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Green and sustainable remediation (GSR) is commonly recognized in the
recent years. Going for GSR, air, water, waste, energy and ecological impacts are
emphasized to reduce secondary pollutions and to minimize environmental
footprints. In this research, we are aiming to explore both technical and economic
feasibility of soil washing and composting to treat Dioxin contaminated soils in
order to compensate current thermal desorption and thermal destruction treatment
in the aspect of reducing energy consumption and CO2 emission. Moreover, the
treated soil must comply with the 1000 ng I-TEQ/Kg control criteria.
Competitive and affordable treatment cost is expected for less than
NTD$6000/ton.

A pretreatment, namely soil screening/sieving, is conducted for obtaining a
glance at particle distribution of the soil. The result shows that fine sand is the
major component of the soil, accounting for more than 60% of the total mass.
Both fish broth and anaerobic compost tea were chosen as probe of greener
washing fluids. A combined treatment of ultrasonification and mechanical
double-blade agitation is employed, which proves to be considerably efficient,
achieving more than 85% (6 washing cycles) and 95% (10 washing cycles) of
total removal efficiencies for medium and highly contaminated soils respectively
under ambient temperature, soil/liquid ratio 1:2.5, 700 ppm and relatively short
duration. As that for the fish broth, 94% and 96% removal were achieved in a
parallel experiments. Though fish broth has achieve higher efficiency, anaerobic
compost tea is chosen for the cost consideration. Those high efficiencies of
anaerobic compost tea washing can be explained by the collision and penetration
effects brought about by an innovatively designed combination of mechanical
agitation and ultrasonic power; therefore, the partitioning between the particles
and anaerobic compost tea rises benefiting the treatment. It is the first time a
natural solvent is used for dioxin contaminated soil washing. Anaerobic compost
tea, which is rich of bio-surfactants, e.g. alcohols, humic acids, etc., provides no
harm to the environment during the treatment and also possesses the ability to



improve bioavailability and bioactivity of the soil so that further bio-attenuation
and full recuperation may take place in a faster manner.

The feasibility of degrading highly dioxin contaminated field soil by the
aerobic co-composting process with food waste. The initial toxic equivalent
quantities (TEQ) of the soil was 16,004 ng-TEQ/kg dry weight, which then
decreased to 7,642 after mixing with the bulking agents. The final TEQ value
after 42 day incubation was 1,916 ng-TEQ/kg dry weight (approximately 74.3 %
degradation) which is still higher than the standard limit (1,000 ng-TEQ/kg dry
weight). Profiles of temperature, moisture, pH and ammonia presented favorable
conditions for aerobic organisms. In another attempt, a washing soil with initial
dioxin concentrations at 2,491 ng-TEQ/kg after mixing with foodwaste at 1:3
ratio has demonstrated 69.9% of removal in 63 days, and the residual
concentration was 751 ng-TEQ/kg that is lower than the 1,000 ng-TEQ/kg
regulatory limit.

Above findings have demonstrated the feasibility in combining anaerobic
compost tea washing and the aerobic organic waste composting techniques to
remediate dioxin contaminated field soils. The proposed technologies serve as
alternatives in choosing greener technology for remediation other than traditional
thermal treatment approach. In order to meet the regulatory control limit, a
treatment train consists of anaerobic compost tea washing, followed by organic
waste composting is proposed.
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32K B 3 thip - Fris e

R3S L2 BISHEET A S 12 32 2 (physical treatment
methods) ~ * ¥ & 2@ ;* (chemical treatment methods) -~ {& # 4 7 /2
(photoremediation treatment methods) ~ 2 4 % ;5 ;= (biological treatment
methods) 2 #4 &2 ;* (thermal treatment methods) ; 75 & §¢ # % 2. BJ5 Fo =
ORI ‘m_ﬁ@“—’ v b RJRR R iEF1000°C B3 2 ,ﬁ?ﬁ viE 3 99.9%:-
i BiBZ R X Eink > 4%+ A F (Tripathi et al., 2015) -

TP £ BB 20D BOER) & %3 (Federal Remediation Technologies
Roundtable, f#§ f FRTR) 2. % b A fE g 0 » 2 3B fe & - A2 w3
M2 i 38 > 3 3k Ho(Soil Washing) % * 2 ke 5 A& B ~ £ 3 A
(co-solvent) &8 F_F & /=& (surfactant) - H ¢ = R g B B F AL *
(Caoetal., 2015; Im et al., 2015; Tsang & Hartley, 2014) -

Fom EEAE - &5 oA (Amphiphilic) Hg 2 R EF > FREE A
-k #& (Hydrophilic Group) % #=-k #& (Hydrophobic Group) B f84p K H }‘r
T henfFsRit &5 > FIv i3t d o & o o B H L g kA RS
m % 4 A& 4 %M (Zhaohui, 2004; Park et al., 2005)- % & ;;«'Fifs'ﬂ | #% “,f% ™ iﬁ
B2kt #5442 L B4 25 33 % (Winsor Type |
Dissolution) % #; # i®* (Winsor Type Il middle phase micro-emulsion)
( Sabatini et al., 2000; Childs et al., 2004) - (- ) 3# ;3 ¥ * ( Solubility
Enhancement ) @ 45 4c » % & &2 & ¢ H k& < ¥t fRf e k& ( Critical
Micelle Concentration, CMC) {& » fice crgn-R AR S — F 849 > 7 3 4c 5
WAy 2pfER (2 ) #dv* 0§ i< DNAPL &~ J\F'az\ W5k
B 4e DNAPL 2 # &+ + > @ DNAPL %g# T k$ -k @ # “ﬁc‘ o fr PEV 4 A &
%A (Cosolvent> 3 & S K3 M2 Mg Mg ) @ H A e o4 23 { M
r23% % DNAPL 2_ #5 &+ 12 > fapt > 3V 2 W jEfe £ 8 {7 -k 4 4] (Hydraulic
Control )» 12 4,33 & DNAPL » T # & » ki3 -{L#Fﬂ%ﬂ v s B o &) b B
h 53 M iE LS o
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FRERESHER X 22 Hrkd 25 % REL(Lee et al, 2004; Cheung et
al., 2005; Mulligan, 2005 ) -
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Liﬁﬁbiég’fé’*w—”mvs\ﬁz@»éﬁ’w B8 A B E B ESOFE P RG S
ER SR LV R Lm#&v’ rs}afia F '3 MR R 3.3-1
= B bk 2 (Soil Washing)zk & & 5t e h RBAIE (st Prok B E A %
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Hydrocycloﬁ
Magnetic Separator \2
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Froth Flotation Cells™__
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- Dewatering Cyclone;\\%’m
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sRUR E BRI E ST 3 (L EE S LT O I e PR R e
B ad 43 eIl B AT B?‘;i}?}?#”ﬁﬁiui—gzﬁz’b&
CECRIE ) o

BRIy 7 EMPBRF Il 2 g3 F > Wi s 123
W B 402007 ERF1EE R F 054 2 F R 2010 & B F ;*Tf!i;;r?,
P AE- AT ORI A2 IR i‘ﬁ?*‘%@“’ﬁm’l?’
¥ok o 6~21 § P (1P 53 0 2007) 0 9 L ST A & F e 554 4
2. 5% <4 B AR E -

£ Fxih

SREIR
. HPK (R 30458 - RPTH
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i
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fEkd 5 KN BHAH
70mme  2~70mm (*’g o “.!“; 4

BXE - ROBETE

FANEt
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. BRESRL

_BOKTH
Bl 3.3.1-1 p A& F k&K 2 3B F R ik in A2 R

332 ZFEIEHNALAIETB

FRFAERLEATLIE20 524 F51,00m3 fB2
JE B % 36~16,000 pg-TEQ/g » Az 1 p A2 24L& 16 2 > Jap| A - & 1
R 37885 7 PCB 2 fcod 3k o

Hph 5 4 2 R HiE
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(b) 75 44282 23
() AFMHEsT w g & *

-

(d) mamis 2 2 G tekFash (F5 w2

(€) 2006 # 6 ¥ 22 25| > WX T K6 &

s Va
ERIgEE ER458#PCBH =
b b e bl

L_ 1R Tl
™ 1L af
\
s a2 b S Al AR ExR

BRI ERER LR

EFHERE FESNE

R(=RE%) D n(z8)

L E £ '
T ERy
ik i Pcs;vit
BER <
N
MLt REHA v
M 2R %A .
o ‘/'/"‘E‘;
v

)
'3

B 3.32-1 = F &£ 1 £V 243 3 2% B SR AL B
Y £ 8- Vh-3-

2R LR RAF R R RS A TP o 2 e
A - AR B 2 A GF R NNE SR o/ B T 8 2
2 3 (Mulligan et al, 2001) -

FI% R G A R T ORIE A 2 2 L ATE N B 5 4 R
LI R '*,f »z % (Deshpande et al., 1998) - = A= 5 » fp4f3t 2 &
Efedis 4 P rdB Bl > B A 7 @%% ?QﬁWﬁm%W’;i
B ESARTEAT LB L X AIE > P2 s - BT

%

Vs

Fob o B 2R R RS B A R R S P AR 0y vkt B E
B FF e FZIARG BB S 232 3 H 2 B a8 #555° (Khodadoust
etal, 1999) - i siEAR? F L2 2 F R E P~ 4 F el o IR o
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SN TR RN Y G Tt R &l R SR
M A s BB R % R A A T S e L I U N Kk
4 4~ (Semer and Reddyy, 1996) - -k} 3 & I 448 {7605 4 3 3F g2 >
Foo kiR R S BT AR B AILALE 0 X P2 F R K RIL K
*5(Lee etal., 2007) - 2 A BZAAAHT T 2 wie L AfEPEFTL 4
FTrH AR RE 7RI PE -

35% 1 gt
3.5.1 KRB A
35.1.1 7 ps#ppe

Wi A A 1 4o Nakamiya % 4 (2003)F7 3 ¢ FRif ik A2 iV B 3
NI ﬁ—i%f‘« % 769 Teqpdie g4 gk (78.3C) ¥ % 3w i
SURIERIE S i ¥- b WA sk | ESE

Fl BT A4 R e P 4 vt e (Lee et al., 2001) % e iR AL
GEVE" e uﬁ; T o ¥ Eoif & ek 33 # o (Nakamiya et al., 2000)#= 7 ¢
fgxt PCOD / Fi3 % 4 3% » )iif‘—l;i“@%%—i 76% > dp o fR i BE (78.3
CTle o WP H B Z3HApY > REBRB 2L 238 R HRBRLES
Bekvd o 00X 5§ BF R Ed (Mitomaetal, 2015) « v gr ¥ i@ * o pR ik 4 g
B3FA 42 f 4 35.1.1-1 frF o



