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Abstract

BACKGROUND: This study was carried out to survey the
levels of heavy metals in perennial root vegetables and to
assess dietary exposure and risk to the Korean population
health.

METHODS AND RESULTS: Perennial root vegetables
(n=214) including Panax ginseng C.A mayer, Wood-
cultivated ginseng, Codonopsis lanceolata, and Platycodon
granditloum were collected from markets or harvested from
farmhouse in Korea. Lead(Pb), cadmium(Cd) and arsenic
(As) analysis were performed with microwave device and
inductively coupled plasma mass spectrometer. Limit of
detection for heavy metals were 0.010~0.050 ug/kg, while
limit of quantitation were 0.035~0.175 pg/kg. The recovery
results were in the range of 76~102%. The average contents
of heavy metals in perennial root vegetables were in the
range of Pb 0.013(Panax ginseng C.A Mayer)~0.070
(Wood-cultivated ginseng) mg/kg, Cd 0.009(Panax ginseng
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C.A Mayery~0.034(Codonopsis lanceolata) mg/kg, and As
0.002(Panax ginseng C.A Mayer)~0.004(Plafycodon
grandiflorum) mg/kg, respectively. For risk assessment,
daily intakes of heave metals were estimated and risk
indices were calculated in comparison with reference dose.
The dietary exposures of heavy metals through usual intake
were Pb 0.070 pg/day, Cd 0.041 pg/day and As 0.008
ug/day, taking 0.03%, 0.08% and 0.0003% as risk indices,
respectively.

CONCLUSION: The risk level for Korean population
exposed to heavy metals through intake of perennial root
vegetables was far low, indicating of little possibility of
concern.

Key words: Heavy metals, Perennial root vegetables, Risk
assessment
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#, A 5 AEE AA Y ARelA falE G v
Aok wabs, AA A= AF T4 L9=do] ARHA
RS AL B O ol ARk Aol 3 vl
AA A= AV se s Al OF-E 7 Qv
(CODEX STAN 193-1995).

UGG mEE AaFe vt =rle]
T oo E AFEe] e dow duA ItHMHW,
2009, 2010, 2011). A& HIER, Ao)ilf 9 wujgo]
et s AHE A B v dde =
ol & Eid Tk ML i T reSlE A
sk AT A7 IRsE B A4 Al alo] ofel A
el vl Fus dol v wom Azl A=
Tud T s @ = Ao vk d=A St
(Park and Na, 2000; Lee ef al, 2002; Hu et al, 2005;
Kim et al, 2007; Song and Min, 2009; Shim et al,
2010).

Auizizre] 1 thdA ZAlFE Qi e, oY 5ol

e ABEREY QAT Qg B B
EHHOR FEohAlobolATEt K AFelr, T1e]
) -

Panax quinuefoloum L., U4 Panax japonicum L.
o7 AuiAee] weh QAEFo]l HETHMAFRA, 2014
RDA, 2013). -4, 4 Hwood-cultivated ginseng)> $F
A A oA QI ow At Abolet AeRiARE A
o] “AbFtell et FAAT| QT IAof| W2 AR A] A}

S A8k ofstal AAkE] = A EE
XS dron, Aol ey golE ARkl Q)

o= w3 AtelA] Afugt Ake] FEjAQI HFS Hs
= Aol Esith A= Q4] ke 3 dEH o] FolA|
I FE 49T o) e 7R SoRE 6dIoR
3]

-

HY(Codonopsis lanceolata)- $-2uet 744 2] <240
A Aehs 2R Aesde] GEAEEA Agow B
o] ZHEA|NE (ALY B oS AokoRE ARSHT)
(RDA, 2011). -yt g4 <] AAFEE 20109 71 7,766
Eog Fo A AL} AT AR A A
2] 55% E 25%%F AHAISFSITHRDA, 2011).

