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ABSTRACT

This study was conducted to investigate the heavy metal content of
agricultural products for coping with extension of the number of products for
MRLs and to serve foundational data for setting the safety guidelines for
agricultural products. To get information the relationship between the content of
Cd, Pb treated soils and uptake of Cd, Pb by five vegetable crops including
Spinach, Radish, Chinese cabbage, Chinese leek, Lettuce, the content of Cd, Pb of
five vegetable by different Cd, Pb levels in soil were measured using ICP after
acid digestion with microwave-assisted apparatus. Cd content of soils ranged
from 0.236~0.343mg kgf1 was in effect equivalent to the uptake of Radish MRLs
0.1mg kgfl while Pb content ranged from 37.4~82.0mg kgfl at Radish MRLs 0.1lmg
kgfl. Cd content of soils ranged from 0.162~0.177mg kgf1 was in effect equivalent
to the uptake of Spinach MRLs 0.2mg kgf1 while Pb content ranged from 50.7~
57.6mg kgf1 at Spinach MRLs 0.3mg kgfl. Cd content of soils ranged from 0.730~
0.902mg kgf1 was in effect equivalent to the uptake of Lettuce MRLs 0.2mg kgfl
while Pb content ranged from 251 ~277mg kgf1 at Lettuce MRLs 0.3mg kgfl.

Key words : Safety of agricultural products, Residual pesticides, Heavy metal
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1,000ppm< AFFES} E3 35l 71=H Img ke ‘¥ @ 100mg kg '35 ESS WA
E3tslo %S S48t gAl sk 2010 ~2011E (-, Al A, il 5= A ul))oll
= 0IN-HCl FZ4d| wet 7t=F2 0, 005 0.1, 02, 03mg kg ' 55F, ¥ 0,
10, 20, 30, 40mg kg ' 55F o2 ZAEY 1/2000a 91 EES EF 10kg¥ E3
shATh 2012 (F-F, AFAuhd = ESF AT AANA T MAdd upet dHEE

160mg kg ! 55Fo s EFS zAste] AuAd stk % pH 35% A=

el

AS AAEte] JtEES 02, 03, 04, 06, 0.8mg kg ' 55, w2 30, 60, 80, 120,
% Al
,]

SHE TRV 24%E EY &243 Ao r F3ded pH 55, 65 75 3 F
TOo 2 ZAEAY. FuEH F5F R2AME AdAE 4 55 wEWE 3NEo=
F(654), AlaA(45¢Y), wF(35¢), F+F(654), 4F(B5Y) LEAME T3
o, A EA, s LEY 109 3Eete] &S AL 5574 A}
g3t FEFS Ao, FFe FFE XEY 574ME ol A Al 2
A 5% B4 YA e ABEES dFEe] 05mmeoldtE A A 25
Al lgell #24F 10ml 7}8Fe] Microwave oven(Questron Tech, Corp, Qwave

2000)&2 #3fsted 100ml A& st F=2FEet=rHGBC, Integra XMP)® =736}

Ak £ T3S BE LAE ARE i D20 mm AS AN AL

AT 2010~20119 FE% F3Fe EFATAAND/E@AE, 20090 =

3 A& 10g< 100ml 4H7}+a

A7 QS No. SBE olshshe] clelg fEAREG =R Seklon, 012
ol

)| A AdAY] 7t=wd J9 Hiw
o A A A UEUA Fder FAA FoAe gAHE 1) EY
7 =

4
TE FEYel TrsE e e

_

Rom, # 03mg kg ' F=ol4 Ao 0.092~0.125mg kg '
FHQen pH 75 FERT 55 FEAA F4Eel eI el 4% B 4
% 40mg kg ' oA 0.063~0.113mg kg ! FFEAS tt] pH 55 304 B2 eko)
7t DHJL 2). AEAAAY A FY e E rA)elA A o tew RTIE
L3 01mg kg ! s8R B 29 Jlog, W S5 EE 34 oo

L E e BF7)13( 01lmg kg Dol d@els ESE JEH T2 023

off
L
>8 o~

> 2
i d@
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6~0.343mg kg, & 0lmg kg ' ol SlFehs BFFO] W HEE 374~-820mg ke | oIS
Mool ES E"OES’—?% ©#7)%F A=F 15mg kg, W 100mg kg' FFRIE W U
HUGE 3. ol EYOFIE ol B fEold $o4 Ailes e 35

