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Thesis Title Study the Effciency and Performance of hospital wastewater treatment
with a submerged membrane bioreactor (SMBRY: A Case Study of

Songklanagarind Hospital Wastewater Treatment

Author Miss Umapomn  Preecha
Major Program Environmental Management
Academic Year 2009

ABSTRACT

The Hospitals are the point source of infectious domestic wastewater which is
different from domestic wastewater due to the contamination of hazard chemicals, hormones and
infected microorganism from patients. The objective of this research was to study the etficiency
and performance of hospital wastewaler treatment by a submerged membrane bioreactor
(SMBR): A Case Study of Songklanagarind Hospital Wastewater Treatment. The alternative
guideline of using permeate was also proposed for reuse and recycling in several activities in
Hospital. The experimental set-up was conducted in lab — scale MBR working in the continuous
mode at the permeate flux of 10 and 20 1 /h/m”. The volume of MBR was about 20 liter with the
hydraulic retention time 0.416 day and 0.208 day. The F/M ratio was 0.18 and 0.29 d" for each
permeate flux tested. The performance and fouling of membrane were evaluated by monitoring
the variation of TMP during filtration runs,

The result showed a good efficiency of COD removal rate of 93 and 92 % and
the turbicli'ﬁy in permeate was lower than 3 NTU. The removal rate of Escherichia coli were over
90%. The overall removal rate of TKN and NH,—N of MBR was observed and it was over 80 %
in the two conditions tested. Fouling rate was an average of 0.30 mbar/day for the permeation of
flux at 10 1 /b/m’ and 0.32 mbar/day when operated at 20 | /h/m’. The chemical regeneration of
membrane could effective with a recovery rate of 96%. The characteristics of sludge in SMBR

showed healthy floc formations with a good stability system.

(5)



In addition, the quality of permeate comparing with the reuse water standard of
WHO US EPA can meet, the permeate in this study can use as recycling water for activities in

hospital such as water tree pouring and wash the ground for example.

(6)
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(MPN/100 ml} 1.6x10
SS (mg/1) 85 85 130 57 69— 179
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LU - 2550 5.79 7.76 120 15.75 74 17
lguieu - 2550 6.59 6.54 195 8.1 96 18
41U - 2550 8.48 5.96 99 15.6 93 17

mmgwmg}ﬁa - 5-9 - 20 - 20
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1.2.6 ﬂ]iﬁ1ﬁﬂ1§1!ﬁﬂiﬂﬂ€f\‘lﬂaﬂ‘mﬁ%ﬂ]‘ﬂmm‘lﬁ‘u (Membrane Bioreactor; MBR)
1) dalfnsaitammnsnusy
maRanna TuTadamusy suldlusmassy 1960 TasSunams ¥
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sanidiy luTasfamsdu (Microfiliration : MF) 8003 1Waing44 (Ultrafiltration : UF) 111y
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11 : NORGES TEKNISK-NATURVITENSKAPELIGE UNIVERSITET. 2009.
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osmou!s ﬁll el Ultrafiltration Microfiltration Conventional filtration
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Yoast |
~ Seaweeds i
Macro
lons Molecules patticles pmﬁé;, Macro particles
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OE Sovereign Publications, 2009.
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M54 1-5 HEAsa YU ERRIOINTZUIUNINT OB TLAL

Membrane Separation size Transmembrane pressure, Permeate flux
(um) (MPa)
Reverseosmosis (RO) <0.001 3-8 Low
Nanofiltration {NF 0.001-0.008 0.5-1.5 Medium
Ultrafiltration (UF) 0.003-0.1 0.05-0.5 High
Microfiltration (MF) >0.05 0.03-0.3 High

#31 : Zhou ez al., 2002
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M Stephenson et al., 2000

600 1

m Industrial (> 20m32/d)
500 | -
@ Municipal (> 500 p.e.) 2

400 -

300 +

| > 50 per year I

200

Number of installations

100 -
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1 : Lesjean ef al., 2007
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= 1 ar 1 1 1 o & a 4
AR TUATANNAUTINIULNNILTY (Transmembrane pressure) Tﬂﬂﬂ1ﬂﬂﬂ°ﬁﬁllu8u1lﬁﬂﬁﬂ

