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Comparisons of Simple Extraction Methods and Availability for Heavy Metals in Paddy

Soils

Goo-Bok Jung', Won-1l Kim", Kwang-Hyun Moon", and In-Soo Ryu" (‘National Institute of Agricultural Science and Tectmology,
RDA, Suwon 441-707, Koreaq, b College of Agriculture, Dankook University. Cheonan 3X0-714, Korea, E-mail ghjung@rdagokr)

ABSTRACT : To compare heavy metal phytoavailability in paddy soils near five

abandoned mining areas, 4 different

soil extractants such as 0.1IM-HCI, 0.IM-HNO;, 0.05M-EDTA, and 0.005M-DTPA were used. Total acid digestion method
(H:SO£HCIO.HNOs) was also employed to analyze heavy metal content in 30 paddy soils and brown rice. The rates of
extracted heavy metal to total content were in the range of 12.1~39.1% for Cd, 20.5~45.5% for Cu, 10.6~-30.7% for
Pb, and 6.7~13.0% for Zn. 0.IM-HCI and 0.IM-HNO; extractable both Cu and Pb were relatively less extracted at the
high soil pH and extractable calcium site(Mine D) whereas 0.0SM-EDTA and 0.005M-DTPA extractable Pb were strongly
extracted at the same soils. In case of Cd, Cu, and Zn in soil, 4 types of extractable heavy metals and total content were
highly correlated with each other. However, there were positive correlations between 0.IM-HCI and 0.1M-HNO; extractable
Pb as well as between 0.05M-EDTA and 0.005SM-DTPA extractable Pb, which were relatively similar extractants in
chemical properties. The rates of heavy metals in brown rice to total contents in soils were in the order Zn>Cd>Cu>Pb.
Specially, the rate of Cd, Pb, and Zn were lower at the highest level of soil pH and Ex. Ca. Both Cd and Zn in brown
rice were positively correlated with those of all soil extractants. It was estimated that the solubility following to the plant
uptake of Cd and Zn were higher than those of Cu and Pb considering relationships between all kinds of heavy metal

contents in soil and those in brown rice.
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Table 1. Outline of surveyed paddy fields near closed mines

Contaminated  Samgpling

Mine  Ore type Location element site
A P, Zn Chungbuk Ogcheon Cd, Cu S
B Pb, Zn  Chungbuk Ogcheon Cd, Cu, Pb 7
C Au, Ag  Chungbuk Goesan  As, Cd, Cu 8
D Mn Chungbuk Danyang Cd 5
E Au, Ag  Kangwon Goseong As, Pb 5

g€ @ HCIOs 5SmiE 7h3tod E&§ & 6N-HCl 5miE 7}3t
o 834 FLAZe2 0.IN-HCl 5miE 713t o 7siqic).
M2 € EY) yEd4d $85 ¢ dolg, ¥uFY 334
2 ddg AP N3l FrARE2vpERRTH(GBC,
Integra XMP)& ©|§-3te] AaFalgo,

PN Nty

F -3 92 5 NG9 07 XY =EYS gi4oE E
%9 3RS AR Aale B 29 2ok A B, C 2 EXY
o} EY pHE HHEYLZ {718, FAQM 74 9 gole
25 $avet =ES FFEF D FAEAY B deld,
a8y DAY pH 759, #71% 375 g-kg|, REF 176 mg
kg, @A Ca 1475 cmol kg, Mg 335 cmol -kg'o.2 %7
yebted ole 334 29 tg gy oz M3 §7)
E Y 52 o A83ld tE YR of e g4 Jehd
Aoz B

