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Abstract: This paper is focused on use of membrane separation processes for 

the tertiary treatment of municipal wastewater, especially using the method of 
ultrafiltration and nanofiltration. Used experiments and the results of these 
experiments are mentioned later. This work should also serve as an evidence on 
the appropriateness or inappropriateness of investigated methods in this field. 
Paper is also focused on a comparison of conventional coagulation methods with 
membrane separation processes. The above-described experiments 
demonstrated that the membrane separation processes (MSP) have better 
separation efficiency than conventional coagulation method. MSP separated 
100% of biological contamination, coagulation separeted less then 100% of these 
indicators. Conductivity was reduced from 1170[μS.cm

-1
] to 417 and nearly 930 

by nanofiltration and ultrafiltration, respectively. coagulation had negligible effect. 
Chemical oxygen demand (CODCr) was decreased from 32,1[mg.l

-1
] to less than 

2,0 by MSP, coagulation values were between 2,8-6,6. 

Keywords: wastewater, membrane technologies; water treatment, coagulation, 
drinking water, supply water 

 
 
INTRODUCTION 

The effort to reuse waste in any form became the symbol of modern times. This 
trend includes also waste water. Even though it is purified up to the quality that 
is required by the law, the water is then discharged without any benefit to the 
environmental. 

In areas with mild climate the shortage of supply water is not such a 
problem, but as the society grows, it is clear that any waste of resources is not 
acceptable. For this reason, that in future there will be no place for the 
aforementioned discharging of purified wastewater into the recipient. Instead, its 
treatment to higher quality using modern technology will take place. One of 
such qualities is the supply water, which is clearly defined by legislation and 
must therefore meet certain standards. To achieve these limits it is necessary to 
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introduce such a tertiary wastewater treatment that would help to achieve the 
quality of water (BOLZONELLA et al. 2010). 

Many technologies are applicable to preparation of supply water from waste 
water. MSP and coagulation are of special interest. (MELZOCH 2007)  
 
 

METHODOLOGY 

The principle of coagulation is the clustering of colloidal and macromolecular 
organic particles into larger units. These substances are found naturally in 
water, or they form a component of artificial contamination and are protected 
against spontaneous coagulation by stabilization mechanisms. Coagulation is a 
complex of several mechanisms, which cause destabilization of the particles, 
the result would be clustering. Practically, two main physical-chemical ways are 
used: 1) addition of a colloid with opposite surface charge and 2) change in pH 
of water. 

If we dose colloid with opposite surface charge into given dispersion system 
or we create it directly in this system, then the charges will balance. This will 
lead to development of small electro-neutral aggregates that will grow up to 
separable size. This is the principle of most coagulants that induce coagulation, 
either directly or by formation of hydrolytic intermediates, which have the 
opposite surface charge than the colloidal particles. 

An important and practically controlled factor for this type of coagulation is 
the pH of water. Typical coagulants for the acidic environment are the salts of 
Fe

3+
 and Al

3+
. Coagulation in alkaline environment shows a slightly higher 

efficiency for removal of heavy metals. Its drawback is, however, lower removal 
efficiency of organic compounds (compared to the acidic environment), so this 
method will not be considered further. 

MSP are characterized by producing at least two qualitatively different 
currents. It is a multidisciplinary technology that can be used for a wide range of 
separation processes. The whole technology is working on a relatively simple 
principle. The input current is injected under pressure and led to the membrane 
module. Only particles smaller than the pore size pass through the separation 
membrane. 

The functionality of the whole process depends on the driving force that 
compensates for the natural resistance of the membrane. The driving force of 
each membrane process is a transmembrane gradient. One of the possible 
driving forces is the pressure gradient and the processes that operate on this 
principle are then the pressure membrane processes. Pressure membrane 
processes are classified according to pore size of the membrane and according 
to the applied pressure into microfiltration, ultrafiltration (UF), nanofiltration (NF) 
and reverse osmosis. 
 
 

EXPERIMENTAL 

For laboratory tests, sample was taken from the output current of the 
wastewater treatment plant (WTP) for approximately 20,000 population 
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equivalent. The sample was not in any way modified or preserved until the 
experiment itself. 

The aim of the experiments was to compare conventional coagulation 
method and the method of membrane separation processes (NF and UF). The 
effectiveness of removal of contaminants was compared. Based on the results, 
the suitability of the inclusion membrane separation technology for tertiary 
wastewater treatment will be assessed. 

For the coagulation experiments six different doses of coagulant (K1-K6) 
were used. As a coagulation agent was used Prefloc or a solution of  
Fe2(SO4)3.9H2O with the iron concentration of 15 mg.ml

-1
 in doses of 2.4 ml,  

3 ml of 4.5 ml, 6 ml, 7.5 ml and 9 ml of each sample into 1.5 liters. Then 1 ml of 
auxiliary reagent PRAESTOL 25 40 PR was added. Coagulation took place for 
5 min in rapid mixing mode and 20 min under slow mixing, then the stirrer was 
turned off so that the flakes can coagulate and settle. Coagulation experiment 
was conducted at the operating temperature of 20 °C. 

