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Higher-load graywater (HLGW) is the mixture of kitchen sink wastewater (KSWW) and washing
machine wastewater (WMWW) and among the five graywater discharges from the household, these
two have high percentages of contribution on the pollution load in terms of chemical oxygen demand
(COD), nitrogen (N), and phosphorus (P) components. Furthermore, WMWW contains high con-
centration of linear alkylbenzene sulphonates (LAS) which is the surfactant mostly used in laundry
detergent formulations. Therefore, treatment of HLGW is necessary before it is being discharged to
the environment or reused for another purpose. Membrane bioreactor (MBR) has been recently ap-
plied to graywater treatment. In this paper, the MBR system is applied for onsite treatment of HLGW
and is operated at constant transmembrane pressure (TMP), thus no pump requirement for permeation.
Furthermore, MBR is subjected to intermittent feeding where TMP and flux varies throughout the day.
In Chapter 1, background and objectives of the study were described. The graywater characteristics
and existing treatment facilities were enumerated. The MBR as a candidate technology for higher-
load graywater is described in this section. The chemical characteristics and impact of LAS to the
environment is discussed.

In Chapter 2, the effect of organic loading rate (OLR) on the treatment of kitchen sink wastewater only
was investigated. The subMBR used employed an ultrafilter, hollow fiber membrane and was operated
at constant TMP of 5kPa. Four lab-scale subMBR were operated at HRT of 4.5, 7, 12 and 24 hr giving
a corresponding OLR or 6.9, 4.5, 2.6 and 1.3 kgCODm-3d-1. The parameters monitored were organic
matter (OM) removal, characteristics of OM, N and P, and permeate flux decline. It was found out that
regardless of high COD variations in the influent, relatively stable permeates were obtained at OLR
of 4.5, 2.6 and 1.3 kgCODm-3d-1 with COD < 40 mgL-1. HRT of 4.5 hr was too short to degrade
the high organic loading supplied to the system. Furthermore, the accumulated organic matter inside
the reactor was characterized. Increase in larger molecules (0.1-0.457) was observed at HRT of 4.5
hr and 24 hr, but COD and biodegradability were high at HRT of 4.5 hr and low at HRT of 24 hr.
This indicated that the accumulated organic matter in a short HRT system was due to undecomposed
matter from the influent, while the ones accumulated in long HRT system was due to the microbial
by-products. Nitrates and phosphates are low in the permeate. Severe fouling was observed in reactor
at HRT of 4.5 hr, followed by the reactors at HRT of 7, 12 and 24 hr, respectively.
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In Chapter 3, the effect of OLR on the treatment of the mixture of KSWW and WMWW was investi-
gated. The same subMBR was used. Four of these were operated at HRT of 4, 8, 12 and 24 hr. A 1:1

ratio of KSWW and WMWW was used as an influent. It was found out that biological treatment of
WMWW only is not feasible and also foaming can be a problem at high loading rate where the reactor
with OLR of 5.3 kgCODm-3d-1 or HRT of 4 hr was stopped due to this problem. HRT of 8 hr or longer
('OLR of 2.7 kgCODm-3d-1 or lower) could give a relatively stable permeate qualities compared to the
shortest HRT operated at 4 hr. However, it was observed that high organic matter in the permeate of
the system treating the mixture compared to KSWW only was obtained. It may imply that WMWW
has some components that are not easily biodegradable. Furthermore, the influent LAS concentration
is on the range of 10.3 ? 23.1 mg/L and about >99% of this was degraded. Therefore, the remaining
OM is not LAS in its original form. Nitrates and phosphates are of low concentrations because these
are not abundant in graywater but rather in blackwater. Low flux is observed which opted us to use
another membrane, a micro-filter, flat plate (MF-FP) membrane for succeeding experiments.