Se}X|(Plafycodon grandiflorum)~ $-2luet A &
A zlehs 2FETte] ofgsie] AEEA 24 W ohy
2t ARGy ok o] Fe] Aoko R T AREHTh oFgo
2 Zufi= 3~41d o) Apist & gttt 2009\ 71, ¢
Yugl EeA] garEES 599209101 o] F 40%7} 7]
ol el o 08-S 66.4%EM TR TN §
olal 231 QITHRDA, 2010).

olAE Aul7|zto] 213 oAl QANAkK X3, vy,
T 5 ohaA A A Alaee ge] thdt B
oF AuiAl AEAURZ Fao] AKH R FAE 7ol

gtk #9, ki, HH, mee A4FoRA HAME &
Avk obgoRE M| whLe] AFESIPA B ok} o
APge) W7 ES AEWE S ik e, @A) okgow
# o] BelslES sl ovt AFomA thiy
2AF 71F0] AYHol 9A Got 1S SIek 35}
4 ARG St s,

mebd, ¥ pelas Thad SAREA A, A
e, o9 FE4 g9 eEAE e pelet s
o tha A AAE AT F2E wEpEN 0 B
e sholstadt sk

~

Mz X U

e == My

el A= A 2AFES i, vY, RebA,
ofZ, Arf, g, AR, BEE So] 3tk o] F okt At
= FEuEtlA A dddoRE sty wiiel] A
ol AL 58, AR, Miies 2 SepiE At
gl feH7] whizel] ol ddte] HAQl AFore] v
Al setA] oot HE AAETIA ALl wt
2hr], ol Aol thdAll ZAlFRE A, Ak, oY
gl meH R HE AAeisiv

S

5 Fol QU B Bl ek A QLAY W A
AFAGE FH0R FARUCH Ne B T oAl
2 R, wad 5o A9 U AR Fo) 55
vk e, tE 9 meiol A3 ANAE 2Akka 47
ol WG 5] QLiah Akl A $A9

= Aol ARSRE BE AloRE SEAIORE s AR
3931, S5 Milli-Q ultrapure water purification
system(Millipore Co., Massachusetts, USA)°l 2]3}| 18.2
MQ FEo2 ZAE 25 ARt 55 T
A2 418291 Multi-Element Calibration Standard
3(PerkinElmer, USA) 10 mg/kg A%< AHE-stiom
4 Al working solution 1000, 100 pg/kgs Hso] A}
£33tk Working solution A3 A 0.5% #4Hv/v, in
THT)E ARSI AR AREElE S18) ARE-EE nitric
acid(purity 70%, Dong Woo Fine Chem. Co. Ltd,,
Iksan, Korea), % hydrogen peroxide(purity 30%, Dong
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Table 1. Instrumental Limit of detection and Limit of quantification of heavy metal analysis (unit, «g/kg)

Metals Pb Cd As
Limit of detection (LOD) 0.045 0.010 0.050
Limit of quantification (LOQ) 0.150 0.035 0.175
Table 2. Repeatability of heavy metal analysis in perennial root vegetables
Metals Levels” Intraday” Interday”
(ng/g) 1 day 2 day 3 day

1 1.04) 44 1.4 4.4
Pb 5 0.2 0.9 1.2 2.1
10 04 1.1 0.6 14
1.2 5 1.5 34
Cd 5 0.5 1.3 0.9 1.0
10 04 0.7 0.7 1.0
2.6 42 1.5 3.6
As 5 0.8 14 1.3 1.1
10 0.5 0.8 0.8 0.9

Y Concentration of sample solution

® Three levels of standard solution were analyzed 5 times

® Three levels of standard solution were analyzed during 1~3 day after preparing of standard solution

“ C.V.(Coefficient of Variation, %) = SD / average x 100

Woo Fine Chem. Co. Ltd., Iksan, Korea)< electronic
grades 93] AHESIGITE 398 55 IRIsky] fIg
QIF5¥FE2, CRM(Certified Reference Materials) @+
St T (KRISS, Korea Research Institute of
Standards and Science)®] {14 FZHKRISS 108-10-006)
1 oy EEKKRISS 108-05-001)& 7lako] ARE-aI3ich
A7 AHEA] ARESE AlEE7]= 10% ZAkell 24417 3]
5 3aF TRTE Aol Az s ARSIt

