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Q3Fo] EHES W3lA7|7] A ZelE FA7F " AZEojxrg dRo 4=
NS ATAVE(AEFAALRETHI], 1972)S 2333 & (AVS)S  0.2mg/
ol dste] 20mg/g - dry= skl At}

Aol A v TSI R (USEPA); ¢ Sediment Quality Guideline

(Unit : dry base)

A R AT E P o 544 o1 g gt o

ol

A=A

COD AVS IL COD AVS IL COD AVS IL
(mg/g) | (mg/g) | (%) | (mg/g) | (mg/g)| (%) |(mg/g)| (mg/g)| (%)

954~ | 001~ | 56~ |[1841~| 022~ | 69~ |2556~ | 018~ | 82~
el 35.32 0.49 9.5 26.58 1.31 9.4 41.35 0.86 129
(17.86) | (0.16 (7.8) | (23.74) | (0.82) | (8.2) | (31.73) | (0.34) | (10.0)

149~ | 001~ | 0.5~
A &l 26.92 0.18 4.3
(7.01) | (0.04) | (2.6)

054~ | 001~ | 05~ 718~ | 001~ | 3.8~
52l 8.04 0.12 4.8 26.88 0.14 11.6
(364) | (0.03) | (2.9) (17.65) | (0.06) | (83)

054~ | 001~ | 05~ |1841~ | 022~ | 69~ | 718~ | 0.01~ | 3.8~
A A 35.32 0.49 9.5 26.58 1.31 9.4 41.35 0.86 129
9.7 | (0.08) | (39 | (23.74) | (0.82) | (82) | (2533)| (0.22) | (9.2)

Faiere] A9-2 BAEH AL TLEHCOD)Y AL o] FokAloj e i
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Ignition .
Loss Grade cop Grade Sulltide Grade
o (mg/g) (mg/g)
(%)
0~5 0 0~ 13 0 0~ 06 0
- - 13 ~ 20 1 06 ~ 1.0 1
5 ~ 15 3 20 ~ 30 2 1.0 ~ 5.0 2
- - 30 ~ 40 4 50 ~ 10 4
> 15 6 > 40 6 > 10 6

(1997)0] %83+ v Ut

e
ol A ehalolu Fubel Ealel giE we dTAssl FAH dw A

Al A8t HAE SA7IEo] MEEo] Atk dFEe 4L FEFAES
afjr] o] FoA L FEFAE 93 =4S US.Army Corps of Engineers(USA
CE)el A & star vk USACE+« 18241 w59 3|7} Q.35fo] 2.9} wA| A3 7))
e RoEs AAY AS AAeAN ATl #oAstA HATh

AR vl=ol A 4P F+= National Oceanic and Atmospheric Administration

(NOAA), Environmental Protection Agency(EPA), U.S.Army Corps of Engineers
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]

shal k. =AY Wk 3ol HAQ1 o= Comprehensive Environm

(USACE), Department of the Interior(DODe A 3#&]3tal o 7z} FAHRE

rJ

—ental Response, Cleanup, and Liability Act(CRECLA), the Resource Conservation
and Recovery Act(RCRA), Clean Water Act(CWA)7} AE% 11 s2F%7F 52421
7 $-oll+= the Costal Zone Management Act(CZMA), Endangered Species Act(ESA),
the Rivers and Harbors Act(RHA)7} #=# %o 2l th(National Research Council, 1997).

1970t 78 A 7HA wl=ol A dE SQG, SQCE /HefAl oz AdHry 1
3-5¢9 &t}

W&

N

F 3-5. M=l EAsks HAw 237

Criteria and Source Comments

Federal Water Quality Administration Criteria for Single Parameter criteria
Maximum Allowable Contaminants in Dredged

Material, Washington, 1973

U.S. EPA, Region V, Guidelines for Classifying Variable parameter criteria
Sediments of Great Lakes Harbors(Annon. 1997) (non-polluted, moderately pollutes, heavily polluted)
Wisconsin Department of Environment : Single parameter criteria

sediment quality criteria(Sullivan et al. 1985)
Ontario Ministry of Environment : Variable parameter criteria

Sediment quality criteria(Persaud et al. 1989) (no effect level, lowest effect level, 1

limit of tolerance level)
Ontario Ministry of Environment : Variable parameter criteria

dredged material disposal classification criteria

(Anon. 1988)

Beak Consultants Itd : Variable parameter criteria (single parameter and
Sediment quality guidelines((Hart et al. 1988) normalization against TOC in bulk sediment)
NOAA's National Status and Trends Program Variable parameter criteria (single parameter and
Sediment quality guidelines, 1996 normalization against TOC in bulk sediment)

Washington State Department of Ecology :
) ) ) ) o Single parameter criteria
marine sediment quality standards(chemical criteria)

Washington State Department of Ecology : Single parameter criteria
Puget Sound marine sediment impact zones

(max. chemical criteria)
Washington State Department of Ecology : Single parameter criteria

Puget Sound marine sediment cleanup
screening levels and minimum cleanup levels

(chemical criteria)

ol A At Hxe HAE SA7IE2 19739 AW = (Federal Water



Quality Administration)©] A|<tstth. o] A S EPAYF A e A o] 7|+
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% 3-6. AT HAE 874 7] (Anon, 1973)
g = 7] A
Total Volatile Solids (TVS)* 6.0
Chemical Oxigen Demand, COD 5.0
Total Kjeldahl Nitrogen (TKN) 0.10
Oil and Grease 0.15
Mercury 0.0001
Lead 0.005
Zinc 0.005

