5MS (30 m x 0.25 mm, 0.25 um)
Flow rate N, (1.0 mL/min) N, (1.0 mL/min) He (1.5 mL/min)
Rate Temp. Hold Rate Temp. Hold Rate Temp. Hold
(°C/min) (°C) (min) (°C/min) (°C) (min) (°C/min) (°C) (min)
160 1 - 130 1 - 70 1.5
Oven temp. 47 240 4 8 180 1 20 180 1
4 210 3 10 265 1
13 280 20
10 300 8 5 300 4.5
Detector temp. 300°C 300°C 300°C
=3} T} 40°C o3t 23 AdE= & oplE 2 mL microwave digesttETHOS one, Milestone, Bergamo,
o 8814171 T oI FH(PTFE 0.45 pm)ste] AP EAOZ  Italy)e] Befo]i2o] 4=ste] 300400 We] H}stel] 90
PR = w2 =EsT. Wi e SRS ARkl S0 mLE

$47)71 e §71947E  GC-ECD(Agilent 7890B, % T AH80R A1E319IT. ICP-MS (NexION
USA), 7710741 GC-NPD(Agilent 7890B, USA)E A} 3008, Perkin Elmer, Norwalk, CT, USA)E ©]-&3g &4
8ol BAGRT, sl A2H ARE GC- L AETAel TmARZeze AgEAY, o o

MSD(Agilent 5977B, USA)Z 18I TE columneS  ICP-MSoOl| AA 23k AJH{AS FA3F & AP 2 o)
DB-5MS(Restek, Bellefonte, PA, USA)E AR&stitt  2Ae] wbgde, Aghs SAst] H4UL9] 55 +
(Jang et al., 2020). st th(Jang et al., 2020).

S35 Al HAbs A

TEES AEFFTHY Tujo|azgo|By, o wjef o} WAbs S A F34 MiAbs (e ® A2k 2k
&1(Zn), F(Pb), FF=HE(Cd), UANi), T (Cu), 7=  F £471d 93 A1) Ag9, o wat 2e=(Pnet
(Hg), IE(Cr) e AR B4%4L8 Table 33+ 2t Al (PCs, VCs)e] w52 AALBIGH. 248710 A&
(MFDS-Korea food code, 2018). A& 0.5 g& microwave 2 #A4ss & 4SSt AFE HASAT v

vesselol] #slar A2kgN 7mL, IXEFEA 1 mLE H7)bet

Al (8.723E-001 kg)E ZA 3T WAFSS 7hulil g
A, ANE= AAANA THEE AAL F ovessele o

AEE B3l U, s, s el i FEE A
Abelsth. ZwldlEEA] 7] (Gamma-ray  spectrometer)©

=

A=A ZrEAE7] (High Purity Germanium Detector,

M g

Table 3. Operating condition of mineral components by

inductively coupled plasma mass spectrometer HPGe)E FEE&E 60%°1H, 2,300 Vol 2t uff 9
Classification Conditions ]4;] ’E‘éH%(FWHM)*LO:‘ 60Co 1,332.5 keVoﬂ/\i 1.95 keV
Inductively coupled plasma mass ojsfeltt. WAks 5771719] olvA] B S&wgL Tt

Instrument spectrometer (Nexion 300 D, Perkin B e e ! (Korea Research Institute of Standards
Elmer, Norwalk, CT, USA) and Science, Daejeon, KOR)oIA A|2et FEAAS A}

RF Power 1600 Watt L3tk AT 10,0002 2 S743HH 0L, 2~ EH S
Aux. gas Argon, 1.2 L/min Gamma Vision(AMETEK ORTEC, TN, USA) X213
Neb. gas Argon 1.02 L/min < ol&st EHsith. WAbse HAHEFeEE
Pulse stage voltage 900 V (Minimum  Detectable ~ Activity, MDA)E #HZ3Hi
K: 766.49, Ca: 422.67, Na: 589.00, (detection limit, DL)*| &&, NS, APPEEE, S

Wavelength (m/z) Mg: 285.51, Cr: 51.941, Cu: 62.930, b5 ofEle] 2o upe} ALbete] WAse] EA ARE

x4,
Pb: 207.977, Cd: 110.904 %Lé}ﬁ‘:}(Jang et al., 2020).




