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A Correlation between the Fractionation of Heavy Metals in the Paddy Soil
of the Mangyeong River Basin and their Uptake by Rice Plants Grown on it

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

Abstract

In order to elucidate the relationship between the mobility of heavy metals in soil and their
uptake by plants, the soil samples collected from the Mangyeong River area were analyzed for
the contents and existing forms of the heavy metals and the correlation between the contents
of heavy metals in the soil and those in various parts of rice plants therefrom.

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

The results are as follows:

Total contents of heavy metals in the samples of 1990 were higher than those of 1982. The
extent of increase was that Cd, Zn, Cu and Pb were 3, 29, 59 and 8% in top soil and 8, 50,
91 and 8% in sub-soil, respectively. The order of increasing ratio was Cu > Zn > Pb > Cd and
the variation of Cd content by sequentially different extraction was organically bound > dilute
acid-extractable=Fe-Mn oxide bound > exchangeable > residual fractions and the content of Cd
with organically bound was 46.62~48.08 and 41.18~50.18% of total Cd in top and sub-soil,
respectively.

The ratios of immobile heavy metals, Cd, Pb, Cu and Zn, bound within an oxide or silicate
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matrix of Fe-Mn oxide in top-soil were 21.25 3598, 74.18 and 82.12%, respectively, and
consequently their mobile ratios of exchangeable, dilute acid-extractable and organically bound
were more than 17.88%. Those of mobile Cd, Pb, Cu and Zn were 78.25, 64.02, 25.82 and 17.88%,

respectively.

Except for Pb a correlation between the contents of Cd, Zn, and Cu of exchangeable and dilute

acid-extractable in top-soil and those in leaf blade, stem and panicle axis was significant, but was

not significant in sub-soil.
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Table 1. Chemical extraction scheme for metal fractionation in soil.

Fraction Reagent conditions® Shaking time. hr.
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,0; and 0.1 M H.C,0, 4
4. Organically bound 40mL of 0.1 M NaP;0, 24
5. Residual Dry (in oven) 0.1 g of material remaining after step 4.

Add 4 mL HNQO; 0.1 mL HCIO; and heat at 140C for 3.5h.
Add 5.0g boric acid and dilute to 100 mL volume.

*tThere volumes are for 1.00 g oven-dried soil.
Extractions 1 through 4 were performed at room temperature for the stated times.
Separation between steps was by decantation of the centrifugate after 20 min at 1500 rpm.

Table 2. Physico-chemical properties of top and sub-soils of 10 sites selected near the Mangyeong River
area in 1982 and 1990, respectively.

Physico-chemical 1982 1990
properties Range Mean Range Mean

................................. TOp-SOil  «reereremrsmrumrrneeer s

Clay(%) 11.00-23.00 17.70 1.50-22.50 15.90
pH 4.5-6.10 526 4.80-5.80 5.35
Organic matter(%) 1.40-27.00 2.36 0.70-3.70 2.21
Available P,Os(mg/kg) 32.00-335.00 159.90 4.00-255.00 171.40
Available SiOx(mg/kg) 30.00-64.00 4541 58.00-89.00 74.60
CE.C (cmol/kg) 8.55-12.00 1032 2.20-7.10 547
Exchangeable K 0.13-0.79 042 0.18-0.57 0.34
Cation Ca 4.09-5.47 464 1.31-3.80 241
(cmol/kg) Mg 0.42-1.76 0.72 0.23-0.67 0.40
Na 0.01-0.03 0.02 0.01-0.05 0.04

................................. Sub_soil B S o

Clay(%) 3.50-27.00 18.95 2.50-22.00 13.53
pH 5.00-6.30 5.81 5.10-6.20 5.69
Organic matter(%) 0.60-1.89 1.39 0.60-2.80 1.54
Available P;Os(mg/kg) ' 13.00-110.00 57.50 47.00-247.00 145.20
Available SiOx(mg/kg) 23.00-70.00 45.30 24.00-66.00 49.30
CE.C (cmol/kg) 7.70-11.00 9.61 2.40-7.20 513
Exchangeable K 0.14-0.53 0.31 0.18-045 0.29
Cation Ca 3.59-5.21 461 1.30-391 2.75
{cmol/kg) Mg 0.25-1.80 0.78 0.21-0.69 0.42

Na 0.01-0.02 0.02 0.01-0.06 0.03
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Table. 3. Metals in.contaminated soil of river area and uncontaminated soils
(unit: mg - kg™'. dry wt.)

