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ABSTRACT

A Study on Advanced Treatment of Wastewater

by Biofilm Filter Process

Lee Choon-Boem
Advisor: Prof. Cha Wol-Suk Ph. D.
Department of Chemical Engineering,

Graduate School of Chosun University

The rapid development of human activity has resulted in large amounts of
nutrients flowing from wastewater into rivers and lakes. Consequently, the
water environment has deteriorated. To improve water quality, it is very
important to remove nutrients such as nitrogen and phosphorus from
wastewater. Nitrogen and phosphorus constitute a relatively large part of
the nutrient load of closed water bodies. Especially, increased input of
phosphorus and nitrogen to lakes, bays and other surface waters causes the
growth of phytoplankton, which 1is called an algal bloom. Hence, the
considerable attention has been paid to the efficient removal of phosphorus
and nitrogen from wastewater.

In this study, for solving these problems, first, Nizrosomonas sp. and
Nitrobacter sp. for nitrogen oxidation, AZsewudomonas sp. for denitrification,
and Chromobacterium sp. for phosphorus accumulation were isolated from
soil and wastewater. The removal efficiencies of ammonia nitrogen using

Nitrosomonas WS and nitrite nitrogen using Nzzrobacter WS were 90 and
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93 % after 4 days of culture, respectively. In the case of nitrate nitrogen
using Aseudormonas WS, it was 100% after 18h of culture. Especially, at
28C, the removal efficiency of ammonia nitrogen using NiZrosormonas WS
was higher than those of other temperature. The removal efficiency of
nitrate nitrogen using ZAseudomonas WS was stable at range of 28-40 TC.
Among various nitrogen concentrations, The removal efficiency of ammonia
nitrogen using Nizrosomonas WS at the below 100 mg/L was increased up
to 7 mg/day and then it was decreased at above 100 mg/L. The removal
efficiency of nitrite nitrogen using Nifrobacter WS was increased with the
increase of nitrogen from 50 to 100 mg/L and at above 200 mg/L of
nitrogen, it was not increased. However, the removal efficiency of nitrate
nitrogen using Zseudomonas WS was 100% after 12 hr of culture in spite
of nitrogen concentration. When the initial pH was increased from 3.0 to
7.0, the removal efficiency of nitrogen was increased. Especially, at 7.0 of
mnitial pH, the maximum removal efficiency of nitrogen was obtained.
Comparison of Chromobacterium WS, A. globiformis, and A. calcoacelius on
phosphorus removal, cell growth, and carbon source consumption were
carried out in the medium containing 150 mg/L of phosphoric acid at 30C
for 48hr. The cell concentration and growth rate of Chromobacteriin WS
were low, but the removal efficiency of phosphorus after 32 hr of culture
was 92%. The glucose was all consumed after 24 hr of culture. However,
the removal efficiencies of phosphorus using A globigformis and A
calcoacetius were 78 and 63% after 32 and 40 hr of culture, respectively.
Second, to investigate factors affecting the removal of phosphorus in
batch and continuous mode wusing a loess and loess ball with
Chromobacteriim WS, the loess ball size and calcining temperature, pH, and
working temperature were studied. The compressing strength and specific
gravity of loess ball were increased with the increase of the calcining

temperature. A 5-10 mm of loess ball made at 860C of -calcining



temperature was suitable one and the loess ball made at low calcining
temperature the using same size of loess ball was suitable one for the
removal of phosphorus in batch mode. On the other hand, the loess ball
made at low calcining temperature the using large size of loess ball was
suitable one for the removal of phosphorus at continuous mode. When the
operating temperature was 30C, the maximum removal efficiency of
phosphorus was obtained. When the initial pH was increased from 4.0 to
8.0, the removal of phosphorus using loess ball B was decreased from 4.0 to
2.5 mg/L for 10hr. The cell concentration was 285 g biomass/m’ loess ball
after 48hr.

Third, using optimum conditions, various flow orders of biofilm filter
systems on total nitrogen (TN), ammonia nitrogen, nitrate nitrogen, total
phosphorus (TP), COD, BOD, and SS using practical wastewater were
investigated at continuous mode. When the biofilm filter process A
(anaerobic area—oxic area—anoxic area —phosphorus adsorption area) was
used, the TN concentrations were ranged from 1.3 to 5.7 mg/L and the
average efficiency of TN removal was 88.1%6. The efficiencies of nitrification
and denitrification were 87.2 and 86.5%, respectively. The concentrations of
COD and BOD were ranged from 2.1 to 14 and 1.8 to 26.3 mg/L and the
averages removal efficiencies of COD and BOD were 765 and 82.7%,
respectively. In the case of the biofilm filter process B, the TN
concentrations were ranged from 0.7 to 5.0 mg/L and the average efficiency
of TN was 81.2%. The efficiencies of nitrification and denitrification were
80.5 and 81.5%, respectively. The concentrations of COD and BOD were
ranged from 87 to 23 and 9.0 to 209 mg/L and the average removal
efficiencies of COD and BOD were 57.9 and 73.09, respectively. Using the
biofilm filter process C, the TN concentrations were ranged from 4.8 to 85
mg/L and the average removal efficiency was 74.3%. The efficiencies of

