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stA H3pdl= (2el)

0K

CHAF Cometaboilsm

e Hydrolysis : Exoenzymell 2lolH OIF 0 X= B2, 0E J[EE =dicte =2 401 2 Dl
20| 12 KI|=2=AL 2tLst "EellEg 20 X = ZE0|4d MHE0l AKX MAOILE EHA S8 S
S Of AMZAH MAN 2AHLIO| CHE D& H&t

e Cleavage : EtA-EtA Q| /OIS ZE0| ZH XK= cQHZEO FEoll, sS4 24 JIs
g AN KLUS3IEE, CIatd YUst= 3I88 S

« Oxidation : Electrophilic form2 0|23l | J|=20| o =Q 2 I

o= BE

« Reduction : Nucleophilic formO|Lt & & ROl M X+& M Xt==ZH| Electron Acceptor
&= 0|80t RIISE=0| SBolll= BtS

« Dehydrogenation : =4 3 Xt 2 E A8 =2

s8Il M40,

M S
Hel EXR & JHe A8 = MSERES 5|4 Nitrate (Z &) NO,~
« Dechlorination : :,_._)1I 3et20| 8 NLEEMZ 0|2 Sulfate (244 SO, 2
T EAJ EOHX D 2AATI} 2 B2 Carbon dioxide (OI/\ StetA) CO,
« Dehydrohalogenation : %JIQ@*%E—?’— | =A3AX gl s JES MUZHAS MAA2H 2
ot EA X EHK= BtS S A0 Ol=25lH XI=08| &J|&ol X
o Substitution : 8 Xt CHE X2 XSG = B2 A0A =4
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(® Aliphatic Hydrocarbons =4
Monooxygenase

Aliphatic Hydrocarbon or Dioxygenase

== 50% 0] &f

pH 8.5 0|6t

=5 : Alkanes, Alkenes, Alcohols, Aldehydes, Ketones, Acids
coltl=e 8%
« Long Chain (C9 0]4}) > Short Chain
Straight Chain > Branched Chain
Saturated Hydrocarbons > Unsaturated Hydrocarbons
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@ Aromatic Hydrocarbons '

0 Hz0 HCDH g H
- H ~C7" [O,H Pyruvate
BTEX | Benzene &= off | @ e T T e

H (O, H

]
Hy0 o

HU—E—H

H
! CHy
Dihyd rod iOI - hydroxymuconic 2-oxopenia- L-hydroxy-2-
semialdehyde L-enonfe oxovalorate

@,

. Ring Fission

tn

boameng NADH NAD' : E NAIJ’ NADH+H"
CHy ::: on %2
Benzene o° c:s ~Benzene Catechol
¢,  Dihydrodiol
o f coo‘ ton‘ coo coo”
Q R EDD ~C o0~

tediane
H & Catechol
c\c . cis,cis-Muconate {+)-y - Carboxymethyl- - - Carboxymethyl-  f-Ketoadipote
He Dloxygenase {muconate] aP -butenolide aP-butenotide
(B -ketoadipote enol-lactane )

[muconolactone }

siyenzans
¢ o XIS RAXI, ==, O ek =oi& XH0
Qj - 2J|d =0t
CHy « £, Y2EH, EEH, SAZER, HEMY s gI)IZHUMHE =l
- o dA=EH2 01SIlsdu &ttt 82A0 et 23
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® Polycyclic Aromatic Hydrocarbons ¥ z=2-!

Figure 1. Structural formulae of polycyclic aromatic hydrocarbons
covered in this monograph
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& HOOC 0
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OH
- [
Fission
COOH szo
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OH
Ring Fission o
COOH CHO CH3COCOOH o

Eenzo[ @4 Jfucranthens

Benzal ]phenanthrene

B-Methylchalanthrene

OH
Ring Salicvlic acid Salicylic aldehyde
Fission

OH
Catechol

HIFM 22 XI&D|9 ==, SF, /X0l et 2ol d X0l
2~3rings : @J|4d 2ol & €J|d 2off, Hu&E e 5