==

) * o All values as % dry weight
* 1 TVS %(dry) = 1.32 + 0.98(COD %)

off
25

Wisconsin Department of Natural Resourcesi= PCBs, =%, 254 7ol

g3 71+ F 3-8¥ o] /sl ar, Ontario Ministry of Environment(OME)
+ 19891 No Effect Level, Lowest Effect Level, Limit of Tolerance Level= <
|5=& fEtskith. OMES HA4E 377

T A=l e 54 A AdE at"gew AT Aotk
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E 37 2U% HAE LHAERE A% A9 FREH ] 7]F(Anon, 1997)
¥ = H| o 1t o9 Alst o
Volatile Solids(%) <5 5~8 > 8
COD < 40,000 40,000 ~ 80,000 > 80,000
TKN < 1,000 1,000 ~ 2,000 > 2,000
Oil & Grease® < 1,000 1,000 ~ 2,000 > 2,000
Phosphorus(P) < 420 420 ~ 650 > 650
Lead(Pb) < 40 40 ~ 60 > 60
Zinc(Zn) < 90 90 ~ 200 > 200
Mercury (Hg) < 1.0 N.A. > 1.0
Cyanide(CN) < 0.10 0.10 ~ 0.25 > 0.25
Iron(Fe) < 17,000 17,000 ~ 25,000 > 25,000
Nickel(Ni) < 20 20 ~ 50 > 50
Manganese(Mn) < 300 300 ~ 500 > 500
Arsenic(As) <3 3 ~8 > 8
Cadmium(Cd) - - > 6
Chromium(Cr) <25 25 ~ 75 > 75
Barium(Ba) < 20 20 ~ 60 > 60
Copper(Cu) < 25 25 ~ 50 > 50
) * : hexane solubles
3 3-8 Wisconsin A =9l FAHEAES FFAHE A A7+
o q = 4 7] & (mg/kg, dry)
As 10.00
Cd 1.00
Cr 100.00
Cu 100.00
Pb 50.00
Hg 0.10
Ni 100.00
7n 100.00
Heptachlor 0.05
Endrin 0.05
Aldrin 0.01
Chlordane 0.01
PCBs 0.05
Dieldrin 0.01
Toxaphene 0.05
Lindane 0.05

) 23 : Sullivan, et al., 1985.
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u] = & 9k} 7] 4 (National Oceanic and Atmospheric Administration)< National
Status and Trends Program= 33t EAZo| 7% 7712952 (EPA,
1993)% =% (Long et al, 19959 9% H7IE 93 SQGE AStslsitt. o
e 918 Long and Morgan(1990)¢] A A gk ¥ o]l nj=po] Z =& gt}h59} 7)
Urpoll M e of3te] =A4s AA o] WS AREska dth

F7199 242 TOCE Hslshd i, Z @3Fel wet Effects
Range Low(ERL)¥} Effects Range Median(ERM)2 & &3}t vj= <A<k EF
AES AN A7 92%7F ERLE =3 38tE 3o YEY i, ERMS =743tE
X2 33%= YEFgH 2 9= OEM(1988), Hart(1988) & o] st 7|+ A

el A= b FAS Y #EvIEel A AAgE SQC, SQGE  Site-specific
sediment quality criteria® W 3slo] EHA & T A&t Ut} v Ao
AeE = 714 Vo 2Z2A Y HAE S§A47ES AAS 7] fg A7 EPAM
Al Ere] 8 Folt

Y. Avdot

Avcte] 7149 HA4E 374 7]+2 1988 Canadian Environmental Protection
Act(CEPA)9] # &5 Wil lom, 4R 4 ddlES Afdstaa & o 5
Q3 AAA RV Ha vk CEPAd = F45 7 AN, kb4 37 oW
A, LAAAZA AL ES TGS HASEL THSmith et al,1996). =7t
b FAE9F 1 oolske] AAGA A ofH Zgol hE qrAATE A
€2 4 At g4 HUrtE= Long & Morgan(1990)¢] WS W3 s
A& 3t 2712 7eEo® AFgsta 9t Long & Morgan(1990)8 3}38H&
dol AzAlel wAle dFS Hrlete AmolA od ol Ued &E 10%°] st
o] F % (Effects Range Low)¢} 50%°]3}9] &% (Effects Range Median) 24l
HE H77ES At o 7 g9 7l Ao dAEA & (rarely),

& A 8H(occasionally), A5 A S (frequently) &2 ¥t} o] gl Aol F

dede] SA4L Ldede s=7F mokAd SRt E AS

ft



e B

Ayt A= AEA JddFs vz FE 20%0]5E TEL(Threshold Effect

Level), 50%9]|3}= PEL(Probable Effect Level)® A 2]3}o] A3} TtHSmith
et al., 1996).

o dE

A H o M= 197013 o) ] TAMMASE EHor =45 AASAEY g+

B COD= 20~40mg/g, a3 &2 1~20%, T-N&
1,600~3,000mg/kg, T-P+= 700~1,000mg/kg, &3t=2 1.0 mg/ge W9 o=

ZAFE AT

FARH1972~1981)2 R F8wpRk(1973~1979) 9 A += Z+Z;F 2,400 m3, 691 - m?
o] A Fo] FAHNeH ojuf A% FHAE AAVIES FEHAE, COD, &3}
5SS HrtH o R AAAske] 64 ool AASE AoE SH T
# 3-9. 4R g FSeRke] HAE A AV E