& e ThedE 4131'8}1 ot FHE 29 Sl uiR A=A WAEE AN ES
%ﬂnﬂ AL 5 WS ez g8o] 7FsE Ao=w ddw)

i1 F 98 42 5%
< Cd > ¢ @ g Pot )
A ___DPH55 ___DH 65 ___DPH 75
No o =3& &9  Fd& &9 Fd& T
(%) (g Pot ") (%) (g Pot ™) (%) (g Pot )
1 Cdo 92 343.5™ 9% 333.5™ 85 273.3™
2 Cd005 & 3776 90 336.7 85 301.1
3 Cdo.l 82 3279 90 301.3 85 3259
4 Cdo02 83 341.4 9% 317.2 85 316.3
5 Cdo3 80 327.7 9% 320.2 85 272.7
< Pb >
A ___pH55 ___DpH65 __pH775
No o =d8& 3 288 &9 = Fd& T
(%) (g Pot ) (%) (g Pot ) (%) (g Pot )
1 PboO 9% 326.0™ 100 308.6™ 100 283.6™
2  Pb 10 85 3355 9% 293.2 9% 202.7
3  Pb20 80 334.2 85 310.7 9% 273.1
4 Pb 30 80 3279 85 307.7 75 272.4
5 Pb 40 80 296.3 80 290.8 75 225.6
£ 2 % Cd Pb F5%F (&) : mg kg V)
No A el pH 55 pH65 pH 75 A 2l pH 55 pH65 pH 75
U & Wy &
1 Cdo 0024 0025 0022 Pb 0O 0029 0.024°  0.016°
2 Cd 005 0043 0043  0.040° Pb 10 0.055"  0.026°  0.020°
3 CdO0l 0056  0052° 0049° Pb 20 0.061"  0.029"  0.024°
4 Cdo02 008" 0073 006" Pb30 0072 0041  0.038"
5 C€d03 0125  0.119° 0092 Pb 40 0.113"  0.071°  0.063"
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¥ 3 EY Cd Pb &3 7% Cd, Pb =] #7
=g AN E%E 5R
CEY ax A5 R (mg kg ) A
pH 55 v = 0.3221x+0.0239  0.9865™ 0.236 y o Cd s
Cd pH 65 v = 0.2947x+0.0241  0.9685" 0.258 X BEY d g%
pH 75 v = 0.2183x+0.0252  0.9837" 0.343 (mg kg )
pH 55 y = 0.0019x+0.0290 0.9102° 374 vy 5 Pb &%
Pb pH 65 v = 0.0011x+0.0164 0.7823 76.0 x: EY Pb skF
pH 75 v = 0.0011x+0.0099 0.8587 82.0 (mg kgfl)

U ELGSEE 0 AFHY TS F54EHY BA
429 ZEA st AlFX9 RS Ak A3 A@AYY] TtEwd W
TEAA A A UEYA RUATHE 4). EST TS5 FE7F Eo)
TE ATAd U Fad FTEel SUksteE Y ddo] o e F
Ed®w Jl=H 03mg kg ' FFA H 0300 ~0319mg ke E5HA
pH 75 437 pH 55 3ol A v2=d & =) 5
% 40mg kg ' olA 0.252~0270mg kg ' FFEAOH pH 55 oﬂAﬂ FrEel &
7FstRATHGEE 5). AFEAAAEAA A AlEAY] tew %J%7H 02mg kg ' T @
03mg kg ' dlalReRs EF Fo| l=k, W HAIEEE B2 o] R0 7 AEelth AlEA
Z Jl=H FH71202mg kg Dol A@EtE ESF JIE=F FEE 0.162~0.177mg kg
W 03mg kg SEERE ESE] W R 50.7~576mg kg | olglon o 3o EY
A$-#71F FH=H 15mg kg, B 10mg kg | SRR WA UERITHE 6). ol EY
AA7E oW EdrE Feold Fus Ales 2¥ths s e Vs
omlatar Qlo] 2= Aol wE tpekst Mol a1eldk At Frejojof o Ao g Azt

o
B

_ELHNMH
1o

< Cd > (9] : g Pot )
s g ___DPH 55 ___DH 65 __pH775
No o E8& 3 38 8 =48 FF
(%) (g Pot ") (%) (g Pot ) (%) (g Pot )
1 Cd 0 9% 73.2™ 9% 62.6" 90 64.7™
2 Cd 0.05 9% 87.7 90 765" 90 62.6
3 Cd 0.1 93 95.6 90 70.8 85 58.1
4 Cdo02 93 1085 87 87.1° 85 61.1
5 Cd 0.3 90 109.9 90 845" 80 83.1




