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Temperature and Reaction Time Effects on Activated Algae Process

Beom-Seok Park

Division of Earth Environmental System Sciences, Major of Environment

Engineering, The Graduate School, Pukyong National University

Abstract

1962 Ross. E. Mckinney proposed activated algae process that combines the
algae growth characteristics to the concept of activated sludge process. This
process can be applied to wastewater treatment by the interaction of the
organic matter decomposition of bacteria and photosynthesis of algae are
currently research is being conducted. In this study, a constant ratio of algae
and bacteria was to evaluate the impact on the water quality and the effects of
treatment at organic matter and nutrients as function of temperature and
detention time.

Algae(Chlorella sp.) used in the experiment were cultured using JM medium,
the bacteria in the activated sludge itself was used as a biological nutrient
removal process in operation in lab.

The experimental conditions were the ratio of algae and bacteria at
0.625(650mg-MLSS/L) in the LED light(1,500 lux) condition, the temperature
range is 22 ~ 34 C, the detention time range is 6 ~ 24 hour in total 20 case
on batch reactor. It placed the differences in sampling in order to evaluates the
impact on water quality and the effects of treatment.

In the water quality results, the pH phenomenon appeared
increase—decrease-increase, DO concentration showed a high increase at 22 TC,
Turbidity showed dcrease-increase. In the properties of algae and bacteria
results, Chlorophyll-a showed a high increase at 22 C, MLSS, MLVSS showed
a phenomenon in which increase in reaction proceeds, as MLVSS of algae to
increase MLVSS of bacteria is decreased.

In treatment results, Turbidity, MLSS, MLVSS showed a phenomenon in
which the increase in the reduction of the precipitation effect due to the

increase in the algae. Referring to the organic material, TCOD and SCOD

- vii -



showed a removal efficiency of 83, 95 % in 21 hour, NH4~N showed a removal
efficiency of more 73 % in 21 hour, in the case of NO3;—N represents an
increase of 2 times. For PO4,~P showed the removal efficiency of about 10 %.

Key word: Algae, Temperature, Efficiency ,Detention Time, Regression
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Table 2.1 Research trend of activated algae system

Reference

Research

Wahbeh (1965)

Operation activated algae process at MLSS 2000~3700
mg/L

Sherwood (1966)

Mixing algae and bacteria after Growing algae using

inorganic substrates

Hurrenik & Hanna (1971)

Lab-scale experiment, using a symbiotic
algal-bacterial tank. Experiments were more valuable

for their information on nitrogen which was 85 %

Regan (1972)

Light-Depth Relationship for Activated Algae

Gupta (1985)

Nitrogenous wastewater treatment by activated algae

Megram (1992)

Changing the operation factors, including HRT

Kong suk ki (1997)

Stripping ammonia, precipitation of phosphorus,

sterilization effect through increase of the pH

through the assimilation of algae

Kim Ju Young (1999)

Study of a Thin Film Algae-bacteria Wastewater

Treatment System

Kong Seok Ki (2001)
Lee jang ho (2010)

Study of symbiotic action using bacteria and algae in order
to nitrogen and phosphorous removel of biological treatment
process using bacteria in sewage treatment technology

Kang Sung Jae (2004)

Study of SBR process using activated algae

Munoz and Guieysse
et al (2006)

Study of algae with high lipid contents and growing

in wastewater conditions

Safonova et al (2004)

Removal of environmental contaminants through
lab-scale light bioreactor experiments on one kind of

algae and specific bacteria

Kuma et al (2010)

Wastewater treatment using species of Chlorella or

Scendesmus, Chlamydomonas

Park et al (2010)

Removal of ammonia through livestock wastewater

anaerobic digestion using Scenedesmus

Lee Ju Yeoun (2011)

Molecular ecological characterization of wastewater

bacterial communities in response to algal growth

Kim Sang Yeoub (2012)

The Effect of Algae-Bacteria Ratio on Activated Algae
Process
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o] FINGAE VAT FEEAE o] &ote] olitsterA PEjR Hgsto]
gl AFg-gtt} (Borowitzak 1998).

=g A EF Qox dE mAZXRFE =9 Y(autotrophic) ol Al F

2= ¢ ¢k (heterotrophic) &2 hAIHA S A d3ste] &7 e A (organic carbon)



gt o g o] g3tt; (Borowitzak 1998; Ogbonna et al, 2000; Wood et al.,
1999).

100 =
Fd 3 e b
p— 4 LY
\'ﬂ ! LY
[=]
< 80 ! \
3 7 \ .
= 60 e )/ == HCOg NS co
° Ilr|I' \.\ »
£ s
© ) A
@ 404 ! ¥y A
= : . ‘\
8 ; X
@ 201 ’ \
m ’a' » \\
td % o -
0+==" . . —
4 6 8 10 12
pH

Fig. 2.4 Relative speciation (%) of carbon dioxide (CO,),
bicarbonate (HCOs;), and carbonate (COs*) in water as a

function of pH(Schwarzenbach and Meier, 1958)
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(4) &¥(mixing)
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wn
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w3k &3e] W= hand(test-tubes), aerating(bags, thanks), paddle
wheel, jet pumps s°] Bt&x FH 2 A7]o] wekA ALEE S 9lem I
TR A AsME = F Joerm=E aydord A}

slo] Ht} (Bitog et al., 2011).