Ignition

Grade | COD(mg/g) Grade Sulfide(mg/g) Grade

Loss(%)
0 ~ 5K 0 0 ~13 < 0 0~ 06 < 0
13 ~ 20 < 1 06 ~ 10 < 1
b ~ 156 < 3 20 ~ 30 < 2 10 ~ 50 < 2
30 ~ 40 < 4 50 ~ 100 < 4
15 > 6 40 > 6 10.0 > 6
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aropale 1972~1981d e A 729Hdm3e] HAES FAH3YeH EHAE A
A7+ 74, COD, 3tE F 27 oA (1)=2 H7lEE AAS = AL
A THEE 3-10).
¥® 3-10. Yparorgte] HAE A AV T
Parameter Criteria Evaluation
> 10% +
Ignition Loss
< 10% -
> 20 mg/g +
COD
< 20 mg/g -
> 1 mg/g +
Sulfide
<1 mg/g -
g, AR A Aol FAAYS AN A4S 488 HAR] eAES
3 3-119 8¢F Agsty
£ 311 718 QRelA AAE FEAE HARe] odE
COD ILL T-P T-N Sulfide
7 At
(mg/g) (%) (mg/g) (mg/g) (mg/g)
T12.5m
HUEH 1) - - - - - Ht}
Fo-x A
5
dig e E T | 30.0~36.6 | 12.6~16.0 | 0.65~0.69 | 1.61 ~2.68 - o
3545
7y 7] 0]
TREI N I 40 15~20 1.0 2.0~3.0 -
20~30cm
RERRRRL:ERES - 15 - - - PCB:10ppm
270 °] 7
ol =k 20 10 - - 1.0
3 F A A
B b 20~40 10~15 1.0 2.0 -
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Z e

Udat=e E4%E 374752 Rotterdam® ] S50 A HAE o9
A=E AA Slightly polluted, Moderately polluted, Polluted 18]l Strongly
polluted®] 47}A 2 H7}3}3A o}

Strongly polluted sedimente] ™3t SQCE ¥ 3-129] #|A] 3R THNIVA,1990).

¥ 3-12. Rotterdam&e] AsAl 2 9% E A Zo tgk SQC (NIVA, 1990)

Heavy metal SQC (mg/kg, dw)
As 110
Cd 32
Cr 550
Cu 370
Pb 660
Hg 16
Ni 80
/n 2330

o] SQC H7I+= Udds sUdEAE QA4+ 9 Background level(BGL)¥ H]
wsto] AASEAT. I BV {75k E Y SQCE =29 o] WH(Norwegian
fiord)ell tHall A Al 2tatATHSEBA, 1996).

o] 71 dEH gt HAE 347+ 20mg>XPAH/kg dw, 0.5mgB(a)P/kg
dw 2 0.3mg>XPCB/kg dwo. 2 A A= T,
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T A e Aol HAIT HgulE A A

@ & A o, 35 ol o3t
o S UAA L ANUFHo AYFAN BASE o - AF AFS
Ao @ 5 9l el 2Roln Hgol Bk

2. HERAU MEAAF A5Ey A2xA5T oF asFELAL A o] WS
MuE Adstel ALsta g MEA L] U MEH S FS G AF
2 483

3. stEw A2Uz2e FA o] FFAFEAAL HHE Wol A5
FEAFE FUSA ohsta WESHE AL ESAL] BE WEH G| ES
WE 119 TR0 9@ d5FuAYAL] PRFFA/NES 450}

# 3-15. H¢ wiE S EGleF 5 LdE=d)

(9 tmg/2)

A
34 7} = =3
Bl
FholeFR 58~86 58~86 58~86 58~86
;éé;ﬁ B6F 10] 3} 50] & 50] 3} 5ol 3
3 f ¥ | sHERAT 50| & 300] &} 300] 3} 300] 3}
¥ 57T Lo] s} 303} 30] 5} 30 5}
Al QE e 0.20] 8} Lo &t 103 10] &}
AT EF 0.50] 3} 20] 3} 20] 3} 20| 3}
LS F 20] 3} 100] 3} 100] 5} 100 3
oA Lo] 3} 50] &} 50] 5} 50| 8
T2 (&) 0.50] 3} 30] 3} 30] 3} 308}
=85 0.020] 0.10] 3} 0.10] 3} 0.10] 8}
T H A& 0.0050] & 0.0050] 3} 0.0050]
7] QA 0.20] 3} 1o]3} 10]3} 1o]3}
R 0.10] 3} 0.50] 3 0.50] 3 0.50] 8}
() e 0.20] 3} Lo &t 103 10] &}
67} L& 0.1°]s} 0.5°] 3} 0.50] 3} 050] 3}
LAY F 20] 3} 100] & 100] 3} 100] &t
ZF0E(EL)TRF 30] 3} 150] 3} 150] 5} 150] 3}
PCB % e 0.0030] 3} 0.0030] 3} 0.0030] 3}
gt 4= (71 /me) 1000] 3} 3,0000] 3 3,0000] &} 3,0000] 3}
A (%) 2000] 3} 3000] & 400°] 3} 4000] 3}
25(T) 400] &} 400] &} 400] &} 400] &}
TAA 300] 3} 60°] 8} 600] 3 60°] 3
&< 40] 3} 8o] 3} 8o] 3} 80| 3}
EfZzzdgd 0.060] 3 0.30] 3} 0.30] 3} 0.3] 3}
HEGZFz 2o dd 0.020] 3} 0.1¢] 3} 0.1°]3} 0.10] 3}
ol & AH LA A 303} 50] 5} 50] &} 50| 3
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F 3-18. AR YA wMiEss sETIE AA

