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filter technology for the remediation of groundwater con-

The applicability of in situ biobarrier or microbial
taminated with chlorinated solvent was investigated th

rough column study. In this study, the effect of packing

materials on the reductive dechlorination of PCE was investigated using Canadian peat, Pahokee peat, peat moss
and vermicompost (or worm casting) as a biobarrier medium. Optimal conditions previously determined from a
batch microcosm study was applied in this column study. Lactate/benzoate was amended as electron donors to
stimulate reductive dechlorination of PCE. Hydraulic conductivity was approximately 6x10”° —8x10” cm/sec and

no difference was found among the packing materials.
the curve-fitting of the breakthrough curves of Br

The transport and dispersion coefficients determined from
using CXTFIT 2.1 showed no difference between sin-

gle-region and two-region models. The reductive dechlorination of PCE was efficiently occurred in all columns.
Among the columns, especially the column packed with vermicompost exhibited the highest reductive dechlorina-

tion efficiency. The results of this study showed the

promising potential of in situ biobarrier technology using

peat and vermicompost for the remediation of groundwater contaminated with chlorinated solvents.

Key Words : Biobarrier, Reductive Dechlorination, Electron Donor, Peat, Vermicompost, Column, CXTFIT
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o 2EHSs EA AA}VI} AHeH, AT
g AEEH Edioze AU AsHE
, LEYY BX 54 ¢ o) HEE Hofsied 2
49 5&AHYA AHEgsE 9% =¥o] Hasit
HZ ATEE A7 AEHe L9E2S XY
7] A8 WyHes F4A  uE3-8 A (permeable
reactive barrier) 7|&°] AFHog ANLHATH A
ol AERH v F8EH B34 E A E
A2 "YAlg AXEo 9AE FHste Adiso
23E =AJEAS HIste 7eEAN dtesEs
AHEEe 3HEHE E4A uhYAe Aeder A
2 F9E ek g E2318E YA
LEEAS A3 AAF & e dHo] ok
B} oAl JeZe BFA S AEYH
(permeable reactive biobarrier) v 993 u|AE
¥ (in situ microbial filter)ol] ¢}3F XA # o]
SR AA & 4 Aok

A &9 A (Biobarrier) 71&¢ A4S A HA
Woll AH85e FAEA Ulgh A7 o] Fo Aok
gt} 27542 PCE, TCE9 2& 984S &
28 4 Je Fgol dojok 3, F48 LE9E4
9] g7 &£x7t A3 nyE o FE3] &
3 4 9lojo div, FAEAU /IV1ELY £
HAH A AAFAAE AT 4 Yoo 3= F
9] 2AE oo YR METH At 7bs
A B}l Yerushalmi 5V¢ YAH4Fe] peat moss
g AEYAZ o] &3t 714U BTEXE €€
Askg Ao Uik AFE FPstHon AihFTH
o] A|ZtA delolA 99% o) 7H&EARS AAY
& 9tk Kao%t Yang”?e E@He AWz o
g3la 37|14 ZANA e F5 o AHcometabolism)
o 23 TCEY 3] A& TCES %6%E A&
& 4 9th Rasmussen S7& peatsand (200:80,
V%) EFELS AEYAZ A3l creosoteZ
oddE Al EYL 9% 7Y dF3E Y3}
gtk #9449 DO 5% 9-10 ppm, B AFAIL
29, &% 9 °C 9] A4 PAHse 94-100% =
A, Ax/F/32NSO)E FRdte viddd B
& g3lAhe] 93-98%, HERF AFEY 44-97%9
AA7} 7F58AT Kao 52 o153 AEHAE
o]&3 PCEZ 2494 UiF39 54 A&7 48S
Au gttt 999 o)FF AEYAE ) %
A 28R cakeE TFAE F71E ¥HE E4
Z(organic-releasing material layer)® (i) &7]%:
Ca02 TAE 24WE EdF5(oxygen-releasing
material layer)2. 2 TA5 A Er1FdAME €
A cakeZHH WEHE #7]8°] primary sub-

e A TR

R, EFAAE 38 BEH =
H7)1Z0 A BH&5= PCEY 94 €943 24t
B9 cometabolisme] 7M5aeg A F¢
PCEY] 99%E AT 4 AT Kao 5
2 cake/BEE TAY AEHAE o} 83ty PCE
2 o499 A5y AHYE A PPN &
YA cake/FEUERH A&HOZ §EHE FA7E
o] 12} 7] (primary substrate) £+ HAFAAZ
AHg-Elo] Wesl A (methanogenic process)dl] <]
& PCE9 34 €94zt 2XES 2o
Warith 57 994 w42 QIS o] g3t Uz
gilog QEH Ao Edd gs) dFstAnh
o5 EHE AR AME3IL mAES AUE
HAE FHE AHEste g9 99X Mt
7Fs3e ReF9it

