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ABSTRACT

The Standards, Measurement and Testing Programme (SM&T-formerly BCR) extraction procedure was applied to
fractionate Cr, Cu, Ni, Pb and Zn in 23 top soil samples into: (i) exchangeable phase; (ii) reducible phase; (iii)
oxidisable(sulfides and organics bound) phase; and (iv) residual phase. Fractions of Cr and Ni were in the order of residual
> oxidisable > reducible > exchangeable phase. The oxidisable phase was identified as dominant for Cu and Pb. Zn had
the highest ratio of exchangeable phase in comparision to the other metals. The bioavailability and mobility were assessed
to be the greatest for Zn, followed by a decreasing order of Pb, Cu, Ni and Cr. All metal average concentrations in topsoil
samples was higher in industrial sites than in agricultural sites. Our results revealed higher concentrations in topsoil
samples (0~15 cm) than in sub soils (15~30 cm, 30~60 cm) for most metals at six sites (No. 5, 6, 17, 19, 20, 23). The
fractions of exchangeable, reducible ad oxidisable phases showed relatively high correlation with soil pH, Fe/Mn oxide

concentrations and organic matter contents, respectively.
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Table 1. Properties of top soils
Site No. Land pH CEC DOC oM Clay Fe (g/kg) Fe (g/lfg) Mn (g’kg) Mn (g/l.<g)
use (cmole/kg) (mg C/kg) (%) (%) amorphous crystalline amorphous crystalline
1 493 2.17 101.92 16.59 39.34 1.15 21.05 0.44 20.76
2 6.00 30.09 182.92 6.50 47.97 1.28 6.88 0.18 12.80
3 6.16 20.80 147.51 7.84 38.18 2.05 13.30 0.18 13.32
4 4.72 12.39 184.65 19.08 44.44 2.61 25.30 0.13 35.06
5 4.99 7.16 206.89 22.43 42.74 0.67 17.25 0.19 20.36
6 5.18 5.94 179.62 22.50 43.11 1.02 23.01 0.15 36.54
7 7.77 11.61 63.34 1.95 18.14 1.08 0.66 0.13 3.78
8 . 5.79 14.06 143.48 4.17 37.22 1.21 8.30 0.25 14.64
Agricultural
9 6.24 2742 76.15 6.90 28.26 1.26 23.10 0.41 18.92
10 4.68 451 84.79 2.84 45.31 0.79 4.14 0.11 12.54
11 4.99 3.29 62.30 26.26 34.75 0.91 21.87 0.28 27.34
12 6.64 14.91 104.90 5.97 21.50 1.09 1.64 0.29 6.46
13 741 14.01 118.83 5.04 19.23 1.62 1.48 0.14 5.54
14 5.90 12.21 58.90 3.16 22.34 0.87 2.31 0.21 9.13
15 5.03 3.94 28.76 2.77 21.38 0.23 0.40 0.10 2.99
16 7.41 21.46 43.45 3.40 29.94 0.91 244 0.28 0.57
17 5.69 15.76 42.92 1.20 19.82 0.46 1.02 0.22 8.95
18 6.93 19.07 72.31 6.84 16.41 2.56 4.16 0.36 8.16
19 7.62 12.29 52.76 1.30 17.27 0.58 5.57 0.30 7.81
20 Industrial 9.55 20.47 27.63 0.50 16.32 5.56 17.31 0.75 7.52
21 7.99 37.46 39.19 1.40 22.98 1.44 2.69 0.28 7.99
22 7.31 36.28 123.88 4.79 23.45 3.79 9.19 31.42 11.66
23 6.15 20.88 246.79 6.37 18.11 0.66 1.01 0.65 8.02
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Table 2. Modified SM&T procedure

o
fuj
of
Ho
o2l
N

Step Fraction

Reagent / Procedure

Ionic form bound to carbonates

! exchangeable fraction

Bound to amorphous

2 Fe/Mn oxides hydroxides
Bound to organic matter
3
sulfides
Residual
4 (bound to the silicate lattice

or crystalline Fe/Mn oxides)

0.11 M CH;COOH 40 mL
shaking 16 hr
0.5M NH,OH-HCI (pH 2) 40 mL
shaking 16 hr
8.8M H,0, 10 mL in room temp (1 hr)
and then 10 mL in 85°C (1 hr)
1M NH;0Ac 50 mL and shaking 16 hr
Aqua regia
2 hr in room temperature
2 hr in 85°C and 15 min cooling