ARG =EY9] F FI45YEH dr)Ed 58 FES
e & 33 2o EYY FF45 HIEHE L H9E Cdol B
Z} 348, 167~907 mg-kg”', Cu7}t 752, 61~2246 mg-kg™, Pb
o] 1768, 64.7~5938 mg kg™, Zno] 260.2, 87.3~73.0 mg kg
o2 Jebgth EYLE B2 ugeit g4yl ga
1 2o @2 7IEAT doldy 7IEAA o] 288 29AE
?l EY pH, CEC, AE ¥ #7I8¢% 5 o 712¢ €2s
oY A2 ERed 71ZHAEE R Q9EY /)ZX"s
Y £Y HEYY FAX Yol $¥FOE Cd 2 Pb 30 mg:
kg, "IZ Pennsylvania®9] 7= LEEF F+7IE] Cd
34, Cu 84, Pb 336, Zn 168 mg-kg”, 7hbche] 24 = 24x A8
712x)% Cd 3, Cu 150, Pb 375, Zn 600 mg kg 'o|th. B 2A}
A% Cde BE Ado] 929 7FX"9 vmstd FApAY
E3%2n, Cue B 2 CAYo] 71280 ¥A Jebstth =8 Pb
£ DAY} 71EE 2339 T Zne HDA7} gy A3}
71ZAETG Fo0, Pennsylvania®e] 724 LEES By
TEt A B 9 DRY9A =4 e,

Table 2. Chemical properties of paddy soils in surveyed mining area

pH OM AvPOs Av.SiO; Ex. cation (cmol -kg")

(1S) (g-kg') ~—(mg-kg")—- K C Mg

Maximum 772 460 271 305 082 1768 434
Minimm 431 94 26 12 013 130 031
A 475 154 8 24 030 229 085

B 52 188 12 2 030 275 06!
475 216 100 23 019 300 066
75 375 14 176 052 1475 335
475 290 8 26 023 18 060
Mean 534 238 100 50 029 459 LI2

Mine

m o O
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dul9) 234 HT 2 ¥Ye Cdol Fz 0380, 0.014~1.4%
mg-kg”, Cu7t 496, 086~815 mg-kg', Pbel 0.100, 0.010~
0390 mg-kg'', Zn°] 323, 50~514 mg-kg 2.2 Uehgt} 99
ARE @ujd &€ T3S HIYIH EFY 293 ug
(Plant metal/Soil metaZ 23 XW Zn, Cd, Cu, Pb €22 7
Zt 1241, 1092, 660, 006%31th AYY Ho/EYe] 334 @
Fuee E% pH ¥ VA Ca Yol £ DAY Zn, Cd,
2 Pbrb ztzt 787, 1.25, 830%2 @A Jehdt. #dv|3 sl=F
FET A BAY el Y9 $#A2d40NE7EA 04 mg
kg'E 2B3UD, FEAVIE | mg-ke' B viZsto] AAY
T B%TE, A¥FY A4 7178 2339,

=EY¥ Fa2dd FS4UF 33P0 AP 4 ey 3
FEHEE B 49 2o EYRY F34E Fadyz dund
Cd, Cu 2 Zn¥# ¥ 1 vl go] HCl, HNO; ¥ EDTAHZ)A
£, DTPACA Al deigoy Phe g2 J&dut
EDTARZo| A Uit 349 $ g3 9% 4 32
A e WREEE ¥ PE(%)L RE A2Y9M C>Cd>
Pb>Zn #£22 Jeigty, A&ulEo] & HOHZM Zz
454, 391, 133, 129%2 Ytk FF49 P42 HA B
HNO;3&4 Cu, Pb ¥ Znol E¥ pH ¥ X¥A Ca7l Wi =
2 DAYeA @A Jelttl 53 AMIEYQ A B, C, EX Y]
A HCl #%4 Cu ¥ Pby ¥Fulgo] 423~607%, 122~
523%<Q ¥ DAYL 13 08%2 "¢ 2t HNO;UEA Cu
2 Pbx 2 1.0, 04%2 "S- @A Yehgdh 23y DTPA R
EDTA%27 Pbe DAYAN Z4z 1029 (216%), 192.7(40.4%)
mg-kg 2 08 ARt vj¢ & gL By

f 57 ol JT =ERS Cd Cu B ZoWF R VE
£& 0.05M-EDTA>0.1M-HCI>0.1M-HNO;>0.00IM-DTPA &2
2 Jehdi Phe 005M-EDTA % 000IM-DTPAS 339
& o2 Rusych T8 FYF 439 AEYL Cdo) 3.
2~515%, Cu7} 122~18.3%, Pbol 81~36.1%, Zn°] 60~150