4 rings O|& : 2 20 HH%“*' e
ol HS4= HADE, X&) SEHELE 26l HdS




@ Chlorinated Aliphatic Hydrocarbo AAH K= EtoleA

Tetrachlomethylene | PCE TCE < $6H |

“ / cehech
Reductive ‘ CCLCCl, cct,
Dehalogenation \

Tricnloroethyl Hee CHCi=CCl, CH,CCl; CHCl,
Lo} ene C=C
‘ CHCI=CHCI  CH,=CCl, /CH;CHCL CH,CI,
_ CH, = CHCI CH;XHICI CH,4CI
1,2, Dichloroethylene C=C * /
¢ CHz = CHz CH3 COOH )
Vinyl Chlorlde €O, + H,0 + Cr
= C=C
PCE, TCEE L} H, .
=H0| 2
l e QIUXNIR2Z &3 SIIZHUM SCHAH I8 EFAS

H M ISE ZOA A=
Ethylene C=C

H M o (3J]) Oxygenase, Dehalogenase, Hydrolytic dehalogenase




5 H3510|S (FRSEE.
ometabolism of TCE by Meth

Methane oxdation (normal reaction) with methane monooxygenase

H \WilVvile OH
H-C-H p H-G-H — >  CO,
Methane MNADH, G MAD, HD  Methanol

TCE epoxidation {cometabolic dechlorination reaction) with MMO

m’G'E‘H i PN /r___\-rmam;m‘
TCE NADH, O, Nap,HE TCE epoxide INAD,BHO  ZNADH,

(othar mecroorgantsms)
£ TCES| SUAIL €0

« Methanotrophic Bacteriadl dot= MMOS J|&S0|4d =5
e HEtsTII =28 MMOO| THotOd TCES2F HEHO] ZAE 4= QU

o=

« PCE= ®O0| &t3tE AEHOI22 SUALN SloHM = SoHT Xl &

0[0 |O

I]|0
Ho

2= 0 Zolf It
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(® Chlorinated Aromatic Hydrocarbons™ = E=;|i=Ix=1j

x x x x

,W ., ° 3sttig=Z - Chlorophenol, Chlorobenzene,
Chloroaniline, PCBs, Pesticdes

M

fo

Ergt 44

x x x X
PO can T ™* 4 PCBs : Polychlorinated Biphenyls, EtAQF S A9
X X SHHIZ PE6tH 2SI 2OLA XISt ECHs
X b 4 §g9%
x o X
x . « HAO| XBEH, &, YAX0N Q5 EHE Z2H

G P OFMATED DNBENECFURANS

SIZHUAM 2 AHcometabolism)0il 2|l =l

(Fursns)
X x °
x [+ ] X
e EI|IZAHUAN EHASHdechlorination)0ll 2l =
X ° o of — HIEtMAE XHUA SEH

POLYCHLORINATED DERE N0 KINE
{Dtoxina}

X = Chiorins or Hydrogen




D12 (Kinetics & Re

e Thermodynamics

5 - Brs (22 Jtss 2

: 2%k - SRS S

s > = * Kinetics _

oxt - (2o sz 2

m - 55 DIWS, axziol 9

_3atel o

ok On BIS: 22 0150|018k HE. 4 Y2
dC T HlS: A Xl =

—Esz 11X etS: S0 I 20 gldl
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» Bacteria
SII4 vs. &4
SEYL vs. SX5FY
e EAAUANETN EHUS
o XX JINOI0] 240 &=XH

o«

ol &k
HA&td pH 5~9
Bt Oo 2 X & 6.5~7.5

* C, H, O, NO| 95%, P, Ca
S0I 3.5%

« Bacteria 2t&f4] C5H,0,N

. B4, 0 S0 25

- D= ANEZ L8

e Growth factor 2 &

o QHEEO MESH
d,JId 8E, LE=
o4, O|E=2 S&
U ME O|ME S2
Ol A&t

e S8 HIE, FCE =3

)

o A 2
— 10 (f

0

HI
H

« 2L S5 43}

!