ICP/MSE 0|8%t 534 &%

AE 2 g& Ad87]el g & HNOs 7 mL, HO, 1
mLE F7FF3 microwave FX|(ETHOS, Milestone,
Ttaly)ell ¥o] 743t 1,000 W2 100C 2 7h23 F thA] 7
591,000 W2 200C 2 712381 887+ 41813tk W
o] ¥ ¥, 8715 F3| 28] corning tube®] THTE
£7] ¥ 52 A}k Heat Block FH](ED16, LabTech,
MA, USA)E ©]&3l0] 120°C oM 4417t &4t Hafj s 3
WAIZEE RHRES 0.5% AAks o] g3te] 10 go& 4wt
of AlggNoR stk TS, 7H=H, Hld) EF8
& 1% HNO;&d o2 34l 0.1~20 ug/kgol HE=
Azl on, F24 ek ICP/MS (ELAN 6100 DRC
I, PerkinElmer, USA)Z 7433t RF powert
1,350W°] 31 ©. 1 nebulizer gas, auxillary gas ¥ plasma
gas® 52 247 094, 14, 15 L/min°|Sth Lens
voltaget™ 6.50 Volglom 7} S92 m/zv= & 207, 7t

TH 111, & 750]90t

M 2=

AE AFs] Skl a5 #4717 A
2 Q3= 247} signal/noise ratio’} 3/1 U
10/1°] ¥ FEz AAsitk a5 717 e 9
A= Table 194 2tk o, 7k=4, Hlae ICP-MS®
g9l on AL 1~20 ug/kg Ak019 FEellA Rgk
°] 0999 olFez vEht e AAAS Btk vHEA
9 UGS Rl Slal Qe slete] T BEER
& 1,5 10 ug/kg(AEEN 71%) == H7IskaL 50k, 3
A7t FAEOZH intraday HF interday A4 1He]

C.V.(Coefficient of Variation, %)< &13}31T}.
3 AYS FARN 85 B8NS kel W
A JIFTHFEAS o] &3 Wl wet 3Rty Fus
A9 U A4, BE intraday, interday{te] C.V.
10% wgroz 94 S I3 tiTable 2).
EFENS ke A seg A 2AF T 3 2
0.1 mg/kg¥< #tsto] &, 7H=H, v
AYTrEE AEE 002 mg/kg, IEE 0.2 mg/kgE A%
A& o] &3t 34E AdoM= E 7=
B Ae AFEFELCRM)! A EEHKRISS 108-
10-006)<, 1149 ¢ vlue] EEHKRISS 108-05-001)<

>4
“ 0

1
=
SuE
o

ol
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Fig. 1. Recovery test for heavy metals anlaysis with spiked samples.
Table 3. Recovery test for heavy metals analysis with certified reference materials
Metals Certified value (mg/kg) Analytical result (mg/kg) Recovery(%)
Pb” 10.7490.093 10.5190.175 97.9+1.6
cd” 1.178+0.021 1.163+0.026 98.7+2.2
As” 0.07* 0.058+0.002 83.4+3.1
* reference value
Y CRM, powder of ginseng (KRISS 108-10-006)
? CRM, powder of water parsley (KRISS 108-05-001)
 76~99%, 4 81~102%9] F4E uo] ¥4 Al FE 585 kg bw.olglth. dH, AlMEE 41Fo] vu)alw
e wE g W2 o #iFglon CV.ak> olf FAY 7 3 AETF FAlste] =EH dielM=
10% "l9ol3lthFig. 1). I5iF=4S o8¢ 358 4 ALdatink. S F7HE A%t TS5 w2 FES Eq. 1
7} F 97.9+1.6%, 7F=F 98.7+2.2%, H|A 83.4+3.1%2] 3] ¥} o] A% E % (deterministic) 2ol wlel FeEH
TEE Bolom SAIe] Waks Wolti(Table 3). &5