nitrification and denitrification were 76.2 and 54.3%, respectively. The
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concentrations of COD and BOD were ranged from 7.5 to 14.7 and 8.1 to
15.3 mg/L and the averages removal rate of COD and BOD were 73.2 and
82.3%, respectively. Scale-up for the effective denitrification using the real
farm wastewater were carried out at pilot for 3 months at 30C of working
temperature under the optimum process consisted of flow order A. The
removal efficiency of TN was 906 %. In the case of efficiency of
denitrification, it was 97.5%, which was increased by 12.7%. The removal
efficiencies of COD was 63.7%, which was increased by 20% and in the
case of BOD, it was 82.7%. From the process systems using loess balls, the
wastewater treatment showed a lower concentration of nutrient salts than
the standard of terminal disposal plant of sewage (the special counter plan
area) and wastewater treatment facilities (sanitary sewage and wastewater
treatment facilities of industrial and rural areas). Therefore, the biofilm filter
process A will be applied for biological treatment of wastewater containing

nitrate in the future.
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Table I-1. Trends of research

process of sewage

and development for advanced treatment

water and wastewater in Korea
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Table I-2. Trends of research and development for advanced treatment

process of sewage water and wastewater in foreign country

Title Company Contents
BERSAAE | L, . VAR MA@ AfsEAd HAG-10
R A, wFF A |p \ . _
g hmel | ST T mm m)E Al gelA gAY u
B3 g B 5000 7’“” GG A sl TEE ZALEHY Ha
Nes M Y s Aat2E AA
Ei71E ol &% | "= Wacooll U+ A4S didoz 3 dgolA
% A A9 9 | Ray Drenner, o H2E A3 99 82%, HAAa9 23%7F A
AA AT 2000. 1. 7= A
GEol ANF L DAL 9 FHIE
Sk APVAIE BEAE DR Fee] Foy 4 2
H A g AgdFtATF | g A2 & A& g7 =2 s
Al =g e 7NAGY] FAE AVTAAR ALE
2000. 3. A 15 kg/HS HAAE 1m2] HES7]oAl A
g 7 ol E=g gFsE A FUE
Z A E2A 7 SRS
Bl = =
Ao Sups A 22 Oigﬂzu A & 9 ngiﬁﬂ o] kL=
A, FF 2UHE B A

1998

2p

Sekisui &7

ez A (PP)A 3349 AAAAFe] o2
ag QEA AL, 37

Ul
r 2
i
Ach
Ho
N

2=~ = 2} o] t} [¢]
HTXJE] ] ] 1999 /‘j: o 15 kg BOD/]
T
e e JEHYE 12 mge A42E /i Jdes AL
i SR RE R ° : g TS waroral i« i
1EgE A 21 4] o} (3-8T), A #H(05-09¢ COD/L) o
HF F71A 2 714 &5 FFPAEYUANE A2ds

3} so} 7} v v
1999

A AL

PVAE U482 3 PVA 2~ZAA9 @A

PVA 2ZAA4 | 48, Agor Aryie HEx 7oA 18H
oA = 9] T X EHit T 20-30mold o] 45-79mgo 2 FHATHH
Z7)H e % 4, 1999 Ag7A e AFA FAE FrIEAe] JbF

g Aol AF
Low-Cost . . 7] = 2 = ) 2
b - oA B AA A AVES S54 FuE
rocess o] g3te] Havtaw uiFolFe AR A
Eliminates 1999 AR Ao Aoto A ZEow HEgT)
Nitrate '




fuge)

Ho

i)
o)

I
~~

)

AL
OO

[
OO

il

ol

—

hin

o
4
;O.ﬁ

x
_ﬁ
—_
o

EA =

=R

AL A ol

A A el o

2

42

o,

)

s
Z.E
oF
{F
Z.E
fral
)

=
)

~

<H

I R I = R

Z4s

A7

ki3

ol

|

.
o

S
oy

Pseudomonas, Micrococcus, Achromobacter, Bacillus 3 <

Aol a7y Pseudomonas

Pe@ g4

—_—

0
I

sl

o
oy
R
i

ox

o3

al

Alcaligenes o)t H

-
-

ggow

4 7z
W A7 Ao A

A 5}

714 &2 28 (Anaerobic Denitrification)©]

k<2
=

ox=

o)
=

o
T

Fh. 2 o

(Anoxic Denitrification)©] 2 it

8

NI

)