A AEYAE o] &g g4 f7|89E 2
8 AEg A FAG NF o2 AAEFA
= A g% A (treatment wetlands)E ©]-&8 QA
% At Lorah$} Olsend G4A4 F7183HE=2 2
g dg3y Ae5E AQFAE FYAA Ast
qu.” d7AH FANMe TCES 1,122-tetra-
chloroethane (PCA)9] A gd4s7 M=
Aoz Yehded), ol gl vis] A 2
Axo g dAsle £F 7|84 (dissolved organic
carbon) TE=7F =1 484 A Y (redox poten-
tial)7} ©7) W 2olet aglcth Lorahdt Voytek® e
SAEYNA S 1,1,22-tetrachloro-ethane (1,1,22-
TeCA)8} 1,1,2-trichloroethane (1,1,2-TCA)2] A&
3 A2E Hr}t7] Y93 microcosm AFNA 11,
22-TeCA® z7] AEs AF 43123l (hydro-
genolysis)oll 213+ 1,12-TCAS] A3} 1,1,2-TCA9)
1,2-DCEZ 9] #4944 gQ4siyt 5419 dojdntn
3t 1,12-TCAS 894 €9438= HEU(iron
reduction)® W €8} (methanogenesis)7} Ao &
& Af, ves 34 d5d o Bo VC A4 F
o o)} wadn Bnatgt Kassenga 50 E
g BionSoil®, 23 S02 A8 HaEx ES 2
AoM 9 cis-1,2-dichloroethene (cis-1,2-DCE)=}
1,2- dichloroethane (1,2-DCA)E 2.4% A3} A
g A¥e ysdo. 489387 cis-12-DCES}
12-DCAE 94 g9439 HF BEQ ethene
EE ethanel = $743] AHNOH, F4%T &
AAYN F4A5¥F % (hydrogen threshold concen-
tration)& cis-1,2-DCE®] 7% 25 nM2X4 F2 $4¢
A gzt 9d), 12-DCAY Z-$ 38 nMZ olHE
W83 (acetongens) EE W ¥HE}at (methanogens)ll
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T

ol9} o] MEHA wE FAS o]&3F d2A
7182 odd Ask AEH AHe §F
of gt A, AFAITY F7h BEHA, AAFA
e AHYEAe 74 242 YHe fUEd =
< ARAZAA Y A&KH] §E& ol &3, Asl-
39 A% (redox potential) el wat F4A Eda3)
T TEUAM) g8 o)FA1 ke FHelA
TFHRE 7K ok

92 AEYA T vAE HIES o8¢
g9 Ak AETH HEYL BAAACl Ue
38 24 712 RAgAY, A FUdA T o
o} 2o B} AFHA X whyel ofg B o
& A7t &S Aoy, E3] Edtolld EHE
g 9AE o] 88 AEYA ] g A= AY o
FojR]A] k51 1o o] g Avt Btk E
goly BREE SHEdY 3% FHojuy,
g TR v EEC] UAYLR o
23 4 9o, G4A F& 4 Slof 7HFHo & ZAH
o] Y1, FAYAE TF X3 o] I £
Aste] 97 ggidd A3 LA #U1-Eu
Ao glo] AAFANE ATY 4 Jeorz I
AA AEYA T VAEZEHZAY Fgo] JHs
g Aoz KAz

B dAFoMe daA #7189 PCER 2|8
A8k &3 MYUE JT 7I2ATFEA Y
3 microcosm'’ AFAAN ARE FLA ghA3}
o] AH2A<S bench-scale®] ZHATF &3t
2l sttt Edy RHE F9o FHAE FWEH
Z ARG ZEo| A9l PCEY 44 ggisl 4
YL Bl AEYA £E 999x vAAE JEHE
o] &3 AEsty B glojx FEFH 34 I
e IstnA AT