FEAVUDIMTNANIIAEAD 5219 10 — 30 Vh/m’ (Guglielmi et.al., 2006 WagPsoch et.al., 2005)

In Out

Out

Bioreactor

Membrane Membrane

Sludge
extraction

extraction

Sidestream MBR Submerged MBR

P [ = o,
mwilszneui 1-9 giluuudalnsalannwmunsu (Sidestream 1Az Submerged MBR)

A Wisniewski, 2007

' ] Ey
TﬂHﬁ'ﬂﬂﬁﬂ’n%‘ﬁﬁ’IﬁUﬂﬁluﬂTiLﬁuigﬁU‘Uﬂ\‘] 238101 ﬁ'ﬂ Sidestream MBR
= as . & 3 o
1L1a¥ Submerged MBR IveRnsanndeiusz UL (Activated Sludge: AS) Gﬂdﬁgﬂulﬂﬂﬁ

=
M99 N 1-7
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] @ o o ar = o
G!'I‘E’Nﬁ -7 ﬁnnzm"lﬂus:mumummumﬂgmm%’nmwmmmu (MBR) unzisyulolow

(Activated Sludge: AS)

. ST TE I
FaEiMnua
AS MBR
Aldnd
3

wuszyuluszesdy, Vh/ m? - 25-35
wuszuyluszoznaieuy, Vv m - 15-30
AMANUAUTIH UV TY, mbar - 200
anududuadad, mg 2,500-4,000 | 5,000-25,000
DAY (SRT), d 5-15 >20
nadnRnaasans (HRT), h 3-5 1-9
BN IUVBIDIMITADYAUNI T (F/M),

0.2-0.6 <0.2
kgCOD/(kgMLSS d)
BRI INITUTINAFNTHI93 kgCOD/Am? d) - 20
gaql, °C 25-35 10-35

[~1 1
anuanniunsa - a1 (pH) 6.8-8.2 7-7.5
anudlumsdrediou, min - 5-16
segzian lumsdadon s . 15-30
WAINUN1F, kWh/m? 0.20-0.40
dwmiumsduene, Jovaz - 80-90
LY

dmiumsguii, Jeoaz - 10-20

17 : Melin et.af, 2006 4ag natIanssudanadsuuralszmelng, 2540

~ o A o
AN 1-7 waaaanzate ussuuinte mtluaaziuauoessuy
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1 = a o @ L] ) A e . . ) 1
ﬂr;mqaum?amﬂiuazuumm IﬂﬂmWWx'ﬁlEJ’NENLL‘IJﬂ'ﬂLSEl(Heterotrophlc bacteria)1xMN1N13088
= A o 3 = Fy ] 3 4 . =]
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o
Tumssigiminde Tsanenurasguans lawen Uszmein (Haidian community hospital)

- CoD BOD, | NH, N | Tubidity | T(C) pH Bacteria E. coli
FNINHABT
(mg/) (mg/1} (mg/8) (NTU) (number/l} | (number/00m])
Influent 48-277.5 2055 §0.1-23.7 6.1-27.9 1420 | 6.2-7.1 9.9x103 >1600
Effluent <30 <0.4 <l <4 16-18 | 6.2-7.1 <23
Standard 150 100 25 <55 69 <50

* 41AUDININLTY Polyethylene Microfiltration 0.4 pm, Hollow fiber membrane , HRT 7.2 h.
¥y ¥
Standard: WM3§ U TUDAU]52MARY (NEPA of China.)

