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ABSTRACT

A Study on the Effective Treatment of

Laundry Wastewater

Written by Kuen-Jung Kim
Advised by professor Dae-Yewn, Shin Ph. D.
Department of Environmental Bioengineering

Graduate school of Chosun University

Conclusion that get laundry wastewater achieving effective treatment is as

following.

1. The Jar- test of coagulation process experimented as alkaline aid Ca(OH) 500
mg/ ¢ impose and at Alum 600mg/¢ as polymer coagulant at slowly mixed after

pour A 101 0.5mg/ ¢ .

2. Results of chemical treatment shown that powdered activated carbon
dosage 0.6mg/ ¢ economical, and quality of water was the best, The quality of
water of effluent SS 9.5mg/ ¢, CODw, 140mg/ ¢, COD¢r 21.3mg/ ¢, T-N 41.4mg/ ¢ and
T-P 4.65mg/ ¢, rate of removal SS 40.6%, CODwm. 44.2%, COD¢ 74.6%, T-N

21.9% and T-P 73.1%.

3. Using the biofilm on biochemical treatment it is HRT 18 hours when

= viii -



handle concentration of treatment SS 11.2mg/ ¢, CODmn mg/ ¢, CODcr mg/ 2, T-N

30.2mg/ ¢ and T-P mg/ ¢, rate of removal CODwmn 65.1%, COD¢r and T-N 61.8%.

4. Biological treatment that use biofilm and chemical treatment used powdered
activated carbon appeared that quality of water of powdered activated carbon
treatment 1s better when compare quality of water that pours and does
adsorption processing that SS, CODc¢;, and T-P, quality of water of biological

treatment is better CODwny, and T-N.
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Table 1. A compare soap with synthetic detergents
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ety waolth, Wd® pHZE UR EoldR® $REIIL AstHd ojue
Al(OH)4 oF 22 3}8tFo] A o] A ko] whabedo] 251 7] wj-ol ).

Table 2. Estimated concentration ratios of ion pairs as a function of pH

pH log Lil)% log ﬂ log LO%H)
Al Al Al
6 1.11 3.44 0.5
7 211 5.44 4.5
8 3.11 7.44 8.5
9 411 9.44 12.5
10 511 11.44 16.5
ACTIVATION(charge neut) DEACTIVATION(sweep floc)
pH g =

AI"=AI(OH)* = Al(OH)," = AI(OH)s(#)/Al(OH)s(s) = AI(OH)s

Fig. 8. A scheme of activated and deactivated
aluminium species by pH.
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C. HBC- d&A EFFAE ol &g A=
1. AEISH 78

stdvee] ZE e A% BTWRS AT, 2F, UAEE, 4FF 5 o9 WAE
2 TAW slime(dF] 42mHo Yo gou], e A45He o2l F slime

of ejEsta Ut

AEA0e Agudel P48 A29AY ndZol RFus] A4 Aol

_1}1'

A2 2 (biofilm)S A7 AFE AEAAN $24 1IEL A7 T4
/Y = e B e FHAT FAH oy HEAZPLS T
AAG A2t TUAL Z/AAAAN B wAEY A5 44 FEHEE A
Ay Aolr),

A BE 574 nAER FAH fU1E A 9O & BasAu,
AEate FHAAE AEY Wi Fr4stEa v AESEre g o
& H)AEN AYEY o2 AV R k. = HEL R FNHZF A
[ ukgol s Joze A7t 28HH, 0T o] HAA A
Eo] oo g oFH 7} ul/\ggqlsm

N
o=
oX,
)
:‘o
N
2=
oot
ot

4
b

L AE T 9 AdEA A7 mechanism

HAEASGH S Az del A9 g nAdE2S FRAAA A= i 5
7174 mA = e U4 vt SRS HoldHqzE MAde oF

dol Aetes T F £F £EH 1PTL YBue] ABFHH

FAEL AT FEe] s o AV EHF IAPE ATl A

¥ COz NHs, HoS, CHy 59 7Fa7F 2AHEG. o] uf &# T4 %3 gas 24
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Fig. 9. A cross section of biofilm.
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4. HBC ring

