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Abstract

This paper evaluated the performance and suitability of resources and nutrients oriented decentralized
grey water treatment system which uses a submerged spiral wound module. This grey water treatment
system is aimed at treating and recovering the resources present in the wastewater. The study
revealed that the UF membrane filtration system was able to maintain a permeate flux between 6 and
10 L/m?/h. TOC can be reduced from the influent value of 161 to 28.6 mg/L in the permeate,
meaning an average elimination rate of 83.4%. In addition, soluble nutrients such as ammonia and
phosphorus can pass through the UF membrane and remain in the permeate. The total nitrogen and
total phosphorus in the permeate were 16.7 and 6.7 mg/L respectively. The permeate was low in
turbidity (below 1 NTU) and free of suspended solids and E. coli and had an excellent physical
appearance. The permeate can be used in gardening and agriculture for irrigation and soil fertilization
or alternatively for toilet flushing after disinfection. The retentate generated in this system can be
treated with black water and kitchen waste in an anaerobic digester at a later stage for producing
biogas or compost.
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1. Introduction

As water is becoming a rare resource, the onsite reuse and recycling of grey water is
practiced in many countries as a sustainable solution to reduce the overall urban water
demand (Eriksson et al. 2002; Li. et al. 2003, Friedler & Hadari 2006). Grey water is defined
as the urban wastewater that includes water from baths, showers, hand wash basins, washing
machines, dishwashers and kitchen sinks, but excludes input from toilets ( Jefferson et al.
1999; Otterpohl et al. 1999; Eriksson et al. 2002; Ottoson & Stenstro” m 2003). Grey water
constitutes 50-80% of the total household wastewater (Eriksson et al. 2003; Friedler &
Hadari 2006). In terms of organic contents, grey water shows similar characteristics to that of
the entire municipal wastewater (Eriksson et al. 2002; Nghiem et al. 2006). As urine is not
included in grey water, it has a limited amount of nitrogen, mainly those derived from
organic nitrogen in particulate form (Elmitwalli & Otterpohl 2007). A number of
technologies have been applied for grey water treatment worldwide, varying in both
complexity and performance. However, most of the grey water treatment pants include a
biological step and the performance of biological treatment can be affected, especially at
small scale, by the variability in strength and flow of the grey water (Pidou et al. 2008). The
high COD:BOD ratio of the grey water and the deficiency of both nitrogen and trace
nutrients in the grey water can further limit the treat efficiency of the biological processes (
Jefferson et al. 2001). Furthermore, a disadvantage of the biological treatments is that
nutrients, which are beneficial for plant growth, are partially lost due to biochemical
transformation. Organic materials, which can be applied for biogas production, are also
eliminated by biochemical transformation.

2. Materials and Methods

Experimental set up

The grey water used in this study was collected from the ecological settlement in Lubeck,
Flintenbreite. It includes wastewater from baths, showers, hand wash basins, washing
machines, dishwashers and kitchen sinks. A two-step septic tank was applied for pre-
treatment to remove larger particles, hair, oil and grease. The effluent from the septic tanks
was then fed into the submerged spiral wound membrane filtration system. A schematic
diagram of the grey water treatment system is shown in Figure 1. The submerged membrane
grey water treatment unit consists of three compartments, each with a volume of 0.5mq. The

first, second and third compartment act as the balance tank, the membrane filtration tank and
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the permeate collection tank. Air was introduced
intermittently through a fine bubble membrane diffuser
installed directly

below the membrane module in order to provide an uplifting
flow of bubbles which scour the membrane surface to
prevent the membrane from fouling. A vacuum pump was
applied to pump the permeate through the permeate
collection channel to the permeate collection tank. A
submerged pump placed in the permeate collection tank was
used for backwashing the membrane. A Rochem open-
channel spiral-wound membrane module with a total

2

membrane surface of 8.2m? and a normalized pore size of
0.0062 mm is submerged into the membrane filtration tank.
Once the concentration of suspended solids in the membrane
filtration tank reached 3,000 mg/L, the filtration cycle was
terminated and the retenate can be discharged and treated
together with black water and kitchen waste in an anaerobic
digestion system. This membrane filtration system was run
at a constant trans-membrane pressure (TMP) of 0.12 bars.
Details on the membrane module, membrane material and
the membrane operation mode are listed in Table 1.
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Figure 1 A schamatic dagram of the grey waer treatment systam.

