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Thesis Title Evaluation of Activated Sludge and Photocatalytic Processes
to Micropollutant Degradation and Biotoxicity Assessment
under Different Hydraulic Retention Time in Leachate

Treatment
Name - Surname Mr. Pitakporn Thankulkit
Program Civil Engineering
Thesis Advisor Assistant Professor Jarungwit Boonnorat, D.Eng.
Academic Year 2019
ABSTRACT

This research recognizes the current natural environment that leachate from
landfills is a major problem that is difficult to treat, so it is necessary to find a way to
treat it to be released into public water sources. That led to this research to investigate
an effectiveness of activated sludge combined with photocatalytic processes in treating
leachate.

In order to investigate an efficiency of the treatment, the characterization of
leachate before and after with activated sludge and photocatalytic processes was
examined in the retention period of 24 and 18 hours to assess treated water with
aquatic environment (common carp).

The findings showed that in terms of the efficiency of micropollutant
biodegradation, the activating sludge with photocatalytic process had the highest
treatment efficiency were : BPA, 2,6DTBP, DBP, DEHP with up to 100% and DEET up to
95% of HRT 18 hours (Activated sludge) + 6 hours (Photocatalytic). For biotoxicity
assessment via fish mortality, it was found that the HRT 24 hour of activated sludge
more friendly to aquatic environment.

Keywords: activated sludge, photocatalytic, micropollutant, biotoxicity
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[~4 1 dlq Y ::1' 1 a @ ) 1 < 1 = 1 1 <

Juvenflvuldiuuinnan aeluvelidnuwaznisyiuwiadu 2 du Ao druvuvesiaidu
LUULDLSOA TASUBDNTLAUINNAITANYNBINIANUSIURIUILAZAINAITTIATILALAIVD

a1 wagdiuawesiesgluanmueunelsia veuwrdaminillagUnfudiazsudndesaini

[ 2
v v v 1 o w a =

H1UA1SUNTRTUANNNABY NTrUIUNITUNTaTIARTUluUauARaWw 7N 138011 A15VNAIY

& I a

dze1ndileg (Self-Purification)  @138unsdnedluuivgndesanielagaqunsdussianily

Y

29NBLaU (Aerobic Bacteria) L usivisuazdnsunisasiawadindwazidundsanu Tnald
a AV v o ¢ | o | | ° o 1 ' ~ v =

sandlaunliannmsdunsieiuasesamiefeglulediuuy dmsulediuaisauiiuyeds
waAnaaaline aTUSUURBNTIUAN AUNRENT1LLSPBNTLaU (Anaerobic Condition) kagil
aunIgussinvlildoaniau (Anaerobic Bacteria) vimtfigegaauansdunIduaziUsanIw
< & 1 a @ 1 a 1 6V a é’ Al a a (B
Jufinguifigiiuieueunalsin wilenassduinizgnesndladlageendiaunegyiauuves
vavihlsldiinndumsiu [31]

3. Maturation Pond Wutlafnisuainuawnadawiin (Facultative Pond) 4ui 2 Taedl

HRT 10U 19.5 Tlae @9 Uaundlanmiduuslstanasniiaus Feilmnuanliuiniasiaiunndad

(% 1% v

fenuveldsesiudndeiiiunisintauad ienenidfislilaunmiindu uavenfeuasian

v v
o a J |

yhanewdelsavidoaunidiivuiiounntuiisteussunseengdundou anauidetunuin
annsatdnindslagainnisdidadiessuuiidaindswuuveuduiaies (Stabilization
Pond) neluszesiian HRT 41.1 4alus Tagen BOD, COD, TSS, NH.-N, TP thudnagil 234,
424, 118,39 wag 4 mg/l AUaIAU dlorun1st1daugs A1 BOD, COD, TSS, NH-N, TP agjﬁ

20, 100, 10, 17 uaz 3 mg/l aua1au [31]
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2.2.2 sxuuinUnuduuuuuo@ue e (Aerated Lagoon 38 AL)
INIUATEVDY Belkacem Hammadi et al. [32] Wudduszuuivininvewmesaay

(%

witeinatdsegluleadiseelvlinuainu1nadu lununlausui 3 Junseasy

q

Uszavsnmmnideluszezinan 17 lngldszuu Aerated Lagoon flendinisifitesndiauain
\ASoaifuanne (Aerator) TiRnRsuLuaeeviodnfnfuuiudls ieifiuoendiaululid
USinaufieane dmsuqdunidannsniddosaarsarsdunisluinideldi@uniinisudes
Tideranonussaud shliszuuthdatidswuiaisonaaunsotindidelfosed
UsyAnBam annsoanuTunueuanysnvesinidelusuresafled (Biochemical Oxygen
Demand; BOD) l@saeay 80-95 Imstﬁsma”ﬂmsv‘mmmaaaﬁuw%émaiﬁaﬂnsﬁﬁaaﬂ%mu
(Aerobic) Tnsfiipdoafueniadsuananazvhuiiifinoondiuluiuddeilhaansniy

NauvaatnluUame vinlminn1stasaatea@Isaunsdlang1antan1elulue Nann1s1inIuYad

[ 72 '
) =)

spuu sruuiidnindswuuveiinennia ansatidaundelavialdeanuvasyuguisiay
anUsneAoud1awn wazudeangnamngsy lneunfagesnwuuliveianudnuseunn 2-6
R sgezaniuinid (Detention Time) Meluvaifiveinauszain 3-10 Tu uaznIodiy

a

a1nAvzRedankuUlilUsEdnsnainaiunsavilifnnsnauiuvengnougdunsy oandiau
azaglui wavuuds uenanilazdesdiieuy (Polishing Pond %se Maturation Pond) Sun
HeanualiivenieiiennaynaukazUsuanimuifianousyuigeanddiwinden Neilazsed
[ 901 1 1 @ [ 14 1 a A 9 Y a
AuANsnIINsIavesinglulauakagssaganiuinmnzaulduuauly weldlvde
JyninisiasgAulaiuusinauesdinge (Algae) Tutsuuannifuld wan1sidenuii A

BOD, COD, SS ﬁﬂiz?{m%mwﬂwﬁmqqqmﬁ 87.4%, 92.23% whay 92.12% MUY [32]

{

|
—+t» Third level

Second level <— - o ‘ Main collector

Crude used water : = § = if
G - -

CIEIEE I RETETE TR

First level

;sﬂﬁ 2.1 STUULUUUBLALDINTA (Aerated Lagoon) [32]
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2.2.3 szuutnimidswuudeuseivg (Constructed Wetland)

NNV Wei Liang et al[33] lngldszuuirdanuuiauseivglunis

o w

Urialpenuadu 2 valldiunseaie? Ue lasdadiuns 2 vadlwuin 1.0m x 1.0m x 1.0m
& P a ) I Y a ado a &
wUwUU 2 ﬁ;mmimaaﬂ,maLﬂismmamm;mmimaaawmLﬂumLaamumﬂﬂmﬂuﬁmmuqu

a a a a a a o w dy
an 1 YANIINAADIUNUEATITNY DBP LW@J‘VIG]ﬁE]U%’]‘UﬁSﬁVIﬁﬂ’]WGLUﬂWTU’]‘U@I‘U’ENGQWﬂ']i‘VI@ﬂ@\‘i'HI@EJ

v '
v a a1

wanmsidlaudslvanunlulssefvgausuiitunsie waztuiungiglunisnsosiazanses

)=

Tuvadald Tnsvedaluaziitunseswmieununiuvansnieutasstduineiunisiidn a1nnis

(% (%
[y Y

3 wud e 2 genismavau dUszansamlunisundnansiie taunds 99.99 % N3 2 YAnIs

NAAD4
2.2.4 syvuihUmindsuuuieniilifingdnd (Activated Sludge Process)
1N1UIT8U99 B. Marrot et al. [34] 1JudsUTntEesmedsn15n19823nen
TneldhuasenINyLdoanTLau (Aerobic  Bacteria) TAEEIUAINTDILUULUTULNOLAY

'
= a

Uszansnmlunisindn Begdunsdidudmantunistosaarsansduvsdludnde ssuuwendia

[ <

[ U et a a 1 I a & =
L@ﬂﬂﬁ@"\]%ﬂﬂﬂ??ﬂﬂﬁ’]ﬂMaWEJ‘Vl’N“U’Jﬂ’]WE]QE]QINWSﬂQU INNUIIPULTUIUIN  lab scale a9

YA reactor J0e3UUNALLA 90 L 19a%9 60 L Teeflisnususiaidniulugansesdndenau
Uaegaaniluuiiiiunistitn aanawddenudn ssuutiasmuenfivadnadnd il
Usgdnsnmlunisidnansiivladangainnsiv [34] uwwilduiianaudesseznaifiniuiuig

1%

YU
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012 97 —
= T L 10,8
o 1 4 S 024 ,
3 0,14 e = MLSS 106 =
= 0,08 - MLSS 195 2 g 0,15 | ’ =
g 2 e 104 2
S 0,06 - 194 g o r 10, »
o @ = 01 =
I g g L 102 2
S 0,04 t93 £ ; =
5 s henol
2 0024 pheno Loz & 0,05 p 10
0 . 9,1 0 9.8
0 0,2 0.4 0 1 2
(@) Time (h) (b) Time (h)
06 12 038 10
= L11,8 = 1098
C) °* 1675 3 %1 o
= 041 MLSS B A4 MLSS TEE 4
L ~ 9 ~
& 03 N4 2 2 o4 194 =
o L11,2 B C =
S 02 S leg2 =
5 L 11 £ o2 h
= 8 0 enol
= 014 phenol L 10,8 = r o
0 - ’ » 10,6 0 i : 88
0 2 3 4 5 0 05 1 1,5 2 25
(c) Time (h) (d) Time (h)
4 11,4 16 11,8
e 19 L 11,2 = 14 11,6
S| = L 11,4
d MLSS L1 = El\2 ~
= 081 By el IL MLSS 112 T,
g | 10,8 on 2 L1 5
S 06 = S 08 2
o L1066 £ o 2, L 10,8 2
T 04 _1045’ g A L 106 O
s phenol i é 04 phenol L 104 =
& 02 +10,2 02 + 10,2
0 T 10 0 ————— 10
0 3 4 5 6 7 01 2 3 4 56 7 8 91011 12 13
(e) Time (h) ) Time (h)

0,25

a a a ) a ' Y Y oA 1)
EUW 2.2 UigﬁV]ﬁﬂ’]WIUﬂ'ﬁﬂa']EJ@YNJE]\TWU@@IU?‘TW]'J"INLSUMSUUVIC‘]'Nﬂu [34]

—

gl

o

U

WHNEAILANSYINULAENTRNIIUIUYDNY

AN

[
Y

o =]
ULAYYL

SEUULDNTLLARAARD L uszuuvITALL

a

'
a

FuNULY

T uagawnsane au1sauiun

YURATUNFYIINTTNUENAMNTTY Win1TiiuTTUUUTEIANilaziiniugeen

Fou 11091910911 0UezA09lN1IMIUANENITLINGBNLAZANBATNIAIBAINAIN 9 9

a

auUn

a6
H L

'
=

Yl

9
v

a

vuilUszdnsanlunisundngegn

lutlaqiu syuvuenfivifnadnddniswaunldunaleguuuy W szuvwuunIuauysel
(Completly Mix) nsgulunIsUsulatesdula (Contact Stabilization Process) szUUAaBY
quideu (Oxidation Ditch) w38 szuuthniidewuuieatiens (Sequencing Batch Reactor)
Judu Feszuuthdmhidsuuusenividaadaslnemluasuseneudediuddin 2 @ fo &

\#teINA (Aeration Tank) Wagiannagnau (Sedimentation Tank) lagtdgasgnaadndan
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= [ |3

