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WA AREEHI Qe e 7hedl sdE
AFFA L AexEege] 71 EEe vig

T2 SlthDomenic, 1993). Z-&¥ ol SlojM=
Bl Sk ¥ Aolu 3, e 2V =3,
387 7 Sl FHE F4388e AF 5
S09071F FHLAS Zle=2 dEA Ut

BN &3] E27Heler & v AET
A Wor ozt ®eled wd Faslth BEAE
B3-S o 2714 ABRE 7122 $THAnderson,
1993; &&= FHAY, 1998). AA, fine fraction(63
um o]&ke] EWUANE w2 BEHAE 7RI Qo]
AANE LFEH] AsH F2= o] 7] el &
T LPYEYo 2R nMEYS EejAzlozi X7
W B #HE Y F vk I 2 dAlellA
LHEET 9 AAEHD B, 09H3T 28 nlA
EdE EF1FQ E3t FFl 3l coarse fraction
(2 cm ©)’$H)=} sandy fraction(63 um~2 cm)oll 24
Hoi glenz AR afte g 44 @z 4= 9l
v} webd Ecke] AAEZIF EWAAY &8-S 4
28 ¢ Jde ¢ 23 A Fo|thFeng o al,
2000). A& £9, 14 EY 5 AHolt mee) g4
Fo] B2 B AFFA] v TE&HQ whd silt
U claye] g--80] 9F 25%(wt) o)AFd 7Qo= H)
EE&%2 ©e] UtHAnderson, 1993; Feng et al.,
2001).
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A gESRS oF 20 d ARH 57, #7184 B
o= ed=olslE A71% H A @4 FXjelA a3
stlon, Alge] BAEOR i EY] dE #
X = Particle size analysis in Methods of Soil
Analysis, part 19} ®Wiel] we} =3 319 th(Standard
Methods for the Examination of Water and Waste-
water, 1991). LU EUI Az E%9 TPH(total
petroleum hydrocarbon), BTEX(benzene, toluene,
ethylbenzene, and xylene) Fr EXQ AT A
ol uleg} E4sed, TPHE tEEsrges
23493, BTEX: WEEE &3l 55947
(auto-sampler)7} F2¥ GC(gas chromatography)
FID(flame ionization detector) (HP 5890 series II,
USAE o|&sld E435 3t GCo A =2
Table 19 e

22 EHX 74 % 2d YWY

A EQMAARE Fig. 1904 Agde=z Jehy
foH, Fg 2v AAEHS Jehldoh A% 74
2 o Wl g o] o]Fojx itk WA, 5
cmX5 cme JFAE F43 QLIESS AT
710 € 2] 4] F MM A2l it
Zxjel| 93] Mo} o]Foizir)

F AF AR A 1 & A 23 AFRE LR
Aol AEAE 35 298 Ee AHuojodE

gud

Table 1. The Analytical Conditions of TPH and BTEX by
Gas Chromatograph.

Column HP-1
Injection Temp 300°C
Detector Temp 320°C
Oven Temp
Initial 50°C, 2 min
Slope 8°C/min
Final 320°C, 10 min
Carrier gas He
Flow rate 1 ml/min
Detector FID
Injection Volume 1w
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|. Pre-soil analysis

e W

i

‘g 1. Main soil washing

R

V. Washing soil

A A & ©
Washing soil

iy

y Hydrocyclone

Free water/Fine soil

Fig. 1. The process of soil washing.

Fig. 2. The soil washing machine in field.
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228 FH59 fine sand WS EFS Belh
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Table 2. The process parameter of soil washing.

processing washing compaction material
velociety water
- - . coag. floccu.
7~10 ton/h 100~150 //min 30 ppm 3 ppm

7 olse) mAERe $NER S0t SHE ¥ 3
A zolN ME 559 HHMERE ZeAR Relslol
AF ZE o] 5 ARAE AEBE) AgE
RE $ARAL Alo] WA o RN ES FgC
o, Table 2004 7hgs] goksisint.
3. M8 #n ¢ E9|

HAAEFS MYl £%2 TPH, BTEX #=%%
EYO Y% BIE =4slo] Table 3o VERAICH
$9%s= BTEX 20~263 ppm, TPH 80~1,020
ppm WY EUed $H71FBTEX 80 ppm,
TPH 2,000 ppm)g 28] & of BTEXF == &6}