Table 1

Charactenstacs

Charactenstic of meambrans module and operabton condbons

Membrane module configuration

Membrane material
Membrane pore size

Initial flux (deionised water
at 25°C and 0.1 bar)

Membrane hvdrophobicity

Membrane surface per module

Feed side spacer thickness
Module diameter

Module length

Number of modules
Fltration flux

HFltration duration
Backwashing duration

Membrane aeration
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Open channel spiral wound
module

Polvacrvlonitrile membrane
00062 pm
200 L/m~h

Hwvdrophilic
82m-

3 mm

02 m

1.0m

1

10 L/m~h
10 minutes
30 seconds

3 Nm /h (40 seconds on/
20 seconds off)
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Analytical Methods

The total organic carbon (TOC) and total nitrogen (TN)
levels were analyzed with a TOC/TN analyzer (multi
N/C3000, Analytic/Jena Company). For the analysis of TOC
fractions, the effluent of the septic tanks was centrifuged for
10 minutes at 3,000 rpm to separate suspended solids and
supernatant. The supernatant was filtered through a 0.45 mm
membrane filter to separate colloids from dissolved TOC.
The suspended TOC and colloid TOC were calculated from
the difference between the total TOC and supernatant TOC,
and between the supernatant TOC and dissolved TOC. NHy-
N, NO2-N, NOs-N were measured using a reflectometer.
The total phosphorus (TP) and orthophosphate levels were
measured with Dr. Lange cuvette tests. Electrical
conductivity, temperature and pH level were measured using
probes. The turbidity was measured with a Hach 2100P
portable turbidity meter. The suspended solids were
analyzed following the German Standard Method
DIN38414. Chromocult Coliform Agar developed by Merck
was used to determine the amount of E. coli in this
experiment. Colonies of E. coli were characterized by dark-
blue to purple spots after the sample had been incubated for
24 hours at a temperature of 368C. The dissolved organic
carbon in permeate was characterized according to a liquid
chromatography  organic carbon detection method
(DOCLABOR Dr. Huber). HW50S column was used in the
study due to its good resolution for organic substances with
low molecular weight.

3. Results and Discussions

As the experimental results showed similar trends in each
filtration cycle, only the results obtained from two
consecutive filtration cycles (14 days per cycle) are
presented in this paper. The analysis of the major
parameters, including temperature, pH, turbidity, electrical
conductivity, TOC, TN, NHs-N, organic N, NO3s-N, NO,-N,
TP, ortho PO4-P and particulate

PO 4P in feed and permeate, was performed between
March and May 2007. The characteristics

of the influent and effluent are summarised in Table 2.