Po

jze]

4
W

oF

-
™M

ol
il
G
Mo

—

X
=z
Tor

ol

)
=3

CERE

Gl

#9)

A 2 el

b7l skl 2

)

35 HA

=0

e}

o

[e}

=]
-

A Bl 7] €]

i

¢
8

i

o

i
N
)

ol

A9t i H

718F weEol A
Al A

=i
o7l F ado= HFA YA A

H o = o~
BEE T

]

B
oy

75

]

(0]

HO]— q_lj

1 o] o]

3
pul

b2 9

]

[e]
Ad=

=)

—r

0

it
e

3
ot

=
Tor

=y

!

Ulo

] o
~1-

PN
T2

3

Al 2

ki3

A AguE, &2 pHel 9

Z=
=

’

A A 1]

[o}
T

’

= Al

ol

o
oy

T
Tor

sl

pu—

o]

X
Y
od

—

B

—_
o

<

il
o

BR



s TAA7IH

s

A

75 e

=
[¢]

o
5o AHe

I

7

S

oF

E

—('E]:

3

=l

A

—

<H

)

bR e

I
p8i

g B el fdA =83 H2e 39 THol 9

= o
- =

o] £ 3}

Fol Al A & Fell A

TR

ﬁol

A} A A ol A

3ol

o
=

A
bol ol 7bA 43t

A=

}3ts

)

R

< <

9]

= AA

4
XV

)

]

= ATl A

w2} 4]

4

A A e

Nd
el

X

4
U

o

il

_OA

el
of

)

R

+
ol

do

e

¢

i
o

|

ox

B
o
ToH
o
el

—

0

o)
o0

‘_IrH

ol

=3

B

N
el

TO
il
L

jzel

N
)

,_lryl

TO
il

N

Tor

A A

7 ol A

)
=

2 A 2 35

g4 <=

o7 B Y
Fo] ol

]

1
i

L
==

A A

o] &
=

3

AT,

3

s

7

=
o

)

K

e

i



A4, A AA

]

i

A

o]%

II-2.
I1-2-1.

=

el

)

]

U

5 v

x4

=

ol

(NH3-N) &

TH
il
aY)

oR

O

o

o] &(NH, ),

Ja
M

SR

o

ol

=

0]
pal

N ow g ot

2 9 E Y oF(NHs),

Y o} (free ammonia)z}

<
R

)

!
ze)

...@-O

il

o

Tor

Fol A7)

9

A7) AkE)

SEAREIRE

¥

]

EA

sow

fins

3

NO2>-N

=,
7} 3

e}

Tor

)

—~
o

B

X

4

—

XV

ol

<
U
<
x

K

=)

o#a

4
U

o#a
il
<)
U
)
4
XM
To

<
U

ox

¢+

dAH FERA o o

7F

o]
A AN Bo|th, aelmg AAA

A

]

NV

gorw Ax ¥

37 A = A

}

& A

o)
o)

BH

of
w

of

)
44

—

XV

|

—

el

o#a
NJo
=

rzel

X

o
o}

H]

=

Aol g

1
H

ko)

g]

hyA

NH;-N7}F NO»>-N

Nitrosomonas

Al

[e]

fu

R

[e}

1
1l

f 5o ofmmito g v

o]

fLE

WA SA
e A=

°©

&l A

[€]

W AEE FAES NO-N o] v

n Azl 2
ol 7]el #d
A ol A

1

0]
pal

o

R

[e]

ol jolo] Al 2 HE A=

=

=4
=
=

1
o] &

v Ay

AT,

i

0]
ha

-
R

A
5

°©

}

k9
pul

ow o]y
o4 A

o)
2PN
o]

=

[¢]

6

,.]_1

o] A o]

2
} o} 262
ki3

0]
pal

=
R
=
N



Nitrosomornas

OINHY + 30, — 2VO, + 4 AT + 2 H,0 (1)

—r

HA GA= NO2 7F NOs & A3 =o] A= A olu] of 7o FHo]dte=
AWELE Nitrobactercl™ ofel ¢ & 2 o= el

Nitrobacter

A g

NV + 20, > No, + 2H' + H,0 (3)
9 AL A AN NsAE oo B MABESL WA A4
qUAE A= Bk drUolA Aax ARE ATZAR TiEu wAE AF
A s e 2o

4 CO, + HCO; + NH, + H, O — CsH: O.N+ 5 0,

(4)