In Chapter 4, the 10-L MBR system employing a MF-FP membrane was evaluated. Continuous feed-
ing of the influent at a 1:1 ratio of WMWW and KSWW was used. The analytical measurement of
LAS using LC-MS was developed. The membrane flux during the stable stage of the operation was
0.22 m3m-2d-1 at constant TMP of 3 kPa. The COD in the permeate and inside the reactor decrease
through time from 35 to 20 mgL-1 and 80 to 40 mgL-1, respectively. This can be accounted to the
fact that HRT increases through time due to decrease in membrane flux, thus, giving more contact time
between the microorganisms and micropollutants for degradation. The HRT increased from 10 to 16
hr giving an average HRT of 13.6 hr. The total LAS removal achieved was >99%, indicative of its
non-inhibited degradation even at influent concentration of 30.8. mgL-1. SPCs are detected from the
permeate but are not quantified.

In Chapter 5, the effect of intermittent feeding on the treatment of HLGW using a MF-FP membrane
system was investigated. The MBR in Chapter 4 was modified to compensate for high inflow of the
wastewater in the morning and the evening. The morning discharge (7:00-8:30) was a 1:1 ratio of
KSWW and WMWW while the evening discharge (19:00-22:00) was KSWW only. The variations
of flux and TMP throughout the day were measured in addition to COD, N and P components. Flux
at each corresponding TMP decreases through time. And it was found out that during the first 60
days, the MBR operated with continuous feeding gave a lower flux at TMP of 3 kPa compared to
that operated with intermittent feeding. It has been observed also that the composite sample from the
moming discharge has a higher COD than that of the evening discharge regardless of the fact that the
influent COD of the latter is higher.

In Chapter 6, the batch experiment for two wastewaters (a) KSWW only and (b) mixture subjected to
the same operating conditions were investigated. It has been found out that through time, the organic
matter in terms of DOC in the mixture is higher than that of the KSWW only. Furthermore, LLAS has
been removed but not completely degraded into CO2 and H20O. SPCs, the by-product of LAS, were
detected even after 12 hours and 24 hours of 'operation for the mixture. This must be one of the reasons
why the COD or DOC of the mixture is higher than that of the KSWW only.

In Chapter 7, important results of the present study were summarized and recommendations for future

study are presented.
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(B BEIE YR TR I & BB AMMIEK DA VA L)

Peok s % B ix 2 HEK LA & BIREN NGRS 2 2 P RDBENTVS. T TENT ZEE
CRKBEICIA, BUKPFOERR U VL Vo REBBETHS. iz, HkFR0 > B, BiEEx v b
T — 7R B IREDMREHEANERICEZ T LD, BRI Y M T — VI KE LRV
HOBRLBEOFEL UTHBEINTVS. COL S BREECH LT, gk EREFCBWTH B
L, Hh DA - BIREIN T 280K B SEB K IEEDN —DORE 2 52 5. AF AN TR URIE
IKEFNEZWE S A b LTERL, SP0KIINER, BRELT 22 EMEEINTV . KHIE
X, Pk B BERIPEKEED > b, HHEKLEE N R E L TWS.,

URZEBROEREN S OFIKRD 5> b, BR, U VORI U TAEARTES 25D TVWEHK
B EFTHEK (KSWW) & IREHK (WMWW) T5H 5. SEHDKE B IBE O REEER (7 VFLy
Y RANVKRVBE LAS) ZHAIRS L LTEREL TV, 20K S RMEFKLEIGE RS BIEES
BiE (MBR) DFEANES S NIRH TV S, AFAFE TIE,MBR ZHH0KkD 5 5B &HETKkOA
Yo MUBRICER L, BOBICBOTRERER SN TW IR TRER LW, IKEEE AW EE
A BEEDRTEEHIC DV TR LTV 3. &, SKED 5 OHFKE RO EREINIC K E L EFT BT
Eh b, ThET MBR OEETRRFTESNZ LDk oz, BEREINCIEA @EZE (TMP) & 5%
BTy T ADEET AL S REEARICDOVTIRIL TV, KRB UTDOTELORES.

81 ETR, AMEOEER, HNEE#ERL TV, 7 UT, BHoko/KENRFEEZBE L, Bo8EE
HEVETREN S AR E U EED— D TH B T L BRLTWS. X T, BEEMEK
WO EERS TH 5 LAS DILEIEIC OV TEEDHZRES b LI, 7 DNEMEE S5
TEELTV3.