HBC(Hanging bio-contactor ring)> A &S °FalAl stA(®E)E S v E
NEY BRAAYSE A s, RYS AFor do RIAFS ZAPLE BE &Y
Ao ggs HAANA E9A dHS AA F GAolth AHe Zldsiudedl
9 filamentA o], Ao FAE 100denierd =2 A Aol d55ta A3 44
< 7FAaL vk wetA] HBC ringS W AISE vlulsto] 3o EAss A=
o] #%3 FAH VsFFHoR FAHY loopd ringd A7 vAER M
3em Aol Bogol ®©rh¥

HBC ring< Zg d3vd g d(poly vinylidene chloride)2. & "5 7 o

o 27 o

>,
il
ol

Aol o A9 AAde 7HAA v A4 01m, ¥T 13, HIE

)
ax
—
o
[@))
o0
Do
8.
~

molvl, 170 loopt steH4} 60, 84 9= Holgl: F /b FFe d= Ao
0

W, ZL 3em, oA @9 doldF F8 WAL 0.1m/m media, BOD W% {3+ 15g/
m - dzZ uAEe] BRG] ml$ FE& AL AL A olu FFEHE AL
+© HBC ring® AE1 mWd A &uxa, Abo o2 Athdgfo] fFaxo &

FHs =9 7] bl 2ol WA En. webA bacteriadl A FAT AE =
o ol2= ZMAHT Aesfde] Ld=S g HEm 74 A=
s aRAA A =EEAM CO., H08 A, 7230 A =

wgol oske] FAw )

r

=
>
o

o

= w3 AA CHy HoS, NHz 59 7145 WEst= A
7b B A o] o]

d

o

AAel = &3 A= dgAdd HAAAEAM AT FEAI 3Tl

i

o

Foted dwrd o 3 Ee 5do] 17% olsh, 1we°] 17~20%, 2% °] 21~25% A

-

Lolth, HE(ALOs - 2Si02 - 2H20)5 A4 sk™ 500~600Cel A 24271 33
HHA SiO9F ALO3E Al AAF7E e, 900CE ok dow Eald
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Si029F AlLOse] F U0 2 E#o|E(3ALO; - 2Si02)7F AA Y, ¢F 1,000C
SolAE AEFe) BeEr Edste dvlolRn delssl 2esd He dow
Sei# gleh olsh 2ol AvAE nAA 2AH AARAE FrAel Fekn 1
QR Fagoln, nAY BB 24A Hol Ak AvAE FFe] B @
9H1 FEE AAL dormz A5y o FARA 7] wEel wAz g
2 gAss FAAZA APt Aol Hot8 A% & Table 39 2eh

e
ol
oX,
M
°
)
oft
i
Jo
i)
2
¥,
2
=
o
rio
[
1o
o
ol
rio
o
fu
ki
L
ofo
i)
4
3

A3 AAFE ALSOs)s= AL(OH);, HoSOs= HWA $328E& 83 FeOse
Fe(OH):9 Fitste® UM ZRol=d FrledE5S S0 AAAESE o5
1, CaO+ Ca(OH):E Ho F3hA 95 grh. MgO%E Mg(OH):=2 WA S 3}
A "L AAA 71t N 2 P vAE vteH oty A S0 dAZ 28
g deAg= A7 15, %o 13.8cm, hole 25, hole diameter 1.3cn¢] 7} &
254l AAaAE B ¥ Z7] AA AHto] ALge . dArkA e o H

gk =4t Ful= 1979are] ™, AA WAL 2200cr, holef] WA -2 1407cr, net

of WAL 798aroltt. deA L] Ax Al FA= Wi 130kgola, HEA FAE
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Table 3. A Chemical composition of used briquet

FEFA Ade A

AdeAe FALE | HHEr FAHALE | mgasre g7

I A B d2 | ¥%%) |8 ¥ | mg/mg BOD
T 30% Mn 10.0 x 10-5

L= 20% Cu 146 x 10-5

Si02 | 43~65% | 30~60% Si02 - Zn 16.0 x 10-5
ALOs | 20~42% | 10~40% AlO3 - Mo 43.0 x 10-5
FexO3 | 7~12% | 5~30% FexOs3 - Se 14.0 x 10-5
CaO | 0.3~39% | 2~20% CaO 0.18% Mg 30.0 x 10-5
MgO | 0.2~2.5% | 0.5~4% MgO 0.16% Co 13.0 x 10-5
Na:O | 1.7~4% | 0.5~3% NaxO 0.22% Ca 62.0 x 10-5
KO | 1.7~4% | 0.5~3% K20 0.12% Na 5.0 x 10-5
p 0.1~0.3% * P20s 1.00% K 45.0 x 10-5
N 05~1.5% * N 2.16% Fe 12.0 x 10-5
TiO: * 0.5~3% TiO: - COs" 27.0 x 10-5
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Ca(OH):E 500mg/ ¢ & 7}star Alum 600mg/ ¢ & FY3IF T 182 SHAES