111 Wen et al, 2003
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i NaOCl 0.3 wt.% Backflow through membrane (2 h) -+
Citric acid 0.2 wt.% soaking (2 h)

2 NaOCl 0.2 wt.%

Backpulse and recirculate

Citric acid 0.2-0.3 wt.%

3 NaOCl 0.01 wt.% Recirculate through lumens, mixed liquors
Citric acid 0.2 wt.% and in-tank air manifolds

4 NaQCl 0.5 wt.% Backflow through membrane (2 h) +
Citric acid 1 wt.% soaking (2 h)
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Membrane cleaning

Impulse feed

Turbulence promoter

Dean vortex
Rotating—vibrating membrane

Outside aeration

Porter 1990

Boonthanon et al. 1991

Shen and Probstein 1979
Mallubhotta and Belfort 1997
Reed et al. 1997

Silva et al. 2000

Nedou

Pretreatment by coagulation—filtration
Membrane surface modification
Selecting optimum operating conditions

Changing operating modes

Chellam et al. 1997
Wiesner and Chellam 1999
Belfort et al. 1994

Cote et al. 1998

17 : dAlaa91n Zhou et al,, 2002
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A¥AIDY1 @13ﬁ%ﬂﬁ Standard Methods for the Examination of Water and Wastewater (APHA,

AWWA and WES, 1998)

A15199 2 — 1 FNIZVBINTIAUTZUVURLYAN 1T NAADINFANH

) gAMINARe
AN UA
1 2

Permeation of flux (l/h/mz) 10 20
Hydraulic retention time (day) 0.416 0.208
pH 6.8-8.2 6.8-8.2
Temperature ("C) 25-30 25-30
F/M ratio, day . 0.18 0.29
Air flow rate (1 /min)} 5 5
DO (mg/L) 61738 56-6.5
TMP limitation (bat) 0.5 0.5
SRT (day) Infinity Infinity

P =) o nad ey o a :} =
ATMAN 2 -2 WITRDTUASIFART IV ANHUSU NN Y

winiwed Faae
SS Gravimetric Method
MLSS/MLVSS ' Gravimetric Method
Temperature Thermometer
pH Electrometric Method
DO Membrane Electrode
BOD; Azide Modificatiom Method




41

AN 2—2 @e

AERFUCEH Frns e
COD Close Reflux Method
Color Spectrophotometer Method
NO, -N Cadmium Reduction Method
NH,-N Titrimetric Method
TKN Macro — Kjedlahl Method
Turbidity Turbidity Meter
E.Coli Multiple Tube Fermentation Technique
dnwas Insaadunguyiunidluszu Particle Size Analysis 112
Microscopy photo image
sVI AUIUIN SV, Laz MLSS
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S8, Color, Turbidity
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= 2 o
yaunIdluszyy




42

i ] = o - o
ﬂ?ﬁw‘ﬁ 2-4 mmﬁ%mmmmﬂzwLma:;wnmmm

) o AUD
AN WA D5 o,
(A5 yada)
1. Influen tank - pH, Temperature ﬂﬂ’:])u
- COD,BOD;, E.Coli, NH, ~ N ,TKN, S5 3
2 Permeate tank | - pH, Temperature 1[!?1’3}14
- COD,BOD,, E.Coli, NO, - N, NH, - N ,TKN, 3
Turbidity, SS, Color
3.MBR tank - pH, DO, Temperature nn?‘u
- MLSS,MLVSS, SVI
o K] 1 = P 24
- dnvae Inseadunguaaunidlussuy 11302

2.1.4 Ansaassousmaanmasszuudalfnseiiinmnnnu iy
ar ar =Y e

Anwraussouznisnseslasgamuustandi ludadgassinimmuiusu
9 9 [ = =S A ar ar 4 1
faemsfinmnanung wul iy sazmsaiisinaiadnfenavianuduRis Iz 9m
o ' ar [ { o ] 4 o T 1 ar ot
Snaaududerusuituiina Bvuznies e UINYIAT dP/dt B A18RTUS2

= a 3 Y = dly == = o
mafa vade s ldmaiamstuaamgamususieiimanalalas lawniing (M3
oy 3 A A P A A o ' ar
fad19) uaznisl¥asmiiuammiiossyaunguesmaiannge dednuaninnuay
[ ] H aoa 14 =y ] H o o 3 4
dahumusugegan 500 Tadins FuAuans muasziimsHugawieszy e uaz
= A A a d? 9 9 d'i g as o =
yiladmaifary Tasldna lunmsdramusuy deffugaagamsnaaed | Ju nazinmaay
A w e - A 9 - A 3
seunanioanu Tnelduney waze15ain 19 U1 UaMWINNILTUE (KT0R15A 130N
ar (Y Y r o o Y

wyundamsnaase Mo bifavatedagunse uazsaa) Al

3 ~ = :’ v Y < =t

FUNDUR | AaThnauANmIILTY Aluszeza 30 wn

@ F 1 ¥ T

Fueoud 2 dredaudamingu 60 LA NTOMIINAUMUIMLITY
w =R 1 a & a 3 or N :’ o LI~ =4
U WANT A nusudR LT Y tazUsumiiinges 1 dluszeznat 10 1N