£ 35111 s I NP3 5L M2 f K

No ek 2R % A 2= F (%) |FiewRE (hrs) SN Xk
i)
1 Dioxins N/A s fE 99.8 16 Lab-scale | Byung-Dae Lee et al., 2005
2 B(a)P N/A z fE 99.8 N/A Lab-scale | Byung-Dae Lee etal., 2001
3 |Benzo(a)pyrene N/A ¢ fg 99.8 N/A Lab-scale Byung-Dae Lee et al.,
4 PAH 1:2 100%¢z p% 73.3-99.0 24 Lab-scale | Byung-Dae Lee etal., 2000
5 Dioxins 1:16 - PO 82.6-98.9 N/A Lab-scale Sahle-Demessie et al.
Organic solvents, z &, 1-7 Az, 2 7 b B )
6 OCP 1:10 d A il 80-98 3 Lab-scale JIANG Xin et al, 2012
(petroleum ether)
heavy crude oil 0.67
7 y i 1:6 & =4e 3 Ak (25 vol %) 97 . Lab-scale X. Lietal., 2012
(£#) (20 min)
8 PCP 1:100 50%¢z pf% 95 12 Lab-scale | A.P.Khodadoust et al., 1999
9 B(a)P 1:3 L fig 92 N/A Lab-scale | Byung-Dae Lee et al., 2001
10 PCDD/DFs 1:4 100 % px 90 0.5 Lab-scale | Byung-Dae Lee etal., 2007
11 PCP 1:8 50%¢ f% 90 N/A Lab-scale A. P. Khodadoust et al.,
12 PAHs 1:4 5% A ~ 10%-Kk ~ 85%¢2 fg iR foid iR 65-90 12-24 Lab-scale | A.P. Khodadoust et al., 2000
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13 PCP 1:100 50%¢c f% 86 N/A Lab-scale [Makram T. Suidan et al., 1999
14 | C,H,CI, C.Cl, 1:5 Frpe 2 B R(4:9 R fein %) 81.3-86.0 20 Lab-scale | R. Semer, X R. Reddy, 1996
15 |PCDDs, PCDFs 1:3 75%¢c f% 81-85 5 Lab-scale S. Jonsson et al., 2010

16 PCP 1:20 75%¢c f% 81.20 N/A Lab-scale | A.P.Khodadoust et al., 1995

. . 0.67 .
18 Dioxins 1:10 80%¢z p% 76 i Lab-scale K.Nakamiya et al., 2003
(20 min)
20 HCB 1:50 Methyl-B-Cyclodextrins 4x 30%¢ f% 72 N/A Lab-scale J. Wan et al., 2009
21 Dioxins N/A 20% fEcfff 4 59 N/A Lab-scale Pirjo Isosaari et al.,
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3512 R pe

—UEFETEHELET o AR RE Y R KRS R ol B R
4 4 ek 3.5.1.2-1 - b4e > Pellegrino et al. (2014)7= 3 *g Vg i3
iE

£y ia
4SRN (W%W)\%ﬁ%%24jﬁ22ﬁ%ﬁé% | 65% e
fl

peth s FHERR R T MR XA 1 S o FEARG Lt E e
Yongiming et al. (2006) #= % K 7af: (HA) A2 X PHE 5% 2 3% > &

pHB.0 = 6.0)2 :F & (154-25°C) g T et 11 = 224,\@01}.4 . PHE
WOF M pH & 'fr'm_)i (LR pIE RN 1P S ¥ o

Jing - Jingahan et al., (2007) #= 3 &7 fc (HA) -kt =
FEEFER LT X200 4mmd 2 X 3085/OK/T‘ 3 :;vs'g\,a;]%w\gé 3
2% 6 PHE shx ipiy 4 fozb @ 428 -

\NCMeMJQmapwﬁww&(HA>Lm»%=154*% 25 -] P

4 F 5 g 3156989 - ¢ B IS HA R o HA % 3 %’oﬁ”’ﬁ’?‘ pod o
Jé;%fsg F¥F o ¥k Atrazine (ATZ) k2l E ¥ /B - A7 >
% HAER - HA ¥ i & ﬁ;g d Adois gt Atrazme(ATZ)«;r’i" i e

Jo-Shu Chang et al. (2009)F= 5 # + & i /S F KL B T 4 v &
Fo (TPH) (523> 4%k 63% 04 % > & F 2 4 5 @ LAk R
(,Fﬁ_ JKO,L 02/) ’if{ﬂkig4“’|g‘l’li_l~7%p?};;»ﬁ %‘E%%ibo

Rtz v%ﬁ%?ﬁﬁ&&ﬁﬁﬁﬁéﬁ%iﬁ%$iﬂ%épH
@298 B o 40 (Luoetal., 2006)& § f7ap: (HAS) > % pH (3.0 4v 6.0)
% 8 R (1540 25°C )™ -k % phenanthrene( PHE );3 4 # 3 - phenanthrene
(PHE)E % fodi % pH (8 &% S G B FE 2 7 2 Bt is 4 B3 o B0t 0 oh kb
By Fe g g EET o kgp 2B SR F i R
2 S R

cFoEFA L e

REEINE S IR NS UE F
g" 7&7’\ :J-}—El_ﬁj,x‘fri

B i?‘i”f‘“':‘ HoRERALG S
P Rm BERITL R o
PR o AR X ARG EMR LR s AR R BFK
HERBF R CPRIFLFF A E L BoeF 95 630 - e G
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Frapeare 2R E L 100 2 110 50 (A T 23 ) FIFPER A
4 | BE22 5 > RAYREAZE HW Bl AL - B ERFEE L
RS e
% 35121 R oREPL BRI FAI M2 RHE
Target Compound  Mixture Ratio Solvent Removal ~ Washing Duration time Research Reference
(solv: sail) Main Co-  Efficiency  Action scales
Polycyclic aromatic  100mL:10g  Humic acid 65%  Ultrasonic 24 hours 22 mins  Lab-scale  Pellegrino Conte et al.,
hydrocarbons (PAHSs) extraction (Shaken 24 hours) 2004
(Centrifuged 10 mins)
(Sonicated 12 mins)
Phenanthrene (PHE) 20mL:20g  Exogenous NA  Centrifuge 11 days 25mins  Lab-scale Yongming Luo et al.,2006
humic acids (Mix soil and solvent)
(HAs) (Air-dry 10days)
(Pass though 1-mm sieve)
(Centrifuge 15 mins)
(Osciling shaker 24 hours)
(Centrifuge 10 mins)
Phenanthrene (PHE) NA  Humic acids 30 - 85% Batch 7 days 20 mins  Lab-scale Jing - Jingahan et al.,2007
(HA) technique (Shaking 7 days)
(Centrifuge 20 mins)
Pesticide atrazine 15mL:1g  Humic acid 56.98% Rotary 25hours  Lab-scale Ladislau Martin Neto et
shaker (Shaking 24 hours) al.,2006
(Centrifuge 1 hour)
Total petroleum ~ 100mL :50g  Biosurfactant 63% Batch 168 hours  Lab-scale Jo-Shu Chang et al.,2009
hydrocarbon (TPH) experiment (Shaker at 25 C)

(Fixed agitation 24 h or 168 h)

3513 kA& FB%

- lbL}; ;lj
35.1.3-1 #777 o B s fudeid frd é
\:_B.qu fg ,f/v w1 /‘E'% ”ﬁ iﬁ:ﬁﬂ/%\%d”{

2
et al., 2001; Bragato and El Seoud, 2003; Pannu et al.,

FIF A H P %4 (POPs) #sete

¥ oA A lB*Pﬂmf’i‘Mt"”f

2003) » # AL b T 0L P 5 A o0k 22 R A
B ECRGRIEARR R RS A EE G AT Mo

) -&r%\,

y o4

BY X PG 7 44 7 2 (Isosaari
2004). (Pannu et al.

gk e T ik

/?:/L"Q}EJ%/F'I\?’ 2 /3\1\47 ]“}\,F, A E {7 -ljcg Kk s F %ﬁd /EJ, '_/p kug_
g:; 2 E /’5 74‘*;’/% :’1 o Bl ﬂkﬁﬁ“‘;j&.;}»& -—hl /E’J ]v} n _}NJ,.,-/\I%

= iﬂb«f

=SV RN
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i frd i 7R AG BE A o e RIC P
(polycyclic aromtaic compounds, PAHs ) » 5 # B3 T % » 3§ - ¥ 1
v% va ( polychlorinated dibenzofurans, PCDFs )~ 2 3% % # 2% % ( polychlorinated
biphenyls, PCBs) o & 2 4+ "% f# - & o b iRBLAeT

a. M- EFARE

b. & TR %A% A

C. "M A&

d AF2HEY o REELLIRY i fo BT LD R

r]“’*\lfsf”ilﬁq*E{'/‘Jl4#{’3’J\/mx§\—]§%$§]§44i§°d*&?ﬁfﬁﬁ_
LSRN SRR S RS el R S T R
3 R g and 700600 L o e BE o AR 4§ fdE i ok o
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235131 KAEPRRR R FTL I M2 7 F

SR 3R B 4 g ¥ (%) | #iepE® (hrs) BB R ik
2 P e
PAHSs 1:10 Humic acid 65 24 hours 22mins | Lab-scale Pellegrino Conte et al., 2004
TPH 1:2 Biosurfactant 63 168 hours Lab-scale Jo-Shu Chang et al.,2009
Pesticide atrazine 1:15 Humic acids (HA) 56.98 25 hours Lab-scale W. Chu et al.,2005
PHE N/A Humic acids (HA) 30-85 7 days 20mins | Lab-scale JING-JING ZHAN G et al.,2007
Exogenous humic acids ) )
PHE 1:1 (HAS) N/A 11 days 25mins | Lab-scale Yongming Luo et al.,2006
ERLE 2% |
Ayato Kawashima
PCDD/Fs DL-PCBs NA A >70 NA Lab-scale
et al., 2009
PAHs 01:04 EX O >90 4 day Lab-scale B.-M. Wilke et al., 2005
PAHSs NA =2 90 NA Lab-scale Owen P. Ward et al., 2003
PCDD/Fs NA Tt 84 NA Lab-scale Pirjo Isosaari et al., 2001
PAHSs NA 2@ 72 24h Lab-scale Fung-Hwa Chi et al., 2010
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3.5.2 JEA 2 2 b

R ARG B b SRS R 2R Bl E PR
2pond g R F1F o d B2 & 3411 Favo R RML 2 g
Bl (EEv) P45 1:23 1102 FF o

v‘},%v‘ » K. Nakamiya (2003) 2% @ 2 Aot At 5] 5 1:100 B 3 &
AP A RR 2 fi\ﬁ*:——F ¥) 76%; Sahle-Demessie % * (2007)~Byung-Dae
Lee & 4 (2007)% S. Jonsson % % (2010)i #* 2 -3 1:2~1:4% 1:3>
—i“,%t‘ii%‘ 81%7% 989% > H & % o AR/ B U RRAS o

-~

TR A MBI PR AIE A B AR A 1 B2 R
L 2BEHE2FRTE BT ~ 2 - ik ¥)
2. ARPEHEERREF - FAMFT A LEEE)

6. hAe P (de i WEE -RKFAE)
3.6 B AT HAFT 7L 5

EE DS Y S S TN S PV I & S ST
R 2 MF RS e AT AP RE (doF R mR B X )eit &
B 0 ] B ERITH A d R AR SRR R AT &
§ o AR H KF AN ES B 7| (Treatment Train) %4 » 2 = 21 H - #
PR - WL LI BT AR LY E R AR Y
P (dod $02) 2Bl d BERBER > £ I HEATE T RS A o 2
Bl *PRA L ane g R @ EFEeE B e s 5 gL
EoFpAgRBEIERY D LA o

% ﬁ%ﬂ@ﬂeﬁﬁfﬁwgﬁﬁ’w@m&@%m%
Box o RAZACINGFRFLIE (TR M E F)
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gk o FIH R ke (Ao 6 ARl B 2 P AE > R
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R - AA ’s#ﬁ%@ﬁ WHERIENEL R F AL ARERT F 0 A
éérg'li;g/)a R F B o friTE WU ﬁ%ﬁéi\: 4 i,%‘;-;%’—;;‘a}&,?,rzii—
Fﬁ%wmﬁ%biig’%ii—h_ NEFRIE F M FEHET R AT A F