91n1e Fedladndegiudruiuninaiuiieanwuuly anzatsluduineiniavssdanind

a

WBaguiuron1sasybAulavesduniduuurelsla Rdunsdmvanilazyinnisdevaans

9
(% (%
o

a15dunsdluddelveglusuvesmiveulaeenladuaviluiian dndeunisintaudiae

Inareludaimnaznauiionsnaandeanainiila adndniuendisginuiinnagnaudiuniaeg

L ¥

gnaunauilUlududueinialniiiesnwianududuvesadadluduiveinialilaniui

a

fvun wagdndiunileaziduaanidiuiiu (Excess Sludge) Ndostinlumdnnely dwsuinla

[ YA
o a A

druvuanilvhinasossueeengdauindeuld

2.2.5 53%‘1511]’@51Lﬁ&JLLUUﬂaamuﬁau (Oxidation Ditch ; OD)
MN91UITBY0T Min Yang et al. [35] 1uszuuuaniivfngdns (Activated
Sludge) Uszunnuils AilduuaiiSewiniildaendiau (Aerobic Bacteria) Jusndnlunisdes
ganeanssunidluinde wazasaiivladusiuay riau‘ffiﬁ]zgmwﬂaaﬂmmﬁ’lﬁﬂma‘i‘%mi

ANRENBU ‘?Nﬂ’]iVTN’]‘HGUBQEZU‘Uﬂﬂ@ﬂ?UL%SUQZL%ﬁBUﬁUﬁgUULL@ﬂﬁL’JLﬁG‘lﬁﬁvﬂ@ﬁﬂﬁJﬁ’ﬂU Ao

o a 1Y

afiagaunsdunueviateyiin Inegaunsdnddgylaun wuadiise 1Wes wazluslads (ludu

a

= P a a a ace [ a N e
Feanenlglunsasyivlavenaunsdasduaniisuelsia Ingqdunidesl

k74

a el 1

%ﬁ?iauﬂiﬁlﬂag
S a | o ~ a a A o a o e

EL‘LJU’]LGEJLUULLﬂaﬂaﬁﬁﬂiLLazwaN’]u LW@ﬂ’]’iLﬁ]iinLG]UIGILLazLWZJRHHUH“UENQ@HWEEISLU%UU

nduIengdunsdeanaindndeliuditands lneddnisanazneuludnnaznau

(Sedimentation Tank) telvilainla (Supernatant) agaiuuuvaimMNAzNaY FallAaA NI

v 1
av A

T uazanunsasyuweengdwandoy lnenuddeiiluwuy full-scale lagldan DO, SRT, HRT
A | Y} A a a a oA ~
NLANAIIAULNBDLNGUUTEANTAIN NANITNARBINUINUAIENIENNUIZEUVYDY DO, SRTUAY

HRT agjﬁ 3.5 mg/\, 15 day, 14 hours ﬁﬂszﬁm%mvﬂ,ﬁmiammsﬂwléfmm’?iqm
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[nﬂuenll I Effluent

Return
Anaerobic | Secondary
tank settler
Aerobic
Anoxic Oxidation ditch Anoxic
Aerobic

P
UVI 23 “UL!GYPJ‘U@WLuufl']wl]@\ﬁuUUU’]‘UG]U’]Lﬁ‘t’;lLLUULLNu%WUﬂNUﬂI’JﬂWW%?ﬂQ’]‘U?"\]U [35]

SEUUARDNIUIUILTINBULLANAIIIINTZUULDNAILAAAIAILUUDU AD LR

ameAeiignuanidulnausenss vlrssuuaasniudeuiddinuiiuinniissuuseniiviga
o ¢ A o a = a o v 5 a

#dnduuudu InggUuuuvesiafineINIaLuUeNaunetss Milraiudsuniuuuiend
(Plug  Flow) wesdaAueInie wagnisniuagldiniasnainennia defunluluiueu
(Horizontal Surface Aerator) 21N@N®MEANSMALUUAULUIEIVNIaN N ludLRLBINA
wansndluaInszuukeafAndadndwuunIuaNysal (Completely Mixed Activated Sludge)
TneArAuduTuvesesndiauaratsyn ludfveiniaazanadisos 9 AINAIINYIIVOINT

U oa & s =

QUﬂi%%ﬂMﬂ?Lﬂu@u‘ﬂ LiEJﬂ’J’]LGUGILLQUEJﬂGUﬂ (Anoxic Zone) %43% fszyy L'Jﬁﬂll“t]ﬁ]x‘lﬂhlLﬂ‘L! 10

Y19 N1sAgiueInIAlan g ulvinliinlunsiaty (Nitrification)  wazdbumsWLATY

(Denitrification)

2.2.6 iwuﬁ’]ﬁmﬁ%%aLLUULL&Jumwyu%amw (Rotating Biological Contactor;

RBC)
919133809 Saraswati Rana et al. [36] Wuszuuwiuaumyudinmdu
szuuthsatidsmainine s nashuinansdnsasnsanssuendanaduegludsitn

[y

fnanansanszuonilagnyuetnedn o Wemyudusiuihuazdudaema auvddfiendeinegiu
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23 ssuuinimindeluyssmelng

nsainmumuas Tngddnnsssuisd IWalvuimsthdatudelassunutnde
n01A1381wdeu 01AIIEivd wardauUsENaUN1IRINY Sadruanszuutiadildde
syuuLenifinadad (Activated Sludge Process) iludaulveg) msziilesann Wuszuuthdn
ys¥anw uazidudinsredanndon wazildunulunislddieitesuazazandenisqua Tu
fufiudnisundiiaiilssmuauauaimiisiusianua 8 fuil lészvunenivufaadnd
(Activated Sludge Process) Wiaviain 7 8 Tssmruaunanildnszatelunuiivieane Yusen
wazilang unnveuiiidnazen Aefluiiusnisveslumuaunmuamihdnsse faulnduns

'
2 IS

1 a a 1 U ao’ a ¥
YOIUUNT AULAT NUBDILVU VIAT ININTHATUITD a111505995ut L e lasau 1,112,000

6 1 [y} v a goj Q" 1 o LYY 2 901 d‘
ANUIANLUATHBIU fjﬁ]ﬁguummmmumw’mmuazﬂizmm 800,000 ANUIANLIAT ABINTNUIN
mumiﬂ'ﬂﬁ’mN'TuLﬂmsﬁmmgmﬂﬁﬁwamwmuamaﬂw LLazsﬁaﬁﬁMumamqﬂmwmmuﬂs

anunsandunltuselevilufanssunaulddudalaens [11]

3. Ust1ns 70,000 au
4. Two-stage Activated Sludge
5. 40,000 au.u./3u

(' m  quésisdamaunde \
L13ugsuu da. 2557
P — e
ae — - 8l 2.9un 20.7 9s.00. > B
g 1090S
Sm_'Tnau"s e 3.Us1as 223,990au 3 ;iuswu e
1. 1AUs:YY w.d. 2543 4,120,000 av.v./3u g ™ & %
2. :uilil as.AU. 2. \:ui’ 33.4 @s.aU.

3. Us=¥1as 432,000 au
L 4. Cyclic ActivatedSludge System
{cass)

=l 5. 150,000 av.u./5u

P

AUdINBY
1. 1AUSIVY Wi 2545

>
2. Wun 44 as.nau.
3. Us=1as 520,000 au
4. Vertical Loop Reactor AS
5. 157,000 av.u./3u

-

1. 1AUSIUU W 2547
S 2. @uil 37 as.ov.
@ 3. Us:v1ns 1,080,000 au
#% 4. Activated Sludge with
Nitrogen removal
5.350,000 av.wsdu )

N

¢

o rivas

~

)

dwsza1

1. AUV W.d. 2537
>

2. wun 2.7 as.nu.

3. Us:1ns 120,000 au

8l 4. Contact Stabilization AS

5. 30,000 av.u./3u

1. 1AUSIUY W.d. 2545
-
2. Wul 37 as.au.

:

N
N
N

B8 3. Uswians 177,000 au
4. Vertical Loop Reactor AS
5. 65,000 av.u./9u

- — pS

doouuns

1. :Euj:uu w.d. 2543

=| 2. wWun 28.5 as.nU.

3. Us=1ns 580,000 au

4. Cyclic ActivatedSludge System

(cass) e
5.200,000 av.u./u

.

iger 3 - Outline of Evicting STP in,Rnqunk,Mntrnnnlif:nI

U 2.5 T5a10n 8 wislungamwe [11]

23



| Y A a Y a o v o o )
M157999 2.3 TsspruauAunmtvesnsavmEuasilaliusnsiidaindelutagdu

o ]
=] I

W U v o4 Usuna
l5amuAy L R WUNUINS Y
v A0UNAY usns - Usenng o YL ULde
ARATNU Uninuude .
(M3.n4.) (Aw) (@U.4./3)
UINARDINAI
l59muA wadauUsum
y N3NYY oo
AMATNUY o 2.7 120,000 FUNUTINA 30,000
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Saulnduns LUANTEUAT
wadouusius
AuUNus9A
INDIMITAIA NIZUAT
lsaAuny N3 Unudu s
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AULLAY 2 AEn
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AAINUT - 33.4 432,000  MIYVIN WAg 150,000
. auUugNTans .
A9INT . A9INT
LUAARNINT
AUGNIANE .
y RIAVANGTD
wazeusny . ,
S OUUAUNANYS Uedu
AILINABUUNS v 20.7 223,900 . 120,000
. UAANANT YBAUAANINT
%8 )
w1 nuaznde
NFANNUNIUAT
159mIUA
GRIRMIY
YUIAYUYY 12
o 24,800
wianisulau
INMILANE
WASYIR
EREY 212.4 3,202,990 1,136,800

25



2.4 nszvmunsinlnasnzddn

Bunszvrunshliduazeindliuianilaenszuiunsdidaiinarsuafiviiiu
a1sdunidetuniduarlavgninurwdelutndslneinisnseduufaselaouaduiiigs
Uiisen(CatalytiontlsuAATenAals S tulaenseununsinlpengafnanunsos uunmasa e
Yosensiiviy Uiisensamuldidu 2 Usean &l 112]

1. nszvaunsinlamgaradnuuuaniugiien (Homogeneous photocatalysis) LU
AszUIUNSTLERIAznzAasilaniuzifiorfuansdunicidensidn Wy veuuaify
VOUUAT warvaawdartuvaaunds [Wudu

2. nszviunsnlanzavafnuuuanIueag (Heterogeneous photocatalysis) 10u
AU Azas Aanddanus i ua sBun3sidesnsidn wu veunarfuveauds
Hudu

Tnevhlundnlassadvesdinarsiiaslfidusisaufiseouninvesinaidaay
au15auUsanmUlATaEs 1 NS uveIdianmsouls 2 WOUNSWIU Ao LaUABUANTU
(Conduction band) 9ztfusaundsruiilifindsnuvesdidnnesy waz wauiaus (Valence
band) L‘fluLmuwé’amuﬁﬁwé’ammm%Lﬁﬂmauﬁiauiﬂaqa Faoundeausa 2 adedozuduen

29NNAULALARUAUTOIINNSNIU UT7T8A11 (Band gap) Auag

Y

2.2.1 mMsinnszuIunslaasnzann

aa a = Ye | A o ! aaa ¥ [
nszuunsllaasazdfnasinvuldnseledusauisenlasundanuainuas

aaa IS

HANINNIMTOWNAUVLIAYREI1INE U Aein1snseRuliAnUAsemiuall Fusendn

WHWUNINTTAY wazaunsaAuInlaInaunIsn 2.1-2.4

F= hv (2.1)
V= < (2.2)
A
hc
E=— 2.3
: (2.3)
2= he (2.4)
E
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Tned

= WaIuAIDUANURlnau ()

= AuLduLEs Tl 2.997 x 10° m.s”
AMuAveIRALYDILAS (hertz)

