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ABSTRACT - This study investigated the content of heavy metals (Pb, Cd, As, and Hg) and SO, and conducted a
risk assessment of 1,340 samples of 60 herbs used for food and medicine in Seoul between 2019 and 2023. The analysis
was performed using inductively coupled plasma mass spectrometry (ICP-MS), a mercury analyzer, and the Monier—Wil-
liams method. The mean values and ranges of the heavy metals were as follows: Pb, 0.327 mg/kg (not detectable [ND]—
36.933); Cd, 0.083 mg/kg (ND-1.700); As, 0.075 mg/kg (ND-2.200); and Hg, 0.004 mg/kg (ND—0.047). Pb exceeded the
permissible limit of 36.933 mg/kg in one sample of Poria Sclerotium. Cd exceeded the permissible limit of 1.700 mg/kg
and 0.650 mg/kg in the two samples of Chrysanthemi Zawadskii Herba. The mean and range of SO, was 0.75 mg/kg (ND—
192.00), with two samples of Gastrodiae Rhizoma exceeding the permissible limit at 192.00 mg/kg and 42.00 mg/kg. Pb
was highest in the perithecium (1.377 mg/kg), followed by Cd in the cortex (0.156 mg/kg) and caulis (0.144 mg/kg), As in
leaves (0.149 mg/kg), and Hg in the herba (0.009 mg/kg) and leaves (0.009 mg/kg). SO, was the highest in the rhizomes
(4.12 mg/kg). The Pb, Cd, and Hg levels did not differ significantly between the domestic, Chinese, and imported prod-
ucts; however, As and SO, levels were the highest in the Chinese products. As a result of the risk assessment, all the mar-
gins of exposure (MOE) values of Pb, except for Poria Sclerotium, were >1, indicating that most samples were safe. The
hazard index (HI) for Cd, As, and Hg were <100%, indicating a safety level for food and medicine. In addition, the HI for
SO, did not exceed 1 for any of the items, indicating safe levels.

Key words: Herbs for food and medicine, Heavy metals, Sulfur dioxide, Risk assessment
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o, Z2]¥ 5 2F3la 4 (polyphenoloxidase)e] #1342
stod W @e JASeE o= Gl A, of
FE AA WolA mEA Akstso] 84k (M,S0,)
o] ¥, o}gihS frefate] $7H gl E fdstAY, 59
o Wl 2 2 FxjellA 7]#A]
=]

Q)
= RS
715, wx Fo ARG wks S

-1 = v
Tl TS vetstal £ 9 dde dyEs &4l
B bzl tiE Bk B =Ale

Materials and Methods

A8

2019-20231d AP S AEAIZANA fFeEe =
Wit @ Ak AkE g wdikE 6035 1,340 A
Ab e R S AIEAIEE o8 FOEHE TEF
(caulis), =] F(cortex), 3}7(flos), ZH F(fructus), 27
(herba), S 5F(leaves), ¥ F(perithecium), FA}5(semen),
F(radix), =747 (thizome) 5 10712 EFJH?. 55
£ 2FE 457, S FE 6FF 1087, sRE 5F
8071, IAFE 11FE 3027, AxFe 8F5 1437, 4
FE 28E 374, viAlFe 155 297, TARE 685
617, TFHE 13¥5 4037, 2HFE 635 13270]Ath
(Table 1). HAA= 2 71(SMX-M41KP, Shinil, Seoul,
Korea)= A 3late] Aol AME-3IATE.

Jm S el

for ICP/MS (10 pg/mL, Agilent, Santa Clara, CA, USA)E
ARSI, & EFEEL Institute for Reference Materials
and Measurements (IRMM, Geel, Belgium)2] JSEFEE
A (certified reference material, CRM) BCR-277R<S A}-8-3}
Aok AEY 88 HA5E st 52 v SHE
7] <A+ 4 (National Institute of Standard & Technology,
Gaithersburg, MD, USA)¢] Q15 EFEZ(1570a: spinach)}
Skt 3 78 - (Korea Research Institute of Standard
and Science, Daejeon, Korea)e] <15 3% FEZ(CRM 108-
10-011: mushroom, 108-01-004:rice)S AFE-3}1%1 3L, ©]4+3}
32 sodium bisulfate (NaHSO,, Sigma-Aldrich, MO,
USA)E AH&-staiTt.

FTa5E A4S 9lgk A9k nitric acid (HNO,, Wako Pure
Corporation, Osaka, Japan)y2 ARE-3I 3L, 0]4Fs}8ke- ethanol
(EtOH, Fisher Scientific Korea Ltd.,, Seoul, Korea),
hydrochloric acid (HCI, Junsei Chemical Co. Ltd., Kyoto,
Japan), hydrogen peroxide (H,O,, Junsei Chemical Co.
Ltd), methyl red (Sigma-Aldrich), 0.01 mol/L sodium
hydroxide (NaOH, Wako Pure Chemical)S AFE-3ISTH B
Ao AFEE B 2EFAZRAXMIlli-Q EQ 7000 with
RiOs essential 5, Merck, Darmstadt, Germany)Z A|Z¥ 25
TE ARESIIT

=

ol og
Z

1 o

Py
SRk AREAY 34, AJORARY b
Bel met EA s H, TtEE, HlAe
S2uREs ol wet #Ese AR 05 g2 s '
o} 70% HNO, 12mLE %L Microwave Digestion System
(MARS 5 Version 194A01, CEM, Matthews, NC, USA)<>
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Table 1. Classification of herbs for food and medicine used in this study