B el o T ABSH  By RN D P BB R o

2R ML AR B ik 4 e (&r: ;%L’k . ;,L‘;, ;—Fa,tjg
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fﬂaﬂ’%ﬁ%#%wu>*é@i’éfwﬁW%%i%ﬁmeﬁw%uig%
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(1) #7342 Eaemm el eFdgns

(28
3
=
¥
o
é\

(2) #2321 ik Bk A renie B
(3) R 2 BB RPE R E ~ o

dHEFRALE G RSIARE P AE A T WA L LTS
v B ISP PAAT A FP AT A BT > G AR R Lk
#

o
*ooom AR B AT /’%‘/jﬂ’*'f'J HREH LR H %mj"'ﬂf] ° Ul]-kr'fi‘ifﬁ
ﬁ&,‘? 4‘;}7' ﬁ*?l"* jl‘i_ﬁ )‘r']\i’s“f' lFﬁ.\ /F ‘/716’3"{'1 ' 4 _qr—rj'é_;%%‘/ﬁ '7?‘4;}77 ‘l ;j‘ﬂ"ﬂ ﬁi}l’eﬁ
B AlTe S Al % D E R Al (AokF SRR B ARAD) T 1

BH- AR RRFRIZT PEE L K5 44 (Huang, 1997 & % > 2002 ) -
- B I GADRF G Ed N AGRERY "‘f TmEF L

S PRERGHIETE PR BETE S A ES IR pe e 2
A HLETTR R R ahr it R F]Pt A BEE AKX N RIELR
FAApk T o 2 B EH e fpgle A1 BRSOl e blded PR
-'?’-F “’”/}a A 'Jgk'f *EIRE AR R /54‘43@%}?1:5%“’ g5t

CIEWCIRE R REL Z BN AEWERF LA AL FE A BRER
B Dl dued@ack (F-kER > 2009) -

FHEFEAER AR O R AN R Y PF ARSI kY o - L
ﬁ%%@%$wﬂ’@$ﬁ&ﬂ%?&%— 5B KRR AR B de 12 AR o ik
Wi MEBARAYE  RAL A FE NI E TG 5L PR
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Rogg I BEEHFMR-RIGEFT N E ’a‘/* LA R TR A R R S
IRBFRRBY ORISR K ZF BERDFTLAP > TR EE-H
JeldB o @ LB AR AT E N B s T 7?;_}-% ( Advanced Oxidation Process,
AOP) #1% # 3t {5 s ek g o

ﬂ‘ﬂ

-~

FEAE R D & LRSS R WS 85 L8 DR

BEroRES R AR H AL ERENS Y BT
PEENFLEAE o Rm o d NI o SAPAFARTAR T4
BT b R RR A LEF R BT R LR A B
SRR R SRR R Rl e e N R A AL
LB G WERRDTRE > AR EHI FEFLPE AT EEREGE Y 2
FoeA e 0 2 IR R R 5 RGP AL B REERR
A £ R enE gk o

M=
mE 0¥

4+

RASE hiRgE > A IT {8 enif i T e A pE ;g;wm w0 90% A3
2 4 3% (Sharma and Reddy 2004) - * ¥ 1 e — B /a2 % 3L® rdZ 5 %}M &
Wisdd o o WRASIRIE T X M EAIRIFE A AT L
3T iTwi ArbEL o

\M«

BISL A B TR K PG ff 0 ML RE R e BT & * § AneD
ER S Rt TR LN B ) SN I & R T k]
AARE o 2R AF 0 b TR RJZZ € F F ek > F1T 2§ R
SRR R S0 SR VIR & EURL RN | &«% R R IR AR
TR BAREVAEESEEFSEE o - HFRT > 7 52 30~50%
EE IR 45}&%?_ % m,ﬂ/i R zﬁv(Sharma and Reddy 2004, US EPA
1993) -

Vo BB PR YDROR Y T CHEGFAHR VAT EEMD
/3:@/ '#7 ]&ﬁﬁ-fé@f']ﬁ”’f f%;ﬁigp’g‘ o'{wﬁ /mv}tl% ;@,_t’#k’%{m_.,_%, R.—T'-
B FF 3 4ok (T2 A pF'E 0 H w31 4 i F](Sharma and Reddy 2004) -

D E AAA R L R PR s BB B T A 3T E G i
PhIT A IR e B AR > 2 RN b o At R B
Bk o BRI TR PSR GIEFREAFR  TNHAEL 25 R (e
KpRGTENE T FRARER ) M AmRE S A RAEL  UERP
T R R Se iR o R A SR GURIE R B B KB R R S
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ARG AR HATET AR Es SR -
BTR B3 ehd ISP

P2 FRA PRI DR fRE R ARERYTORE SRR
LAR A ELTRE G fRA G P R T R R R
o B B T AR BT R A R B B E R E o
“”%%m@£1¢$ﬁ’iﬁﬁﬁéﬂﬂfpéﬁﬁﬁ 495 1278 5

1

ﬁ%%ﬁ@ﬁﬂlgéiéiﬁﬁé#ﬁ%$:ﬁﬁ%»uﬂvJE@HW
SItU)E (7 3k 15 3% RBE > ST AR L3 B * 075 $3uk enffin o 2 g

~

)
PoX A PR T R L RS frn g g2 2 B E G
CRTR R el U0 € 2 NI I B Wy I AL W S R Tl S S A
BT S AT TR - FIEFRRE S 6 (LR kS L4 R
B BRSBTS B3 REFEREI 2540 T e

PEIHMBALIFRETILE V] 3 RS HL R A ping
B2t iR o » B 5 &4 § 5 (aerobic condition) T i {7 & i
#(cometabolism) 2 % i* gL 7 (oxidation ring cleavage) ™ % % K ¥ & 5
(anaerobic condition) ™ :& {7 :& Ju {45 % (reductive dechlorination) - @ & 5 4 fi#
A& 4 2 9 K E fF(white-rot fungi) e ¥ 77 5 ;ﬁd lignin perOX|dase (LiP)
% manganese peroxidase (MnP) ¥ i* & % Z % £* 2 % (Chen et al., 2013; Fennell
etal., 2011; Hanano et al., 2014; Roubalova etal., 2014) -

371 A 3am BB BT L (A )T 4 2 B ABR

4 4 - (Bioremediations) » % I * jcd S HF S B EM T o R
f2%k 377 24 (B. Zhaoetal.,, 2008) o i7#& k734 7 3F S ApREAT T > T AL
RR LT .

AP LR A S L 2 F YR KR SN IRB P B 2 1 & - (Baker
DB et al., 1994) - & * 2 % fFip2 2 & T in R o TEEF Y £ B (4
B~ F AomE) o ol 8 b » ficd PR K 5&3“’,%;‘13 S N N S A
FBRER PR R I L AR B AR B (A

v

Dadrasnia et al., 2010) » 12 3£ * {2 p 1> & 5 3778 eni ¢ B oS % o
t i ,

Be peif e AREPT 2 IS 0 R P e B AL S ARG (o
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37.0-1) ¢ % BTL-L v T & FBEILHATE U F AL BE(A L HE 1
g2 24 $2) (Azni ldris et al., 2016) -

N

E’ﬁ’ﬁ":-/& LRESE: SIS mﬁ-i“"i"ifﬂ"*/fﬂ{“l'f"ir-/r'/f”fﬂﬁ’i‘&
i A‘éfii?" A Py hEF RS fed PARN Y SV EAZGII ARG A
2 éﬁwbﬁﬁ%’%44ﬁ<% ‘%¢§%i¢¢+m£%ﬁm
f#(2 st 4 )(Head et al., 1998) -

Z 37.01-1 v R EBEICHEITEI A S f2 4 B S(HEAD ET
AL., 1998)

Effects of remediation methods on soil characteristics and the estimated costs of treatment (adapted from Houghton, 1996)*

Treatment Effects Effects on Effects on Approximate
on soil chemistry physical structure microorganisms remediation cost (£/tonne)
Removal to landfill ? ? ? Up to 100
Solidification
Cement and Pozzolan based N N N 25175
Lime based N N N 25-50
Vitrification N N N 50-525

Physical processes

Soil washing Y N N 25-150
Physico-chemical washing Y N N 50-175
Vapour extraction Y Y Y 75
Chemical processes

Solvent extraction Y N ? 50-600
Chemical dehalogenation Y N ? 175450
In situ flushing Y Y ? 25-80
Surface amendments Y Y Y 10-25
Thermal treatment

Thermal desorption Y N N 25-225
Incineration N N N 50-1200
Biological treatments

Windrow turning Y N Y 10-50
Land farming Y N Y 10-90
Bioventing Y Y Y 1575
Bioslurry Y N Y 50-85
Biopiles Y N Y 15-35
In situ bioremediation Y Y Y 175

# N indicates that the above factors will not generally survive in a particular treatment method and Y indicates that they will generally survive. ?
indicates that the effects are unclear.

4 e FEEEAA T Y o T FE R iwwﬁ4mﬁﬁ
gAY A RERSF ST ;a‘z‘rd;:(Wllllams etal., 1992) - #
¢ » Fogarty and Tuovinen (1991)F7 7 45 ) » 357 it i A2 & S Bedy @ =
& ¥ (mesophilic) ~ F%’ # #p (thermophilic) ~ w g # (cooling) = & 3 #
(maturation) » izw BRFHP A B 2 F R DR > 2 il #ﬂ%if’_éf#mi%‘ °
EE-IF W FR @R (TF FEF R A) N ket

oy
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e RE v%’ ot e #&%‘l}#%i o oo (8 {F IR N L F R fE B (45~65
C)> gt prd) 3 B gl d $» 3 2% f2 15 * (Fogarty and Tuovinen, 1991) ;
e FE S ST 2 PSR AR R éﬁrﬂ“”%ﬂﬁ EAE BT cd
TR YR RE K M PAE S w R ¥F (Fogarty and Tuovinen, 1991) R R AN 4

AT BN R L5 A e BrARIR £ 3T ) 3a v (L iE e
" fEE L 25 4 4 (Azni Idris et al., 2016) o 4 fruie § - BRATOEISH
Wl Flhot PR AT L R L BB R o A PR C FRF T AT
B A A #HF T % % (Azni ldris et al., 2016) -

v fLF 4 ;}wﬁrmé WLviFndF - > wd 75 %’%/fﬁiﬁﬁ
Food kA FRRGER) 2 F EE BT HE ST A ik
;,;) B 4*,»1;]1; Mg 4 o /u/}ﬁﬂjﬁg‘_;{%%ﬁii\llf%%é’ ~ BT
e st s 4 fRana 4 (Freeman and Harris, 1995) -

TEK M T E G %Wg'ﬁiﬁﬁiﬁ%ﬁ%ﬁﬂﬁiﬁ
(Haggblom et al., 1992) - ,{+_ F 1 ECEBERERRBILET 2 RBT L
A& B Ar X5 7356k 822 % F W% (Apajalahti and
Salkinoja-Salonen, 1986) - 4@ 3.7.1-1 3 #* R ¥ 3w 3 kg 17+ £ ¢ 3
W E > R AP W 2RI ST o e BE o BEATR F ek AL
PR32 7 L F “7H 4voLaine and Jurgensen et al., 1997 o 85 LA AT
FRRIEE A 7 R R AL AR S L S WP SR SR R ey £ K]
e F R AR LR ed S o F % 30 X (8 0 pdaw kMY X5 50~60
WenT F gt A e BT g 34 2 4740k R 85 44malkg 5 58
20 % ke (v 15> T F ez 2 “;rtﬁ' 2 80% rENVRESLSZEXERS
/] #+ 10 mg/kg -
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3.7.1.1 Aph FlE Ao it ak

i R A B FNL BOERE G F R LRBET R BT A
2o A2 s g ag@ﬁs4%c’ﬁgﬁmm&dﬁ4#¢ﬁﬁﬁﬁﬁ
“rA 4 R i A hI % (CPEC, 1998) o b ¢h » B B L 3Tk (FH FE X542 B
SEFE R E LA P AR BT AL ZRAF P HREIEALL
Bodarigechs o)~ 7ok F 2 7 ¥ £ (Nancy Trautmann, 1996). Chitsan Lin et
al, (2011) - #= @w%%ﬁwu@%4#m R 2 A% BEET TR
B~pHIrg k8 Z i g2 @3 £ 0§ 2 dpik -