(5) 718t &S " A= AA
ol 3 AA Yol BAEFIHS AR A7) AeiM = o
2l 7HA 9 JAVE EAEH FEstA AlFAILY, 1@Ed AFAZ
Light/Dark Cycle, 5% 0]=9 943 Fo] Z3H} (%, 2004).
McGriff(1972)= A& &A1 #AZIE T3 1FFE AR
SRTE =43} ‘self-shading’s =°]= o] Zasirha 349t}
e

(2004) ZF+= WRESolA F AUAE ARESte] ATP ¥ NADPHE

’

1995; Sukenik et al., 1985).

_‘]2_



al., 1994; Oswald, 2003).
279 MEFAF FA oA HE dEF oS AHFH v ¢HA
<

Ao (Combres et al., 1994), A4 Ao F3l28& HA2 &

e

adn 279 g8 24S AHEE F, AY AHd e Zolde
ASA T 45 ~ 50 %] B 8 ~ 10 %8 Ak 1 %9 oz TAH o
NS & F At (Magram, 1992). o] 2 <ls] 5 S} A
W AlE FEES F 10 %] AaT AA 2 F e AS yEdT

T3 279 da AA Ve A¥EE &7 2 wEt ¥ Be

oM ZFAHETE §

7F f4&s] dojyA] EetvkeE AdF7F Yk (Morris and Ahmed, 1969;

aglal 250 Fedel mE Ao CO2e BabA 289 o] F S oY
A7 OH-¢ Ao 2 pHE S7FA 71ttt (Magram, 1992). Fig. 2.5014 &<l
& g ko] dEYely A= pHOF ke whek NHy o]2°lu NH; 7}
22 EAQSHA s=d, NHy ool -2 A8k pH 8 olstel= 2o
pH7F 1082 S7beb7l =™ NHy 7F2~7F oF 80 % /el =v, 44H 7}
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P o2 o] wAES pH 6 ~ 8Alol& A%
Fol glow (&, 1997), webA 2L pHollM o] FAakslo] 22 Hbg 2o}
&

=
ox, 4
o

o2

ol

o

>

rlj

A

7]

A ZPAL 2FEo] 54 FEEFS v EH & JdE FEolth (Kim, 1999).
100 o
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1
1
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|
— i r—
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= 60 —+ 140 5
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Fig. 2.5 Free ammonia fraction as a function of temperature and pH
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dol Eae EHuA4ge B AAR

watmough, 1999).

Organic mirogen

{protemns; urea)

Bacterial
decomposition
and hydrolysts

Il
FHEFEH d42dS 2o (% 2004), o= sAPH e FUIHAAE

_1

2 4 At (Richardson

SO Aszsimilation Organic nitrogen Organic nitrogen
nitrogen (bacterial cells) (net zraroth)
Oz
Lysis and autooxidation
Nitrite (INO 1)
Oz
Demstrification
Nitrate (3037 Nitrogen gas (N2}
Organic carbon
Fig. 2.6 Nitrogen transformations in biological treatment

processes (Sedlak, 1991).
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A
A8} (nitrification), 2FstE HAAE N7t~ =2 29U 7]= €2 (denitrification)
o7 YE F . #Hakste] deAle DO Astet SAaHe A W R

FFe 2 oA, 2Ya = 4 Aol&s A% AaAAdd 2HE =

4
rlo
it
i
2
>
2
2,

T+ Attt (Metcalf and Eddy, 2004). & Ak3}
a8 HA s7]A 7 (obligate aerobes)lo® & dRUold HAAE
NHOH(3Fol =54 ofnl)o & 2tgtA| 7= 27] dakhs dAlof Aas o
43t} (Metcalf and Eddy, 2004).

Aitste 29 Ao 2 3 GAA dEYolH AL oA AAE v

g Eoto] oA HEARE AstEa, F HA GACA ofHAAG HiA e
i AAag AbstEn. ZF AbsE dAlo] HJ8FH = vAES A=ZE gEn
3}st =22 -3 2t} (Crites and Tchobanolous, 1998)
A HA C 2NH, + 30, — 2NO; + 2H + H0 (2)
T+ WHA 2NO; + Oy — Oy — 2NO3 (3)
A A NPL;+ + 205 — NO3 + 2H" + H>0O (4)
NHy+ + 2HCO3 + 20, — NO3; + 2C0O; + 3H,O (5)
A WA GAE  F3 st=  vHgo}l®+=  Nitrosomonas©] A 5t
Nitrosococcus, Nitrospira, Nitrosovibio, ZL#] i Nitrosolobus &%= & 1o}

£ obdid AR AN ZIYE (Metcalf and Eddy, 2004). 18] 5+ HA

R

GAE 3 s+ v gl o= Nitrospira, Nitrospina, Nitrococcus, 18
Nitrocystis® && A UA T, 714 BHA oz A4 oA A3t
Nitrobacter %]t} (Metcalf and Eddy, 2004).

el wrg Aol gtmyoly A7t ghd AaHY Baw a9

i
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457 g-Oy/g-N#} 7.14 g-CaCOy/g-N o] H,

ke
LN

el

o 7},

(6)

1 4C0O, + HCOs + 1\IH4+ + HO — CsH;O9N + 50,

ZA4ksl 0 NHy + 1.86302 + 0.098CO;

A

(7)

— 0.0196CsH70:N + 0.98NO3~ + 0.0941H.O + 1.98H"

425 g-Ox/g-N o] A4ka 9 7.07

1
S -

]

28]

L

g-CaCOs/g-N <]

3t} (Metcalf and Eddy,

=Y o=

G

2004).

