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ABSTRACT

According to a series of batch-scale washing tests, SDS+POE; and POE;+POE;, were
determined for the applicable mixed surfactants. Because SDS+POE; showed slightly negative
effects on the microbes in the toxicity tests, POEs+POE,,((1:1) 1%) was chosen for this study. In
the in-situ flushing experiments, the removal rate of endosulfan was 67% for the injection rate
of 1.5L/min/m?. And when methanol and ethanol were added as cosolvent, 75% and 81%
removal efficiencies were achieved, respectively. In the tests of bioremediation after the
application of in-siru flushing, the removal rates of contaminated soils having 13mg/kg dry soil
and 3mg/kg dry soil as initial concentrations were 86% and 81%, respectively. There were no
significant degradation after 24 hours. The major rate-limiting factor for the biodegradation of
endosulfan might be the mass transfer from soil phase to liquid phase after 24 hours. With the
addition of surfactant, 83% removal was achieved after 120 hours. Because the surfactant
improved the mass transfer rate, the biodegradation of endosulfan was enhanced. When
surfactant and cosolvent were added together, the adaptation period of microorganisms to the
surfactant became longer and the removal rates were 84% and 83% for methanol and ethanol,

respectively.
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Table 1, The characteristics of the soil and

Table 2. Surfactants and cosolvents used in this

analysis methods study
Property Method Measurement ) Avg.
Commercial Molecular
ok3alEl Ay MW [*HLB
pH EFSEHENH 69 Name Formular
Water Content [%] " 122 [g/gmol]
Organic Content [%] ” 5.16 POE, C;H;,COO(C,HO);H | 502 8.6
Effective Si Methods of Soil 01 POE,, C,;H;;COO(C,H,0), . H 898 13.6
ective Size [mm] Analysis | ' SDS CH,(CH,)I10SO,Na* | 288 | -
Uniformity ” 4.27 Ethanol C,H,OH 46 -
Particle #4 ~ 271 Methanol CH,OH 32 -
Density 0 ~200 248 *HLB:hydrophile-liphophile balance
[gfem] Methods of Soil
Bulk Density #4 ~ Analysis | 1.27 Do 2 = i
[gew] | #20~200 y: 131 Endosulfan #3izel Eeld= NBHWiA (NaCl
_ 74~ 053 10g/L, Peptone 5g/L, Yeast 5g/L)$t N9 ujz|
Porosity 1= 500 047 (salt mixture(Na,HPO, 70g/L, KH,PO, 30g/L,

2.1 Ad Az

2.1 ‘] AI.Q_EOI:

EFE HeA B3] AND LRI A5
#A 4. Tmm) Bt} 572 4739 ESS AAT F 110
CAA B ol AEA F AHEIGT £ 7]
£4& Table 1o Uehith 2@z 3 Wer
of BesEY Ha dFYe] AW EFE A
AHgstedc

by obeg

2.1.2 MHH L AR2HYX|

2 YoM B A2 FEt w2 vlolA
AREAF S0 A9 glom IulolA i A4t
Fo] ggo] 983 poly oxyethylene oleyl ester
g9l POE;¢t POE,E AH&ste Agsiact, 4y
oz Hlo|&A AWBAA ol AMBPAE
EZshe A vlo|2A AUGHAE dE02 HE
e ARG AHEEo] P He Aoz A o
oug2® Fol& AREAA SDS(sodium dodecyl
sulfate) & 33t AAAEE FYs19 1 2240
(colsolve nt) 2+ 23/ ¥4RES HAPsteq ddst

Atk (Table 2).

NaCl 5g/L, NH4Cl 10g/L) 100mL, 0.01M
CaPO, 10mL, 0.1M MgSO, 10mLel F/F+Z 1L
g 93 & AMEln EadEde CT 737 d4
H12] (Ca(NOg), - 4H,0 0.024g/L, Mg SO, - TH,0
0.246g/L, NaH,PO, - 2H,0 7g/L, KH,PO, 3g/L,
NH,H,PO, 2.52g/L) & AH8-8t4tt.