H ~ ) o Y a a Y o
VUADUT 3 AWOUNTUAWETATDYATANA TNANWANYIY 1% wiv 5ﬂu




43

1 s M <3}
szoe 60 WP wazid IWasazalenIagasnanuduty 1% wiv Wusgesna 60 umn
:‘ n‘: ] s ] o ad ar ] ] Y 3} i
nseNIAS LAY TuRnadad s nusudaHummnsy tazdSuaimingesla
o3| =
Wuszezna 10 WA
H A y w o ~ I )
duseun 4 drvfoundudromsazate Taden lensen lsa anudndu
o F= ] ~ '3 9 9
1% wiv i5lu T2ez0a1 60 WH uazus Tuarsazate la@ey lansonladanindudn 1% wi
[~ oy @ ] ar T w & @ ] ]
Suszezinar 60w nsenhnaud LI ATUAnAIWNENS A1ATTNAUTIHIUILILTU
=Y f i o
yazlSmaiwinged 1@ Wuszezinar 10 R
2 o v v w Y a ul ¢ Y ¥
JuneuR 5 andeundudsemsazans laiey lalieas lsannududu
o) ] 4 9 g
1% wiv W 7202081 60 w1 nazus luasazara Imdoy Tsldaas lsannududu 1% wv
P~ oy a ] a ] @ o al 1 T
Sluszozinat 60 wiH n5eINAUAIY WITH TURNAIHANY AIAITNAUTIR UL TY
= 3 $ 9 o
gaztTinaniinnsed e dluszezaad 10 1A
1 N ¥ ) 8 »
funouil 6 nreuhindurumuTy wazIaa pH Y8y thinnsesla
IUAIA pH 22N MIAL 7
¥ Y
Fumoua1e q vesmstuanusuauarh himmenudiumugs

) a = a ¥
ﬂfﬂﬂqﬁﬂﬁmﬂﬂlﬂﬁlﬂﬁu%']ﬂqf‘h'gaﬂ Liﬁa’:ﬁguﬁnﬂﬂqﬂ’lﬁlﬂﬂﬂ']?ﬁﬁvlﬂ

as ar d d
2.1.5 AsIvaeudnyMyIRanind uaznguyaunIgmeluszuy
= o s w o 4
ARTIEHUUIANTNIZIIBAIDINIDAAAIAILIATES Laser Particle  Size
o ow ¢ - 7
Analyzer (WaAAUHTIU COULTER LS 230) uazasavaenlnseaindisyinigdunidnn

s

FalaAsnsel Taoldndnsganssmifituiinamd (hadusivesiu Olympus 3u BX51)

= d
2.1.6 M3AnTIzHdoYD
o v ¥
wsuiougaummihmdnhliadunmasgugammwiinalsmennaniy
=Y = = 4
sEmAvBINTUAILANYARY (MTNAIUANUARY, 2549) Tmnieruasaidualugdunumag
~ e a @ 9 a . .
ngniwl Iﬂﬂﬂﬂﬁ’5&’ﬁ%’ﬁﬂ1Wﬂ1§‘U’tBﬂWJﬂﬂT§ﬂ1ﬁ’Jilum‘}.] Normalized value (Kurniawan ef
E 1
al,  2006) uazguonuamemsiamsihinmumsihdasdrumyudouldininiely
i 3) A ) 1 o oo oA 9 ] as =)
Tsapenina Tasldnasgunimyudionldlnivesesdnsivingdunateuuranigomsn,
¥ £
(US EPA) Hazu1a311u1i11991n01a1351520m 1, veanIuaiunuuany