Parts used N (n)" Sample name

Caulis 2(45) Cinnamomi Ramulus, Mori Ramulus

Cortex 6(108) Acarfthopanaas C’qrtex, C.mnamomz Cortex, Eucommiae Cortex, Kalopanacis Cortex,
Mori Cortex Radicis, Ulmi Cortex

Flos 5(80) Chrysanthemi flos, Lonicerae Flos, Maydis Stigma, Syzygii Flos, Puerariae Flos

Fructus 11302) Actinidiae Fructus, Amomi Fructus, Crataegi Fructus, Corni Fructus, Foeniculi Fructus, Gardeniae
Fructus, Illici Veri Fructus, Lycii Fructus, Schisandrae Fructus, Sophorae Fructus, Rubi Fructus

Herba 8(143) Agastachis Herba, Chrysanthemi Zawadskii Herba, Cirsii Herba, Leonuri Herba, Houttuyniae Herba,
Menthae Herba, Taraxaci Herba, Visci Herba

Leaves 2(37) Nelumbinis Folium, Perillae Folium

Perithecium 1(29) Poria Sclerotium

Semen 6(61) C'uscut'ae Semen, Longan Arillus, Nelumbinis Semen, Raphani Semen, Trigonellae Semen,
Zizyphi Semen
Achyranthis Radix, Adenophorae Radix, Angelicae Gigantis Radix, Asparagi Tuber,

Radix 13(403) Astragali Radix, Araliae Continentalis Radix, Glycyrrhizae Radix et Rhizoma,
Liriopis Tuber, Lithospermi Radix, Paeoniae Radix, Puerariae Radix, Platycodi Radix,
Rehmanniae Radix Preparata

. Acori Graminei Rhizoma, Atractylcxiis Rhizoma Alba, Cnidii Rhizoma, Dioscoreae Rhizoma,
Rhizoma 6(132) . . L .

Gastrodiae Rhizoma, Zingiberis Rhizoma

Total 60(1,340)

" Number of item (Total number of samples analyzed).

2 pajeign. Bal/t Buw Wy, @787 R4S
7bete] SOmLE HEetn o3 F frEAREez} 2
2524 7](ICP-MS, iCAP Q/RQ, Thermo Fisher Scientific,
Waltham, MA, USA)E ©]-&3t 43ttt 22 &4
& AR O S0me2 AEARFUI RHE Fews
71(DMA-80 Direct Mercury Analyzer, Milestone S&T Co.
Ltd., Bergamo, ltaly)E& A}8-3l] A|E& 2202 71
alsted 718kA7] v 2 25710 23, 55k
Ash= 71 71slaoPd 7 (Combustion gold amalgamation
method)> &2 Z7gste] 7 EA 5kt
o| A3}k Ughul=tokd AuEA|EH 34, AFA] S

_H
[N
=
2

" Hm

o] At3}3}t Al o wEl Monier-WilliamsHH .2 v‘f"ﬂ
39tk A2 507 4moll HCI 90mL, 5% EtOH

100 mLE ek Y2 3 dz7)d &8 F+stal &
ATPRE JIAFYHAE EFY] 021 L/min S22 344
ok 1A7E 458 B2t 7FEEE] 3% H,0, £ 30 mLE
w2 g7l =X F, o] 8948 0.01 mol/L NaOH &

Ao g 20x7+ A&k o] H w7kx] A st OMJ
2o we} o|ibsite] S ALkt

o] 2ks}sH(mg/kg) = 320x Vx] i;VXf

(M

V : 0.01 mol/L NaOH®] Z:H|&(mL)
(0.01 mol/L NaOH 1 mL = 320 pg SO,

f: 0.01 mol/L NaOH®] &7}

S A AH ()

AEE 118 HT

ARl tE fEA A5 AEHEIAHI)
TOlokE B AEWY WelElolA shol =21 (2015),0

el 244 (linearity), 7Z ¢l (limit of detection, LOD),
A =7 (limit of quantification, LOQ), 7 €3 (accuracy)
2 AU A (precision)S ZA 3T AHAANL o St=E,
H 4 EF 52899 27105, 1.0, 2.5, 5.0, 10, 25 2
50 pgkg, 52 0.5, 1.0, 2.0 2 5.0 pgkeel HE=E %
Aste] AWHL ZAAsATh A9 ALsAE 7
T8N AR 59 W 5 F2A(0)% 2

S
S8 718700 T, A2 w3 AL, Bt
]

©]4+3}8t sodium bisulfateE 10, 30, 50 ‘%l 100 mg/kgO]
L5 3589 2AS EFEAE o]itstso] HE

Ao =

HA] 2 A8 7t I¢ES ST
LOD = 3.3x6/S 2
LOQ = 10x0/S
c: HHgo] ¥FHAE
S: AEAe] 71&7]



