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Introduction
There is an increasing demand for better quality of effluents 

from wastewater treatment processes. As assumed and with some 
incertitude, Lipo-polysaccharide (LPS) endotoxin materials, a bacterial 
byproduct [1] found in treated wastewater, are a potential threat for 
human health [2-5].

Knowing that it is almost not possible to control these chemicals 
in activated sludge process [6,7], endotoxin removal from secondary 
treated water is crucial and a preliminary step towards safe potable 
reuse of reclaimed wastewater as well as for fresh water resources 
contamination prevention. Several treatment alternatives can be 
considered for achieving this goal ranging from high-tech processes 
to simple natural, but effective, processes. Alternative removal 
technologies include membrane filtration (microfiltration, ultra-
filtration, nano-filtration and reverse osmosis), soil treatment 
and coagulation, flocculation and sedimentation. In this paper we 
investigate the removal of organic matter showing endotoxicity 
found in the secondary effluents of wastewater treatment plants using 
membrane filters, including micro-filters, nano-filters and reverse 
osmosis. 

Membrane bioreactors (MBRs), operated, as an alternative of 
conventional activated sludge system, have become an attractive 
water treatment alternative. MBR systems offer several advantages 
over conventional treatment systems. For instance, permeates of 
membranes with pore size of about 0.1 μm to 0.4 μm is of higher 
quality as compared to conventional effluent [8]. As matter of fact, 
MBRs are of interest wherever high quality effluent is required, as they 
do not replace only secondary clarifier but also replaces treatment 
steps like sand filtration and ultra-violet (UV) disinfection as well. 
Large molecules of endotoxin, which represent up to 80% of the total 
organic matter as stated in previous chapter, could be removed using 
MBR. However, effect of sludge retention time (SRT) on the molecule 
aggregation and therefore endotoxin removal is crucial and has to be 
evaluated.
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Abstract
Lipopolysaccharide (LPS) endotoxin, a bacterial byproduct abundantly present in wastewater, is more and more 

representing a major concern in wastewater treatment sector for the potential health risk it represents. It is, therefore, 
more urgent than before to protect consumers from contaminating their fresh potable water reserves with LPS 
endotoxin through aquifer replenishment using reclaimed wastewater or by supplying reclaimed wastewater as 
potable water. Membrane treatment is an alternative to activated sludge process and is the most commonly used to 
treat wastewater. Moreover, nano-filtration and reverse osmosis are the most advanced technologies used to treat 
wastewater to a potable level. Removal efficiency of LPS endotoxin using Membrane bioreactors (MBRs) and Nano-
filtration (NF) and Reverse Osmosis (RO) is subject of this paper. It revealed that these advanced technologies 
could remove a significant amount of endotoxin. However, levels of concentration in the product water are still much 
higher than the one found in tap water and it is not advisable to supply this water directly to consumers. Further 
investigations are required to determine the best management practices for a safe supply of potable water from 
reclaimed wastewater.

Nano-filtration (NF) and reverse osmosis (RO) membranes have 
been increasingly used in wastewater reclamation in recent years for 
the production of clean water from sewage, benefiting due to their 
improvement in terms of energy consumption [2]. For the time being, 
they are almost employed in all wastewater treatment plants producing 
potable water quality. Efficiency of NF and RO in removing endotoxin 
is discussed in this article. Samples from feed water (MBR permeate) 
and NF/RO permeate will be taken and LPS endotoxin and dissolved 
organic matter (DOC) quantified.

Organic matter, showing endotoxicity in reclaimed wastewater, 
aggregates into molecules larger than 100 KDa [8], which makes 
endotoxin removal from reclaimed water feasible using tight 
membranes. This can be enhanced by the domination of hydrophobic 
fractions of endotoxins [8]. In addition, ultra-filtration using 
membranes with about 10 KDa nominal-molecular weight cut-off are 
routinely employed to get ultrapure water in laboratory systems and 
it is found in operation wherever endotoxins are not allowed to enter 
sterile equipment [9]. Furthermore, dead end ultra-filtration showed 
a good removal of endotoxin (Rlog=1). Such a property has potential 
utility in endotoxin removal from treated wastewater using membrane 
technology. Removal of endotoxin from reclaimed wastewater using 
ultra-filter, micro-filter, nano-filter and/or reverse osmosis is of great 
importance. To understand efficiency of these membranes in removing 
endotoxin from wastewater, a lab scale experiment using a set of MBR-
NF/RO was operated. A two-stage filtration was used in this study 
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during which water contaminated with endotoxin pass through 0.4 
μm micro-filter membrane. After that, the membrane permeate run 
through either nano-filter or reverse osmosis.