AnvemauazdnbauzyeInaiaa LR yAnINAeInANT v



44

v ow d ! ar ¥ a [ : =
anuduuisenhamfumnnududrmuu s unznsouRe U iaNITIOUZ YD
A el W o =Y = oy ar 9 - A 1
sruua e ldiTmrdsrannnusudumain lalas lawiindsufumslsansnil e
(% 1t ' o A e
AVIUALAIR DI UGINTT 500 AT
= o = 9 = = A =~ or 1 =
TnT1eHpamsAnmnndeyaBelTim fe laswnuiudnasnunio:
. =i & = ¥ ot o ¥ o1
danflsaanasg iemlswamsdne Ins lddeymTeaunin ldun
a & ar I o'
e lseAnTam uazaussouzvesszuudulfnssiFanmausulums
¥
o & @ Iy o
Hhideindelsmennasavaruniuni
o 3’ ol o o ¥ el 9 ! 3t
e mssamuhihumsihdaudwmyudenldlminelulsmemnald
1 = ) :, A = b 1
mngauudazdszianionssy Taefinsanuasguniwviemsvyuieuldlniveslszme
¥ Y ) H ¥ ¥
avfgeusmiununwihisiesnninszuua Meaglfanasufimmnsoifisnnszing T

=y 3 4
wiuouldlnu

w d
2.2 Tag) wazgnsal

2.2.1 799

r ¥
ar 5 i [y

=g ; k) :’ e§ o o
Faghldlumsiteaselitlsznovaiy mmvmaiiawmmaﬁwmuﬂium ?.

o
RN Llﬁmﬁﬁlﬂuﬁmﬂ‘ljﬂﬂ&ﬂ'lqﬂnmﬁ"t ¥ (Analytical grade) mmumnmﬂmﬂmmwmm
= 9

WIAB RS MR (mﬂm 2-4) laviivoy ﬁﬁizﬂawﬁ%u
1.) vineenlylunsnaaes

¥ k3
[ [ o o 4
udetlowdnszuunuudiass fio duasninlreweagvaiuaIung e.
mwialng 9. wava Tasaiwguanizas@dussiufmnsaudmsomstinfamedinm
=y 1 | 1 o o’ = o
upuldeondou 1wy pH 3zne 6.8 — 8.2 Mesnduazaisludulfasaidanmwaniysy

1Az BOD,: N: P 11524 2.0 - 5.0 mg/L 1ag 100:5:1 a1

2.) A13AN

@l

(ANFISEY ﬁi‘]ﬂ%ﬂ?ﬁ"ﬂﬂﬁﬂ\? Lif]“’ﬂ'!'i?tﬂ‘i’lwﬂﬂﬂlﬂ']?\l‘ﬂ'ﬂﬂu? Lﬂﬂﬁ?iLﬂN‘i%ﬂﬂ

AuMwIngmaad



45

2.2.2 gilnsoel

o Y
o A

ﬂ’t:; 9/ oo Y o o
gilnsalnldlunisisensefidszneudis nuudiassszuud uazgilnsal

g & 4

o 7lq 9 ' sl o a ¢ o
Yszaowuuudiany ginseinldlumsinudledis uazgunsainldlumslinnedgunimi
2

Y a wa 2 A =1 1 a A
luntelf1ians deliswaziboan1ae fail

o d o
1.)uUUa1ad5zuu 4 !!ﬁ%q‘l.lﬂimﬂ‘izﬂﬂﬂ!ﬂ]‘lﬁﬂﬁﬂd
o [ a o Qs ar
LL‘U‘]_H]’]ﬁ'EN'ﬂ;“U‘LIﬂﬂﬂgﬂiﬂ!%’)ﬂ’lﬂlﬂ‘hlﬂﬁuuﬂ‘]J!.ﬂJiJL‘IJ'i'M"tlllﬂ'J'iSﬂ‘lJ