All NF and UF experiments were performed on LAB M240 separation unit. 
There have been used ten nanofiltration membranes NF 270 (200-300 D), eight 
ultrafiltration membranes Etna PA 01 (1000 D) and six ultrafiltration membranes 
GR 61 PP (20000 D). The conditions were equal for all the separation 
experiments, the working pressure was set to 9 bar and working temperature 
was 20 °C. 
 
 

RESULTS AND DISCUSSION 

Samples from the experiments were analyzed and the resulting values from 
these experiments are given in Tab 3. In this table, the indicators are not 
included, which were in all samples, including the entry, below the limit of 
determination. These indicators are given in Tab. 1, where also the detection 
limit for all indicators is listed. 

As a coagulation agent Fe2(SO4)3 was used, it is evident that in the 
coagulation separations sulphate and iron concentrations will increase 
depending on the dose of the coagulant. Nanofiltration removes very efficiently 
di- and multivalent ions such as sulfate anion. 

One of the basic parameters apt for comparison of separation methods is 
the concentration of Non-Purgeable Organic Carbon (NPOC). Regarding these 
parameters, in all experiments both membrane separation processes clearly 
proved successful. Nanofiltration was able to remove virtually any organic 
substance. The same trend was observed in CODCr, conductivity and dissolved 
substances (TDS). RAUTENBACH (1996) focused on efficiency of mentioned 
factors removal by UF and NF and obtained similar results.  

The elimination of microbiological contamination, especially pathogenic 
organisms, is essential if the purified water is to be used for any purpose. Tab. 2 
shows the results of microbiological analysis of input, permeate from the NF 
and UF and samples treated with coagulation. 
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Tab. 1:  Summary of measured indicators below the limit of determination 

indicator unit value indicator unit value indicator unit value 

Cd [mg
.
l
-1

] < 0,10 B [mg
.
l
-1

] < 0,25 V [mg
.
l
-1

] < 0,01 

Cr [mg
.
l
-1

] < 0,10 Al [mg
.
l
-1

] < 0,05 As [mg
.
l
-1

] < 0,01 

Cu [mg
.
l
-1

] < 0,05 Co [mg
.
l
-1

] < 0,01 NO2
-
 [mg

.
l
-1

] < 0,50 

Pb [mg
.
l
-1

] < 0,10 Mo [mg
.
l
-1

] < 0,01 PO4
3-

 [mg
.
l
-1

] < 0,25 

Zn [mg
.
l
-1

] < 0,20 Ni [mg
.
l
-1

] < 0,01 F
-
 [mg

.
l
-1

] < 0,10 

Mn [mg
.
l
-1

] < 0,25 Se [mg
.
l
-1

] < 0,01   

 

Tab. 2: Microbiological analysis of samples from WTP 

indicator unit 
output 
WTP 

perm. 
Etna 

perm. 
GR 

perm. 
NF 

Coliform bacteria [CFU.100 ml
-1

] 120330 0 0 0 

Thermotolerant coliforms [CFU.100 ml
-1

] 48500 0 0 0 

Escherichia coli [CFU.100 ml
-1

] 43520 0 0 0 

Intestinal enterococci [CFU.100 ml
-1

] 6000 0 0 0 

Clostridium perfringens [CFU.100 ml
-1

] 4700 0 0 0 

indicator unit 
output 
WTP 

K3 K5 K6 

Coliform bacteria [CFU.100 ml
-1

] 120330 1300 727 614 

Thermotolerant coliforms [CFU.100 ml
-1

] 48500 680 180 190 

Escherichia coli [CFU.100 ml
-1

] 43520 518 179 205 

Intestinal enterococci [CFU.100 ml
-1

] 6000 40 100 130 

Clostridium perfringens [CFU.100 ml
-1

] 4700 2 6 10 

 

Results of microbiological tests can be verified by ARNAL et al. (2004), who 
was interested in water disinfection by ultrafiltration membrane. His research 
showed that the UF membranes remove all microbiological contamination. High 
level of removal is related to MSP principle. All microbiological analyses were 
performed according to standard procedures. 

The main theme of this work is the reuse of purified water from municipal 
WTP so it is necessary to compare the obtained results with the legislative 
requirements for potable water, depending on the intended use. For example, to 
use purified water as a source of water for irrigation, we should compare the 
results with the standard ČSN 75 7143. In general, the potable water is the 
water that complies with Government Regulation 61/2003. The indicators and 
limit values of concentration are given in Tab. 3. As a matter of interest, this 
table also shows the limits for drinking water. These are the maximum threshold 
limits, only for calcium and magnesium the recommended range of 
concentrations are indicated, the maximum concentration is not listed. These 
determinations are taken from the decree 252/2004 Sb., that, among others, 
states the occupational exposure limits for drinking water. ORTIZ et al. (2006) 
compared ultrafiltration with other technologies using "life cycle assessment" 
method. 

