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Residues of Heavy Metals and Organochlorine Pesticides in
Ginseng at Environment of North Gyeongbuk
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Abstract

To obtain the risk assessment of hazardous materials in ginseng, the residues of heavy metals and organochlorine
pesticides in samples on the Yeungju and Sangju are surveyed. Cd and Hg in ginseng on Yeungju and Sangju is not
detected. 0.21 mg/kg of As, 0.39 mg/kg of Cr, 0.14 mg/kg of Pb, 1.83 mg/kg of Cu, 3.93 mg/kg of Zn and 0.43 mg/kg of Ni
in ginseng on Sangju are shown. 0.25 mg/kg of Cr, 0.08 mg/kg of Pb, 1.11 mg/kg of Cu, 8.99 mg/kg of Zn and 1.15 mg/kg of
Ni in ginseng on Yeungju are detected. As and Pb in ginseng on Sangju are 7.0% and 2.8% for Korea Food & Drug
Administration(KFDA) advisory level, respectively. Pb in ginseng on Yeongju are 1.6% for Korea Food & Drug
Administration(KFDA) advisory level. The heavy metals such as AS, Cr, Cd, Pb, Cu, Zn, Hg, Ni in soil on Yeongju and
Sangju are range of 0-20% for with Korea Food & Drug Administration (KFDA) level. BHC isomer, DDT isomer and
endosulfan isomer are not detected in ginseng and soil on Yeongju and Sangju, respectively. Finally, the assessment of
hazardous materials of the heavy metals and organochlorine pesticides in ginseng on the Youngju and Sangju are verified the
safety the level compare with tolerances level for Korea.

Key Words : Heavy metals, Pesticides, Ginseng, Risk assessment, Hazardous materials
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wggo]y, AT, B, e e 5ol e
o wol i, FE|ZAlE, Eols, WHoF &
3 5ol o=t ol E71, 9, 9] 59 2e 7Y
ofj A g gtet. ojef T2 W2 BHEE WAIsH ] ¢
sfo] ) PA, SFPHQ WA 5
A gHEsto] QI Fsoll o &=L AL Hrt
e e e
AleTek A} B, 1990).
Jof] ARESh= 59F S 2 endosulfan TE+= captan
Fasof 9 1 A S RTo] A A
1o, 71 9] ARg-o] 57}
Qo] Walls<

s7] 918l Abgsha Sl QATel soRkRslE
T2 HARAE JA] A|1995-45 50 27 QA
B SRR 3187152 AR olF ok
758715200 sl A F2|oFEIIA 1A 2004-18
5, 20056258 371 TAJsl] QLAkA|ES] TfalA
27%59] S50 Thgt 71 W F2je] AgEIgch 53]
ZH7/do] 71 DDT, BHC9} 2= f-7 ] AaA ol thgt 7|
zeo] A EoIlck, 4k} ZA4oA] 79 DDTE
0.025ppm, 0.10ppm °.= BHC+= 0.05ppm, 0.20ppm_©.
2w o] UTH(AEo] o7, 2008).

frofieshed =4 StepA o] QiAo wAlE YL
&£2 59| nFdRE= QA9 Vs A
G5 2<4(Cd, As, Hg, Pb, Cr, Ni 5)3}
o/go] Zelol ] frAte GRS o
2(Ni, As, Se, Sn, Sb, Te, Bi 5)°]
} 1998). AJoke] AHRsoF 518713 9 A
THAIRE AESJoFEP A FL 2007-179 F 0l A
AR5 O] F4 31871% D AFTES AN
oIk, S-efubetel Aok 3 FH40) 5187152 As
3.0 mg/kg, Cd+= 0.3 mg/kg, Pb+= 5.0 mg/kg, Hg
L 02 mgkgOoR  AHIGTHAIEOIOREIAA,
2008). F=9] 4-9- Cd2} Pb, Hgw= F-2luztel 5
34| 22+ 0.3 mg/kg, 5.0 mg/kg, 0.2 mg/kg= 443}
QoL Aste 92U} BTk W 2.0 mgkg O A
AsFcE 18|31 WHO+= AsE 1.0 mg/kg, Cd+= 0.3
mg/kg, Pb= 10.0 mg/kg o 2 Aslo] A5k Qck
(AE2JOREIH 3, 2008).
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24, 3842 24

