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ABSTRACT

In addition to the measurement of the concentration of soil contaminants, the new idea of indicative parameters was
proposed to validate the remedial works through the monitoring for the changes of soil characteristics after applying the
clean up technologies. The parameters like CFU (colony forming unit), pH and soil texture were recommended as
indicative parameters for land farming. In case of soil washing, water content and the particle size distribution of the
sludge were recommended as indicative parameters. The sludge is produced through the particle separation process in soil
washing and it is usually treated as a waste. The parameters like water content, organic matter content, CEC (cation
exchange capacity) and CFU were recommended as indicative parameters for the low temperature thermal desorption
method. Besides the indicative parameter, sampling methods in stock pile and the optimal minimum amount of composite
soil sample were proposed. The rates of sampling error in regular grid, zigzag, four bearing, random grid methods were
17.3%, 17.6%, 17.2% and 16.5% respectively. The random grid method showed the minimum sampling error among the 4
kinds of sampling methods although the differences in sampling errors were very little. Therefore the random grid method
was recommended as an appropriate sampling method in stock pile. It was not possible to propose a value of optimal
minimum amount of composite soil sample based on the real analytical data due to the dynamic variation of CVierror
Instead of this, 355 g of soil was recommended for the optimal minimum amount of composite soil sample under the

assumption of ISO 10381-8.
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Fig. 1. Schematic layout of sampling method (@ regular grid, ® zigzag, (© four bearing, @random grid).
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Table 1. Analytical values of indicative parameters for land farming
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1-1 7.6x10* 7.1 7.29 100:3.3:1.9 2.12 67.56 19.80 12.64 Sandy loam
1-2 2.2x10* 7.5 11.3 100:4.1:2.5 2.09 62.44 24.32 13.24 Sandy loam
2-1 8.3x10° 7.3 6.1 100:4.7:3.2 1.25 76.00 12.84 11.16 Sandy loam
2-2 2.5x10° 7.5 11.1 100:4.8:2.9 1.63 81.68 7.12 11.20 Loamy sand
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Table 2. Analytical values of indicative parameters and contaminants for soil washing

Sampl water S5 Cd Cu As Hg Pb Zn Ni Cr** Particle size analysis
ample ) -
hame pH cozltent (mg/L) (mgke) Sand  Silt Clay Soil
(%) %) (%) (%) texture
sludge 1 - 314 - - - - = 296 590 12 St
loam
sludge 2 - 319 - - - - = 214 678 106 M
loam
X:::tggwate” 6.9 - 14 ND 0006 ND ND ND 0113 003 ND - - - -
washingwater2 ¢ - 4 ND ND ND ND ND 0146 ND ND - - - -

(waste)
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Concentration 0.0214 %
Uniformity 1687

Span 4.249
Result Units Volume

Specific Surface Area 5026 mi/kg Dv 10 5.28 ym
D [3,2] 113 ym Dv 50 27.8 uym
D [4,3] 592 ym Dv 90 140 pm
Frequency (compatible)
5.0
4.0
= 3.0
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2
(=]
@
E 2.0
=]
2
10+
0.0 T T T 1111 T T T TTITT] T T TTTTT7] | P T 3 S T T TTTTTI] T T TTT1TT]
001 0.10 10 100.0 10000 10,0000
Size Classes (um)
[6] Average of ‘15-H-267-16-1(SW-TS-PE-4) -201

Size (um) % Volume In @ Size (um) % Volume In | Size (um) % Volume In | Size (pm) % Volume In i Size (um) % Volume In § Size (um) % Volume In @ Size (um) % Volume In

0.0100 000 0.0679 0.00 0460 0.00 312
0.0114 0.00 00771 0.00 0523 0.00 355
0.0129 0.00 0.0876 0.00 0594 0.00 403
0.0147 0.00 0.0995 0.00 0675 015 458
0.0167 000 0113 0.00 0.767 0.24 521
0.0139 000 0128 0.00 0.872 029 592
0.0215 0.00 0146 0.00 0991 0.29 6.72
0.0244 0 0166 0.00 113 0.27 764
0.0278 0188 0.00 128 027 863
0.0315 0214 0.00 145 031 9.35
0.0358 0243 0.00 165 033 112
0.0407 0276 .00 188 043 127
0.0483 0314 0.00 213 0.60 145
0.0526 0357 .00 A4 072 164
0.0597 0405 0.00 275 0.24 187

Fig 2. Results of particle size analysis for sludge 1.
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286 589 32s 400 040 2710 0.00
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Concentration 00202 %