= AUYTINAUVDILES (m)

T > < n m
1

= ﬁﬂmﬁl“uaumﬁﬂﬁ (Planck’s constant) 1A 6.625 x 10734 J-sec

v '
aaa a = =

FelpenlansniuazgnanAnRi1veefLsUfATeN kiU ATeasintuniives

Y

'
a o [ v a

faseuizen Ingluanaigngaduazriiniswasunlanisiniseaiivesdidnaseutasuis

Y Y

Wuszradluanadzreeq Suaansly srenszuiunisiilanaznsdin FeUsenaume 2 Tunau
Ao NM3RM8LES (Iradiation process) WAENTEUIUNIIAAFART (Adsorption process) [13]

1. nsneuad WWunszuiunIsvetaunIna1snaiifigadueuyninvesuas (Photon)
PHANFHIUNINNT MO UTDIINLOUNGNIUY (Band  Gap)  lUnseuBianaseusinuauinaud
(Valence Band) Miadeuiivgaatnsuniiluduaunisdaliln (Conduction band) wazagiin

a = - f= A < ! ! a '
anngriauaaudiannseuiuauinaudduialugesine senin lea (Hole @ h+vb)

[

dudidnasounignnszdulvegluaunstladih unusedydnual ecb 3 h+vb uay e-cb
annsafvznduinegluannufulddndeiimdsnuuadlifomeriensinufiten Fonin 3
Aoudiudu (Recombination) Fuludlymfiddyvenssurunisinlneandndu wagfifionii
sEMeveamaILazveuds ech- avanmsandBuTithenuauAsuinTulUgfuBIEnaseu
(Acceptor) Tuansazate 158031 3antu (Reduction) #38 ecb- 3NELY (Donor) luansazany
lug hvb+ Tukauaiaud 1Fundn sendiadu (Oxidation) 84 hvb+ AstTulukauInaudDY
Fr¥uBidnnsaudia (Strong oxidizing agent)

2. AszuIuMsQeRaidadunszuiunsmifefesiuaududuresasiiuiina

HuRInIesenitmin (Interfaceliusgiualnuaiunsavesarsunevilalunisisluananse

) v a !

AoaapeAiagluveural Mieuialiunizdu warAnuuiivesisdduanaignandu uni
v 1 a a [ a a a a

a13nadu (Adsorbate) n1sgaduaziinAINLsIMLAiilurannsgaRaRInILATiLAnIN

UfTeNTenineasgnaadulazasnadun1sin1zduredlianau il vean 581 ARTUMELSS

PUNNYATN U0 WSINAL VIDNT 2 WIITIUAU
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nalnn1stAnufAsensnee lunszurunislwlaaznzddin laedl AgTiO, LOuMILS

Ujn3en warlinsanesiin (Hole scavenger) Wuaslididinaseu uansdisgui 2.2

H\{b@
i
i

Reduction

I ? Conduction Band
i (Ti0, 3.2eV)

Energy gap

o,

H,0 Valence Band

Oxidation

TiO, Surface
°OH

Y

J a aaa aa
JUN 2.6 nalnmsiinuizenlnlanzasdin dnudasain [14]

h',, Aikaulaugazatiisadudidnasouainansiuieuldlaensa (Oxidized) w3e
Hydroxyl ion vinlsfinidu Hydroxyl radical wazvililuianavesunuasuluidu Hydroxyl
radical @sewuiu @5 Hydroxyl radical 9zidusasudianasouniguuss wasiimiuhlunis
Anufsentunszuiunis

' e p EYNUAATEIN & 3 Ju Oxide ion radical 58

Tudiuaes ey, 3yUfAseNUBRNGLAY (O,) naneld

. . o A ° aaa | v & ¢ I3 =
Oxide anion wazdadimuaiuisavinufiisendeluls WJulslasiauleseanled (H,0,) @4
lalasiaudeseanleaiuniduisudianaseunsussuduieiu azdauauisatunissy
ddnasounawiliminluidu Hydroxyl radical lnanaae [15-16]

2.2.2 fu39Ufisen Tio,

AauanRves TIO, arsnililudrznzdadluu]isen Photocatalysis Tiun

U

1) Tavigsi (Transition Metal) wiu lasiloy, neswnawaziliia Wudu

2)  a1siesath (Semiconductor) i liilealasenled dinzdeanlyn
Falduazuandion Wudy [19]

Tmden (T) Wulavwsdin funaszmeuiaiu 47.90 Faflaunusenisianseuls

g¢ liiduanshlyl SlavoonBunduindu +4 +3 uay +2 Wusy wiaamlaeyhlluddaumiiy

[ LY Aa

+4 Tnnfleulaeenleafidnuazidundus waluanawindu 79.90 Wulanfidauaudfiluy

28



a1snesnfluljiselnlanzagdsn waslilasaiandniiuansnady 3 Usuy laud eun

wa (Anatase) u3Alasi (Brookite) wazglnd (Rutile) \usy wansisgui 2.7

Brookite Rutile Anatase

J b = . v
§‘UVI 2.7 lassas1ananaed TiO, falUassnann [17-18]

TAssas1ananNdeudiunlgdmsunssuiuniIsn1snana1sdunsgluun A
lassadamdnvesying uazvetouing Fazdinnsdasesiivetessnen  TiO, Wuuuures
Orthorhombic

TiO, Hlassaiandniuanedianiy vilvlassaiiandnusiaslaseasialinuaud

| [

WANANIAY LDRANTUINIAI UV INLAUITNE NUIINEIULESVRIAUAVDINTLARNNIE

'
a1

o (Y] . d v -1 :j | 1
119557 dmTu TiO, NdlAssaduuusinanlian - 889.50 kimol  TINRAIANNNLILIY

. i o = ' o -3 { . i o =
09 TiO, NHUlATIASHNANLUUBUINENANYINAY 3.89 g.cm” Tuveale? TiO, NHlATIas19NEn

[

a1 1 ! L2 '3 va { 1 U U ! = ¥ =
LLUUElWéNﬂ’]ﬂ’NNMu’]LLu‘L!LVHﬂ‘U 4.25 g.cm qmauumﬁLmﬂmaﬂummnﬁ]wﬂwaﬂ

[y

lasaadawuuouInaia1A NN 119 ILaUNAIUWAY 3.23 eV Turugsinadanviniu

3.02 eV 33l TiO, Nillassasiwdnuuusuimainiuiodblunisiinufiseandn Tio,

(%
a &

nlassafrandnuuuging waglaseasrendnuuuuialed  msvildusgvstuaiunsavitle

q

ADUTNIZYNN Lﬁaaﬁ]ﬂﬂﬁauiﬁiaa%'wqmﬁﬂLLUUgiwﬁﬁwﬁ']ﬂﬁiwﬁﬂmjmm%Lﬁﬂmau uazlaa

o '
v v a a o

lndeau Bnnsdadiauaiunsalunisgaiaiidiinitlassasiawinuuveuima udlulagdu
flguldlassafandnuuvsnimainnitndnguuuudy AaaudininenInuaznaives

Tnmdlenlaoanlonwandlunisnai 2.4
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4 va IS .
ATNN 2.4 AUFLUANIALLAENNNIEAINVBY TIO, [19-20]

AaNUAnIuAdl AaNUANINENN

1. AUANTUIIBINTY 3.90 1. laifinau
2. fuew 7-8 figaumgil 20 osriwaLdoa 2. waluanawiniu 79.90
3. lalawaneih 3. AssyHAnWNAY 2.52
4. gifien 2,500 aralTyd 4. dnwauziluveands, dv1
5.9AMaBiaT 1,840 B9l TYd 5. frnuuds 5.5-6.0
6. fifnAunLILLIY 3.84-6.26 g.m 6. AIUAWINWIZLNAU 0.70

7. fuitin 50 ¢m”

8. Tvumeymaaviiiy 20 nm

9

fianamuiuiiy 130 gL

a a a va v A 1 & '3
M13797 2.5 n1sideuiisunuaudfanunsues TiO, 58nine aUWNE (Anatase) uinAlay

(Brookite) waz3lng (Rutile) [18]

AaENUR e Anatase Brookite Rutile
AYHTNIm - 2.52 - 2.71
YOIINUDINGNU eV 3.20 - 3.03
ANURUILUY e.cm’” 3.894 4.17 4.25

AULT Mohs 5.50-6.0 7.0-7.50 6.0-7.0
ANBULVDINAN L WAsElnauea poslssouia LA

Tnauea

ANADIULYAY °C wWaswdundn - 1,858

Rutile @915 °C

WaaudasyAvd, AGF  Kcalmole -211.40 _ -212.60
1
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4 va v . 1 6V '3
M9 2.5 nsilSeuisuAuantiRdnvagas TiO, 581319 auLna (Anatase) uialav

(Brookite) uaz3lng (Rutile) [18] (si0)

AUANUR WU Anatase Brookite Rutile
LAPRARBUALAUY, a A 3.784 9.184 4.593
ANAOULIIE °C Wasudunan - 1,858

Rutile @915 °C

WaaudasyAvd, AGF  Kcal.mole -211.40 : -212.60
1

WAPRARBUALAUY, a A 3.784 9.184 4.593
WAPRARBUALAUY, b A - 5.447 -
LAPRAPBUALAUN, C A 9.515 5.145 2.959

2.2.3 Uaseninansenulunszuiunisinlnaznsann

1) anuiduvoauas (Light intensity) nisiiuanuidunasunnuaziduns

1% (%
= ¥ v W

WinlrneulvlivTunauunntusieg detduagyinlignsinisiinlaserundulusie d3ain

MIfnwAruInansasTudaTIMsiauAselnlaneasaRinasTuegfuanuuawaeg [21]

a (2

2) Usunauinaymzdan (Catalyst dosage) azvimtniduansgadudansyinln

a (3

Ufnselnlanznzafinintuniivetasasdan deiulunisiiuysunumeazasdanasyinlinug

©

v
=< ¥ e 'Y

Avesnsgaduivsnaiiiaduse SnvadsdmalidnsnsiinuffseTnlnaenzafnifiudu
anee

3) manduduliuduresansazats (Initial substrate concentration) A
dutusuduvesansavaneinalagnssreufizelnlnazagain nuindlomnaundutuvesans
fadufivinadifiutuinaginliuiselilnagasdfnanasing uisienaazasUidlunaiey
wana fo vgfiinnAeufAsendomuiduduresmsisiuiutuasinansudndusinans
dusulgnsen (Intermediate product) fUsinaufistu Feansiandnazannsadudinston
aanevesansdunigmlimiisenintutesas muiadeanududuiivsinanfivuniuning
yuuiuvesansnsluansaraefanfiuuniuludedmailinisdosiuvesuasllds

asazangldlimitadsinlvuiiseninanasdnme
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4) Arpdunsa-aAns (pH)  TunsAne N uuLInUIIN158na9903 pH
= ' aaa aa & 1 a LY
sgiinalaunswelulisenlvlannsnzafnlusgiwnn wagaiunsaesuiganvaills 3 auwe
9 [22]
N, anuuduveslalasiaulessuddnuiuiinduiliosninns
Anuiselnlanengasn
9. nsanasadlansenludlessuiliotninnisvihujisendules waziindu
[ a a
Julensendalsinea
A wanfusigavnevesnssuiuliilanazafneendnduusdululfend
sgagUlaiierinanaufiselnlanzagafnuduiansussnauiinainiutiaeuin
5) andlaunazMsudianaseumaug asduiiudianaseuvilinisnduun
v a & a s o = [ Yo ¥ X PN a v v v
FuMBnATIvesdianaseuiulaa dae1vaslulllndeutee1niu Neendauagsiumiiuiu
didnesouindugliesoanlansinea Fududeandladnguusidnuiianis guweseanlyd
shreatdueivaziuiisedenulelasiauleseuldiduieslonsendaisinea dadudn
sondladansduvianguusidnaiionis Inevaluudrtusendiauaziinudnludmsunisdon
aaneasdunsadululieganysal uaghivsngieandauazdnlugeiufivesansdunsdlu
N13ARRULEIYEIUNIARLTIU S uidnlunssuunsivllaazngdansdnduvesunse
USunueenduiinasednsinisiinuisen sasnuimndvsunaesndiauazaisluaisazany
yhlsammafniiseddnduisnmnisanamiesnaglifinnistuvesufisen [22)
v ! aaa v = va < =< o o = v o a
6) LU ATe azdosilquantAduasiaiiimielangdii faiansa
navduassiownasnuiawas ilianujaselnlanzazdfinlunisirdauaivytiauueg 1o
JERET PG TR LﬁaamﬂmwmumLﬂumimmmmwwhuuwumsuaamLsa‘dgﬂsmm
Fusnuilsluduneuiiddyreufianfauifselnlnaynzannlunist dauafivlusunewssly
Fefulunadfisuinudusaufisennniuasiliifuiiadunntuiewasdmalisnsins
Anufaselnlaazasdnniutulusne [23]
a e (3 a a6 1%
7) Bdninslad (Electrolyte) wananansusenauduvnsdudilosouvasaIsu