The Content and Risk Assessment of Heavy Metals and Sulfur Dioxide 325
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AHE dAELFE ARG GRALY] AFHATF A=
PR #elE flsl HaAQl B 8l
g AFsef ARy sldA, Y
S A&t FAH ARE FaLste] AT
66.76 kg'¥, =Z7]17ke Ha4rgel 8273198 283}
ol ES BA ¥
£ 365U AXFEATH JFEE, B4 2 29 <)
EE3RP7IEE 717 A9 F A = (provisional tolerable
monthly intake, PTMI), #thd d5]-&-FF(maximum allowable
daily body load, MADL) % 37+ % 847 @ (tolerable
weekly intake, TWI)S 283} o™, A =2QHd 75
tH] Q= (%)= 2 @) 2ol Attt del At
Ax)of| gt 2A7F RFste] AA=EHATES A 83
2] 3L 321 275 BT AT 5930 BMDL, ol 3l
3= 0.63 pg/kg bw/day?e] 54 71E5E ARSSte] 9
a4 A7ES SHlaL, Sl A =E P (MOE),
2 (5) WHo® Fa9en, MOEZL 1 o)deld fl3] &
7Felge] S Ao® Hrtsoitt

38 o Mo kit $2 o 2
2
T
Do
-
;
:
-

= 3
i

-

CxDDxEDxTRxEF

ADD (mg/kg b.w./day) = BWX<AT<CF

£
C (Concentration of heavy metal): Al 52| T54 T (mgkg)
DD (Daily Dose): ¥ U583 (g/day)
ED (Exposure duration): =% 7]7k(year)
TR (Transfer Rate): ©]3E&(%)
EF (Exposure Frequency): =W = (day/year)
BW (Body Weight): %A% (kg)
AT (Averaging Time): 35 (year)
CF (Conversion Factor): ©$]3H:+21 2} (day/year)

ADD

HI (Hazard Index, %)= BGY

x 100 @)

HBGV (Health Based Guidance Value): 13| %=Z<H77]
T(mg/kg b.w./day)

BMDL,,

MOE (Margin of Exposure) = DD

®)

BMDL,,(Benchmark Dose Lower Confidence Limit):
Reference point (mg/kg b.w./day)

ojxtslEte] fsiA H7ke AR F oltEE wxek o

<} =
HAFS v S HIATEE ol 1Y JMA=S

FE T8 F AT A (JECFAy el A7 gt
SO,8| YA & AFeHak(0.7 mgkg)el 10%= U
TR, Sl =7F 1 o]stold f1s] -
Ao= Hrtd & o

" CSixIRi

Dietary Exposure= %" BW

(6)
i-1
CSi (concentration of sulfur dioxide): A &.(i)9] ©]xts}3+
5 (mg/kg)
IRi (Ingestion rate): A &)< 438 (g/day)
BW (Body weight): A5 (kg)

Dietary Exposure
ADI 7F&gkel 10%

HI (Hazard Index) = @)

ADI (Acceptable Daily Intake): 94 #3]-8&%F(mg/kg/day)

A2y

2353 o use) §F Mg 5 BAARE
SPSS 24.0 (Statistical Package for the Social Sciences,
IBM SPSS Inc., Chicago, IL, USA)Z o|&alo] HEAMRA
(One-Way analysis of variance, ANOVA)S A A] 3t}
Duncan’s multiple range test& ©]-83te P<0.05 oA
A& kel BAA frelde Aesa

Results and Discussion

4
14 g F2o] FFEHE At 7zt
o A A A3, FBAFE)E 0.9997-0.9999.0
AL B AEAE 42 0.0011 pg/
kg, 0.0002 pug/kg, 0.0030 pg/kg, 0.0010 pg/kgelRem, 3
g3Al = 2+7F 0.0033 pg/kg, 0.0006 pg/ke, 0.0092 ug/ke,
0.0030 pg/kgel AT A7 AU 3|aa st
THAR HAFEAL, e IFES F 95.1%, Tt=w
91.7%, Bl& 96.9%, 2 99.6% ©lATh T3 AEAHS
otz f1s A RzEdA=E "EAFC VIR 24zt
3.11%, 1.21%, 6.69%, 1.23%% UEFGTH Table2). ©]4Fst
& 35&e oA AUEF(NaHS0,)2 10, 30, 50 2
100 mgkg®] T2 SHT A7t 2+ 76.4%, 85.8%,
86.5%, 89.7%%= Ht 3]FTE&2 84.6%°]ATHTable 3).

il

E5E TS5 Y opg U
F5E 5, 7t=E, A, ) olitske I
< AT A3KTable 4), & S+ HE7 AR (1.486 mgkg),
E3(1.377 mg/kg), T5(1.280 mg/kg), AHH(1.044 mg/kg)
2 9 719(1.024 mgkg) <O 2 =k, 202330 2 |
Aol go] 36.933 mgkgl 2 HEE o] 71FX(5 mg/kg)
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Table 2. Elemental quantities by ICP-MS and mercury analyzer for CRM"

Elements Certified (mg/kg) Measured” (mghkg) — C.vo Recovery LOD” LOQY Linearity
Mean+SD (%) (%) (ng/ke) (ng/ke) R?)
Pb? 0.0049+0.0012 0.0047+0.0001 3.11 95.1 0.0011 0.0033 0.9997
cd® 0.3592:+0.0067 0.32950.0039 121 91.7 0.0002 0.0006 0.9999
As? 0.068+0.012 0.066+0.004 6.69 96.9 0.0030 0.0092 0.9998
Hg? 0.128+0.006 0.127+0.002 1.23 99.6 0.0010 0.0030 0.9999

D Certified reference material.

2 KRISS CRM 108-01-004.

I NIST SRM 1570a.

Y IRMM CRM BCR-277R.