Materials and Methods
Water samples

MBR: Because secondary effluent showed toxicity, we focused 
on the treatment capacity of MBR as an alternative to the activated 
sludge process. Membranes at longer sludge retention time (SRTs) are 
expected to have better biodegradation of organic matter and removal 
of toxic compounds as compared to the activated sludge process. In 
this study, three types of MBRs with different SRTs were examined.

Influent of the primary sedimentation basin of a domestic 
wastewater treatment plant in Sapporo was used as a feed for three 
types of MBRs, operated in parallel in this study as an alternative to 
conventional activated sludge system (Figure 1). MBR18 (SRT = 18) is 
baffled submerged MBR where the reactor is divided into two zones by 
the baffles. The inner zone is kept aerobic due to continuous aeration. In 
the outer zone, aerobic and anoxic conditions are alternatively created 
at a constant interval. The MBR18 used in this study was equipped 
with 6.8 m2 flat-sheet type of micro-filtration (MF) membranes (Toray, 
Tokyo, Japan). The membrane was made of polyvinylidene-fluoride 
(PVDF) and had a nominal pore size of 0.4 μm. On the other hand, 
MBR12 and MBR50 are normal submerged MBRs with, respectively, 
a solid retention time of 12 and 50 days. Hollow-fiber MF membranes 
(Mitsubishi Rayon Engineering, Tokyo, Japan) made from PVDF 
polymer were used in MBR12 and MBR50. Nominal pore size of the 
membranes was 0.4 μm. Table 1 summarizes the details and operational 
conditions of the three MBRs. 

NF/RO: Permeate of MBR18 was treated using a parallel set of 
nano-filtration (NF) and reverse osmosis (RO) (Figure 2). The main 
pilot system equipped with two separate membrane filtration modules 
with two 2-inch spiral-wound configurations: one NF membrane 
module (LES 90, nittouDenkou, Tokyo, Japan) and one RO membrane 
(ES10, NittouDenkou, Tokyo, Japan). Membrane characteristics 
of NF/RO membranes are given in Table 2. Membrane flux and 
recovery, in the continuous operation, were fixed at 460 Lm-2 day-1 
and 70% respectively. Permeate samples were collected after one day 
of operation.

The unit was operated for 6 weeks. No chemical cleaning or back 
washing was performed. During operation, changes in permeates 
endotoxin activity and trans-membrane pressure (TMP) were 
monitored.

Assays
Endotoxin presence in the samples was assessed using the Limulus 

amoebocyte lysate (LAL) test. The LAL assay is exquisitely sensitive to 
endotoxin, and the use of endotoxin-free glassware and plastic ware 
(including tubes and pipette tips), diluent is compulsory. Results were 
obtained in endotoxin units (EU), where 10 EU corresponds to 1 ng 
endotoxin. Commercially available endotoxin standards were used as 
positive controls and LAL reagent water, water free from endotoxin, 
was used as negative control.

The dissolved organic carbon (DOC) was measured using a 
Shimadzu TOC-5000 Total Organic Carbon Analyzer according to 
analytical standards [10]. A Shimadzu TOC-5000 analyzer is able to 
perform reproducible accurate and sensitive measurements. Detection 
limits are as low as 4 ppb and standard deviation is less than 1% of full 
scale for the range less than 2000 ppm.

Water samples from membrane reactors (mixed liquor) were 
filtered using 0.45 µm filter prior to the measurement.

Results and Discussion
Continuous operation of MBR18

MBR18 unit was operated continuously for 6 six weeks. No 
chemical cleaning or back washing was performed. During operation, 
changes in feed water and permeates’ endotoxin activity, DOC 
and trans-membrane pressure (TMP) were monitored. DOC and 
endotoxin values give an idea about the level of organic matter 
showing endotoxicity, while TMP is a translation of the fouling level. 
For instance high TMP associated with high organic matter showing 
endotoxicity, would mean that fouling is occurring due to microbial 
by-products.