297 A274 - s - AFE - ukedd

2.71+4.65uB
MDA =
em-Iy-Ts
W’ o es B
e B
m: A 57

FAF sk, o T AR 2eS
712 (J-Fm3, JISICO, Korea)°l
Al ofH] BSIAIZ] TR 550°Ce] 3]st ol Al HA| 7}
smaon HEE oNzh o HSAZAT. s &
200°C2 4131 v EIAAICIE oA skl AR FAo]
gk EERE 3T (%)= HERJATHMFDS-Korea
food code, 2018).

RSt U2 B4

=Ulell fF F< At 57, T=AF 5749 EFofA
ZHECF 3215 AR A SUia 11 (RIS B)elA
Tk 5F AJE9l cypermethrin 0.03 mg/kg®] HEES
cypermethrine <= 2 Yol FHollA MG E, YiF &
o] WAoll AREEL Q= ASA Aol T 1
A oF 59 7HE-8 Al AREV R gt H2
o= cypermethrinS Q1A W W2H|AIe] A2 7%
< Wellshke s EEoR st vk, ohek o
APl A HEE S 55 1719 cypermethrin®]
< AR ANk ZRseF 31871 XI91 0.05 mg/kg ©l
st& LRt

2ok E FANE U3 AFE FETE
A& AL = B#Hol= cypermethrin®] 715X 7}
AR = o] A Skt ok HALR HRkl= 0.05 mg/kg,
Fiol= 5.0mgkg I8tz 7IEX|7F A Eo] AT
T3k FAHES] 2HREOF S8R ot HERE e
oFdole ooFg aAEA S B et IAFEof 518
71EA7F A= AJEd DDT(p,p-DDD, p,p'-DDE,
0,p-DDT ¥ p,p-DDT®] 9) 0.1 ppm, dieldrin 0.01
ppm, BHC(a,B,y ¥ 8-BHCS] %) 0.2 ppm, aldrin 0.01
ppm, endrin 0.01 ppm, sulfur dioxide 30 ppm °©]3}= A
g=o] AAT.

oyl A= AR Bell Wit cypermethrin®] 3tego]
71EA] olstE UEFAAIT A 5(2010)9] A-ollA 5CF,
TEE T2 vl A= AL AT A5 AW
| S2E 7o) 7] "ol Ariztel Azl vk

2

e 24 f3E 5 Aok S8 ¥ m|EFolgt
3 A= ool AEE cypermethrin®] Ay
o] Eqkou} Xt HIEZNE §5H Flolx], Hat-f
S Foll AYAH o=z AHHE AoA e FF FTERA
£ Bl Wk A 7S st HHo] R Ed o

!

AT zHEek gt the AFAFeA e Fol,
o], e, Fx=Ehg, Wol, 3= REde] A=
HA] UL, THAE FoldA R e zhREefe] 7|E
2] olal® AZHJTHKim ef al, 2012; Kim et al.,
2017; Jang et al., 2020).

