Korean J. Environ. Agric.
Vol. 15, No. 1, March 1996

M@ gl

UNE Wt 2uH

Fractionation of Heavy Metals and Correlation with
Their Contents in Rice Plant Grown in Paddy near Smelter Area

Seong-Jo Kim, Seung-Hwa Baek and Kwang-Hyun Moon

Abstract

The contents of heavy metals in soil near the Janghang smelter area were observed to
understand present status and relationship between their fraction and the absorption by rice.

The soil samples were taken from the eight sites of the paddy fields in 1982 and 1990, and
analysis on heavy metals including Cd, Zn, Cu and Pb was performed.

The results were as follows:

Total contents of heavy metals in the samples of 1990 were higher than those of 1982.

The order of increasing ratio was Cu>Zn>Pb> Cd and the variation of Cd content by
sequential differente extracting was residual > exchangeable > dilute acid-extractable fractions and
its increasing range was from 38 to 71% during nine years.

The ratio of immobile heavy metals bound within an oxide or silicate matrix of Fe-Mn oxide
bound and residual in surface soil was that Cd, Pb, Cu and Zn were 31.65, 42.22, 76.57 and 79.
49%, respectively, and their mobile ratios of exchangeable, dilute acid-extractable and organically
bound were more than 20.28%. Those of mobile Cd, Pb, Cu and Zn were 68.35, 55.78, 2343 and
20.28%, respectively.

Correlation between the heavy metal contents in surface soil and those in tissue of rice plant,

such as leaf blade, leaf sheath, stem and panicle axis, were significant, but were not significant

ety A A 33 B College of Life Science and Natural Resources, Wonkwang University, lksan, 570-
749, Korea)



2 A5G A A15A A1E (1996)

in subsurface soil.

The dilute acid-extractable and organically bound fractions of Cd, Cu, Pb and Zn in surface

soil were more significantly correlated with those in tissues of paddy rice.
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Table 1. Chemical extraction scheme for metal fractionation in soil.

Fraction Reagent conditions* Shaking time. h
1. Exchangeable 16mL 1 M MgCl: (pH7.0) 1
2. Dilute acid-extractable 16 mL 1M NaOAc adjusted to pH 5 with HOAc 5
3.- Fe-Mn oxide bound 40 mL of 0.175M (NH,»C:04 and 0.1 M H.C;0, 4
4. Organically bound 40 mL of 0.1 M NaP;0; 24
5. Residual Dry (in ove-n) 0.1 g of material remaining after step 4.

Add 4mL HNO; 0.1 mL HCIO, and heat at 140T for
35h. Add 5.0g boric acid and dilute to 100 mL volume.

*There volumes are for 1.00 g oven-dried soil.

Extractions 1 through 4 were performed at room temperature for the stated times.

Separation betweem steps was by decantation of the centrifugate after 20 min at 1500 rpm.
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Table 2. Physico-chemical properties of surface and subsurface soils of 8 sites selected near the
Janghang Smelter area in 1982 and 1990, respectively.

Physico-chemical 1982 1990
properties Range Mean Range Mean
Surface soil

Clay(%) 4.50-36.00 22.81 3.50-35.00 18.05
pH 5.1-7.70 5.95 5.10-6.70 5.69
Organic matter(%) 0.70-2.70 1.94 0.70-3.10 2.26
Available P;Os(ppm) 18.00-412.00 179.75 19.00-230.00 69.38
Available SiOx(ppm) 54.00-210.00 119.38 72.00-162.00 113.38
CE.C (me/100g) 6.80-17.75 10.53 8.20-11.00 9.64

K 0.08-0.34 0.21 0.12-0.31 0.19
Exchangeable Ca 1.59-2.67 2.15 1.93-2.59 2.30
Cation Mg 0.47-2.71 1.64 0.77-2.37 149
(me/100g) Na 0.08-9.34 164 0.06-0.48 0.21

Subsurface soil

Clay(%) 3.50-39.00 27.69 12.00-28.00 21.50
pH 5.50-8.60 6.60 5.60-7.50 6.14
Organic matter(%) 0.70-2.70 1.71 1.30-2.40 1.98
Available P,Os(ppm) 9.00-459.00 133.13 26.00-240.00 80.50
Available SiO:(ppm) 57.00-697.00 191.88 83.00-262.00 134.88
CE.C (me/100g) 6.30-11.60 8.84 5.80-8.10 6.88

K 0.08-0.48 0.25 0.14-0.73 0.18
Exchangeable Ca 1.37-3.03 2.24 1.14-12.87 3.66
Cation Mg 0.37-3.38 2.23 0.79-3.92 1.10
(me/100g) Na 0.07-1.65 049 0.04-0.77 0.25

Table 3. Metals in contaminated soil of smelter area and uncontaminated soils(mg kg™' dry wt.).