Table 3. Distribution of heavy metal phases during SM&T extraction procedure in top soils (Unit : mg/kg)
Exchangeable Reducible Oxidizable Residue
(1st step) (2nd step) (3rd step) (4th step)
Chromium
. 0.14(0.2%) 0.82(0.9%) 30.88(35.3%) 55.69(63.3%)
Agricultural [ND-0.40] [0.04-1.84] [2.23-93.63] [6.51-133.03]
Indusirial 0.62(0.5%) 1.31(1.0%) 23.54(17.8%) 106.72(80.7%)
[0.01-1.50] [0.24-3.88] [2.90-58.55] [28.44-220.91]
Copper
. 1.15(1.8%) 1.77(2.7%) 42.81(66.4%) 18.78(29.1%)
Agricultural [0.01-4.88] [ND-10.37] [2.89-168.84] [3.54-46.35]
Indusirial 2.84(3.2%) 3.03(4.5%) 48.56(54.8%) 33.20(37.5%)
[0.45-10.76] [ND-17.46] [5.03-130.31] [20.91-50.80]
Nickel
. 1.14(2.6%) 1.46(3.4%) 3.50(8.1%) 37.09(85.9%)
Agricultural [0.17-2.58] [0.13-3.38] [0.68-9.76] [6.45-69.44]
Indusisial 4.98(5.2%) 15.30(16.1%) 14.62(15.4%) 60.20(63.3%)
[0.24-21.36] [0.98-41.66] [2.27-66.35] [11.59-103.96]
Lead
. 0.09(0.5%) 1.72(10.6%) 7.49(46.1%) 6.96(42.8%)
Agricultural [ND-0.31] [ND-14.15] [0.95-32.64] [ND-19.55]
— 0.66(0.9%) 18.37(23.9%) 34.01(44.3%) 23.71(30.9%)
[0.05-2.42] [ND-48.15] [9.67-91.92] [ND-66.11]
Zinc
. 24.36(15.4%) 21.79(13.8%) 21.33(13.5%) 90.62(57.3%)
Agricultural [0.18-63.73] [1.07-71.53] [5.69-63.55] [44.72-162.30]
0, 0, 0, 0,
Industrial 190.21(28.6%) 166.97(25.1%) 131.80(19.8%) 176.91(26.6%)

[14.20-442.10]

[12.66-451.24]

[16.39-424.18]

[72.51-351.33]

% The values in parenthesis give the ratio of the total concentration in each phase of the extraction.
The values in brackets give the concentration range[minimum-maximum].

ol WA 8557 A FelQ) ABe) D B 60% )R] ZT Aol BFHe] Mg =)
e o2 250l SRV} AN dele] £ e A A ol o, e F8A 54
o

% F FERS MEAEA D ol5el oR e o o e vt Jepton 2%, Fole AR
Ao BEEh. 53 ok, i, Ve e, BUE A 93)7] e o2 2AERITh ol Asle) Mg