% Measured ICP-MS and mercury analyzer.
% Coefficient of variation.

) Limit of detection.

% Limit of quantitation.

Table 3. Recoveries of sulfur dioxide in herbs for food and medi-
cine

. Measured SO, Recovery
ek (mg/kg) (%)
Mean+S.D.
10 7.6+0.7 76.4+6.7
30 25.7+1.4 85.8+4.5
50 43.34£2.0 86.5+3.9
100 89.7+1.7 89.7+1.7

233 Fl=E 7152 03 T 0.7 mgkg ©l8HAl
,WE AR, &, A, QRS FE, EFY)E 2022

of &% 2740°] Z+z} 1.700 mgkg, 0.650 mgkg A
Hol 7|& S 23, 7tEF HETDOl ¥ F52
H%(0.670 mg/kg), A¥(0.328 mg/kg), A1A1(0.279 mg/kg),
ZH0.217 mg/kg), &23H0.193 mg/kg) 0] Ut} Bl AE
F39(0.510 mg/kg), AFH0.357 mg/kg), 2E(0.264 mgkg),
3] (0.263 mg/kg) 2 23H0.250 mg/kg) =07 =A A
2993, 5 71 (3.0 mgkg) olHAH. £ nE
E50] 7]2(0.2 mg/kg) 18+, 319 (0.015 mg/kg), 25}
(0.014 mg/kg), Z2+3]8K0.013 mg/kg), AIX(0.013 mg/kg)
2 =714(0.012 mgkg) w2l 2 HEHAUY. TF5 318
7S 293 F5S ATEH 5ES AU Bl 7]
Aste] A, o MAlge 2] AREAIL ofd ES
oA P = #qS o]gste] At edE EY, As)
T TORFE AIF AR TS5 ol Y
o)

r 24w

S <t
93, FAEE Kim 599 A7olx] Fshshe] thdAy
woz 71ee] A2 AAs e PR Ak A5
NEBEE

s

b

wele] g v el wet FE45 SEEHE Aok 1
IEA FEE Hd AEF L HAE 9 0.327 mgkg(ND-
B 0.083 mg/kg(ND-1.700), H]4 0.075 mg/kg

=
3
=
=
YA, £ PR AEEA B} MFoE 7
9
7}

ojAtststel HA AEH B W= 0.75 mgkg(ND-
192.00)°] 3L, 20196l Zw} 27104 Z+2} 42,00 mg/ke,
192.00 mg/kg® = ©]4kst8} 715E91 30 mgkgs 23313
th 1 & oliksld AEFo] T2 5 WEAN(17.32 my
kg), AvH9.00 mg/kg), 2F2F(7.22 mg/kg), FE5(2.17 mg/
kg) B F23H(1.99 mgkg) o2 YERoH, dl5y, &
B, AR, BEARAL, AW @7], AR, A9 AEEHA
okt WaAs F(Askhe] & o2 A= (sulfur)
$Hshe Edol xFhEo] glom, Huto] 79 Lee
Bo] Ao A 779 Het FFFO] 108.6 mgkgol RS
, A oM E B HAETFS e FoE K
ATH 20219 AFo|kEbAA 9 AkyE FUANE
A, A4 A3 drb 179014 105.0 mg/kgel AZFANLS
™, 2023 d0l= AFF 171914 160.0 mg/kge] HEH O 7]
T2 ZAIATPO. o|ikste AEHe] v FEES T
Bl Wol AFEVIAE Fol7] sl AxzgelA] A
25

Az} §8 5L ASE AOE Belth

O

B oo o §2

OI:.Q._‘?__I_IOE‘IEH _O_ZI.’:_._JL al OIL]-EI-I} UI‘EFO
o Ho2 © 2 22 O2 =2 7 2 H==2 o=
LQ__'__r]__ _E_rr, ) . %’ _P}é‘:]_l_l_’ qz_'_'_, k=
=] =] == A~
= ]’TI‘E, tﬂ/}i'rre, _j_TrE =i _17:]_”_2 _'ATFEO],? , =5 _J_Jq_ﬁ o]

A
3 Table 59} 24Tt Fol #9183

313 e B9 2
o S WAR(1.377 mgke), 7F=E-2 297(0.156 mg/
ke)2h 557(0.144 mg/kg), HlAE HF(0.149 mgkg)et A
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Table 4. The content of heavy metal and SO, in herbs for food and medicine