A __pH55 ___DbH 65 ___DpH 75

No o =Zd8& Fa = Fde F3F = Fd& T3

(%) (g Pot ) (%) (g Pot ") (%) (g Pot ")

1 Pb 0 93 64.3" 91 72.7° 87 83.4™
2 Pb 10 92 69.0" 94 62.3" 85 94.3
3 Pb20 90 82.4" 92 77.9° 80 99.9
4 Pb 30 90 104.6" 93 108.1° 85 1165
5 Pb40 90 116.9° 90 115.7° 82 105.9

% 5 AlEA Cd, Pb 5% (99 - mg kg )

No ﬂg pH 55 pH65 pH75 ﬂg pH 55 pH 65 pH 75

1 Cdo 0067° 0062 0069 PbO  0031° 0030°  0.035°
2 Cdo0s 0.122° 0097 0100 Pb 10  0.094™ 0101 0.074
3 Cdo0l 0147 0161  0139° Pb 20  0.108™  0.107™ 0117
4
5

Cd 02 0218  0200" 0218" Pb30 012" 0.128°  0.165°
Cd 0.3 0319  0.300°  0.317°  Pb 40 0270  0.252°  0.263°

6. E% Cd, Pb &3} AlGAF Cd, Pb @Fke] w7

2 A A A2 =
see ST ens A mEer  wa
PH 55 y = 0.8036x+0.0701 0.9898~ 0.162 v AEA Cd 3
Cd  pH 65 y = 0.7647x+0.0646 0.9775" 0177  x:EY¥ Gd ¥
pH 75 y = 0.8278x+0.0610 0.9944” 0.168 (mg ke )
pH 55 vy = 0.0051x+0.0238 0.8457 5416y AEA Pb %
Pb pH 65 y = 0.0047x+0.0294 0.8515 5757 x: B Pb @
pH 75 y = 0.0055x+0.0214 09578~ 50.65 (mg kg )
% E$FTETE FFY R I F5FRY UA
35 EEAuste] wiFo] F¥S =AY Ade % 79 2Y BEYT oS
FE7b Bl ASRE wWF] ¥ FEE FEge]l FsE Ao gue] Ugon
2 FE EFFE EH 03mg kg FEIA A 0.060~0.080mg kg ' FF
H9om pH 55 @A FEgol A tebdeh Wl ¢ EF HuEE 40mg
kg ' o4 0243~02%2mg kg ' FFH L pH 55 FEIA FaFel SrbstAhE
P

=
). A EAH A FAT wFe] F=R FFV)F 02mg kg ' F W 03mg kg ' AT
e BEY w9 7l=F, | s
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(02mg kg Hel 6HW‘6}% EYSFE IR FEE 0940~1.420mg kg, ¥ 03mg kg %
she Bl W TEE M3~631mg kg ' olglen o FEL B GfEVE =
# 15mg kg, W 100mg kg ' FEEORE WA UERITHE 9). gl A9 EFedellF
olie] EFFE FEAN FEE AFR/ES 2SR FREe e 7FeAS veEien v}
EES BYHSEIE 15 mg kg ol fARE 142mg ke ! GE0] SRS RS rEpich

g ___DPH55 ___DH 65 ___DH 75
No ., o =38& &9  Fd& 9 Fd& 59
(%) (g Pot ) (%) (g Pot ) (%) (g Pot b
1 Cdo 90 370.0™ 90 359.7" 83 342.6™
2 Cd 005 85 4705 90 403.6 85 396.5
3 Cdol 82 357.9% 90 4253 82 397.7
4 Cdo02 83 312.0° 80 470.0 85 4772
5 Cdo03 84 3417 86 361.3 80 382.6
< Pb >
A g __pH55 ___DpH65 ___DpH775
No o =d& 3 ~ Fds ZFa = Fds  Fa
(%) (g Pot ™) (%) (g Pot ") (%) (g Pot ")
1  PboO 94 391.7° 100 575.7 100 514.4™
2 Pb 10 85 444.8% 9% 465.7% 9% 572.6
3 Pb 20 80 447 5% 85 475.6™ 9% 534.3
4 Pb 30 80 531.3" 85 360.9" 75 527.7
5  Pb 40 80 424.3" 80 363.2" 75 4679
¥ 8 W3 Cd, Pb &5 (F9) - mg kg )
No A #l pH 55 pH65 pH 75 A el pH55 pH65 pH 75
U & U &
1 Cdo 0021 0021 0023 PbO 0128% 0142  0.104°
2 Cd005 0036 0027 0032 Pb10 0137° 0168  0.132™
3 Cdo0l1 0040° 0041  0037° Pb 20 0204 0184 0159
4 Cdo02 005 0052° 0052 Pb30 0226 0193 0177
5 Cd 0.3 0071* 0080  0.060° Pb40 0292  0.259°  0.243"