9 slels] vigo] 34 Eeuh BRAGIA Be ol ojel, ¥, vsl A% BREANN $3Am) O &
HlgE EABEOL, VA 3% ARE Higo] EF A AR ulee Uehio A8, Tels) B9 7
OJWE HT 60% oL AAFe] o, ol BF AN o3l B Aoz 2Aon ok EF F
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Fig. 1. Composition of metal fractions in top soil samples.
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Table 4. Total concentrations extracted by sequential extraction procedures in top soils (Unit : mg/kg)
Site No. Land This study (sum of SM&T extraction) MGEO (KIGAM)
use Cr Cu Ni Pb Zn Crf Cut Ni* Pb* Zn'
1 12577  73.16 6436 2346 131.34
2 88.67 207.37  40.40 497 241.88
3 64.42 188.01  46.96 471 237.13
4 147.02 120.16  70.69  19.77 195.82
5 147.82 4321 17.24 2091 99.1
6 14029 6252 4875 2299 119.02
7 6427  38.08 3474 3930 277.57 52-76* 40-66*  11-14*  32-40* 108-201*
8 . 71.25  30.00 49.32 1.88 11094
Agricultural
9 103.81 3267 7439 1741 123.36
10 45.75 19.69  28.12  8.052  54.79
11 10945  51.68  67.55 1524 108.59
12 29.75 3926  22.03 1494 20648 161-270  30-40 30-41 24-28  108-152
13 136.02 61.60 6144 2408 239.78 103-139  40-54 30-41 28-32  152-201
14 85.04 3697 3522 2379 120.57 103-139  40-54 30-41 36-40  152-201
15 8.92 6.54 7.59 9.80 104.11 52-76 21-30 14-20 28-32  80-108
16 3224 2099 2221 8.78 15899 103-139  30-40 14-20 18-20  108-152
17 3484 2648 5699 1856 257.00 76-139*  11-17* 20-41*  21-24*  80-201*
18 76.59 189.57 140.95 100.64 1220.82 76-103* 112-2104* 49-82* 24-28* 158-201*
19 57.60 4510 3346 3640 240.62 76-103* 11-14*  20-30* 21-24* 80-108*
20 Industrial 206.83 144.63 112.80  80.78 114048 76-103*  11-14*  20-30* 21-24* 80-108*
21 123.83 4389 101.20 85.085 209.44
22 27690 120.56 146.05 186.24 1401.10 52-103*  30-40* 6-30*  28-36*% 108-201*
23 148.75 5021 7428 2959 191.72 76-103* 21-30*  20-30* 21-28* 108-152*
National background in fields
(95% P, %1=1,760)** 72.5 51.3 475 48.0 145.3
National background in forests
(95% P"g By — 6426 3084 3552  40.77 86.64
Soil ggf;i‘;ﬁi)level - 150 100 200 300
Soil worrisome level B 2000 500 700 2000

(3rd region)

* 1 data from the nearby site
kk

*** . National Institute of Environmental Research (2004, 2005)

T 1 INAA analysis
. ICP-AES analysis (acid digestion with HNO;, HCIO,, HF)

U 43.19 mg/kg, 95.11 mgkg, ¥ 16.26 mgkg, 76.76
mg/kg, °F3 158.09 mg/kg, 665.88 mg/kgS & UERHTH
S7AA 9} vlasle] FAER I dit o] HsEE
4ul) o), YAe] Tt 28) ol =A AN
), 257 Felo Hitsks GA ArlshA FEX00A
Hoh 52 5708 AT S EYeATHE
O] FieEe] &L FAA A oFd(52.7%) > YA
(43.2%) = T2 (43.0%) > F(8.1%) o2 FFArsen
RN 0}91(33.3%) > LA (19.0%) > B(11.0%) > T