2. A8 9 ¥y

21 AgAs

£ AN AEHA Y FAEAZE Pahokee
peat(HSS, St. Paul, MN, USA), Canadian peat
(Acadian Peat Moss, Ltd, New Brunswick,
Canada), peat moss(Farad, Agawam, MA, USA)$}
W E(wormeasting ¥ vermicompost)E A}&-8}
91, §2&EE+E tetrachloroethylene(PCE, Sigma,
>09.9% HPLC grade)E AM&3lQu). X3 384
AdAAE EE FAZHYAZE lactic acid
(Sigma, 98%), benzoic acid(Sigma, 100.3%)Z AH&
AR EHES Ege e 4AY ¥HE A

AEHAZ o]843 PCER 299 Astre #44 2943k 2y 29

3 A Aol oA FHFY EIS
FE2S AAT 3 60 °CollA 4847 T AZ
Qtt o8 ERAWN, 212 T AL e AL
oA B#ste] ALY, viAE Carr® Hughes
& #A3sta] 400 mg/L NH(CL 400 mg/L KCl, 400
mg/L MgClz - 61:0, 80 mg/L (NHo):HPOs 25
mg/L CaCly - 2H:0, 10 mg/L (NaPQy)i3, 25 mg/L
KL, 05 mg/L. CoClz - 6H:0, 05 mg/L MnCl: -
4H,0, 05 mg/L NHVOs, 05 mg/L ZnCl, 05
mg/L. NazMoOs + 2H;0, 05 mg/L HiBOs, 05 mg/L
NiClz - 6H0, 200 mg/L yeast extract® &9l
= AZIAPAT? RE ANFE ACS FE AHE3}
Ak HMXE #7148 AHZ FA37 sk 300
mg/L NasS - 9H09} 40 mg/L FeCl; - 4H05 #7}
9.om, 121 °CollA 1587 disted AMEEATh

22. FYPAEEY AA

42| AE & (hydraulic conductivity)E A&7 9
g AFL Aol 30 ecm, AL 261 em? spectrum
chromatography column (Cole-Parmer International,
USAE Abg-atglen, Fig. 13+ 2ol EFAE A
$ 4YL B3l Bo] 32 Falo] 4 Al
e 228 EY #%E 24890 Ul 7HA F
&4 (Canadian peat, Pahokee peat, peat moss,
vermicompost)9ll &l 743 & Darcyd] H3A
o] AL3sle £ AEE (hydraulic conductivity)S
AR stA .

_,_,
£
ol _lu:

Ah
9kt )
Reservoir 1

Q = Water flow rate

K

Cross-sectional area= A !

Reservoir 2
Fig. 1. Schematic diagram of a simple permeameter
(or Darcy apparatus) used to measure hy-

draulic conductivity.
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4714 Q = %, A = 239 ddH(35 cm),
K = A= E(cm/sec), dh =F AFHAP]S head
ZFo)(170 cm), L = 29 #0](30 cm)E YERdTH

2.3, T8 0] 83 o]FAF i AFd
a3

ZAU e 2 FEA AGALE HFsr] A%
CXTFIT 2.1%9] 38 o|5A%F, &AF 59
A ERES A7) 98, Folu A& 3
g uXx] 9=  NaBr(Sigma-Aldrich, Ultra
grade)& F#&A(tracer)E A1 4 43 A5
CXTFIT 249 ©o]& AMAE uld¥ FH3z
Wo 3 IME(curve fitting) 3+HTH NaBre %
NNEEE o 120 ppm ATE AHESIAL, SER
& Canadian peatS AHES ZHolA fF3F Wl
g ga3e dotrgton, vl {FHlA F
AEA(Canadian peat, peat moss, vermicompost)
Z5d w2 gIxe dolrgith NaBrd %
BHo A7) wigl §29 3 mLe AFH3Y o]
A2 v}E 18 9)(Shimadzu, SLC-10AVP)E ©]£-3}
o FAsA