¥ ¥ ]
el FiiamsnlFlumsinmaiedl uaesdennilsznend 2 - 1 Usznoudae

Water pump Water pump

¥,
H
.
hasge
-
a
"
a
"
"
"
"
H
.
.
.
.
5

o WA

—-——@ Air purmp

(-4-)
z:i o w = d
amilsznoud 2- 1 uuuaedssuunalgnInian Ly

Ed
1. oaflewindodnszun (Feed tank) (-1-)
A = . . A 4 ' A A @
2. INTOSFUUVLTA (Peristetic pump) 2 1A389 FaNAAZIAT B9 UTY
[~ 3) <! Ao T v  Jdq ¥ Ag [ s a :‘
anuswenindemundmua Tasmaaruquarand dasilugne 11 wwiadsnah
wadion Indimnshaaeamsduiiunminanes
A A o 9 A 2 e o S a Yy 1w (a o't
- pTesh 1 hmdhiiguniudenndedemindudigdalgnaaiannimm

WsUA AN 10 1182 20 V/m’



46

dli a o EY a 3’ 9 1o o 3’ = a9/ 1
- sesi 2 iithigatheenaingansesdngdunuuneiion Asenw
o d
&0 10 WAz 20 Vh/m’
s = ot a = a 9 ooy
dalfnsaldnmnnusudiuins 20 s (29 idavezaiinla nse

Fwmasuifigamuusunuuvenaiuduly (Hollow fiber membrane) (:3-) Wi Imuluszyy
HanvINTee Indoniau sianoRmoiaeini (Hydrophilic polymer membrane) AHVLIAY
souTla 022 TuTnswas SAuARassna 02 Mg ﬁﬁugﬂxﬁ’uimﬂumiu@aiﬂa
ﬂawﬁﬂﬁﬂ“ﬁﬁ'ﬂmﬁqa«f‘?am&iaﬁw};@fa’ﬂﬂ'mamﬁud&phumumsu (Transmembrane Pressure;
TMP) (-5) uamﬂ%aﬂauﬁamﬂﬂ%’ﬁm%’uﬁuﬁnﬁim’nuﬁuﬁamutnuzusummznﬁmﬁ’q
mn%wmiwmmﬁ (-4-yfte oendmuuazaniluthunanludalfnsel

W oG 3. = ‘;y c:’\"
3. DANUANUUWOULEY (IMIUDNITEUY) (-6-)

2) ernsalildlumaifuiena

4 Meiuudedaveadnne 1 das

5. UNDDOUWATARNUYUIA 25 sasdmivldindumensslu
woulfifns

3.) Qﬂnsa’if‘hﬂun1ﬁmswﬁqmnmﬁnﬁﬂuﬁ’mﬂﬁﬁﬁmﬁ

6. UV-VIS Spectrophotometer HANS O Shimadzu E:‘Ll v 1601

7. Touch mixer Nﬁ@]ﬁﬂ«l“ﬁ’ Fisher Scientific 5‘:'14 231

8. 1AGDATY 2 AN HARKUN Mettler Toledo JU PB1502

9. 1A3BII 4 Auinia HAASUN Mettler Toledo 31 AB 204

10, 193093AnNNTNN3A-A (pH meter) HAAA MUY Wissenschaftlich
Technische Werkstatten 'a;'u pH 526

1. w3ea3annniiunsa-aa (pH meter) 195p33ABaNTIaY (DO meter)
HAANAUDS Wissenschaftlich Technische Werkstatten ‘q':‘l..l pH/Oxi 3401

12. gounrmieuuis (ot air oven) WARTAI 184 Contherm JH 240M

13. @3panusiinldiuiman (Magnetic stirer) tazin 1w (Hot plate)
Nﬁﬂﬁﬂ!“ﬁ%ENFramo—GerWtetechik ‘;]:‘Ll M 21/1

14, gANTOLYAIBY (Buchner Filter)

15. Lﬂ?ﬂaﬁm%ﬂqﬁgﬂpmﬁ (Vacuum Pump ) HARSDIA GAST §u 0296

16. gandsuen Tuile(Ammonia Distillation Apparatus) W3R 0N Gerhardt §U

EV 16



17.

18.

Selecta 34 R.AT,

19
20.
21.