No. Main material NV o (I;Ideavy metal (mg/kgLs i (msg(/)l:g)
1 R > 1.486£0.6397 0.27920.082 0.01920.046 0.01320.006 024053
(0.300-2.900)” (0.160-0.485) (ND-0.210) (ND-0.024) (ND*-1.63)
5 Mort ramms ’s 0.156:0.094 0.015+0.020 0.015+0.026 0.002+0.003 0.20£0.45
(ND-0.400) (ND-0.101) (ND-0.100) (ND-0.012) (ND-1.33)
5 Acanthopanacis cores . 1.024+0.794 0.142+0.070 0.084£0.066 0.007£0.006 0.150.52
(0.157-3.000) (0.040-0.289) (ND-0.200) (ND-0.018) (ND-2.73)
A o 9 0.220+0.178 0.328+0.108 0.047+0.054 0.011+0.008 0.03£0.13
(ND-0.653) (0.005-0.515) (ND-0.184) (ND-0.024) (ND-0.64)
S Evcommiae coriex u 1.2800.838 0.105+0.044 0.04840.050 0.008+0.008 0.62+0.96
(0.350-4.027) (0.050-0.230) (ND-0.164) (ND-0.038) (ND-3.60)
. Kelopanacis cotex . 0.130£0.235 0.122:£0.080 0.005+0.007 0.002+0.003 ND
(ND-0.600) (0.040-0.233) (ND-0.016) (ND-0.007) (ND)
, Mort cortes radicis S 0.694+0.653 0.2100.024 0.17740.181 0.005+0.009 0.34+0.76
(0.100-1.780) (ND-0.060) (ND-0.470) (ND-0.020) (ND-1.70)
_ 0.424+0.318 0.017+0.148 0.263£0.394 0.003£0.004 0.25:0.71
8 Ulmi cotex 8
(0.050-0.900) (ND-0.050) (ND-1.200) (ND-0.010) (ND-2.00)
0 Chrysanthem flos s 0.070£0.086 0.217+0.038 0.023+0.032 0.001:£0.001 0.39:0.68
(ND-0.313) (0.143-0.280) (ND-0.121) (ND-0.003) (ND-1.88)
" Lonicerae flos i 0.59240.568 0.1930.060 0.127+0.089 0.005£0.006 1.99+2.36
(ND-1.850) (0.067-0.250) (ND-0.314) (ND-0.020) (ND-8.80)
. Maydis stigma s 0.18520.159 0.018+0.014 0.0380.053 0.006:0.012 1.43£2.22
(ND-0.600) (ND-0.050) (ND-0.185) (ND-0.047) (ND-7.88)
b E— s 0.0180.029 0.007+0.031 0.003£0.006 0.001:£0.001 0.36+0.76
(ND-0.100) (ND-0.154) (ND-0.020) (ND-0.004) (ND-3.03)
" Pucrariae flos . 043240314 0.28320.015 0.25040.207 0.010£0.015 0.97+0.79
(0.200-1.000) (0.010-0.050) (ND-0.600) (ND-0.040) (ND-1.88)
" Aetiidiae fructus 0 0.2530.357 0.030+0.041 0.084:£0.094 0.0030.003 0.27+0.61
(0.050-1.279) (ND-0.135) (0.010-0.300) (ND-0.009) (ND-1.98)
s tmomi fructus b 0.19940.131 0.016:0.247 0.027+0.059 0.002+0.003 0.02+0.07
(0.100-0.518) (ND-0.088) (ND-0.210) (ND-0.009) (ND-0.25)
» Cormi fructus i 0.057+£0.074 0.012£0.027 0.009£0.010 0.002£0.002 0.09+0.04
(ND-0.400) (ND-0.142) (ND-0.033) (ND-0.010) (ND-2.01)
" Cratacgi fructus 5 0.132+0.102 0.0330.026 0.016:0.022 0.002:0.003 0.02+0.10
(ND-0.400) (ND-0.137) (ND-0.093) (ND-0.016) (ND-0.63)
s Foenicul: fructus s 0.035:0.064 0.019£0.022 0.017+0.025 0.003£0.004 0.07+0.21
(ND-0.299) (ND-0.117) (ND-0.091) (ND-0.016) (ND-0.76)
" Gardeniae fructus 8 0.14320.289 0.034:£0.020 0.030:£0.051 0.005+0.005 0.64+1.813
(ND-1.609) (0.010-0.077) (ND-0.300) (ND-0.020) (ND-8.16)
" et vert fructus ) 0.199:£0.091 0.026:£0.040 0.058+0.053 0.013£0.004 0.64+0.18
(0.100-0.362) (ND-0.120) (ND-0.159) (0.008-0.020) (ND-0.51)
’ Lyeit fructus o 0.059£0.142 0.120+0.064 0.0340.127 0.002£0.004 1.04+2.86
(ND-0.813) (0.001-0.243) (ND-0.725) (ND-0.020) (ND-11.89)
” Sehisandrae fructus 2 0.069+£0.044 0.020+0.032 0.020+0.018 0.002+0.003 0.08+0.31
(ND-0.163) (ND-0.111) (ND-0.061) (ND-0.011) (ND-1.47)
. Sophorac fructus s 0.130£0.100 0.016+0.049 0.015+0.032 0.0010.003 0.17+0.43
(ND-0.379) (ND-0.210) (ND-0.107) (ND-0.012) (ND-1.60)
o R fructus " 0.8330.835 0.086+0.034 0.163+0.261 0.003£0.004 0.45:0.81
(0.064-4.320) (0.004-0.216) (ND-1.600) (ND-0.016) (ND-2.67)
s tgastachis herba 14 0.060:£0.071 0.0050.063 0.001::0.004 0.004£0.006 0.92+1.10
(ND-0.2000) (ND-0.200) (ND-0.016) (ND-0.015) (ND-3.04)
0.1080.026 0.670:0.724 0.027£0.021 0.010+0.008 0.38+0.77
26 Chrysanthemi zawadskii herba 4 (0.078-0.140) (0.162-1.700) (ND-0.050) (ND-0.020) (ND-1.53)
. Cirsit herba s 0.296:£0.149 0.785:0.064 0.189:£0.732 0.004:£0.006 0.45+0.14
(0.046-0.600 (0.003-0.187) (0.026-0.300) (ND-0.020) (ND-5.11)
" Loomri horba ’ 0.1540.130 0.016:0.022 0.060::0.060 0.008+0.007 0.13£0.35
(ND-0.635) (ND-0.109) (ND-0.226) (ND-0.023) (ND-1.28)
" Houttupniae herba " 0.718+0.752 0.085+0.055 0.1830.199 0.011:£0.006 0.4420.10
(0.100-3.227) (0.020-0.220) (ND-1.033) (ND-0.022) (ND-3.97)
0.210+0.112 0.0330.034 0.0730.074 0.014=0.013 0.54+1.39
30 Menthae herba 20 (0.100-0.588) (0.010-0.140) (ND-0.351) (ND-0.041) (ND-5.50)
‘ 0.941£0.700 0.11240.654 0.51040.392 0.074:£0.004 0.53+0.89
31 Taraxaci herba 14

