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Abstract

Biological treatment of wastewater was studied with a purpose to remove TOC by the re—
duction of water hardness. The optimal conditions of coagulant were determined by reaction
time and amount of coagulant. Experimental results indicate that the biological treatment after
physico-chemical treatment was found to provide very efficient removal efficiency in the
process to treat the textile wastewater, including the carbon dioxide treatment. The combined
process of carbonization in the physico—chemical treatment respectively was increased the re—
moval efficiencies of 30.0 % in hiological treatment in comparison with exclusive biological
treatment. As a result, the treatment of hardness after carbonization had the best removal ef-
ficiency of approximately 60.0%. The removal efficiencies in the exclusive biological treatment
using Bacillus subtilis and increased by 389% and 69.0%
respectively. The combined Bacillus subtilis—assisted biological treatment was determined to
be the most effective method to treat the textile wastewater in an economic point of view,
the water quality in the wastewater treatment plays an important role.
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Table 1. Chemical composition for the cultivation
medium of Bacillus subtilis

composition amount(g)
Glucose 20
NazS04 15
MgS04 - THO 0.15
KH:PO4 15
NaCl 15
CaClz - 6H:0 045
Peptone 25
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Fig. 1. Schematic diagram for the experimental
apparatus
1. Mixing tank
3. Sediment tank
4. Carbon dioxide regulator
5. Carbonization tank
6~8. Biological reactor
9. Chemical input tank of NaOH
10: Chermical input tank of H:SOq

2. Agitation tank
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Fig. 3. Variation of wastewater hardness by
input time of carbon dioxide
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Fig. 4. Variation of TOC depending upon input
time of carbon dioxide
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Fig. 5. Lineaver-Burk plot to decide the effect
of wastewater—hardness

KOREAN J. SANITATION Vol. 19. No 3. 2004



62 Sig

L

ol

)

Lo}
o)
=

o
ol
off
)
wd
o
X
e
o
N
2
8
2

9
COs? HCOs, OH A&ol 7118te
5tk 9B BAFALL kud £ _75_219_
2 oAE B9 AEE 10~100ng/ £ 0.2
I AR g4 2 e A3 Agske ]-’F
FAL 400mg/ ¢ A5 AEE Yehha ok
ARE A8 AH8E NS AAe AdgE
£ot7] wjEol HA AAM Axst gdius
T Atk 28y S - AHEHRE St
AX S - ARz 194 FHA = 78‘—?—01]
A4 W ARE 1,000/ 204 2L 7
Ehd 57} Qe ojv] 94 AFEAR °] 4“‘
EAol mpet v P8 7 FAY AESE AR
| Zadt7] wifol nAE Afd & %S
1= ez vehgrh

Fig. 5 ¥+ W Zg9 v&7t 371 &5
Lineweaver-Burk plotell A Z}J_HL‘\: S y-
A @&, v AU EEE)E A3 AL
2 yguxn 9o £ S3AAY mmsF 01g/
23 Ao Hye FAAEE 540m/ L o=

¥ of
o
fr
1©
=
o
M7
2

L
i Y

Nlﬂ!

sndoiz_prlrjemsﬁ_?:r}EL

o

dehga ol g W el AR w
$ &0l otYdPge F71 WEolT ol: A
oz B EASE BES AENY Ay
o 4% A Aste] VAT HFEE A
g Qo AHoE TrEY Bt UF
FEAAE 438 ASAE ARE AT 2
g FEZ FSA HW E ve ANes

242 AEgoss dANLos Ygyr A
oz vetga? olglsr MEsE oAl (Inhibit-
ionEAe FxrsF Frkstd AE U ¥reEA
g vela dsele viEe 43S WA
3+ gtk

Seeteld 5 ABgste] AgatE A
A @Rt A5E YRGHoz A% HYsh
o] 4o upet QB Bajso] ezl
k. 53 A5 Aol gske] ABL WA=
o] Ao AFMS oz W A5 Zof
At % BrEAL 277 U

= H5AE

i

&
2
7

Moo e e

0
-
N

SAoNA

o4 stsl A A199 35(2004)

1000 T Y ' T y ? T

@ Rawwastewater

0 10minof CO,
v 15minof CO,
v 20minof CO,
u 25minofCO,
—— 2nd regression

TOC (ppm)
g8

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350
Time (hours)
Fig. 6. Variation of TOC in the biological

treatment depending upon input time of
carbon dioxide

3], A4, 47 2 B2stA Ao #AHoE 1
T Fo TFH Y= £& FUIES AAsIA o}
dhe oglwol A 2B e W) Axe o
=8 TA Z-3E WHle 7)E 2 8o 41
ol& & FAA ] & YETFH BiE s
7vetal @l 28 ¢ de 49 #E Al
7158 BAs 0 ) grE B OEH‘LE b
o] AlE g F4L HEF Exoz J%d oy
AL ol gAk F& o] &3l *3%6}1-1 A2
BEE AAS] A% IS A