1980 1990 Uncontaminated

Metal - T —
Range Mean Range Mean Range® Typicals .. Korea*
Cd - 235 368 2.87 235- 343 2.96 0.01-0.7 0.4 ‘ 0.14
Zn 25.44- 84,51 46.37 26.92-103.52 60.00 10-300 40.0 4.36
Cu 13.16- 31.858 19.91 19.10- 46.47 31.55 2-100 12.0 4.00
Pb 73.41-100.02 84.66 71.33-104.28 91.32 2-200 15.0 5.38

* Data from Lindsay, 1979
§ Data from Berrow and Reaves, 1984.
*Data from Kim, 1993.

Table 4. Mean contents of heavy metals in sequential fractionation of soil near the Mangyeong River
area in 1982 and 1990.

Contents of heavy metals (mg/kg)

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

................................................ Top-80ils (0~ 150m) -+resessreesenmreersesnmmaniirnnreiiniinees
Excha. 036 039 108 255 590 231 074 121 164 21.18 2037 0.96
Dilacid 052 042 081 142 264 186 101 140 139 2127 1988 0.94
Organi. 138 138 1.00 432 1362 315 339 752 222 11.75 1667 142
Fe-Mn' 037 058 157 506 638 1.26 11.04 1661 150 2482 2942 1.19
Residu. 024 019 079 3302 3146 095 373 481 129 564 498 0.88
Total 287 29 103 4637 60.00 1.29 1991 3155 159 8466 9132 1.08

................................................ Sub-50ils (15~30Cm) *w+eererrerseemeeresrssreeesaniaeaeseeinin,
Excha. 028 046 1.64 169 262 155 069 070 101 2044 1985 0.97
Dilacid 052 052 1.00 0.93 155 1.67 0.94 1.18 126 2122 1936 091
Organi. 142 126 0.89 278 772 278 224 725 324 1038 11.08 1.07
Fe-Mn 043 065 151 294 459 156 816 14.71 180 2243 2970 132
Residu. 018 017 094 2293 3049 133 268 423 158 416 499 120
Total 283 306. 108 31.27 4697 . 150 1471 2807 191 7863 8498 1.08

Excha. . Exchangeable, Dilacid. . Dilute acid-extractable, Organi. : Organically bound,
Fe-Mn. : Fe-Mn oxide bound, Residu. . Residual.
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Table 5. Distribution of heavy metals contents of soil with each extraction in sequential fraction
1982 1990
Fraction top sub top sub Remark
(0~ 15cm) (15~ 30cm) (0~15¢cm) (15~30cm)
................................................ Cd(%) ShiMreceetstteseenarnstr et attcanaar sttt enann
Exchangeable 12.54 9.08 13.18 15.03 mobile
Dilute acid-extractable 18.12 18.37 14.19 16.99 mobile
Organically bound 48.08 50.18 46.62 41.18 mobile
Fe-Mn oxide bound 12.89 15.19 19.59 2124 immobile
Residual 8.36 6.36 6.42 5.56 immobile
................................................ Zn(%) S Y
Exchangeable 5.50 540 9.83 5.58 mobile
Dilute acid-extractable 3.06 297 4.40 3.30 mobile
Organically bound 9.32 8.89 22.70 16.44 mobile
Fe-Mn oxide bound 1091 9.40 10.63 9.77 immobile
Residual 71.21 73.33 52.43 6491 immobile
................................................. Cu(%) P R I T L N T
Exchangeable 3.72 4.69 3.84 249 mobile
Dilute acid-extractable 5.07 6.39 444 4.20 mobile
Organically bound 17.03 15.23 23.84 25.83 mobile
Fe-Mn oxide bound 55.45 55.47 52.65 52.40 immobile
Residual 18.73 18.22 15.25 15.07 immobile
................................................ Pb(%) Cebhtesatererecase et ianer sttt anacrostaanran
Exchangeable 25.02 26.00 22.31 23.36 mobile
Dilute acid-extractable 25.12 27.00 21.77 22.78 mobile
Organically bound 13.88 13.20 18.25 13.04 mobile
Fe-Mn oxide bound 29.32 28.53 32.22 34.95 immobile
Residual 6.66 5.29 545 5.87 immobile
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Table 6. Correlation coefficient(r) between heavy metal contents in tissue of rice plant and those
in sequential fractionation of top-soil in 1990.