FDAS FT3% 4% 71 80~120%(Patrick et al,
2008) 2+ AOACY] 71221 75~120%(AOAC International,
2002) oJUZ ¥ A7 FEE A e AGA
AUAdE B

ol EHIHEHH

Ay AR = Tud & RUHY Ay, dESH
mRkel A= sldleH A Bk S8l e mY
AZdA 23 FAF AbEd @ 2dE ARSI
(GEMS/Food-Euro, 1995). 23 A% ¥ A5 5wl
FAFzAL 47] A= F 2008, 2009 A=} 57] 2010
A= 2gakg] 0 H(MHW, 2009, 2010, 2011), thdd &
Aol Hat AFHAFS 27 Q4 1.148 g/day, Y 0.186
g/day, =214 0.984 g/day°l|3lal F-2jubet =nle] He A

=

~

Lo

RI (Risk Index) = SI31%= (%)

C (Heavy metal concentration) = 25 & 555 &% (mg/kg)
DI (Daily intake) = 19 A# % (g/day)

RD (Reference dose) = 1A A3 TAF (ug/kg bw/day)
BW (Body weight) = A% (kg bw)

2o)2 23k 2FE &30 2HE Joint FAO/WHO
Expert Committee on Food Additives(JECFA)°llA] #]A]
st AAFFSARHPTWI,  Provisional —Tolerable
Weekly Intake)9} 74973 $H%(PTMI, Provisional
Tolerable Monthly Intake), WHOS] ¥4 o3 shAlSF
(MADL, Maximum Allowable Daily Body Load)$} #
2 oA XF3A2K(Reference dose) tH] 8 =(Risk
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Table 4. The content of lead, cadmium and arsenic in perennial root vegetables

Root vegetables n Pb (mg/kg) Cd (mg/kg) As (mg/kg)
Fanax ginseng C.A Mayer 67 (0.0(?1'(1})?111) (0.0812%9.048) (o.oc?i(i%z.ooe)
Wood-cultivated ginseng 5 (0.032%9114) (0.08622()1.033) (0.0(())2'(1%3.003)
Codonopsis lanceolata 77 (o.ogf()iw) (0.089.(1%%267) (o.ogi(i%%ozo)
Platycodon granditloum 65 0.045 0.025 0.004

(0.003~0.371)

(0.003~0.148)

(0.001~0.007)

0.400— CIPb
Clca
¥ As

0.300—

Content of Heavy metals (mg/kg)
=

0.000—

Q
o *
8 ¥,
*
* g .
L] o o
o o
g !
=% 3 = :
il O i —_—
I I I I
Panax ginseng C. Wood-cultivated Codonopsis Platycodoit
A Mayer ginseng Ianceolata granditlonm

Fig. 2. Distribution of content of heavy metals in perennial root vegetables.
The boundary of the box indicates the 25", 75% percentiles, a line with in the box marks the median, error bars indicate
the min. & max. of whisker, and outlymg circles and stars indicate outliers and far outliers.

Index, %)E AHEsl] wE3TY] SRS I8l
Tus5 T 99 PTWIE @A HE9 gho] AaliAA] ¢kt
uitel] d3lw7] o]de] PTWIRS &-8sisich |, 7k=F,
W9 QA AABAZS 77 PTWI 25 ug Pb/kg
b.w./week, PTMI 25 ug Cd/kg b.w./month, MADL
50 ug As/kg b.w./day°|tHWHO, 1967; WHO, 2000;
JECFA, 2010).

e
K
Ll

i

CHa 2HE 5 o 8
thdg AR BE B $FS 2AT ¥ 122 01
mg/kg VIOl AT 3 71 01 me/kg 43t
£ 97k B EARen ol Bal wd Alse 24
Furk 24 o) AE: thiy
i

0 Eepel o ol 5EE

=2 =2

3] ‘IET O]/\]— /\}ok)\l— ]:—]13

S\tHTable 4, Fig. 2).