241, MRS X2
EGFARS] HAAYE s HA B T
Th2 10mesh 2| & SAIZ] AR 10 g-& 39Tk o
7191 0.1N HC1 50 mL(As 3$¢=1 N HCDH2 713+ &
30CoA 1AZE =HXRH(1003)/8)3tck o1&
Whatman GF/B oJ x| &2 o35} c)
A RS] HAE= 54 Eelid] Y &
= o] 833tk QA AR 5 g Fske] of7]of &
40 mLS 7H5F 3 AARAE ©31 95 Col A 155

ol

0o & ok

2 7

Cr& 24A180] DCP 1 mLE Y3l SHSE 50
mLEA 3 & 587 925kt o= UV Spectro-
photometer 2 540 nmoj|A =43}t EEENLS
T 74 ZE(KCn07)& ARESH3ITE Cu, Pb, Ni,
As, Zn, Cd+= ICP-MS(Agilent ICP-MS 4500, USA)
S ARESI e 717] 2702 Table 13} At} Hgol &
0. olkR o] 2]3)] automatic mercury analyzer
(Leco AMA 254)& 0]-83}o] Table 229] BAZ AL
2 B8k

Table 1. Operating conditions of ICP-MS for analysis of
Cu, Pb, Ni, As, Zn, and Cd

Factors Operating Condition
RF power 1200 W
Plasma gas(Ar) 16.0 L/min
Aux. gas(Ar) 1.0 L/min
Carrier gas(Ar) 0.9 L/min
Nebulizer Babington-type
Spray Chamber Glass
Sampling Depth 7.8~8.0 mm
Sampling cone/skimmer cone Ni /Ni

&3k 871 94A ok 25 1205

Table 2. Operating conditions of mercury analyzer for

mercury

Factors Operating Condition
Wave-length 253.65 nm
Interference filter 254 nm, -9 nm bandwidth
Detector Silicon UV photodetector
Carrier gas Oxygen
Flow rate 200 mL/min

2.5. 52| &4

251, ANE29| TX2|

5oRS BAfal] Slat Ao A Slsl, At
Al&+= 20 g& 500 mL homogenization cup®]] g1,
22 20 mL9} acetonitrile 100 mL-& 7}5}o]
homogenizerof| 4] 12,000 rpm © & 357} ul2f3}$ict
EoRA 7= 20 gof| £5F20 mLe} acetonitrile 100
mLS 7}to] 1417 9 A1gpaheict

ojojA] FEEL oF 5 g ALY celite 5457} 2+l
biichner funnel’+o]|A Toyo No6 ]I} A& ©]-85}¢]
73, oj7slal o|w 50 mL 2] acetonitrile 2 -8-7] W
HALE: Aol ere] ofzjolat gsisit. o] olole &
oi7b 50 mL AEsb 9S tbA EEalw 1L
separatory funnel®]] 74 554> 450 mL2} 50 mL 2]
ISP HSE 7151 50 mLe] dichloromethane © & 2
3| Hafsigict. o] dichloromethaneZ-2- 50g 2] anhydrous
sodium sulfate 2 E<EA]A 40°C 32 4=Rof|A] oF 2
mLA %7 S w7 A s5s1leh A gasE
o]-g3sto] 5] FEolal FHAT RES S mL
9] hexane/acetone(95/5, v/v)o A-&3sle] SPE
florisil cartridgeol| 4] AAISFATH AL, 2006: AOAC,
1975).

AA| 24 o] £H]E YJf|A] florisil cartridge(6 mL,
1 g €35 supelcoAP o] n-Hexane 6 mL-& Y11 2E7F
HE T GE=AAH HEal, o] cartridgeo] Acetone :
n-Hexane(2:8, v/v)-&1f 6 mL& 9je} & oz
frEoto] HHth oJojA AR F5HS cartridge 4
choll W1 2537t ZRle] WEEA 3 3 AA5] 85
AlA(1 drop/sec) Aldo]| b=t} T}A] cartridge”}
fufjo]] o] Qli= AFEfol 4] acetone : n-hexane(2:8,
v/v) 81 10 mL 2 -8-5510] FURE Aol eoh
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BHUS 40T FE 5% Foq Hbg e g0
2 FahA7] A

o] 0] o] 5 7
1999).
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el
il
g

252 %9 717|184

HA7]171+= AgilentAl2] 6890 GC-ECDE AR5}
It GC-ECD EA%ZHE Injector temp. 260 T,
Detector temp. 280 C= 3}%1. 2™, Oven temp.> 8
0CoJlA 587 HET7 B 10 CR F7H47 280C
of| A 30427F HEES Slo] F 554 F2t EAI5HTh
Column2DB-5 (30 m x 250 yumL.D., 0.25 imdp)S Ak
23519t} Column flow= A4S Bt 2.0 m/min®
constant flow mode 2 Z25%) 37, make up gas+ 60
m¢/min, anod gas+ 6.0 m¢/min$Ic}. Injection mode 2}
injection volume-2 split mode(50: 1)1} 1 plo]t}.