2 ok

AT I d 0 - BeuArd 2 3ok F L 50~60% 0 F 7ok FE M
(<30%) R & Frdlticd erE % 7 k5~ 183 (>65%)R g;gmsr 4 Fosr
A3 By FEER > & f:;: 4 }E’:i Bz Lek > ¥ & A o4 (Nancy
Trautmann, 1996) - Yu-Yang Long et al, (2013)#= 5 B>+ ¢ * 75 & 1¥ 5 fk¥ 3 i
ZZRAL N EIRR S EMF S A2 Ao H RN s kF 60%FF PCB
WME ATk H B E oo



3. 3

(4t § A J i 17 R R (T B § F A3 T AR o B
AR P o AT wémﬁ$éaﬂﬁ1&m4w*2$mL#@

¥
By g TR HEE FORRETE A FCRERR LS Aok
BT Y hTof F kR M 500 Bl g R RRRY o BaG § 2
FRo e g fa R AT A BREEE -
R E frfede § 2T i s e 1 RN Tt 03k R T B NI IS g e R
# = (Nancy Trautmann et al., 1996) -

™
&
a

put
w

/

=

P RERG P FRAAFFTIORRGEEV7RRARL 5V 210
FF LB FMASFT Y FORAREMDBRY wF - BT HT > F F Ik
Bxt 10905 B ix 0 M1 dFdF F a0 X ALiF T o IRA T Kk A f9i5iE P
R 2E7 & Ty Lo S DI &%—**’“r@~ FE T - NPT Nd B e
wLRERTRF 0 4w BFTE ¥ £ (Nancy M. Trautmann et al., 1996) -

e s v 2 B pH E 5 55853 € FRI% AR
Fajg ity s Frme ey B asaivai- PR GEF BRFT
ERMAEE MUEFETI BRI FRDEIL 2 LR ATFIrREE o - &
ﬁ;vF%&#?g¢ﬁwﬁﬁﬂ@—ﬁﬁﬁﬂo%%ﬁwEﬁ%&@i&
B FISMEyr T h > Facié pH £ K1 455 ¢ 471 e F7%
o BipFRT R F T 2 pH w P 42X chde B¢ (Tom Richard
etal, 1996) - Nancy M. Trautmann et al., 1996 7= % 45 ! > ficd 2 &= ji2 > &Y
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23721145 mpF s Br 0 EfENE R

~>
=3

Sphingomonas sp. RW1 23-DCDF 59 0.7 84.8 45DCSA Wilkes et al. (1996)
Alcaligenes sp. JBI 27-DCDD 0.3 2.8 333 Parsons and Storms (1989)
Rhodococcus opacus SAO101 28-DCDD 1 7 16 3456TeCC Kimura and Urushigawa (2001)
Sphingomonas sp. RW1 27-DCDF NS NS NS 6C2MCh, 7C2MCh Keim et al. (1999)
Sphingomonas sp. RW1 A-CDF 1013 3°CTHBP, 3CSA, (2HPA) Arfmann et al. (1997)
Coculture® 1013 Chloride Arfinann et al. (1997)
Coculture (S. RW16 + PRW10) 3-CDF 1013 25 926 Chloride, protoanemonin Wittich et al. (1999)
Sphingomonas sp. HL.7 8.7 0.3 100 CHPMA Fukuda et al. (2002)
Sphingomonas wittichii RW1 8.7 0.3 100 Fukuda et al. (2002)
Alcaligenes sp. JBI 3 2 97.7 HCDD. DHCDD Parsons and Storms (1989)
Burkholderia sp. JB1 0.1 1 95 4CC, CTHDE Parsons et al. (1998)
Pseudomonas veronii PH-03 2-CDD 219 2.5 90 4CC Hong et al. (2004)

Terrabacter sp. DBF63 10 0.8 75 4CC Habe et al. (2001a)
Pseudomonas sp. EE41 25 63 63.7 Du et al. (2001)

Klebsiella sp. HL1 8.7 0.3 45 Fukuda et al. (2002)
Sphingomonas sp. RW1 55 0.7 44 8 4CC, C, CTHDE, 2CMA Wilkes et al. (1996)
Pseudomonas sp. CA10 >.CDD 10 0.8 32.5 4CC Habe et al. (2001a)
Beijerinckia sp. B8/36 500 NS NS CDD-dihydrodiols Klecka and Gibson (1980)
Klebsiella sp. HL.1 8.1 0.3 82.5 Fukuda et al. (2002)
Sphingomonas sp. HL.7 8.1 0. 100 Fukuda et al. (2002)
Pseudomonas sp. CA10 2-CDFE 10 0.8 100 5CSA Habe et al. (2001a)
Coculture® 1013 25 NS* Chloride, Wittich et al. (1999)
Terrabacter sp. DBFo63 10 0.8 NS 5CSA Habe et al. (2001a)
Alcaligenes sp. JBI NS NS NS CSA Parsons et al. (1990)
Sphingomonas sp. RW1 55 0.7 60.8 3CC, C, CTHDE, 2CMA Wilkes et al. (1996)
Rhodococcus opacus 1 7 92 Kimura and Urushigawa.(2001)
Pseudomonas veronii PH-03 1-CDD 219 2.5 84 3CccC Hong et al. (2004)

Bacillus megaterium AL4V 22 0.003 40 DH1CDD Sulistyaningdyah et al. (2004)
SAO101 Beijerinckia sp. B8/36 500 NS NS CDD-dihydrodiols Klecka and Gibson (1980)




% 372127 ~ R B 22§ FfA

i B4 T ¥4 48/ straina AR 2 g’i'gfyegc;fnaﬁon
Class Alphaproteobacteria - %7/
Novosphingobium aromaticivorans IFO 15084T |DF Lateral
Novosphingobium stygium. IFO 16085T DF Lateral
Novosphingobium subterraneum. IFO 16086T  |DF Lateral
Porphyrobacter sanguineus IAM 12620T DF Lateral
Sphingobium yanoikuyae B1 (=DSM 6900) DD, DF, MCDD/Fs |Lateral
Sphingomonas sp. HH19k DF Angular
DD, DF, MCDDI/Fs,
Sphingomonas sp. HH69 (=DSM 7135) DCDD/Fs, Angular
TrCDD/Fs, TCDD/Fs
Sphingomonas sp. HL7 DF NADb
: MCDD, DCDD,
Sphingomonas sp. KA1 CAR NA
Sphingomonas sp. RW16 (=DSM 12667) DF Angular
Sphingomonas sp. SS3 (=DSM 6432) DE Angular
Sphingomonas sp. SS31 MethylDE Angular
Sphingomonas sp. SS33 DCDE Angular
Sphingomonas sp. CDH-7 CAR Angular
DD, DF  9-FN,
. - MCDD/Fs,
Sphingomonas wittichii RW1T (=DSM 6014) DCDD/Fs.  TrCDD/ Angular
Fs, TCDD
Class Betaproteobacteria  B-% 7/
Burkholderia cepacia F297 DF, DBT, FN Lateral
Burkholderia cepacia ET4 DE Lateral
Burkholderia sp. JB1 MCDD/F Angular
Burkholderia sp. LB400 DD, DF Angular
: . MCDD/F, DCDDIF,
Ralstonia (Wautersia) eutropha DSM 5536 TrCDD/E NA
MCDD/Fs,
Ralstonia (Wautersia) sp. DSM 6708 DCDD/Fs, NA
TrCDD/Fs, TCDD/Fs
Ralstonia (Wautersia) sp. RIGII.123 CAR Angular
Ralstonia (Wautersia) sp. SBUG290 DF, BP Lateral
Class Gammaproteobacteria y-%¥ ) A
Erwinia sp. CU3614 DE, MCDD, DCDD |[NA
Klebsiella sp. HL1 DF NA
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Mode of

& BV T FE 4 4/ straina N dioxygenation
Pseudomonas cruciviae S93B1 DE NA
Pseudomonas fluorescens BS243 DF Lateral
Z;Ztég;)monas fluorescens  TTC1(=NCIMB DF. DBT Lateral
Psedomonas mendocina MC2 9-Fluorenone NA
Pseudomonas pseudoalcaligenes POB310 Carboxy DE NA
Pseudomonas putida BS291 DF Lateral
Pseudomonas putida G7 (=NCIB 9816) DF, FN, DBT Lateral
Pseudomonas putida PH-01 DF Angular
Pseudomonas resinovorans CA10 CAR, DD, DF Angular
Pseudomonas sp. CA06 CAR Angular
Pseudomonas sp. F274 DF, FN Angular
Pseudomonas sp. HL7b FN Lateral
Pseudomonas sp. LD2 CAR Angular
Pseudomonas sp. NSS2 Carboxy DE Angular
Pseudomonas stutzeri ATCC 31258 CAR Angular
Pseudomonas stutzeri OM1 CAR Angular
Phylum (class) Actinobacteria <4t 7
Arthrobacter sp. DBTS2 DBT, 9-flurenone Angular
Arthrobacter sp. F101 FN Lateral
Brevibacterium sp. DO DBT, FN Angular
Brevibacterium sp. DPO220 DF, FN Angular
Microbacterium sp. YK18 DF NA
Nocardioides sp. NSA1-2 DF Lateral
Rhodococcus erythropolis SBUG 271 DF, BP Lateral
DF, DD, MCDD,
Rhodococcus opacus SA0101 DCDD NA
Rhodococcus sp. TUT581 DF Lateral
Rhodococcus sp. YK2 DF NA
Terrabacter (Janibacter) sp. DPO1361 DF Angular
Terrabacter (Janibacter) sp. DPO360 DF Angular
Terrabacter (Janibacter) sp. DBF63 DF, DD, FN Angular
Terrabacter (Janibacter) sp. YK3 DF Angular
Phylum Firmicutes & k& ™
Bacillus megaterium ATCC 13368 2,3,7,8-TCDD NA

(Hiraishi, 2003)

3.7.2.2 RF itk
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R M2l 2 F AU RETERIRERS AT F o R R
kol FIMFRI B LR PRI Aol FWF P T LR
ke it iEARY FRFMRFTHIIRT o F 2 A 4#??‘")%5}’“2‘:%% S
B 7 epicd 585 mE A dpe i 5 (Urbaniak, 2014) - 5 &«

SSAETRRS: £ b I ﬁr’ﬁi?’**f“*"*’:ﬂ o Rk el F
m_}iqfrpH ETFEMGT AT TR TFEFREEAFET A EEE
Ed oo

’Q_E’\'i I;i Fﬁk‘ﬁ—)‘rb?}"’ﬁ»“—j?ﬁt%’%ﬂ "’%‘—:;“E}"\Z{ﬁv’(ﬁﬁ/’i
§(5§%34,2m$o¢;rrx%m; RE FLEREE )0 iR
L A §E¢wm3729°ﬂ”ﬁk%%ﬁﬁﬁ’ﬁﬁ?”v*@%