1 [

yinorvgnaafauuiivesinsauiisenls luiuendeatulesswmanil Afed Tndudaduds

¥
Nt Aa 1

U Asliuleesumanidaldnsnasedninsinu)isewazraaumansvesufizenlnlnay
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8) deufnsad iudadendrdgyedrsnnlunszuiunisiilanznzdfin Fsluns
deanldylavosianimunzandwnlusesidsdsmnuanusalunsitnusiuiuuas UV uag

wanwildlunisurdaiedesiunisiinansdudinisiinufisen Jagndeuwuziiwaviiunly

[

asssunsndlunszuiunmsnang lawn aunuaaaia (Stainless steel) wazuia (Glass) Hudu
aca ! & v Ao w ' = a aaa aa zﬁ' a aa
9) gaungiindednduladendrAyedrmils msifiauiselnlnazazdandoiiugunginuin

= o Y o aaa + - @ X Aa Y
U i lrdnsnsviugisennes h , wage o, nuarstudauluaisazaienda1uinningns,

msnduansadiiuladees h' ., waze 4, Wesmnanudlunsvuiuvedduanalsuiuuniu

\Wegaminiaiu [25]

av dd o
2.5 UYNNYIVDY

[ A a

noUszasALiiafiasanUseaniamees

[

sung Pill Cho waw ame [26] $1u3dedl

nszvauNsinlnagnzann Tupuntuaes pH Ns19iU Lazseeznananieiu aeldnisane

= v

uas Ssdeinnvaensed@vansililewdn 254nm e wrUszansninaesnisintnunvrasy lng

Y

[

\WibuileuaineAl COD TOC anansauandliiiiudl COD uag TOC luthygvsraunsagnindn

[ o w | ¥ < | a
santulonazaunsamanaisusenaululpnsiauluaisazaienebsagnasingy Ineaniyeg198a

)=

l pH 4 §n351N158a1873%09 COD uag TOC Tugandtel pH 2 uaghl pH 1N 6 og1all

'
1Y [ v a

pdAYSRsINTEANEFTIRIN1198e COD wag TOC 71 pH Wunaransenainainnnsduds

o

€

¢ a - v o 3 v & a aaa
Qqﬂﬂqﬁﬂal’u@]wa%luuﬂll,lﬁg ﬂjqﬂﬁqﬂqiﬂiuﬂqiﬂW%Umqa\‘iuu TiO, WQUUﬂqiLﬂﬂUgﬂﬁﬂfl:WIﬁﬂg

mlafRnvesdleduay TOC Tuthwrvevazdesmiunsaelaanneidunsa (aeamzn pH 4)

1%
o

R. Poblete uaz Aaig [27] lavinisAnwinistidaundsainuquilanau(iivey

Yog) A1enTeuIUNsinlaaznsdsin laedadselfisen Ae TiO, was Fe angldaieuas

[
a LY [ =

$9d UV fieugniadun1sdesgean 365 nm wuit Jadendnlunismdnuediu pH

Y

wazUSuIueIdas1UgNse saudeszeziianlun1siidn FeuTuruaududunly

Auseeg 1 uar 2 nfudednsiiuseansanlunismyngeda 68-70 % lusvewiian 60 w

v
o w o =

37 way A (28] vinsAnwinisiSeuiisunisintnundeainunvevesaie

szuuUnUn AS har MBR lagtUSeuiiguan ANUNIUYaItldenanneny kazunuasslan
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v oo
o A

Waunonsin1saeveslanlaedsuinsiareiulneidesais (10, 20, 30, 50 way 70 %)AULI?

1%
o

d' ol = 1 1 ! R A I a P 1 1 a 1
ﬂ%’eﬂﬂLW@LU?EJ‘ULﬁQJSU’JWUa@EJaQQLLMaQUWL‘W’e)'Vi’m’J’]llLﬂuWHLN@Uﬂ@HﬁﬂQﬁﬁiWﬂ’Wl NUI UM

'
a0

YEYLNNIUIINNTLUIUNNSUIUAMETEUU AS duiluseansninlunisurindisassmaasuny
Uainuin Ysunaansiwunewindsdanansenuiuasiidiaminlassundsasluluusunuiuin

v

WaSeuisuduszuu  MBR tufaiiuszansainlunisvidnaanisssuu AS wsagnalsAniu

Y

Aa

ssuu AS  Fuduszuunuraulawiuiunsizsiduszuuniianldaensiniwazsduiinstu

AWINADULINNIN

S. Theepharaksapan W&y At [29] MN1SANBINITMIRENTRELATA1TOUNTIN

Juiwwazananuduiivna@inmeesimzagzmuuuiujiinisssuuinvaiivsveziiy
¥ IR = [
sULUUlAelEn15uU9M2709a15LAN1TNT0INTIBN1TNTOIVUIALAN (MF)  WAEAIS Reverse
Osmosis (RO) wiausu nsidauafivgeuszauanudnsadiuinglaonisudsiuaznses
n318 ansiwdun3dnd1Agyiiluiie ldun DEHP, DBP uag bisphenol A gnrinda 100%,
°o w =y " 1y Y} v 3 o a o

99.6% Way 98.0% mud1au NMInedeuANUduivwdsundulagldiminUarlawazaumly
Uanansnuasanudufivsonugnssy (Comet assay) laniunisiiiensivaeunisanaiuduy
avlutvrveznssnet wenluillenvinduarsusznouiiwdsundunanluinvevesaud
° ! a N ed o < v =~ | YR
ivualag LC50 winavasansdunIdndunmiuguiy anudenigvediduelulainduda

gniinlilaeanaiivereeiu (10% Y89 LC50) Wui1agsening 8.9-24.3% Laranain1uany

mmﬁuﬁus‘iwdwmﬁmmzmmL‘fluﬁww%amwm@ﬁumﬁ%ﬁu‘[m%’mﬁmeﬁ‘mm U7

[%
o o

wls drvgvszyadaegniiu1inseivIAInT s imes A NAnduInsgIutazansUsEnay

Y Y

N oA

dundoMmBudiny Hunsshuilaenisudsivesasinduaznisnsewmsemdnasivaiulng

[y

ansUsznauluvazd RO Niwdedsnsliusz@vsnmBenuwad nsvadeuanuduividaundu
| ’o’ < a 1 g a o 1 a A a a ada
WUINUNYEV8LER LTUNYUINNINUITLVELLAYN WULLENIN ALLEBVNETLAANDNA UUEILTIN
MeuNITMAgaULE N135nwITIBanauivnsiinmeesiveverlugnisidedinuag
SEAUANMULABNNEYDY DNA Aa8iUsEaUNIUlASUANT @XA1N5SI9UANULTUY UUDIwaN UL Te
~ U W & ) A aAda A P ' ) = &
HAUAUNUS2E19UINAUNITAINEVDIAINTINNNAADULAD hASEAUAINULESMIEUDS DNA Ul

AMNAUNUSAWANTosdIns RS LATNENd
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Jinxing Ma W82 Agdg [30] Y1N15AN®IN15LAT09URNTATININWUULINLUTY (MBRs)
IasuauaulalunisininduAunliesananuinmiimanadaaigaiaznisanduyuly
= 1% 1 =3 a d’g . H = & .
Wevin ag9lsnmunsiinduYee micropollutants Tuwds lnenaly micropollutants Tu
MBRs 9¢LANNTEUIUNITAATUNITERLAAIENIFINTNUAZNITHENUNLUTY micropollutants 7

Liazangluinfinuaudfdudsslevilunisgadunaznisgesaalenis@aninuandbiiiug

(% '
= a

Usg@nSnmiigedui SRT ¥ (30-40 Ju) uay HRTs (20-30 %u.) Fadunaniainnswinaisy
371 Dasidnsin1sidaseszuuuuse  walulad MBR Hunadeniivraulalunisin

[

f1d% micropollutants nsfdavendednumzngatninelusasiinsgesaaeniadinim
(SHAUNAUBATY, LAUBATULAENAaNNNSANTULeDDN) LLamUsz?ﬁm%mwﬁqﬁutﬁaamﬂ
Aranduduresiamags nsUsegndld MBR egsdsButudosnisanuidlafiufuietu
aswyea micropollutants N1smsIRdeUNalnMIsUABUFUMTIA LAz MITILTUYEs MBR

Aumaluladfiedulml

S. Theepharaksapan tazaug [37] ¥1nN15AN®IN1T018983UaN11NNSIA89A810
Fenun1sintinanniivevee IRIUNTEUIUAITAIETEUU RO UARBIHIUNTEUIUNTUSY
a ! v ! v :.I/ 14 [ I 5 o o d'
W@fg N NNewdIE sEUUNAINTUIgsEUUNTaY RO HIUTUNTI8ENTT 6.4 wns/Talas Lite
nseesruutuRuANtUrulUginges MF 5 micron Asuniuing RO Membrane laugn
sEUratUaLiu 50 % 8n 50 % aadounduluvitndnase dnifiniunisiidaudesdallag
IddefidunsiiUiaigeeas 10 % WewSeuiguilleUaeygunanii Iagldiian 14 Tu

wulinulafiansuuteuegluvan (Wanlinne) nan1sfinwinudnuvazrenivevesiu U

Yran daududuredansdunidgendnuinlundves BOD5, COD wag TOC Wiy 30,400~

1%
o

54,700 un. / a., 32,000 — 67,200 un. / a., kag 13,900 — 40,300 un. / 8. §R31dILUITINUN
A a A 1% ~ v i Y Ql'

Py NiANEns sUugoaatslanIsanmtosninunn winninivsvszanluvuz A

Wudued NH; luihgan aandiidivgvesyszanameain vasin 9 wulave (Cr, Cu, Ni, Pb

wag Cd) fianududuniuay diulngindnunsgiu Aarsantungdviail msdwesniead

'
N o w

wonlaiilognszyinduarsiividdy Usingluiivzveziosninanuluiivdeunduse

QI aada ’Oj
A9l lun
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Ui 3
A5n159 1 UUN1SIY

3.1 YUADUNITANTUIUY

v 6 1 [

Tun1s@neruszansninnisidszuundaininsadnisiuiuszuulnlnaznzanniive

' (% (%
a a a o

WuUszansnmnsiidnansiwluaninznisinAviidy duiidunsunisaidunisasnisiag

1% 1%
o o

wvernviauilinauiiunszuInnsUIde wazihiuisdniunseuumsllananma

AN NARINTUNHANTMARRMLANYINITIATIEANG LaRIRIguT 3.1

<} @ ll ¥ a
NUAI0619 Wsze 7 vigudinay 0. Instiee

!