1982 1990 Uncontaminated
Metal
Range Mean Range Mean Range* typical**
Cd 241- 3.68 2.97 2.73- 4.57 3.32 0.01-0.7 04
Zn 30.29- 7848 47.65 19.23-267.94 6841 10-300 40
Cu 22.69-192.68 79.97 34.41-290.14 111.93 2-100 12
Pb 85.91-331.96 151.40 84.62-380.53 157.85 2-200 15

*Data from Lindsay, 1979

** Data from Berrow and Reaves, 1984.
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Table 4. Mean contents of heavy metals in sequential fractionation of soil near smelter area in

1982 and 1990.

Contents of heavy metals (ppm)

Cd Zn Cu Pb
Fraction

1982(A) 1990(B) B/A 1982(A) 1990(B) B/A 1982(A) 1990(B) B/A 1982(A) 1990(B) B/A
............................................. Surface SO“S (0~15Cm) teedieraversrtietacsarertsttascenrarersrtasans

Excha. 044 064 145 322 455 141 1.24 281 227 2644 2191 0.83
Dilacid 040 055 138 211 583 276 360 843 234 23.84 2580 1.08
Organi. 119 106 089 433 925 214 1390 1758 126 34.17 4716 138
Fe-Mn. 065 064 098 583 1398 240 4171 5990 144 50.86 48.01 0.94
Residu 029 043 148 32.16 34.08 1.08 1953 2322 119 16.09 1497 093
Total 297 332 112 4765 6841 144 79.98 111.94 140 1514 15785 1.04
.......................................... Subsurface Soils (15~30Cm) Cesueussrriitacsenesirrasanenserr bt tsanee

Excha. 048 066 138 152 342 225 136 277 2.04 1925 2089 1.09
Dilacid 035 060 171 193 623 323 138 884 641 18.22 2530 1.39
Organi. 1.01 088 087 525 947 180 805 1554 193 2228 4213 189
Fe-Mn. 065 053 082 6.28 14.15 225 29.83 4572 153 2444 5142 210
Residu 026 040 153 3364 3481 1.03 1613 1785 1.11 1580 17.05 1.08
Total 275 307 112 4862 68.08 140 56.73 90.72 1.60 99.99 156.79 1.57

Excha. . Exchangeable, Dilacid. . Dilute acid-extractable, Organi. .

Fe-Mn. . Fe-Mn oxide bound, Residu. : Residual.
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Table 5. Distribution of heavy metals contents with each extraction in sequential fractionation of

soils.
1982 1990
Fraction surface subsurface surface subsurface Remark
(0~ 15cm) (15~30cm) (0~15cm) (15~30cm)
................................................ cd(%) S R T T
Exchangeable 14.81 1745 19.28 21.50 mobile
Dilute acid-extractable 1347 12.72 16.57 19.54 -
Organically bound 40.07 36.73 31.93 28.67 4
Fe-Mn oxide bound 21.89 23.64 19.28 17.26 immobile
Residual 9.76 9.45 12.95 13.03 ”
................................................ Zn(%) Seasestssasstasisnresser et st ent sttt e a0t
Exchangeable 6.76 313 6.65 5.02 mobile
Dilute acid-extractable 443 3.97 8.52 9.15 ”
Organically bound 9.09 10.80 13.52 1391 2
Fe-Mn oxide bound 12.24 12.92 20.44 20.78 immobile
Residual 67.49 69.19 50.87 50.13 ‘ -
................................................ Cu(%) Presieasanrreresisannar b siaattanrrast0aaanen
Exchangeable 155 240 251 3.05 mobile
Dilute acid-extractable 4.50 243 7.53 9.74 4
Organically bound 17.38 14.19 15.70 17.13 4
Fe-Mn oxide bound 52.15 52.56 53.51 50.40 immobile
Residual 24.42 2842 20.74 19.68 4
................................................ Pb(%) S
Exchangeable 17.46 19.25 13.88 13.32 mobile
Dilute acid-extractable 15.75 18.22 16.34 16.14 ”
Organically bound 22.57 22.28 29.88 26.87 ”
Fe-Mn oxide bound 33.59 2444 3041 32.79 immobile
Residual 10.63 15.80 948 10.87 a

& 5% §Fo] HLAx BT o] 54 H]go
A FHEAT AT 19908 EEJ)
A9 oleAd FF4 vEx Cd7} 67.78, Pb7} 60.10,
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Table 6. Correlation coefficient(r) between heavy metal contents in parts of paddy rice grown on
and those in sequential fractionation of surface soil near smelter area in 1990.