A FB0ee Jepld ojglsh 2o UEd 4 st

NH, + 310, + 4CO, + HCO; —
0.021 C5 A7 OV + 0.8NO 3 + 1.041 7,0 + 1.88 H,C Oy
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T A=l FrlEs BAlld W A
Az Argate]l AN AArE Axvtrg FdAA7E BFAS @4 oz 3
<= DOSt= wdo] glo] dojum Ag 7hedt bR yolrt EA6HA]
dojtrt, Wkl o] gl

+

°]

Y

&2
filo
=)

o fungith algae © BA%To] 9ot @2 FEHGYolY H5HAY VAE
5 tho] 93 dojd £ Au. FTHEAIY vANEERE Adromobacter,
Acinetobacter, Agrobacterium, Flavobacterium, Hypobacterium, Moraxella,
Neisseria,  Paracoccus, — Propionbacterium. — Pseudomornas, — Khizobrum,
Lhodopseudomonas, Spirillum, Vibrio 5°] © o oE

ooty e} AR o] &3 4 glom HAY A4V gls AS HEE Yol

=
9 =PdY uAEe Badon f/%a g ojdnwayd FEAIS o

Rt

$9Y. Paracoccus demitrifier®t  Thiobacillus demitrification = Z+7Y Ta29%
FoEL AAFAAL ol FB 47 Bade] EAVTA oF FL FHY
ok o 2 up® 4= 90

g4 wge e Ao et

(6)

0.006 C5 N Oy + 04T NV, + 1.68 Z,0 + HC O, (7)

Eoo A Hed Az AT vt Pseudomonas®E o) il o7
Alcaligeness ol Jvhal B austdrh, ek B2 s F2ld €2 ubg g o}

o) 77 %7V Pseudomonas £°)1%1L, YW A= Alcaligenes® o) Qi &), o

=}

marine water)ol A= Al H]5=3g A

—~

+ % A& (Freshwater sediment)®} a4

}e gl
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A2 Axe 72 A AEoz el As B4 FAAEH, oY
A AL E

of AbgEITH & ERIA A ALY FA AdEolal dl o] FA R o]
Hoh 2 A=A A4S A T8 Ad el UdE 87 o2EH

2 - 3 g2 &2 EA%. e A v JuE EAS] o
Folt}, ok o] REFALY, FA3E Aol APF uw o o] g AMFL <
Zeld TagteolAdl FHAE THAAA A @& BSFT. QY AA

& EE2 3714 x84 Q1S polyphosphate®] FEj= 3
skof cellell AFata 7k @714 o] HW oAl 7taEs] v o
oA AL cellFFo 2 wEA7IA "k ®©2 uAZo] AE ol e il
A4 5 dva geA ded@? 58 Fr14gatelw AZ el volutin
granules YA 8= Acinetobacter 4 TF7F @71-27] AP FAANA
A A Fad TS St AR AFHO QA Pseudomnomas <,
Xanthomonas < 2 Arthrobacter globiformis 52 Alteol] QoA m= 284l

ZHo| A A7t o] F oA Yt} ol Qo= Microlunatus %, Micrococcus <,

Streptomyeces % S A, Aspergillus niger 52 w30l I¥iL FEZ2F T
TS ZAVYL B Hof Qon oE TFES ol&d ARTA A A
of g A77t FaEm oo
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, v gAY e A, dd T =2 7R

]
A, 4 2 2 E%k SAAA AEE AMFHAST ABE 7]Ho] LgTE A
o 3 =

o F=2Y (colony)% L sto] thA] A Aol FFste] T

ke 5 53] AA Al geto] 3 55 Ededn 3 gAd T

oA E % -1 e wiAel 15% d#d(w/v)S #

AbEsEA T A A AAE #FY FEYUS 5% FEUE 1 Wgo]
Tq_ A

% Fsto] thal oAl WA HEeo] AW W Fala

o
ki
N
N
o
)

ol
=
2
=
By
[t

A Pt on, &8 w7l (sharking incubator)9] &%=+ 30 C, ayk
45 150 rpm, #IAI W pHE 6.8 FA3FATH o #AS 43 wrEsto] ¢
T HFE EEea

FH, QA FATY ZYE Al FF 2 A A9 F8 EGH shFA
d, 2E2 ESAM 8% A=A (activated sludge)E = d o2 53
ok Al = 0.85% NaCl &< 99 mLel #& 343 % Shoda Fol 93

E1lg

£ 75 g wix = A (glucose 2, NH4Cl 1, NaCl 2, Nas SO4 1,

KCl 0.1, MgCl, 0.01, CaCl 0.01, FeCl 0.001, NaHPO, 0.22, tris

(hydroxymethyl) aminomethane 10, agar 15 (g), 5 1 L, pH 7.69 ==3}

aL, 25 CollA 293 wiFstdA A E Hefs 33 o] Adiste] =4 ¢

shAth R EE dFE QA A A M FEAA of T A4 Aol
m

e #Fg AF AEFAt FFe) MFe 50

_12_



Fel 121 CollA 15

]