Jou

U2 =)}
ZE2E
Psychrophile(15+57C)
Mesophile(25~407C)
Thermophile(40°C 0| 4})

LE=S FolHE 2F
SE MSHH/2E NS =
T 0ld= GAF 240l
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(D Biodegradation

Filter Water Treatment
NLtrients (If Mecessary)

Aeration

Water Suppl
{11 Necesggrrr]
Former

LUST Locatien Discharge

Injection
Wall £
Legend:
i . Vapor Phasae
- -.hdsor‘nnd Phase
N\ Dissclved FPhase
Monitoring
Wells

Groundwater

{ow
Direction

7
Groundwater
Extraction Well
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@ Controlled Solid Phase Biol

1 Air-Operated
(o] £=1 A= o ' Sl Sed
EC)':E %le'ol-():l Eo':JH}L—IIHgl' 1 TurggsferP:?r‘:;t
_— = = ) = _A_ T = :
sgotd EExX2EX, SI| SIudge/Sedlment
1 osr}tadminate?
— - = - — ' <. Sludge or
= A = S22 & |
aXE EXlotH M=ol E &4 | - Sediment
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: ] < Soil Stockpile,
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®) Landfarming

Laachate Colleclion
and Traolment
(Optionel)
Contominaled Soif

en note Graundwater

Berm Manitoring ‘Walla

Fargus Cug Lysimatars
Tilling for Solt Asratisn
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® White Rot Fungus
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@ Soil Vapor Extraction (SVE) =;

VOC/SVOCZ @& L3l =&
it =4S &Xlotd MRet SIIE
NS0l €2 7 == 0[S =)
E HUI-Ol.:O|O§M-I _’_|té

SJ2 AN HHEH == ol =8
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@ Soil Washing / Flushing

Ry Aophcation

SO|U 02 220 = HA8H) 22 X
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M SVOC, S24 S S8 VOC, RF2E,
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@ Soil Washing / Flushing 1= /=HY
ex—s/tu Soil Washing /n—situ Soil Flushing ' @’ w
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(B Hydraulic and Pneumatic F

M

HelD|=

1>
i
o
=
l;_'_l

HESH X0 SEBI|L HRE QS X A0l =

OI5H0] J|ZE RYS S 2% B i e
B Channel #&5H01 S48 FELIAS SIHA

Ao W B HEBYO 58S SHAIDIE Il

SHEAMEDNK AlFE — J5t= fracture XIE Ol
injector& X| — Packerz 1~2ft€ 2 H — YL HS
=2Hl %‘Ee—)l ok 30=x 2t =& - U3 XN &
injector Xl & ¢ WA Bt=

Fracture cycle 2f 152, ot & S AI=Z20
15~20 fracture 244

Injection flow rate, EX2| = OIMAL
UZEOIFAT MM, FAI|H/UAS EF
=JI2 QI8 SVE g &kt

Oz M CAHs & Ed

&
i ens
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@ Thermal Desorption

E2) 22 Jloll LE=Z2SE S

IR S A2 =, JIAE Hel&XZ2 22610
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0 0
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HTTD: 2&(+=2 &) Al Jts Coal tar, =
M, creosote, (SVOCs, PAHs, PCBs, =<¢
SVOCs)
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EY Mz Q=2 SHaH|, € EXE,
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A

SA/AX Lt RAH, LESO| £&AAM I
2 DNHAIE, SEXSI=, 820, A
clel EXO HelZ2Al

Packed  Packed
Scrubbor 1 Scrubber 2

Rotating Triple-Shell Dryer
(Click to see defall)

Cooling
Coils

To burners

Llejulels: Water Sent through a liquid carbon filter and fiteate tank,
than back to step 2, whara Itis reused In the soll conditioner

Solids: Filter Cake (Bagged and packed In drums for off-slte disposal)

Feed Auger

Soll
Conditioner

Discharge Box
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VOCs, SVOCs, Dioxins, PCBs
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@ Phytoremediation
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Expanded View of Residual NAPL
Trapped in Pores Between Soil &

Sediment Particles
GROUND 7 Solid Water

SURFACE

Chiarinated
Solvents

Storage Tank Sorbed

Contaminants

DNAPL
(Bulk Fluid)