HAN Fol4)
o (271545 E) (#3718 45 %)
A
i Bk NAaFE
BOD,COD" SS BOD,COD" SS
(mg/?) (mg/?) (mg/?) (mg/?)
30,000 m'/do] 4 203} 3ol3t 6ol 3t 1007
zj Zé
822 30,000 m'/do] & 30]3} 50] 3} 100] 8} 140] 3}
$4%
(%°1) 30,000 m'/de] A 30]3 5013 100]8} 140] 3}
b
30,000 m'/de] s 50|38 8ol 3t 100]3} 160]
100m'/do] 4 BOD 40mg/ ¢ ©|3}, SS 40mg/ ¢ o8} (275 %)
zj Zé
100m'/do] & BOD 60mg/ ¢ ©|3}, SS 60mg/ 2 o3} (275 %)
Pty
(7go1) . -
100m'/do] 4 BOD 70mg/ ¢ ©|3}, SS T0mg/ 2 o3} (75 %)
7}
100m'/do] & BOD 80mg/ ¢ ©|3}, SS 80mg/ ¢ o3} (75 %)
50,000 m'/do] 4 20]3 3] 50] 8 10013
zj Zé
PRy 50,000 m/do] 3} 2013} bolef 10013} 15013}
AN 50,000 m/do] 20 50] 3 100] 5t 150] e
7ty
50,000 m'/do] 3019 8ol 3 1003 200] 3
1) 24 SAEAAEe] R 2752 CODE 4 &3t}

2) H5AFAA(Eo] FAA BOD FEE FolA 1EA e 120%] o@

3 el AHH GFL WA G AgelE wMEF 7

N
o
IN
o2l
i)
-

o,
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A Aol (source control)

A6d =99

1.

#Z(Murphy et al, 1999) n|=*

o]

4
e

X

=]

&
3] " &1 (Hamilton)

s

g kgl

48

ol A

oA 2+ 3]

2

ol A

°
Y

ek,

T

| .

o

ke

1

0]
R8-S

H, Van Arkel(1993)

of #A]
Aol A AA

PN
T

IL
E

3l % 2kth(Andersson et al, 1973; Hanson and

2=
=

(S

1

B

A
ol A ol

L=

o

]

5

o

I wl=,

2. @4 2 A E(removal and disposal)
o

_?4

MK

Stefan, 1984).

M

e

X

N

9] Zierikzee

g4

A vd

ALl &= H 1% 31 Q) tH(development programme treatment

T

-

of wla) = vend

processes, 1991). =

N
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2 3= v]€e USS$ 350/m* 27 USS$ 500/me] A2L8F
A THMurphy et al., 1999).

3. &4 2 A7 (removal and treatment)

F7Ied =4 s57F =2 497 Bol sldoz HEHAY Ao]&& 7] 4
A= B A A7 BrHUSEPA, 1997a; b; ¢; d). Stern et al. (1998)& F|

HqEel odgwel we A2l 7Ee Te 2ol LR

PV
rlo

oA+ HAE (US. Army Crops of Engineers)

18 3}/9kg 3} (solidification/stabilization)
Eo w9 Vs e 5 AREY AT & (manufactured soil)
=S o] &3 A3t (phytoremediation)
» 7 olsle]l 29 E A E (BioGenesis Enterprises Inc.)
5 Az 2 3384 FZ(sediment washing and chemical extraction)
» S0 E A E(Metcalf & Eddy, Inc.)
O &m+% (solvent extraction)
=8 FF9 o9 HAZE (Institute of Gas Technology, Westinghouse
Electric Corporation, Science & Technology Center)

O 1 3172 (high-temperature rotary kiln)

O 12 Zg=v} Ex (high-temperature plasma torch)
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F 3-19. hEol v 2 HAeH 4% Aads Tt e AEY

(manufactured soil)2] A4 (74 HAE 30%, 5% 50%, 7= W& 10% &3

. N
Contaminent As l\gg;o Zﬂ perceth NOT]F N,j . N? .
dredged dredged reduction Resid] Resid.2 Resid.¢
2,3,7,8 TCDD(ppt) 41.5 15.2 63.4 - - -
OCDD(ppt) 17,463 5,290 69.7 - - -
TCDD/TCDF TEQ(ppt) 518 182 64.9 - - -
Total PCBs(ppm) 1.22 0.782 68.0 2 0.49 1
Anthracene(ppb) 3,700 1,590 57.0 10,000 10,000 50,000
Benzp(a)anthracene(ppb) 4,480 3,130 30.1 4 900 224
Chrysene(ppb) 4,560 3,720 184 40 9,000 400
Total PAHs(ppb) 57,900 35,800 38.2 - n/al 396,500
Arsenic(ppm) 33,9 12.5 62.7 20 20 7.5
Cadmium(ppm) 3.0 7.9 78.6 100 1 1
Chromium(ppm) 377 140 62.9 - - 10
Copper(ppm) 1,172 393 66.5 600 600 25
Lead(ppm) 617 331 46.4 600 400 SB?
Mercury (ppm) total 1.29 - - 270 14 0.1
Zinc(ppm) 1,725 514 70.2 1,500 1,500 20

INJ department of environmental protection. Non-residential soil, direct contact.
¢2NJ department of environmental protection. Residential soil, direct contact.
3NY department of environmental conservation. Recommended soil cleanup  objectives.
m/a = not available

'SB = site background

. HAE 24957 a9A A &2 B¢ (BioGenesis)
BioGenesis®] ¥ A& A # (sediment washing) X ¢ RALE 1
guidlnh. Al g o] AMA A= HAE 2ol S AW & dH
s Qe w@stFiaE AFH W] f& AMEAdArE 2338 =5 FASEE
I o]t}

Sl gAE ddel FAs 9 £71843 FEEAS vt F AAR 9
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2 3F R (bench-scale) = A &3 A3 90% o]A+e] oA a7 7UHE Ao
2 H33skar ATH(Stern et al., 1998).

