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Remediation of groundwater contaminated with hydrophobic organic compounds

using biobarrier
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Sorption and desorption studies were conducted to evaluate several media as a
potential  biobarrier for the remediation of groundwater contaminated with hydrophobic
organic compounds (HOCs). Pahokee and Bion peats, Devonian Ohio shale, vermicompost,
and 50% HDTMA-montmorillonite were used as model sorbents. Sorption and desorption
isotherms were determined using the radiolabeled phenanthrene (Phe). Sorption capacity of
Phe on several sorbents was in the order Ohio shale > 50% HDTMA-montmorillonite >
vermicompost > Pahokee peat. Mineralization kinetics was investigated for Phe-sorbed
sorbents using Pseudomonas putida 17484. Among the tested sorbents, active
biodegradation of Phe was observed in shale and vermicompost: degradation in shale
exhibited little lag time while that in shale showed a significant lag time. Results of this
study indicate that sorbents used in this work can be utilized as permeable reactive
biobarrier media for the remediation of HOC~contaminated groundwater.

Key words: biobarrier, bioavailability, biodegradation, peat, shale, vermicompost,
organoclay.
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2. A3

EdAze B¥E, Ed(Pahokee % Bion), Devonian Ohio Shale, 50% HDTMA
-montmorillonite & AM&&%ATH ERES E@ 7IHe gxte FH=E Q3 dFol A
Aol oA E BAZ FHTE Fo FHEZE AAS 5 60 TAA 4848 T DX
stith ©]E EFAMIDE AL T F2oH BHEse ALt AT 24 FF4 9 44
22 Huffman Laboratories, Inc.(Golden, CO, USA)dl 9 g3t E M54t FI=2+
Phe(Sigma, >96%)& At£3atd 1, mle&o] =xo 100 mg/Le stock £9& %E F i@
o1 mM CaCly, 0.5 mM MgCl, - 6Hz0, 200 mg/L NaN3)3 dojA fdlts =2 348}
o} A}-&8t4 ek [9,10-'%C] Phe(ChemSyn Laboratories, 56.7 #Ci/#mol, >99.9%)& 37}
o] radiotracer® At&£3tth olu] M“C-Phe?] %7] radioactivity® ¢ 2,000 cpm/mL ©] 1.2
o NaNs&= f4Ee A3 gAA=AM A8 Phe &34 A8 #8929 ¥
1%(v/v) wlgrol2 g Fgujo] o3 @k vjud Ro siAsHAG. APAH vialol F
Z%l Phed] &2 FAE = e F=ATH

324 % A¥L 98 FA 01, F2 10 ppm Atole 27]FEE ZE Phe §942
Azsach. ZF 24 E 40 mL amber vial(Wheaton Co.)oll ¥ 3, head spaceE 7}53¢ #
28l3te] Phe €98 s§& ¥ 20T, 150 rpmol A 48A17F F<ot FFA|ZATh 2,000 rpmel A
2087 QAR 45 ImLE #H3& 10mLe liquid scintillation cocktail(Ultima Gold,
Packard Co.)# 41-& % Liquid Scintillation Counter(LSC: 1220 Quantulus, EG&G Wallac
Co)E AtE3ste] 8949 Phe B ¥ S FAARLH, nAdo EFXE Phedl $E&
AFAZRE AAstdch 324 A4 FALEE ALY FF5AE ImL A=
712 AAEG F, head space’t 7 ¥ FA HEF Wid A4S AY FHAEAEH} T
Zz0 A BAAYS F3Ah BFA Phed 27IFEE FASAHA & AR
B AHA AR PAIEL Pseudomonas putida(ATCC strain 17484)24 KCTCZH¥ £
of whola] AlE3tTE A= KHPOs(900 mg/L), KuHPO4(100 mg/L), NHsNO3(100
mg/L), MgSOs 7H.0(100 mg/L), CaCl:- H0(100 mg/L), FeCls(10 mg/L), NaMoOQOs-
TH20(2.0 pg/L), NasB4O7- 10H0(2.0 ug/L), ZnSOs- TH20(2.0 pg/L), MnSOs- H20(2.0 ug/L),
CuSO4-5H20(2.0 pg/L)E FHFol o ARSI Al2E 6 & 121TCAA 1587 273
of Abg3lTh 100 mLel wi¥de Ye 250 mL AZE A I Pseudomonas putidad A&
3tal, ey E o] &3te 30T, 120 rpme] oA wigstH Tt MBS S ODewo
oz pEIN e HF ALY DA =2 HrA vjFE A

AR Aae glo] &l 125 mL Erlenmeyer flaske] 50 mLel Phe €941 mg/L)S ¢

A8 FYE T 20T, 150 rpme] ZHNAM F2AZ o Killed control A2 200
mg/Le] HgCLE #H7iste] dstdct 594 &F2A T A5 GA7]d =28 nAE
ImLE 38 dFetn, AEAd o8 445E “Coxe 1 mLe NaOH(IN) E@& X3}
of LHsFTH AlztgiE 2 NaOHE # &) 10 mLel scintillation cocktail® &3 H LSC
2 o] gstad MCO,9 radioactivitys ZAAstEt AEs A7 F TUH 20L& F3
7
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Fig. 1] 43o] & o8 FZA o] Phed 3EHo2 4 2 gxdAz7 2735 Jehy
Rt 2@lA  Pahokee peat®} EBEWEE 5 <, 50% CEC
HDTMA-montmorillonite?t Ohio shale2 H]X 89 A T4 /A= Aoz JVewt)
%259 A7l Ohio shale > 50% HDTMA-montmorillonite >
peat®] £22 UEkT

Fig. 2= ZtZte] EF&Alo]l &9 phenanthrenedl Pseudomonas putida 174840 <)%t
AR AxE veld Aot A8 A8 F&AAF B3 E (vermicompost)?t Ohio sahlegt
of AEaZt He Aoz Yetrh ‘AAAE 7H 132 AR 2927 L dy A
A} B AXAT 13 AEe SEFFRE BHE( 0239 day ) > Ohio shale(=
0036 day el €o& yehgdrt ¥ Ohio shaled] A AAIZFLS o 1748 EWES] 4Y 1

vermicompost > Pahokee
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EREE A8 2779 Fu3l(vermicompost) HA L] RAEZA 2] EF9 ny
g HES WEAHEN and P)o] FfFEol ol mAE YL FAAIE AATE de A
o2 BdAL Jo hnson F(2001)e] AT Aol 2|3 Ohio shaled #7]HE Ht} 717F0]

o] Hojuttn Bustm gty B A7 ARz HE EUES shale
& 7tAol A"t F&Fo) Holuw AR 7558 R biobarrier2 49 A& 7M5A
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Fig. 1. Sorption/desorption behavior of phenanthrene in (a) Pahokee peat, (b) vermicompost.
(c) 50% HDTMA-montmorillonite, and (d) Devonian Ohio shale.
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Fig. 2. Biodegradation of phenanthrene sorbed on different sorbents.
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