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v =8I A

Volume (L) : 1.2
Temperature (C) : 25%5
Aeration rate (L/min) : 3.5
pH:7.2

Dissolved Oxygen (mg/L) : >2.0
Total Solid (%) : 10

Nutrient addition :

PAHSs microorganism :
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9 C

ODcr : 87 ~214mg/L
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AE 2D Y DE

N %’é‘%‘—ll(mass balance)
- X)LQE=SCQ AIZEZE N0 [E YR sTHEQ 5 etN
CE =Xot met.
- MEZ6H & (biodegradation)= 0| XtO| 0l 2/oH Hl At
- ] Z &2 gEX 88|12 & naphthalene & & &>
MEOUHE>INYEZ2S S =2 |2 LIEIS 20, phenanthrene
2 MEE> DEE SEE>FHUTO == B RULH

Feed Fate Mechanism (% Distribution)
Compound
mg/kg | Biodegradation | Sorption | Volatilization
Naphthalene 1167 28 21.5 50.5
Phenanthrene 1167 43 35.5 21.5
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3. A8 2 L DE
v A S4dH 29 A 2 =4
Batch culture conditions and maximum growth values in presence of the PAHs
Symlaal ST REUnG e Surfactant Biomass maximum value

(Tween 80) (0.D.)
NC naphthalene - - 0.007
N1 naphthalene naphthalene - 0.069
N2 naphthalene naphthalene 1/2 CMC 0.043
N3 naphthalene naphthalene CMC 0.041
PC phenanthrene - - 0.006
P1 phenanthrene phenanthrene - 0.069
P2 phenanthrene phenanthrene 1/2 CMC 0.058
P3 phenanthrene phenanthrene CMC 0.053

Carbon source concentration : 100mg/L




3. 28 20t & IF

+ Naphthalene 0|2 = 1} A |
— Control(blank bottle)2 HIQ &t BE BISXM 3~4Y A
o S 2 2ol JF Al &
— naphthalene O|24=20F HOl=l BtE2X0F HHESLHHE EL
ot BIZ2 X0 ol Ol ¢t Sole== LIEY

|'D
[
0x
vanl
_|
=
D
Q)
i)
0]
-]

g

o

™

Z 0.0

Lo D

. e 3 ..O + O
Q * .Oo.

N O

O 0.0 - —— .

~ o’

= o _

= 0.0 | -— . v
° v/v‘/v

— P—

o0

B

@)

Time (days)



Xt
=

1

0

HIt Al

0

=
=

=
henanthrene 0|24 =

=5
2ot BrSA0 g

— Control(blank bottle)

+ Phenanthrene O/ 24210t HH &AMl Tween 80
ni;

Time (days)

v q
aFal °

(WUugypsg " 0) YrMmoIs [[o 0

.00



PART IV

SRQLIo MBBE Z34

HAJl=s & 0122 AIAl N



1.

E|l& O|9
Mo Jl= I
Jlzx= & H 2l




T5E &E5 0] 5% Thiobacillus thiooxidans AZ11

Items Characteristics

Isolation source Anaerobically digested sludge
Colony on MW-agar plate ~ Whitish-yellow with sulfur deposited
1-1.5mm in diameter

Morphology Short rod, 0.5x1-1.5
Motility Positive
Gram-staining Negative
Intracellular sulfur Negative
Autotrophic growth with
Hydrogen sulfide Positive
Elemental sulfur Positive
Thiosulfate Positive
Tetrathionate Positive
Heterotrophic growth Negative
Ferrous ion oxidation Negative
Nitrate respiration Negative
Quinone Ubiqunone-8
Major cellular fatty acid Non-hydroxy 16:00

Hydroxy 3-OH 14:00
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Thiobacillus thiooxidans AZ112] a_ o =1

S|
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Thiobacillus thiooxidans AZ112| Eitgh =&
Ol Ol Xl= tryptone s&=°2| H&F
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Thiobacillus thiooxidans AZ11 |
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Thiobacillus thiooxidans AZ112| =4l
0l XI= Methanol =& 2 %"ét

Sulfur Oxidation Rate (gL'l' d'l)

0.0 | | | | |

MeOH concentration (V/V%)