B =
T

10 mL#A

Ab ) A

T

—_
o

Fol 25 CollA 2w wj

)

HA HF

=4

ol

oF

Hj

1 &

A
L

s

oL 244

=
o

Al A ol A

A3 Astol o

v o]

FFE

g
%

beach,

)

&

al

K

_13_



Table II-1. Medium component for screening ammonia oxidizing strain, nitrite

oxidizing strain, and denitrification strain

Ammonia oxidizing Nitrite oxidizing Denitification strains

strains strains
Conc. Conc. Conc. Conc.
Medi Medi Medium A Medium B
Mgy | MM gy e (g/L) edam (g/L)
(NH4)2SO4 150 (NH4)2SO4 1.10 KNOs 1.10 Sodium Citrate 850

KoHPO,4 350 KoHPO,4 3.15 | Asparagine 1.20 MgSOs- 7TH:0 1.00
Fe-EDTA | 021 Fe-EDTA 0.21 | BTB solution | 5mL FeCls- 6HO 0.15

MgSO4- THO | 0.75 | MgSOy- 7TH0 | 175 D.W 500mL KIHPO4 1.50
CaCly- 2H0 | 0.70 | CaCl-2H0 | 0.75 CaClz- 2H0 0.20
NaHCO;3 8.00 NaHCO;3 7.10 D.W 500mL

CaCOs trace CaCOs trace
Sea Sand | trace | Sea Sand trace
pH 7.00 pH 7.0
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II-3-2. &2 #59 T3 23
&

]
FEHE dAvAS ol &5t #HEIAT. 7 T sTAHLS Bergey's manual of
systematic  bacteriology ™ ol w3k o Methods in microbiology %
Laboratory manual of general bacteriology o] F3d}o] A A9ty Aty 3t
Fo A7|e} Py EAL2 Gram G, Ao A7), B

WofEAA FERE 2SI @ @#Fe AY8H Syom:

=

olrt
o
a<)

J
=
ol

el
2

ok

gelatin 9 3}% | indole A4 5, nitrate Y2 3 catalase, oxidase, urease?] A

A ok ohed @A mAGA Y FA0RE B

7)
I AsES v 2AE T mE BEYd g2 73 2xo e gge
Aeujekrio] £x2 20, 30, 40 CE ZAsto] A, ik wx 9 pHE

II-3-4. pH® W3t 43

g3 o] HAksto] WA= HAH pHE XAbst7] st FHA w2 =ol
A pHE 5014 107h#] @A 2 -3 qAuA S AbEsto] A 5SS =
Abst . g4 stel] WE %7] pH 932 2%=9 wRkE=5 30 C, 150 rpm &

2 27 aAgsdo
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30C, pH 6.8, 150 rpm & & 11

=]
o

&

1

G iAWY KNOs% =& 70, 140, 350 mg/L=
ki

pH 6.8, 2l

L

U

o
Nr

=)
)

M
Ho

o)
4
U
e
<
0

Mo

)

)
jze]

<
()

oo
ey
N

)
4

—

NV
To

)A

NV

(39-41,46)
b e,

9

bol w4

°

el =

3

T
=]

Al

i
<
e~

<
()

BR

o
vze)

N

o

eyze)
Mo
T
of
T
o

o)
<

1 mL® ascorbic

45
2
A

=

UV -spectrophotometer(Shimadzu UV-160,
o

_16‘_

1

25 TollA 15%3F

=

=

47
b

beach,

°

Q

[)
12,000 rpmollA 15%3+

AL

=

acid-molybdate A 2F 1 mL

o1 2 O.Dseo0l A
nmol A FFEE Hu

Japan)
II-3-7.
Hlj &F o -5



II-3-8. 493 A=

) A W 9] glucose S dinitrosalicylic acid W & =4 v). vl 9o o

1 mLe]l DNS Al‘?ﬁ% 3 mL% Ha 587 #9 v WA 7L 550nmel A F
B 17 A=

_17_



II-4. 23 9 1%

II-4-1. #59 &9 92 4

o] 7o EgdolAM 23 &S nAAd Fd =t 1 F

$49 2aUs 48 AL 248 #F Aed AAMA WFsL A
nAMA G BREDHE AL wEse] 5 Resdr ® 1204 mE v
sbogol @Fel Fed, WFHH S AT SHS 245