2 BTREFEKOZENIET 3 FEONELEBNOREEHWER (OLR) IKDWTRET Lk
EREENT VS, FZERBOBENAEE (UF f§) Z4EMRISHEICRE L TR BHEEEREZE
LTV, ZUT, BOEEEIIERE 8 U Tl TEY 0.5kPa #A L TBE LI EREH
ELTVW3. ChEDEBRTIE, BRYRER, BEMOENE, SREE, U VEE BOETS5 vy
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ADORBEEIHEI N ZORE, ABFHIKS COD BEOKELEHcEhHhbET, 1
Hkt COD EERZE L, EMWET 4.5,2.6,1.3 kgCODm3d™! DFFICIE COD #E 40mg/L U
T & BIFRERZEB . —5, HRTA.5 B8 (FEMETR 6.9 kgCODm™3d — 1) DR A, KIGHEM
ARESTREL, ERYWERINETEZ 0R ko7 £, RIBGEBNICER L 58O
BRI T o TR, AP EVRESIIEVKTES TERY OER, EAaH OBAITIIMEMNRE
EYMOERVPECRCENHLEN KT BOTEHLWT 79V »FH HRT4.5 BERIDBESICE
"EXNHRT NEWEET 7 U ) VT OEFIIEL Ao TV,

3 BT, BFHIK & BB R BRI LET 3382 0ERPATICOV TR LTV 2 BOX
BRTHWEEBLABROEBEHAWER THZ. AER T HEFTHIK L ETIKE 111 OFI&T
BEULOENE L. I, RBHOKO R MRS 2 T LIIRE/NS V ADBRN LARAgE
TH3TLRBRICHERBERTH 2. ERERK D EHKCIZEYM S REDBNE ORMEEL
TW3Z AR E N, LAS DRERIZ 99% U ETH - Tx.

4 BT |3 MF BOYERE Bz MBR ORI ONWT OREHERDPBE I N T VA, TO MF &
ERWER TR, BFHUKERESIAKE 111 TEELIEBOEZAVTVA. ke —EHRETH
BUIEA23BETRLUIZ UFEEERWEES LR L T, BBNEE LIEERT v 7 X (0.22
m3m-2d-1) BMEWVEFE (3 kPa) T/ LN TV, ¥ HRT A 13.6 RFRTEE DIFEICIE, LAS DfRE
1 99% DI EEWIHERTH D, LAS K KBS BOEEBRERI N TRV, UHLLAS 357
RICPRENTERTRE L, DERIESRM TH B SPC BNBKF»BREETN TN 3.

5 BTl MF BEDOYREEDR e MBR ICDWT, HEKBEIRANCHB T NI BEEPBRE TN TV
3. HE7KiEEA (7:00-8:00) I BRETHEK & B KE 1:1 TIEE LIz b OEEHE, 7] (19:00-22:00) I &
FIHKD B EBHET 5 LW S FRAEHESZ— VB2 RWTWS . BEEFE LIEEE 7 S v 7 ADHM
BIET 7OV TOEFICKDERL, B 60 BRICII 4 ETRLUE—EREERIEO TS v o
2 (ZE3MPES) KO ETT2ERL ko7 £z, HOHKONEIKSF COD IZHEDMLEIKL b &
WiERE R T '

6 ETIELAS O RSH2ZEHEMICAET 210K L tESRBBERICOVWTRHREIATY
% LAS # 89 2REIKDRE S NIBAICDHR,SPC BB E N, T D SPC DA RHEEEHEK
EHYIKOEIKOE COD ICFE S L TWA T LR E Nk,

7 BICREAHETBONEETERRENSEREE N, BROBENBREN TN 3.

CHhRET B, BEIZHKD B $EH IR B\ T, MHKNIRIC IS SIS B IRENE AT
HBTEEEILL, HD, EENEREOROERBELZEZ TV, £k, REFEER LS
AR BT 2B OV THFNERX S THED, YoKIME TR UTERT 522 A Kk
B2LE0O0H3. Ko T, BEHRG, IBEREEL (I%) ORMA2REEIN2BERE2LD LTS,
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