Table 3. Heavy metal content of paddy soils and brown rice in

surveyed mining area
(Unit : mg-kg')
Mne Cd Cu Pb Zn Cd Gu P Zn
Soil” Brown rice

Maximum 9.07 2246 593.8 7350 1496 8.15 0390 514
Minimum 167 61 647 873 0014 086 0010 5.0

A 353 751 1261 3185 0484 647 0097 387

B 551 966 1632 4698 0884 613 0.187 406
218 1199 747 1155 0.145 408 0049 254
408 393 4774 2909 0051 327 0090 229
206 98 1096 1092 0076 457 0050 319
Mean 348 752 1768 2602 0380 496 0.100 323

* Total content

m o O

Table 4. Contents of heavy metal in paddy soils extracted by
different extractants

Extraction Mine Ccd Cu Pb Zn

1.80 (51.0) 31.8 (42.3) 185 (14.7) 50.8 (16.0)
324 (588) 47.3 (49.0) 523 (32.1) 799 (17.0)
035 (16.1) 62.7 (52.3) 122 (163) 70 ( 6.1)
097 (23.9) 05 ( 1.3) 40 (08) 133 ( 46)
030 (14.5) 59 (60.7) 26.1 (23.9) 13.7 (12.6)
1.36 (39.1) 34.1 (454) 236 (13.3) 335 (12.9)
045 (12.8) 143 (19.1) 20 ( 1.5) 334 (10.5)
069 (124) 224 (23.1) 34 (21) 391 ( 83)
006 ( 26) 27 (189) 04 (06) 18 ( 1.6
096 (236) 85 (21.6) 1029 (21.6) 86 ( 2.9)
006 (30) 212l 16(15 5147
042 (12.1) 154 (20.5) 18.7 (10.6) 17.5 ( 6.7)
179 (50.8) 30.2 (40.3) 16.6 (13.2) 524 (16.4)
312 (56.6) 43.1 (44.7) 4638 (28.7) 81.2 (173)
037 (169) 580 (484) 107 (143) 6.7 ( 5.8)
061 (149) 04 (1.0) 19 (04) 127 ( 449)
027 (13.1) 5.6 (57.3) 244 (22.2) 13.1 (12.0)
1.27 (36.5) 31.6 (42.0) 209 (11.8) 33.8 (13.0)
1.46 (41.3) 283 (37.7) 189 (15.0) 41.2 (129)
267 (48.4) 394 (40.8) 49.1 (30.1) 60.2 (12.8)
031 (14.0) 51.6 (43.0) 124 (166) 44 ( 3.8)
0.15 (28.3) 194 (49.3) 192.7 (404) 13.5 ( 4.6)
022 (109) 5.0 (51.9) 255 (233) 83 (76
Mean 1.18 (33.9) 31.7 (42.2) 543 (30.7) 25.7 ( 9.9)