Dissalved _‘-:\‘: e e

Chigrinated . Biodegradation
Solvents

S AQUICLUDE
<— Dispersion & Dilution—
e l

Snlvel:lt Solubles Plume

SLAYR XYl = o 2.
HEZAHE, EHl S0l HE =ER AQUIFER

2Al A0 TE S8 Al | |




8) JIEt Est)I=

SHAY, =74, TCE, PCE Fef GP dust, HRM Sludge A AS
gotRll2 | 33 9 &Y
Al U D2AAIE PCBs Pd/Fe Bimetal, Nanoscale Fe | H0HE €& A&
IEPNE 3 . . Ol2WE &
ojorei= = AH 2 T-N, Ammonia Zeolite = (| o3t EtE
= AHH T-P Wastelime, SM Slag s 2 &
Cr6+ HRM Sludge, SM Slag =3
=y AP 2 ZALAIA, cd. Ho. Mn. A
S o/ — _
HZ A A H 2 ,» Mg, Mn, AS, i I=Imk=!
Cu. CN. Pb Zeolite, SM Slag Ol2 W&
Sty H & A AP H| Sulfate AlIOH, SM Slag, Wastelime BN, =53




EZ=

| & (advection)
A
p)
A

20
z 4
b (diffusion)

0|=20|= (migration)

9
S
—
SHA

o o U1 =
i & g R
g === o K H-
m S ol ol _._._o _._.__|
! Ar ko H = .AD
m fo < OF o_aj_m
< & MU R _&

Od

S|

| St
w]
=<
=
=
(o
—
&
”—?';—, THI%, TCE, =9, JItt
2t
=i
X
st
et
24
|

S

/éll-
(=)
S Z AL &

4| Z AL 2

%E}
=
&
S ES
=
o
x
—

o
™

@ Electrokinetics




o]
el
ok
0
D
3
Iy

—

(=)
"k

o=
)

XS
o

i

1)cltet

=,
o

<+
ol

WIr—I
o

RO

0
a0
RO

=
K

ki
fofl

0lbl

pN|
&

M A X

=

ol
~
H0
i
IF

P

ol
)
Rr
o]
RO

ok
X0
on
m
or

o
%0



2%

¢

o

Ofl
lod

)
lod
OFJ
I

o
K0

et

(]
—

- Co '
mpliance requirements

e

%
=N

Il
i0J

Ell

R0
1)

0
il
&l
ol
KO
=
ofJ
Ir

oy
K0

| B1=~0l CHX)

1o

o)

|
I

ol
KO

1, Oled 1t

10
R0

ol

ol
0
2l

o
I

0

-t

<0
0]

ol
&l

)
%0
)
OF
I

o
%0

o0
oF

10
R0
1)

ol
)|
Kl
o
K0

0l
%
10

ol
Rl
=
0]

JI
o3

<F
ioll



@ Hol/=& Zge HIAWMA N SLIHE HY AAe HE HEE
ZLIHE AHE (RMP)O &

® RMPE 2LIEIIO ZIH0) o3 2LIES X HES BAsts
MHECR 2+8/28 JsS JIHOF &



AQA

[l

4) RMP

0
1
~
JA
e
02
A=
A=
A=
o
%Il
2
]

RMP= H&H/S&2 304 sHal A0 O
® Compliance Monitoring

@ Performance Monitoring

@ &Mt 0 22X 0= aHHUAH dH= e == =0l
CHet 2LIHE

-

VEX 0l2Y H3/SR gtote] Mele =95t ZH ) U222 RMP= F)|
MOz 2| 0|2 AHIZE DLIH2I6IA M HE 2210 8HE 2X 0|12

o

SE0| Blolhl HAS=S &E02lollOF &

(=1






KO
Rl
(i
4§
)
KO
B
o

%wﬁm
QOH___
NHRS
ioﬂwWT
= 00 OF
DxEA_.ﬂ

80 0l £0
O1 3D 0
_

]

t2 WK

o]
o
=

(=)0l 2 sE340| J|EX O

— U0 AIZ2F 22 BLIHE A sE2t°9
JF AlI2H0]l (et fluctuation

)

St
]

g2l F2HE At



5) E& = &gl

@ Close Out Procedure (USEPA)

Remedial Action Completion
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@ Close Out Procedure
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@ Close Out Procedure — (&1) O&M
Operation and Maintenance
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