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ABSTRACT

In this study washing efficiency and desorption isotherms for heavy petroleum oil (HPO), Zn, and Pb bound to complex
contaminated soils were examined using various soil flushing agents. Sodium dodecyl sulfate (SDS), methanol, ethylene
diamine tetraacetic acid (EDTA), and citric acid were selected as soil flushing agents. 3% (w/v) and 4% SDS showed the
highest removal efficiency for HPO, but the difference was not statistically significant (p > 0.05). Thus, 3% SDS was
chosen as the best soil flushing agent for HPO. In the case of heavy metals, 0.1-M EDTA showed the highest removal
efficiencies. But 0.05-M citric acid was selected due to its economic and eco-friendly strengths. The desorption isotherms
obtained using Freundlich and Langmuir models indicated that the maximum desorption characteristics (Kr and Q,,.;) of
HPO with 4% SDS and 90% methanol and heavy metals with 0.1-M EDTA and 0.1-M citric acid, respectively, were
markedly lower than in other cases. In addition, when 4% SDS and 90% methanol were used for HPO in the range of C,
higher than 600 mg/L, and when 0.1 M citric acid and 0.1 M EDTA were used for Zn and Pb in the range of C, higher
than 300 and 100 mg/L, respectively, the distribution constant converged to certain levels. Thus, constant values of K;; and
K; were determined. It was found that these constants represent the maximum desorption capacity and they can be used as
distribution coefficients of desorption equilibrium for the flushing agents. The results of this study provided fundamental
information for the selection of the best agents as well as for the process design and operation of soil washing/soil flushing
of complex contaminated soils.
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5-25% oV 3kl AthRichmond et al., 2001; Speight
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Table 1. Properties of soil used to make artificially contaminated
soil

Parameter Value

Sand (%) 76.84

Soil texture Silt (%) 15.08
Clay (%) 8.08

pH 7.59

Water content (%) 15.57

Cation exchange capacity (CEC, meqg/100 g) 7.70
Organic matter (%) 333

Bulk density (g/cm®) 1.41

Particle density (g/cm?) 232
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Ao] a0 gar v eFdES} E3H(1:9, ww)sle] Xekst
At TS LAHJETHE gefslb] St L9E
oM TR 10719 AEE AFHE FEE ST
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transform infrared spectroscopy(FT-IR, iS10, Thermo,
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3. 283 & n#
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HPOY| #7898 GCE 243 29 H¥ A2 alkane
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Fig. 1. GC analyses of (a) bunker C oil (752 mg/L), (b) lubricant
(668 mg/L), and (c) mixture of bunker C oil and lubricant (2: 1,
v/v, 756 mg/L).

o sdsl= 3000-2800 cm oA =2 response’} UEF:

Tl YERG 2966 cm™, 2936 cm™, 2876 cm™'9)
J)F= methyl, methylenedl 3Fs= 72 F A=
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Fig. 2. FT-IR analyses of bunker C and lubricant oils.
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AZ FAdAT}. S EDTASY} citric acidell 2]+ HPO2]
MAGEL thET (water)d =Jo)7) A2 gle Ax=Z
Al YePt}. Subramaniam et al.(2004)2 EDTA, citric
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2 W7 ol PAHsE 5-25% W SHrEo] ok o
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Removal rate (%)

Removal rate (%)

g3k Zeo]E #}go] o]FojFthar B ol o=

SHd B dEd T Ta59 ARESCAE EDTA
7} APSAIR AMEEIAS W EDTAS] 57} Eobdel] w
2} EDTA-Zn, EDTA-Pbo} -2 Z3lghEo] A=l &
2 o] FEEo] EEFHUTE 0.1 M) EDTAC] <3|
Zn 82.66%, Pb 89.69%7} AAHAT. 1 Hgo® &5
o] & AAAIE 0.1 M citric acid2X, Zn 71.1%, Pb
55.47%7} AAEJC}. Citric acide EDTAS] S35 Al
AEEHETE o B Ueou B U Rele] =
o] dtiar &edzl EDTA vHls)] A e Al A ESF
I wiEe]] o) EaliE & JouE HREAR] AEA
2 8" 4 AtHOusmanova and Parker, 2007).
0.1 M3} 0.05M9] citric acidol] 2J3F A Ea82] Zol=
BARAR] A= foletA vEREA] @okp>0.05)
0.05M citric acide] 29} FE=2 ZAAEJtt. v
SDSt 539 head 9] Sol2o] vt o]2%] F=
ko] EAE Y & Aok LA O (Shariff
and Esmail, 2012) W)Za(water)®} SDSS| AFEES
HwslEs o 2 xolE HolA] §%kewH, o= Kim
and Namkoong(1992)2] <A Az} Lx|hct. wehr
TEES AA] HsiME SDSE TUEoE AMEShe

Qo myEe F4% % 94 9%

A
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@
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Fig. 4. Desorption isotherms of (a) HPO, (b) Zn, and (c) Pb.

Ace e,

3.3. MEXoll 28t 2¥=E|
LAEHe] g7 58 #4517] 9@l Freundlich®}
Langmuir 595 483l 522243 =do] nj7id
FRIAE ARE319t(Fig. 4, Table 2). 2=H Freundlich
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Table 2. Desorption isotherm parameters

Freundlich model 1/m Kr K, range 7
SDS 0.45 133 10244  0.68

Methanol 0.36 211 11.8-2.2 0.95

HPO EDTA 0.34 384 244-54  0.83
Citric acid ~ 0.33 403 19.6-56 093

Water 0.24 791 23.2-6 0.79

SDS 0.018 2416  617-142  0.87

Methanol ~ 0.005 2588  3464-493  0.82

Zn EDTA 0.3 113 542 0.82
Citric acid ~ 0.55 27.08  7.1-22 0.82

Water 0.004 2454  1458-136 0.9

SDS 0.011 909  1415-387  0.61

Methanol 0.012 870 992-363 0.94

Pb EDTA 0.3 57.59  4.7-1.7 0.72
Citric acid ~ 0.31 84 8-3.7 0.71

Water 0.07 903 601-394  0.68

Langmuir model O K K, range  7*
SDS 3.07 0.004 11.2-44 0.74

Methanol 2.87 0.005  8.8-2.8 0.95

HPO EDTA 4.13 0.007 16.7-54  0.86
Citric acid 3.9 0.008 17-6.1 0.98

Water 423 0.01  20.5-82 092

SDS 2.55 627  611-177  0.61

Methanol 2.61 141 3468-493  0.86

Zn EDTA 0.69 0.01 4.5-1.7 0.72
Citric acid  0.64 0.014  64-1.7 0.73

Water 2.54 53.09 1492-139 098

SDS 0.93 2796 1387-388  0.81

Methanol 0.89 69.91 1004-367 0.7
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