s}

Bergey’'s manualel ]3] s = w dmyolyd HA stdF= 44
Nitrosomonas sp. 2 FRA Y™ Nitrosomonas WSL. 2 Wt w3k 2ag
ol AALA A ABV T FE BT Nirobacter® R W™, Nitrobacter WSE ™
PR, MNitrosomonas WSS 28 TCoA dRYolAd AA A
Nitrobacter WSE oF&AA A4 Abste S vlulstlth. bR Yol Abst 54
Nitrosomonas WSS Atst&o] vt 497he] 90%E = =
2 A Eo oldio R WEEE HoFa tt o HAAY AAi AsdF T
o= Nitrobacter WSS Wl ¥ 4d7to] 93% 5 A7 &S & 4 Ao, T3
g4 #FEL FAY A3 5T Pseudomonas %0190 EHFsHH EAL
Fig. I1-2¢} Table MI-3o] YelH ATt 30 C, wHEE%E 150 rpm, WA W pHE

6.8% Wi 7t ZetxIo 4z HEFSAY. 1 F Pseudomonas WS

jus)

filo

£ AW Bohaae Mg Ax FEE 9w 50 % oo AAHL
o, 18A e BE gAs e ole AwnH BaweA el 9@
gzt 5ol 20 - 30% A= At vaws ¢ $EE 2AFS b
Aolth. e} /&9 BYEYA TPl AFT Aol B e eore

AE F4& A9A FAst=77E dsiol & Az @A Hed, & 4

gaie] 4 A% 54 247 96 g Al S5 wF
By
—

L1 VR )
2
>
r\r

AR Pseudomonas WS w5 A wjAo] HFstar, &% pH, uyt

, 27 AAARAA R, dA2Y vEY HIE Fo] HAY S 210 AY
B a=s

Tk ¢ 4 Ads FEety] HAstd ESH steAYY soEFYH T
3 g oY=z Badowm st pH 7.69 A A 085 % A dsz &
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Nitrosomonas WS(1) Nitrosomonas WSI)

Nitrobacter WS(1) Nitrobacter WS(1I)

Fig. II-1. Microscope of Nitrosomonas WS(), Nitrosomonas WS(1),
Nitrobacter WS(1), and Nitrobacter WS(II)
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Table II-2. Physiological and biochemical characterization of Nizrosomonas

WS and Nitrobacter WS

Characteristics Nitrosomonas WS Nitrobacter WS
Morphology
Gram strain - -
Cell Shape rod rod
Oxidation of
NH3;—>NO; + -
NO> —NO3 - +
Hydrolysis of
Gelatin + +
Starch + -
Reproduction
Binary fission + -
Budding or binary fission - +
Motility + +
Utilization of +
Glucose + +
Arginine + +
Ethanol + +
Citrate + +
Growth at
4 C - -
10 C + +
20 C + +
30 C + +
40 C - -
Denitrification - -
Oxidase Reaction + +
Catalase Reaction + +
Aerobic growth + +

Anaerobic growth - -
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Pseudomonas WS() Pseudomonas WS(I)

Fig. II-2. Microscope of Pseudomonas WS() and Pseudormonas WS(II)
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Table II-3. Physiological and biochemical characterization of APseuvdormionas

WS
Characteristics Pseudomonas WS
Morphology
Gram stain -
Cell form rod
Hydrolysis of
Gelatin +
Starch -
Reproduction
Binary fission -
Budding or binary fission +
Motility +
Utilization of
Glucose +
Arginine +
Ethanol +
Citrate +
L-Valine +
Growth at
4 C +
20 C +
30 C +
40 C +
Denitrification +
Oxidase Reaction +
Catalase Reaction +
Aerobic growth +

Anaerobic growth -
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Table II-4. Physiological and biochemical characterization of Isolate

Characteristics Isolate
Color White
Shape Circular

Cells Size(um) 04~05x15~1.6
Shape rod

Gram straining -

Motility +
Catalase Reaction +
Oxidase Reaction +

Hydrolysis of
Gelatin +
Starch -
Reproduction
Binary fission -
Budding or binary fission +
Utilization of
glucose +
lactose -
maltose -
sucrose -
Growth at
4 C +
20 C +
30 C +
40 C +
Nitrate reduced +
Citrate as carbon source +
Indole -
Gelatin liquefaction +
Urease -
Aerobic growth
Anaerobic growth
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Chromobacteriimn WS()  ChromobacteriummWS (M)  Chromobacteriim WSIII)

Fig. II-3. Microscope of Chromobacteriiin WS(), Chromobacterium WSD),
and Chromobacterium WSIID)
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HEUYotA dAae Arslwo] 7V 737 NMitrosomonas WS oF &4k 4k
350l M 5 FFQA Nirobacter WSS %27] pH 7, i¥r£ % 200 rpm
of LA, WFeE 20, 28, 35, 40Co|A 5747 Wk AT W Ay
Table II-591 YEVN AT, Nizrosomonas WS 28Col A 717 =

o <= UERAT. 28T A5 wieF 5A kel oF 90%°] o
A HdAE AATE dEdA oY 20T A= s 7Tdo] Ay FEU oA