TOC fractions and TOC Removal

Our results showed that the suspended TOC, colloid TOC
and soluble TOC constitute 30, 34 and 36% of the total TOC
respectively (date not shown). Compared with the results of
Elmitwalli & Otterpohl (2007), the particulate TOC
(suspended + colloid) was reduced by 16% in this study.
This difference was mainly a result of the suspended solids
settling in the septic tanks whereas Elmitwalli & Otterphol
(2007) have used raw grey water. The total TOC was
reduced from the influent value of 161 to 28.6 mg/L in the
permeate, meaning a reduction rate of 83.4% (Table 2). As
the median membrane pore size selected in this study was
0.0062 mm, all suspended TOC, most of the colloid TOC
and part of the soluble TOC were rejected by the membrane.
Ramon et al. (2004) reported a low-strength grey water
treatment system with direct nanofiltration membrane. In
Ramon et al.’s study (2004), the membrane with a molecular
weight cut off of 0.2 kDa was able to achieve an organic
removal rate of 93%, showing that the pore sizes of the
membranes have an important impact on the organic
removal efficiency. After two weeks of filtration, the
retentate TOC in the membrane tank increased continuously
to around 890 mg/L at the end of each filtration cycle
(Figure 2). Similarly, in the membrane filtration tank, an
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increasing trend was found with the TOC of the supernatant
(Figure 2). Despite the rise in the levels of the TOC of both
the retentate and the supernatant, the level of TOC in the
permeate remained relatively constant, as shown in Figure
2. A satisfactory removal of organics was achieved by direct
UF membrane filtration, confirming that the suspended TOC
and colloid TOC constitute the majority of total TOC in
grey water. Our results were similar to the findings by Shin
et al. (1998), who also confirmed that grey water was low in
soluble organic carbon. However, they were contradictive to
the findings of Jefferson et al. (1999), who claimed that grey
water is relatively low in suspended solids and it has a
greater proportion of soluble organic carbon. At the end of
each filtration cycle, the concentration of suspended solids
in the membrane filtration tank increased to around 3,000
mg/L. The concentrations of TOC and suspended solids in
the retentate were lower than the theoretical values
calculated by mass balance, indicating that a partial
biodegradation of the organic substances occurred as a result
of introducing aeration

lfable 2  Compositions of the influent (effluent of the 2step septic tanks) ey water
and the permeate
Parameter Influent Effluent
TFemperature (°C) 20 03 2103
pH (-) 75205 72+02
Turbidity (NTU) 140 = 12 05*03
Electrical conductivity (pS/cm) 1L115 = 110 1,200 = 120
TrOC (mg/L) 161 = 20 286 + 4
I'N (mg/L) 16.5+ 23 16.7 = 1.6
NH4-N (mg/L) 10.1 = 25 118 + 1.8
Organic N (mg/L) 64 218 45+15
NOsN (mg/L) 0.01 <0.1
NO#N (mg/L) 0.01 <0.1
TP (mg/L) 9.7 =09 67 +10
Ortho PO4-P (mg/L) 75206 59 +08
Particulate PO4-P (mg/L) 22 %1% 06 +10
1000 -
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Figure 2 = Reduction of TOC by the submerged UF membrane filtraton system
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LC-OCD chromatography

As shown in Figure 3, humic substance (HS) (21.8%),
building blocks (BB) (19.6%), low molecular neutrals
(LMN) (19.4%) and lowmolecular acids (LMA) (12.4%) are
the major organic substances in the permeate.
Polysaccharide (PS) represents only 2.3% of the total
chromatographable  organic carbon. Other organic
substances accounting for the remaining 24.5% cannot be
detected by the LC-OCD method. Many fatty acids and fatty
acid esters are used in the manufacturing of detergents,
personal care products and food oils. Eriksson et al. (2003)
found that long-chain fatty acids represent the predominant
portion of gas-chromatographically detectable organics in
the untreated grey water. Being relatively hydrophobic,
these compounds cannot be detected by the LC-OCD
method and can be significant in the remaining 24.5%.
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LC-OCD chramatography of
memirane fiitration system