=4 sk HAM
AT Ao T
ganseldos 24 3% S8/ENE W
5 ppm, H]A 3 ppm, 2 0.2 ppm, 7F=% 0.3 ppm ©|3}
o]

2 AL Yk FEES Al FHHE 2wz
A 3 $e) BEel vl o] 0@ S17F RAES

B3 ABA ol T 759 TEES HAAR A3
E ABAA & He)g A3 o}A(Zn), F(Pb), Y
(Ni), 721(Cu), Z&F(Cr) 59 TE5Fe] AZHUAT 7]
A oletR Ut 7HEE (Cd) S 17104 T

it

En

1
RS EY o mj=3) Auishr] bl o2 mA
s, 5 T AN SeEE el HoF
b &ox EFe] o] AAsAA olEHo]
A3} Aakego] A5t 7] % gtk (Chang,
. (2010)3} Song et al. (2009)S HA A
FEFS A, o]elE Q14 FollA
FE B4, pH, &%, 8 5)o w
fol & YERATIAL ST, B3k Y
TH5 o] ok gHA e
b ol Fu5S aRHoR F78 & de 5ol [t
S THKim et al., 2012). S5 2]
wo] AujeE e 2Ry stshEd
AAA AujAe7F 2o A

N,
=2
>
0,
flo i
5 2 4
g g
Mo =~ =
OdL

BN

off

2

M o,

L fr oox
_ﬁ‘ ‘ —_

Uss 7
A = E
o] QA=A %
Az,

S B digt o2 T4 I AT7elA Kim et
al. (2018) 1171¢] E&& AAMS A3} S, Ca, Fe, Mg,
Zn, P= FEAOE st 3leH, As, Se, Cu, Pb=
0.1 ppm ©]a}e] wlAgt FFO 2 ASHIThL B I13S]
o} S Kim ef al. (2016)2] =fujAbs} F=14F B8] 4
A AFH % S, Ca, Fe, Mg, P& 35202 shialar
A2, As, Se, Cu, Pb, Zn, Cd 0.1 ppm ©]3}2 L}E}
Srhal HAskh ode] A ARE EURE olF7HA|
= Aol FEEE 589 F55 A s 2o
2 ddEo] At v S5 Sl Tzke mAle]

F

1 o2 %0
J}mﬁ—ﬂ}w{
i

o

K

Bt
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Table 4. Analysis of heavy metal content of Poria cocos

Heavy metals (g/kg)

Origin Samples

Zinc Lead Cadmium Nickel Copper Mercury Chrome

A 1.086+0.02 0.033£0.01 - 0.022+0.01 0.871£0.01 - 0.042+0.02

B 0.881+0.01 0.028+0.03 - 0.020+0.05 0.447+0.03 - 0.048+0.03

Korea C 1.407+0.02 0.018+0.01 - 0.037£0.03 1.642+0.04 - 0.076£0.02

D 0.803+0.02 0.019+0.01 - 0.026+0.02 0.510+0.04 - 0.023+0.03

E 1.742+0.00 0.022+0.03 - 0.063£0.02 1.904+0.01 - 0.102+0.01

F 1.712+0.01 0.037+0.03 - 0.052+0.01 1.236+0.01 - 0.281+0.04

G 1.374+0.02 0.041+0.02 - 0.057£0.02 1.373£0.02 - 0.089+0.03

China H 1.333+0.01 0.022+0.01 - 0.113+0.03 1.120+0.03 - 0.355+0.05

I 1.441+0.02 0.025%0.03 0.011+0.01 0.072+0.01 1.725%0.03 - 0.226+0.04

] 1.311+0.02 0.031+0.01 - 0.068+0.01 1.327+0.03 - 0.132+0.01
PP S S S Sl A S8 o) 0F e s Vo buangen,
F& 09l P =E=o) Jonz A, A, 5 5 VCsolME Ea 14, A3 147, 37t 224, Fol 14 &
§L%711°1] et AAFQ #E]7]E] AAol Ba¥ A o] AEFHAUTH(Cho er al., 2018). 53] AHAIRE o] F
o= nelt. R WARET 3, 4, A7t F IPRE olgte]

LAls S5
— (131

£2 ) A% (s, PCs)9l WAPs FEE AR
A BE B Ao MDAZL olate] BHE 2o
2 YRt (Table 5). H’]HEO]] H]E‘(IWC ) & By