%&fﬁm *p-‘i‘ ri}i f]g‘m"-l Fm}gr*’” r(ﬁf_glr'w? REINA /F‘ i = F FI‘T’E; °

2372-1 R EET AwmAHR R IR AT R EL

e e E e IS e & F O3
J‘Dtﬁiwpﬂgﬁ kR R fﬁé_&lDGr(thhﬁ“*l:"./%@
® (ppm) [(d)  |(%) N
2378-Te
Dehalococ CDD,
i 12378-Pe H2, Bunge et
coides 1.1 |104 |2.8 DCDD,
CDD Acetate [al. (2003)
sp.CBDB1 237-TCD
D
124-TCD
. D,13-DC Org.
Anaerobic : Bunge et
) 16.1 [244 |89.7 DD, acid
(sediment) ) al.(2001)
23-DCD mixture
D
_ 124-TCD
Anaerobic Butyrate|Fennell et
_ 10 225 |85 D,13-DC |PCE
enrichment|1234-TeC - +YE al. (2004)
DD
Methanoge 124-TCD
) \Vargas et
nic 0.6 [515 [76.6 D,13-DC |BrP NS
: al. (2001)
enrichment DD
13-DCD
: Beurskens
Anaerobic D,
_ 0.2 |18 [42.3 HCB |Lactate |et al.
enrichment 23-DCD
b (1995)
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124-TCD

D,
123-TCD
D
124-TCD
D.ethenoge D, Fennell et
d 10 250 |40 PCE |H2
nes 195 13-DCD al. (2004)
DC
. Org. Ballerstedt
Anaerobic 13-DCD .
) 16.1 |396 |30 acid et al.
(sediment) D .
mixture [(1997)
Methanoge 124-TCD
) b \Vargas et
nic 0.6 [944 |26.9 D,13-DC NS
. al. (2001)
(sediment) DD
Dehalococ 2-CDD,
. H2, Bunge et
coides sp. 148 |84 |22 23-DCD
Acetate [al. (2003)
BDB1 D
Sulfate
. Vargas et
reducing 0.6 [944 |3.7 NS
. al. (2001)
(sediment)
) Lactate/
Anaerobic 13-DCD [1234-T . |Ahn et al
) 10 91 propion
enrichment D, 2CDD|eCB ate (2005)
. Lactate/
Anaerobic [1234-TeC TCDF, [1234-T . |Ahn et al.
i 134 |91 propion
enrichment |DF DCDF [eCB ate (2005)
. Org.
Anaerobic 13-DCD |1234-T| . Bunge et
. 7.2 |55 [91.9 acid
enrichment D eCDD | . al. (2001)
mixture
_ Org. Ballerstedt
Anaerobic [124-TCD 13-DCD .
_ 29 148 |86.6 acid et
enrichment|D D )
mixture [al.(1997)
Dehalococ 2-CDD,
. H2, Bunge et
coides 17.3 |84 |55 13-DCD
Acetate [al. (2003)
sp.CBDB1 D
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23-DCD
Org. Ballerstedt

Anaerobic D,13-DC .
] 29 |148 |61.9 acid et
enrichment DD, ]
mixture |al.(1997)
2CDD
2-CDD,2
Dehalococ |123-TCD
. 3-DCDD H2, Bunge et
coides sp. |D 7.2 |84 |59
,13-DCD Acetate [al.(2003)
CBDB1 Dt
. Org.
Anaerobic 13-DCD . Bunge et
. 72 |55 195.8 acid
enrichment D ] al. (2001)
mixture
Dehalococ
] H2, Bunge et
coides sp.[23-DCDD |25 |84 |53 2-CDD
Acetate [al. (2003)
CBDB1

a EA = electron acceptor used for growth during enrichment; BrP = bromophenols;
HCB = hexachlorobenzene; TeCB = 1234-TeCB; PCE = perchloroethene.

b NS = Not stated.

c Trace.

d Dehalococcoides ethenogenes 195.

37234 5 g it

FoHRBT O RMPF PR B wm o F T A FrEEE A A

FRBRAmfr AT LR RURE WA Y A2 i ‘Li\‘—'f#/“#“m
’ff'f/ FEFERRT LA *v:“; CERFE A CERAAFT TR F
ipmE R VPR R > TS B b ARE %%34# B
FAR B 2 [k qe § & Efi[aff"i%ﬁ” c B F iR MREAEY M ARE FETRAEM
FROIRKOE VPV ES oL PP AREFRE AL TR RE NG F
CRBE B RAF O BV NERAAF TR BB B F IR
"% 2 (Novakova et al., 2002; Bunge and Lechner, 2009) -

3.8 BB HATT 1A §4

G T RSP AL Gt (AR fER S AR R ) 25 4
IHRREEHEF I F }w ﬁxiﬁmfr“%@iz@&, 6 i da g
LR YA REF BN ea R R &2 125 4 4 2 ¥ F (Freeman and
Harris, 1995) o 4p 3G N de (VR AIE » MR T BRE F REFR
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AR ERE AP AR BRI AR, FIFELIM TR
AP HIRB R G 2 L 8¢ Fiodur o B Ritai e i
T ORBHERRF RS PERE SN By T AR RS (D)
BB ARER(QUEF T ARSARL Q)T FRREBT WL
(A& 4 Fh+ & 2 pr @ 5 (5)% & fgii(Head etal., 1998) » @ = s iy ~
B~ & J\ﬁﬁwiv e ‘/)Enhﬁﬂf | % o Chitsan Lin % % (2011)7= 7 % % &1 >
B IEAET R L RS a A ARt B 2 S
?ﬁ’"’?g“%%iéﬁ%;é]ﬁ%iiﬁo

AN
)\
"

N

b

=1

i+ Basic Pr|n0|ples of Composting — 2 4§ 2 -3 F % ¥ F T P % bk

2 Sl B i ik 2R s (1)/3_}*22 45~65 C-H » » % & ¢ ;§ # (mesophilic)
% 80~120 °F(%r 26~48 C); % ﬁﬂ(thermophlllc);a 105~150 °F (=~ 40~65
C) ° (2) z -k & (moisture) : 40~ 60% v F 7 okF e 60% ] o ks g

BW%E'—'_':””’JLH‘ s m I%,—;_;\'F » ;:‘/,,Lﬁh s %igp\%"ﬁﬁr‘_$ qfﬁg\gﬁﬁ’%é\’l\ﬁﬁ
Mo A R T R B o ()R 6.5-8 -

2005 ’&:a‘:’m’g‘iéﬁ&ﬁﬂi‘:}%ﬂ’. FIT s AR ZR B pkem s 4
JENERY 1:1:3 53R Fpdl ekt S EpER 50 kT
40~50% ~ g & 7 20~40°C - phdk & = 6~85 2 pF#c 1010~1012 CFU/mL
(colony-forming units/milliliter) » 2 &% &7 @ /34 2 =40k R 5 1,000
g 3000 z % -4 % & / = 7 (nanogram-Toxicity Equivalency
Quantity/kilogram, = f§ # ng-TEQ/kg) > SiE#c®* 1 - &£ > 7' 1 250
ng-TEQ/Kg = » 4c§ 3.8-1 #+7 o

= 3,000 EPp——

@ 1, 000pg-TEQ/g

$ ~ Pone e
2,000 — LRl

] SR RA NSy 7 R R=11:3
—

!g

“; —
pa

X

O ------- -_— -

0 100 200 300 400 500 600

B 3.8-1 swse Fpw' f2 4 R 2 ERABF R (- ¥a4p 2 £ 4 > 2005)
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135 Takashi Narihiro {= Akira Hiraishi % 2004 # & &1 ef 3 @ > 4p di3e
e g *v‘“i“ﬁf‘:——? ARIEZ AP BRBHN B PR R Y
LAl R a 4 oa P - 44 flowerpot-using solid biowaste composting
(FUSBIC)F Jis B2 » 77 3 4p i1 » % FUSBIC ¥ f@ﬂ? p\ AR A R d e e R 4
#~ (solid waste-compost mixture > & £ SCM) > 0 E R aukd
o BV L e TV RGEELRF ML S RE FT rw’m,% RN
o PV EGFHEE R R ok "F f2/4 f2 - & Wei-Yu Chen & £ (2016)% 1 &
Mo BRF WY B R q-RFECRFIFE FEL LT EfRS LY
PR OEFTHA ~Fr~anr bf{Fo

LENCLEES S RS SR S & RaE S € R A RS A
W F FMBRME AP RIS PR R F(F382) A 2T o
52 BRE 4B 383 oI ALE FEd RlF L2 F 0
P - g s e e g2 % (naphthalene) 2 B3 ¥ (biphenyl) % 1 5 i & 37 2 "8 f2 4541
AR REBAREEd P B 4dacni=i i PR R FE2 BRI
e r 2 HE(TCA) AR S P £ 381 3 Lo ped B RRIHF A
f& i 4 2 Atk 0 ¥ ~ &k A & Alphaproteobacteria - Betaproteobacteria -
Gammaproteobacteria ~ Actinobacteria 2 Phylum Firmicutes % 4 #g -

Kao (2001)F s s+ F 2% > 7 fa 5 B R F B#E%k > ¢ 7 1 (V)%
25 %R £ AFHQ)T =@)ERREBO)R RN E RFER o] B
TCDD &2 PCP 5 4358 ¢ » B3 K E2Z AP TS FRALZ RE ARiR
ER Rt R A 7 b FELE R TS AR AT (RUR) 0 7K HPHrR R R
F oW EFREEA o 5 00 2B AR BRI LME P ABCR R D
JIRAFF Y - TCDD 2 %3" r“'g i# 86% (A 40k B 5 96 pg/kg 2 3) 0 ¥ A H
B4Fy i T % TCDD #23 P A i 'k T“ sl P AT F MBS bt
%X TCDD /5 % 2. 2 3£ 2 »x% # P & - Field and Sierra-Alvarez (2008) 7 4y
CEBRZERRIFAET I 455 FIL > 4o Sphingomonas, Pseudomonas £
Burkholderia - ¢+ ¢t Pseudomonas veronii ¥ ® 4| * - % B F 4 B
(monochlorinated dibenzop dioxins) » i* 5 &% 972 Gwlih » ¥ 825 %
P78 {7 & A @#iT* (Field and Sierra-Alvarez, 2008) > d pt 7 Fik g4 B ¥ ol of
BEEIRF T DR AL 0 T RIA S LR 2 2-CDD
5 2-CDF 2. F g js o

4§ F' 3 2-CDD 42 6 PAELAR A » A W %

36



1. 2-chlorodibenzo-p-dioxin ;
2. 8-chloro-cis-1, 10a-dihydroxy-1-hydor-dibenzo-p-dioxin ;
3. 4’-chloro-2,2’,3-trihydroxydiphenylether ;
4. 2-hydroxy-6-0x0-6-(4-chloro-2-hydroxyphenoxy)-2-4hexadienoic acid ;
5. 4-chlorocatechol ;
6. 4-choroguaiacol
¥ 7% 2 2-CDF BA2 7 FF AR R > A W) 5
1.