Thiobacillus thiooxidans AZ112| St it S5
ol OIXl= PEG s&E2 A&t

Sulfur Oxidantion Rate (g-L'l-d'l)
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PEG concentration (mg/L)



=
-

Thiobacillus thiooxidans AZ112| 2its
C 0l Ol Xl= Paraffin oil s&=2| &k

Sulfur Oxidation Rate (gL'l-d'l)
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Sulfate (mg/L)

Thiobacillus thiooxidans AZ112]
I =E0 0l Xl= A=A H 2

® Control
o 0.5ml/L

¥ 1.5ml/L

v 2.5ml/L
m 3.5ml/L
O 4.5ml/L
¢ 5.5ml/L

Sk
S



Thiobacillus thiooxidans AZ112] &t
0ff Ol Xl= surfactant &J} &

Atgl =5
=
(-

T

0

Ho EitetsE (e-SH.'d "
(ml/L) Surfactantl Surfactant2  Surfactant 3

Control 0.200 0.200 0.200
0.5 0.060 0.076 0.217
1.5 0.057 0.114 0.221
2.5 0.025 0.084 0.220
3.5 0.024 0.120 0.188
4.5 0.032 0.139 0.168

5.5 0.004 0.110 0.117
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Thiobacilllus thiooxidans AZ11 E8&E=& 02| I&F
J| & (80) &It SF
x| pHE| Ak
S| &2 Hek
ez s&o 9o
AB )0 AFRE AIRQIA =4 QLNES =2 ¢
=== /N Cu Pb Cd Cr
=5 3860 3535 625 19 1345
(mg/kg) +58 +263 +54 +2 +146
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Thiobacilllus thiooxidans AZ11 852 K
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NE ST 025348858
(L= 200¢g/L)
ANz : 08 =8 QL

N EE =25 NAEE ()

(V/v %) Zn Cu Cr
5% 95 44 47
10% 99 47 43
15% 99 51 53
20% 99 49 58
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sS== Xﬂj‘li%(%)
pH
/n Cu Cr
3 99 50 58
4 97 51 57
S 95 50 45
6 90 33 43
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D28 s50 e 2= MAH 52 (1)
ANE: & =4 QU
NEE2st =5 HAH 22 (%)
g/L) /n Cu Cr
50 99 ]2 63
100 94 69 99
200 53 52 84




Nl s=5 MA=E e,

(g/L) Zn Cu Cr Pb Cd
100(a) 100 40.3 42 100 100
100(b) 100 47 39 100 95

200 68 47 25 34 55

300 50 24 10 S 30

(a) : 0.5 vvim

(b) : 1 vvim
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SEBHAE =2 YHSE Hlw (He2ld2h: 7)
=MdHE ZE=2Z HAH =22 (%)

Zn Cu Cr Cd NI
=J| pH 4 100 100 95.9 100 100
5 95.89 100 93.0 100 92.5
6 91.64 83.0 34.5 94.4 59.9
7 91.64 83.7 14.8 100 70.1
ni=i= 90 100 100 85.3 100 100
s 180 100 100 18.8 91.9 95.5
(g/L) 270 100 69.3 6.6 64.6 71.6
360 76.1 40.6 0.8 41.0 57.6
JI & (S9) 2 93.1 41.2 0.9 67.0 78.6
=} ek 4 100 100 221 100 100
(a/L) 6 100 100 46.7 100 100
8 100 100 68.4 100 100
10 100 100 82.8 100 100
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el U2 st & H=x =2 === Al
AlSH U H
=20 O g

. =& QLI 4LE 5L HI0IHO =2

. EHAFS 4 EILSI0] pH 1.562 K&, 48 Al2t m

AASRIE B, A4S 54

ASUY B2 0T 2

- NaOH ¢ CaCO,Z 018501 pHE 0.5 4 ZIHAIZ

QU ASHY Htst E28 =&

AHE Al 2} =& (mo/L) AHE Al =& (mo/L)
Znso, 1000 — Zn CdsO, 100 — Cd
CusO, 500 — Cu K,CroO, 200 — Cr
PbSO, 100 — Pb NiSO, 100 — Ni
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