22,

a
= ar '
cvfjf@ﬂmm%u (Desiceator) WARNMN Sanplatee

1 Y T a a a  ar o
wdosEaEse9d M1 loanuvila (Heating Blocks) WasiH e I.P

] o A ey
NIZANT®Y GF/C MUTQLﬁuNWﬁuﬂﬂﬂN 47 UnanaT

N ¥
INT09049 b1 (Water Bath)

o
Ariumdoniugugavgll

A L] a9 - o =Y o
103009199 AU IRTIEHII UM DS

47



UNT 3

= L) d o8
Han1IANE AL ITITUHNIRIITNE

¥ 9 Y
o =~ 9aqr @ a

IR NLUMTIdoRTH W'}%ﬂﬁﬂ‘]&l"I'lJ‘i?.‘,’E‘Vl§ﬂ1Wllﬁ$ﬁﬂ5§ﬂ“$ﬂf@ﬁﬂ1ﬁﬁ']ﬂﬂu1

A

S

A

. ar - o ar o e
e lsanewin lagssvudedfosalammanusueuuandl nsdidnut mstinimingd
=y o i Fy 3 a 3 .:’\’ 1y
Trangnnaauaiuasuns o.v9 vy 9.a9va1 wieutuauouuimamsiinishiums
o 9 P B2 1 & I~ =] ] as dy
iiaudmvyuneuldvumelulsmenna dwansAnuniisoaziBeanad]
o
ar ) - o 1
3.1 anpaziufeved Isanennaaaumuasung 8.8 lvg) 9.099a1
32 wananadeudaw I Fud 1 IdveuuuusuaLe19 (Initial permeability
] = ar = e as
membrane) ABUIALTEUDHIUFN TR FINIWLDIULLIIDUAT
) o ar ar = o )
3.3 szdniammstidavesszundalnsaidinmmususunags
o ar = o w
3.4 ANIsOUZMININUYDTEUUGRIGNIIF I MIIS UM
ar 9t LY 4 ] =Y = o a = o'ed
3.5 anwazuazlassadrnaadad uaznguydunsongludalfoseidaniw

MM TULIDINAY

[
o

a ~ i1 9 at Y
3.6 wuantemsduhnefidiumsiitaudwimyudouldlninely
Trawemna

A gyt A w @ ga_
3.7 Nﬂﬂ'l‘i'l]58;’!,1!?4ﬂﬂ‘lﬁl’ifJi‘Ll'ENﬂ‘H"’UEN'i3’;‘1}‘1JLL‘1J‘1J€}\31J£}ﬂ'iﬂl‘]iﬂ’lwnﬁlﬁﬁu

[ : = d
3.1 douazrinduveslsieninagsuauniung e malne v.aaum
= o 3::1”3}:&0} s}:?q o & o :;ud'
msfnyIteluadadl e ldiudonn Tsawennadeauasuns dhuiudo
e g’ = o ] ] [
oudnszuu Tnahmindelsanennaasuaiuasuns (uvomnsesveslssweuia) nou
] o as 1 = ] i o w [l éu P=% < o 31
Whgszuutinia @edueini) wuduliethdenaindeninneiansugvoniudoma

meniazmil Taaas 13815199 3-1

48



49

] ar 3’ = o
#1919 3-1 naadneuds IS aneNaaIuaIuATUNS
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pH 7.2040.29 5-9
Color {(SU) 1.07+0.34 -
Temperature ( OC) 26.34 £0.91 -
SS (mg/1) 114.78+70.6 20
TCOD (mg/l) 433.4 +£153.55 30
SCOD (mg/t) 143.81£50.31

BOD, (mg/l) 162436.56 20
TKN (mg/t) 37.05+11.55 35
NH, N (mg/1) 30.42+5.87 -
Turbidity (NTU) 84445 -
E.Coli{(MPN/100 ml) 2.1x10°- 7x 10" -
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.o6" Regional Symposium on Membrane Science & Technology 2008
ForiFaaiindue

- Preliminary Study of hospital wastewater treatment with a submerged membrane

bioreactor (SMBR): Case study of Songklanagarind Hospital-Thailand

ﬂ'lﬁLNfJHW'imlu’}'l‘i'dTi
Preliminary Study of Hospital Wastewater Treatment with a Submerged Membrane Bioreactor

(SMBR): Case Study of Songklanagarind Hospital —Thailand. 2009. J. Applied

Membrane Science & Technology 9(June): 9-17
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