24. ZYE 0|88 PCEY 894 €843 43

2+ & o] 83 PCEY #9494 2d4st AAFA
BALE Fig. 20) JeRUIATh Zk249] 28 v 7}
Z) 22 Z#(Canadian peat, Pahokee peat, peat
moss, vermicompost)E A3 UL FYLEAL
o) o3 £4& WA37] $43) floating lid7}
239 2 Lo #8718 AFsto 4°CH ¥ 3
oA FYstgch 2 A8 TFEHE FRI8
o Fgsigen daA e FHE HAEH)
93 Viton FE.(Cole-Parmer, USA)E Al&3}x2
HA 9 AF A 94 @il ad F

Effluent Sampling

Refrigerator

4T

1

PCE solution and medium in
a container with floating lid
for efiminating headspace

—

Peristatic
1 pump i

«—— [nfluent Sampling

Fig. 2. Schematic diagram of column experiment for
reductive dechlorination of PCE.

Els A7l A3 wFHZE A
£302 Q¥EH] ZEXE YT}

B AdoN A3 B9 €943 nAES
00X OOosFFRAYFAN AAT FIE &
3} £HAE o) 838t wiksgrh. E8 43t &
HAE wWix e} £33 oS, PCEE Y93 €49
(sole carbon source)2.E FEFdtd wjoksHch o]
E 4o FY3k 2 ol mAEo] RIAHE
£ 3t 59 PCE &9& Foste] &3 275 ¢
olwstth PCE £ 3184 43 ZAnE Ed=
3t A AAFTAANE 22 15 mM9 lactate
9} benzoateE H7IsIATh FYAl PCE =+ 10
ppme] R ew, nl&kH = (Cole-Parmer, USA)S AL
sto] of 0.06 mL/min® #4202 FYHh o
ZZAd M9 Ade 100870 AZHALH, ofF
PCEY] Y5 EE 15 ppmO.2 Z7H17A 3027t 4
e P3P AERAHe ZE YT FFE
sampling port2 YToA e A8E AHHFAL, &
A A AR FFAA UYRE ARE AES
2 2N 239y, dgoz F2H PCEY TCE
= GC-ECD (HP, Model 4890)%, cis-DCE®
GC-FID (HP, Model 6890)%2 £33t}

3. Az 9 2%

31 FEPAEEe] 2AF

FUAEEE 4H37] 959 Fig. 13 2ol &
28 x5t reservoir 13} reservoir 2 Abole} &
F(head) 25 FA313, T AF Atolol] B2 &
Fe ZAsA. A¥g49 FHE #E Darcy's
lawoll g3l FAEEE 2R3 Table 1
2 FE3Hgle WE FYAEE FE YEd Ao
o}, Ao AHgE d 7HA] AEYA Y FED]
FEYATEE 6x10°-8x107 cm/secE FAERS
5o #AQel AY Bl IS THAE AR
el 2 d38dye g dyAEse AlddrAd
#} §AEMan YulA 02 peatS MEYA Y] F
AEAR AM-E 39 AMAY=(buk density)7} ¥
on FEAEE EF 1.06x107 cm/sec T B
& e JIAER fAe BE o] W aglo]

Table 1. Results of hydraulic conductivity measure-

ments.

Soil Q (mL/min) K (cm/sec)
Canadian peat 0.1405 7.728x107°
Pahokee peat 0.1058 5819x10°
Peat moss 0.1063 5.847x107°
Vermicompost 01175 6.463x107°
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AEYAE o]§% PCEEZ 29€ Adsd 94 2da3k 249 49