Viraling screan o
BEparale overslzed
materis @ Chamicals

High pressure waler

st Hioking Lank for
drecged meteral ) = _
D:?aihg?'aot:: rs:g g:d = Slde slraam— chamical end watar
ovarsized maleral mixing
disposd

Al

(— High pressure
waler Ondant

= P

Mbxar
- i Skie stream—
Organic tragmant— skimming tark for tostabie
Sedienb wases midaion of arganic iy orgaric cortamnants
ol ) ' Collect dala on lraalad
sedment and

cortaminaded waler

1]
3N

s Pretredment for metas &
and oine contamnants : [:] ’ ’ | D
(precipiation) 1

Water lo publcly awned

Liquiisald saparalion fregment warks

L. process (dewstering)
Product slream—
frealed sadmeant

sludges o landhl
1% 3-4. BioGenesis Ate] EAE MFH 9 g4 F&F A A EAE(Stern

et al., 1998).
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4, A7]38+4 A g (electrochemical treatment process)

A71s8td Aelege LRy AESH R HErt oy HFY Aol
o] gxo] gttt o] W sEH A TG vludA AL T HY A
o] A A ofF FF3ta(Lin et al, 1994), &A= (high molecular weight,
= A4 HHs GRS FrIsEEY 54 A4
7= g949 RoZ Busta 9 H(Chiang et al., 1997).

AurA o2 H7|5tehA AbstEAgolA Ld=dS 5 HHel F3EHIL, o]F
F=oll A A E = OH & Z#9 dapddyhgof
3} A (direct anodic oxidation process)¥ Z 7] Al 7]8}st4 wkg-o o3 A
Axold 4 = 2pobd A A hypochlorous acid), 2F(ozon), #4F3}4 4 (hydrog
-en peroxide) =& Ak3tEl F o]y e 73k kAo oA EajE = 1t
A 433 A (indirect oxidation process)ell a4 A A ¥ th(Dziewinski et al., 199
6; Chiang et al.,, 1995a; 1995b,; 1995c). Canizares et al.(1999)% #|= H4=9 A
713} ekA AbstA elel A A7 A7l e FFS A st d7IskerA wkg

o M7FAl wkgo 2= AA, AFH Hdl(direct degradation) i W73k A2

an
=<
g

O
)
B
rr
Ho
~
o

rf

Lo
:<I)L_l‘
i

AHE 49 FT 2

o1 4 (electrocheimcal cold combustion) &4, 3}8+4 4Fs}(chemical oxidation) Al
A, 58 (polymerization)©] 2} a1 X 318} T}

HToe S = o s E Ao diste] FEEA H A=, NaCl
o] EAdt= HF HolA Cl-ol29 =ddEEdd & Cle 3 HOC/OCIY A
I ool=oll ok 1Y Abst &3, OH-of =9 FH7bel o gk Abstadtel] thgh oA
of #Aol FAFHL gdomw (Lee et al, 1999; Vijayaraghavan et al, 1998),
Czarmetzki et al.,(1992)& 9o &) Z}Fo}d AAFo] 2 (hypochlorite, OCD 2] A&
S daoleo EFHEE &= S Wela AHAR] dHRAAE BA

|

A
Chiang et al. (1995a)2 A=9 T7, AR
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To Recovery Unit
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¥ 3-20. =43} (bioremediation) WS o]&3F Lo ATF53
Partition A & Source A 2}
In situ bioremediation of a First European Bardi, L.
Petroleum . . . .
hydrocarbon—polluted site with Bioremediation et al.
hydrocarbon )
cyclodextrin as a surfavtant Conference, 2001.
Polycyclic aromatic hydrocarbons: Trend in Samanta,
environmental pollution and Biotechnology. 20(6), S.K.et al
bioremediation. 2002, 243-248.
Effectiveness of bioremediation of Microbial Ecolog,44(2)  Delille, D
crude oil contaminated subantarctic 2002, 118-126 et al.
intertidal sediment: the microbial
response.
Bioremediation of chromate by Michel, C.
Metals and . .
] ) surfate-reducing bacteria, " et al.
radionuclides
cytochromes c; and hydrogenases.
Bioremediation of soil contaminated Water Research,36(12), Gallert. C
allert, C.
with alkyllead compounds. 2002, 3130-3140. ]
and J. Winter
Iron-based bioremediation of OhB. T
Groundwater ) "
RDX-contaminated groundwater. et al.
Pesticides Bioremediation of soils and waters Mratin. M
and by using immobilized native bacteria " et al.
herbicides . Implementation and modeling
Bioremediation of soil containing Phillips, T
Chloronated .
lindane and other " et al.
compounds )
hexachlorocyclohexane isomers.
. Decolorization and detoxification of
Industrial ] ] Wesenberg, D.
dye-industry wasterwater using "
wasterwater et al.

novel white-rot fungi.

Bioremediation of an industrial

effluent containing monocrotophos.