2-chlorodibenzofuran ;

N

8-chloro-cis-4,4a-dihydroxy-4-hydro-dibenzofuran ;

3. 5’-chloro-2,2’ trihydroxybiphenyl ;

4. 2-hydroxy-6-0x0-6-(5-chloro-2-hydroxyphenyl)-2,4-hexadienoic acid ;
5. 6-chloro-2-methyl -4H-chroman-4-one ;

6. 5-chlorosalicylic acid ;

7. 2-hydroxypenta-2,4-dienoate
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! ‘ \ Lateral dioxygenation * ng g
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X
COOH COOH 1]
CC Crr e~
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i l vl 1 l xi

Bl 382 jkma it ey A ipts PR32

2.C0D 2-CDF
0,
B :I:_:\ 1
q/@o (:“zl e -
o Cl
e — [zl

o
=
/@C\Q ) l SpontAnEoLE
o o
= HD E'H
OH 3
l spontansous
-

,»D i l ooooooo
=
0 - . -
ol ) [ r=—
HO  HO 4

il
OH 3 \I@ 1 <= no—7
ldioxyg eeeee - = - HO
i;/i>4 / \
o
- 4 ——% Krebs Gycle e coon = Co0H
I¥, Ll OH COoH

l hydrolasa Krabes Cycle
OH = OH
a1 aH o T 00,
5 &

Bl 3.8-3 ¥ 3 74~ 4 2-CDD (2-chlorodibenzo-p-dioxin)
2-CDF (2-chlorodibenzofuran) z. "% ji# 2 js
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%381 B3 B34 AfRN 4 2 Ak (61 k)
Mode of
Phylogenetic Substrate degraded
group/species/straina J dioxygen
ation
Class Alphaproteobacteria
Novosphingobium
- DF Lateral

aromaticivorans IFO 15084T
Novosphingobium stygium. IFO

PAIng Y9 DF Lateral
16085T
Novosphingobium

DF Lateral
subterraneum. IFO 16086T
Porphyrobacter sanguineus
DF Lateral
IAM 12620T
Sphingobium yanoikuyae Bl
DD, DF, MCDD/Fs Lateral

(=DSM 6900)
Sphingomonas sp. HH19k DF Angular

Sphingomonas sp. HH69

DD, DF, MCDD/Fs, DCDD/Fs,

Angular
(=DSM 7135) TrCDD/Fs, TCDD/Fs
Sphingomonas sp. HL7 DF NADb
Sphingomonas sp. KA1 MCDD, DCDD, CAR NA
Sphingomonas  sp. RW16
DF Angular
(=DSM 12667)
Sphingomonas sp. SS3 (=DSM
DE Angular
6432)
Sphingomonas sp. SS31 MethylDE Angular
Sphingomonas sp. SS33 DCDE Angular
Sphingomonas sp. CDH-7 CAR Angular
Sphingomonas wittichii RW1T DD, DF, 9-FN, MCDD/Fs, Anaul
ngular
(=DSM 6014) DCDD/Fs, TrCDD/ Fs, TCDD J
Class Betaproteobacteria
Burkholderia cepacia F297 DF, DBT, FN Lateral
Burkholderia cepacia ET4 DE Lateral
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Phylogenetic

Mode of

Substrate degraded :
group/species/straina J dioxygen
ation
Burkholderia sp. JB1 MCDD/F Angular
Burkholderia sp. LB400 DD, DF Angular
Ralstonia (Wautersia) eutropha
MCDD/F, DCDD/F, TrCDD/F NA
DSM 5536
Ralstonia (Wautersia) sp. DSM| MCDD/Fs, DCDD/Fs, TrCDD/Fs, NA
6708 TCDD/Fs
Ralstonia  (Wautersia)  sp.
CAR Angular
RJGII.123
Ralstonia  (Wautersia)  sp.
DF, BP Lateral
SBUG290
Class Gammaproteobacteria
Erwinia sp. CU3614 DE, MCDD, DCDD NA
Klebsiella sp. HL1 DF NA
Pseudomonas cruciviae S93B1 DE NA
Pseudomonas fluorescens
DF Lateral
BS243
Pseudomonas fluorescens
DF, DBT Lateral
TTC1(=NCIMB 40605)
Psedomonas mendocina MC2 9-Fluorenone NA
Pseudomonas pseudoalcaligenes
Carboxy DE NA
POB310
Pseudomonas putida BS291 DF Lateral
Pseudomonas putida G7
DF, FN, DBT Lateral
(=NCIB 9816)
Pseudomonas putida PH-01 DF Angular
Pseudomonas resinovorans
CAR, DD, DF Angular
CA10
Pseudomonas sp. CA06 CAR Angular
Pseudomonas sp. F274 DF, FN Angular
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Phylogenetic

Mode of

Substrate degraded :
group/species/straina J dioxygen
ation
Pseudomonas sp. HL7b FN Lateral
Pseudomonas sp. LD2 CAR Angular
Pseudomonas sp. NSS2 Carboxy DE Angular
Pseudomonas stutzeri ATCC
CAR Angular
31258
Pseudomonas stutzeri OM1 CAR Angular
Phylum (class) Actinobacteria
Arthrobacter sp. DBTS2 DBT, 9-flurenone Angular
Arthrobacter sp. F101 FN Lateral
Brevibacterium sp. DO DBT, FN Angular
Brevibacterium sp. DP0O220 DF, FN Angular
Microbacterium sp. YK18 DF NA
Nocardioides sp. NSA1-2 DF Lateral
Rhodococcus erythropolis
DF, BP Lateral
SBUG 271
Rhodococcus opacus SA0101 DF, DD, MCDD, DCDD NA
Rhodococcus sp. TUT581 DF Lateral
Rhodococcus sp. YK2 DF NA
Terrabacter (Janibacter) sp.
DF Angular
DPO1361
Terrabacter (Janibacter) sp.
DF Angular
DPO360
Terrabacter (Janibacter) sp.
DF, DD, FN Angular
DBF63
Terrabacter (Janibacter) sp.
DF Angular
YK3
Phylum Firmicutes
Bacillus  megaterium ATCC
2,3,7,8-TCDD NA

13368
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4.2 # 17

421 HRIEP Z 32

A H AT Nk B AR IS5 R B3 ER A A 4T
%ﬁgﬁﬂlz—i_p_#m 'g K&E ) /jy_}i ﬁ/};% [IZR 3 3z 71\’5_%" ’ '\A‘QEE , ﬁﬁﬁ_'l %ﬁfﬁ_
FEEFE E 2 TR o A B[P AT

(1) &

AR * TES 1310 TYPE K 3l #ici= sV F R 52 T #8558 R AR 4Rl
BRAR CRARAFEHMT A 8m > £ R5 12 2% > RIE#FF 5-50C~130
T &k +2017C -

(Q)phdk &

YRR RE 2 2 1Y fhdg R 22 2 (NIEAR208.03C) i& {7

¥_o ¢ * Mettler Toledo MP 125 pH Meter » #=2~#& %-5.0 + 059 (n=3) **

WA Y o der 25mL 24 45k (1:5) fIr kB RFERTEH#Y 30
A4 BIRFTIE Rk 0 R R R B T 1 RE

@ k¥
FokFerple S E B RIEF AT IR RE KA FERTS 2
—E£ 272 (NIEAS280.62C) » & 477 3¢ 5 Pojg i 2 # s g >t fap > 12 105
SCic AL HBIFCHEBRN LT3R Plesmz £8 (W0)- -

%ﬁ&ﬂmgi»ﬁﬁﬂ’ﬁ*ﬁﬁﬂﬁaﬁf€<wn°%ﬁ&\ﬁﬁa
55i§">i/\ 105"(:"3—'_%5,:* B3 EE k,ﬁﬁ,ﬁ <~*~J§FB<26 T L )
Bodide 384 o ﬁ“f”-ﬂ,%wﬁr’;“‘]%ﬁi (W2)e u™ Ngz & 8 5 A3

;B_':yj(,é,\g—g"'ﬁln\LL o
KA 5 & WH20 (%) =(W1-W2)/(W1-W0) x 100
WO: z3x&ézE (9)

WLl: sz fatksEt (9)
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W2: g ¥z Hick s (g)
DER2ER(ERR2252 3 8)

i * kF NIEA MB0L.13B £X B % 2 vxem g ip| > 2 > T * F 40k 47
fi/?‘%’ % (GCIMS) A 45 5 & o A 457 & i 4% Fote » 20uL B =B 42 w fo ik
i o B 1~2uL 2 JRGEH B ~ § 40K 47 R {7 A 47 > B L PCDDs
2 PCDFs 22 3 ~ % B4 5 £

422 FEIHZ

PR AR F S FPHE S FRERR %1 ARk FRE AR R b
o E 2 BRI RGE T o dod S AT ARSI A H 2 1 BT A
AR 422-1 971 o KiEHFH L2 % 32 H AREGEwEP 4otd) 0 47
R RS T E R T

fFRISAIR 1 % g2 |:> 2~ RE ekt

> | 3w eme || #rigidl

Bl 4.2.2-1 5§ # Fin sz & B

oL R AL P S A2 A

-~ HFBRETR R FAERS IS F L LAM o B
BT hf R (G morigl) SE gL G Euzls’f”
(£ &Ber B41) B3P 1 & FUF St S ] end
Pooom T AT S R A BIRAR B ML e et et S
AP A FIR G LB ;—,.é*—-;;tffwszé‘; R TS
BB L RAIEZ RS 0 BT S A3 2~0.076 mm 2 F(H 5 % 4
RBRFE) G ETIT PR R R T R e P RIS aEtA o R
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%> 0.076 mm eijES o % VA AP ERB L s RS ,?’-,}am"
BTN A E L FIR G R BB 5N e AR (e
VR ) et

B2 47§ %% ASTM E276-13 ~ D422-63 = j# » 7 1 % £ 1 3
o R~ WERE

BI2 s F R TR AR S RS 5

%

TR P RS ORRG IS E R A M LI EE Y I
PR B R R R R §'4§M@ﬁﬂw$-+%’%55
/54#?’%‘/‘34%%@:}%"31% T EBIS o B TR A PR R
JaJ2 o 3B ’E‘——/pni’ PSR F R R ARP] 0 M ER IR E R BT o A7
ﬁ%%‘]&%ff%ﬁiiﬁ'ﬁ’—?g"fi o ZBAPEZ_ER Y b4 A 1:2 3 1:10
2R BT HME AT (T2 E o

3 BT LA R L

Hee tE 30 PR AR R & R B 100 207 2 L1 A L9 et By
R FRE AL BT H RAEF BREMEE LR R
FE AR RS NI AR G T o5 A R AR
FRREBRZ R0 E B RN R S RE S

kS

VF BrREEAEE D BB AR A FE AR R8T T
PRI I 5 A 2 2 AP R S R RS T A
FREE B b h 2 s M PEE BEL AT g_);
BE? X 2R SRR 2 EF BRI SR BrR S
EH R R Ry /*w;ag RSN '3 S EURTER-- -0

Ard 2 k) B 3R A EACT o
(1) ¥ v

Gt Y & RAEE Y M}_gﬂt—éﬁu@-\ P B R o ik

BT MR SR BEE R R SR RIS LA E
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EE L EY SRR S EL TR T

A ABIFFE G 12800 Farfessk 2 pM S e g
B A2 o
B. RAL(T B B 2. & Z)B-F % 5 ¥ 3 MR o F R
RARBEFP RS AR A AT MG TR
A BAR T R A TRE U
2) kA2 %
k" A EE 2 KA SRR T F %%~ DHA -~ B B4
EF WAL EP
E R F]
Al TR GRBRLAE L FEM R R
A o F 2 FREA TR 2 R R I R
A M S TR F K o
B. MWERB R IAHMEZ AT 200K L By
Rt AU Ik E S S
C. d»4 Jf:m AR FIPEER RS NIET T A
ToEx GRS RIEN g RS e
() pragpe
RALEA S 0B GFERE 2 A EA g AR
BRI 250 REFEFZIMGLAFES AR -
L R I
A ERRERILE G R BRSNS B HFLIAF S S A