Hog peatd E 9} EFst] AHLY= 2
TEE Z7IAA A8}, Viraraghavandt Slough™
£ peat-bentonite EFE-S cutoff barrierZ 83}
7] 98 71247 2A PCPY ¥35A4% i
T2 zAegoh PCPY &3 Freundlich iso-
therm® msen, Fe]AE == bentonite ¢l
274842 7443899, Peatbentonite®] H]-&©]
50509 W FEAEEE Hi 33x107 cm/secE
E%3 AsgdA PCPY ol5YdAE 9T BA=
AN 223 24 4 Yot 39ich Kassenga 5
S ¢is-1,2-dichloroethene (cis-1,2-DCE)® 1,1,1-
trichloroethane (1,1,1-TCA)Z 249¥ A&t A
2 9% () Zelpeat, (i) ¥ :peatBionSoil® 2
74" ZHAEE FPIRLt FdEEe B
#:peat ZH9] AL 495x10° cm/sec, R peat:
BionSoil® Z¥e] A% 302x10° cm/sec@ oM, A
AA F=(retardation coefficient)= 1-7.3 A= HoH,
S/ FFo) B BionSol®ol TFE B¢ A
A7} 2718k Qet. cis-1,2-DCE9} 1,1,1- TCA9]
YA g94aste 1A AEE £ HEE AL
2 Yo, 2 peat:BionSoil® ZHMe A
) 547 Zeflpeat 23 Bit & AoE Y
eyt B dydie 718 d7de 28 =g
718X ¥ peat BT THEWS FIEAZ AL
439 ¢ W FEAEET o 10° cm/sec BER
el 712 d7asttl s3g 2dageA
o] FEPARES} FAIRE e VA AR uvE
W, G fFoM el fAle] s5d W a0 §
£ Ao g HHAH

32. }AZAE 0] 83 o)FAFY FF AT
A%

Ed AUl FA7F 58 A% A7 12A
By 5ol 32X Edu FAHA Js T A
2 4= 9Jt}. Parker®t van Genuchten'®3} Kool 5
& EBo] olF¥ # YU FA(o]FA, mobile
phase)i# ©]E& 4 gl J9(Hlo]54, immobile
phase)g& 1#F olF 9 (transport modelE 7Y
etk o] Bl E4b o]F(diffusive trans-
port)S ol AT FAGHT, vlo]F FdA e &
A9 olFe it oA AgtEE s4a vt
Asluch o] d9 AujyLe 57 Frh

RaCm (1-5) 0C,, 1 9°C, aC,

PR+ ﬂRaT—E o2 02 @)
0Cy,

(1=p)R— == w(Cp = Gy) 3)

AN Gt G 01527 Hlo]FAoMY 2

d8de Froln, R AQAF, P(= vml/Dn)
o] 5 G golA 9 B4 JE7] 9§ Peclet num-
ber ©|th. Dnd vme Zt7Z o)Fel A9 Hi @it
Aget g F25445E et T vmt/L)S
AA8E AR = AT LS B HololH,

L Z/LE AFEE AYE v olF AIdE JE
Aok, Ge ol5AH ulojgAd Aol T EuiA
F ol o AT EdAGAFoIT £ @
T UsH 2o Agut

_ b, tfoK,

p= 0+ pK, @
_ ol

w= T (5)

—_—

74 Gue olFFHAAY FFES, f£ olF
A BRE ol FF sited &S YENH, a
£ o543 Hlo)5A 1o SANFELEE Aujdt
t ¥ 13 EZALGASE Uit RS AEA
T2 BulAS Kot e 28 @AV A

P,

R=1+T (6)

Aq714 pe FJEdY AHLRE, & TS
< yehdn. o] 2de o]F9H(two-region) BH
y 2dg g ot e vjojzsdo] gitA of
2de tddAsingle-region) TR EZA GO
2 Z g8z 139 olFE4h4(advection-dis~
persion equation, ADE)e] €t}

.

9C_18°C_aC
8T Py 8Z

B AFME vlolsde] itk 7HE3 9l
drdy olFygdrd UFE Ao w3t
< A3 ET 829 HAFFEHS METE A 2F
(39 = vAEg HAFs 9= T3 (nonlinear
least-squares inversion program)$! CXTFIT 2.1%
E ARgste] e 34 gEsle] 2dd X
g miAHsE Tkt

Fig. 3& Canadian peat Z#olA e F&Hld
wZ Br o]2¢ ##FA7 CXTFITE d¥3Y
2d3 ojFFardz FH wEI ARE I
vebd Zojt. 2ddA & 5 ARol 4F A9
ddg9rd 9 oFydgdrda FHALEFH A
7F NE & dAse RAe ¢ 4 At Table 2&
Z8e] EAF CXTFITE ©¢99 2di} o)y
g 7dg F4 2EF3Y 4 2d T ES
Uehd Aot} f&1 FFES AFA A& 4
Foln], FA wFo o3 PR F

@
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Table 2. Column characteristics and CXTFIT-estimated parameters for Br breakthrough curves from Canadian

peat column.