Figure 3 shows that the dissolved organic carbon in the feed water is 
oscillating. The DOC of permeate is slightly increasing. The TMP data 
(Figure 5) reveal that fouling is slowly and gradually occurring on the 
membrane. This indicates that bio-film is slowly and gradually formed 
on the surface of membrane. Endotoxin concentration of permeate was 
also measured. The value of endotoxin concentration in both the feed 
water and permeate is illustrated in Figure 4. While, this concentration 
is fluctuating in the feed water, it increased slightly in permeate water 
from about 600 EU/ml to about 1000 EU/ml. After twenty days of 
operation, the endotoxin concentration in permeate is around 1000 
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EU/ml. The increase is associated to the increase of TMP. Two reasons 
might explain this increase in endotoxin concentration in the MBR 
permeates. First, Bio-film can be formed on the surface of MBR and it 
contributes to the release of some endotoxin material (especially low 
molecular weight MW) that passes through MBR. Second, endotoxic 
active material is mainly composed of large molecules as reported by 
Guizani et al. [8]. These large molecules are being biodegraded on the 
surface of MBR and are converted into smaller molecules that could 
pass through the membrane.

SRT effect

The pilot plant, subject of this study, is equipped with three 
different MBRs, endotoxin was measured in membrane permeates and 
in membrane reactors of the three MBRS. Figure 6 illustrates endotoxin 
level in both permeates and reactors. Comparing SRT12, SRT18 and 
SRT50, at longer SRT the endotoxin and DOC levels in the reactors 
are the highest (Figure 6 and Table 3). Holakoo et al. [11] reported that 
longer SRT might lead to the accumulation of higher MW fractions 
of biomass decay associated soluble microbial products (SMP). Bin 
and Shuangying [12], using sequencing batch MBR, reported that 
high MW components become more evident at long SRT. Holakoo et 
al. [11] concluded that longer SRT might lead to the accumulation of 
higher MW fractions (>100 kDa) of biomass-decay-associated SMP. 
Hence, smaller endotoxin molecules at shorter SRT pass through the 
membrane. It suggests that in shorter SRT (SRT12), permeates show 
higher endotoxicity and DOC concentration as compared to other 
MBRS (Table 3 and Figure 6). At longer SRT, larger molecules and 
aggregates are formed and cannot pass through the MBR pores, thus 
showing less endotoxicity and DOC concentration in their permeates. 
These aggregates increase the endotoxicity and DOC concentration in 
mixed liquor as shown in Figure 6 and Table 3.

Similarly, Guizani et al. [2] applied heat shock protein (HSP) assays 
to the membrane permeates. The HSP is a very sensitive measurement 
(bio-assay test) of stress response in cells exposed to pollutants. They 
found that no significant stress response was detected in the MBR 
permeates except MBR12, which was operated under a shorter SRT (12 
days). It means that at SRT18 and SRT50, toxic molecules could not 
pass through the membrane. Hence, it is thought that biological organic 
matter and endotoxin rejected by membrane are being accumulated in 
the reactors. 

To study the effect of SRT on stress response, HSP assays were 
applied to the supernatant of mixed liquor of the two MBRs with SRT50 
and SRT12, respectively [2]. The supernatants showed significant 
stress response, and in both cases, the stress was significant in samples 
including higher MW fractions (> 0.1 um). The study reports that in 
the SRT12 case, stress response was significant at all MW ranges. In 
comparison, the DOC concentration (< 0.45 mm) of MBR12 was higher 
than MBR50. Holakoo et al. [11] concluded that longer SRT might lead 
to the accumulation of higher MW fractions (> 100 kDa) of biomass-
decay-associated SMP. Using sequencing batch MBR, Bin et al. [12] 
reported that high MW components become more evident at long SRT. 
MBR operation at shorter SRT induced inadequate biodegradation of 
the toxic organic matter and resulted in toxicity of all MW fractions. 
Therefore, in the case of MBR12 the MBR permeate showed a stress 
response because smaller MW fractions carrying toxicants pass through 
the membrane. The toxic compounds in a supernatant of mixed liquor 
cannot be removed at longer SRT, but, toxicity was not detected in 
permeates. This is probably caused by the fact that small molecules 
aggregated together into larger molecules and were then removed by 
MBR. Knowing that the detected toxicity was somehow correlated to 
the existence of microbial by-products and precisely LPS endotoxin 
[2], therefore we can conclude that LPS endotoxin can be removed 
by MBR and the removal is enhanced by their aggregation into larger 
molecules. However, selection of the pore size of the membrane will be 
important because the size (MW) of organic matter and the aggregates, 
showing endotoxicity, are strongly dependent on SRT.