ANTILH Wime3 1AuA pH, BOD, COD, TKN, NH, 11a¢ Toxic compounds

!

Aa A o o Aa 3 a < o = v g A @
nageUMYTZaNTNIN MIMIATITNY ﬁjﬁﬂﬁgﬂﬂllﬂﬂﬁmlﬁﬂﬁﬁﬂﬂ%Iﬂﬂlll’)ﬂ’]ﬂ’liﬂﬂlﬂllﬂ 24 "]f'JIlN
o a J a 4 '
way 18 1 1ue 1ag AATITH WT?"IiJmﬂivl.é]}Llﬂ pH, BOD, COD, TKN, NH; llai¢ Toxic compounds LIS

Bacterial Community

g Y %’ A
ResdanmeinHIums

Y

o A ¥
11 ﬂllaglﬁ]ﬂfﬂqﬂiuu']

qe019 10%. 20%. 30% (v/v)

nagoUNIlIZaNsNIN MIsvaasieaeszuu InTnazazadn lagiinaimsnn

< { < a g a 4 '
Ui 6 31109 tagdnsizimaiimes 1aun pH, BOD, COD, TKN, NH, iag Toxic

!

k4 ¥ H 1 o U %’
ea)adrsindmumsihiauaz@eaaluiagen 10%, 20%, 30% (v/v)

[ [y

UM 3.1 M3fnwiuszansamnisldszuuudafiufindadndsiuiuszuullnaznzdfniie

P
o o

WnUseansnnnstiUnasieluaniiznindniAvunduy



3.1.1 38N5Veaad
1) Wwgvezdngnseuiumsyidadl HRT 91 24, 18, 12 hrilidu dsddnvdiauentivy

Waaans lnassuulenininadnsusznauluse 69 ANOXIC fafiueina asdamnnznou

2) n93mes fail

5197 3.1 ANIIANITRDI NNTNAGDI

wisdwes  daiudn SANOXIC  dufmennia  dwhoon  Inlmazmed
#in

pH

BOD v v v v v

CcoD v v v v v

NH; v v v v v

Micro- v v v v v

Pollutant

Bacterial v v

Community

3) levnfiriunstitn uendu 2 4n Ao 11lAsUa 2.0lUgnszuaunstv
Tnagazann laglddanlaleansauiu ua T, Wudusewiiter Aaslunsiitn Tussesinm
6 Hlu

8) Sowrsiwed dhiirunszuunisinlnaznzdnn

5) tirunistitanauiissssuutUasenivdnadns way tidagae
syuulenitfinadndTiuiunszuiumsinlnazazdin wasiadoudsnsassarithiian
MstaTi 2 nsyuaums Tnennsidennssiniuiiazenavily dhoUsunanioans # 10%, 20%

ey 30%
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AN5199 3.2 LAS9EN LTINS ITMDS

W15 ae3 W/NTIATIEN gunsal
General (COD,BOD,.....) APHA, 2012 APHA, 2012
Bacterial Community Next Generation ChargeSwitch® ¢DNA Mini

Sequencing (NGS) Bacteria Kit
(Invitrogen, USA)

Micro-Pollutant GC-MS and LC-MS (Shimadzu, Japan)

3.2 \nsesilanldlunimaaag
3.2.1 YAnnae reactor dmsuAnwinisuiinansivluannizmstiniuindu uanss

A
UN 3.2
ANOXIC AEROBIC
BOD, COD, NH,, TKN, BOD, COD, NH,, TKN,
Micro-Pollutant, Micro-Pollutant,
INFLUENT Bacterial Community Bacterial Community EFFLUENT
BOD, COD, TOC, NH,, BOD, COD, NH,, TKN,
TKN X 2 3 Micro-Pollutant
{ Fs‘f v s .:[EI = fm,
1 / | o P
eI\ L
It | =i Nl
6 l'
R WATER EFFICIENCY
i ‘-,\ TESTING BY OBSERVING
M\ FISH
. “/% Mix 10% 20% 30% in clean
— water.
[ g 124 v . L4 .
1. 39U 2. eNAnoxic 3. eNAerobic
o o o &
4. NRNNENDU 5. (N U198N 6. IwaLamﬂm

JUN 3.2 dafnsal dmsunseurunisiiimihdemessuundafiifndadnd
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3.2.2 YAMAaBa reactor dmsufnwinisinnansiivluansnisdniuindu wans

Faguii 3.4

INFLUENT

TKN

BOD, CCD, TOC, NH,,

ANOXIC
BOD, COD, NH,, TKN,
Micro-Pollutant,
Bacterial Community

AEROBIC
BOD, COD, NH,, TKN,
Micro-Pollutant,
Bacterial Community

EFFLUENT
BOD, COD, NH,, TKN,
Micro-Pollutant

PHOTOCATALYTIC
BOD, COD, NH,, TKN,
Micro-Pollutant

WATER EFFICIENCY

TESTING BY OBSERVING

FISH

(%
v o

1. 91N

4. Y9NATNDY

7. Tnatdsauan

Ul 3.3 dUng
Tlpaznzasn

2. 9ANoXic

5. 591199N

Y

ol @nSUnIEUIUNITY

1TAUNAEAIETEUULD ARLILA AT @
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umn 4

Y

HaNSAATITVRYA

¥
A

MuATeiiiednwiusgAnsnmnisinaisiiviiegluthezasede ssuutda
weniivifinadnisutunszuiunsinlnaznzadin Tneden HRT fiunndaeiy 2 a leua
HRT(AS) 24 42lu4 Vs HRT(AS&PHOTOCATALYTIC)18+6 F2lus
HRT(AS) 18 21114 Vs HRT(AS&PHOTOCATALYTIC)12+6 47lus
TneFnwd3inanismevesdaisaradnelsssnsveuaiiiefidielunnsida

=2 a a o w a PN ! 901 = I a (% dy
LL'ﬁSﬁﬂ‘H’Tﬂ'ﬁgﬁﬂﬁﬂ’]Wﬂ?iﬂqﬁlﬂﬁ’]iW‘HVl@%sLuuqsﬁgsUEJg PINANIINAADNUINYALLDYAAIU

1.1 dnvaauaiveniesvesdeunasdnisiin
4.1.1 msfiwesidasiulunmsiidadisssuuidauenfivifinadnisiuiu
nsyuIUNSINlaArAzaRn
nvtanudnvusiivzvssiouandimatitade szuuthaueniiviia
adndsutunszuunstilnagaedinluresufifing Meaudnvueynamennuasied uang

M1 4.1



4 a [ ¥ ¥ o v o U a U & 1 L2
M1919N 4.1 ‘W’]i'?llLG]’E]?Lﬁ@QWUIUﬂﬁﬁUWUﬂiﬁUUU’lUﬂLL@ﬂ‘VIL’JLaﬂﬁaﬂﬂi’JMﬂUﬂizU’J‘Uﬂ’]i

WlpAznzann

AS SYSTEM
Parameters Unit  Influent Bio 24 Bio 18 hr.

Anoxic Aerobic Effluent Anoxic Aerobic  Effluent

Water quality

pH 6-6.5 65-7 65-7 7-75 6.5-7 65-7 7-175

BOD meg/L 2000 - 1400 900 130 1500 1000 315
2400

CcOoD meg/L 5000 - 4225 3100 700 3700 2700 630
3500

MLSS me/L - 4000 - 6000 - 4000 - 6000 -

TKN me/L  20-25 ND ND 2.85 ND ND 5

NH; mg/L 40 -50 ND ND <1 ND ND 0.016

AS SYSTEM & PHOTOCATALYTIC SYSTEM
Parameters  Unit  Influent Bio 18 hr. + Photocatalytic 6 Bio 12 hr. + Photocatalytic 6
hr. hr.

Anoxic Aerobic Effluent Anoxic Aerobic  Effluent

Water quality

pH 6-6.5 65-7 65-7 | Y, 6 - |7 65-7 7-75

BOD meg/L 2000 - 1500 1000 21 1900 1400 136
2400

CcOoD meg/L 5000 - 3700 2700 300 3900 2900 500
3500

MLSS me/L - 4000 - 6000 > 4000 - 6000 -

TKN me/L  20-25 ND ND 3.85 ND ND 6

NH; mg/L 40 -50 ND ND 0.7 ND ND 1.25
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NN 4.1 mamsiesgivemnTiivedid ey Wowuly msvidadesyuuiia
wonfiifnadnssauiunszurunsinlanznzasnn Tnedan HRT Auanaiaiy 2 a1 Lo
HRT(AS) 24 2%39: HRT(ASGPHOTOCATALYTIC)18+6 Falua , HRT(AS) 18 Falua:
HRT(AS&PHOTOCATALYTIC) 1246 93lus uanslififiuimavon nantumsiada Wusmdaeasy
Usgansainlunisvrdauinduniudadu 8nse tilotUdsusening szuudada
wenafeadns way ssuuiUakenividnadassiudunsruiumsiiinavazann dusednsnnly
mMsUn enusnanszezalumMsunUnadls @enraeaniukNaniIvY [26-28],[34]

4.1.2 myiwesiunsidnasiwlumsiitamessuuirdaweniivafinaanssauiu
nszvIuNstilnaznzann

PMNMTIATIETIUSEEVB MNlunTUNU; mmiﬁwﬁaghﬁwwaz Tuanszeznai iy
Paaiiu wuin mamﬁmezﬁIuWWiwﬁLmai‘ﬁ'ﬁﬂa'aniaagﬂiﬁﬁamiNﬁ 4.2 neuanalAiiug g

UszdnS nmilumsindnansiwluiiveaes ( Toxic compounds) vasszuutiUnLenfifngadans

Sufunszurumnlaaznzannlussezain1sinAunaIaiuy

A a a o o a o o a U 1 U
M1919% 4.2 ‘Ui%ﬁﬁ/lﬁﬂ’]'wﬂ’]iﬂ’]ﬁ]@]ﬁ’]iW‘l‘fﬂUi%UUU’]U@LL’EJﬂ‘VIL?L&@ﬁﬁ@ﬁiiﬁuﬂUﬂig‘U’JUﬂﬂﬁ

lillppzazann
Parameters  Unit CAS AS AS SYSTEM & AS AS SYSTEM &
number  SYSTEM  PHOTOCATALYTIC SYSTEM PHOTOCATALYTIC
SYSTEM SYSTEM
Bio 24 Bio 18 hr. + Bio 18 hr. Bio 12 hr. +
hr. Photocatalytic 6 hr. Photocatalytic 6 hr.
Toxic compounds
BPA pe/L 08-05-7 100 % 100 % 100 % 100 %
2,6DTBP pe/L 128-39- 100 % 100 % 90 % 100 %
2
DBP peg/L 84-74-2 100 % 100 % 94 % 100 %
DEHP pe/L 117-81- 95 % 100 % 81 % 100 %
7
DEET pe/L 134-62- 90 % 95 % 73 % 92 %
3
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[
o

Na9INNTIAT I UsEAvE wlumsUinansfiufieglunmzes Tudnszeznaninifud
A1afu Wudn 9nn1siTandediesruuneniifinadns duszansamlunisinde
ansusznouiduiivly wazifledsuifisuiidnainsinfufiuanduasiivldaunsaiy
Uszansnnlunisindnansusenoudidufivlandetu Seaenndesiunainuise (28] uenaini
dlowSsuifisulunsnistidamessuuiidawendivifinadnssaudunssuaunistnlanzazain
wuin nsvurunistnlaryazafinanunsaduasuusyansnmlunisidnldddeauiiefiouiu
Wesdusitelunistdnesiulen nssuiunisinlnazazdfnaunsaiidnasusznauiiy
fiw léun BPA, 2,6DTBP , DBP , DEHp, DEET luswianfnfiufl HRT 18(AS) + 6
(PHOTOCATALYTIC) flusganSainleuinia 100%, 100%, 100%, 100%, 95% AUAIGU LAy