02~0.7mg/ ¢ W92 W FdstUA nZA oA 44 FAFE AT

b) A% 34 Ao WM LHER AARE AL

A& oy AegFdA= 79

=" F

o3
=

I]

@ Influent Effluent

(@ Equalization basin © CaO tank

@ Rapid Mix Alum tank

@ Rapid Mix @ pH meter

® Slow Mix (@ PAC tank

(® Sedimentation tank @ Air Compressor
@ Press filter Cake

Fig. 10. A schematic diagram of the continuos treatment system.
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Table 4. Experimental condition of bio—film for biological treatment

Variables Operating Conditions
Reactor Total Capacity 32.88 ¢ ( diameter : 2lcm, effective height 95cm)
Complex Media Volume 9.37
Reactor Effective dose 23.58 ¢
Retention time(hr) 2 45 9 18
Inflow Water Volume( ¢ /hr) 11.8 5.24 2.62 1.30
Aeration Intensity(m'/m' * hr) | 3m'/m' - hr
HBC Total area(m’) 4.86(10.8%0.1m’)
Compressor 2| 2421
%}lﬂ%@
S g
K [ |
A o I ]
SEIppS " *"'E
» e
a &'JI\H_'I' q':'
nnu I}':I (=3
7 o = | o o
j— I—_-I MSOEIS X 1 ﬁ:J—l |
g4 RYX MBOHHIE X 2 Hel$=x

Fig. 11. A schematic diagram of biological treatment system.
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Q4o FARAYEL pH, SS, CODer, CODwa, T-N, 2 T-P o1, 24y
FAoAFAAEY 2 n = EPA Standard Method ol #3}0 23 th.
Table 50 7} &5 ZA0H 7 2471718 e At
SSv FTHHoZ SASANLY, ARZ(HFYUT 10~20mL, = 200mL)E glass
fiber filter(Whatman, GF/C, UK)Z oJ 33 ¥ 105~110°C2 AxA7 1y & A
ZS =439t CODeE Standard Methodol F3tel 2@ 3hal, CODy, & 100°C,

HRmeyor dgsgth dYIRA TN, T-P= FAoge4AGHA o7

Table 5. Analytical methods

Items Analytical methods
pH Ion electrode methods (TOA Electronics HM-14P)
TCODcr, Standard Method
TCODwn (K2Cr207, KMnO4 Closed Reflux Method)
ss Standard Method (Gravimetric)
Glass fiber, Dried at 105-110°C
T-N Ultraviolet Spectrophotometric Method
T-P Ultraviolet Spectrophotometric Method
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Iv. 23 2 u%

A sdAe 49

1. Jar—test

Aol $PANE 98 449 $AEAE WA A5l Jar testd A

Qs

a) 2ZA Fhol W LHd=22 AARF

ru

Table 60 &z

i)

A FRel mE AgdSe £3 WsE  ueyc.
Ca(OH)2 F=d el 500mg/ ¢ 4 W A2l F2do] SS 182 mg/ ¢, CODyn 28.1mg
/2, CODc¢r 94.8mg/ ¢, T-N 54.0mg/ ¢ = T-P 119mg/ ¢ =4 ¢zt AAEEO]

Table 6. The effects of alkalinity dosage on the coagulation of

laundry wastew ater

( Unit : mg/2)

Al Poly-
U Alkeatinity| 2% pH | SS |CODwn CODe,| T-N | T-P
dosage electolyte
1 350 7.08 | 192 | 459 | 1073 | 552 | 13.2
2 400 712 | 189 ] 399 | 101.3 | 54.7 | 12.3
3 450 7.16 | 188 | 29.1 951 | 54.2 | 11.2
600 0.5
4 500 7.04 | 182 | 281 948 | 54.0 | 11.9
5 550 715 1193 | 298 995 | 545 | 10.7
6 600 7.09 | 204 | 302 | 1056 | 54.6 | 10.6
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b) Alum FYo & 29 E4d AAEH