(ND-2.490) (ND-0.231) (ND-1.500) (ND-0.013) (ND-2.50)
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Table 4. (Continued) The content of heavy metal and SO, in herbs for food and medicine

R R Heavy metal (mg/kg) SO
1) 2
No. Main material N 5 Cd e T (mg/ke)
- e -, 059920419 0.110£0.061 0.08320.102 0.0120.005 0.19£0.50
1scl nerba
(0.026-1.944) (0.044-0.280) (ND-0.530) (0.001-0.027) (ND-2.05)
“ Nelumbinis ol 14 0.853+1.058 0.019:0.026 0.0100.063 0.015+0.006 0.37£0.69
erumoms josum (0.003-3.567) (0.001-0.106) (ND-0.217) (0.002-0.023) (ND-2.04)
" Perillae ol . 0.414£0.553 0.051:£0.052 0.179£0.444 0.005:0.005 0.24+0.54
eritlae jolium
(ND-2.322) (0.008-0.229) (ND-2.200) (ND-0.013) (ND-2.10)
s o selerori i 1.377+6.842 0.019::0.033 0.019:0.026 0.005+0.005 ND
oria sclerotiui
oria scieroftum (ND-36.933) (ND-0.147) (ND-0.100) (ND-0.023) (ND)
6 Cusent " 0.863+0.957 0.019+0.024 0.090:0.084 0.0010.001 ND
uscutae semen
(ND-3.200) (0.005-0.097) (0.007-0.300) (ND-0.005) (ND)
. B ” . 0.003+0.008 0.016+0.009 0.015£0.035 0.0040.001 1.59+4.50
ongan ariliius
& (ND-0.023) (ND-0.030) (ND-0.100) (ND-0.003) (ND-12.73)
s Nelumbin s 0.021+0.025 0.1010.033 0.030+0.029 0.002::0.002 ND
crumoms semen (ND-0.079) (0.060-0.189) (ND-0.082) (ND-0.006) (ND)
" Koo . 0.300£0.458 0.06320.055 0.0300.039 0.007£0.007 17.32+4.39
aphani semen
P (ND-0.130) (0.002-0.178) (ND-0.088) (ND-0.016) (10.66-22.14)
0 — g 0.015£0.017 0.023+0.010 0.005+0.006 0.002::0.002 1.012.84
rigonellae semen
igonetiae seme (ND-0.040) (0.010-0.045) (ND-0.016) (ND-0.004) (ND-8.04)
al I 0 0.029:0.021 0.016:0.033 0.0140.006 0.003£0.002 0.05:0.16
1Z 1 semen
P (0.006-0.056) (ND-0.114) (0.008-0.024) (ND-0.006) (ND-0.51)
o Aehorenthis radi % 0.306:0.515 0.114£0.110 0.109+0.091 0.0020.003 1.46+4.82
cnyrai S radix
yrantis radr (ND-2.866) (0.020-0.468) (ND-0.318) (ND-0.010) (ND-28.16)
43 oo y ; 1.044+1.290 0.130£0.103 0.357+0.262 0.0110.006 ND
eno, orae radix
P (0.099-3.865) (0.042-0.346) (0.166-0.934) (0.004-0.019) (ND)
" noelicce wivantis rad 5 0.272+0.330 0.178£0.055 0.167+0.146 0.002::0.002 0.34+0.96
ngelicae giganltis radix
geticac gig (0.042-2.238) (0.043-0.291) (0.040-0.800) (ND-0.011) (ND-5.16)
45 P - " 0.096+0.128 0.079:0.047 0.0010.005 0.001:0.002 217237
Sparags tuver (ND-0.500) (0.010-0.170) (ND-0.017) (ND-0.005) (ND-7.36)
46 Astraal v 4 0.087+0.069 0.0330.053 0.064£0.058 0.001:£0.002 ND
Stragall radix
& (ND-0.500) (ND-0.260) (ND-0.260) (ND-0.009) (ND)
i Arelive comtimentalis rodi A 0.436+0.175 0.038£0.018 0.017+0.035 0.001£0.002 0.06:0.13
raliae continentalis radix
aliae contimentats radt (0.200-0.600) (0.020-0.063) (ND-0.069) (ND-0.003) (ND-0.25)
48 Clvevrrhizae radis of vhi o 0.075:0.081 0.033£0.046 0.053£0.051 0.002£0.002 0.32+1.68
cyrrnizae radix el rnizoma
ry (ND-0.433) (ND-0.220) (ND-0.234) (ND-0.010) (ND-13.00)
4 [ 48 0.093+0.095 0.084+0.045 0.063+0.073 0.004:0.004 0.28+0.94
Iriopis tuber
P (ND-0.361) (0.020-0.224) (ND-0.347) (ND-0.021) (ND-5.07)
% L - 0 0.051:£0.061 0.028+0.039 0.0710.043 0.0010.002 0.15:0.31
Itnospermi radix
P (ND-0.170) (ND-0.126) (ND-0.105) (ND-0.004) (ND-0.83)
5 Pocomiae radi ) 0.066:0.096 0.098+0.071 0.043£0.073 0.0030.003 0.94+4.55
deoniae radix
(ND-0.386) (0.014-0.245) (ND-0.366) (ND-0.011) (ND-23.65)
5 Platveodi radi 4 0.129+0.158 0.128+0.064 0.039:0.034 0.003+0.004 0.331.44
atyco radi.
fycodt radix (ND-0.953) (0.019-0.245) (ND-0.180) (ND-0.016) (ND-9.44)
5 rerarive radi i 0.318£0.337 0.140+0.056 0.0740.064 0.002£0.002 0.29:0.88
uerariae radix
(0.031-1.950) (0.014-0.244) (ND-0.283) (ND-0.009) (ND-4.61)
. Rehmemice radi ) " 0.462+0.392 0.049:0.039 0.241£0.235 0.0040.004 0.67£2.05
enmanniae ra reparata
€ w “ . =1. . =U. =U. =U. =/
prep 0.003-1.419 0.002-0.131 ND-0.953 ND-0.011 D-7.41
55 Aeori eramined rhi S 0.524+0.657 0.048+0.079 0.264+0.079 0.003£0.003 ND
cort graminel rnizoma
g (0.100-1.682) (ND-0.187) (ND-0.991) (ND-0.005) (ND)
0.324+0.497 0.1910.170 0.154+0.143 0.0010.001 0.0320.11
56 Atractylodis rhi Ib 18
ractyloals rhizoma aiba (ND-1.958) (0.050-0.589) (ND-0.461) (ND-0.005) (ND-0.45)
5 it v i 0.118£0.074 0.078+0.048 0.104+0.075 0.004:0.004 ND
i riizoma (ND-0.315) (0.005-0.215) (ND-0.283) (ND-0.018) (ND)
s b " s 0.103£0.142 0.057:£0.044 0.132£0.215 0.004£0.004 70241173
10Scoreae rnizoma
(ND-0.407) (0.004-0.148) (ND-0.600) (ND-0.011) (ND-28.88)
s Gestrodie rhi iy 0.158+0.172 0.058+0.037 0.0210.040 0.0010.001 9.00+38.22
strodiae rhizoma
astrodiae riizom (ND-0.900) (0.005-0.145) (ND-0.202) (ND-0.004) (ND-192.00)
“ I i 0.150£0.082 0.1440.064 0.0420.039 0.002+0.003 0.47+1.53
ngiberis rhizoma
o (ND-0.300) (0.002-0.248) (ND-0.128) (ND-0.013) (ND-7.00)
ot 30 0327:1.124 0.08320.099 0.07520.141 0.004%0.006 0.7555.91
otal )
(ND-36.933) (ND-1.700) (ND-2.200) (ND-0.047) (ND-192.00)