AHeE RE AL §5F T2 1FFIUZ,
endosulfan standard= Dr. Ehrenstorfer GmbH

AFE AHEEHA

2.2 Endosulfan EAu4

Endosulfand =& 337 3t 7t~ 220}
Eagsle] ¥4 2AE Table 39 Ueligich

2.3 AHA A84Y

2,

% AABP) A% 712 AE
oz AHEA FF7, P, = B2 AYEES
Hugozn = %A AHAE A st
Hlo] 2 AWEAA¢ POE;, POE, 181 gol& 7
HEGAQ SDSE ©]&3ted POEs+POE,, POE;
+SDS, POE+SDS 59 3712 &3 AWEAAE A

Journal of KoSSGE Vol.6. No.2 39~47. 2001



42 s A4

Table 3, The analytical conditions of gas
chromatography for the measurement of

endosulfan concentration

GC model HP 5890 |
Column HP-1
Injection Volume [ #/] 3

Injection Mode split

Split Ratio 40
Injection Temperature [ C] 280
Detector ECD
Detector Temperature [ C] 290
Carrier Gas N2

Flow Rate [mL/min] 22

zal] HEHYT

EF AREAFA L] e 0.1, 0.5, 1%2 o
o Z3le 1:2, 111, 2:12 &3l s
#20~20091 EGS AgdEon 27l 2dERE
13mg/kg dry soil ©12it}, 382 4@ 250mL 4t
ZHgelrdd 29 EYS 25g¥ FF FYstden
A vl 1:5, 8 AR AR, IAG Sxs

150rpm o2 st} A&ttt

232 M™ MEF<S 54 AY

AREGAE EF el 2HFReH =9 v BE 2H
o 4 & 27t 2P Z endosulfan E3lTS
o2 E44EE FYsiATt. ANEAGA 1%7}
3" NB 4z} 300mLE AlE AF A1Ze] 4
ghE FHlste] 30Tl wFeRIA Als AFH Al
2 09 wiReA & v 100 mL #3td 105
TelA 18A13F AZAA A2 FAFE S5,
AH-E wiAl = #7218kt

2.4 In-situ flushing Z&oll FgS v|XE AR}

W7 4.5cm, FEZO] 17cm? #28 ZHE o83}
o in-situ flushing 238< 2319} (Fig. 1). ol
A9 o FUHE MAs EYY FAHE
BHAEAYt. 7] % 13mg/kg dry soildl B
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Fig. 1. Experimental apparatus for the flushing
tests
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2.5 AEH iy

2.5.1 Endosulfan 2slie| 22| ¥ =2
Endosulfan Eal#S £e2l8t7] st 77| =9
o]

AN B STEAIN AART EFE olgston, A
A W Jean
E9 50g& NBHix] 200mLel ¥ 30T 4 48

A7+ F<t wiFg & endosulfan©] 150mg/L &€
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7HA) wlFEtden of FFE ol &3t ¥ st
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#2]¥ @2 endosufan =7} 30mg/L7} HeE
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u] 8o 23 endosulfan?] W3S A EY
93t microcosm A8 HAEHTE HEL 50mL
serum bottles AMS3 91 7] LREYS] s
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Table 4. Experimental conditions for microcosm.

Conditions
- Initial Concentration 13mg/kg dry soil
- Seeding
- Initial Concentration 3mg/kg dry soil
I - Seeding
- Surfactant Added
- Initial Concentration 3mg/kg dry soil
- Seeding
+ Initial Concentration 3mg/kg dry soil
- Seeding
- Surfactant Added
- Cosolvent Added(Ethanol)
- Initial Concentration 3mg/kg dry soil
- Seeding
- Surfactant Added
+ Cosolvent Added(Methanol)

- Initial Concentration 3mg/kg dry soil

- Sterile

Serum bottledls LUEULS 6g¥ T ¥,
£gH LS Iml, FHES Cl F371 A
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