interstitial velocity porosity D Ka 2

Exp. model (crm/min) ©)  (mmin © (ml/g) R
1 single-region 0.0246 05232 0.0041 1.0150 0.02518 0.9975
2 . single-region 0.0333 0.6485 0.0063 0.8997 -0.2087 0.9996
3 single-region 0.0479 0.6254 0.0090 0.9929 -0.0143 0.9983

Exp. model D (cm’/min) R Kq (mL/g) 8 ) R’
1 two-region 0.0017 1.009 0.0154 0.9409 0.8027 0.9989
2 two-region 0.0057 1.014 0.0291 0.9826 0.0213 0.9997
3 two-region 0.0047 1.009 0.0181 0.9261 1.1200 0.9997

c/c,

® v =0.0246 cm/min
A v=0.0333 cm/min
|  v=0.0479 cm/min
Single region model
——~ Two region model

T T T T

20 25 30 35

10

15 40
Time (hour)
Fig. 3. Breakthrough curves of Br in a column packed

with Canadian peat.

o X

&3 BEAAIFD)Y AAAFRE 8 5 oy,
olFgddnddxs BAAS(D), AAAFR), ©
SA43 wolFA Alole] Farel HEulAlF(Ht A
758 ERAAGAF(0E 48 4 Jth AFE
AFKDE 4 6) g3} Astd grol™ ol o] A
AT 03117 g/mLolth Fig. 32288 #49]
LHASFE oMol BY(tailing) A0 © A
A, F84 BAAFD)7T FelAe A & F
2tk o)A AL H40] =2 mat Peclet
number7} Zro}A A &Aol4d o] o]F dominant
A A dominantE HIHO] FElEF BAAS
Z gAAFY 2707} AaFez AXY] Wit
Table 29 Yebd uigl Zo] Br o9 M¥E &l
AFK)e 9999 5d o]FF94RY EFA
A9 022 Uehygted ol Br 9 A% E¥ &
Zo] H A ¢7] W&ot

Table 3& Table 2014 73| Br o]2¢] 4l
A4S BARA(ANOVA)IE o|&3ly ddgd=
g5} o]Fgowde u w3 Aiolth Error Sum
of Squares(SS)= tH&3 o] HojHr)

Table 3. Analysis of Variance (ANOVA) to compare
single-region vs two-region model for Br
distribution coefficients (Kas).

Source of variation df SS MS F
between groups 1 00113 00113 42807
within groups 4 00105 0.0026

total 5 0.0218
Fi4(a=0.05) = 7.7086

AEE PolE 5= Y (K, - K,)? ®)

i=1

k n
AEHeIAE 5= 3 _ZI(KMJ-—E)Q ©)
=S

71N Kie ARANQASTY AAHT 3ol ne
Ae U #2X $8 Avay, ke A2 8 9
&t} Error Mean Squares(MS)E SS/dfE %95
o, ol dfe ARFEE vt} Variance Ratio
(F )“E‘ MSbetween g‘mups/MSwithin groupsi @ng Table
39 APAZ AN F S 428072 5% #94
Z92 Figes = 77086 Bt} 32 Ao Ugyon,
ol Br o]29 RulAsd oA ddFgEL
# o)Fgdrdoe] & Aoyt P& udtt E
3t Canadian peat© 2 A9 LA Hlo]FAAL
Br ] o]5d oM 8% 9EE A 5 ¢
T ok

Fig. 4= Canadian peat, peat moss, vermicom-
post® A& ZHM AR F&4A9 Br 9]
29 gaFA A@ddet CXTFITE BUdIYE
di} o|Fgndg 4 2ES 43E A Y
el Aot} Table 4% Z+ 2] 487 CXTFIT
o] gdgdrdn o|FgEdnda I g}
2o 2 mAHESFES Yebd Aojth AE A
F(K)e A Gl g3 Axsigoed, ojujel A3
95+ Canadian peat 43 oA 0.3117 g/mL, peat
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NEYUAHE o] &3 PCER 299 A&

1.0
0.8 A
o
C\i 0.6
=
(@]
0.4
® Canadian peat
A Vermicompost
0.2 4 ®  Peat moss
—— Single region model
——~ Two region model
0.0 1 T T T T
10 15 20 25 30 35 40
Time (hour)

