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ABSTRACT

This research aims to study the effect of photoperiod on the efficiency of removing organic matter (Chemical
Oxygen Demand; COD) and nitrogen (Total Dissolved Nitrogen; TDN) to improve the removal of organic matter
and nitrogen, as well as reduce energy use and membrane fouling. The study used one lighted membrane
bioreactor without external aeration under stable conditions, with a hydraulic retention time (HRT) of 2 days.
Four light-dark patterns: P1 (12:12), P2 (6:6:6:6), P3 (8:4:8:4), and P4 (10:2:10:2). The results showed that
between P1 and P2, P2 had removal efficiencies of 96.6+£0.3% for organic matter and 95.9+1.0% for nitrogen.
This indicates that intermittent lighting with 6 hours of light followed by 6 hours of dark is suitable for removing
organic matter and nitrogen and when comparing the lighting duration among P2, P3, and P4, it was found
that P3 had the highest efficiency in removing organic matter, at 98.4+1.2%. Next was P4 and P2, with
efficiencies of 98.0+4.6% and 96.3+0.3%, respectively. Meanwhile, P2 had the highest nitrogen removal
efficiency, at 90.9+2.1%, followed by P4 and P3, with efficiencies of 88.9+1.6% and 88.1+1.8%, respectively.
The study indicates that increasing the lighting duration does not lead to simultaneous improvements in organic
matter and nitrogen treatment efficiency. P3 provides the highest organic matter removal efficiency, while P2
provides the highest nitrogen removal efficiency. In summary, different lighting patterns and durations affect
the efficiency of removing organic matter and nitrogen in a non-aerated illuminated membrane bioreactor
system.
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(Hydraulic Retention Time; HRT) WL 2 33 fimuaanlunsdine 4 UuuL (Light: Dark) el P1 (12:12),
P2 (6:6:6:6), P3 (8:4:8:4) LAz P4 (10:2:10:2) NAMIANWINLIN 3‘1JLLUUﬂ’1ﬂﬁLLa\1'§:WjN P1 uaz P2 wuin P2
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Morales et al., 2023) sluﬁﬁ]a;ﬁ'u 52Uun9U JnInlluniusuTInw (Membrane Bioreactor: MBR) lesuaaafion
L‘v‘ﬁ'u"fusl,ugmzmﬂiu‘[aﬁﬂnﬂ'@ﬁwLﬁumguga TaatdunTHEUHAIBITRINNTILIBANTAZNALSS (Activated
Sludge) LAYMINTBITILUALIL Teurdmauuswinmindiuensasudsaananin@erinlwings friumsiaa
ﬁqmmwgamfﬁ:uuﬁﬁﬁ@LLUU@%L@&J sunsninsinauunlgUselomilng (reuse) 16 Bnvasataoaaduaam
mIanaznautazaaiuilunsiaasszuuaslduszanmiasas 30-50 afisunuszuuinly sHudeddnann
lunsaansdaesfoiSennszan (USEN WaLdwNA 3109, 2569) a8na bIAaN wiITULNaLIREIA Wzl
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anuguuasads 350400 lulaslusdamaauasaedmnd svualidszosnalduss 12 5alue ssunugasiia
12 Falug ﬁﬁmimaaaﬁqnmnuﬁﬁaa (23-29 °C) uazwtarluailfniniszning 6.5-7.5 TnsnIuNgUARaALINT
finu37 1200 soudowf (rpm) watusuildidunuuidwlanais (hollow fiber) (ZW-1, GE water and Power,
Canada) YW AIWIUVBILUNLLTY (pore size) LYNAL 0.04 Tulaswassfiauasaaiusuild da polyvinylidene
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. A o ° A A ' Y a o . o ¢ e o ' a A
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ANITNINGaaanI-wuaN S dUszansawlunirstrdasinge ldatrsasnuaz ldaudutuisadaun
ADINTT
sduuunINAaBY
mInaasduLisaaniilu 4 3Uuuy (4 Condition) LﬁaﬁﬂmgﬂuuumﬂﬁumLLazszmnmmﬂﬁLLm (Photoperiod)
lasiduszuuuuudaLitas (Continuous Mode) aun‘ﬁg}ama:mﬁ (Steady State) 1uLL@ia:3ﬂLLuu AINazLdNa
Tua319 1