Weanszeznatlunisindnanasdanaliuseansninlunisiananasnuainy [281,[34]

A 1 Ty a o o a v
4.2 nsfneUssnsuuafiSenduatuseantamlussuuiiaueniiufinadng

Asun1sAnwIUSEYINSHUATIIS 8NanasUUSE AN NN luNSUNIUAUD95EUU WaNdiLD

[

WAASAD Fam157199 4.3 wagsasUR 4.3 91ARaN1sNAaaInudn TuAl HRT 24, 18 wag 12 Hu

Y

asranunuaiis e duidisdaasuussdnsanlaun AOB, Nitrobacter uag  Nitrospira

A a a o o a o U a U 1 U
f1919% 4.3 ‘Ui%ﬁ‘Vlﬁﬂ’]‘Wﬂ’]iﬂ’]ﬁ]@]ﬁ’]iW‘lﬂUi%UUUﬂU@LLE]fWIL')Lﬁ@ﬁaﬁﬂiiﬁuﬂ‘Uﬂi%‘U’JUﬂﬂﬁ

IWlnAznzann
Cons. Total bacteria AOB Nitrobacter Nitrospira
AVE. SD. AVE. SD. AVE. SD. AVE. SD.
HRT 24 An.  1.663E+10 873,053,390 3.70E+05 2.01E+04 1.52E+04 1.31E+03 1.61E+04 9.93E+02
Ae. 1.62E+10 141,421,356 4.34E+05 1.84E+04 1.45E+04 6.16E+02 1.50E+04 1.33E+03
HRT 18 An.  1.68E+10 804,155,872 3.43E+05 3.75E+04 1.53E+04 4.92E+02 1.51E+04 4.50E+02
Ae. 1.62E+10 374,165,739 4.39E+05 2.53E+04 1.45E+04 6.16E+02 1.58E+04 1.42E+03
HRT 12 An.  1.65E+10 216,024,690 3.43E+05 2.90E+04 1.54E+04 2.45E+02 1.49E+04 3.27E+02
Ae. 1.623E+10 805,536,398 4.18E+05 6.34E+03 1.41E+04 7.79E+02 1.56E+04 1.24E+03
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B Total bacteria
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[e=]
[=1
51
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(=2

| A0B

1.00E+10
[ Nitrobacter
1.00E+04 - = - = - I
Nitrospira
1.00E+02
1.00E+00
Ar A

An. Ae. An. Ae. An. Ae.

Copies/g sl

HRT 24 hr. HRT 18 hr. HRT 12 hr.

d - y % L o
Jun 4.1 USUNuUserInswuAN S enanuaLazUsuaUsssnswuassdnasuUseansnnlu

AsUITRURITTUULBNTALARAS AT

1N3U7 4.1 wuhTinasynsvesuuafis e itiemsiinasiuiifiusanaman
figndo ngu AOB Juuuvaiiiedmnnvilsivaglumsdosaats weuluoidudiuann uay
599a3"A0 nau Nitrobecter Lay Nitrospira fitaglumsidmansiiwdmon Tulasm ua lu
wsmdudnlnauazansivurswdaussiaiidudiuussneuvemmianuaziuea 359103

al

NARBINUIINGULUNTITEVRMS 3 PIaa1tulivTuuuszvinswuaiiielnaiAeainnig

BasginsunUaluel HRT Munneeiy dawali Ussdnsamlunisirdniiangaegian HRT
24 Flus WHuvesiignilladn UsgdnSawlunisiidaiinvusseznaitunistinfiuuuduasyili

Uszansanlunisundnnau

= o o ’0’ J A 1 ’0’
4.3 nsfinwuszansannsunininvsveslnefinwensinismevesaninaneun
A 1 -] J o </ a v ] v
vzvsAnun1siIvanlessuuiidanenfitafnadadsaufunssuiunis

- a
Wlnavaeadn
dmsunisAnuinisurlntrzvezlngdnsun1sAny19nsIN1SANgYaIUaNdlnane
YrgzrgeNi1un1svivaal1eszuut1UanoniilAnadnssiudunssulIunng

Ilppgngdanlurunaviesliinisiiefnwidndivevesiiiunsundauaivdesasguaitieed
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nadesedanndouvie iilngldaimnududuiiansiu Taun 30%, 20% way 10% auaeuly
usazArNsAnEUTh (HRT) 18uA 24 hr. way 18 hr wuin dlonandniiuildszevnariiuiuiy
annsnandTIneevesUaléRTuI37) findniuanadeud 4.2-4.4 Wefinsnaingudl a.2-
4.4 $u SnsnsneveslansztorandeivsinamnnudutuinderiniunisidefiiEeaistu

K al' Y v a = Y v Ay ! Y a A a
UNFLDIANAINUYUIUN 10 % LW?']%LU@QQ']ﬂﬂ'J']@JLGUQJGU‘U‘V]UE]ﬂaﬁﬂgaﬂmalﬂﬂiuq'Mﬁ'ﬁWUW@EJ

Y

[y

Tudesasnsusuanmaesuatliiedsentiudosas ileiUFeuifisutusenindnsnismenes
Uanfildiszuuthinueniivifinadnssiutunssuiunisiilnasazafnuas svuukoniivifnadns
[fiea0g1aien WU szuuLenfitifinadnd 1o aiertuilensinisaefitesninseuy
Prdauenfivifinadndsusunszuiunisilanzazann eswnssuuneniivifnadnsausuia
Tulnsn waz Tuwse Afnarnufivdoundululavinaidesnindadunarilisnsinig
masuaaﬂa'n?i"méfuhjqw’mﬁmwiLﬁaiwwmmulﬂ Sns1nsenevesUaniusnt un s ey

Wennnduinaansiwazasludaniaunndwiignsnisaievesuaiasdunuaisu
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Aa A a A

N5UN 4.2 - 4.4 wunUSinalsernsveskuaisedUSInunlndAgea1nng

' '
aal 1

Aasen1siidaluel HRT Auansneiu dawaln Useansamlunisundaiananagiian HRT 7

24 F3lu3 Wuvesiigaidlaan Ysz@vsnmlunisirdanfvussesiailunisiniiuuiuduazyili

Uszansanlunisindnfau

JInRanIsaaesinNatuilednwiainszuukenfitifinaand wulndulumumgud

=
blB

[

NANUTEANTAIMNAITUITARIUAITIN 4.1- 4.2 WU T2UULDNTILILANASAT @7131150

[ a1 [

AAAlAeNIUSY Anoxic @alude Anoxic tu Wuanzlianiavaziidiudannaenausisu
nduntiu ananse Sndluwselinatedulu luinsduas lulasiauld druds Aerobic Ty

a < ! d' o o = 1% ! (9] o a s
ANNMTLANBINALUUFIUNAINITONAA LLQNI@JLUEJIWU’N?!']U LLﬁSﬁlﬂa’liﬂiﬂﬂ”]f\]ﬂﬁ’ﬁv\l‘lﬂ%ﬁﬂ&m

'
v a

wuafiSemdudvaelunisidn laun AOB, Nitrobacter uag Nitrospira Wusfdaasuluns

(%
v a

MINAITRY LABAINNITIATTINUINUTLYINTNG 2 690 UTUSUI UM A UMNAUNINNA 9

a0

Fiasziualedn aranlunisiniAuiuanatsiutiuidutladeneivdaasunisindnansiiy we

Y] & a a | e 1% aa & Ao v ~
fanamfeansiivaundony Jwaasdldnszuiumilnlaazazdinilunszuiunsilduadaedl

nelnnllevlaeenlondusnasnzdad waldduldnsaidu (Hole scavenger) 1lpga1nauide

o w

Uflanuszalrinisvrdaleslmdu nsvrdan1esdnnin weluilan1izuasnansiaiizawmnasd

9

a

Tngldifunsadun3dndu (Hole scavenger) wudndulusmumgud wsznisvaaeslaglifinig

aea

a a & & aaa A a a v I~

Wunsndun3dmidu (Hole  scavengenuu UfAseniifnasiinlaiduiisanssuiunis
photooxidation Tun1si3eusy 91Am15199 4.1 wud Ysanad lulesvt lumsn wae weuluie
fUSuaguannsivasusunislunssuiunsiilaazndan wiiiloiansanainn1siign

a15fE N9 4.2 wundusgansamlunisiideasiie (Toxic compounds) lannnan

=
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nszuIUNslnAzazafn 210015199 4.1 wag 4.2 dudusuadledn arsiwidusvinliuan

[
v A

aeLdeunautiume Tulnsv way luwse Mdudifdwalilainie swuludaiiaszezinaiiiul
DNIINITANELNLTY FeTa15We (Toxic compounds) 41Wan BPA, 2,6DTBP , DBP , DEHp, DEET

MfindnsnsazanvasasiyluduamvinlignsinsanevesUagedu

52



4
unn 5

ayunanside MIsfiuTenauasdelausuuy

5.1 a3unan1ivaaes
dmsunmanisinuUssAniamnisidnarsiviiegluissvegdae ssuutda
weniifinadnisautunszuaunisinlnasnzann Tnedan HRT  flwansieiu 3 a1 loue
HRT(AS) 24 42lu3: HRT(AS&PHOTOCATALYTIC)18+6 Flud uag HRT(AS) 18
F2Tu3:  HRT(AS&PHOTOCATALYTICO)12+6  47luslnefneusuianisnievesian

o @ = ]

FIWNANIUTEIINIVRILUATISENYILlUN1SMAR wagAnwiUseansainnisidnaisiuied

v
Yo A

Tuthagasganmsinudinananusoasuldsd
, 5.1.1 msﬁmenz‘-’fﬂwmzﬂmamﬁ’amaaﬁwmazdauuawé’amiﬂwﬁ@
MnnsTieseidnuas auautivesivrvezioukasdenistidalunis
Urdamsszuuiivaneniivlfinasnssausunszsuiunsinlnazazaannuin a1 HRT Aunnsing
fu iiushdaasulssansnmlunsiidaunndunudidu uaregluinasifiuaasgiudiietn
N1 NRHIUIINNITUITANIEDITEUU BnneadUsEANSAInnITA1Taans Ay
( Toxic compounds) Tuszuuthdaneniiifinadndsiutunsrurunisinlaazagdnin wuin
Uszansnmlunisidnansfie ( Toxic compounds) finsaainléiud BPA, 2,6DTBP , DBP DEH,
DEET Tu HRT(AS) 24 #alusduaiunsamidaansivlada100%, 100%, 100%, 95%,
90% MNEIKU Uty HRT(AS&PHOTOCATALYTIC)18+6 Falusaunsandn
a1sfiwlafa 100%, 100%, 100%, 100%, 95% AudwU i HRT(AS) 18 F2lusdrusa
Aeensiulang 1000, 90%, 94%, 81%, 73% M@ WUHRT(AS&PHOTOCATALYTIC)12+6

Flu9 @rusamTnansiiwlade100%, 100%, 100%, 100%, 92% ANESU aguladn

v
Y

syeziantunstdatudufdaasuusyaniainlunisiidneansie ( Toxic compounds) 89
Tunszurunsinlaeznzanniu Wunislidwasdunistide waadunisdaasudielunisiida

a1snelau1nTunudinu



5.1.2 MsAnwUsErnshuaiisenduasuUseans anlussuuvrianeninhnadngd

AINNITANBIUTLIINSVDILUATLS 8NTIEN1TEBUARYAITNYUY WU

a (4

USunaszansveawuaiieiiusinailndifesveamnyaeiaidniu usannnisinsgnnis

UUnluen HRT Akanenaiy wetaa3an HRT 91 24 hr.idluszansainlunisvrdananan sady

9

Yoefigatlidn Usunaseansvesuaiisendvsinalndifeswamngawiandniivaiuise

[
a a Y

Adavsemdnaisiivlaluliuiuiviidy Fadudeazulidn Ussdnsamlunisinde ifau

N

£

szozaluNMsAnAvLIUIuzyn U sEansanlunisidnavu
5.1.3 m5AnUSEENSAINANSUIURUNTEUeLlAgANEI9RIINNSANeYRIUaNiNaMD

U L3

gz NnunsiITaIgssuuUITaLenifnaandsuiunszuIunIsInlnezaLaRn

aa

ANSANYITNTINITANEVDIUAINUNARDUTLVEENHIUNTUNUAM I8 TEUUUIUA
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Message from President of Environmental Engineering
Association of Thailand

Environmental Engineering Association of Thailand (EEAT) has organized annual National
Conference on Environmental Engineering, Science and Management since 2002.
The main objective of the Conference is to share knowledge and research findings on the
environmental pollution and solution as well as other relevant subjects of the society and
the country. It is our great honor for the year of 2020 to co-host with the School of Energy
and Environment, Payao University to organize the 19" National Conference with the
9™ International Conference on Environmental Engineering, Science and Management on 27-29
May, 2020 at The Heritage Chiang Rai, Chiang Rai Province, Thailand.