= AoR dHAL Jon, sFEE AU HA FAE
Aol EAlet= 2 A2A (K transporter)ﬂ T B

Ao A Al =] = HWEOW Algol AEEATH 55
T EY & XA 77 AulE 7] o] BAalsel
7k eatel] gitk, HE o] wiEAN A ARSEHE EY
of gt WARs AAPE 293 Aoz A7ZtEw, WAl
| 9 FAEA] s AAAC] BUEE #E
7tEgs Aoz Welth

Al Zgol B2 Aol Algs ZEoE A7tete] A 32 &
717] wj&-olg}aL SHCho ef al., 2018). gt opdol A ojorE W oJokE AR ARE &
WAL WAbsS AR T8 AFellA 8% 2047494 Beo| 3 o 71TZ15: 1.0% ©]ak= IAJstal Qltt. 3]
HARE 2ARE 43 Pligl Hose BREE, P B A7, 2R/, A 58 24 Wl 49 e] FH
= 6719 WAl AEHAT. T3 65 80714 HW% 2 A A 2ol H]f‘ﬂﬂ EAL o] EdelA F
e Hoez Aokl FAo| ZFQ3th(Pharmacopeia,
2019).
Table 5. Analysis of radioactivity concentration of Poria cocos Byl Ag2oA] 3B LS AXS A ZUYAe
MDA® (Bq/kg)
Origin Samples = = e, . . .
I Cs Cs Table 6. Ash content of domestic and Chinese poria cocos
A <2.9526E+01 <2.6263E+01 <3.1655E+01 Origin Samples Ash(%)
B <2.06E+001 <1.11E+001 <1.63E+001 A 0.27+0.02
Korea C <1.73E+001 <9.60E+000 <1.46E+001 B 0.33+£0.00
D <9.89E+000 <6.74E+000 <8.53E+000 Korea C 0.31+0.01
E <2.58E+001 <1.02E+001 <1.69E+001 D 0.49+0.02
F <2.8539E+01 <2.3239E+01  <3.1266E+01 E 0.30+0.01
G <2.16E+001 <1.06E+001 <2.00E+001 F 0.16+0.02
China H <1.17E+001 <7.16E+000 <1.01E+001 G 0.14+0.02
I <2.2826E+01 <2.6980E+01 <3.5501E+01 China H 0.27+0.01
] <2.02E+001 <9.60E+000 <1.50E+001 I 0.10+0.01
MDA denoted minimum detectable activity ] 0.35+0.01
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0.10~0.35%, =4 0.27~0.49%= UJER} ZE A5
A g7 1.0%E T WA JERE T (Table 6). 3%
o] Hit e FUAL 0.14%, =4 0.34% = YER}
FUARTE F3bo] tha =] e S BTh

ATE Tl = Fa Al 5RO frafEdel
A st s8T1EA A VxAEE Ay
& o 53 104 WA 53, T
FF(321F), TEEH(TF), A3

ZEEeRe =it 14 OMUP 5 AE< cypermethrin
0.03mg/kgel AZHIJOY 7|FEA] o]Ft=R YERTE.
cypermethrin I 2 Ao FHolA dF WA A
FTAZ AFSE= AEoltt.

ZTF45E HgE A9k Zn, Pb, Ni, Cu, Hg, Cr7} &

A BoA AEZRAN 7154 olst= YET. Cde =
2F 17904 0.011 mgkgo] AEHAT. WS SEe 2
£ AE9A MDAZ: I8tz Yehd EHE 50192

, I FHE BE ABAA 7|EXC 1.0% ©]3tE
4@%@.

olH ZAPA Ao FF U EH ] felE
gk 9Jsl/d2 Pl UERSiTE Ao g WAl
=4 o] wrhal AEA . EHE ES &
sk Al 5474 frsliEd 3
Al A4, 55 5 AAFA Aol gk #]
gz AAAR] del7]E Aol 98 F Zo= Bl

2

>
kr
.
i)
B 2
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