M13197 1 ugaI3tuuuN1IMAsa (Condition) JTULIAMI A UGS 4 pi[SIT

stuuuMsnaaas JEULIIAINT IS Light:  HRT SRT 18az1daa (Description)
(Condition) Dark (31a19) (5) (5)

P1 12: 12 2 25 AnsUszRnSnwnsmiae
P2 6:6:6: 6 2 2.5 unsduaslulasian
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P4 10:2: 10: 2 2 2.5

AINUAIBEIUAEIBN1IILATIEA (Analytical Methods)

\fiusagnating (influent) iean (permeate) uazaznaunguluailfnsal (mixed liquor) agviasaleandas
3-4 059 Lﬁaﬁﬂﬂ?mﬁzﬁqmmwﬁﬂLLa:W’mﬁma‘?ﬁﬁmi@amu%‘%mmgm APHA et al. (2012) laud
Meazdoan myenziaseelyil

1) M139uN38 3911334A 312 COD 1435 Closed Reflux, Colorimetric Method; Method 5220 D

2) lulasiau (NH,", NO,, NO,)

-ty nsiuenludioy (NH,-N) 1435 Phenate method (4500-NH,F)

-AEmslensdlulasd (NO,-N) 1835 Colorimetric method (4500-NO,” B)

-3l nei luasa (NO,-N) 1635 Cadmium reduction method (4500-NO, E)

3) AN UTHAzNE® I531AT=H MLSS waz MLVSS 83 Gravimetric Method

4) USunawanine 353enziaaalslas-la (Chlorophyll-a) lagmsanasmuazdlan LLafz’T@whms@@ﬂﬁmLm
(Spectrophotometry)

5) My 3 MeieaTiiUSanasaznan (SVI) itasn 30 Wil (SVI30)

6) Aanuauiionsaslizinin A35enedldunasianuauaania (Digital Manometer) liaf I mea
maRnduvas TMP (dTMP/dt) %aLﬂué’aﬂu%é'mwmiq@ﬁu

N33R YANIIANG (Statistical Analysis)
ﬁagawamsﬂ@aadﬁmﬁmi’]:ﬁmmLmﬂ@mmdaﬁﬁéﬁﬁﬁ Analysis of Variance (ANOVA) Laz35 Student's
ttest (ttest) AzauAINLTasuTanaz 95 (p < 0.05) lalSouiBUNALBITzEz MMl Las I uLdazan122