As already known that Thailand has encountered the pandemic of COVID-19 since nearly the
end of 2019 up to now (May, 2020) which we do not envisage when it will be back to normal
condition. In the meantime, there is an announcement of emergency decree for prohibition of the
conference consisting of a large number of participants as well as the social distancing measures.
With the awareness of the participants’ health, the Conference Organizer has postponed the
19™ National and 9" International Conference on Environmental Engineering, Science and
Management to 7-9 October, 2020 at the same hotel with the same schedule conference process
including registration, paper submission, paper reviewing, proceeding preparation, as well as
paper presentation.

The Organizing Committee had compiled all reviewed and qualified abstracts for the proceeding
and electronic file of full paper in conformance with not only the national but also the
international standards. The conference is qualified with keynote address, oral and poster
sessions. In addition, EEAT has received all kinds of support from various relevant
governmental organizations Ministry of Natural Resources and Environment, Ministry of Higher
Education, Science, Research and Innovation, Ministry of Industry, Ministry of Energy,
Pollution Control Department, Office of Natural Resources and Environmental Policy and
Planning.

On behalf of EEAT, | would like to congratulate and express thanks to everyone who collaborate
in the presentations of research findings and many outstanding private sectors namely,
Siam Cement Public Company Limited, PTT Public Company Limited, Electricity Generation of
Thailand (EGAT), Bangchak Corporation Public Company Limited, Association of Three
Co., Ltd. And Research Centre for Environmental and Hazardous Substance Management
(EHSM) of Chulalongkorn University who provide an invaluable support to make the
Conference successful. Finally 1 wish both National and International Conferences
accomplishment with all the objectives designated.

Emeritus Prof. Thares Srisatit, Ph.D.
President
The Environmental Engineering Association of Thailand
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Message from President of University of Phayao

Environmental Engineering Association of Thailand (EEAT) has organized annual National
Conference on Environmental Engineering, Science and Management since 2002. The main
objective of the Conference is to share knowledge and research findings on the environmental
pollution and solution as well as other relevant subjects of the society and the country. On behalf
of University of Phayao, it is our great honor for the year of 2020 to co-host with EEAT to
organize the 19™ National Conference with the 9™ International Conference on Environmental
Engineering, Science and Management.

As already known that Thailand has encountered the pandemic of COVID-19 since nearly the
end of the previous year up to now which we do not envisage when it will be back to normal
condition. In the meantime, there is an announcement of emergency decree for prohibition of the
conference consisting of a large number of participants as well as the social distancing measures.
With the awareness of the participants’ health, the Conference Organizer has postponed the
19™ National and 9" International Conference on Environmental Engineering, Science and
Management to 7-9 October 2020 at the same venue with the same schedule conference process
including registration, paper submission, paper reviewing, proceeding preparation, as well as
paper presentation.

The Organizing Committee had compiled all reviewed and qualified abstracts for the proceeding
and electronic file of full paper in conformance with not only the national but also the
international standards. The conference is qualified with keynote address, oral and poster
sessions.

University of Phayao has received all kinds of support not only from various relevant
governmental organizations Ministry of Natural Resources and Environment, Ministry of Higher
Education, Science, Research and Innovation, Ministry of Industry, Ministry of Energy,
Pollution Control Department, Office of Natural Resources and Environmental Policy and
Planning, Research Centre for Environmental and Hazardous Substance Management (EHSM)
of Chulalongkorn University and but also from many outstanding private sectors namely,
Siam Cement Public Company Limited, PTT Public Company Limited, Electricity Generation of
Thailand (EGAT), Bangchak Corporation Public Company Limited, Association of Three
Co., Ltd., who provide an invaluable support to make the Conference successful.

On behalf of University of Phayao, | would like to congratulate and express thanks to everyone
who collaborate in the presentations of research findings. Finally, I wish both National and
International Conferences accomplishment with all the objectives designated.

o T
T
Assoc. Prof. Dr. Supakorn Pongbangpho
President of University of Phayao
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Editorial Remark

Environmental Engineering Association of Thailand in co-host with the School of Energy and
Environment, University of Phayao, in collaboration with the Ministry of Natural Resource and
Environment, Ministry of Higher Education, Science, Research and Innovation, Ministry of
Industry, Ministry of Energy, Pollution Control Department, Office of Natural Resources and
Environmental Policy and Planning, and other supporting agencies have organized the
19™ National and the 9" International Conference on Environmental Engineering, Science and
Management on October 7-9, 2020. The main goal of this conference is to be the platform for
knowledge management of academia, researchers, experts and interested people on
environmental management subject, particularly science and engineering related topics. The
academic knowledge drawn from the conference would be advantage to the national and
international society for prevention and mitigation of environmental problems being
substantially come across.

The conference document includes abstracts and full papers being considered for presentation
and publication through the reviewing process of the experts and editorial team. The abstracts
and full papers are compiled in the proceeding and in the electronic file, respectively. The
conference papers will be selected for publication of the EEAT journal if academically
appropriate.

On behalf of the editorial team, we would like to thank the researchers, academia for preparing
abstract, full papers and oral/ poster presentation, as well as experts and other interested people
for participation to this conference. We also would like to express our thanks to the experts and
organizing committee to a meaningful collaboration for reviewing abstracts/papers and giving
helpful comments and recommendations to the authors and accomplish the completeness of
conference document. It is also thankful to the participants, organizing committee who support
the conference coming to fruitfully achieve our goal.

Editorial Team:
Thares Srisatit
Wanpen Wirojanagud
Suchat Leungprasert
Torpong Kreetachat
Anusorn Boonpoke
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ABSTRACT

The non-photo AS (AS without photocatalysis process) and the photo AS system (AS with
photocatalysis process) systems were operated with landfill leachate influent under HRT 24 and 18 h
conditions. The results show, the non-photo AS system under HRT 24, the treatment performance and
micropollutants degradation were in range of 86 — 100% and HRT 18 h were in range of 73 — 100%. For the
photo AS system under HRT 24, the treatment performance and micropollutants degradation were in range
of 93 — 100% and HRT 18 h were in range of 92 — 100%. The quantitative polymerase chain reaction (QPCR)
analysis indicates that the bacterial community including total bacteria, nitrifying bacteria (Nitrobacter and
Nitrospira) in all HRT conditions of both systems. The bacterial abundance was not significant changed. For
the biotoxicity assessment with common carp (Cyprinus carpio). Even though, the photo AS system
performed a great treatment performance and micropollutants degradation in all HRT conditions but the non-
photo AS effluent which contained low micropollutant concentrations and also the EC value that these are
some reason to present that the biological treatment system more friendly with ecological system in case
long HRT condition.

Keywords : Landfill leachate, Micropollutants, Biotoxicity, Activated sludge, Photocatalysis

INTRODUCTION

Landfill is used for final disposal of municipal solid wastes from communities. One of the main
environmental problems from landfill is the generation of landfill leachate that contained organic
compounds, inorganic compounds and also including micropollutants. It may pose serious risks to
ecosystems and human health through discharge to environment without proper treatment. Many
conventional as well as advanced treatment processes have been applied to treatment landfill leachate such as
two-stage membrane bioreactor which the one of advance biological treatment system was reported that the
treatment efficiency more over 95% when operated under hydraulic retention time (HRT) at 24 h treating the
high landfill leachate concentration (BOD, COD, TKN and micropollutants) [1,2]. The advanced oxidation
processes (AOPs) were initially proposed to treat water pollution that involving generation of hydroxyl
radicals (*OH). The concept was later on extended to oxidation involving sulphate radicals too. Research on
AOPs is focused on the reduction of micropollutants or recalcitrant compounds and toxic reduction in
leachate treatment [3].

Biotoxicity assessment can be used to characterize the toxicity of wastewater and the biological
effect of its constituents. The toxicity assessment was previously carried out using a number of different
living organisms, including luminescent bacteria, aquatic vertebrates (fishes) as well as aquatic invertebrates.
Nevertheless, considerable discrepancies in the sensitivities of different test organisms have been observed
[4]. The aim of this study was the investigation of landfill leachate treatment and micropollutant degradation
with AS system and AS with photocatalysis system under different hydraulic retention time (HRT) and effect
of their effluent to aquatic animal in environment for evaluate system performance and risk assessment.
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METHODOLOGY
Two-stage activated sludge system and operations

This research was investigated with activated sludge (AS) system without and with photocatalysis
process (the non-photo AS and the photo AS systems) by using TiO, as the materials. Two systems were
operated with acclimatized seed sludge. The total working volume of two-stage AS systems were 20 L which
anoxic and aerobic tanks were 10 L of each. Each tank (anoxic and aerobic condition) contained biomass
concentration or mixed liquor suspended solids (MLSS) in range of 5 g/L. The hydraulic retention time
(HRT) of this study was varying in two conditions were 24 h and 18 h for the non-photo AS system. For the
photo AS system, the HRTs were varying in the same period were 24 h (AS 18 h and photocatalysis process
6 h) and 18 h (AS 12 h and photocatalysis 6 h). The solid retention time (SRT) did not fix but the sludge
would drain out when the concentration over 5 g/L. For system operations, two AS systems were operated
with real landfill leachate as the influent.

INFLUERT
BOD, COD, ~OC, N,
TR

EfTLUENT
50D, CCD, N, XN,

Wizro Pollutant

INFLUENT
802, COD, TCG, MH,,
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WATER EFFICIENCY
TESTING BY ORSERVING
FIsH
Mbe 1066 20% 30% In clean
water
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K 10% 269 309 it clezans

wazer,

Figure 1 The activated sludge system without and with photocatalysis process.
Water quality and micropollutant analysis

The water samples of this study including the influent, the waters from anoxic — aerobic tanks,
effluent. All water samples were analyzed in water quality parameters every 7 days by according to the
Standard Methods for the Examination of Water and Wastewater [5]. The micropollutants in water samples
were determined in liquid phase by use of solid phase extraction (SPE) technique and characterized by gas
chromatography-mass spectrometry (GC-MS). In the analysis, the SPE tubes (VertipakTM-C18) were used
for micropollutant extraction. The SPE tubes were cleaned with methanol (MeOH) 10 mL and follow with
RO water 10 mL and then with water sample 100 mL. The tubes were left for drying for 15 min. and eluted
with MeOH 10 mL. The elution fraction was evaporated with nitrogen gas and analyzed with GC-MS [2].
The inductively coupled plasma-optical emission spectrometry (ICP-OES) was used for heavy metals
analysis [6].