F °F 50%E WA @Th. ol Nirosomonas WS7F 2o W13k
g o2 eyt ofdAA A AFStd TR0 Nizrobacter WSk 28 C ol A
M =2 obdAA A4 AFste S YEhldTE 28T A w79 ol o}
Aabd A7 S8 AAER oY, 35 T Afode 79 Fo oF 60%2 A
AsE YA, 20 CollAe 74 Foll® AAEo] 10%5 ERHIL 9L

o] AA] %o i WS & 7 AU

wet v wF Pseudomonas WS ¥ EAS FAE Ay X o}
2 A A AAHEI FAAFL 28 40 CTold 53 9245 el s
o, 3% 5A1%F 58 4% @45 Yehlo] 21A1F Fos 2 ZdAd 4
27 AAEYG. 9bE 20 ColAe= 348 2282 dojubx] gk}, o 43

C =

AR Pseudomonas WS T+ 2L 30 - 40 CAA & dojye= A
el SAH R gd i

HA Qoen, 53 30 C F2oA Hu AHEo] HdH= Ao=E HIiHI

Atk B Ao B3 Pseudormonas WSS 74-% 30 ColA AAEo 713
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Table II-5. Effect of temperature on denitrification

Temperature (TC)

20 28 35 40
Nitrosomonas WS
Ammonia nitrogen removal (%) 50 90 75 60
Nitrobacter WS
Nitrite nitrogen removal (%) 16 100 60 35
Pseudomonas WS
Nitrate nitrogen removal (%) 20 100 90 90

_27_



II-4-3. 7] WAY A4 Fx9 9%
Z7] v A o] FEUYolA A
& F %7] pHE 7, W& EE 150 rpm, MYSEE 28 T2 24T F
Nitrosomonas WS 55 o]&3dto] ghruolA el A4k da Fwo weE 4k
st =2 34 otk (Table 1I-6). R Yol Aix Fho wWE AsEs=
100 mg/L "o A o= 7 mg/day7bA A58tz 100 mg/L o] Aol A =
2} 7Fskdh. o8 g A= Inamori 5o B3 ANizrosomonas europaea
o] Huj A3} £% 9 5 mg/dayE Tt =& Aoz Ve oy Uemoto o] &
gk Nitrosomonas europaea®l HW A3t £%29¢ 87.6 mg/dayRth & AL
et 7] A9 ofEAA HA FEE 50 mg/LolA 300 mg/LZ 7t
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Table II-6. Effect of initial nitrogen concentration on denitrification

Initial nitrogen concentration (mg/mL)

50 100 200 300
Nitrosomonas WS
Ammonia nitrogen removal (mg/day) 8.0 7.0 5.1 3.2
Nitrobacter WS
Nitrite nitrogen removal (mg/day) 3.0 3.8 4.2 4.2

Pseudomornas WS
Nitrate nitrogen removal (%) 100 100 100 100
(After 12hr of culture)
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II-4-4. pHS 43
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AhstE Al ko, pH 99l M= Abst7E A o) o] Fol XA okt pH 6, 79 7
ol obdAY Ao ArstHo] 4T Aom yEEt. oA ow mFo
Kol o] #F= T4 pH FGollA Ast7E o] Foj A, pHel wj-¢ Iz A
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Table II-7. Effect of pH on denitrification

pH

5 7 9 10
Nitrosomonas WS
Ammonia nitrogen removal (%) 50 100 90 70
Nitrobacter WS
Nitrite nitrogen removal (%) 0 20 2 1
Pseudomonas WS
Nitrate nitrogen removal (%) 40 100 70 35

(After 12hr of culture)
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Table II-8. Effect of agitation speed on denitrification

Agitation speed (RPM)

Denitrification (%/h)

0
50
100
150

5.5
8.9
6.6
6.6
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II-4-6. RA vl Fol A2 AA4kAA H]
Chromobacterium WS TF+E5 24 150 mg/LE 33 uj#o] 30 C, 484
b e kst A o] mE A AS, Fo anlEs 2 QA 4
A

HalE FAlstUvul (Table 11-9). Chromobacteriim WS A&7

o

o

= AR ko o] njH|HoR 4Y FH4xE AdE o 3247 o
ol 92% F+ F5E&S YEUA e, glucose o] &2 2

H &S Btk Ik Wik Ve EE oy TFolA vluw AP A9 A4
globiformis7t 32A3F o] T oF 8% E HUWFFES HYow, A 4w

of o BAROZ we AFN AF F EE 4G FA F A Buz
S

NG
>
)
o
2
=)
it

>«

v 4044 ERFES FA%] 2AG BF F

ofy
(@)}
w
MU ol
j&
)