(8)
9)
(10)

0.250° + H" + e — 05H’O

0.20NO” + 1.2H" + ¢ — 0.IN* + 0.6H°O

0.33NO2" + 1.33H" + e — 0.17N? + 0.67H’0

A

2.86 g-0o/g-NOs-N, o}

o
A2 1.71 g-0/g-NOy-N o™, 357 g-CaCOs/g-NOs-No| A/ =] o]

FF

4

s

|

T A "t (Bruce E.

[si3
=

PN
T

o

Rittmann and Perry L. McCarty, 2002).

—

j—

)

_‘]7_



NA Abae 3248 F A o r A3 A HAE oy HAisd
2 FAAE gA S} pseudomonas stutzeris ©] &3 A4 DO F
T 25 ~ 50 mg OyL ol&e] HW FHaA7t JAES AAsAC
(Korner and Zumit, 1989). T3t Hrgglo} &3 A&EY Yo|A e DO &

E7F @S Ao gdo] dojd 4 A #Fvk (Dawson and Murphy, 1972;

Rittmann and langeland, 1985).
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222 A AA 717
(1) 259 A AA 73
w5ol AXHY gelA e #a DNA @4, tiAbshgel el ATP

106C0O, + 90H-O + 16NOs + PO4 + Light
— CiosH18004N16P+ 118.50; (11)
Cnggo;gNg + 302 = C5H702N + NH3 + SCOZ ir Hgo (12)

ZHE B4 A& HAx YFEd AG & 5 e 8o Joen o
Luxury uptake@}il 3t} (Levin and Shapiro, 1965). o] A& <lo] g]3lof A
T EA &5 FAFAA 27 S ThsetA o aYEE 2F 9E

o 9 FEl WSHE g xdo] FRY A% 2R A 434

r'O

FEFS A F=v (Fogg, 1975; Oliver and Ganf, 2000).
].

[e)

T

A QL AL FAA 2R AZFAY % A AA &

1

’

&
10 % o= % (Magram, 1992; Kim, 1999) ZF° AXJgAAWoZ= w2

Ao AATES 7IHs7 = od 2A ot
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(2) dtelgotel 9 AA 71&

(Metcalf and Eddy, 2004).
G Z=F/FIAANA HF e EAlet= Y JEE AyEd {740, 4
A4k agla gt o2 FEE 4 Qdrh of7|A AJAS HPO,

HPO,”, PO/ 59 #elE AYa glow, 7h5is #4s AR asdrt
3

71738 "eM AHE S BEF =N AAsE Aolnt. Figl72 @7

4 R BV AEA s frlEe XS dEY Aot

iEGD
-~
&

Concentration
Changes

Anaerobic Aerobic

Detention Time

Fig. 2.7 BOD and phosphate concentration trend during

aerobic and anaerobic conditions (Rossetto, M, 2012)
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AR FTHAST L g A& AYvA AFEA] R ity
(polyphosphate, poly-P)¢] JHZ HFE = dom, tFAids FHA

2 F RS AR velers HAR T A AN ANY &

ek EE WESFHL 9 AA Fht 4FHOR ol Fold AS o e}
29 9 gFEe PR wpolevize o 2 ~ SuAA F7 B A

(Bruce E. Rittmann and Perry L. McCarty, 2002).

d717d Hl(Fig28 AN 54 FH5JSHE2 7t 2 28 s 53

AdE GE fF71ES A3 PAOs(phosphorus  accumulating
organisms)© A&E UFAAAOZRE oUAE Qo] oM HOEE AE
el PHA(polyhydroxyalkanoic acids)® A& 3t 28l 714 4
(Fig.2.8 B)elA A4¥® PHAE o]&3te] PAOs7t SA3HH, A A (PO4)
S Poly-P= AMxdel] A%stA vk (Zuthi et al, 2013; Bruce E.
Rittmann and Perry L. McCarty, 2002).

)

Acelate
A B
z-"ﬁ;]}' P e /-"' Paly P "-
/T ™ . [ P
/ \ , - A
/ \L\ N ,-"'r T e
il \ / 7 A Y \
| fDF AT ' CSADP ATP \
| -\AX—’/ I| | \_./ﬁ W |
|/ FTen s \,,_ ﬁm:l:;i CoA . | Glycogen=gyjp > Acetyl- CoA .
e | Glyosylatd cycle | Vd : e |
A N 4,/ J \ pathway ,-
" NADH *- / v MADH — /
I % S e NADA” v /
\ S o, N PHA
s ___.-"‘"’ et ~
e Cell __—

Fig. 2.8 Schematic diagram of relationships between phosphorus, acetate and

P under (A) anaerobic condition and under (B) aerobic condition (Lee, et al., 1999).
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2

k4 (phosphate) <o) &3 Agste] AHES FAstnz AP wE Feb'

jutal

S AE gxd 7Y e FF Ao A9 #J7ME F dvh 44

Qe 49 BHEdA A FHG Al A A AAE WA
nYES THRE v $rdu Fr)HoE nYRS AAL £ YE
BB FHNNE A5t o5 F 2 AAE ASSHE LAY ol
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Eof S Aol g xF FA mX = GEFS dolry] fs] AE
ALE3E 275 Ay CAA A BSW-S Chlorella sp.s 232 oA LED

2]

2~

F(1,000 ~ 1,500 lux)s AFstHA, wiAlE FHdste] wigsd
MLSS §=E S50 AHg-3qltt.