HCl

DTPA

HNO,

EDTA

mcnw>§mcnw>§mcom>§mcnm>

* Ratio of each extract compared with total contents of heavy metals

%2 ¥ ZA#9} vindlo Cde &3 Cue 2ged o =z}
Egs 9% g Hrhdel 2ol 7)1Qsn Bt
FAH) & 0.IM-HCl 2 0.1M-HNO;A24 Cu, Pb 2 Zno] E
Pzt S DAGN e J2YL B R YwFHo
¥¢ pHollME d849%e7} Bol BEY F3ao) ujdio g0
AdD pl7l ¥ +8 EYYalel 38 FF40] EFgA0
Z 47 olgHo F2Pol AUde R1YE3 9xEAG
28y pbel 7% 0.05M-EDTA ¥ 0.00IM-DTPAREA o] okt
F2uc DAYN oi$ Eted”, oy Azde =N
Pb-chelateE EYAE $3Trl w2 JTdM 3A Z718H
H90e] gk A= phytoremediationd} M chelatesS o] &
& 2832 (phytoextraction)o]§ 77} @i AYsn giot
29 A feldelid ERQ AR HEshe B
2 0.IN-HCl &4 F340] 8P tg vigg 2 o Ay
54 2 EYe Ao me) o ¢ & Ajolg Holn Yot &
g BB Wzl we} 7184 AEEE IA WES Qo
Ao did O3 AEY FAE A o] EY Bzt
of = FAZIE digk dwvl Wesign A Aot
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Table 5. Comelation coefficients(n=30) for relationship between
various extractants for heavy metal in paddy soils

Heavy .
Extracti DTPA HN EDTA Total
Metals on 0

HCI 04617 0996 0994 0.951"
DTPA 0405 0509 0.604~
c HNO; 0.981” 0926~
EDTA 0971"
HCl 09407 10007 0969 0971"
DTPA 09387 0964~ 0958"
@ o, 09677 0972
EDTA 0985
HCl NS 099" NS NS
DTPA NS 0932”7 0.887"
Po HNO; NS NS
EDTA 0954"
HCI 0.8917  1.000" 0995 0904™
DTPA 08947 0875 0.765"
2 o, 095" 09"
EDTA 0914”

*, ** : Significant at P = 5% and 1%, respectively,
NS : Not significant

EYY 350 dig 2d Fe43e] 433A A B 5
% 2. Cd& 2E F2ddX 129 Yo J#& B e
Feduo DTPARZ ] 43S A ek Cudl g 3
2979 3BAc ZE PddM FaAFst 0MolgeE
T=9 A9 JEAL HAh P2 AFAZF %Y Yl F VS
3= HCI# HNOs; DTPAS} EDTA® 4#A47t Zz 0999,
09322 1= Ao 4L BYoy e YuaF Jade I
Sd3dle 4B A7 Yl £¥ ¥ Pb¥FL DIPA %
EDTAH&4 Pb3t 1= 39 B8-S BYoY HO % HNO;
384 Poite YAE AV QU Zool DI SY Y@
g #Ae 2e F&ddM nx9 P9 JAL BYY 3T
2EAY olARY A2 B A2 FIEUFE vag
A% % 57°¢ Cd ¥ Zne F2Y 43 4RWAs} w3
75 59 43340l 7ML Cu, Pre ARBA7} Btttz
dgoy o Ra*Ve 2 Hig 2 o Y24y YgYe
EY2E¥9 24 R ¥, EFY ol3Ey 54 3 AuPy
of W2t 43 Aozt AE Aoz BYHUL.

Aedd Cd 9 Po¥da EQ9 Y ¥3ad #Ae
B 6% 2ot Cd#t#e DTPA A&Avto] E%e 84 Ao
A8E B, PoiFe DTPA ¥ EDTAYEA R # poa
of EYY #AH ngol Ao M#e nytd, 53 EQ
pH, X84 Ca R Mg B¥AF7+ 24 vepdtth 284 HC
% HNOsH 24 Pb2 A4 Ca % Mgsh 9 488 83z

Table 6. Correlation coefficients(n=30) for relationship between Cd
and Pb contents extracted by different extractamts and

chemical properties in paddy soils

OM AvSiO;, K Ca Mg
HCI NS NS NS NS NS NS
DTPA 0640° NS  0464” 05217 0.600° 0606

Cd HNO; NS NS NS NS NS NS
EDTANS NS NS NS NS~ NS
Total NS NS NS NS NS NS
HCl NS NS NS NS 0356 -0.368
DTPA 09297 05927 0742 05107 0939 0876

Pb HNO; NS NS NS NS 0357 0384
EDTA 08647 06217 07427 0458 0863 0823"
Total 0.855" 0474 0882 06147 0805 0883

Extraction pH

*, ** . Significant at P = 5% and 1%, respectively,
NS : Not significant

OE e froddol e 99 An B9 ey
DTPA-Cd, DTPA-Pb, EDTA-Pb 2 total Pb@aute] 159
A9 4AE BYed, § 57 o}dRN A2 EYY RE 7}
|4 A& Cd ¥ P EY pHe A An g8,
CEC % X84 Mgs %9 432 Byu sl &2 A 4
ol3tgict.