" Number of samples, > Mean+SD.
 Range, ¥ ND: not detected.
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Table 5. The content of heavy metal and SO, in herbs for food and medicine by parts used

==
Og‘ﬂ'e

= 3o} 39

SR
2 540w @Rl 2ot

Parts Used N Heavy metal (mg/kg) SO,
Pb Cd As Hg Total (mg/kg)
Caulis 45 0.806+0.807" 0.144+0.146° 0.017+0.037° 0.007+0.007¢ 0.975+0.942 0.22+0.49*
(ND-2.900)” (ND-0.485) (ND-0.210) (ND"-0.024) (ND-0.163)
Cortex 108 0.817+0.790° 0.156+0.121° 0.078+0.133™ 0.007+0.007¢ 1.058+0.840 0.28+0.69™
(ND-4.027) (ND-0.515) (ND-1.200) (ND-0.038) (ND-3.60)
Flos 80 0.227+0.374* 0.094+0.102" 0.061+0.102™* 0.004+0.008" 0.386+0.490 0.10£1.71%
(ND-1.850) (ND-0.280) (ND-0.600) (ND-0.047) (ND-8.80)
Fructus 302 0.198+0.409* 0.042+0.049" 0.041£0.116™ 0.003+0.004" 0.284+0.493 0.30+1.22%
(ND-4.320) (ND-0.243) (ND-1.600) (ND-0.020) (ND-11.89)
Herba 143 0.438+0.525™ 0.083+0.158" 0.141+0.209¢ 0.009+0.008¢ 0.671£0.715 0.42+0.97*
(ND-3.227) (ND-1.700) (ND-1.500) (ND-0.041) (ND-5.50)
Leaves 37 0.580+0.799™ 0.039+0.463" 0.149+0.352¢ 0.009+0.007° 0.778+0.954 0.29+0.60™
(ND-3.567) (0.001-0.229) (ND-2.200) (ND-0.023) (ND-2.10)
Perithecium 29 1.377+6.842° 0.019+0.033* 0.019+0.026" 0.005+0.005" 1.421+6.881 ND*
(ND-36.933) (ND-0.147) (ND-0.100) (ND-0.023) (ND)
Semen 61 0.200+0.552* 0.044+0.047" 0.035+0.053™ 0.002+0.003" 0.281+0.609 2.33+£5.93"
(ND-3.200) (ND-0.189) (ND-0.300) (ND-0.016) (ND-22.14)
Radix 403 0.188+0.334* 0.095+0.079" 0.085+0.111" 0.003£0.003" 0.370+0.437 0.50+2.26™
(ND-3.865) (ND-0.468) (ND-0.953) (ND-0.021) (ND-28.16)
Rhizoma 132 0.176+0.257* 0.102+0.092" 0.088+0.139° 0.002+0.003" 0.369+0.406 2.84+17.67°
(ND-1.958) (ND-0.589) (ND-0.991) (ND-0.018) (ND-192.00)