Table 791 AlumF el whe FHol we AgAF] =2 wss el
AlumF= 1 o] 600mg/ ¢ 4w A2 o] SS 164 mg/ ¢, CODwmn 27.8mg/ ¢,
CODcr 94.2mg/ ¢, T-N 535mg/¢ 2 T-P 115mg/¢ ZA Fwstal AALE] 7HE

o O~
AL & F U

Hir
rlo

Table 7. The effects of alum dosage on the coagulation of laundry

wastew ater
( Unit : mg/ ¢ except pH )
Alum .. Poly-
Alkalinity pH | SS |CODpyu|COD¢r| T-N | T-P
dosage electolyte
1 500 7231220 | 456 | 1104 | 55.1 15.6
2 550 719 | 189 | 39.6 | 1045 | 546 12.3
3 600 705|164 | 278 942 | 535 115
500 0.5
4 650 7111165 | 285 946 | 54.2 11.0
5 700 7.07 1169 | 29.0 949 | 54.6 11.2
6 750 713 | 174 | 294 95.3 | 54.2 11.1
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Table 8ol &2 A Fdol WE Fdel WE Agdso 4 WssE Y
EFU Ao

AEA /A A 1018 FdFe] 05mg/ ¢ d W Ao o] SS 16.0 mg/ 2,
CODwn 26.0mg/ ¢, CODc; 88.2mg/ ¢, T-N 53.4mg/¢ % T-P 11.2mg/¢ =4 ¥ st

I AARE] MY 2 AE G F 9

Table 8. The effect of polyelectrolyte dosage on the coagulation of

laundry wastew ater

( Unit : mg/2¢)
Alum | ) eatinity] TO% | pH | SS | CODwa|CODG| T-N | T-P
dosage electolyte
1 0.2 7.21 | 19.6 40.2 | 100.3 | 55.1 11.9
2 0.3 7.12 | 185 34.2 94.3 54.4 11.7
3 0.4 7.06 | 16.1 25.2 88.7 53.6 114
600 500
4 0.5 7.04 | 16.0 26.0 88.2 53.5 11.2
5 0.6 7.10 | 159 26.4 88.6 53.4 11.3
6 0.7 7.09 | 16.1 27.0 88.9 53.6 11.0

i

i

Table 6~8° YeElA HMEHSF jar test 23S £

i)

P G A=A

A SR A A 101

Ol

Ca(OH):E 500mg/ ¢ +Y3txx Alum= 600mg/ ¢ FYo 3,

R
S

= 05mg//FYsto] SHAAL W floc S w2 Ao o] 74

& & Sk

fols
1%
o

o
4
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Table 9 3 Fig. 12°] jar testoll A ol A4 SH=AS A5 stard AA el
et SRAYsL Az AAANN F FAAE Fx2E s L A
g 4 2 AAZES YEW AT

Ao FdL 5SS 16.0 mg/ ¢, CODmn 25.1mg/ ¢, CODc: 83.7mg/ ¢, T-N 53.0mg
/¢ Z T-P 11.3mg/ ¢ o] i, AAZEL SS 85.71%, CODmn 68.63%, CODcr 72.96%,

T-N 3026% 2 T-P 96.71% =4 T-N AAEZ&o] thtx Axd AL A9sn

ol

rr

BEE @59 AALZEC] s & AUk

Table 9. The effluent concentration and removal rate by continuous
coagulation treatment of laundry wastew ater
( Unit : mg/#)

Items SS CODym CODc; T-N T-P

Raw water 112.0 80.0 309.5 76.0 343.4

Primary effluent 16.0 25.1 83.7 53.0 11.3

Removal Rate(%) 85.71 68.63 72.96 30.26 96.71
350

300
250
200
150
100
50

Conc.(mg/£)

Raw water
Effluent

Fig. 12. The effluent concentration and removal rate by
continuous coagulation treatment of laundry wastew ater.
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Aed JSAE voEAEY] FYF] BE L9EHY v ¥ AARE
= dEh AT
cEEAE] cHed FASEE vy wEY FFe] T wE Ads

v FAdFol 02~04mg/ 2 L A F-ol= Ao Aol AA A
Fotoy, HedATe] FUTFo] 06mg/2 Y B AdTFe 242 SS 95 mg/ /4,
CODwmn 14.0mg/ ¢, CODcr 21.3mg/ ¢, T-N 41.4mg/¢ % T-P 4.65mg/¢ 2 7|52