Parts of paddy rice

Fractionation

LB LS ST PA RB BR
................................................... Cd s estmesassarerseast et tanacserrtitoetbtarerenennis
Exchangeable —0.125 0.313 -0.047 0.218 0.085 —0.212
Dilute acid-extractable 0.404 —0.290 0.264 0.667* —0.221 0.217
Organically bound 0.104 0.550 —0471 0.088 0.056 —0.066
Fe-Mn oxide bound 0.218 —0.027 0.423 0.237 —0.229 0.371
Residue 0.266 0.384 —0.045 0.400 0.495 —0.100
................................................... Zn v erisenesarasacteerettsase et ar et bot st tanoniban
Exchangeable 0.452 —0.285 0.681* 0.547 —0.184 0.077
Dilute acid-extractable 0.402 —0.182 0.641* 0.687* —0.308 0.190
Organically bound —0.196 0.044 0.261 —0.004 0.128 —0.203
Fe-Mn oxide bound 0.189 0.216 0.445 0.477 —0.248 0273
Residue 0.502 —0.130 0.597 0.848** 0.100 0.255
................................................... CU e bledetenttecattbtastoantets st tbatancanaennasnn
Exchangeable 0.602* —0.321 0373 0.577 —0.289 0.341
Dilute acid-extractable 0.279 0.081 0.593 0.429 —0.203 0.201
Organically bound 0.251 —0.393 0.036 0.405 —0.266 0.242
Fe-Mn oxide bound 0.255 0.114 0.300 0.544 —0.178 0.410
Residue ' 0.105 —0.579 0.130 0.273 —0.346 —0.179
................................................... Pb T
Exchangeable 0.260 0.316 0.467 —0.060 0.194 0.067
Dilute acid-extractable —0.030 —0.322 —0.359 —0.139 —0.253 —0.040
Organically bound 0.021 —0.357 0.088 0.561 ~0.405 0.020
Fe-Mn oxide bound 0.210 —0.075 —0.290 0.380 —0.233 0.192
Residue 0.142 —0.639 0.250 0515 —0.280 0.031

LB : leaf blade, Ls : leaf sheath, ST : stem, PA : panicle axis, RB : rice bran,
BR : brown rice, * : P <005, ** : P <001
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Table 7. Correlation coefficient(r) between the heavy metal contents in tissue of rice plant and
those in sequential fractionation of sub-soil in 1990.

Parts of paddy rice

Fractionation

LB LS ST PA RB BR
................................................... Cd et ueineanarerssenaseast et et bt seanandessbbaiaran
Exchangeable 0.176 0.100 —0.224 0.382 0.017 -0411
Dilute acid-extractable 0.045 0.062 0.233 —0.036 -0.077 0.379
Organically bound ~0.398 —0.496 —0.395 0.287 —0.413 —0.194
Fe-Mn oxide bound —0.063 —0.276 —0.310 —0.288 —0.757 0.515
Residue —0.409 —0.153 —0.566 —0.108 —0.400 0.031
................................................... Zn tesasrriesseetnatr st et irescesarare it anaran
Exchangeable 0.119 0.436 0.091 0.178 0.367 0.146
Dilute acid-extractable 0.199 0.167 0.053 0.406 —0.032 0.186
Organically bound 0.065 0479 0.327 —0.042 0.549 —0.206
Fe-Mn oxide bound 0.070 0.316 0.082 0.197 0.283 —-0.011
Residue —0.004 0.009 —0.079 0.202 —0.079 0.208
................................................... Cu feeueriiseerererteiateertstectnenas e tbiatnnoarrae
Exchangeable 0.078 —0.037 0.050 —0.240 —0.178 0.439
Dilute acid-extractable —0.393 —0.139 —0.178 0.060 —0.158 0.029
Organically bound 0.035 —0.156 —0.013 0.283 —0.202 0.161
Fe-Mn oxide bound —0.043 0.032 - 0.086 0.263 0.013 0.033
Residue —0.243 —0.156 —0.245 0.089 —0.152 0.203
................................................... Pb P aeriieaetaniriettatanttestt nranntotttatatenrte
Exchangeable —0.055 0.503 0.040 —0.335 0.344 0.063
Dilute acid-extractable 0.048 —0.362 —0.261 -0.139 —0.251 0.046
Organically bound -0.099 —0.248 0.001 0.072 —0.239 0.050
Fe-Mn oxide bound —0.075 —0.269 —0.433 —0.132 —0.194 —0.282
Residue —0.060 —0.310 —0.127 0.251 —0.291 0.188

LB : leaf blade, LS : leaf sheath, ST : stem, PA : panicle axis, RB : rice bran, BR : brown rice,
*: P<005 ** : P<001
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