W5t} oW Acmetobacter calcoacetius?t v A =

U, BAYY A2 o] Fud ¥ A %‘3?% A4k Fn]7F
(3]

AR

.
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Table II-9. Comparison of Chromobacterium WS, A. globiformis, and

A. calcoacetius on phosphorus removal

Strains Phosphorus removal(%)
Chromobacterium WS 92
Acinetobacter globiforrmis 78
Acinetobacter calcoacetiiis 63
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<carrier-binding > <Cross-linking>

<entrapped in a matrix> <entrapped in droplets>

Fig. III-2. Immobilization design of biocatalyst
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Bacterial polymer production physiology W3} Z 5 ¥ pHY Ionic composition
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Fig. III-3. Manufacture process of loess ball for wastewater treatment
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Table III-1. Operation conditions for removing the phosphorus in batch

mode

Variables Conditions

Size of loess ball Dia. 5 - 10, 2 - 4 mm

Calcining temperature

860, 960 T
of loess ball

Temperature of .
20, 25, 30 C
phosphorous solution

pH conditions of
. 4,5, 6,7, 8,9, 10
phosphorous solution
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Table III-2. Chemical compositions of loess powder

and ball using EDS

Components (%)

Sample Na | Mg | Al Si K | Ca| Ti |Mn| Fe
Dia. 5-10 mm, Calcining temp. 80 C | 0.64 20.18| 54.32| 5.26 1.61]0.67| 17.34
Dia. 2- 4 mm Calcining temp. 80 C | 0.94| 1.01] 21.23| 55.76| 5.00{ 0.71| 1.50 13.88
Dia. 5-10 mm, Calcining temp. 960 C | 1.20| 1.69| 22.59| 54.25 4.35| 1.11| 1.25 1357
Dia. 2- 4 mm Calcining temp. 960 C | 0.50| 1.12| 21.54| 55.96| 5.34| 0.43| 0.81]0.19| 14.07

Loess(Muan Chonnam) powder 0.47| 28.71| 49.56| 2.91 1.21 17.14
Loess(Chinju Kyongnam) powder 1.04| 19.78| 58.51| 5.35| 0.66| 1.22 13.43
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Table III-3. Physical specifications of loess ball using EDS

) Apparent Apparent Bulk Water
Compressing ) . o )
strength (ke) porosity specific specific absorption

8 rate(%) weight weight rate(%)

A 6.97 37.2 2.697 1.693 22.0
B 2.66 32.3 2.605 1.764 18.3
C 15.25 324 2.646 1.789 18.1
D 5.85 316 3.040 2.080 15.2
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Table III-4. Effect of various support media on phosphorus removal

Type Material Preparation method | hr gﬁz.sp(;lfatr:(rfnogv/i)
A | Ball | Loess gr‘;‘lpié%“ém Firing | g 102
B | Ball | Loess iﬁngg;gl Firing | 7, 253
C | Ball | Loess ZEDS%%%“ Firing | o4 70
D | Ball | Loess Zip?éré?c’ Firing | o 261
E | Ball | Bentonite Ellfm gitle();n;l’%o(’c 6 18
F | Powder %Cokel?r?ju Kyongnam) Raw material 12 144
G | Powder (Ll\(j[fjn Chonnam) | Raw material 12 414
H | Powder %D(;[T;n Chonnam) Raw material 12 350
I | Powder E:l\l/ﬁan Chonnam) Raw material 12 52
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Fig. III-4. Effect of loess ball size and calcining temperature on phosphorus

removal in batch mode
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Fig. III-5. Effect of wastewater temperature on phosphorus removal in batch

mode
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Fig. III-6. Effect of wastewater pH on phosphorus removal in batch mode
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Fig. III-7. Effect of loess ball size and calcining temperature on phosphorus

removal in continuous mode
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Fig. III-8. Growth of microorganisms adsorbed on loess ball
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Table IV-1. Compositions of synthetic wastewater

Reagent Amount (mg/L)
Glucose 190.5
NH4Cl 160.8
KH2POy4 26.0
NaHCOs3 230.0
FeCls 0.325

KCl 5.7

MgSOy4-7TH20 50.0
CaCly-2H-0 10.0
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Fig. IV-1. Schematic diagram of biofilm filter process for removing T-N
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Fig. IV-9. Effect of order of system line on TN removal using practical

wastewater in biofilm filter process
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Fig. IV-10. Effect of order of system line on NHs-N removal using practical
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