—Lz
T
2~ 0]l
T SN

T T2 0013 mg/kgowolﬂ 0.1 mg/kg
7855 6771 T 170130tk ofell wial Akekite] 3
0.070 mg/kgel3L 0.1 mg/kgs st 73

+ 57 5 27°% Hojgto] 0.114 mg/kgolSith tH <]
g HeEE> 0.056 mg/kg o= Hu 0409 mg/kg &
S HoH 777 T 107(13%)°] & 0.1 mg/kge =3}
atolar, wEbA o] i HERES 0.045 mg/kgo® FHu)
0.371 mg/kg?] FFS H3lom ¥ &3 0.1 mg/kgs =
gt A= 6571 F 1174(17%) % QR & 23985
wolrh o FHME it | RS 0.008~0.082
mg/kg % (Choi and Chung, 2003; Hu et al, 2005) +*
AgAIe} AR oL Akl 79 0.41~0.68 mg/kg
O Z(Kim ef al, 2007) o] A¥H T}t A £JT) OH, o]
elgh Afol= A AA fel wE o)z J&DJ%D} Choi
5(2008)2 Hg 9] ¢ o] 0.055~0.187 mg/kg, LM
+ B1%5~0372 mg/kg® Halslglon ol At}
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Table 5. Daily dietary exposure and risk for lead, cadmium and arsenic by perennial root vegetables intake

Food intake Daily intake (ug/kg) Risk index (%)
Root vegetables d
(g/day) Pb cd As Pb Cd As
Panax ginseng C.A Mayer 1.148 0.015 0.010 0.002 0.01 0.02 0.0001
Codonopsis lanceolata 0.186 0.010 0.006 0.001 0.005 0.01 0.00002
Platycodon granditioum 0.984 0.044 0.025 0.004 0.02 0.05 0.0001
Sum 0.070 0.041 0.008 0.03 0.08 0.0003

frAkeh ol gt B8, Kim 5(2015) W B30l 2l
2 0.20 mg/kg, Y 0.44 mg/kg, =H4] 0.30 mg/kg>.
2 Rusiglon £ dydztel A7) vEA odsitt

ol

CHAYM 2T & 7IEE &

Qakel Hit Fh=F TS 0.009 mg/kgolAa Hhzk
°] 0.048 mg/kgo= AT 7% 0.1 mg/kge X5
7395 Sl THTable 4). AteFike] 7h=F 32 0.021
mg/kgZM AAETE FAT HgkS 0.033 mg/kge
HAT HE 9] 7h=F e 0.009~0.267 mg/kg® NAIZE
o] & HxE Byl Y 7771 F 7671°] 25 0.1 mg/kg
nto| A gk & 174914 0.267 mg/kg? ¥ IN=FH g
S Hol: oA (outlier)7} THEE U thFig. 2). T4 &=
o PHs sEHSel A Jt=F S Helon
A 654 T 271°] 01 mg/kge Z¥sks THA|(far
outlier)7} #2=|9Ich Q71| 4F2] thdA A< Ht
R FFS 2AF AA=E 71E 0.1 mg/kg #Tel3)
I AAASE FFEF 0.05 mg/kg ©lsk] A7t il
2 245 1= 71 0.1 mg/kge 29 A9 AR
ZABIAHFig. 2). & Aol AEE thdAd ZAFY 7t
TF 3 o e FEollo, sk 24t
oad A 2R 7 2 oY JlEE SR EA
%~0.088 mg/kg)Brl Tha Ekti(Park and Na, 2000;
Chung et al, 2001; Kim, 2005; Song and Min, 2009).
g ok wae AMEe] JlEE S 0.04~0.13
mg/kgC® = ATAI} Hrh FUTHKIm et al, 2007).
Choi 5(2003)° w=H tH €] 7k=w 2 0.003~0.008
mg/kg, E2HAE 0.002~0.004 mg/kgOE &+ ATATE
oF ulg B EoRE HuEelth ¢, Kim 5(2015)2
FV=F HekEo] QA 0.06 mg/kg, TY 0.26 mg/kg,
M4 013 mg/kg O & ¥ ATARKRL} FL& FFEOE W
asto] AelE BTk