Figure 3

Nitrogen Removal

The TN concentration in our study varied from 14.2 to
18.8mg/L with an average value of 16.5mg/L, whereby
ammonia nitrogen constituted 61% of the total nitrogen
(Table 2). The study led by Elmitwalli and Otterpohl (2007)
revealed that the average TN concentration in grey water
was 27.2mg/L and the NH4-N concentration was 4.2mg/L.
The concentration of the nitrogen is lower in grey water
compared to the household wastewater since no urine is
present (Henze et al. 2000). The nitrogen in grey water
mainly originates from protein contained in food residues,
household cleaning products, and personal care products
(Del Porto & Steinfeld 2000). In comparison with
Elmitwalli & Otterpohl’s study (2007), the TNwas reduced
by 39%owing to the sedimentation of particulate organic
nitrogen in the septic tanks.The increasedammonia
concentration can be explained by the fact that part of the
particulate organic nitrogen was reduced to ammonia
nitrogen under the anoxic condition in the septic tanks. As
for this membrane filtration system, there was very little
effect for the removal of nitrogen. The average TN in
permeate was 16.7mg/L. As seen in Figure 4, the particulate
organic nitrogen was rejected by the membrane, letting the
TN concentration in the retentate rise continuously. As the
dissolved oxygen (DO) concentration in the membrane tank
was maintained at a low level (DO , 1mg/L), the particulate
organic nitrogen might be reduced to ammonia nitrogen,
causing a slightly higher ammonia concentration in the
permeate compared to the influent ammonia concentration.

the permeate fom the submerged UF
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Phosphorus Removal

The mean total phosphorus (TP) and orthophosphate
concentrations found in the feed water were 9.65 and
7.49mg/L, respectively (Table 2). The average TP
concentration in Elmitwalli & Otterpohl’s study (2007) was
9.8mg/L, of which the orthophosphate concentration and
particulate phosphorus concentration constituted 8.0 and
1.8mg/L, respectively. Compared with the study of
Elmitwalli & Otterpohl (2007), the septic tanks had no
influence on the removal of phosphorus. This can be
explained by the fact that particulate phosphorus in grey
water constitutes less than 30% of the TP, and is largely in
colloid form resulting in ineffective removal by
sedimentation in the septic tanks. Due to the uses of
phosphorus  containing detergents, the phosphorus
concentration in grey water is present at similar levels
compared to the entire municipal wastewater. The average
TP in permeate was 6.7 mg/L with an average
orthophosphate concentration of 5.9 mg/L. At the end of
each filtration cycle, the retentate TP increased continuously
from the initial value of 9.65 mg/L to around 40 mg/L
(Figure 5).
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Figure § | Reduction of phospharis by the submerged UF membrane fitration system

Reduction of nitrogen by the submerged UF membrane filtraton system.
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Membrane flux

As shown in Figure 6, the submerged membrane filtration
system was able to maintain an initial permeate flux of
10L/m?/h, which decreased to around 6L/m?h after two
weeks operation. Instead of suspended solids, dissolved
organic matter was found to be a major cause fo membrane
fouling. Soluble and colloid matter are assumed to be
responsible for membrane pore blockage, whilst suspended
solids account mainly for cake layer resistance, which can
be removed by the cross flow effect introduced by the
intermittent aeration. It was observed that the DOC in the
membrane filtration tank increased from the initial value of
55 mg/L to nearly 200 mg/L at the end of each filtration
cycle (data not shown). This study showed that the decrease
in the membrane flux correlated very well to the rise in th
DOC concentration in the membrane filtration tank. A
backwashing was carried out to remove the reversible
membrane fouling caused by the gross solids attached to the
membrane surface and by the colloids in the membrane
pores. At the end of each filtration cycle, the membrane was
maintained through alkaline chemical cleaning in order to
remove any irreversible membrane fouling. After the
maintenance procedure, the membrane flux was found to
recover to the initial value. In the study from
Lesjean&Gnirss (2006), a submerged plate and frame
membrane bioreactor (MBR) grey water treatment unit was
operated under low SRT and low HRT condition and was
able to achieve a stable permeate flux of 7L/m2/h. The
membrane flux achieved in this study was comparable to
that from Lesjean & Gnirss (2006). However, the duration
of each filtration cycle was relatively short. This study was
in agreement with the results from Ahn et al. (2001), who
demonstrated that the MBR system performed better than
the direct membrane filtration system in terms of filtration
characteristics.
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Figure é | Vanation of the membrane flux n two consecutive filtration cydes
Removal of conductivity, turbidity, colour and
Pathogens