Aut TPH B 278 o8t EGUALES
2 o g3y Rz P e AREY 54
Uepfio] dubzlo g EMATEE HEee
Aol e Aoz ATHAUT

EG A F AHZFdE b 20%W), silt
52%, Clay 28%%2 245 =t](Table 4) FUESS
wal 65~99%, silt 0.4-~34%, clay 06~1% w3
HRGS | F AF ZHNA LHEY F THIE
G AHsE BPANRE o & Arh =38, 2FE
AHEFE fine sand B9 Y= S Sl H2E

o, tio

Table 3. The composition and concentration of field sample.
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E3lo] slo|=2AlolEE (hydro-cyclone)2 &2 ©1F31%
th A4 IHE F2It 3~7%wt) AES VERH
RoH, sjolEgrle|FE2E Ea) wiEHe AHFY
THE $TE 28~32%, o|=RAIERS T F
& exz ForteE A3 9 IFE FET
1~3% el 2+ vehiidinh. 29" AlFae] F4
H)&2 oF 50~60%3 57 Slo|=2AIEES Sl
EHES ¢ 7 Uith

Table 491 RM Fo]|=2Alo]FENA AR F50|
A Ege] Q. 2Ert ojFoj om, nAES}
oA TPH, BTEX =7} Atizoz &4 A=A
o} 9, ARESS gt mH T4 U,
E9F Zo] TPHe BTEX ¥57F A8 AEHA 949
t}. Fig. 30IM= EQAA) ©g AMH¥E%e] BTEX
9] =xg Jehhgth Table 3, 49 Fg 3004 &
% 9)%o] BTEX 20~263 ppm, TPH 80~1,020 ppm

80
70

2 BW.
0 AW

Concentration (mg/kg)

Xylene Toluene Ethylbenzene

B.W. = before washing : A.W. = after washing

Ag. 3. BTEX concentration change in washed soil according to
soil washing.

Contamination density (mg/kg)

Soil analysis (%, wt)

Sample No. -
TPH Benzene Toluene  E-benzene Xylene Sand Silt Clay

1 80 - 49 4 6 95 4.4 0.6

2 239 - - - 20 65 34 1

3 230. - - 5 37 97 2.3 Q0.7

4 1,020 - - 75 188 99 04 0.6
Table 4. The effect of seperation in hydrocyclone.

Soil analysis (%, wt) Contamination density (mg/kg)
Sand Silt Clay TPH  Benzene Toluene E-benzene Xylene

Washing water 20 52 28 30 - 5 2 4
Hydrocyclone bottom 38 50 12 - - 3 - 1
Hydrocyclone upper 5 63 32 50 - 13 3 6
Wasing soil 99.9 less than 0.1 less than 0.1 - - - - -
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A SHEYC] X $ ZF 1 ppmeldE VRS
AAE 99%°)dS JERATE E3 HAl 2HFFA Y
9=t AH R B2 ke Holr| wiEe] gko R
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99% ol’de] AALES Uepd S & & den, o

ARFE ANEH) 93 Sol=zAlel 22 $
g olgsl] aFHoE THERS AAT 5 U

o

Q
PA .
oz EFOAET} uiS AT PAo) 483,
o158 EPARAR AL, VAEF 2edA Al 4
§ A7} Wad Ao AP

#uE

rat

35, AU (1998) 77 LHEY BYUS 28 BEAA
o] A4 AT I=ESAHTIR], 34, p. 109-
116.

A, AHE, FAG (1998) HARE 729 B HEA
M. = EYRA TSR], 34, p. 55-62.

Anderson, W.C. (1993) Innovative site remediation tech-
nology, soil washing/soil flushing. Springer Verlag,
Berlin.

Domenic, G. (1993) Hazardous waste site remediation
source control, Chemical Extraction/Soil Washing.
Lewis Publishers, USA, p. 18-38.

Feng, D., Lorenzen, L., Adrich. C. and Mare, P W. (2001)
Ex-Situ diesel contaminated soil washing with
mechanical methods. Minerals Engineering, v. 14, p.
1093-1100.

Standard Methods for the Examination of Water and
Wastewater (1991) American Public Health Associ-
ation, Washington, D.C., p. 55-140.

20029 38 274 9384, 2002¢ 8Y 13Y AR