Fig. 4. Breakthrough curves of Br in columns packed
with Canadian peat (®, v = 0.02463 cm/min),
Vermicompost (A, v = 0.02531 cm/min) and Peat
moss (m, v = 0.02648 cm/min), respectively.

moss ZAd|A 02276 g/mlL, 183 vermicompost
ZA oA 08167 g/mL fth o] A AFANME Br
o] &9l AFRuAF (Ko @dFgIgnds o)FF
Ard 5o AY 0o 7o, o] As 4
(3L B = 6/62 AYHY LF= °154F HolF
2 Atole] Exp BHjAIG 7 Hit olFFHEE 9
AR A peat moss ZH(ZH)Y £ Fhe& A 1
2 Uelgth o]& peat moss Z oA vlolFA
o] A9 EASA &g v

33. ZYolM9 94 A2 AF

Fig. 55 ZddAle] PCEe) #4A 2das} A
AA7AE vehd Aot 2 2 006 mL/min]
A3 4402 10 ppme PCE #9498 FF3 o
& 9248 9 AzE QA BAsg.
A B84 49 Anle gaIy 48 2
}g EYE ANSYe o, Z2dxe PCEY &
Zarg m @t 409 o|Fe] PCEZF §29 A
o2 g, F23 A 4Er dojvrid
PCE7} 2% §29AY =& PCEY 894 €4
2le] BaZoe] 428 Ao g dAsglh zeh

4
10
i
o
oX
i)
fatt
br
i)
i
ot
i
ol

inlet PCE concentration

!

Colurmn 3, PCE

Column 4, ¢is-DCE

Concentration (ppm)
©

Column 1, PCE
3 4 Column1,PCE \L

\ Column 2, PCE A
/k‘ )z Colurmn 2, TCE
0 A0 T

0 20 40 60 80 w00 b0 140
Time (days) Column 4, PCE & TCE

Fig. 5. Concentration of PCE and its biodegradation
byproducts in four soil columns over elution
time, Column 1 = Canadian peat, Column 2 =
Pahokee peat, Column 3 = Peat moss, and
Column 4 = Vermicompost.

AA AgA 102 T 25 A% A
Canadian peat 23 (Z31)3} Pahokee peat Z#(Z
H2)o A A%9 PCEZF AE =3, vermicompost
23 (DDA E 2% cis-DCE7} HEHAS
(Fig. 5 &%), old3 Az 2y W FY=H=
PCE % #3EAd F3g YFE A3 dhF-&
o uAE o3 9As EIE}en, PCEY &
daste] BAaE2 TCES cis-DCEZHA| €3] &
A7) WELE AgdHEoh

%959 PCE ¥59 Z77 8948 €948t &
& vAE 93e AHRI| A3t 1009 o|Fdl
= PCEY Y ¥EE 15 ppml 2 F7MIAA 30
Y ZoF A¥S YD (Fig. 5 #=F). 438 2%
Canadian peat Z#(Z#1)3% peat moss ZH(ZH
A= ok 6 ppme PCEZ AEH 3L, Pahokee
peat ZA(ZA2)ANA= 3 ppme TCE7F AEHA
tl. 238y vermicompost ZE(ZH4)d M= PCE
s} TCE 2% 7A&HA 44tk o] PCE FUF=
7} 10 ppm® ) Canadian peat Z8(Z81)% peat
moss ZH(ZE3)dlME PCE mlAE 5] ¢4

Table 4. Column characteristics and CXTFIT-estimated parameters for Br  breakthrough curves

interstitial velocity

PN 2, . 2
Column Model (cny/min) porosity (%) D (cm”/min) R Ki(mL/g) R
1. Canadian peat  single-region 0.0246 05232 00041 - 10150 00252 09975
2. Peat moss single-region 0.0265 0.5608 0.0049 09442 -0.1375 09997
3. Vermicompost  single-region 0.0253 0.5267 0.0076 09878  -0.0079  0.9989
Columnn Model D (cm’/min) R Kq (mL/g) )i} ® R
1. Canadian peat two-region 0.0017 1.009 0.0154 0.9409 03027 09989
2. Peat moss two-region 0.0052 1.00 0.0 0.9999 1x10®°  0.9997
3. Vermicompost two-region 0.0025 1.008 0.0052 0.8599 24730 09999
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