N
=% o

B. GC-MS il H 5 A7 i Az 2 4 B & iS40 & 5 i~
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22

YN FE S BR N frdE F o
C. B TRBE AL 2 25 R g BT L #F 50 ok o
MATE AP G e RAL L A d TR R A T B iR
BRBEAE 0 ¢ 7 A 90% ~ FEEAE D% A EER A SN

X oH s }?377},';; i}g'\%@;ﬁhj—ﬁ%&*j,#:’ ,é}ﬁ,m-g&; g,cv?,%;i}g—fﬁ\
ARy REL L4012 adig el RERMLS51 1

4.22.2 w2t 3 3R & & (Soil wet-screening)

B 4 hsd GRS 4O E A W Eg2 (Soil wet-screening) s F #2334 &
Gﬁ 4 iﬁ‘fs;ﬁ‘fi& o Epp A B R RRRR LIRS T A G D
oo B A AT - BB ARk Ak > FL T E R

Bl S AR EIN e o Ao HEI KRBT 2R~ PR Ry~ 2 gk
2o B I ERFF DU A ol L&q‘%ﬁﬁ“’ REFRFIIER AT o T
ok ELME - BEROuEM NEFAK T HENL B HR2 P o

1. JRéEHEE 2

@R P ERRR RIEE Central Nervous System -4 3 /= & 4738
% (CNS 11776 A3251) 2 % Rl {oi# +> € American Society for Testing
and Materials - 2% & & & 17 2% 4 35L& (4.75mm) friilwin g Bk 5
2 AP B AL R B RIE S 2 (ASTM E276 - 13) > &5 A RN & A 2 % o

2. BRNEAZEE A
(F)BABREER HEN -BER T E L E % 2R

(Z)% BRI G > 5 & Rfenshk 3256 0 % 10 5 (200 mm) - %
18 5. (1.00 mm) > % 35 %L (500um) - % 60 % (250um) - % 140
(106um) 4% 270 5 (53um) -

a G A K o
oA

C. Fikdh 2 S LR~ i o

d. "R H s %o
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4223 T PIIEP

1. =473 %
7 42231 23t FaMz R

Analysis 4 47 P Adopted method &3

3

PH it 46 B NIEA $410.62C

Cation Exchange Capacity (CEC)F &+ < & 5t 4 NIEA S201.61C

Soil Electrical Conductivity(EC) 2 3 ¢ % & TARI S101.1B
Organic Matter (OM) 7 4 & NIEAW530.51C
Total Nitrogen (TN) % % NIEAW439.50C

4224 %2 RAE K3

m A BRI NS R R ARAT BT o
W 4.2.2.4-1 £ 23 42

Ultrasonic basin
y v
10 g washed 10 g washed 10g washed 10 g washed 10 g washed 10 g washed 10g washed
soil sample soil soil soil soil soil | soil sample
Co Cl Cz C3 C4 CS CG
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T kR RI2HE025-0105 2 0 kp 4B JREDT 0 SR
20 5. 2 AR &0 B0 R TR AL ACRES Fok TR o kA Z R ERIE
GRS 0 R R BOKA SR SR AT A o gt STk D
PHEBEEE AR RRTAIT RSB RE MR T 34

A erig kL o B EH A L Fikeng 42

1. #=£ 5200 523 R &t 3> ¥ 32 ¥ 2 i 600 %‘J;piig;wiv‘ (%
FoTLRBPF AR) LA r L5
PlE 1025) 0 #ed g AL S B iR H - Kk

o
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¥
i
~
1=
Sﬁ?»
¥
n}l‘\,
b
jul
-

2. BMBBPEFEF K P EEPOHES 30 Ao RFARTLHF
A0KHz ® > & & 7 7 4 4% BEIR S MR 0 L IRGE R S ok o

3. FEHRWEGEF- A4 P T E - RRHRBTR IR

4. RS > B REpISHE-IIER R TL Y o T E AR S
R IRELY o p 3P Bk 10 R sz;}_;F_,m,g,;t\l_;IE—_‘?: FRLE R K &

5. 42 Bl - 2t b (1:25) 4o x qn ke SRTIEA] > $9 5
WA Bl R D R

6. BEHBEEHEHI LI 5 BT A2 GBI I HE > FRAY
- PRI

[T CESFINE S & T NS S R T I B FEREs o

BT H D PR BEE S P it Al B o

4225 53w @ i i A 7
I%rf%%ﬁw b2 1% 2 Az (4c@ 4.225-1) AQH 2 A ‘:m‘m .

AR E S A 2 Bk BRI BLES 0 TIRES A A MG HE 3
IFRERY DT E p ERIHRER - TS EER -
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3. 4% B AR S K Ab At k3G 5 A
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5. 48183 LRME
BEARIES

6. %R EHRE
B HRELET
ki

B 4.2.2.5-1 Brapaie v 2. (872 2 AR

BRFE 3 PR Y K e Bl 6T o IR B 2
DHAMEEZ L EREFTES L LB w T FH L 600 ML g F
PAE 145 HABRS RRBILBEISAIEE HPE B AR
B35 A2 Brak 0 £ GEUE T AL § (hol 42252 2R ¢ 3%
PR P THIRSII(R 28) DR SR T 2 L R
TR F N B AR RBT > YR FF I FRE

B 4.225-2 f BRigh g saie 9 5% r R R

(& 7 D HREFIRHRE P REB L E TR F AR R

A TR LB % F R E4oR 42253 iAo iFEE S 80
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K> b T3 A BAF AR T T AFREELF G oo P EEF R
Tk AN A S - AT AR R E T
R T RE R NS RN LRy Ty B T
o p R

Bl 4.2.25-3 4 % 3a% F i B

MW PR AP EE e Sl 7 C(DER AR EPFERT
245 Ct > 2 g7 adEir 20 X hR RBRE 0 F R MA S i s A 2
3oy AR BSE c(QFRF ke 7R adawiaskY A G2 PR
o Tl A A E RS BT RS AR ERE R > A AFEZEI KA P
G ek i 5ok & 30~40% - (3)fik bk (¢ F)H AT 1L E AR HP A PR B AR -
Foiadk BmBRTE 0 P (S o e N IRTT R AR T o Bk Eobre PO Jh s 33
e |t o Fl e R Jﬁ’rﬁﬁ@iﬁﬁ’?ﬁia WEHRERE Y FRE R R R G
FEH ARG T ELEREZFE THRAWEEY A L A3 R A
Hrd Froxi eni®® o q il f fd3a e 2% A ¥ R 5§ £.9 5% 848 L air/kg
dry solid-min » # 7 % &4 5 1.01~1.02 ~ % /& (atmosphere, atm) -
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511 B FFALIEERREL T R
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I~ BHFaidw

g1 40
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BSL-1Ef B33t Hpicdd e A v b BB 5.1-2 5 kit &
4 > oW . 22
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of this study
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X
e
o
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L]
20 14.61%
26kg
7.14% 6.74%
10 13 ke 3.20% 3.13% 290 2k
6 kg 6 kg 5kg
0
X=2 2=X=1 1=X=0.5 0.5=X> 0.25 0.25 =X> 0.105 0.105 =X= 0.053 0.053=X
AR K /) (mm)
A SR S o= Y - BN
B 5.1-1 s 1B 352 4 p /0@
300000 A ITIER )
- 70
. 242267 62.10%
250000
i 112 kg
G 2 = o 60
i SR ErS T {E(520%
< 200000 -
E. 50 R
g g
4 £
£ 150000 T
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=) 110383 \ =
= 30 =
2 100000 12287 2
S 3.07% 6.74% || 29 ™
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Z 50000 7.14%
Qt .....
13kg 3.20% 3.13% 14.61% 28736 26199 |1 10
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0 -0
X=2 2=X>1 1=X=0.5 Q:’ -X=0.25 0.25=X>0.105 0.105=X>0.053 0.053 X/
Particle size distribution =0—Avg. concentration of T-Dioxins
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512 23z it FEp L
A RRRTE L Fenit B doT & 5.1.2-1 47
#512-1 232 L B

. ERCR B AL s RE BR[O RF [ TER
pz g mmm) | s | "
(%) |(ng-TEQ/KQ) (mL/g) [ (mg/Kg)| (S/cm)
VSEERE: 4 100 - 7.32 - - -
>2 7.1 110383 - 0.65 699.04 0.49
2>X>1 3.2 112287 - 0.86 1351.76 | 0.41
1>X>05 3.1 242267 - 1.79 1358 0.29
0.5>X>0.25 14.6 66011 - 0.65 445.34 0.19
0.25 >X>0.105 62.1 20074 8.9 0.04 279.91 0.16
0.105 >X> 0.053 3.1 28736 - 0.07 232.95 0.19
X<0.053 6.7 26199 - - - -

Febod 3ECFL4TL(F512-1)° FR > P G WAL T

MAPRFIRRA G KRG 40k 4BF > 4o T B 5.1.2-1 477 o

300000 2.0
1.79
18
250000
16
C
< 14
& 200000
= 1.2
1
:__I
£ 150000 R 1.0
.‘33 ; .
o 110383 | 0.8
"\ h- m— 0
= 100000 112287]
= :
& 0.4
= 50000 6.74%
Ly 3.20% 12kg 02
m o =
0 jom— 0.0
X>2 25%>1 1>X>0.5  0.5>X>0.25 0.25>X>0.105 0.105>X> 0.053  0.053 >X

Particle size range (mm)
-0 WEFAE BERSRE

B 512-1 832501 e in b H
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5.1.3 k3% A7
1. RE o= 4
¥ %R A drk 53-1¢

# 53-1 RF Mz =4 4

General' Compound name Chemical Concentration
category formular
(mg/L)
Alcohol group Ethanol C,H,O 893.00
7-Oxabicyclo[4.1.0] heptane  C,H,,0 101.38
1-Formyl-2,2,6-trimethyl-3- C;sH,,0 245.90
(3-methyl)
2-Furanmethanol CH,0, 239.42
Acid group Benzenesulfonic acid CgH,,CNO,S 128.12
2-Pyridinecarboxylic acid C¢HN,O, 179.90
Carbamic acid C,H,NO, 179.90
Benzoic acid, C¢H,NO,S 183.34
4- (methylthio)
Carbonofluoridic acid C,F,0, 154.00
Acidamide
group 4-Aminobutyamide C7H,,F¢N;0, 175.60
Aldehyles Acetaldehyde C,H,O 175.60
Benzaldehyde, 3-nitro- C;H;NO, 219.10
Ketones Solavetivone C,sH,,0 203.20
Bicyclo[2.2.1] heptan-2-ol C;H,,0 210.09
Ester Phenyl ester C,H,NO, 179.90
Diphenyl phosphate C,,H;0,P 236.00
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Compound name