2 el AR A= el mlH2F 2 (KMMCC, Korea)2l
JMu A] (Jaworski's Medium, Thompson et al., 1988)c]™ A& o}z
Table 313 #r},

Table 3.1 Jaworski’'s medium composition (Unit: mg/L Deionized water)

Stocks Contents
Ca(NOs), - 4H,0 20.0
KH,PO4 12.4
MgSO4 : 7H20 50.0
NaHCO 15.9
NaszO4 . 12Hzo 36.0
NaNO;3 80.0
EDTA FeNa 2.25
EDTANa, 2.25
H3BO3 2.48
MnCl, - 4H,0 1.39
(NH4)6M07024 - 4H,0 1.00
cyanobalamin 0.04
thiamine HCI 0.04
biotin 0.04
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Table 3.2 Characteristics of operation for biological treatment reactor

Index Contents
Feed
| Organic Glusose 2,000 mg-CODcr/L
Nutrient
NH,CI 100 mg-NH4-N/L
KH;PO4 20 mg-PO,-P/L
Alkalinity
|  NaHCO; pH 7 ~ 7.5
Characteristics of operation
MLSS 3,000 ~ 3,500 mg/L
Volume 3.5 L
DO 7.0 ~ 7.5 mg/L
Temperature 1 ~ [23%€
HRT 10 day
SRT 15 day

Fig. 3.1 Operation of activated sludge reactor and algae culture reactor
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Fig. 3.2 Schematic diagram activated algae batch reactor
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WS EARA Y FAGHAD Y] G AP AR WA L

- L. H O -
WHaes 247 6, 9, 15, 21, 24 hour, 22, 24, 28, 32, 24 C= AF=% A}y Z+
Ho wE dAZRFFAHY g3t 9EFe FrlFoer AHr7] ¢ste] 8

cases F7F8FA L, AAISE Ad 212 ofgfe] Table 3.3 ¥ -t}

Table 3.3 Experimental condition for the activated algae process

Case Temperature (°C) Detention Time (hour)
1 22 9
2 22 15
3 22 21
4 24 9
5 24 15
6 24 21
7 28 6
8 28 9
9 28 15
10 28 15
11 28 15
12 28 15
13 28 15
14 28 21
15 28 24
16 32 9
17 32 15
18 32 21
19 34 9
20 34 15
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H AEfel A wbgo] xla el wel Hxo AAI M| 7F HEkA =i
A e T Fo) 2o wePcl EFE FHdoF Ak,

Ao Abge vhe globe] MLSS9 MLVSSE 2440, 2270 mg/L, %72
MLSS¢ MLVSSE 900, 840 mg/Lelth. 7o} vtegjols 2 Ade] gy
3 MLSS Hl9l 0625 & 2% $ Z7be] F&s g|4ske] 1000, 500, 300,
100 mg/L= A3 3 MLVSS®} Chlorophyll-a2l A3} k2 Table 345
S ettt Table 352 MLVSSSt Chlorophyll-a 3+e] 391848 53
A At golth A4 (129 R @& 19 7= 45 g 9%
g Atelel ABBAY LS gust=d, R%2 0998, R¥(adj)e] g2 0.997
2 UEehv 27/ MLVSS® Chlorophyll-aite] %782 Adsirtay
=, F7te] AAAA aPgZ = Fig. 342 538 g 4

MLVSS-Algae (mg/L) = 0.028 + 0.100 Chlorophyill-a (mg/m?®) (12)

_28_



Table 3.4 Regression experimental condition and result of MLVSS-Algae vs

Chlorophyll-a on Algae/Bacteria ratio 0.625

Index 1000 mg/L 500 mg/L 300 mg/L 100 mg/L
MLSS 990.0 480.0 290.0 100.0
MLVSS 870.0 440.0 240.0 70.0
Chlorophyll-a 3370.5 1633.2 869.3 338.1
MLVSS_Algae 334.6 169.2 92.3 26.9

Table 3.5 Estimated regression coefficients for Chlorophyil-a
Predictor Coefficient | SE coefficient T-value P-value
Constant 0.278 6.417 0.04 0.969
(hlaophyll-a 0.100140 0.003325 30.12 0.001
R? = 99.8 %, R¥adj) = 99.7 %
350 A
300 -

5, 250-

E

% 200 -

i)

ml b

o 150

g

2 100 .

50 -
07 T T T T T T T T
0 500 1000 1500 2000 2500 3000 350C

Chlorophyll-a (mg/m3)

Fig. 3.4 Scatter plot of regression for MLVSS-algae vs Chlorophyil-a
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Temperature distribution & adaption
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Fig. 3.5 Initial condition of algae and bacteria mix rate and

operation condition on batch reactor
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Table 3.6 Feed solution concentration of condition reactor

Index Contents
CODcr 300 mg-Glucose/L
NH,4-N 35 mg-NH,Cl/L
PO,4-P

3.5 mg—KHZPO4/L

275t delelols P R Fue AP casedl BA 177449 7
$2 BF agon, d¥e AN AAYL wolr] A8 wad
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=] o
=9 242

W A4 AAE e

" =9] Standard Method % =]

| oAt AAlstRA o™, Table 3.7°] F=2AE &4

Table 3.7 Analysis method and device of activated algae process

Analysis methods and

Item Unit .
device
pH = pH meter (Orion 290A)
DO mg/L DO meter (YSI 58)
Temperature °C Electrode method
) ) . Light meter
Light intensity lux
(Lutron TU-2016)
L Lutron TU-2016
Turbidity NTU i
Turbidity meter
Filtration mixed solid
MLSS, MLVSS mg/L 3 i
dried at 103 ~ 105(550°C)
Chlorophyll-a mg/m?® Trichromatic method
Potassium dichromate
CODcr mg/L
reflux method
Ammonia selective
NH4-N mg/L
electrode method
Ion chromatograph
NO,-N, NOs-N, PO,-P mg/L graphy

method(DX-100)
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o
L B

AAL AAA Ra W A7 5 2R ANGAL

SS, VSS, TCODcr, SCODer, NH4-N, NO»-N, NO3-N, PO;~P o]t} v}
Table 3.8+= #19] A& 8oF Aesiint.