Endotoxin removal using NF and RO

In MBR18 and MBR 50, large aggregates were formed and this 
has led to a lower endotoxicity in permeate. In general, at longer SRT, 
better efficiency of MBR is expected. However longer SRT will induce 
more cost for treatment. Therefore for a better optimization, NF/RO 
unit is tested with a permeate water from MBR operated at a moderate 
SRT (SRT18). It might be interesting that further studies investigate the 
optimization of MBR-NF/RO treatment, to study at which SRT we can 
get better treatment at low cost and with less fouling. 

The MBR18 permeate was treated using NF and RO. The DOC, 
TMP and endotoxin were measured. Dissolved organic carbon 
was below detection limits in NF and RO permeates. The NF/RO 
system removed a significant amount of the remaining endotoxin 

ID MBR Type
Volume Nominal pore size SRT
m3 µm Days

MBR50 Submerged Hollow fiber 0.00255 0.4 50
MBR18 Baffled-submerged Flat sheet 0.712 0.4 18
MBR12 Submerged Hollow fiber 0.00255 0.4 12

Table 1: Characteristics of the three MBRs.

Table 2: Characteristics of NF and RO membranes.

ID Membrane material
Zeta potential Water permeability Salt rejection Recovery rate
mV Lm-2day-1Kpa-1 (%) (%)

NF(LES90) Polyamide -8.6 1.6 90 80
RO(ES10) Polyamide -15.3 1.2 95.5 80

Table 3: DOC concentration of feed water, permeate and of the mixed liquor of the three MBRs.

DOC (mg/L)
MBR50 MBR18 MBR12

Feed water 21 21 21
Permeate 4 3.8 4.5
Mixed liquor (supernatant) 15.1 15 8.5
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concentration in the MBR permeates. The endotoxin concentration, 
as illustrated in Figure 7, is lower than 100 EU.mL−1 but still higher 
than tap water level. Endotoxin concentration in tap water ranges from 
1 EU.mL−1 to 50 EU.mL−1 [13]. The endotoxin concentration in NF/
RO permeates increases as a function of time. Even though, TMP of 
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the polyamide thin film composites, simply because it is a Common membrane 
material. It is recommended that further studies focus on the effect of 
membrane material on endotoxin removal.

Figure 3: Dissolved organic carbon (DOC) concentration in MBR18.
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Figure 4: Endotoxin concentration in MBR18.
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Figure 5: Trans-Membrane Pressure (TMP) in MBR18.

NF/RO is increasing (Figure 8), it is not well understood whether this 
increase in endotoxin concentration is due to biofilm formation or 
because the endotoxin has increased in the feed water. Feed water in 
MBRs permeate experiences an increase of endotoxin concentration as 
discussed above. In addition, a study on stress response to cells exposed 
to NF and RO permeates reported that endotoxin removal by these 
membrane units, led to a decrease in the stress response level [2]. We 
should notice that DOC value in NF and RO membranes were below 
detection limits.

Discussion
Investigations on the fate of endotoxin in advanced reclamation 

processes revealed that the MBR-NF/RO set could lead to a substantial 
removal of endotoxin. Within the observed period of time, efficiency of 
removal of MBR-NF/RO has decreased. However, based on the available 
data on endotoxin in tap water [13], the endotoxin concentration in 
product water (membrane permeates) was 1.5 to 3 fold of endotoxin 
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present in drinking water. 

In the absence of health standards related to allowable endotoxin 
consumption, and with a final concentration of about 100 EU.ml−1 
for NF and RO permeates, subsequent of MBR, it not advisable to 
reuse these reclaimed waters for direct potable practices as they show 
a concentration much higher than that present in drinking water. 
In terms of this study, it becomes obvious that in some cases treated 
water can be diluted with drinking water at an appropriate proportion. 
Dilution of recycled water in the environmental buffer also minimizes 
any potential risk by decreasing the concentration of endotoxins that 
may be present. In some other cases we need to investigate the effect 
of storage on the fate of endotoxin. In some extreme cases, further 
treatments are needed.

Conclusion
MBR-NF/RO treatment system is effective for endotoxin removal, 

and this system can be multi-barrier to achieve the stable and high 
quality of reclaimed water. However, it remains possible that endotoxin 
removal patterns change depending on combination of treatment or 
membrane fouling due to long-term operation. Further investigations 
are needed.

Within the observed period of time, endotoxin concentration 
in permeates of MB-NF/RO is higher than that of tap water. For a 
successful reuse practices, two ways can be approached: Dilution 
of MB-NF/RO permeates with drinking water to reach acceptable 
concentration, or further treatments are required. Effect of storage of 
water contaminated with endotoxin is one of the issues to be further 
investigated.
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