Aol A8 971947 okl BEES Dr
Ehrenstoferof| 4] F-¢18to] AR5l o, 2} solbdE=
1,000 ppm ] stock solutionS ZA| 5}t Araoud 5,
2007; Martin} Worthing, 1993; Tomlin, 2002).
Injection volume2 1.0 /UE 3} O, o|uf] FUTFo]
Z+7+0.1 ngo| %A stock solutiong- 3|43} working
solutiong THEITH#, 2003; AOAC, 1975).

==

) 4
W, 2ehilg, eheslEo] ok 24 g Qlitol
0.42%, 3.47%, 19.84%% o, A= Ql4to] 0

3.78%, 18.82% %t FF} A9 Qg E o= X2
ABEY $FekS 7k7) 13.78 mg/kg, 12.62 mg/kgo]
. ole} o] Gt AAElate] B, =AY, 25

U, Eh4ak, LER TRk 2 o] S molA] olgt

o

AE 5EEA Y Qi AR = F52] F710]
L}, QA2 dAzF S 4= glonE Tt HEERO] e
Aoz Aujr|o] S| ar ok weka FEE
T QIAEAIAA R FI(FT)F oL, FE QA A
AbeFo] AEERO] g X9 o2 37 7t A
1}k 2006). & Aol A FFe ATl ike] YnkdE
AREY o] & ajolE Holx] gigtomz QAR
vz o] QLA ulj gk o] A gt A5 S T2

A0 2 Sei7Rs g2 AN 9lck

d

Table 4. Components in ginseng on Yeongju and Sangju

Component Unit Yeongju Sangju
3.1, QUTHEHX[S| B
o - Moisti 74.54 75.39
A Al AlHEY BEFY] Eislerd A4S oI
Table 33} Z9ke}. A5 EFL sand, silt, clay7} 2H2F Ash 174 1.63
52.2%, 28.7%, 19.1%= AlJE Oom, A3 Bk Crude lipid % 0.42 0.43
sand, Silt, clay7} 2—1]'2—,]' 50.1%, 33.3%, 16.6%= 5—]00]: Crude protein 3.47 3.78
o o= A= oFo] O y|E3IEEe. Zkzk
BT Gk A5 B¢ Al 44 Carbohydrate 19.84 18.82
2.66%2} 1.53%% o1, oFolx]|g-g7HC.E.C)2 Z+
Na mg/100 13.85 17.97
7110.6 me/100 g9} 8.5 me/100 go]Ic}. wheba] Az ¢/100¢
EokR T} ojz=Eoko| T H|L5l9) Crude saponin ~ mg/kg 13.78 12.62
Table 3. Physico-chemical properties of soil on Yeongju and Sangju
Si Particle size distribution (%) Soil pH O.M. C.E.C.
ite
Sand Silt Clay texture (1:5) (%) (me/100g)
Yeongju 52.2 28.7 19.1 Clay loam 5.4 2.66 10.6
Sangju 50.1 333 16.6 Clay loam 6.3 1.53 8.5




331 EY & 534

¥ F $3% 5k Table 59 gk 9= ¢4t
AufR] EoFo A Cr 0.45 mg/kg, Cd+= 0.09 mg/kg,
Pb= 5.68 mg/kgo] AEE %o, Cul 8.67 mg/ke,
7Zn-28.38 mg/kg, Hg+=0.02 mg/kg, Ni+= 0.39 mg/kg
A==k B3 A2 it AR BESF F Cr
0.77 mg/kg, Cd+=0.16 mg/kg, Pb+=4.41 mg/kg A=
Aok ESFCue 7.61 mg/ke, Zn2 5.07 mg/kg, Hg
= 0.02 mg/kg, Ni= 0.57 mg/kg AEZE Aok 124
As= G0 QI AR EY 5 B HEE
A glslek