[6]
MINAFI daUszANTAINMIIIaanIBunIuas lulasian

Namiﬁnwnl,axaﬁﬂswwa

stuvumsliussdanismdnasauniduazinlasion

HanIAnsulIsufisuszndng P1 uaz P2 wud Juuunsliuaelu P2 fdszfninawmaiidaansdunid
ginin P1 lasfidvinnusasas 96.6£0.3 LAz 95.9+1.0 AMNANGLU (p < 0.05) Lfiaﬂ%'ugﬂl,mumﬂﬁl,mamn
msliuas 12 $alus saunuTaeiia 12 alus Wumslwuss 6 Talug ssunuT9ie 6 T2l Wit AT uTs
YAIDANTLIUNEAN al‘liﬂ (Dissolved Oxygen; DO) L‘ﬁlu“ﬁ?uﬁ]’m 5.9+1.7 mg/L iwiouas 7.142.4 mg/L LLag
AT U T WY IUTILVIURDE (Mixed Liquor Suspended Solids; MLSS) L'ﬁluﬁumﬂ 504.9+9.8 mg/L v w
538.8+3.5 mg/L azviaulWiiuit guuumsliusslu P2 Lga@iamnﬁw’fmaaLmﬂﬁﬁﬂLm:ﬁanﬁwaaqﬁuw%ﬂ’
MAgITIRUMIdasEa a1 TBuN3s wananit P2 Efaﬁﬂi:§“n%mwnwsﬁﬁ‘@iﬂmwugm'jﬂ P1 laadian
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fwuls P2 uaz P1 WAL 3.541.1 mg/gSS uaz 2.5+1.1 mg/gSS MmuUEAL NasIna1Iuaasliiinin nsUsy
gﬂLLuumﬂﬁLLaﬁi'amﬁué’@ﬁamammi’m@ia@:nau 90719 ILFSUNITVINNNINLABITEIAUNITANT A
Tulasiaw agnslsfiany P2 Suwd liuiAansasaure9nUaznawUwiIWNUTHANES TaadsannsiAudu
PasAaNautINLiansad (Transmembrane Pressure; TMP) iy 1.32 kPalin %agm’h P1 Afduvinny
0.0 kPa/ % agﬂvl,@i”'j'l gﬂLLuumﬂﬁLLadﬁwa@iaﬂs:ﬁﬂ%mwmiﬁﬁ'@mié‘uﬂ%ﬁuaﬂﬂmmmﬁwlé"aﬂwau
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NaNIANBLUTBUIRBUTERINg P2 P3 ey P4 wuin P3 ﬁﬂizﬁwﬁmwmiﬁﬁ‘@ms’éuw%‘ﬁgaﬁqﬂ Tasfidn
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WYL 538.8+3.5 mg/L uaz P4 NHALTINAL 711.4£30.6 mg/L wasanaazriouliifiuin szaznamyliugs
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LazSanaz 88.9+1.6 MG (p<0.05) waasliidinit nstnszozanlduas i dgenaliUszansnn
mymsalulasowRuidwauely lagzduunsliuasaaugasiiann 6 F2la9 1w P2 anavinldszuuStaeaing
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WAeas P1 P2 P3 P4

(Light 12: Dark 12) (Light 6: Dark 6) (Light 8: Dark 4) (Light 10: 2)
aﬂ’l’azmﬁ (steady state) (Day 0-21) (Day 0-22) (Day 0-31) (Day 0-23)
fanudunia-ed (pH) 7.8£0.5 7.6£0.3 8.2+0.4 8.4£0.6
pendlauszangin, DO (mg/L) 5.9+1.7 7.1+2.4 9.6+1.2 9.4+1.2
qquﬁ, Temperature (C°) 26.6+0.4 24.7+0.9 25.7+1.2 25.9+0.6
YSunmvasudiupauasy, MLSS (mg/L) 504.9+9.8 538.8+3.5 763.8+45.2 711.4+30.6
YSunmvasudeszinedne, MLVSS (mg/ll)  431.7+56.5 458.8+87.4 691.3+39.9 603.6+22.3
RAFINEININLAaazNaW, Chl.a/MLSS 2.5¢1.1 3.5¢1.1 4.1£1.8 3.4%1.5
(mg/gSS)
ANMUTNTUEIOUNISN, COD Influent  964.6+20.9 976.0+39.8 966.4+26.5 961.7+23.4
(mg/L)
ANUTuTug1I8UNIdaan, COD Effluent  39.7+19.8 32.8+12.0 15.4+3.5 19.619.0
(mg/L)
tsz@nsn1wn13ina@, COD Removal (%) 95.9+1.0* 96.6+0.3** 98.4+1.2** 98.0+4.6
anuuTwuanlaiiadn, NH, Influent 70.1+1.8 72.241.5 73.3¢3.2 74.4+3.4
(mg/L)
anuuTwuanlaiiuaan, NH, Effuent  0.4+0.6 0.2+0.2 0.8+0.9 0.8+0.4
(mglL)
dsz@nFawmsmaauanluiie, NH, 97.9.5+1.2%** 99.0+0.4 96.3+1.6 99.1+1.1
Removal (%)
anududululasauasmedrimund,  71.3:1.3 71.8+1.6 73.5+3.4 74.4+4.0
TDN Influent (mg/L)
anudntwlulasiauszanaihnonuasan, 11.9+3.9 6.5+2.1 8.9+1.8 8.3x1.6
TDN Effluent (mg/L)
Uszangmwmiisalulasanszanain 83.313.9%** 90.9+2.1* 88.1x1.8 88.9+1.6

N9nua TDN Removal (%)

RNBLYAC. GGII’JLQ"IJFL%@’ﬁ’NLLﬁ@\‘IﬁW P-value 3nnM1Inagay * = p < 0.05, ** = p < 0.01 uae *** = p < 0.001
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