Current Microbiology,
45(5), 2002, 346-349

Bhadbhade

et al.
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F 4-1 Z2Ael A8 7hed Ve

Ael7l= O
Incineration(27}), Pyrolysis(<&3l)
High-pressure oxidation(aL$+4F3})
& g - Wet air oxidation
- Supercritical water oxidation
Vitrification(+ 2] 3})
Chelation(3}3H&)
5515 2] Dechlorination(& 4 4 3})
Oxidation(4+3})
Chemical coagulation(3}+8%)
Solvent extraction(-& )
o - Basic Extraction Sludge Treatment(BEST)
T= - CF Systems Solvent Extraction
- Low Energy Extraction Process(LEEP)
Washing (4] )
Bioslurry (Bioreactor)
A=A 7 Composting (¥] ¥] 3})

Contained treatment facility (CDF)
Aerobic Biofilter
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£ s AaA7e Ao & uARYVEY 285 T 55 Ay
Bom FUHE vtEA HAEY ds 29457 WZol AAAA FAHE =
U sk Bl A2 Fhe AAlske FRS 7HA A Adth 7= =4
o #AAel o g3 Aom MYR AAL Brbse)
Screena AE Aoz JAE EYsts Aoz nAHAIAY Essh= Aol
Atk B3 W Pa= 239 ApolR FHEtal 2 s ~ade] Ay dFow
LolA Hrt o] 7l g Silty Clay 22 "l g=}be] AA= E7Fs 31
F 4-3. HAE ARy Ve v
A7) < =74 & &
20pm~30m™H 1 2] JAA Aol g
Impoundment | 10umo]&}e] QJAA| A (3FeS3F Q) )
arz
Basin Axz7Id=Z 287t 7t
QA E o] Bl
T4pm~149m™H 91 & Y =pA Al 2§
2] 2] & ko ~
Hydraulic 2] -8 205tph ~300tph
ARA7|E 2 FE7F B E = A 7}
Classifier QR A WL
1w s=7F =2 Aol A&
g ake] et 7he
Hydrocyclone = A7
s 0YE BEA 10~20%3 A4S R B | 0
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A3d EAe 7e

1. €A & (Thermal Destruction Technology)

o] 7]s«& durdog PCBs, PAH, chlorinated dioxine, furan, petroleum
hydrocarbon, pesticide &3 #Z2 F7]3t& =S st 7HE 2340 7]&0]
L A FE 2R 7 B Zlo] @ iloln ) thadt 2 Vs Eo] dTh
- 27} (Incineration)

o 13} (Pyrolysis)

- 1Ak (High—pressure oxidation)
- 2] 8H(Vitrification)
T4 A IA et 1243 Immobilization) A 7] = 71ES HEA7| 1L

=z
=
At E3], A FEe L flue gas®E WE5 9] emission controld F A=

7}. 2Z+(Incineration)

ABAA G SGGRS A s g QU o g 7 goln, 7)ug

o2 F71BAL WAL A5 kst B
HAE} 2 AL 1B A4S F 54U A9 T 5+ dov ge g

L& E7Hs Aol F7kstH o]
27 §E7tsdol =2 552 FE ¥ H(extraction process)s ©|&3to] g s
o 277 AA 7 7HAE YE 5 Aok sy conventional incineration©]
3 ¥ 3}y innovative incineration©] U,

Conventional incineration®]+= rotary kiln, fluidized bed, multiple hearth,
infrared incineration 7]&=&°] o™, dPFA < 7tE2EE 650~930% ] T,
Z1¥] 3 innovative incineration< conventional incineration®.t} © ¥ 2o A

+dsta ¥ =2 AARES & F Atk o Vs URES free-flowing

_72_



Thermal Gas Phase Process: 47}~ E 7FX 1L PCBs, dioxinel. 258 Cl1Y
A5 AASE 5 FAHo 1991 79 Hamilton, Ontariod] A PHA<} PCBs

| 2w 3 EAEL Pilot-scale reactor® @3 Ax} 99%olAte] wu &

2

% Tth. Pyrometallurgy T+ smelting/calcination™ &3¢ v E3]3H b
o], metal-bearing oreE *g]sl=d EE AFESt= A A2 7)ot
2

w5estEe] g Bers AHEES AAAR AR

ifle

it

22

I
o,

uly

u
v

A& 7FA A At

t}. 12 ¢AF3H(High-Pressure Oxidation)
o] 7]1%& AA wet air oxidation¥} supercritical water oxidation®. & &=
Atk T o] AFHA HEAL F 440l B wpeh gk 54415

= 25 o] &8 grEe] 1029 12 $A% &tk B T TR/ES

T A FHLE 794 (kpa)
Wet air oxidation 150 ~ 300 2,000 ~ 20,000
Supercritical water oxidation 400 ~ 600 22,300

) &*] : USEPA(1991):Kiang and Metry(1982)
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A At ow s A JREEtete Ho A&Ho|gSodR= &5t
a1 AgHor FHyE s]eolth o] 7]+ hydrocarhon(PHAX3$}), pesticide, ¥
=3l5tE, AQL Ve fUIStEES EelAE ¢ Jom Feh ZujE AR T O
2 AbstE S o FEAE & Aok 53] PHAY A a&S g¥stA Rt PCBsY

9] vendor% 9 sty7} Zimpro Passavant(Rothschild,

“
o
ol
_\3‘
rlr
o
SL
g
>

294ataie Ao e 7&elu, PCBs 2 Be d4d e A
stedl &3 Aot} o] FA Y F8 vendorZE Modar,Inc.(Natick, Massachusetts)
9} VerTech Treatment Systems(Air Products and Chemicals, Allentown

Pennsylvania) 5°] ¢l

2}, 2 8} (Vitrification)
FElsle AR 4S5 7teke /18 E S 9y )

22 AR §EH77F i ode HETL

= ¢F 1600% Frola o] 7|+ Geosafe Corp.(Kirkland, Washington)=5-H
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gt} Tgk old

&35 Z (chelate)

3 of

€]

|

[e)

=

Ho}

A

Aolm 314 3}(Immobilization) & 7

REYA

Z 3 A (Chelation Process)
[e)

T

#] 2] (Chemical Treatment Technology)

=

3}
Chelation2 &% %923 ligand(chelating agent)

g7

o

=
%2 (Extraction) 332 ligandE A&

2.