Table 3.8 Classification of analysis on activated algae process

Index

pH
DO
Temperature
Turbidity
process Ij\{/}lj&gSg
MLVSS-Algae,
MLVSS-Bacteria
Chlorophyll-a
Turbidity
SS
VSS
TCODcr
process SI\?I% I?I(ilr
NO,-N
NO3;-N
PO4-P

Characteristic properties of

Characteristic treatment of
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F o 22ColA 6.70 mg/L, 24ColA 6.99 mg/L, 28ColA 7.16 mg/L,
32TCol A 6.21 mg/L, 34Coll A 546 mg/Le] 3t WsE YEldl o 34T
Al DO F7FEo] 714 vkar 22T oA 7F =kt o= 20 ~ 24 TollA

AurH 2F 4o AHLED A% Bed PP Fvz Budd

(Patric Lavens and Patrick Sorgeioos, 1996). =<9 = % 522 &
of Tl vlo g F Zlojo FEFe WAH xF{o A A<
o] Qo] s Fv Ao LA UARHA, 1996), 2 AFNA
e 2R @4s8Ad o3 Aor o ¢ vk g9 A5 22TelA
580 NTU, 24CelA 549.67 NTU, 28CeolA 669.67 NTU, 32TCelA 654
NTU, 34TCelA 616 NTUS % ®stE UedHon 73 g 7)o+ 7

aFT} Agre] APEE 37

+
ol
rr
oM.
ok
o
f
32
=
L%
Ir
bl
T
o
an
lo
b
e

F5o2 3 gxo i d%ES v 3oF gudTh
Table 42 ~ 4.4+ &E9 BES Az gk pH, DO, Turbidity % 3}3ke]
FA3AAT A e HESZ] f1g ZAHEA(ANOVA @ Analysis of
variance) & WEFH Folth e} wbEAIZRe] tigt 7} ghe]l =4 3| AAF
& A E7] 98, Minitab 155 ©]&3ste] F+ ®=2] pH, DO, Turbidity 9|
L

af Aetd o vk AlF
=

A7k & P-value 7S 01062 =& AFS B YgAvk o= W o
ot AP s fostth ek gro] ik B ke 005K T 4eS g
ol & & gon, dazel A& R’} Riadj)e] e pHe A9 87.21,
75.63 %, DO2] 79 96.40, 93.84 %, Turbidity®] 7% 98.01, 9658 %= U}

stk o2l A= Fig. 420 et Sudx=s gHEE FAE &
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Table 4.1 Change in pH, DO, Turbidity with temperature and detention time

Temerature Detention H DO Turbidity
(C) Time (hour) P (mg/L) (NTU)
22 9 6.97 6.65 480.67
22 15 6.88 6.51 503.33
22 21 6.72 6.70 580.00
24 9 7.24 6.59 482.33
24 15 6.87 6.46 498.33
24 21 6.71 6.99 549.67
28 6 7.03 7.22 444 .00
28 9 7.15 5.88 478.67
28 15 6.62 6.12 582.33
28 15 6.62 6.12 582.33
28 15 6.62 6.12 582.33
28 15 6.62 6.12 582.33
28 15 6.62 6.12 582.33
28 21 6.77 6.44 655.33
28 24 6.32 7.16 669.67
32 9 7.02 5.77 500.67
32 15 6.47 5.98 604.00
32 21 6.75 6.21 654.00
34 9 7.16 4.63 516.00
34 15 6.72 5.24 578.33
34 21 6.97 5.46 616.00
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Table 4.2 Estimated regression coefficients for pH

Term Coefficient | SE coefficient T-value P-value
Constant 44.410 0.784 56.649 <0.001
D.T -1.980 0.603 -3.285 0.013
Temp -2.990 0.603 -4.960 0.002
D.T«D.T 0.972 0.611 1.592 0.155
Temp*Temp 1.676 0.611 2.744 0.029
D.T*Temp 1.667 0.879 1.896 0.100
R* = 87.21 %, R%(adj) = 75.63 %

Table 4.3 Estimated regression coefficients for DO

Term Coefficient | SE coefficient T-value P-value
Constant 6.115 0.062 98.771 <0.001
D.T 0.089 0.048 1.861 0.105
Temp -0.413 0.048 -8.681 <0.001
D.TxD.T 0.455 0.048 9.432 <0.001
Temp*Temp -0.129 0.048 -2.670 0.032
D.T+*Temp 0.009 0.069 0.132 0.899
R* = 96.40 %. R*(adj) = 93.84 %

