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INTRODUCTION

Varying in terms of substance separation pro-
cesses, pressure membrane processes enable the 
separation of contaminants at a molecular level, 
owing to which they presently find wide appli-
cation, e.g., in ultra-clean water preparation pro-
cesses, for purification of industrial waste stream 
and for the removal of micro-contaminants from 
various water streams, including municipal sew-

age [Kamińska et al, 2016; Bodzek 2013]. The 
ultrafiltration process relies on the sieve transport 
mechanism, and retained particles are of sizes 
larger than the membrane pore diameter. Ultrafil-
tration membranes are able to retain fine suspen-
sions, colloids, bacteria and viruses. It is accepted 
that components of a molecular mass above 500 
Da can be separated from a water stream [Bodzek 
and Konieczny 2005]. In turn, the nanofiltra-
tion process is distinguished by a high retention 
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ABSTRACT
The paper has determined the suitability of membrane processes (UF ultrafiltration, 
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terms of the toxicological effect.
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of ions of a valence of 2 and more, and organic 
compounds of a molecular mass above 200–300 
Da. Nanofiltration constitutes a process, in which 
the separation mechanism relies on the phenom-
ena of dissolution and diffusion in the membrane 
[Bodzek and Konieczny 2005; Al. Zahrania and 
Mohammad 2014]. The huge demand for wa-
ter and the high costs of water intake and sew-
age discharge make the interest in the possibili-
ties of water recovery from the waste streams 
constantly grow [Bodzek and Konieczny 2005; 
Wyczarska-Kokot 2015]. 

The processes of surface coagulation and fil-
tration in pressure beds provide basic tools for 
maintaining the required physicochemical pa-
rameters of water in swimming pool facilities. 
To maintain the properties of filtration beds, it 
is necessary to regularly flush them with a water 
and/or air stream in the direction opposite to the 
water flow direction during the standard filtra-
tion process [Piechurski 2011]. The waste stream, 
so-called backwash water, occurring in the flush-
ing process is distinguished by large contents of 
suspension and dissolved substances. Particularly 
problematic from the perspective of the manage-
ment of backwash water, and so its recircula-
tion, is its contents of disinfection by-products 
and contaminants present in chemicals used in 
the surface coagulation process, which often 
impart a toxic character to the backwash water 
stream [McCormick et al 2010; Leszczyńska and 
Sozański 2009; Meriḉ et al 2005]. 

Taking into consideration of the properties 
of pressure membrane processes, an attempt was 
made to employ them for the purification of swim-
ming pool water system backwash water. This pa-
per reports the results of the tests of purification 
of backwash water samples taken from swimming 
pool water systems in the ultra- and nanofiltration 
processes based on selected physicochemical pro-
cesses (i.e. turbidity and ultraviolet absorbance). 
In addition, the analysis was supplemented with 
a toxicological assessment using the Microtox® 
bacterial test that was aimed at documenting any 
changes in the quality of backwash water before 
and after the membrane filtration process. 

MATERIALS AND METHODS

Analytical procedures

In order to assess the quality of both the 
backwash water and the filtrates, selected physi-
cochemical parameters were measured. The mea-

surement of the conductivity (PWC) and reaction 
(pH) of test samples was done with an inoLab® 
740 multi-parameter meter (WTW, Measuring 
and Analytical Technical Equipment). The ultra-
violet absorbance at a wavelength of 254 nm was 
measured using a UV VIS Cecil 1000 supplied 
by Analytik Jena AG, with a cuvette optical path-
length of 1 cm. The UV254 value was determined 
based on the measurement method presented by 
US EPA [Potter and Wimsatt 2009], and the final 
analysis result was expressed in m-1. The value of 
UV254 ultraviolet absorbance is a substitute pa-
rameter for the total organic carbon (TOC) analy-
sis, providing information about the potential of 
formation of disinfection by-products. It should 
be remembered, however, that this measurement 
is not completely selective [Mołczan et al 2006]. 
A Pocket ColorimeterTM II by Hach® portable in-
strument was used for determining the concentra-
tion of total and free chlorine by the colorimetric 
method. Moreover, the measurement of the am-
monium and nitride nitrogen concentrations was 
taken using a Photolyser 400 (Dinotec) tester. For 
the determination of the turbidity of samples, an 
EUTECH Instruments Turbidimeter, Model TN-
100, was employed. Each of the presented mea-
surements are made in a single repetition.