If we compare the results shown in Tab. 3, then we conclude that the 
permeate from each MSP is suitable as the water used for irrigation. It would be 
used as potable water, if ammonia nitrogen was removed more efficiently. This 
could be achieved by the separation in the slightly acidic region (PITTER 2009). 
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If we consider the use of water treated by coagulation, then we face several 
problems. The first is undoubtedly the pH value, which decreases with 
increasing dose of coagulant. The main problem is the coagulation agent itself. 
Its increasing dose leads to increment of the amount of sulfates in water, and 
this indicator was in this series of experiments over then limits. Coagulation 
method in this assessment ended worse than the MSP. 

If we compare the results of microbiological analysis of the values given in 
the above-mentioned legislative determinations, we conclude that, as supply 
water from a microbiological point of view we can consider both the NF and UF 
permeates. These permeate also comply with the highest values and limits for 
drinking water, which are listed only for comparison. Water treated by 
coagulation, does not meet the microbiological limits for supply water.  
 
 

CONCLUSION 

The above-described experiments demonstrated that the membrane separation 
processes have better separation efficiency than conventional coagulation 
method. The difference is most considerably demonstrated when comparing the 
results of microbiological analysis, in which both nanofiltration and ultrafiltration 
proved their high quality in the removal of the measured indicators. 

Necessity and even a big drawback of coagulation is the coagulation agent 
which is essential for the process to work. When adding it to water, we add also 
other contaminants. Ferric sulphate was used as a coagulant in the experiments 
and the resulting concentration of sulphate in most cases exceeded the 
established legislative limits. 

The only problem that could complicate the use of permeate from 
nanofiltration and ultrafiltration as a source of water is higher content of 
ammonium nitrogen than legislative limits. The measured concentration of this 
indicator in the permeate is not very high. It is likely that using the nanofiltration 
in slightly acidic environment it would drop under the legislative limits.  

If we are to compare nanofiltration and ultrafiltration, then each has its 
positives and negatives. Nanofiltration due to its mechanism is able to hold 
more contaminants and the permeate achieves higher quality than the 
ultrafiltration permeate. In contrast, this method requires higher operating 
pressure and permeation performance reaches lower values. It is therefore 
necessary to select the technology depending on the desired water quality. 

The financial balance, that would undoubtedly be a strong argument for a 
certain method, was not carried out. But if we should decide on the basis of 
these experiments, nanofiltration or ultrafiltration method would be better 
solution for tertiary water treatment than coagulation. 

Nanofiltration and ultrafiltration are "clean" and energy-efficient technologies 
alternative to processes used today. 
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Tab. 3: Results of analyses of input and coagulated samples for wastewater treatment plant (WTP) 

 

 

 

 

Sample 
unit input 

coagulation 
NF 

Etna 
01 

GR 61 
ČSN 61/2003 252/2004 

indicator 1 2 3 4 5 6 value value value 

Dose Fe [mg
.
l
-1

] – 24 30 45 60 75 90 – – – – – – 

pH – 6,7 6,3 6,4 6,45 6,2 6 5,9 7,36 7,68 7,84 5-8,5 6-8,5 6,5-9,5 

ANC4,5 [mmol
.
l
-1

] 6,65 5,38 4,76 3,93 3,04 2,3 1,6 2,43 5,86 5,95 – – – 

conduct. [μS
.
cm

-1
] 1170 1171 1169 1181 1189 1200 1208 417 912 957 – – 1250 

TDS [mg
.
l
-1

] 779 780 779 787 792 799 805 278 607 637 800 750 – 

TSS [mg
.
l
-1

] 13,5 68 70 104 132,7 158 203,4 0 0 0 – 40 – 

CODCr [mg
.
l
-1

] 32,1 15,4 6,2 6,2 2,8 2,8 6,6 < 2,0 < 2,0 < 2,0 – 26 – 

∑Ca+Mg [mmol
.
l
-1

] 4,4 4,4 4,4 4,4 4,4 4,4 4,4 1,1 3,6 3,7 – – – 

NPOC [mg
.
l
-1

] 8,8 8,3 8,8 7,3 7 7,2 6,9 1,9 4 3,8 – 10 5 

NO3
-
 [mg

.
l
-1

] 7 6,1 6 6 5,9 5,8 5,8 5,9 6,1 6,2 – – – 

SO4
2-

 [mg
.
l
-1

] 192 263 289 310 327 311 352 2,72 117 140 250 200 250 

Cl
-
 [mg

.
l
-1

] 92 104 103 83 83 70 65 58 86 79 300 200 100 

N-NH3 [mg
.
l
-1

] 2,6 2,6 2,7 2,8 2,9 2,4 2,3 1,3 2,2 2,2 – 0,23 – 

Ca [mg
.
l
-1

] 116 120 124 129 134 141 142 36,6 104 113 – 190 40-80 

Na [mg
.
l
-1

] 70 72 72 73 74 73 73 50 67 70 – – 200 

Mg [mg
.
l
-1

] 28 28 28 28 29 31 31 4,5 24,9 26,6 – 150 20-30 
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