Table 4.4 Estimated regression coefficients for Turbidity

Term Coefficient | SE coefficient T-value P-value
Constant 582.040 5.322 109.363 <0.001
D.T 65.780 4.093 16.072 <0.001
Temp 2'7.670 4.093 6.759 <0.001
D.T«D.T -12.500 4.146 -3.014 0.020
Temp*Temp -19.610 4.146 -4.729 0.002
D.T+*Temp 21.500 5.967 3.603 0.009

R? = 98.01 %, R%*adj) = 96.58 %
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4.1.2 Chlorophyll-a A3} &4

Table 452 RFEEWTARJIES 3] AARE 2%=9 §E At wE
Chlorophyll-a®] A2 el al Fig. 43S =& AgS ol & + 9
ATh AP A wkEAgkol AIgtol| wel Chlorophyll-a= 3] S7Fet=
S UEtWYt. Chlorophyll-a®l W3t @& AHEE Qg 5 $F 22 T
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Table 4.5 Change in Chlorophyl/-a with temperature and detention time

Temerature Detention Time Chlorophyll-a
(C) (hour) (mg/m3)
22 9 3700.11
22 15 5711.51
22 21 8622.34
24 9 4581.79
24 15 6111.08
24 21 7950.72
28 6 3120.23
28 9 4095.18
28 15 6252.33
28 15 6252.33
28 15 6252.33
28 15 6252.33
28 15 6252.33
28 21 7586.57
28 24 9390.36
32 9 4622.58
32 15 6890.78
32 21 9411.74
34 9 5077.03
34 15 6923.33
34 21 7732.98

Table 4.6 Estimated regression coefficients for Chlorophyil-a

Term Coefficient | SE coefficient T-value P-value
Constant 6270.070 91.360 68.632 <0.001
D.T 2066.270 70.260 29.408 <0.001
Temp 390.530 70.260 5.558 0.001
D.T«D.T 72.260 71.170 1.015 0.344
Temp*Temp 99.870 71.170 1.403 0.203
D.T*Temp 355.060 102.420 3.467 0.010
R? = 99.24 %, R*adj) = 98.69 %
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4.1.3 MLSS, MLVSS W3} &4
(1) MLSS, MLVSS, MLVSS-Algae, MLVSS-Bacteria

Sxet wkg A wE whgEx ule] MLSSeF MLVSS, 1
Chlorophyll-aS %3}o] AAksl 7<) vhggjole] MLVSS Z 3= Table
4.7 VR daL Zhzbe] A T ZE Figo 46 ~ 492 Fd 3l & &
AATE WHE FH & MLSSO A5 22TelAl 127333 mg/L, 24TolA
1226.67 mg/L, 28CeolAl 1346.67 mg/L, 32TlA 654 NTU, 347Cof A
1246.67 mg/Le # ®WstE vEWlem MLVSSe 45 22TeA 1160
mg/L, 24 Col A 1166.67 mg/L, 28°ColAl 1246.67 mg/L, 32TClA 1173.33
mg/L, 34Col A 1133.33 mg/Le] 3t WslE e

MLSS ¢ S7he] 7bd =2 Cased A& 22C9 A9=, 7] #R
o 22 % 7k A3E yERdEh ofel mE MLVSSE MLSSeF whzdk7hA]
= FFd] S7kste A EoeH, W MLSSS 8 ~ 90 %9 ¢S 4
ElWit). whglglole] MLVSS @2 Al 38t Chlorophyll-a®l 23+ A4
(12)2 HZE st9ew, Chlorophyll-a®t o] Al7ko] AEFE2E F7lels
deg yetdlen, 7bg SUtEe] & A9e 22T A ASE 27 Hgx
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Table 4.7 Change in MLSS, MLVSS, MLVSS-Algae, MLVSS-Bacteria with

temperature detention time

Detention MLVSS_ MLVSS_
Temerature MLSS MLVSS i

Time Algae Bacteria

(O (mg/L) (mg/L)

(hour) (mg/L) (mg/L)
22 9 1053.33 976.67 370.66 606.01
22 15 1170.00 1050.00 572.00 478.00
22 21 1273.33 1160.00 863.37 296.63
24 9 1056.67 970.00 458.92 511.08
24 15 1126.67 1060.00 612.00 448.00
24 21 1226.67 1166.67 796.15 370.52
28 6 1046.67 956.67 312.61 644.05
28 9 1110.00 1016.67 410.20 606.46
28 15 1293.33 1180.00 626.14 553.86
28 15 1293.33 1180.00 626.14 553.86
28 15 1293.33 1180.00 626.14 553.86
28 15 1293.33 1180.00 626.14 553.86
28 15 1293.33 1180.00 626.14 553.86
28 21 1273.33 1120.00 759.69 360.31
28 24 1346.67 1246.67 940.25 306.41
32 9 1116.67 1023.33 463.00 560.34
32 15 1260.00 1166.67 690.04 476.62
32 21 1300.00 1173.33 942.39 230.94
34 9 1110.00 1050.00 508.49 541.51
34 15 1246.67 1073.33 693.30 380.03
34 21 1246.67 1133.33 774.35 358.98
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Table 4.8 Estimated regression coefficients for MLSS

Term Coefficient | SE coefficient T-value P-value
Constant 1291.480 10.053 128.465 <0.001
D.T 94.510 7.732 12.224 <0.001
Temp 29.220 7.732 3.779 0.007
D.T«D.T -50.390 7.832 -6.434 <0.001
Temp*Temp -45.200 7.832 -5.772 0.001
D.T+*Temp 3.330 11.271 0.296 0.776
R* = 97.01 %, R*adj) = 94.87 %