Toxicological assessment of the effects of the 
conducted processes

The backwash water test samples before and 
after the membrane filtration process were addi-
tionally subjected to toxicological assessment us-
ing the Microtox® bacterial test. This was aimed 
at assessing the effectiveness of the employed 
membrane processes in removing toxic com-
pounds occurring in the backwash water. The tox-
icity test was performed following the Screening 
Test procedure of the MicrotoxOmni system in a 
Microtox analyzer, Model 500, manufactured by 
Tigret Sp. z. o. o., performing the function of both 
an incubator and a photometer. The percentage of 
bioluminescence inhibition relative to the con-
trol sample (bacteria not subjected to a potential 
toxicant) was measured after 5 and 15 minutes’ 
exposure times. The obtained results were as-
sessed based on the toxicity classification system 
shown in Table 3 [Grabińska-Sota 2015, Hsieh 
et al 2008]. Before proceeding with testing, the 
samples were subjected to the repeated measure-
ment of free chlorine concentration. The presence 
of free chlorine may have a profound influence 
on the increased level of sample toxicity resulting 
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from the destructive action of chlorine upon Alii-
vibrio fischeri bacteria. The measurement did not 
show the presence of free chlorine in the samples, 
because the appropriate time interval had been 
maintained between sampling and performing the 
biotest. The standard deviation of the Microtox® 
test ranges from 6÷10%.

Characterization of backwash water tested

The subject of testing were waste water 
(backwash water) streams originating from the 
flushing of filtration beds located in facilities of 
a varying character of use. The swimming pool 
circuit under investigation is a swimming lesson 
basin located in a primary school. During forty-
five minutes’ lesson, 8 to 25 pupils use the swim-
ming pool. The second investigated circuit, which 
included a hot tub, constituted an element located 
in a general-access aqua park facility with a high 
load of 300 to 500 people a day. The water treat-
ment facilities in the facilities operate based on 
the same processes, which include: pre-filtration, 
surface coagulation, filtration on sand-anthracite 
bed, heating up the water in heat exchangers, 
disinfection with sodium hypochlorite, and the 
correction of pH. The facilities are supplied with 
water from the municipal water-pipe networks. 
The backwash water is discharged, together with 
domestic sewage, to the sewage system. Flushing 

of filtration beds is done at a varying frequency, 
depending on the facility. In the case of the swim-
ming pool circuit, it is done each time after finish-
ing sports classes on a given day, while for the 
hot tub circuit, 48 hours had elapsed since its last 
flushing. The examined physicochemical param-
eters of the backwash water are summarized in 
Table 1. The examined backwash water was dis-
tinguished by variable quality, especially in terms 
of the values of turbidity and UV254 ultraviolet 
absorbance, which were the subject of analysis 
in the assessment of the sorption capacity of the 
tested membranes. 

Membrane filtration methodology 

Flat commercial ultrafiltration and nanofiltra-
tion membranes manufactured by GE Osmonics 
Inc. (USA), differing in operation process pa-
rameters, were used in the tests. The membrane 
characteristics and parameters are given in Table 
2. Moreover, the membranes used were character-
ized by high resistance to chloride present in the 
backwash water tested. 

The membranes were placed in a 380 cm3 
cell that allowed the process to be conducted in 
a unidirectional system. Before starting filtration, 
the new membranes were conditioned by filtrat-
ing deionized water until the permeate volumetric 
flux stabilized. The proper filtration process was 
conducted until 50% of the feed were received, 
by using a trans-membrane pressure of 0.2 MPa 
for ultrafiltration, and 2.0 MPa for nanofiltration. 
At the same time, selected physicochemical pa-
rameters were verified in successively received 
25 cm3-volume permeates and the magnitudes of 
the permeate volumetric flux were determined, 
each time taking six measurements.

