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A Study on the Treatment of Oil Contaminated Soils with
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Abstract

The objectives of this study are to examine the processing of oils contamination soil by means of using a micro-
nano-bubble soil washing system, to investigate the various factors such as washing periods, the amount of mi-
cro-nano bubbles generated depending on the quantity of acid injection and quantity of air injection, to examine the
features involved in the elimination of total petroleum hydrocarbons (TPHs) contained in the soil, and thus to eval-
uate the possibility of practical application on the field for the economic feasibility.

The oils contaminated soil used in this study was collected from the 0~ 15 cm surface layer of an automobile junkyard lo-
cated in U City.

The collected soil was air-dried for 24 hours, and then the large particles and other substances contained in the soil were
eliminated and filtered through sieve No.10 (2 mm) to secure consistency in the samples. The TPH concentration of the con-
taminated soil was found to be 4,914 ~5,998 mg/kg.

The micronano-bubble soil washing system consists of the reactor, the flow equalization tank, the micronano- bub-
ble generator, the pump and the strainer, and was manufactured with stainless material for withstanding acidic phase.

When the injected air flow rate was fixed at 2 L/min, for each hydrogen peroxide concentrations (5, 10, 15%) the
removal percents for TPH within the contaminated soil with retention times of 30 minutes were respectively identi-
fied as 4,931 mg/kg (18.9%), 4,678 mg/kg (18.9%) and, 4,513 mg/kg (17.7%). And when the injected air flow rate
was fixed at 2 L/min, for each hydrogen peroxide concentrations (5, 10, 15%) the removal percents for TPH within
the contaminated soil with retention times of 120 minutes were respectively identified as4,256 mg/kg (22.3%), 4,621
mg/kg (19.7%) and 4,268 mg/kg (25.9%).
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Table 1. Characteristics of TPH contaminated soil

Parameters Contaminated soil
Texture Sandy loam
Sand (2~0.05 mm) 60.2%
Silt (0.05~0.002 mm) 22.7%
Clay (<0.002 mm) 17.1%
Moisture content (%) 1.5
Field capacity (%) 40
pH 9.4
TPH(mg/kg) 4,914~5,998
(Avg.) (5,456)
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Fig. 1. Photograph of micro-nano bubbles soil washing
system.
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Table 2. The operating conditions

Parameters Units Conditions
Sampling time min 0, 5, 10, 20, 30, 60, 120
Contaminated-soil kg 10
Air flow L/min 1,2,3
H,O, concentration % 5,10, 15
Reuse of Treated Wastewater ‘
: pH and flow Micro-nano
?seﬁi‘."’." I?"k) | Control Tank | P{ Strainer  |>{ Flowpump P> | Bubsbles
oll Injection (H,0, injection) generator

\/

Micro-nano Bubbles Soil Washing System

Fig. 2. A Schematic Diagram of Micro-nano Bubbles Soil
Washing System.
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— e
‘Waste filtrate
Outlet
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(®
25
Retum of waste acid or alkali filtrate

Fig. 3. Schematic of micro-nano bubbles soil washing system.
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Table 3. The analytical conditions for gas chromatography

Parameters Chromatographic conditions
GC model Hewlett-Packard HP6890
Column HP-5 (30 m, 0.32 mm, 0.25 xm)
Injector temperature 280
Detector temperature 300
Carrier gas N,
Detector FID
Injection volume 2 mL/min
Extraction solvent Dichloromethane
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Fig. 4. The results of TPH concentration and removal

efficiency of contaminated soil on various airflow.
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Fig. 5. The results of TPH reduction rate of heavy metal
contaminated soil on various airflow.