Bacterial community abundance by using quantitative polymerase chain reaction (QPCR)

The DNA extraction kit (Qiagen, Germany) used for extracted DNA of anoxic and aerobic sludge
samples of conditions 1 and 2. The gPCR technique was used to quantify in two microbial groups were (i)
total bacteria and (ii) nitrifying bacteria, that was quantified in two minor groups were ammonia oxidizing
bacteria (AOB), Nitrobacter, and Nitrospira. The quantification protocols were showed in [7].

Biotoxicity assessment

The biotoxicity was evaluated by using the common carp (Cyprinus carpio) because they present a
high sensitivity to the environs, and ubiquitous in Thailand, thus was used in this experiment for biotoxicity
assessment. The common carp (age 3 months) was obtained from Department of Fisheries of Thailand and
transported to the laboratory in plastic bags. Prior to the experiments, the fish was kept in two separate boxes
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that contained de-chlorinated tap water and was acclimate for 4 days with continuous condition. The water
was renewed every 2 days to prevent the fish wastes accumulation. In experiments, 10 common carp were
placed with the non-photo AS effluent and photo AS effluent and with 3 effluent dilution ratios of each (10,
20, and 30% (v/v)). These conditions were represented the simulation to real situation of treated water
volume discharged to the natural water resource [7].

RESULTS AND DISCUSSIONS
Treatment performance and micropollutant degradation

This study investigation of the non-photo AS and photo AS systems which parallel operated for 80
days with landfill leachate influent. Table 1, the treatment performance of non-photo AS with acclimatized
seed sludge are 84% and 86% for organic compounds (BOD and COD) of HRT 24 h and 95% and 97% for
TKN and NH3-N of HRT 24 h. Under HRT 18 h, the treatment efficiencies were 86% and 87% for organic
compounds (BOD and COD) and 91% and 97% for TKN and NH3-N. When considered the photo AS system
in the same HRT conditions found that the AS system with photocatalysis process (photo AS system)
performed the higher treatment performance when compared with non-photo AS system (Table 2). The
treatment performance of photo AS with acclimatized seed sludge are 94% and 99% for organic compounds
(BOD and COD) of HRT 24 h and 93% and 97% for TKN and NHs-N of HRT 24 h. Under HRT 18 h, the
treatment efficiencies were 94% and 90% for organic compounds (BOD and COD) and 90% and 97% for
TKN and NHs-N.

For micropollutants degradation, the micropollutants found in landfill leachate and also were
investigated of this study including bisphenol A (BPA), 2,6-di-tert-butyl-phenol (2,6-DTBP), di-butyl-
phthalate (DBP), di-(ethylhexyl)-phthalate (DEHP), and N,N-diethyl-m-toluamide (DEET). The results of
system experiment found that under HRT 24 h both systems can degrade them in range of 90 — 100%. When
both systems were changed the operation in shorter HRT condition to 18 h found that the photo AS system
performed the higher micropollutants degradation which in range of 92 — 100% whereas the non-photo AS
system were 73 — 100%. From the treatment performance and micropollutant degradation, the non-photo AS
system was efficiency remove organic compounds, nitrogen, and micropollutants under long HRT condition
(24 h) whereas the photo AS system can maintain those treatment under shorter HRT condition (18 h).

Table 1 Leachate characteristics of the non-photo AS system

Parameters  Unit Inf. Non-photo AS system
HRT 24 h HRT 18 h
An. Ae. Eff. An. Ae. Eff.
Water quality
pH - 6.3 (0.5) 6.5 (0.6) 6.5 (0.8) 7.2(0.2) 6.6 (0.3) 6.4 (0.2) 7.1(0.1)
EC uS/em  NA NA NA 20 (4) NA NA 37 (6)
BOD mg/L 2200 (200) 1400 (100) 900 (60) 130 (15) 1500 (100) 1000 (120) 300 (25)
94% 86%
COD mg/L 5000 (300) 4300 (200) 3100 (100) 700 (30) 3700 (240) 2700 (100) 630 (20)
86% 87%
TKN mg/L 60 (8) NA NA 3(4) NA NA 5 (6)
95% 91%
NH;-N mg/L 45 (5) NA NA 1(1) NA NA 1(1)
97% 97%
Micropollutants
BPA ng/L 25 (3) NA NA 0(0.2) NA NA 0(0.3)
100% 100%
2,6-DTBP  pg/L 41 (2) NA NA 0(0.1) NA NA 3(2)
100% 90%
DBP ng/L 26 (5) NA NA 0(0.1) NA NA 5(4)
100% 94%
DEHP ng/L 18 (5) NA NA 2(1) NA NA 3(6)
95% 81%
DEET ng/L 14 (3) NA NA 1(3) NA NA 4(2)
90% 73%

Number of samples was 10 of each condition
NA: not analyzed
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Table 2 Leachate characteristics of the photo AS system

Parameters  Unit Inf. Photo AS system
HRT 24 h (AS 18 h + Photo 6 h) HRT 18 h (AS 12 h + Photo 6 h)
An. Ae. Eff. An. Ae. Eff.
Water quality
pH - 6.3(0.5) 6.5(0.3) 6.5(0.7) 7.1(0.2) 6.4 (0.2) 6.5 (0.3) 7.1(0.2)
EC uS/em  NA NA NA 118 NA NA 120
BOD mg/L 2200 (200) 1500 (160) 1000 (100) 20 (4) 1900 (100) 1400 (110) 140 (15)
99% 94%
COD mg/L 5000 (300) 3700 (160) 2700 (60) 300 (20) 3700 (270) 2900 (130) 500 (80)
94% 90%
TKN mg/L 60 (8) NA NA 4 (3) NA NA 6 (2)
93% 90%
NH;-N mg/L 45 (5) NA NA 1(1) NA NA 1(1)
97% 97%
Micropollutants
BPA pg/L 25 (3) NA NA 0(0.1) NA NA 0(0.1)
100% 100%
2,6-DTBP  pg/L 41 (2) NA NA 0(0.1) NA NA 0(0.1)
100% 100%
DBP ug/L 26 (5) NA NA 0(0.2) NA NA 0(0.3)
100% 100%
DEHP ug/L 18 (5) NA NA 0(0.1) NA NA 0(0.2)
100% 100%
DEET ug/L 14 (3) NA NA 1(3) NA NA 12
95% 92%

Number of samples was 10 of each condition
NA: not analyzed

Bacterial community

The quantification of bacterial community in sludge of anoxic and aerobic tanks under HRT 24, 18,
and 12 h, in terms of total bacteria and nitrifying bacteria, including AOB, Nitrobacter, and Nitrospira.
Figure 2 compares total bacteria, AOB, Nitrobacter, and Nitrospira. Total bacteria in anoxic and aerobic
sludge of all HRT conditions are in range of 1.64 — 1.73 x 10™° copies/g sludge; and AOB, Nitrobacter, and
Nitrospira are 2.15 — 3.74 x 10°, 4.26 — 5.15 x 10, and 5.89 — 6.24 x 10" copies/g sludge which not different
change in bacterial community when system was changed operation.

1.00E+10
1.00E+08

[l Total bacteria
1.00E+06 ‘ | AOB

I Nitrobacter
1.00E+04 = T =1 = o T

Nitrospira
1.00E+02
1.00E+00 .
An. Ae. An. Ae. An. Ae.

HRT 24 hr. HRT 18 hr. HRT 12 hr.

Copies/g sludge

Figure 2 Bacterial community under different HRT conditions.
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Although total bacteria in all HRT conditions are insignificantly different (p>0.05) but the nitrifying
bacteria which assist heterotrophic bacteria to degrade micropollutants and enhance nitrogen treatment.
Nitrifying bacteria also promote the growth of heterotrophs [8]. Given the treatment performance and
micropollutant biodegradation in Tables 1 and 2, the abundance and composition of bacterial community in
system enhance the treatment performance and micropollutant biodegradation and were achieved under HRT
24 h but cannot maintain under shorter HRT 18 h which the bacterial abundance of total bacteria and
nitrifying bacteria of this study less than AS system of [9] and they achieved in micropollutants
biodegradation under HRT 18 h condition.

Biotoxicity assessment

Biotoxicity assessment was the one indicator that presented the toxicity of treated wastewater. This
study used the common carp (Cyprinus carpio) for experiment. The common carp was the sensitive fish with
water quality and most used for biotoxicity test in Thailand. Table 3 showed the fish mortality by using the
effluent of non-photo AS and photo AS systems under HRT 24 and 18 h conditions. The mixed ratio were
10, 20, and 30% (v/v). The common carps were cultivated under those condition for 4 days. Under condition
1, the fish mortality (%) of all mixed ratio were friendly with common carps and presented 100% of living
fishes in cultivation boxes. When considered the use of condition 2 effluent. The experiment of this
condition showed the first fish mortality when they were cultivated for 2 days and found higher dead rate
under high mixed concentration ratio at 30% (v/v).

Under HRT 24 h, the non-photo AS system more friendly to fish when compared with effluent from
photo AS system. When both systems were operated under HRT 18 h found that the rate of fish mortality of
non-photo AS systems higher than the photo AS system which found the first of fish mortality 13% under
mixed ratio 10% (v/v) whereas the photo AS system was 9% only.

From this study, the toxicity factor to fish mortality were water quality which including general
parameters, micropollutants concentration, and also the EC value. Even though, the photo AS system
perform a great treatment performance, micropollutant degradation with all HRT conditions but the non-
photo AS effluent contained low micropollutants and EC that these are some reason to present that the
biological treatment system more friendly with ecological system in case long HRT condition.

Table 3 Biotoxicity assessment

Fish mortality (%) Non-photo AS system Photo AS system

HRT 24 h HRT 18 h AS 18 h + photo 6 h AS 12 h + photo 6 h
RO water 0 0 0 0
10% (v/v) 0% 13% 5% 9%
20% (vIv) 9% 13% 6% 13%
30% (viv) 9% 25% 16% 25%
CONCLUSION

The non-photo AS (AS without photocatalysis process) and the photo AS system (AS with
photocatalysis process) systems were operated with landfill leachate influent under HRT 24 and 18 h
conditions. The treatment performance of non-photo AS system were 84% of BOD, 86% of COD, 95% of
TKN, and 97% of NH3-N under HRT 24 h. For HRT 18 h, the treatment efficiencies were 86% of BOD, 87%
of COD, 91% of TKN, and 97% of NHs-N. The overall treatment performance of photo AS system showed a
greater removal in all HRT conditions; HRT 24 h were 94% of BOD, 99% of COD, 93% of TKN, and 97%
of NHs-N. For, HRT 18 h were 94% of BOD, 90% of COD, 90% of TKN, and 97% of NH;-N.

For micropollutants degradation, The micropollutant degradation under HRT 24 h of BPA, 2,6-
DTBP, DBP, DEHP, DEET were in range of 90 — 100%. When both systems were changed the operation in
shorter HRT condition to 18 h found that the photo AS system performed the higher micropollutants
degradation which in range of 92 — 100% whereas the non-photo AS system were 73 — 100%. From the
treatment performance and micropollutant degradation, the non-photo AS system was efficiency remove
organic compounds, nitrogen, and micropollutants under long HRT condition (24 h) whereas the photo AS
system can maintain those treatment under shorter HRT condition (18 h).
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The bacterial community including total bacteria, nitrifying bacteria (Nitrobacter and Nitrospira) in
all HRT sludge conditions of both systems. The bacterial abundance was not significant changed. For the
biotoxicity assessment with common carp (Cyprinus carpio). Even though, the photo AS system performed a
great treatment performance and micropollutants degradation in all HRT conditions but the non-photo AS
effluent which contained low micropollutant concentrations and also the EC value that these are some reason
to present that the biological treatment system more friendly with ecological system in case long HRT
condition.
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