Al A v

Ar

R

TR

T
W

uze)

o7

-
o] PCBs,

°©

7}

3|

S
!

Frpelw, A2

o
HAIZFEQE 110~340=2 71

ARG S

gddAg o7 FAHE ligands= monodentate
bidentateg} &g} #] a1, ]

T

T

7}

L=

A= ligand
[e)

(e}

2 7 polydentate ligand®] tH(Brady and Humiston, 1986).

z

T

Y. &4 A3} (Dechlorination Process)

Dechlorination Process

3], EDTA

S

E

H ligand: polydentated} <& A it

717 t}.(Snoeyink and Jenkins, 1980).
dioxin, pentachlorophenol

tHUSEPA, 1990).

Tor

—_
fite)

21 0]
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o] FI &= AA
dechlorination & 78 T
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(1) APEG Chemical Dehalogenation Treatment

o] ¥AL M A SR aromatic halogenated compoundE * 8] 3t=d APEGZ
AF-&-gH o} (USEPA,1990).
Sodium hyroxide(NaOH)7} Fke] i ol¢l EXow X F7hA Alga skl =
E7-3F2L Potassium hydroxide(KOH)+= 7Fg dHF4 © 2 polymeric alkoxide(potassium
polythyleneglycol[KPEG) S 44317 93l polyethylenglycol(PEG) &} SHA] AF-& % o] X
3 gttt KOH H+= NaOH/tetraehtlene glycol<- halogenated aliphatic compound®]]
F Tl &340t} Dimethyl sulfoxide(DMSO)+ “enhance reaction rate kinetics”ll
ZF7le o]t} Hkg & AAE-S glycol ether, hydroxylated compound 12|l F-AF
w&do] A

(2) Dechlor/KGME Process

B2 T84 gz

KGME¥ Chemical Waste Management, Inc.olA E3& W 3}steFEoin 333

gk go] AgEE 2otk NEHoR 44 FRANG

(il
J[m
ol
g}
a
vy
P
=
i/
%

A AREE A AL R KGME= Ao e AESFA ol Heser ALE

A

(3) Base—Catalyzed Dechlorination Process
Base-Catalyzed Dechlorination Process™ PEG A}&glo] #7138 %9 &4
st slal 1AHoR AAdE f95ol SeepEe Fshs wHolum o

mechansism< TA2RFgA & 5 AtH(Rogers,1993). F42T =2 T4 oilol

plh
R
>
2
ko

S Yolmomn LAY of AL in situfh ex situolA A4
Fo A §7bs o,

(4) Ultrasonically Assisted Detoxification of Hazardous Materals

o] AL g, BhE Aoky 2&HYAME Ags) EFe|A PCBsel Het

gyo] o]&H i Utk PCBso @¥4sts dA A5 HA FAAT 33 A ¢

WLg o RN A sol At daE

2SI AERHE WgelA A bk 48 st Aol @A o

—
(

[‘

s



18 719t %9 reflux columnolA AE3d 225 ALE3H Ay ojx 1
A tHKaszalka, 1993). ©] &AL ex situdl AW 2 &71538tm, 3atekES 340

SFo N AAAHORE F sttt

N

t}. Oxidation Process

stetd st fFrl=d S Wy, 2o, 1A4sAI 717 8l s FES AEske
Ao M AsAZE HE & W24 peroxone(O; +Ho0»), 7 2&,

2etE 5SS EolAY AEEgHoR o8l ed FHE MIA I AY Tyl
g AFSE T dubx o g Aol gmine, phenol, chlorophenol, cyanide, halogenated
aliphatic compound, mercaptan, pesticide's< *]&|8}=d] o]&Ht} E3F EFslurry
2 EA Aol e o] &t

PCB, DioxinZ< L2 oF vxor kgl ok 2ksiA|z Uvel g
A AEET 53] UVE slurydH e S3=5 33 = glenz Hga&d
A gko] 2ty LANDTREAT #4L2 #7138 E &&o A polysilicates AF&
ato]l  2xREGOl A FEEYolRSs wF  silicate® HEATI= FAHolAL
PETROXY &4 PETROXYA ool 2l&] AbstAl7]= s7goltt. of Alefe At
strast o SEEdY Agor Ho| 9l

Htol= dAbzd s (Calcium nitrate) e AFSHA| 2 ol AFEstal e FAloH
g4 kstel Qo] HAE FXAT7] f8 HAE <tol Fhskal dth(Hodges,

1998).
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Alcohols, ketones, organic acids, esters, alkyl-substituted aromatics,

Halogenated hydrocarbons, saturated aliphatic compounds, benzene
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A 'USEPA(1991b).
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2}. 3}3t-$ F (Chemical coagulation)

Gt

=0

EHe) 7]

A

—

(e}

LA

T

A3l=] o} At

Ry

b Aol 1Y m

)