Table 4. The reaction rate constants and correlation coefficient
of TPH on various airflow at reaction time of 120

min
Airflow Reaction rate Correlation
(L/min) constants (k) coefficient (R%)
(min™)
1 0.0010 0.7438
2 0.0012 0.7602
3 0.0011 0.6653

3.2, IMEleA HE X2 EY

LdH EYY] Eol= gleA oA AREE
HE WRSAE A TR BT AMEE A
o] oflet Qe EL Eape] BAo] meba T
TF AR O R =2 FE o] ksl Badh A
o2 B Qok(Tyre 5, 1991; Sheng®} Cho.,
1997; Walter®} Rena, 1996) = &I Lof| A= 2pALE 4=
2 (5, 10 2 15%)0] w2 © 9= oke] TPH =
9 A AEEL] HILE Hdsty] 8l oA ufo]aE
e HE o A AR oA o]z e s & A
Ao F7IRAERE Abdehal, ofFEx 9 w3z
Hikras B YHRESHH TR o] 85t B
FAHE AABE 1 ATE Fig. 60f] YERA AT

ebslpds FEEG, 10 E 15%) LHES W
TPH &%= 9 AA A& WHEAIZE 30423} 12070]| A
712} 4,931 mg/ke (18.9%), 4,678 mgke (18.9%),
4,513 mgke (17.7%)2} 4,256 mg/kg (22.3%), 4,621
mg/kg (19.7%), 4,268 mg/kg (25.9%)5 e ST
TPH 52 HEAI7E 308710 2|44 02 7h23)



FRLAEY A2 E et vfo| A2 E EGA 2of et A 1333

o7} 30% o]% HxpAH o R vt 7hAsle] 30
i 01% O F i s HEMIRIH: ol AleHA
ol B} 40] 9] %7] HEg-o] WE LmE o]
U edE] RS 943 AfAliivks AL 9|
i, o] HEgA|Rto] Aojde= AlehAlel e HE
A HF 7Fsdo] B0 sl 2UFE =
Zlelehe o o]Ate] TPH 74t dojubx] kg Ho
2 gkt =35 3 53 5, 2004)0] A7ATt]
ofst tPdle JECFY] HE FARES AAl & uAY
2 A2|9] AA7FsAdell thste] =S A2t 50 mg/L
o] xbF IpAtelA 0] ol A= = st
8o] dojdti= Ae 2lstglon, wabA nlyE
& AP A daksleae] A s
40 mg/L o]3}2 #E|5H= Ao vz et A o2 A|A|
Sl glom, 2 FA &= Thekef dhildhga: F4lof &
3 Tk A7) AT by 915 15% o)A
A= A 2lsHA] F3dh

8.000

=50 H202
C10%H202
6,000 T3 HIO2

%5000 |08 5

L.000

7.000

@n

TPH (mg/kg soil)
5 =

3.000

2,000

1.000

0

0 20 40 60 80 100 120
Time (min)

(a) TPH concentration vs. time

O5%H202
210%H202
§15%H202

Removal efficiency (%)

5 10 20 30 60 120
Time (min)

(b) removal efficiency vs. time

Fig. 6. The results of TPH concentration and removal
efficiency of contaminated soil on various H,O»
concentration.
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Fig. 7. The results of TPH reduction rate of heavy metal
contaminated soil on various H>O, concentration.
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Table 5. The reaction rate constants and correlation coefficient
of TPH on various H,O, concentration at reaction
time of 120 min

H,0, Reaction rate Correlation
concentration (%) constants (k)(min") coefficient (Rz)
5 0.0014 0.6423
10 0.0018 0.7207
15 0.0023 0.07559
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Fig. 8. The results of TPH concentration and removal
efficiency of contaminated soil on airflow and
various H,O, concentration.
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Fig. 9. The results of TPH reduction rate of heavy metal
contaminated soil on airflow and various H,O,
concentration.

Table 6. The reaction rate constants and correlation
coefficient of TPH on airflow andvarious H202
concentration at reaction time of 120 min

Reaction rate Correlation
Parameters constants (k) coefficient (Rz)
(min™)

2 L/min+

5% H,0, 0.0022 0.8564

2 L/min+

10% H,0, 0.0035 0.7626

2 L/min+

15% H,0, 0.0050 0.8533
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Fig. 10. The results of TPH concentration and removal
efficiency of contaminated soil on treatment
methods.

Table 7. The reaction rate constants and correlation
coefficient of TPH on treatment methods at
reaction time of 120 min

Reaction rate Correlation
Parameters constants (k) coefficient (R%)
(min™)
2 L/min 0.0012 0.7602
15% H,0, 0.0023 0.7559
2 L/min+ 0.0050 0.8533
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