Chemical formular

Concentration

(ug/mL)
Heptadecane Ci7H36 32.56
Pentadecanoic acid, 14-methyl- C17H3405 13.06
n-Hexadecanoic acid C16H305 61.99
Benzeneethanamine CoH15FNO4 13.73
1,4,8-Dodecatriene CioHgg 14.88
9, 12-Octadecadienoic acid(Z,Z)-, methyl ester C19H3405 21.34
9-Octadecadienoic acid(Z)- C19H3605 19.35
2(3H)-Furanone C1gH3,05 15.30
Octadecadienoic acid C19H3505 29.65
9-Octadecadienoic acid C1gH3405 434,51
14-Pentadenoic acid C15H2605 350.86
Pentadenoic acid C15H3005 119.12
Docosane CooHag 106.63
Oxacyclotetradecan-2-one C14H5605 89.93
Dodeca-1, 8-dien-4-yne CpoHgg 17.90
1,3-Propanediol CsH1,06S, 19.12
1-Methylbocyclo[3.2.1]octane CoHie 12.39
5,8,11,14-Eicosatetraenoic acid C,1H3,05 12.88
Butanedinitrile C4HsN, 18.57
7,10,13-Eicosatetraenoic acid C,1H3z605 76.62
Tricosane CosHag 13.78
9-Octadecenoic acid(Z), methyl ester C19H3605 11.29
2(3H)-Furanone, dihydro-5-propyl- C;H,0, 17.54
Cycloheptanone, 2-methyl- CgH10 13.20
Benzenemethanamine CysH17NO, 14.59
Styrene C15H13NO3 35.83
Benzoic acid C31Hx:3NO, 20.96
3,4-Dihydrocoumarin C11H13NO, 61.22
Benzenamine, 2,3,5,6-tetrachloro- CeHsCLILN 48.44
Phenol, bis(1-methylpropyl)- C14H2,0 35.45
Phenol, 2,4-bis(1,1-dimethylethyl)- C14H2,0 177.57
1,2-Benzenedicarboxylic acid C14H1504 66.82
1,3-Benzodioxole C,1H»06 52.17
Tricyclo[4.3.1.13,8]undecane C1H7Br 46.21
Benzene, 1,2,4,5-tetrakis(1-methyl)- CigHzg 40.00
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SN

General category Compound name Chemical formular Concentration
(mg/L)

Alcohol group Ethanol C,HO 3.071.00
1-Propanethiol C;H,S 719.41
2-(2-Hydroxyphenoxy)-  Cy,H;,0; 498.60
1-phenylethanol

Acid group 2-Hexynoic acid CeH;0, 435.20
Boric acid BH;0, 449.40
Ethanedioic acid CeH;,0, 94.90
2-norbornanecarboxylic  CgH,,ClO, 125.90
acid
Formic acid CH,0, 72.50
Propanoic acid C;H,0, 103.90
Carbamic acid, tricyclo[ C;,;H;sNO, 89.28

Acidamide group Formamide CH;NO 72.50

Aldehyles Acetaldehyde C,H,0 182.90

Ketones Cyclohexanone, C,H;5N50, 103.90
(2-nitrophenyl)
2-Butanone, C,H;pN,0, 79.40
(2.4-dinitrophenyl)

Ester Diethyl ester CeH,,0, 94.90
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5151 ¥ ikARxd BEE L gy

1. k&2 'Iififi-;;t_i 2

%
B 5.14.1-1 5 & ’?J;ﬁ"o“v R ALY SSRGS HEE AR

#%kRJ 22,080 ng-TEQ/Kg # 4 3 1,298 ng-TEQ/Kg & & 2 3

AR 9AL% 0 Lt FRd BR 2 AR o

T-Dioxins concentration (ng-TEQ/kg)
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Washing result by Ground fish broth

1298
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Times of washing, Cn; n = 0-5
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2. FRF w2 et %

d 22,080 ng-TEQ/Kg 4 % 3 2961 ng-TEQ/Kg it ¥4 % »c % &

RERWRSGF LAY B 6k HER SRR R

v

86.6% > iR 5 % - F2 et e o 2 %40 5.14.1-2

T-Dioxins concentration (ng-TEQ/Kg)

25000
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Washing result by Compost tea

22080

7644

5019 4758 4614

—0 3622 2961
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Times of washing, Cn; n = 0-6

B 5.1.4.1-2 %% fe= 2 3 {8 2 k& 8k 3 = Bl
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3. fpspme S 2 e B
fRagfe > 30 B kALY i 6 ks HERLI R ERY
22,080 ng-TEQ/Kg 2 Kfi 6,524 ng-TEQ/Kg * £ ]2 % 2% L 70.5% »

= % 4r@ 5.1.4.1-3 -

T-Dioxins Concentration (ng-TEQ/Kg)

Washing result by Sugarcane wine
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* 4 514.1-1 % B 5.1.4.1-4 7 » ¥ FRL uﬁg sk b2 kL e 4

KA A ﬂfe oo TRk ks

Ng-TEQ/Kg) T2 2 HhikA » ¥ 4 g 5 94.1% (4
o HAmA T IER (2961

Sz ARFRWH LAY 6 ikl

ng-TEQ/KQ)- *f »< 5 £ 11 86.6% (4

L 44
PE T S &

v

5 %pFo H 2 HATER (1,208

D ie=1:6.4)-

% 514.1-1 &1 =cifex # 4 gonk

2R=1:125) @ &%

A ¥k B (ng-TEQ/Kg) (ng-TEQ/Kg)

Washing T-Dioxins 1st 2nd 3rd 4th 5th 6th
liquid (ng-TEQ/Kg) | washing | washing | washing | washing | washing | washing
EAE S A Co C1 C2 C3 C4 C5 C6
Ry Row 22,080 7,644 5,019 4,758 4,614 3,622 2,961
;}\f—l L oL &
o 2.9 3.1 3.6 41 5.7 6.4
@:n)
4 K,% L
65.4 77.3 78.5 79.1 83.6 86.6
(%)
KA 2R 22,080 18146 11461 6170 3934 1298 -
;El L oL &
s 2.5 2.5 2.5 2.5 2.5 .
d:n)
17.8 48.1 72.1 82.2 94.1 -
(%)
By REpe 8,902 7,611 7,319 5,783 3,230 2,503 1,901
‘/‘E;I‘ L oL &
. 2.6 2.5 2.7 2.9 3.2 3.4
d:n)
14.5 17.8 35 63.7 71.9 78.6
(%)
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Bl 5.14.1-4 34kt e 309 kA2 3 K,% P B 1L i

5152 FikAxd B% 2 4 g
ABFEY P OERFE&KD Kféﬁc-‘:}'&&i 2 FEAH o B - BFEREY
110,000 % 130,000 ng-TEQ/Kg > = % 4o :
1 RE R ks
drd 5.1.4.2-1 2 R 5.14.2-1 5 RF %™ gk o RRF AT N
BB kALY i 10 ikt s AR AR EARY 113565

ng-TEQ/Kg 2 ‘14841 ng-TEQ/Kg * £ 3|3 Gi e L 95.74% -
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# 51.4.2-1 RR3F R e

510 =k 3 2 3 ko

Compound Name Avg-Co Composttea| Composttea | Composttea | Composttea | Composttea | Composttea | Composttea
(1) (2) (3) (5) 7 9 (10) I-TEF | IDL

(ng-TEQ/kg)| (ng-TEQ/kg) | (ng-TEQ/kg) | (ng-TEQ/kg) | (ng-TEQ/kg) | (ng-TEQ/kg) | (ng-TEQ/kg) | (ng-TEQ/kg) (ug/L) |
2,3,7,8-TeCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.1 1.74
2,3,7,8-TeCDD N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 1 2.24
1,2,3,7,8-PeCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.05 3.47]
2,3,4,7,8-PeCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.5 3.27]
1,2,3,7,8-PeCDD N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.5 9.30
1,2,3,4,7,8-HxCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.1 8.56]
1,2,3,6,7,8-HxCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.1 3.49|
2,3,4,6,7,8-HxCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.1 5.43]
1,2,3,4,7,8-HxCDD N.D. N.D. N.D, N.D. N.D. N.D. N.D. N.D. 0.1 1590
1,2,3,6,7,8-HxCDD N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.1 9.88|
1,2,3,7,8,9-HxCDD N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.1 8.34
1,2,3,7,8,9-HxCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.1 7.15]
1,2,3,4,6,7,8-HpCDF 52000 49889 17890 14103 10409 4483 3749 2959 0.01 84.19
1,2,3,4,6,7,8-HpCDD 17699 18169 7216 6291 4889 1457 884 N.D. 0.01 14.86)
1,2,3,4,7,8,9-HpCDF N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.01) 54.40
OCDF 12064 10908 4139 3018 2425 1196 849 760 0.001] 119.48|
0CDhD 31802 28575 10051 7335 5986 1927 1383 1123 0.001] 94.27
Total (ng-TEQ/kg)| 113565 | 107542 39296 30747 23709 9062 6865 4841
R.E.% 5.30 65.40 72.93 79.12 92.02 93.95 95.74

Washing result of high level contaminated soil by Compost tea
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2. kA2 ok

A
Y
2N

ng-TEQ/Kg 4 % I 6,237 ng-TEQ/Kg * & 714 e 5 95.37% -

4r# 51.4.2-2 3 B 51.4.2-2 5 k&2 ;;J{%

e @i 10 = gk

v v
fe » HEE LR

Boook
%k

RN S T
& 4 134,709

% 51422 kA3 frpe i 10 ik 3 2 4 poek

Compound Name Avg-C, C1-Fish broth C3-Fish broth C5-Fish broth C7-Fish broth C10-Fish broth I-TEF DL
(ng-TEQ/Kg) (ng-TEQ/Kg) (ng-TEQ/Kg) (ng-TEQ/Kg) (ng-TEQ/Kg) (ng-TEQ/Kg) (ug/L)
2,3,7,8-TeCDF N.D. N.D. N.D. N.D. N.D. N.D. 0.1 1.74
2,3,7,8-TeCDD N.D. N.D. N.D. N.D. N.D. N.D. 1 224
1,2,3,7,8-PeCDF N.D. N.D. N.D. N.D. N.D. N.D. 0.05 3.47
2,3,4,7,8-PeCDF N.D. N.D. N.D. N.D. N.D. N.D. 0.5 3.27
1,2,3,7,8-PeCDD N.D. N.D. N.D. N.D. N.D. N.D. 0.5 9.30
1,2,3,4,7,8-HxCDF N.D. N.D. N.D. N.D. N.D. N.D. 0.1 8.56
1,2,3,6,7,8-HxCDF N.D. N.D. N.D. N.D. N.D. N.D. 0.1 3.49
2,3,4,6,7,8-HxCDF ND. N.D. N.D. N.D. N.D. N.D. 0.1 5.43
1,2,3,4,7,8-HxCDD N.D. N.D. N.D. N.D. N.D. N.D. 0.1 1590
1,2,3,6,7,8-HxCDD N.D. N.D. N.D. N.D. N.D. N.D. 0.1 9.88
1,2,3,7,8,9-HxCDD N.D. N.D. N.D. N.D. N.D. N.D. 0.1 8.34
1,2,3,7,8,9-HxCDF N.D. N.D. N.D. N.D. N.D. N.D. 0.1 7.15
1,2,3,4,6,7,8-HpCDF 73082 21844 20961 12020 10621 4158 0.01 84.19
1,2,3,4,6,7,8-HpCDD 20475 6954 4255 2781 3321 N.D. 0.01 14.86
1,2,3,4,7,8,9-HpCDF N.D. N.D. N.D. N.D. N.D. N.D. 0.01 54.40
OCDF 12488 3434 2823 1648 1801 923 0.001 119.48
0CDD 28664 8399 5703 3326 2526 1155 0.001 94.27
Total 134709 40631 33742 19775 18269 6237
R.E.% 69.84 74.95 85.32 86.44 95.37
Washing result of high level contaminated soil by Ground fish broth
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Bl 5.14.2-3 S RF iRi 2 kA4 el fe 2 dpadkot i R R
g 10 Sk 2 1502 5] 95.74%2 4 gondo Hk R 113,565 ng-TEQ/Kg

3 a4k L 4,841ng-TEQ/Kge @ ¥ — e k& 4 %Z,sﬁ 10 =& 2 15 > &£ 7]
Boik2 4 gord 05.37% o R F kA 134709 ng-TEQ/Kg "% & 6,237
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'E 100000 113565
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