Y Number of samples.

? Mean=SD.
% Range.

Y ND: not detected.

Each group (a to d) has statistically significant differences by Duncan’s multiple range test at P<0.05.
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Fig. 1. Content of the heavy metals (a) and SO, (b) contained in herbs for food and medicine by origin. Each group (a to c) has statisti-

cally significant differences by Duncan’s multiple range test at P<0.05.
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Table 6. The MOE value and hazard index (%) of heavy metal and SO, in herbs for food and medicine by parts used

MOE" HI (%)”
Parts Used Pb Cd As Hg
Mean Max Mean Max Mean Max Mean Max Mean Max
Caulis 114.31 46.48 0.2466 0.5206 0.0006 0.0049 0.0031 0.0081 0.001 0.004
(31.10-197.51)" (15.94-77.03)  (0.0368-0.4564) (0.2478-0.7933) (0.0005-0.0006) (0.0041-0.0057) (0.0011-0.0050) (0.0069-0.0092) (0.001) (0.003-0.004)
Cortex 133.47 77.10 0.2031 0.4253 0.0043 0.0144 0.0033 0.0120 0.001 0.007
(35.05-280.11) (6.04-218.53) (0.0065-0.4024) (0.0736-0.7148) (0.0010-0.0092) (0.0038-0.0294) (0.0010-0.0058) (0.0034-0.0276)  (ND-0.003)  (0.001-0.015)
Flos 1092.47 648.00 0.3611 0.5303 0.0038 0.1298 0.0045 0.0287 0.006 0.029
(33.31-5705.98) (13.15-3541.64)  (ND-0.280) (0.1134-0.7770) (ND-0.0078) (0.0002-0.0378) (0.0002-0.0172) (0.0007-0.1345)  (ND-0.023) (ND-0.126)
Fructus 419.36 124.21 0.0773 0.3035 0.0014 0.0120 0.0012 0.0067 0.001 0.008
(39.63-1200.48) (7.34-232.49) (0.0196-0.2748) (0.1080-0.6526) (0.0003-0.0062) (0.0011-0.611) (0.0006-0.0017) (0.0026-0.0107)  (ND-0.003) (ND-0.036)
Herba 206.24 84.24 0.3488 1.0702 0.0093 0.0335 0.0160 0.0157 0.002 0.011
(16.37-700.28) (5.73-235.81) (0.0090-1.5343) (0.1374-3.8930) (ND-0.0417) (0.0005-0.1227) (0.0017-0.0847) (0.0063-0.0263) (0.001-0.003)  (0.005-0.021)
Leaves 82.911 16.43 0.0573 0.2740 0.0026 0.0330 0.0038 0.0069 0.001 0.004
(54.18-111.64) (12.96-19.90) (0.0311-0.0834) (0.1734-0.3746) (0.0003-0.0049) (0.0059-0.0057) (0.0019-0.0057) (0.0050-0.0088) (0.001) (0.004)
Perithecium 17.67 0.66 0.0590 0.4569 0.0010 0.0052 0.0036 0.0167 0.000 0.000
Semen 2378.32 529.51 0.1004 0.2884 0.0015 0.0049 0.0020 0.0041 0.011 0.024
(28.19-8107.50) (7.60-1057.63) (0.0414-0.2478) (0.0810-0.4637) (0.0001-0.0047) (0.0005-0.0155) (0.0007-0.0040) (0.0017-0.0092)  (ND-0.056) (ND-0.071)
Radix 271.6 60.36 0.2112 0.6093 0.0051 0.0162 0.0021 0.0063 0.002 0.026
(23.30-823.86) (6.29-247.16) (0.0068-0.4040) (0.1134-1.2759) (ND-0.0197) (0.0007-0.0779) (0.0004-0.0080) (0.0004-0.0138)  (ND-0.007) (ND-0.090)
Rhizoma 235.85 72.46 0.1897 0.4918 0.0036 0.0135 0.0011 0.0042 0.032 0.024
(98.00-391.68) (19.67-146.72) (0.0707-0.3749) (0.2609-1.1561) (0.0006-0.0065) (0.0049-0.0243) (0.0004-0.0021) (0.0004-0.1345)  (ND-0.056) (ND-0.452)

" MOE: margin of exposure = BMDL,, (benchmark dose lower confidence limit)/ADD.
? Hazard index (%): ADD (average daily dose, pg/kg b.w./day)/HBGV (health based guidance value, pug/kg b.w./day)x100.
% Hazard index: DE (dietary exposure)/ADI 37+ 2] 10%.

» Range.
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