Table 1. Toxicity classification system

Effect, % Toxicity class
<25 non-toxic

25–50 low toxicity
50.1–75 toxic

75.1–100 high toxicity

Table 2. Description of the physicochemical test of swimming pool circuit backwash water

Physicochemical parameters Unit
Test backwash water

Swimming lesson basin 
circuit Hot tub circuit

Reaction (pH) - 6.25 7.13
Conductivity (PWC) μS/cm 1380.00 1939.00
Turbidity NTU 30.90 75.30
UV254 ultraviolet absorbance m-1 58.40 7.50
Total chlorine mgCl2/dm3 2.48 0.67
Free chlorine mgCl2/dm3 0.33 0.05
Bonded chlorine mgCl2/dm3 2.15 0.62
Nitrate nitrogen mgN-NO3/dm3 Non-receipt of data 55.00
Ammonium nitrogen mgN-NH4/dm3 Non-receipt of data 0.48
Bioluminescence inhibition – exposure time 
of 5 min – 15 min % 100–100 68.06–70.06
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The assessment of the transport properties 
of the membranes in the filtration processes was 
made based on the volumetric flux of deionized 
water, Jw (during conditioning the membrane with 
water), and the permeate, Jv (the proper filtration 
process), from the following equation:

sm
m
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vJw 

 2

3

,  (1)

where: 	V – volume of water of permeate, m3; 
	 F – membrane active surface area, m2; 
	 t – filtration time, s.

To assess the separation properties of mem-
branes, the retention (R) was determined, whose 
value was determined based on the reduction in 
the values of respective contamination indices:
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where:	 cp – concentration (index value) of con-
taminants in the permeate stream, 

	 cn – concentration (index value) of con-
taminants in the feed.

The intensity of the reduction in membrane 
transport capacity (membrane pore blocking de-
gree) was determined by calculating the value of 
the relative permeate volumetric flow rate: 

v

w

J
J

  (3)

where: 	Jw – value of the permeate volumetric flux 
at the sixth measurement point, m3/m2∙s; 

	 Jv – value of the deionized water volumet-
ric flux, m3/m2∙s.

INVESTIGATION RESULTS 

The employed filtration membrane showed 
high effectiveness in removing contaminants 
from backwash water taken from the swimming 
lesson basin circuit. In terms of both turbidity 

and the reduction of UV254 ultraviolet absor-
bance (Figure 1a), the average values of the con-
tamination retention coefficients exceeded 99% 
(which was presented by using a column chart). 
However, during the course of the process, a con-
siderable reduction in the value of the permeate 
volumetric flux occurred (which was presented 
by using a line chart). Initially, the value of the 
relative permeability coefficient (at 8% perme-
ate stream recovery) amounted to 0.87, while 
at the last measurement point of that filtration 
cycle (50% recovery), the value of this param-
eter decreased to 0.57, which indicates a reduc-
tion in process efficiency by approx. 43%. The 
worsening of the membrane transport capacity 
was due to the blocking of membrane pores by 
deposits and suspended particulates present in the 
backwash water. 

The characteristics of the transport–separa-
tion capacity of the nanofiltration membrane 
used with respect to the purified backwash water 
taken from the swimming lesson basin circuit is 
shown in Figure 1b. A several-percent decrease 
in retention coefficient values, compared to the 
UV254 ultraviolet absorbance, was noted. In 
should be noted, however, that membranes of 
this type remove a much wider range of contami-
nants than ultrafiltration membranes do, espe-
cially in respect of small-molecule compounds 
[Bodzek and Konieczny 2005].

The nanofiltration was characterized by much 
lower values of the deionized water volumetric 
flux, compared to the ultrafiltration. In addition, 
the presence of a deposit and large-molecular 
compounds in the backwash water contributed to 
a significant worsening of the membrane trans-
port capacity. The value of the relative permeabil-
ity coefficient decreased from 0.37 (at 8% stream 
recovery) to 0.26 (at 50% stream recovery). 

The backwash water quality had a significant 
influence on the transport–separation properties 
of the membranes used. Figure 2 illustrates the 
effects of the filtration of backwash water coming 

Table 3. Characteristics of the membranes and the operating process parameters

Process Membrane 
symbol Membrane material

Molecular 
mass cut-

off, Da

Process 
pressure, 

MPa

Membrane 
active surface 

area,  m2

Deionized 
water permeate 

volumetric flux, Jw, 
10–5 m3/m2·s

Permeate 
recovery, %

UF MW Polyacrylonitrile 
(PAN) 50000 0.2

0.375

5.46

50
NF HL

Thin film composite 
(TFC) (skin layer – 

polyamide (PA))
150–300 2.0 3.03
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Fig. 1. The transport and separation properties of the membranes in the filtration of the swimming lesson basin 
circuit backwash water for: a) the ultrafiltration process b) the nanofiltration process