Table 4.9 Estimated regression coefficients for MLVSS

Term Coefficient | SE coefficient T-value P-value
Constant 1179.540 3.817 309.025 <0.001
D.T 91.960 2.936 31.326 <0.001
Temp 11.180 2.936 3.807 0.007
D.T«D.T -36.640 2.974 -12.323 <0.001
Temp*Temp -54.4720 2.974 -18.302 <0.001
D.T*Temp -11.670 4.279 -2.726 0.029
R? = 99.51 %, R%adj) = 99.16 %

Table 4.10 Estimated regression coefficients for MLVSS-Algae

Term Coefficient | SE coefficient T-value P-value
Constant 627.912 9.145 68.662 <0.001
D.T 206.834 7.033 29.408 <0.001
Temp 39.092 7.033 S%53 0.001
D.T*D.T 7.233 7.124 1.015 0.344
Temp*Temp 9.997 7.124 1.403 0.203
D.T+*Temp 35.541 10.253 3.467 0.01

R? = 99.24 %, R2(adj) = 98.69 %

Table 4.11 Estimated regression coefficients for MLVSS-Bacteria

Term Coefficient | SE coefficient T-value P-value
Constant 551.630 11.689 47.193 <0.001
D.T -114.870 8.990 -12.778 <0.001
Temp -27.920 8.990 -3.105 0.017
D.TxD.T -43.880 9.106 -4.818 0.002
Temp*Temp -64.420 9.106 -7.074 <0.001
D.T*Temp -47.210 13.104 -3.602 0.009
R* = 97.26 %, R*adj) = 95.31 %
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4.2.1 Turbidity, SS, VSS A&7 54
Table 412 &k¢k wEgAIZbe] it S =74l A S B
7

Turbidity2} MLSS, MLVSSel ot A3gks el Turbidity2] 74-%-
WS- A ko] A3 E Frleke AdS B3, MLSSS MLVSS 9A] &
Zbeke= @Aol YErW L, 53] 22ToA Y S7ldo]l 2 AS g9 & +

atom s datel] W THEZE Fig, 4111 eI

Wg TR % Turbudity® 4% 22TCelA 31.35 NTU, 24CelA 32.64
NTU, 28CollA 36.82 NTU, 32CelA 31.81 NTU, 34CelA 3719 NTU¢]
@ WskE yehdllty SS¢ A 22Tl M 23333 mg/L, 24CollA 206.67
mg/L, 28 Cell A 136.67 mg/L, 327 CelA 123.33 mg/L, 34CellA 176.67 mg/L
o] 3k WstE, VSSO A 22TelA 200 mg/L, 24Cell A 180 mg/L, 28Col
A 93.33 mg/L, 32°CelA 100 mg/L, 34°Cell A 153.33 mg/LE e T
FHEFTAZ 71 257 olgste] daAE s ARG
Hago]l FAN & dgelM= weAzte]l A= Chlorophyll-a®l
Ve, & Z2F9 MLVSSe Z7F dAo = <lale] zFel uheglole] #H]
b 7kt AdEse] stobd As A (HA)ge] HEe MLSS,
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(Huang et al., 2001; Fikret et al.,
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S o], R’} R*adj)zte MLSSY

89.42, 81.86 %°] F#HAI}t A= A= yEy

A5 9566, 9255 %, MLVSS®O 75

Table 4.12 Change in Turbidity, MLSS, ML(V)SS with temperature and detention Time

Temerature Detention Turbidity MLSS MLVSS
(°C) Time (hour) (NTU) (mg/L) (mg/L)
22 9 23.56 126.67 96.67
22 15 24.19 163.33 126.67
22 21 31.35 233.33 200.00
24 9 24.46 76.67 56.67
24 15 27.10 96.67 73.33
24 21 32.64 206.67 180.00
28 6 26.02 66.67 43.33
28 9 30.28 86.67 60.00
28 5 32.77 96.67 76.67
28 15 32.77 96.67 76.67
28 15 32.77 96.67 76.67
28 15 32.77 96.67 76.67
28 15 32.77 96.67 76.67
28 21 36.82 116.67 90.00
28 24 38.51 136.67 93.33
32 9 23.10 90.00 73.33
32 15 25.45 110.00 93.33
32 21 31.81 123.33 100.00
34 9 28.74 96.67 70.00
34 15 27.21 113.33 90.00
34 21 37.19 176.67 153.33
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Table 4.13 Estimated regression coefficients for Turbidity after precipitation

Term Coefficient | SE coefficient T-value P-value
Constant 32.701 0.519 63.039 <0.001
D.T 4.191 0.399 10.504 <0.001
Temp 0.274 0.399 0.688 0.514
D.TxD.T -0.499 0.404 -1.236 0.256
Temp*Temp -3.419 0.404 -8.461 <0.001
D.T*Temp 0.132 0.582 0.226 0.827

R? = 96.31 %, R%adj) = 93.67 %

Table 4.14 Estimated regression coefficients for MS after precipitation

Term Coefficient | SE coefficient T-value P-value
Constant 97.000 4621 20.991 <0.001
D.T 31.569 3.554 8.883 <0.001
Temp -17.059 3.554 -4.800 0.002
D.T«D.T 3.557 3.600 0.988 0.356
Temp*Temp 19.854 3.600 5.515 0.001
D.T+*Temp -24.167 5.181 -4.665 0.002