] B2 ) B F 51871 As, Cr,
Cd, Pb7} ZZ} 6 mg/kg, 4 mg/kg, 1.5 mgkg, 100
mg/kgo|th. 3 Cu, Zn, Hg, Ni= Z+Z}F 50 mg/kg,
300 mg/kg, 4 mg/kg, 40 mg/kgo|th BEY & 55
ol5 5|-87]= H|wshd Fig. 13} At} JFEUY]
Cr, Cd, Pbs== 327159 ZH2F 11.25%, 6.00%,
5.68%9°|t}l. E3F Cu, Zn, Hg, Niw= ZFZF 17.34%,
2.79%, 0.50%, 0.97%]c}. o]} Zro] JFo] EofF =
FEEUFE 5187129 o0~ 18% WIgeh 2
o] EOFe Cr Cd, Pb7L oj871Ee] 77
19.25%, 10.66%, 1.41%°]c}. 3 Cu, Zn, Hg, Nie=
Z¥7F 15.22%, 1.69%, 0.50%, 1.42%°]c}t. SFA] A
Eofw 9% B} 2ol Fad dure sl871%e)
2F0~20% HLI3ck

Table 5. Heavy metals in soil on Yeungju and Sangju

Heavy metal ~ Yeungju (mg/kg) Sangju (mg/kg)
As ND" ND
Cr 0.45 0.77
Cd 0.09 0.16
Pb 5.68 1.41
Cu 8.67 7.61
Zn 8.38 5.07
Hg 0.02 0.02
Ni 0.39 0.57

1) Not deteted

Tt f71 9 4R okl 15 1207

2(2004)9] Hio] of5hH GF0) At ARA] E
F & As+= 0.013 mg/kg, Cd= 0.083 mg/kg, Hg=
0.008 mg/kgO| ATk, EJF 470 QA AufA] B4 5
As+ 0.019 mg/kg, Cd= 0.01 mgkg, Hg+= 0.001
mgkgo| ek B 1ok GARBIAL 23 9tk A%
o] ojzeo} Apzo) QLA AHlA| B} & Fidse) 3
FE B87IEL OF 15 £FOR W Uebge. of
o} o] ZEA|e] et el Qb B 5
Fa40) e Y Aol e ofshe S

7 Cergie

Youngju-Soil

20

o 15 -
[a
w -
> g 7
°
S0
0 =, T T T T @. = S."'-
As Cr Cd Pb Cu Zn Hg Ni
Sangju-Soil
20 pes
o 15
[a]
[T
X 19
°
®
- — ) - @ i @I 9‘ @I

0 T T T T

As Cr Cd Pb Cu Zn Hg Ni

Fig. 1. Evaluation of heavy metals in soil compared with
Korea Food & Drug Administration (KFDA) level.

s oS S 5% T 5w Table 63+ 2
UL &2 Qi 5 Cdet Hg= AEHA] ghskem,
B2 it oA = Cdot Hee AEEA] 2dth
2L ASR9) QAo A As=0.21 mg/kg, Cr 0.39
mg/kg, Pb+ 0.14 mg/kg A== 1t} E3F Cu 1.83
mg/kg, Zn23.93 mg/kg, Ni= 0.43 mg/kg AEZEA
th 39| oliboA Cr& 0.25 mgkg, Pb: 0.08
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:

mg/kg AZE Utk E3F Cud 1.11 mgkg, ZnE 8.99
mg/kg, Ni= 1.15 mg/kg A= Tk

oelete] Aok 5 g4l 5147|204 As
3.0 mg/kg, Cd= 0.3 mg/kg, Pb+= 5.0 mg/kg, Hg+=
0.2 mg/kgO|THA15E-2] &SP A, 2008). 4t % &
=5 olE 5187 Blash, A5 it S Aset
Pb T 518719 2442 7.0%, 2.8%°]th G52
Q45 Pb= 318719 1.6%0] ). =2} 5= Qi
o] TEEAEE 38712 2F0~7% Tk

712004)2) w310] olaE o] Qlik AR <)
AF 2 24 As, Cd, Pb, Hg 52 2121 0.029 mg/kg,
0.001 mg/kg, 0.021 mg/kg & 0.002 mg/kgo]tt. o]}
do] AEA A 47 M 5 seEY v
7h S S AT QI Al g o] Sl S
L JuA oS UERAL Jlom, S50 =R
QPARE ofmRith

dubz oz AufA] Eofut qtofA S0l SaS &
Ee HEEAE Hol=ul(4l, 2005: ¢, 2007), ©]
(2003)= th+7452] Abef HAaba]olAl Atef Aul =
i} Ak 0] Fe, Mn, Cu, Zn %5 H| 1L 6}3] =T
A BTt skt

slopdle] H9E B/t Sl AR A3 o 5
A2 A A @ Bask slekt 2006
%, 2007). ofofl & Aol A= AlmE AR AuiA]ell
A QT dak FAOl B 2As =T, S
%0 ool W& EoF Aol A Auliet g5t
o] QUke Fa4 BEE e 2102 vehrth