Fig. 2. The transport and separation properties of the membranes in the filtration of the hot tub circuit backwash 
water for: a) the ultrafiltration process b) the nanofiltration process 
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from the hot tub circuit, which was distinguished 
by a lower value of both turbidity and UV254 ul-
traviolet absorbance. During ultrafiltration, high 
values of the turbidity retention coefficient (about 
99%) were obtained (which was presented by 
using a column chart). In contrast, a significant 
lowering of the membrane separation capacity in 
terms of ultraviolet absorbance, with the retention 
coefficient value ranging from 50 to 41%. During 
the filtration of backwash water with higher de-
posit and suspended particulate contents (a higher 
turbidity value), a so-called secondary membrane 
might have formed, which could contribute to an 
increase in membrane separation capacity during 
filtration [Dudziak 2013]. In turn, the lower back-
wash water turbidity value (the hot tub circuit) 
contributed to the membrane retaining its good 
transport capacity during ultrafiltration. The rela-
tive permeability coefficients in the filtration cy-
cle for the hot tube circuit backwash water were 
contained in the range of 0.97 (at 8% permeate 
stream recovery) ÷0.86 (at 50%). The nanofiltra-
tion process in this case, too, was characterized 
by high contaminant retention coefficient values 
(Figure 2b). The aforementioned differences in 
physicochemical parameter values significantly 
affected the transport capacity of the membrane. 

The value of the relative permeability coefficient 
was in this process contained in the range from 
0.25 to 0.09. This is indicative of the presence of 
the group of compounds that did not add up to the 
high turbidity value, yet caused intensive block-
ing of nanofiltration membrane pores. 

Toxicological assessment of backwash water

At the last stage of the investigation, the toxi-
cological assessment of test samples of the stream 
of backwash water both before and after the pu-
rification process by the ultrafiltration and nano-
filtration processes was made. From the results of 
the Microtox® test (Figure 3) it was found that the 
process of nanofiltration had removed the major-
ity of substances responsible for bacterial biolu-
minescence inhibition from the backwash water. 
This value for the swimming lesson basin circuit 
was reduced from 100% in the raw samples to 
approx. 28% in the samples after filtration (Fig-
ure 3a). On the other hand, in the hot tub circuit 
samples, the bioluminescence inhibition value for 
the raw backwash water was lower, amounting to 
70%, and the nanofiltration process reduced this 
value to 6.44%. The above-mentioned values rep-
resent results for 15 minutes’ time of exposing 

Fig. 3. Toxicological assessment of samples using Microtox® bioassay for backwash water from: a) the swim-
ming pool circuit b) the hot tub circuit
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bacteria to the action of the backwash water sam-
ples; whereas, the value of this parameter did not 
have any major effect on the observed relation-
ship. In the samples of backwash water after the 
ultrafiltration process, large differences in biotest 
results were noted, depending on the circuit tested. 
This process did not reduce the toxic action of the 
sample coming from the swimming lesson basin, 
with respect to Aliivibrio fischeri bacteria. How-
ever, it minimized the bioluminescence inhibition 
value down to a level recognized as non-toxic for 
backwash water coming from the hot tub circuit 
(19.85%). In spite of the obtained high contami-
nant retention coefficient values for the process 
of ultrafiltration of the swimming pool backwash 
water, the toxicological assessment showed that 
the samples still contained components that might 
be dangerous to living organisms. 

CONCLUSIONS 

The membrane processes used in the inves-
tigation significantly improved the quality of 
backwash water from the swimming pool system 
circuits. Nanofiltration showed a higher contami-
nant separation efficiency, but a definitely lower 
hydraulic capacity, compared to ultrafiltration. 
On this basis it can be stated that it is necessary 
to pre-process the backwash water prior to mem-
brane filtration (e.g. by employing a coagulation 
and/or sedimentation process). A significant ef-
fect on the UF process efficiency was exhibited 
by the backwash water quality. When used on a 
commercial scale, pressure membrane processes 
can enable the recovery of water from processed 
swimming pool circuit backwash water. To this 
end, however, it is necessary to introduce sup-
porting processes that will improve the transport 
capacity of the membrane and extend its life. For 
the ultrafiltration process, the improvement in 
carrying out the process in the aspect of assuring 
the safety of the purified stream in terms of the 
toxicological effect is also indispensable.
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