=
o
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: annual report (2013) from National Institute of Agricultural Science
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Fig. 2. Total average concentration of metals in (a) agricultural
sites (No.5, 6), (b) industrial sites (No.17, 19, 20, 23).
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Table 5. Pearson correlation coefficients in top soils
pH CEC DOC oM Clay (%) Fe (amor.) Mn (amor.) Fe (crys.) Mn (crys.)
Agricultural
Exch. -0.690** -0.486 0457 0.870%** 0.604* 0.042 0.268 0.804%%*  (.801***
Red. -0.286 0.149 0.624** 0.261 0.442 0.502* -0.231 0.369 0.478
Cr Org. -0.602* -0.242 0.732%*%  0.865***  0.708** 0.207 -0.005 0.770 0.824*%**
Res. 0.156 0.033 0.233 0.251 -0.091 0.424 0.169 0.332 0.311
Total -0.286 -0.132 0.627%* 0.721%* 0.397 0.416 0.106 0.714%* 0.736%*
Exch. 0.071 0.529* 0.407 -0.155 0.357 0.475 -0.250 -0.064 -0.029
Red. 0.085 0.562%* 0.393 -0.158 0.334 0.383 -0.256 -0.100 -0.033
Cu Org. -0.111 0.440 0.560* 0.152 0.531* 0.550* -0.139 0.222 0.236
Res. 0.288 0.279 0.339 0.172 0.002 0.647** 0.134 0.302 0.215
Total -0.040 0.481 0.587* 0.155 0.496 0.636** -0.117 0.246 0.247
Exch. -0.371 -0.205 0.342 0.560 * 0.363 0.552* -0.091 0.500* 0.632%*
Red. -0.090 0.115 0.362 0.345 0.213 0.742%* -0.109 0373 0.429
Ni Org. -0.218 -0.073 0.126 0.568* 0.346 0.377 0.194 0.641%* 0.593*
Res. -0.063 0.155 0.170 0.327 0.155 0.601* 0.437 0.635%* 0.538*
Total -0.099 0.128 0.196 0.393 0.201 0.634** 0.402 0.674** 0.590*
Exch. 0.064 -0.159 -0.334 -0.602* -0.144 -0.213 -0.383 -0.524* -0.413
Red. 0317 -0.045 -0.287 -0.306 -0.515%* -0.078 -0.167 -0.380 -0.283
Pb Org. 0.565%* -0.029 -0.349 -0.437 -0.554* -0.233 -0.265 -0.553* -0.522*
Res. -0.377 -0.327 0.352 0.784 0272 0.262 0.301 0.797** 0.744%*
Total 0.248 -0.317 -0.093 0.191 -0.407 0.005 -0.023 0.084 0.103
Exch. 0.387 0479 0.447 -0.095 0.061 0.604* -0.337 -0.152 -0.090
Red. 0.395 0.511* 0316 -0.129 0.072 0.616* -0.258 -0.086 -0.106
Zn Org. 0.567* 0.303 -0.078 -0.268 -0.229 0.172 -0.234 -0.329 -0.316
Res. 0.671%* 0.292 -0.097 -0.268 -0.566* 0.291 0.117 -0.232 -0.315
Total 0.686** 0.510* 0.169 -0.257 -0.281 0.550* -0.179 -0.258 -0.281
Industrial
Exch. 0.626 0.871* -0.243 -0.232 0.642 0.626 0.556 0.515 0.403
Red. 0.182 0.494 -0.351 0.063 0.277 -0.027 -0.202 -0.230 -0.201
Cr Org. 0.345 0.951%** -0.193 -0.017 0.787 0.370 0.566 0.168 0.492
Res. 0.397 0.425 0.396 0.192 0.177 0.707 0.673 0.652 0.473
Total 0.451 0.647 0.288 0.164 0379 0.727 0.747 0.620 0.550
Exch. 0.170 -0.210 -0.248 0.409 -0.534 0.337 -0.218 0.167 -0.254
Red. -0.075 0.005 -0.125 0.552 -0.230 0.025 -0.140 -0.202 -0.122
Cu Org. 0.337 0.050 -0.089 0.461 -0.356 0.722 0.201 0.510 0.092
Res. 0.704 0.201 -0.113 -0.066 -0.081 0.908%** 0.549 0.934** 0317
Total 0.394 0.064 -0.117 0.425 -0.346 0.751 0.231 0.558 0.103
Exch. -0.058 0.137 -0.164 0.503 -0.113 0.048 -0.147 -0.221 -0.114
Red. 0.016 0.500 -0.009 0.594 0.269 0.376 0.531 0.065 0.508
Ni Org. -0.093 0.016 -0.118 0.576 -0.230 0.102 -0.100 -0.158 -0.069
Res. 0.434 0.470 0.146 -0.241 0.346 0.623 0.508 0.623 0.375
Total 0.289 0.610 0.017 0.461 0.235 0.713 0.535 0.393 0.443
Exch. 0.750 -0.316 -0.485 -0.361 -0.636 0.723 -0.298 0.815 -0.458
Red. -0.241 -0.015 0.027 0.640 -0.080 -0.038 0.259 -0.204 0.281
Pb Org. 0.241 0.591 0.001 0.360 0.398 0.655 0.854* 0.440 0.758*
Res. 0.533 0.869* -0.044 -0.135 0.668 0.628 0.683 0.519 0.527
Total 0.324 0.715 -0.020 0.298 0.495 0.641 0.840* 0.432 0.719
Exch. 0.525 0.259 -0.113 0.211 -0.086 0.933%* 0.543 0.790* 0.382
Red. 0.165 0.425 0.055 0.542 0.165 0.641 0.698 0.384 0.615
Zn Org. 0.147 0.125 -0.086 0.557 -0.183 0.565 0.332 0.315 0.278
Res. 0.502 -0.072 -0.367 -0.495 -0.070 0.697 0.366 0.827* 0.280
Total 0.383 0.253 -0.118 0316 -0.043 0.842* 0.589 0.660 0.471

* p<0.05, ** p<0.01, *** p<0.001
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