AAEELS SS 40.6%, CODwn 44.2%, CODcr 74.6%, T-N
219% % T-P 731%=2A T-NAAZE] bvi& Axd AS Afdstaies & 3

BEe AAREC $59¢ ¢ & Aok

Table 10. The effects of PAC dosage on the adsorption of laundry

wastewater
( Unit : mg/2¢)
Items SS CODwyn | CODc: T-N T-pP
Raw Water 112.0 80.0 309.5 76.0 343.4
Primary effluent 16 25.1 83.7 53 17.3
0.2 11.8(26.3) | 14.8(41.0) | 325(61.2) | 48.0(9.4) | 5.5(68.2)
Powder 0.4 10.6(33.8) | 14.6(41.8) | 25.0(70.1) | 44.0(17.0) | 4.89(71.7)
activated
0.6 95(40.6) | 14.0(44.2) | 21.3(74.6) | 41.4(21.9) | 4.65(73.1)
carbon
0.8 9.2(42.5) | 13.8(45.0) | 20.8(75.1) | 41.0(22.6) | 2.87(83.4)
dosage
1.0 9.2(42.5) | 13.7(45.4) | 20.7(75.3) | 41.1(2255) | 2.90(83.2)

# () : Removal Rate, %
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80 (1 Coagulation
70 E0.2
®O04
B06
0o0.8
m1.0

Concentration(mg/£)

SS CODMn CODCr TN P

Fig. 13. The effects of PAC dosage on the adsorption of
laundry wastewater.

Fig. 140l AgA+S &3 R SAddsdo= Aste] d& Ao =

LHERW A

Conc.(mg/?
P
o

Raw Water
Coagulation

Fig. 14. The effluent concentration on the chemical treatment process.
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Table 11°] & 3}hA A=
o] HRTE W3glA 7] AA
o=

s}
HRTO W& od&=4e

T %

g Asol

= =2 E%-O]

A A = 971

A AAHA dee & Ak

23.1~30.0% % 354~39.0%H A=A

JO"
a1
2
Ak
&
ol
=2
>
fo
o2
i

AAEEE
T-Po] AAZEL 7H7}
Zoj Ao wet Aese Fdo] HMEU L, HRT 18hrdd A g
A LdEH 5+ SS 11.2mg/ ¢, CODwn 8.8mg
/4, CODc¢r 32.0mg/ ¢, T-N 30.2mg/¢ 2 T-P 69mg/ ¢ ©] L,

A 57 Al 7F o]
o] o] 71 oA,
g5 AALELS SS

30%, CODwm 65.1%, CODe;y 2 T-N 61.8%, T-P 60.1%°] 3l t}.

Table 11. The effects of HRT on the Biofilm of laundry wastewater

(Unit : mg/#)
Items SS CODwn CODc¢r T-N T-P
<prim$fylu§?ft1uent> 16.0 5.1 837 53.0 11.3
o 12.3 12.2 46.0 316 73

(23.19%) | (51.4%) | (45.0%) | (40.4%) | (35.4%)
. 1.7 9.9 37.0 306 6.9

HRT (26.9%) | (60.6%) | (558%) | (42.3%) | (38.8%)
- 115 9.1 35.1 30.3 6.9

(28.1%) | (63.7%) | (58.1%) | (42.8%) | (38.9%)
. 11.2 8.8 32.0 30.2 6.9

(30.0%) | (65.1%) | (61.8%) | (61.8%) | (39.0%)

% () Removal Rate, %

Fig. 15 2 169 A &332 Ay 542 HRT wa AT
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N &7 = i B Agse SSEEWE e Y
of wt Ao SSwE=7F HA /s o] HRT 18hrd

F
Y5 T 160mg/ 2o W3 A, HF SSTET 11.2mg/ 2 o] St

e

w3 ThE A7 Tt e SSE

13.4~181mg/ ¢ o] 22 HRTl ulzt

o

2 ol 9 A%k, HRT 18hre] 4% AHul49 S5 11.0~114mg/ ¢ =4 o4 A

o2 AYHL s & 7 A

20
15
=
£
o' 10 ’
c
o
O
5
influent 2 4.5 9 18
HRT(hr)
Fig. 15. Changes of SS concentration with HRT.
20
;\ 15 [
E
=
o
T 10
=
3
S —e—Feed Water —@—2hr
o 5 F —6— 4.5hr —A— 9hr
—¥— 18hr
0
1 29 57 85 113 141 169 197