Uniformity 1572
Specific Surface Area 562.3 mi/kg
D [3,2] 107 pm

Span 4730
Result Units Volume
Dv 10 474 um
Dv 50 237 um

D [4,3] 482 pm Dv 90 118 pm
Frequency (compatible)
5.0
40—
g
o 3.0
=
5
@
£ 2.0
=
°
2
1.0
o T b ASIEEE T I =L TITT] T T TTTTTIT T 1 ELEEI] T T T TI] T T EITUIT
0.01 0.10 10 100 100.0 1.000.0 10,000.0
Size Classes (um)
[12] Average of "15-H-267-16-2(SW-TS-PE-4) -2
Size (um) % Volume In Jil Size (um) % Volume In [ Size (um) % Volume In § Size (um) % Volume In [ Size [pm’ % Volume In | Size (pm) % Volume In § Size (um) % Volume In
0.0100 0.0673 0.00 0.460 0.00 312 s4 976 0.00
0.0114 0.00 00771 0.00 0.00 355 130 241 387 163 12! 1110 0.00
0.0129 0.00 0.0876 0.00 0.06 403 151 274 379 186 098 1260 0.00
0.0147 0.0335 0.00 017 4353 176 311 389 211 078 1430 0.00
0.0167 0113 0.00 028 521 2.03 353 357 240 0.60 1630 0.00
0.0133 0128 0.00 033 592 232 401 344 272 043 1850 0.00
0.0215 0.146 0.00 0991 033 672 261 458 331 S 041 2100 0.00
0.0244 0.166 0.00 113 031 764 283 518 318 352 034 2350 0.00
0.0273 0.188 0.00 128 031 863 314 583 305 400 028 2710 0.00
00315 0214 0.00 145 035 9.36 3.36 663 291 454 021 2080 880
0.0358 0243 0.00 165 044 12 355 760 276 516 013 p=
0.0407 0276 0.00 188 056 127 370 864 259 586 005
0.0463 0314 .00 213 069 145 382 981 238 666 0.00
00526 0357 0.00 242 0.82 164 389 11 213 756 0.00
0.0597 0.00 0.405 0.00 275 096 187 393 127 184 859 0.00

Fig 3. Results of particle size analysis for sludge 2.
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Table 3. Analytical values of indicative parameters for low temperature thermal desorption

Sample Organic CEC Moisture Total microbial Particle size analysis

number matter (%) (cmol/kg) content (%)  count (CFU/g)  gand (%) Silt (%) Clay (%)
cs1v 4.23 12.08 10.37 3.3x10° 84.92 4.64 10.44
CS2 426 12.72 10.78 3.4x10° 80.60 9.28 10.12
CS3 423 11.99 11.34 3.4x10° 85.00 4.08 10.92
Cs4 422 12.33 11.71 3.4x10° 85.56 4.00 10.44
CS5 4.20 12.53 10.73 3.4x10° 82.88 6.68 10.44
average 423 123 11.0 3.4x10° 83.79 5.74 10.47
standard deviation 0.02 0.31 0.53 - 2.05 226 0.29
TS1? 0.47 10.17 6.97 3.2x10° 71.88 12.96 15.16
TS2 0.45 10.02 8.92 3.3x10° 73.04 12.40 14.56
TS3 0.44 10.02 7.1 3.2x10° 73.80 12.00 14.20
TS4 0.47 9.78 7.08 3.2x10° 74.80 11.72 13.48
TS5 0.48 10.22 7.39 3.2x10° 73.76 12.56 13.68
average 0.46 10.04 7.49 3.2x10° 73.46 12.33 14.22
standard deviation 0.02 0.17 0.81 - 1.08 0.48 0.68

DCS : contaminated soil TS : treated soil
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Table 4. Concentration of TPH in composite soil samples taken from the stock piles
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Soil sampling method

Sample Regular grid Random grid Four bearing
number A plot B plot A plot B plot A plot B plot A plot B plot
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 1,765 2,105 1,554 2,081 1,832 2,341 1,665 1,938
2 1,838 2,176 1,590 2,000 1,725 2,112 1,573 2,109
3 1,809 2,229 2,106 2,408 2,074 2,395 1,902 2,351
4 1,921 2,350 1,888 2,206 1,990 2,397 2,081 2,498
5 1,435 1,436 1,269 1,585 1,197 1,494 1,183 1,690
6 1,005 1,690 454 1,709 1,530 1,574 907 1,519
7 1,686 1,743 1,376 2,015 1,533 2,095 1,537 2,077
8 1,774 1,820 1,513 2,131 1,435 2,103 1,746 1,969
average 1,654 1,943 1,458 2,016 1,664 2,061 1,574 2,017
standard deviation 299 317 488 263 295 349 378 318
Table 5. Fundamental error (Sgg) according to sampling methods
Sample volume No. Regular grid Zigzag Four bearing Random grid
A plot 18.0% 19.0% 18.3% 17.0%
200 g B plot 16.5% 16.1% 16.1% 16.0%
Average 17.3% 17.6% 17.2% 16.5%
A plot 18.0% 19.0% 18.3% 17.0%
500 g B plot 16.5% 16.1% 16.1% 16.0%
Average 17.3% 17.6% 17.2% 16.5%
giuh B 7392 R8s 27 1, 0.25, 0.55, 0.759] AR, AT, APLe, delAArg el Wt

e Fofshet] B dAFolMe dBE SR %
B2 0255 Akt ARSAY. pruia(3A BE)E o
HBol By Eoko] B 2.65 g/cm3§ A glom
(Yoo, 2000) EY3t FhS Z83ATt. p(LHEZY
T)y= TPH 2% 0.66 glem’s 283130, AHF3 ESF
FAE AE7F EX BT FAE AT EYA
B FAZ =43 29 Hit <F 200 g2 YeERNo] thgk
o= o] Fhe A3l o iﬂﬂtﬂ” EY Ak T3k
(infinity, c0)yS Z-g3la] 2] (5), 2] (69} T2 Wjo=
AEAH W 7o) QAHES FEIATH(Table 5).
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