R? = 95.66 %, R%adj) = 92.55 %

Table 4.15 Estimated regression coefficients for VSS after precipitation

Term Coefficient | SE coefficient T-value P-value
Constant 77.430 6.481 11.948 <0.001
D.T 26.471 4.984 5.311 0.001
Temp -13.922 4.984 -2.793 0.027
D.T+D.T -0.649 5.049 -0.129 0.901
Temp*Temp 17.129 5.049 3.393 0.012
D.T+*Temp -24.167 7.266 -3.326 0.013

R? = 89.42 %, R*adj) = 81.86 %
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422 w7184 A2 &4
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Table 4.16 Change in TCOD, SCOD with temperature and detention time

Temerature Detention Time TCOD SCOD
(S (hour) (mg/L) (mg/L)
22 9 71.73 17.93
22 15 66.29 16.73
22 21 41.24 12.19
24 9 149.59 11.99
24 15 59.25 10.98
24 21 63.98 8.77
28 6 86.92 19.95
28 9 78.57 15.01
28 I'5 44.87 5.34
28 15 44.87 5.34
28 15 44.87 5.34
28 15 44 .87 5.34
28 15 44.87 5.34
28 21 25.05 2.62
28 24 7.96 6.05
32 9 93.25 29.02
32 15 71.83 9.77
32 21 64.99 2.42
34 9 64.68 29.82
34 15 43.76 17.43
34 21 29.98 2.52
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Table 4.17 Estimated regression coefficients for TCOD after precipitation

Term Coefficient | SE coefficient T-value P-value
Constant 46.962 10.786 4,354 0.003
D.T -27.331 8.296 -3.295 0.013
Temp -10.486 8.296 -1.264 0.247
D.TxD.T 9.523 8.403 1.133 0.294
Temp*Temp 12.896 8.403 1.535 0.169
D.T*Temp 14.335 12.093 1.185 0.275
R? = 70.79 %

Table 4.18 Estimated regression coefficients for SCOD after precipitation

Term Coefficient | SE coefficient T-value P-value
Constant 5295 0.943 5618 0.001
D.T -5.962 0.725 -8.226 <0.001
Temp 1.381 0.725 1.905 0.098
D.T«D.T 3.223 0.734 4.390 0.003
Temp*Temp 5.037 0.734 6.860 <0.001
D.T*Temp -5.844 1.057 -5.531 0.001
R? = 95.79 %, R%adj) = 92.78 %
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Table 4.19 Change in NH4-N, NO3-N with temperature and detention time

Temerature Detention Time NH;-N NOs-N
(C) (hour) (mg/L) (mg/L)
22 9 51.00 0.39
22 15 50.00 0.41
22 21 35.67 0.44
24 9 56.33 0.39
24 15 58.67 0.40
24 21 48.33 0.43
28 6 48.33 0.41
28 9 45.67 0.42
28 15 44.33 0.42
28 15 44.33 0.42
28 15 44.33 0.42
28 15 44.33 0.42
28 15 44.33 0.42
28 21 42 .83 0.42
28 24 43.33 0.42
32 9 4417 0.42
32 15 40.83 0.41
32 21 42.83 0.41
34 9 69.67 0.32
34 15 44 .83 0.41
34 21 40.50 0.44
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Table 4.20 Estimated regression coefficients of NH4-N after precipitation

Term Coefficient | SE coefficient T-value P-value
Constant 44.410 0.784 56.649 <0.001
D.T -1.980 0.603 -3.285 0.013
Temp -2.990 0.603 -4.960 0.002
D.TxD.T 0.972 0.611 1.592 0.155
Temp*Temp 1.676 0.611 2.744 0.029
D.T*Temp 1.667 0.879 1.896 0.100

R? = 87.21 %, R%adj) = 78.08 %

Table 4.21 Estimated regression coefficients of NO3-N after precipitation

Term Coefficient | SE coefficient T-value P-value
Constant 0.421 0.001 405.044 <0.001
D.T 0.007 0.001 8.873 <0.001
Temp -0.001 0.001 -0.711 0.500
D.T+D.T -0.003 0.001 -3.086 0.018
Temp*Temp -0.006 0.001 -7.016 <0.001
D.T*Temp -0.013 0.001 -11.363 <0.001
R? = 97.39 %, R%adj) = 95.52 %
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Table 4.22 Change in PO4-P with temperature and detention time

Temerature Detention Time PO4-P
() (hour) (mg/m3)
22 9 4.07
22 15 3.95
22 21 3.87
24 9 4.12
24 15 3.97
24 21 3.88
28 6 4.17
28 9 4.12
28 15 3.99
28 15 3.99
28 15 3.99
28 15 3.99
28 15 3.99
28 21 3.90
28 24 3.77
32 9 4.17
32 15 4.14
32 21 3.88
34 9 4.12
34 15 3.99
34 21 3.84

_71_



Table 4.23 Estimated regression coefficients of PO,-P after precipitation

Term Coefficient | SE coefficient T-value P-value
Constant 3.989 0.010 381.281 <0.001
D.T -0.131 0.008 -16.329 <0.001
Temp 0.014 0.008 1.682 0.137
D.TxD.T 0.001 0.008 0.094 0.928
Temp*Temp 0.000 0.008 0.003 0.997
D.T*Temp -0.013 0.012 -1.066 0.322

R? = 97.48 %, R%adj) = 95.68 %
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Fig. 4.25 Variation of PO4-P at each temperature
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