CHAd 23T & H|A &

thad A ZAlFe] EF b4 $9-2> 0.003~0.004 mg/kg
A @ e 7R Sl vlsf oF 10w B A S
B tHTable 4). TIHelA HlA g2l 0.020 mg/kg
o] A& o o]F A9lstal B 0.01 mg/kg "I
a1, ZARAERS 73(E2HA)~100(3EFFD %7} 0.05 mg/kg T

o] SthFig. 2). SHd Fdolx] By thdA A2 v
A RS QM £1%~0.045 mg/kg(Choi and Chung,
2003, Hu et al, 2005), 7t} 0.03~0.08 mg/kg(Kim ef
al, 2007), Y 0.009~0.036 mg/kg % =2}4 0.004~
0.027 mg/kg(Choi and Chung, 2003)°.% & AT-Zz}H
o} O & 570]9l 01} ool 0.05 mg/kg el &
FS Bl

[o]

CHAM 2T MEZ Qst 335 sh "ot

2 AelM AR ) E5 T A AR ) A
FHgo] AT AFAE AlLlska 371 F5ol FsliA thaA
SAF AR IS TS =27 SR8t S5
FEEE FEE S5 Ay Tl AFAAEE veR
#] ArEESiT

AA thad AT AR Qe $95 1Y »292 7
7} 0.070 ug Pb/day, 0.041 ug Cd/day, 0.008 ug
As/dayzM  Slaiiee AAEFATAZ] 0.03%, 0.08%,
0.0003%% 91319 & 7FsAdo] vl St Table 5). Q143
TepH 9 AH L 747} 1.148 g/day, 0.984 g/day o
ARSEAIRE EbA o] et o Bl 7E=E kol Q1ake] oF 3u)
7] wiiel E2HA e T =F 7]o1go] 60(7H=F)~64
(H%Z 7P =9k, vla BAshES fARIS] wliel
B4 =F 7]o)&0] QA 43%, T2k 50%2 FARSISIC
vy A Tu% Bl mepAe) kA A
o] EepAe 1/8 FEolold FEE wEZ|oTEe] 7(H]
2)~15(d, 7EEE)% el At

oft

]

1o

el

T, v o dy
A ZARE B8 $2iver g AE dFH=2
wEFT b JeidS HrksieleH, olF
214ds AT A F |, HEE B vla 9
A 93 microwavedAE o]&3 AT F 1
2 Fske AEHS st 50 dEMe

ThA AR L, AR, T, EebY F24 ¢
ol

LB ot

0
I
5

g/kgolqlth EFE9 7P CRME o] &3t 3+&S
st 43, 76~102%9 ¢ad A34E Atk ohdA &
}‘\J__
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o]lal, JF=F TS et 0.009(V4H~0.034(T1E) mg/
kgololom Hla R Ht 0.002(914H)~0.004( =)
mg/kgolSith thdd A7 Aol wE Fu flEiA %
7Fe w4, Su% =S 47 Pb 0.070 ug/day,
Cd 0.041 ug/day, As 0.008 pg/day = QJUAAHFSHAIZ
©] 0.03%, 0.08%, 0.0003% <]t} webA], =l f-5-5
=, AR oY 2 Ee AR Qe TS wE2 T
2 JECFA 59| QA =Z&bd7| Rt ufg- wgkon 92
Ut sl thad A 2AlFel EAlsk: 859 dedos
BE ehdsith

O
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