Table 6. Heavy metals in ginseng on Yeungju and Sangju

Heavy metal Yeungju (mg/kg) Sangju (mg/kg)
As ND 0.21
Cr 0.25 0.39
Cd ND ND
Pb 0.08 0.14
Cu 1.11 1.83
Zn 8.99 3.93
Hg ND ND
Ni 1.15 0.43

1) Not detected

N

5, BHC-3, BHC-y ¥ BHC-a+= 212} 5.7 pg, 1.9 pg,
4.3 pg 9 3.6 pgo|3ltt. DDT o AA = 2| A] 2.1 pg
HE 2|31 5.4 pgo] )21, endosulfan o] ZA = 6.4
pe~8.6 pgol stk olel ol 24 AZwol pe 9]
2 ol Wgreuw, GC-ECD 42717k $71947)
ool Hg-4o] il - ek A& Mo gk

Al 25 g5 FlokL ESH 9 E 2 mLE 5131 o,
GC-ECD #Z7]°|| izt 24 E55%+ BHC o4
AA|¢l BHC-6, BHC-B, BHC-y @ BHC-a%= 1 ng/g
~6 ng/g HYFTHTable 7). DDTOJARAIE 1 ng/g
~7 ng/g HLH 21, endosulfano| &A= 4 ng/g~
7 ng/g HLIGI o9} o] Ha: HEFEE I ng/g~
10 ng/g HLASE AHAA Alm S Al A= 5 5oF
Tt FadE sl B e 2 A 24
ZANA HETR] Yo H & EFE(not detected, ND)
= FEA5FAE

Table 7. Detection limit and qualified detection concentration
on the gas chromatography-ECD for evaluation of
organocholine pesticides

Detection limit  Qualified detection

Pesticides (pg) concentration (ng/g)
BHC-6 8.0 5.7
BHC-3 2.6 1.9
BHC-y 6.0 43
BHC-a 5.1 3.6
DDD 5.4 3.9
DDT-p,p 3.0 2.1
DDT-o,p 22 1.6
DDE 2.1 1.5
Endosulfan-a 8.6 6.2
Endosulfan-3 7.5 5.4
Endosulfan-sulfate 6.4 4.6
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Table 8. Residual levels of organochlorine pesticides in soil
and ginseng on gas chromtography-ECD

Pesticides Soil Ginseng

Youngju Sangju Youngju Sangju
BHC-6 ND" ND N D
BHC-B ND ND D D
BHC-y ND ND D D
BHC-a ND ND ND ND
DDD ND ND ND D
DDT-p,p b ND ND D
DDT-o0,p ND ND ND ND
DDE ND ND ND ND
Endosulfan-a ND ND ND D
Endosulfan-3 ND ND ND D

Endosulfan-sulfate ND ND ND ND

1) Not detected

&3k 871 94A ok 25 1209

S} ke

AR, YTt A0 A T Cde} Hee HE5A
OFQIT). Ab2] Qlitof A As+=0.21 mg/kg, Cr20.39
mg/kg, Pb+=0.14 mg/kgHEEAc}h ESF Cud 1.83
mg/kg, Zn2 3.93 mg/kg, Nit= 0.43 mg/kg AEEA
th gF9o] QlAtoA Cr2 0.25 mg/kg, Pb= 0.08
mg/kg AEF At} E5FCu 1.11 mg/kg, Zn28.99
mg/kg, Ni= 1.15 mg/kgAZE= )

A, AT QA 50 As@EPb we= Ak
58719 27 7.0%%F 2.8%0|th. G379 ¢4t
Pbi 5187129] 217 1L6%olth. oje} o] A%
of Qial o] QU % Fde] TS 5187
O] oF0~7% TE o E BT

A, 75 Ao Gt A=) il AR B
% F240] ke 51871%0] o 0~20% WIE 1t
ehgeh

A, £ SollA 171944 5l BHC o]
A2} DDT o] 24 18]31 endosulfan o]AZ A=
L EHEE et A SollM= B 5
SHA| e 7] daA sofo] HEEA| ATk B

AN ofN o

of 2] QU Aol o] 5 HoroRiE 09

SR ek WER AL Sl

o2t

12

5%, 2005, gHoFA F2] Fafl=Aol gt /g A,
A Rpakolet, Yol sl

1AE, 2003, 5 Y E F 77189407 52 B4, gt
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