£ 9. EY Cd, Pb &} w55 Cd, Pb kel a7
EoF A Al 5= ECEE =i
F85 o0 #7114 EAT ETESL wom
pH 55 vy = 0.1557x+0.0239 0.9784™ 1.131 y : HIE Cd &
Cd pH 65 vy = 0.192x+0.0196 09746 0.940 x: EY¥ d 3
pH 75 vy = 0.1235x+0.0246 09870 1.420 (mg kg )
pH 55 v = 0.0042x+0.1141  0.9521" 44.3 v @ 5 Pb
Pb pH 65 vy = 0.0026x+0.1376  0.8857 62.5 x ! EY¥ Pb 3=
pH 75 vy = 0.0032x+0.0980  0.9455" 63.1 (mg kg )

A1 % 160mg kg’

k ™ pH 75 FFolA F4Ee] S8k tHE 11).
AENAARANA T FFo] J=E FH7IE 005mg kg ' F @ 0.1mg ke ' @l=Et
= EY 9 7leH, W ST EE #AAY ol8oE® Sty S vlew ol
0.05mg kg Dol dFsls EYZE 712F 5= 0621 ~0.812mg kg !, & 01mg kg * 3
Fole B B FEE 284~42mg kg ! ol9len] o] FEe Ee 987152010
d A JMEF dmg kg FERORE WA Uehtor, W E%ed9#7]E A0mg ke
TFrHtE 2 UERTHA 12). teb EYASe7]E o] EYel ToolA Tus 1t
F715S 298ke FFEE vkl 7FsAdol JE Fh=gel tisie 2E S0l wE gst

wlol2 weldt AT} Faslolol & Flow Azt

[o ol
N
QL

2
=
ol ¢
1o
o
o
f
o0

¥ 10. 5 % (9] g Pot'h)
No A el pH 55 pH 65 pH 75 A @l pH55 pH65 pH 75
g & U &
1 Cdo02 404 59.0% 395"  Pb 30 39.3 50.9 50.4°
2 Cd03 528 542  494®  Pb 60  44.0 44.9 45.8°
3 Cdo04 479 4827 443™ Pb 80 487 38.0 45.7°
4 Cdo06 473 454 3665 Pb 120 487 45.8 36.8"
5 CdO08 496 371> 380" Pb 160 347 49.2 49.2°
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¥ 11 3 Cd, Pb 54 (49] : mg kg

AR aes mEes s 3 v

[e)
Cd 02  0.006° 0006 00055 Pb30 0022¢ 0.022¢  0.021°
Cd 0.3 0.019° 0017 0010° Pb60 0.029°  0.030 0023

1
2
3 Cdo04 0028 0034”0026 Pb8& 0.033™ 0036™ 0031
4
5

pH 55 pH 65 pH 75

Cd 06  0.040°  0.042°  0.031° Pb 120 0038"  0.042°  0.037°
Cd 08  0.066°  0070°  0.050* Pb 160 0051*  0056°  0.061°

# 12, B Cd, Pb &3 575 Cd, Pb &2 #7
0. E% ARA T EokE =L
—6_%—:!‘ )‘]'_1_;_ ¥ 7:” é‘]l ((:E{Z)] T (;)r;;j k;,l) H] i
pH 55 v = 0.0938x-0.0113 0.9808" 0.654 y S Cd o
Cd pH 65 y = 0.1007x-0.0125 09668~ 0.621 x: E¥ Cd ¥
pH 75 y = 0.0728x-0.0091 0.9556" 0.812 (mg ke_ D
pH 55 y = 0.0002x+0.0156 0.9746" 422 v 55 Po g
Pb  pH 65 1y = 0.0003x+0.0147 0.9837" 284 X EOE Pb 3
pH 75 y = 0.0003x+0.0076 0.9042" 308 (mg kg ")
i EFFTES dFA A3 TS FFFH @A
TEAME FFe] FEFES 2AG AdE B 139 2u BT FEE ¥R
b wobdF s AFel W FEE FFFel SUkeke Ao ddel ddew gt
EH EYEE 08mg kg | FEolM 0184 ~023lmg ke ' FFEAeH pHF St
FF2 Fogel et wWel 4¢ EF AuwE 160mg kg A4 0192~
0206mg kg ' FFERAem pH 65 FolA FFaol EA YeEbIthE 14). AF94
Wo A A Aol Fl=F FH7]FE 02mg kg ' # W 03mg kg AEERE B &
o] 7hEs, | MAlEEE WA ol 8o R ArEsidith AT e thﬂ (0.2mg kg’l)

