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Enhanced Bioslurping System for Remediation of
Petroleum Contaminated Soils

Dae Eun Kim * Seung Won Seo + Min Kyoung Kim - Sung Ho Kong*
Department of Chemical Engineering, Hanyang University

ABSTRACT

Bioslurping combines the three remedial approaches of bioventing, vacuum-enhanced free-product recovery, and soil
vapor extraction. Bioslurping is less effective in tight (low-permeability) soils. The greatest limitation to air permeability is
excessive soil moisture. Optimum soil moisture is very soil-specific. Too much moisture can reduce air permeability of the
soil and decrease its oxygen transfer capability. Too little moisture will inhibit microbial activity. So Modified Fenton
reaction as chemical treatment which can overcome the weakness of Bioshurping was experimented for simultaneous
treatment. Although the diesel removal efficiency of SVE process increased in proportion to applied vacuum pressure,
SVE process was difficulty to remediation quickly semi- or non-volatile compounds absorbed soil strongly. And SVE
_process had variation of efficiency with distance from the extraction well and depth a air flow form of hemisphere
centering around the well. Below 0.1% hydrogen peroxide shows the potential of using hydrogen peroxide as oxygen
source but the co-oxidation of chemical and biological treatment was impossible because of the low efficiency of
Modified Fenton reaction at 0.1% (wt) hydrogen peroxide. NTA was more efficiency than EDTA as chelating agent and
diesel removal efficiency of Modified Fenton reaction increased in proportion to hydrogen peroxide concentration.
Hexadecane as typical aliphatic compound was removed less than Toluene as aromatic compound because of its structural
stability in Modified Fenton reaction. What minimum 10% hydrogen peroxide concentration has good remediation
efficiency of diesel contaminated groundwater may show the potential use of Modified Fenton reaction after biosturping
treatment.
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Table 1. The sieve numbers and scales, ASTM(American
Society for Testing Materials) Designation

Sieve number 4 10 16 40 60 100 200
Scale [mm] 4.76 2.0 1.19 042 025 0.149 0.074

< Aol &gk £4, HIge] Aol viSAel 25 M3
M-S AAERE o] o, B AFdMe ARy
< o83l ERIA @9} a1 BEE YRS U}
A AE Awm 2719 oA I TRl EYL Foj
H1 EEo AE Tt Bl FH8 sl KSFEH
T3UTE) 2302(HF=EA), 2309G1EA 0l F3l] Y=
A4S stk ARl AR Ao MEe) wgFel =)
© Table 13} 2t}

EQe] pHO} SRR Bk AFHAIFH(2002), 5
71 K organic matter)S SO 10694(1995), 2 9
02 B B4R vIF, 2R BF, 358, 318
% (field capacity))< laboratory manual (Thien and
Graveel, 19970} 2Jslo] E-x18lct.
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(1) Column test
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Fig. 1. The schematic of lab-scale pilot plant Biosturping system
used.

(2) Lab scale pilot test
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25 45 F A== 1T T slurp tube)y A
oluf 7Pl QEBS W) AR FEI) A% FF
Fo] Ax|=o] it} o] YT FEARUNN FBlE =
Aol 7Fsdl Ak 49 wstel] AH3] vied
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22.3. Enhanced Bioslurping system®] Modified Fenton
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Fenton ¥h&-& BAl 2 Eg] H83lr] 93 5
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Fe(Il)-NTA (Nitrilotriacetic acidy® £H] 1:3°08
7}k ABeM H,0, (35%)E Junseirte] Extra pure 5
T2 s AMESIGT HIFECEE Aldrichi ]
Fe)(SOs)1(97%), ZHAIE Bk 2AHEFEL AldrichA 1]
EDTA (Ethylenediaminetetraaceticacid, 99.5%)%} Acros
organics’ 2] NTAE AMS-314Th

(2) Modified Fenton ¥F&oll €3t T Ao w&E
& vuAY

t}A9} probe compoundZX4] thEARQ! W3 315MET
AHEZ 313HE91 toluene (Carlo Erba, 99.5%)% hexadecane
(Sigma Aldrich, 99%)S- AF8-51¢d Modified Fenton ¥H3-2]
td el #et A849 AFS stk -2 pH 7=
ZARAE 2o, 5, 098-S 40 mL borrosilicate
glass vialdll 5 mL¥ FY3 F RO =R pH 72 &
AE IEFALE FYs 8-S AR sample
£ H,SO4(Duksan, 95%) 50 umZE FYsl] WS 3
A & 53] hexane® E FE QLIEAS Wt =&
st 2 & 459 B8 gz 493t

(3) Modified Fenton ¥+&-2] Hol& Fxwsl 43

Modified Fenton ¥H8-& ©]&%F T} 5,000 ppm©S =
2FE F8WgIA A Fe(ll) E=(10 mMypl| &
232 At W& pH 7 FHA I o
20% (wt) IRISIGTAE AMB31o] T Rale-S vt

(@) -8W g0l Modified Fenton ¥+8-8- o183 t]Ad
o] A7 J%

Pump and Treatment 380l &J3] Aoz Mol &7
A Azl o) oA Aot FAFE FF Modified
Fenton AJ%Fe] A3 3918 B3 vA Hele] JeA4d&
ol 7] Si3led Tl 5,000 ppmOE L.FH FglAto]
A Ay 5E8 kAl T8 WshiA A