Many soluble salts derived from the drinking water supply,
human diet and household chemicals have been found in
grey water. Most of the soluble salts are sodium compounds
such as sodium chloride used in the human diet, sodium
nitrate used as meat preservatives and in food preparation,
and sodium sulfate, sodium tri-polyphosphates and sodium
carbonates used in laundry products (Patterson 2006; Carden
et al. 2007). The concentrations of soluble salts stand in

~ 879~

close correlation with both electrical conductivity and
sodium adsorption ration (SAR). The conductivity of the
feed water, retentate and the permeate in our study showed
insignificant variation, ranging from 1,100 to 1,200 uS/cm
(Table 2). Application of irrigation water with excessive
sodium in relation to calcium and magnesium concentrations
can destroy the soil structure and maybe toxic to some
crops. The metal elements in the feed and the permate were
not analysed in our study. However, based on the study
conducted by Palmquist & Hanzus (2005), the SAR of the
separately collected raw grey water from ordinary Swedish
households is 3.37, which poses no risks for use in
irrigation. Turbidity was reduced from 140 NTU in the feed
water to less than 1 NTU in the permeate (Table 2). The
removal of turbidity of up to 100% by means of membrane
has been observed (Ahn et al. 1998; Ramon et al. 2004).
Due to the exclusion of urine in grey water, the permeate
was colourless. Chiemchaisri et al. (1992) reported that an
MBR installed with two types of membranes (pore size 0.1
and 0.03 mm) was able to achieve the same 4 to 6 log
removal of the seeded Qb coliphage at a stable stage
although the membrane pore sizes are larger than the size of
viruses (25 nm). Due to the smaller membrane pore size
(0.0062 mm) used in this study, it is therefore not surprising
that the permeate was free of SS, and that the existence of E.
coli could not be determined.

Comparison of the system performance with membrane
bioreactor and constructed wetland

The direct UF membrane filtration system was able to
reduce the TOC by 83.4% and this value is comparable to
the organic reduction rates of the MBR grey water treatment
system (Lesjean & Gnirss 2006) and the constructed
wetland grey water treatment system (Li et al. 2003). The
soluble nutrients such as ammonia and phosphorus can pass
through the UF membrane and remain in the permeate. The
total nitrogen and total phosphorus in the permeate were
16.7 and 6.7 mg/L, respectively. With regard to the MBR
grey water treat system, the total nitrogen was reduced from
21 mg/L in the feed to 10 mg/L in the permeate and the total
phosphorus was reduced from 7.4 mg/L in the feed to 3.5
mg/L in the permeate (Lesjean & Gnirss 2006). As for the
constructed wetland, the TN concentration was lowered
from a range of 9.7-16.6 mg/L in the feed to a range of 1.2—
5 mg/L in the effluent and the TP concentration was reduced
from 5.2- 9.6 mg/L in the feed to 5.6-6.8 mg/L in the
effluent (Li et al. 2003). In contrast to the MBR and the
constructed wetland, nutrients (especially nitrogen) were
well preserved in the permeate of the direct UF membrane
filtration system.

4. Conclusions

The study shows that the total TOC was reduced by 83.4%,
And the soluble nutrients can pass through the UF
membrane and remain in the permeate. The permeate was
low in turbidity and free of suspended solids and E. coli and
had an excellent physical appearance. The membrane flux
achieved in this study was between 6 and 10L/m%h.
However, the duration of each filtration cycle was relative
short. The permeate can be used in gardening and
agriculture for irrigation and soil fertilisation. Unless the
water quality requirements regarding the concentration of
organic material is obligatory, the reclaimed grey water in
this study can also be used for toilet flushing after
disinfection. The retentate generated from this system can
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later be treated together with blackwater and kitchen waste
in an anaerobic treatment system to produce biogas and soil
conditioner. This concept, however, is still to be tested on a
pilot scale.
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