E9 JedY 335UFY dvlF 335829 #Ae X
73 2t RE AN EY F25F Cd € Zn P gy
% Cd, Zn®33 39 498 BT, E3 Cde 159 Ho 4
BE B4 £% E¥9 HClL, HNO: 344 % # po¥gre o
ulF Pb¥s Ao YL 1gen Cue 0IM-HCl A&99
o] foj4e] AUNT, EL2FFHAY YL 01M-HClz} o4t 3
49 0IM-HNOl 98 F&dud 52 48 ¥yt & S
Ve E%3 dulg BANA F=FS EDTA, o+ HClO
A7 e AR By, dnFY F2&£9Y 2L 2
T4 F5UAS 98] EYY H5y ENS 3 HRee
Aol FZEL 24+ Utizn st B 24} A EY

fac)

Table 7. Comelation coefficients(n=30) for relationships between
heavy metal comtents in brown rice and those in soils
extracted by different extractants

Extraction cd Cu Pb Zn
HCl 0.798" 0.368" 0550~ 0512"
DTPA 0.554” NS NS 0.368’
HNO; 0.803" NS 0.546" 0.507"
EDTA 0.774" NS NS 0.519"
Total 0.772" NS 05%" 0569

*, ** : Significant at P = 5% and 1%, respectively,
NS : Not significant
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o3 F34 #A ¢ #ojg B} F3458E(Plant
metal/Soil metal)d FH3d ¥ o) JEHZY F& FF
o) 4o 2z grg FIEF L ojdo] £& RNog WY
Hoad. =3 duldy AAE Y W EL EAyF
Mt Ey 3ol g FHAl U, 53 0.1M-HCl9|
AEH Froldy € i Hrhiygoez HAGsda 47
A=

2 o

EY9 334 F2d9 WA= ¥ FAEE 7Y 4
st F - W Q12 57 A 307 AW =EYE udes 4
Z 993 2 e 9% 35S R 22 AYRA
AiE dvle FFETFE AU,

EFe F F340 dig a4 Y3uEe Cd 121~39],
Cu 205~455, Pb 106~30.7, Zn 6.7~130%%%, B8 E% pH
2 Cagtgol & AYolA 0.IM-HCl ¥ 0.IM-HNO:U&4 Cy,
Pbel #aulgo] ol ety 0.06M-DTPA ¥ 006M-EDTA
A&4 Pbe vl¢ #UYG Cd, Cu ¥ Zno EY 29 L A
Fe 43BAe nEY A9 e Hoy Phe sy §
gE A& 0IM-HCI%  0IM-HNO; 0.005M-DTPA%
0.05M-EDTARH] 488 BEth EFY £ 33594 diE ¥n|
% ekl &(Plant metal/Soil metal)& Zn>CA>Cu>Pb £2.2 &
z} 1241, 1092, 660, 006%% 1, 53] E% pH ¥ Caldel &
< AgoiA Cd, Pb ¥ Zno] #Hlgo] ol¢ @A Jehgeh E
%9 Cdot Zn@e ZE HEdolA ol o g BA
1, B3] A29%F 0IM-HClo] td& Jadut 4a4e] §&
Aoz etk EY AgAd 33453 dujsje A R E
39 F FE& 9 HuF YIuEE ¥ o ER AR
8} HE29 F4o84L Cy PoRY Cd, Zn7l & A22 4
7. ~
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