Parts of paddy rice

Fractionation

leaf leaf stem panicle rice brown
blade sheath axis brain rice
................................................ Cd(%) e erimrestuateeest st eeatenarer ettt ecaasonnrons
Exchangeable 0.300 0.797** 0.377 0.184 —0.563 —0422
Dilute acid-extractable 0.792** 0.494 0.565 0.823** 0.310 —0.039
Organically bound 0.565 0.563 0.816** 0.624* 0.496 0.167
Fe-Mn oxide bound 0.425 0.851** 0.531 0.249 0.021 —0.556
Residual 0.109 0.064 —0.404 0.001 —-0.179 —0.738*
................................................ Zn(%) Sresdacmcesrestsstarest sttt eencronbaas b ean
Exchangeable 0.578 0.727** 0.862* 0.562 —0.281 0.138
Dilute acid-extractable 0.939* 0.569 0.723* 0.846** 0.112 —0.043
Organically bound 0.961** 0.567 0.696* 0.808** 0.109 —0.075
Fe-Mn oxide bound 0.945** 0.550 0.694* 0.830** 0.094 —-0.038
Residual 0.834** 0.624 * 0.565 0.645* 0.005 —0.335
................................................ Cu(%) feoeorenssrssnasasestvrietsasacntnrtstarenvonans
Exchangeable 0476 0.546 0.839** 0.405 —0.303 0.294
Dilute acid-extractable 0.900** 0.657 * 0.723* 0.793* 0.004 ~0.161
Organically bound 0.401 0.508 0.527 0.481 —0435 —0.154
Fe-Mn oxide bound 0.643 * 0.706 * 0.512 0.598 —0.174 —0.505
Residual 0.760** 0.376 0.336 0.682* —0.136 —-0.374
................................................ Pb(%) meverersateseenesssttestoer et atiotsassaen nEnr
Exchangeable —0.363 0.393 0.050 —0.448 —0.543 —0.271
Dilute acid-extractable 0.860** 0.753** 0.737** 0.694* —0.076 —0.262
Organically bound 0.788** 0.759** 0.694* 0.678* 0.050 —0.324
Fe-Mn oxide bound 0.390 0.784** 0491 0.347 —0.066 —0.594

Residual 0.773** 0411 0.426 0.720* —0.068 —0.348

* I P<0.05, ** ! P<0.01
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Table 7. Correlation coefficient(r) between heavy metal contents in parts of paddy rice grown on
and those in sequential fractionation of subsurface soil near smelter area in 1990.

Parts of paddy rice

Fractionation
leaf leaf stem panicle rice brown
blade sheath axis brain rice
................................................ cd(%) D
Exchangeable 0.095 —0.037 —0.209 —0.016 —0.501 —0.550
Dilute acid-extractable —0.235 —0.315 —0.663* —0.301 —0.335 —0.647*
Organically bound —0.108 —0.296 —0.463 —0.036 —0.019 —0.603*
Fe-Mn oxide bound 0.367 —0.055 —0.045 0.239 —0.304 —0.412
Residual —0.182 =0.011 —0.574 —0.173 0.118 —0.841
................................................ Zn(%) Pesteemcsurtiariseerenr st s e st anrnr st eenann
Exchangeable 0.008 —-0117  —0078 0.130 0.310 0.400
Dilute acid-extractable —0.087 —0479 —0.614* —0.073 —0.348 —0.327
Organically bound —0.074 —0489  —0.597 ~0042  —0323  —0329
Fe-Mn oxide bound —0.088 —0.490 —0.625* —0.083 —0.344 —0.312
Residual -0.207 —0.390 —0.724* —0.185 —0.268 —0.556
................................................ Cu(%) et aesasete st lctcsteranebiatasacenenntaraaann
Exchangeable 0.182 0.149 0.146 0.158 —0.125 —0.504
Dilute acid-extractable —0.094 —0410 —0.579 —0.073 —0.359 —-0.420
Organically bound 0.194 —0.149 —0.101 0.029 —0.604* —0.187
Fe-Mn oxide bound —0.125 —0.342 —0.488 —0.118 —0.392 —0476
Residual —0.121 —0.383 —0.609* —0.115 —0.376 —0.478
................................................ Pb(%) D L E S
Exchangeable —0174 0.029 0.002 —0.156  —0094  —0.765"
Dilute acid-extractable —0.121 —0.395 —0.564 —0.084 —0.382 —0422
Organically bound —0.187 —0.432 —0.631* —0.182 —0.343 —0470
Fe-Mn oxide bound —0.226 —0.369 —0.515 —0211 —0.317 —0.499
Residual —0.075 —0.340 —0.625* —0.073 —0.402 —0.463

* I P<0.05, **: P<0.01
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