TR

;ot

Mo
o)
ol

\a
Mo

= =
A o

ol A gy

]
S

7 aol

=]
=

il

4r

To-

wj

il

Holgoz

o
=

aluminum sulfate(alum)

_78_



3. &% (Extraction Technology)
7}. €9 (Solvent extraction)
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FHols BB ofys HA=A oz A AHEEoAa

O

4. &3 7 (Bioremediation Technology)

ol 7l FUILEES I WA FriedEs AAE s At 24

o oEet e d=ol WA= Sl oal Aol FolE AH WA 54 E

7}. Bioslurry process
Bioslurry reactore= VIAM YA L A=dS Ast=d 7 44 T4 ol

Bioslurry Al ~#lo A sediment-water—slurry(15~40% solid)= f& Ay 23 =

Y. Composting
EHlgt 7 =4

28 7bEe BB A 50~55 £(120~130 F)e] Lxo] A & s

OH

gl o] M= A=l o A=stHow

1-4
O
N
o,
-z

Agw wad o A% AL 1490% o9y 1REL Pty
AGE I B, bk, GURS wHeol A4S Fihd Bast £ A5 3w
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Aededoe] HAem A

t}. Contained treatment facility

CDF(confined disposal facility)= E 4 &2 A& thal contained treatment
facility =4 A& o] o}

of AL AEINE FUA77] % A" skl A K 7bES A<

A Aed = Avk CDFelA 9] B4 & ol 15~5m7t A 3daet.
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71(Ocean
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nt 88 A H] : 550009/m (A H 7)), 30,0009 /m (& $FF 7] 7]

vt lha B 43t E

SA Al 1 70,949,0009)/1ha

{0

=

s A8 7H]

1= . [e)
A FF71A 1 57,749,000 /1ha
— — - o
# 6-1. 772 lha B3t AFA R (578 H A
Al L2l PUE=E:]] ZHl
] =% | o9
=9} =9 =) =9 [=>) =% =l =%
1. 8188 &4 480 mé 60,925 29,244,000 39,895 19,149,600 | 4,432 2,127,360 16,598 7,967,040
2, &=FAHH| 29,244,000 19,149,600 2,127,360 7,967,040
3. 2t 24| 9.7% 1,857,511 [HEL2HI]S 9.7%
4. M4EEE 3.83% 693,235 [REC-2H + 2tE = FHI]19] 3.3%
5. 182 0.68% 142,848 [HE=2Hl + 2t = 2HI]12l 0.68%
6. et 2&2(H| 1.24% 263,834 [MEH + ME-2HI12 1.24%
7. J1EHZH| 4.6% 1,064,186 [AE-2H + 2F=2H + HZHI]S 4.6%
8. &I AL 33,265,614 [=3AHHl + 2tE - Rl + A28 E + DESEE + JIEHFHI]
9. k22| 4.7% 1,563,484 [ MRS 4.7%
10. X2l 480 m® 55,000 26,400,000
11. 0l 10% 3,270,174 [&=SAIRIDL + Er22|Hl - HZHI]1S 10%
12. 2IEXIAM 10% 6,449,927 [8+~+11]2 10%
s g ¥ 70,949,000
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# 6-2. 772l lha A3k AR 3F714])

b Lot WL 2|
3z 2z | e
9t 3 =5 2 9t 29 =5 Zo

1. a5s =4 480 | m® | 60925 | 29,244,000 | 39,895 19,149,600 | 4,432 | 2,127,360 | 16,598 | 7.967.040
2. B 29,244,000 19,149,600 2,127,360 7.967.040
3. AFL-2H| 9.7% 1,857,511 | [HE=2HI] 9.7%
4 angHE 3.3% 693,235 | [NFL-SH + AF=2H|]l 3.3%
5. 1EHEZ 0.68% 142,848 AT - 2H + 2TV 2HI]S 0.68%
6. otE Bl 1.24% 263,834 | [M2H| + =&=2H|12l 1.24%
7. 2l 4.6% 1,064,186 | [HE=2Ul + AFL-2H + HEUI 4.6%
8. &BAIEI} 33,265,614 | [2TAM + ATl + MWEHE + DSLHE + JIERZHI]
9. LermE] 4.7% 1,563,484 | [=TARINS 4.7%
10. HelHl 480 | m® | 30,000 | 14,400,000
11. 0l2 10% 3,270,174 [ESAHRID + L B2A2IH - THZHI12 10%
12. £IHXA 10% 5,249,927 | [8+~+1112 10%

£ 2 o 57,749,000
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% 6-3. 747 lha A3 AHY A9HtE

A =2 =L
e 72 4+ | o9
=9/} So £t =1 =93 2o
E=23 4950 m3 J|E
1. B4A 330.0 [ hr 32,104 10,594,320 32,104 10,594,320
2. 2018 330.0 [ hr 6,573 2,169,090 6,573 2,169,090
3. e 1000ton 825/ hr 88,174 7,274,355 48,740 4,021,050 - -
4. 0l (Thon) 500hp 82.5| hr 59,237 4,887,052 28,671 2,365,357 - -
5. HE8 HO 6 82.5| hr 1,464 120,780 - - -
6. &I 100kw 825/ hr 31,439 2,593,717 - 25,787 2,127,427
7. 2oIgs0| 10.8m%min| 82.5| hr 4,864 401,280 - -
8. 2|0l 0f 82.5| hr 4,864 401,280 - -
9. |&=2D| 40m/hr 20| 825 hr 9,728 802,560 - -
A 29,244,434 19,149,817 2,127,427
322 1m’ 480 60,925 39,895 4,432
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