Opreating time(day)
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Appendix 1. Variation of SS concentration with HRT
(Unit : mg/#)

Operating HRT
time Influent

(day) Zhr 4.5hr 9hr 18hr
1 16.0 12.5 11.9 115 11.2
3 16.4 12.2 11.6 11.3 11.3
15 15.6 12.1 116 114 11.2
22 15.7 12.2 11.8 11.7 114
29 18.1 12.4 11.7 115 11.2
36 17.0 12.3 116 114 11.3
43 15.0 12.6 11.7 115 11.3
50 16.0 12.3 11.6 115 11.2
57 16.5 12.3 116 115 11.2
64 16.8 12.3 11.7 11.6 11.3
71 16.2 12.1 11.6 114 11.0
78 16.0 12.0 11.2 114 11.1
85 16.2 12.4 11.9 11.6 114
92 16.1 12.2 11.7 115 11.3
99 134 12.0 11.7 115 11.2
106 15.1 12.4 115 114 11.1
113 15.6 12.3 11.9 11.6 11.2
120 15.6 12.2 11.8 115 11.1
127 15.8 12.3 11.8 115 11.3
134 16.1 12.4 11.7 115 11.1
141 15.6 12.5 11.9 11.6 11.2
148 17.2 12.2 11.6 11.3 11.2
155 16.9 12.3 11.8 115 11.1
162 15.7 12.2 11.7 115 11.1
169 15.2 12.5 11.9 11.7 11.2
176 15.6 12.5 11.8 115 11.1
183 17.8 12.5 11.7 115 11.2
190 15.6 12.2 11.7 115 11.1
197 15.7 12.2 11.9 11.6 11.2
204 16.0 12.3 116 115 11.1
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Appendix 2. Variation of CODuyn concentration with HRT
(Unit : mg/2)

Operating HRT
time Influent
(day) 2hr 4.5hr 9hr 18hr
1 28.0 14 13.4 10.7 8.6
3 26.8 13.5 9.9 9.6 7.7
15 28.7 15.4 13.2 10.6 9.6
22 26.6 13.2 9.2 8.9 8.1
29 36.5 16 13.8 11.2 10
36 27.3 14.3 12 9.6 7.4
43 22.1 10.6 9.2 8.9 7.2
50 235 11.1 8.3 94 7.6
57 25.7 13 12.8 9.2 8.6
64 27.3 12.3 85 8.7 7.3
71 25.3 12.1 8.7 8.9 8.3
78 25.0 12.8 10.8 10.6 8
85 25.2 125 10.6 11.2 9.9
92 24.3 11.9 9.2 10 8.3
99 17.7 9.3 6.4 94 8
106 23.5 11.4 9.6 8.7 8
113 24.3 11.8 11 8.8 7.2
120 24.3 12.8 115 10.7 9.2
127 24.6 10.6 9.6 10.3 7.9
134 25.1 11 10.8 8.6 8.3
141 20.2 10.1 10.55 8.4 8.3
148 26.9 12.6 10.8 12.3 9.4
155 25.7 12.6 94 10 8.5
162 24.5 11 9.2 9.2 7.9
169 19.0 9.8 4.2 9.6 8.6
176 24.3 11.7 10.3 8.9 8.3
183 30.0 15 12 14.6 15.1
190 23.5 11.5 11 8.8 10.6
197 24.1 12.1 9.9 9.9 8
204 23.5 11.3 10.9 9.9 10.9
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Appendix 3. Variation of CODc¢r concentration with HRT
(Unit : mg/#)