x)
o e EYF JsH FEE 0.730~0902mg ke, ' 03mg kg ! slEEls Bk

o] ¥ TEE 251~277Tmg kg ! o]9lom o] FFES Eede#r|#E(2010d JNA) 7}
=¥ 4dmg kg | FERORE W UERkoH, Y B0 d9-e7]E A0mg kg | FERIRE =

Al YERETHE 15).




¥ 13 4F % (&4 © g Poth)
= 2 g
No W oe pH 55 pH 65 pH 75 W oe pH 55 pH 65 pH 75
[} [}
1 Cdo02 890"  89.8% 1143 Pb 30 976 1049 947
2 Cdo03 704 72.3 816> Pb 60 1005 1022 934"
3 Cdod 772° 90.4 10950 Pb &0 885" 1157°  1104%
4 Cdo0o6 109.0 90.4 802>  Pb 120 1046°  117.2° 119.6"
5 Cdo8 794" 80.2 835° Pb 160 782"  833° 92.3"
¥ 14. 43 Cd, Pb &5 (9 mg kg )
No A @l pH55 pH65 pH75 A el pH 55 pH®65 pH 75
U & U &
1 Cdo2 00219 0025 0028 Pb30 0023 0031 0046
2 Cd 03 0041  0.058 0064  Pb 60  0.041° 0046  0.057
3 Cd04 0055 0063  008° Pb8  0081" 0066™ 0075
4 Cdo06 0107 0116  0.147° Pb 120 0.093"  0.087°  0.112°
5 Cdo08 0184 0203  0231* Pb 160 0192 0206  0.193°
¥ 15 4 Cd, Pb &3 455 Cd, Pb &3] #A
& oF ARAST ESFE =L
9% o 7)1 G TlERS mow
pH 55 v = 0.2682x-0.0418 0.9725" 0.902 v A% Cd 3
Cd pH 65 v = 02832x-0.0373 0.9601" 0.838 X E% Cd 3
pH 75 v = 0.3297x-0.0407 0.9904" 0.730 (mg kg Y
pH 55 v = 0.0012x-0.0249 09118 271 v : %3 Pb 3
Pb  pH 65 v = 00013x-0.0264 0.8536 251 x| B9 Pb 3heF
pH 75 v = 0.0011x-0.0042  0.9239° 277 (mg kg ")
4. A
A7 HAEAE AN BFRAE AR xAre FEAud TIFE I
g Fe Bl Hejstel ¥Eg zdsta B, AFA, W BE AFE 07H
SHE-2Uol A LZEAuSE] 7+ 2HE] F4ES B4, sAE a5 FFRIE 7
=523 EYT =g, 99 % dAE AN A3E g okt vy #r)
7hoe AEg HRVIE 0lmg kg ' 3 W 0dmg kg ' G B FO Ao
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" s EE A ol ke Ay ¥ T lEF TS ddete EY
= 7I=E RS 0236~0.343mg kg, EYE W HEE 374~820mg kg ' o]tk
U AlgA 9 7lEH FH7]1E 02mg kg ' B F 03mg kg ! @ EtE BEQG F9) gl=
H, H EEE A oo A A AeAF JlEE ARl 9 el
EYF I BEE 0162~0.177mg kg', ESFF ¥ ¥ EE 50.7~57.6mg kg !
ol At
th w3 SR FH71FE 02mg kg ' W 03mg kg ' Al RElRE B F9] =k,

o = WA olgor AE Ay wiFT Jt=a e ddets B
Z =B FEE 0940~1420mg keg!, EY¥F W FEE 43~631mg kg ' ©]
A

Ft=E V1€ 005mg kg ' 7 W 0lmg kg ' slREhs EY Fo Jl=
WAEEE WA olgoR AE A FFT Jh=g il slgshe

FEH FEE= 0621~0.812mg ke !, B W R 284~422mg kg |

)
o
o
L Lo

o |m o
32 o2
Loy E

=8 #5713 02mg kg ! 7 @ 03mg kg ! D EE EY Fo] Sl F
WA ol gom A A3, ART =g AR/ITA AYeE B
= 0.730~0902mg kg !, E¥E0 W HEE 251~277mg ke ! o]
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