Fig. 6914 R X%o| ojitstgihz Ay sA &
E A$R oA E o83 ATAAE
M=% A9-7F TOC AAZE] Ad 70%0] %
(73%) Z7tehe ez degd. azy o4t
stbaE A AMEshA ¥ SHATE ALE
3 Fol AETH Hetg g B9l TOC
A EE&S BIBE eI E AF A A

et ol whgA|zke] d5E SHAF JF
& Fol &3 - A5 TOC BMAH HA
E Aoz uyetgt Fosier @ H2 ojuts
gotel WhEAZto] AojAH e ojitstEa F9
BhEA el FAIZE flem ole whgAIZRo} 20
ol AYw TOCY ZAfHNI 3A Fol=%
Aoz ugyth o] e AdeE @izl
RESH Ao FAAA a*E Yeus A

o2 ey

l



MESHA H=HAAN 2 0 M2 Md=dt S+ 63

1000 T 1 T i H
200 & Hardness 72 ppm
800 O Hardness 308 ppm
v Hardness 520 ppm
200 } N4 v Hardness 988 ppm
’E\ e 310] rEGrEsSion
&, 600
=
~ 500 } .
. —
a €
o 400 < -3
&
© 300 } B
g g
200 v W
[ 4
oo | 2
2 ® &
o S
0 10 20 30 40 50 60 70 80 80 (,o

Time (hours)
Fig. 7. Variation of COD in the biological

W 1st day P
treatment according to  wastewater Eg‘:;;y’ Ti’”"(aay) o
hardness
Fig. 8 TOC removal efficiencies by exclusive
Fig. 7& #49] AxAlold AEsHH A a3 biological treatment of Bacillus subtilis
E COD AAZeAe FAE Jehd Aoltl 3 depending upon different wastewater
&9} RAEs} golds% CODY AAZEL A hardness
8] Zradte Ao veiyth o F EW Fig. 79
A 12 SRAAFTHEE AXH L AFANEFE V. &
- - —_
AESH o m vhgAa|zhe] 20A17H20 74 9-9ll, #H42
Bi=zh Toppm?l BS Bppmel AP VL gasss sqydaun 4B 2A89e
ANE A Azagel Ae 2 Bx At sga A9 g pe Aze Ak

= oz vehgoh zet AR A A7
°) 60N oV T s ARAS AT BE SeAe A A W Aws)
o wa COD Xﬂﬂi%i‘% i BRAA AA zq8 9 {5]_11] AEI} AALA] ke Ao

%2 veten Adagdel WAL HIA 4y acs) A" Aed AeAY 5ee

2 Aelg HehiA &1 Atk gFHeE AR a0 ﬁ7}?s}“ Aoz yehgry. o

[
e
iz
)
[o
W

ml° u&

HOARALE ASAY SA AAH FAK -, g % AAZ &R %3 Bacillus sub-
Ago] g7] ") AAzte] A=A o AF tilise o]%o}oq Qe Has= AL TOC
HF Wl FE7 HF3HA AR 9¥FS FE=

AAZEo AHE ZAHAW o MY

TRY MEs} H . 43 A%t EAA Fd TOC AAzEL
Fig. 8& #H%9 Z=g 120mg/ £ A 450mg/ £ 30% Z7ts= Ao Uey.

= 92 3AE Bl Bacillus subtilis® °18 3 o) sxAel wwr} 01g/L (B8] AEE 540

A AATEE A2l Aol W 9=y gy Ao gEere 4o JAHE

Al vdeldz Qi) ol w2 B AxE AEE o= et}

2 EilsS W doA de Aoz dveiwth

d& 59 29 Z=7} 120mg/ 4, 150mg/ £, 200mg/ ol4e] AW B u, &3 el F ojikslea

£, 250 ng/ £ 23 450ng/ £ 22 TIVE B o vz A Ao Bacillus subtiliss o]&

ol Bacillus subtilis& °1&% B2 ALEE g guax gzdz s A A B%e 22

< 699, 58%, 53%, 52%, 45% LB 40%= 3t & o}

ashe A0 Uehwoh

KOREAN J. SANITATION Vol. 19. No 3. 2004



64 2y

it

re

4l

L atedqt MEASEGo 9% A FHY AT,
o) st A 83 =], 15(4), 20-25, 2000.

2. Park, Y.: Study of wastewater treatment’s effi-
ciency using Bacillus subtilis with an effect of

MO

982 4199 3200

ozonation, T3+ &3] X] 17(4), 29-38, 2002.

3. Yoo, M. J. and Cho, Y. : Water treatment
ppl18-126, Donghwa Press, Seoul, 1995.

4. o] AEAE, ppls0-156, World Science
Seoul, 1999,