2.3. AlB EA{uhy
oh} )AL Methylenechloride (Junsei, 99%)E.
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Fig. 2. The relation among hydraulic conductivity, soil moisture
and potential.
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3. 43 3 nE
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Gilt), 0.005 mmeSh= HE(clay)E UERIT, JPEYS
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pHE= 6.7~8.29] WHZE 3713 HFEs rlEe] 83s}
7)ol ATt
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F = F8oE AY EdriMe BRI 11.7~12.3%
2 ZAFAY. BHHISE 1.67 gem® JRPITS EYF
o] AR HIEOZH 265 glem® BAEE ZAEIC
B FFEL 37.74%2 SFEICE F71E B4949)
7VE e B0 0.7%2 9300
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Fig. 3. The change of vacuum pressure by pump test.
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Fig. 4. The effect of vacuum pressure variation in SVE column
tests on diesel removal rate
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3.2.1. Enhanced Bioslurping system®] SVE ¥4 &
84

(1) SVE ¥A9] column test

oAz e % EUdo] Bioslurping systemS ©|-83F &
A7FsAL BR8] 98 column testE A A,
Bioslurping systemolA] Bt} 2143k f-75U8 93iA
SVE 3¢] &8&°] R3] 743k Al SVE 34
& FOsa MRS FUsY HAEd 9% ARy
+ Modified Fenton ¥h&-& B¢ 31914 A2z 2
h= AdE 2331 93l 13| W] wE SVE
A9 AAEE vnAES ¥

229t 4.6, 3.8, 3.0 mmHgeE 6077Fs%t SVE &

off }..p‘ il

of

AL AT Ao AR BE JFdelA 2]
10A774A] By tAlle] see Alztel we} F43) 7t
A31Th 1027 oFclle U T A-go] F3)5
HA UAES 3,000 ppmollAle SVE 3400 23 AlA
So] FA3] AT & § It o] A= YA A
Z soil gas® EAIEIAA SVE FAHOoE AA &
= AEoR e FUES 7 BEES At o
olRoA| T Ao wre gL /17, Bt F3
go] o} SVE TFoze 7 AlRle] Wagh EZET0]
AEs ks Acs Hrhgn). wEhy o] Ao Hot
253 FFEYE 3l de BAEA WY S8 A%
slajof sk AldeolRlaL FAHETH

(2) SVE &&9] lab-scale pilot plant test

Column test® 7]|%E Bioslurping systems 2-8&%
4= Q)& lab-scale pilot plantE A3l F2AH O 2 HE
o] Agje} AFAC ZREQ] Zlolo] ©kE SVE 349 &
& AFS Ak

Fig. 55 953 wkg7)dlMe] SVE 33 50xzke<t
8725 Jepfiar ok 5042E =127} column test2h
ARl 3,000 ppm FoA U AAREEY] L
vehgon] 35402 RE] Adl wE tAd AAEES
AFEHNA 5 cm HoloME 63.7~68.7%2 & RIS
Bolx fgton) AFHOZHE 30 cm ZHoldAlE
46~58.9%2] HolZ Ho] & HAE Holn Ut ol

e

32

23} Aol ol §58 2|9 B8] FE2AHL FAO
2 A sz Mgy Fodde g 37 55
o] ¥l HhH 4%, FEAH dAY Rodle g
Hog HE 7Pt fdEle Aol 710 Aoz Btk

10000

8000 -
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4000 +

diesel concentration (ppm)

2000 -+

time {hr)

Fig. 5. The effect of lab-scale pilot plant SVE process in various-
places. ’

*A(1 cm), B(12 cm), C(24 cm) from the well

*a(5 cm), b(30 cm) from the surface
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Fig. 6. The chromatograms of residual diesel during SVE
process.
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Fig. 7. The respiration rate of microorganisms on petroleum

biodegradation.

100
88.1% 87.6%

82.4% 83.0%

81.5%
80 4 75.7%

60 -

removal (%)

R CGVS1 cGvs2 CiF F TPAT
microorganism

Fig. 8. The diesel removal of diesel-biodegradable micro-
organisms.
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Fig. 9. Hydrogen peroxide effects on CGVS2 respiration.
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Fig. 10. Hydrogen peroxide effects on diesel removal of CGVS2
after 250hrs.
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3.2.3. Modified Fenton ¥F$-

(1) Modified Fenton ¥F8-= 9J3F 2] vlnl

Fig. 112> =84kl 4] Modified Fenton ¥-3-¢] 23}
AE o]&3st A% AFAE vl 1Y ZA FeNTA
system®| T A|AHEEO] Fe-EDTA system BT} & U
& A2 yehlia 9t 3 pH3oAMe] Ferols &
zfolE VeRRA] edsktt.
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Fig. 11. The comparison of chelating agents.
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Fig. 12. The effect of fetric iron concentration in Modified Fen-
ton reaction.

) A o]29] F=o| WE Modified Fenton ¥h&

Fig. 125 20% II8keAE A3t oA 5,000 ppm
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mMe] d o]2& AME3IE 73 117 ool Tz
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Modified Fenton ¥+&-29] H:80] 3715l 2 ERISINT
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Fig. 13. The removal rate of toluene as probe compounds for
hydrogen peroxide concentration variation.

1.2

1.0 4 e n - g._-—\-—h._“
- ——y

0.8 1

—&— time (hr) vs 20% H202
- O - time {hr) vs 10% H202
—~g— time (hr} vs 1% H202
—— time (hr) vs 0.1% H202
—8— time (br) vs control

0.6 -

cic,

0.4 4

0.2 4

0.0

time (hr)

Fig. 14. The removal rate of hexadecane as probe compound for
diesel in various hydrogen peroxide concentration.
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Fig. 15. Modified Fenton reaction for remediation diesel in
aqueous phase.
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