Operating HRT
time Influent

(day) 2hr 4.5hr 9hr 18hr
1 90.3 45.2 37.2 33.2 32.1

3 86.5 48.0 35.2 31.2 30.1
15 92.6 57.8 41.8 34.3 33.2
22 88.6 56.7 39.6 36.0 36.3
29 106.8 60.0 41.8 37.0 42.2
36 88.1 44.0 36.0 35.2 33.1
43 80.3 44.8 32.2 34.7 32.5
50 82.1 49.5 41.3 36.4 33.8
57 83.2 50.1 48.0 37.7 34.4
64 90.6 49.5 52.8 37.7 38.5
71 81.7 49.4 38.0 37.0 33.1
78 80.5 47.3 40.7 37.0 352
85 81.3 36.3 38.0 32.5 27.6
92 78.4 36.0 36.9 33.8 30.5
99 70.6 37.0 38.0 31.2 28.6
106 77.3 42.4 41.3 36.4 34.7
113 78.5 38.3 24.0 30.5 26.2
120 78.5 38.0 37.0 27.3 26.2
127 79.3 48.4 374 32.0 33.0
134 81.1 44.6 36.3 32.0 27.4
141 68.8 39.6 27.0 29.9 23.1
148 82.6 44.6 29.2 35.1 25.3
155 82.9 44.0 29.2 40.9 32.5
162 86.3 45.1 374 35.1 30.1
169 75.9 44.0 33.0 37.7 34.4
176 84.6 52.8 38.0 40.0 34.4
183 100.6 58.3 42.3 41.6 34.1
190 84.3 45.1 36.3 38.3 34.4
197 80.2 40.1 30.8 36.4 32.5
204 88.3 44.2 37.7 32.2 31.1
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Appendix 4. Variation of T-N concentration with HRT
(Unit : mg/¢)

Operating HRT
time Influent

(day) Zhr 4.5hr 9hr 18hr
1 60.2 37.2 26.9 24.5 20.0
8 58.0 35.0 27.8 225 23.6
15 62.5 45.7 35.0 25.7 28.8
22 64.0 34.0 30.2 21.8 22.9
29 66.7 46.8 39.8 324 32.4
36 60.7 38.3 32.6 31.0 27.6
43 56.7 42.0 374 31.0 25.6
50 56.0 37.2 32.3 21.2 31.2
57 53.1 28.7 28.4 28.7 26.0
64 52.0 28.7 26.3 27.6 24.4
71 53.3 27.6 24.8 26.2 27.3
78 50.4 25.4 27.6 25.4 27.3
85 49.3 30.0 29.4 29.0 28.7
92 48.3 32.0 30.0 31.2 32.0
99 52.7 324 31.2 34.3 32.0
106 47.2 30.8 31.2 30.0 30.0
113 48.4 30.8 29.4 29.7 30.4
120 48.4 315 29.4 28.3 30.8
127 49.2 32.2 30.8 304 315
134 51.0 34.7 32.9 31.2 33.3
141 46.7 32.0 30.0 315 31.2
148 49.3 30.4 28.0 29.0 28.7
155 49.3 31.2 29.4 30.0 315
162 48.0 33.6 32.2 32.6 315
169 45.8 36.0 32.6 34.3 32.0
176 545 35.8 324 34.0 32.0
183 51.3 34.0 36.0 32.6 32.2
190 54.2 30.7 33.8 28.0 28.4
197 51.3 315 32.6 29.4 28.3
204 50.7 32.9 32.0 32.2 315
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Appendix 5. Variation of T-P concentration with HRT
(Unit : mg/¢)

Operating

HRT
time Influent
(day) 2hr 4.5hr 9hr 18hr
1 13.7 11.0 9.5 8.3 8.2
8 135 135 10.0 2.5 6.2
15 13.9 24 12.2 11.9 11.3
22 13.9 13.8 4.5 51 10.7
29 13.5 8.0 10.9 8.2 72
36 134 11.7 9.1 75 7.2
43 13.3 94 8.0 7.9 8.1
50 12.4 7.7 74 8.3 7.6
Y 12.4 7.3 7.0 8.3 8.2
64 12.9 7.7 7.4 8.7 9.9
71 13.0 85 75 7.7 7.9
78 11.7 7.7 7.4 7.6 8.1
85 12.1 75 7.2 8.1 7.1
92 11.3 7.0 6.7 6.9 6.4
99 10.4 5.6 6.2 6.8 6.4
106 10.9 7.4 6.7 5.7 6.4
113 10.0 71 6.2 5.8 5.7
120 10.9 7.7 6.5 6.4 6.2
127 11.2 94 7.6 72 6.5
134 10.8 8.5 7.6 75 6.2
141 10.9 8.4 7.0 7.1 6.9
148 10.3 8.2 75 7.6 6.7
155 10.3 7.3 7.7 6.9 6.8
162 11.3 8.0 7.3 7.2 7.1
169 11.6 6.2 71 54 6.8
176 11.9 7.3 6.6 8.9 75
183 13.7 59 7.0 6.7 7.3
190 11.3 6.3 7.1 6.3 6.5
197 10.9 5.6 6.1 54 6.3
204 10.7 52 4.9 5.0 6.1
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