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A. Source of the problem

The deterioration of water quality on its way from the treatment plant to the customer which
has been observed in many water distribution systems worldwide [7, 14, 18, 19, 21, 50, 61,
66, 78, 81] is caused by the introduction of biologically and chemically unstable water into
the water supply system. This lack of chemical stability of water leads to the corrosion of
water pipes, or the formation of deposits on their internal surfaces, and is most often due to
the absence of an optimized alkalization process at the water treatment plant.

In contrast, biological instability leads to the process of biological corrosion [3, 60] and the
formation of biofilms inside water pipes [20, 33-35, 37, 45, 48]. Secondary growth of
microorganisms in the water supply system is a potential source of microdrganisms, including
pathogens, in water consumed by the public. Presence of such pathogens was also noted in
distribution systems [15, 23, 34]. Due to the higher risk to human health associated with the
presence of heterotrophic microorganisms in water, limiting their development is a
prerequisite to minimizing the problem of secondary water pollution, and particularly its
biological contamination. This inhibition of the development of biofilms in the water supply
system can be achieved by reducing the concentration of the nutrient substrates necessary for
the growth of microorganisms [10, 24, 42, 79] and by ensuring the presence of a disinfectant
in the entire distribution system [83, 94, 96]. An increase of heterotrophic microorganisms,
besides nitrogen and phosphorus, is dependent on the presence of biodegradable dissolved
organic carbon (BDOC) [12, 17, 32, 43, 52, 94], which should constitute 1-9% of the
dissolved organic carbon (DOC) concentration [22]. Therefore, the inhibition of the secondary
development of microorganisms can be obtained by ensuring a reduction of nutrients in the
water entering the distribution system to very small concentrations.

Previous studies on the efficiency of the treatment of water intended for human consumption
have focused on the possibility of removal of organic substances [26, 40, 47], and in
particular on the precursors of disinfection by-products [9, 11, 51, 58]. Von Guten [80]
demonstrated that a high efficiency of removal of the precursors of chlorinated organic
substances was presented by the coagulation process. Also, the adsorption process- especially
when preceded by ozonation- allows for a very effective elimination of dissolved organic
carbon [30, 82, 89, 93]. Unfortunately, little attention is paid to the removal of the
biodegradable fraction of organic matter from water during treatment- especially of water
intended for human consumption. The efficiency of eliminating BDOC concentrations in the

conventional water treatment system is low [69, 84], and total organic carbon concentration is
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about 22.0% [26]. Several studies [6, 23, 28, 31, 53, 56, 57, 87] have demonstrated that the
chemical oxidation process leads to a very large increase in the concentration of BDOC.
Biodegradable materials arise from the transformation of multimolecular organic substances
into smaller ones. Therefore, after this process (currently ozone is used most widely as an
oxidizing agent) it is imperative to include processesin the processing system which ensure
the biodegradation of the resulting compounds [86].

Due to the small direct threat to human health posed by inorganic nitrogen compounds present
in water, there is a lack of information regarding the suitability of individual water
purification processes in their elimination. Reduction of the concentration of nitrogen
compounds is afforded only by biological processes [1, 27, 39, 44, 46], which in water
purification technology are rarely used.

Thus, the lack of data on the possibility of the removal of biogenic substances from water
intended for human consumption and the need to reduce the risks of secondary pollution in

local water provided the impetus for the undertaking of this problem.

B. Scientific Objectives of the Paper

The aim of the study was:

» To determine the suitability of individual water treatment processes and processing
systems in removing biogenic substances.

» To define the factors influencing both the efficiency of individual processes and
the course of the process of elimination of biogenic substances from water during
purification. /

» To enrich knowledge on the possibility of elimination of biodegradable dissolved
organic carbon in water purification technology of water intended for human
consumption.

» To provide information on the capabilities and efficiency of the elimination of
inorganic nutrient substrates.in individual water treatment processes as well as in
processing systems.

» To determine the impact of the type of water to be treated and the level of
contamination on the efficiency of the removal of nutrients.

» To define the factors inhibiting the growth of microorganisms in secondary

distribution systems.



C. Results Obtained

The study focused on: surface water, infiltrated water and mixed (groundwater after aeration
with surface water post-microfiltration) in technical conditions. Thanks to this it was possible
to assess the suitability of individual processes in the removal of nutrients in the water
purification plants exploited, and to determine the degree of nutrient substrate elimination in
overall processing systems.

The study showed that among conventional water treatment processes only
coagulation allows for a significant reduction of biogenic substances [84, 92]. The efficiency
of the contact coagulation process carried out via iron sulfate was higher than that obtained in
volume coagulation via polyaluminum chloride (PAC) [90]. This procesé is shown by many
authors to be very effective in the elimination of precursors of chlorinated organic substances
and of little help in removing BDOC [40]. In this study, regardless of the manner of
conducting coagulation, a considerable increase in the efficiency of the elimination of organic
nutrient substrates was obtained, due to the adsorption of these compounds on the surfaces of
solid particles present in the water undergoing treatment.

This intensive adsorption rate was possible due to the prolonged sedimentation time,
resulting from an operating facility with smaller than nominal efficiencies. This process
afforded a very effective removal of phosphates (on average 63.5%), which was greater than
that obtained in studies by Bektas, et al [2]. This was most likely related to the use of much
higher doses of coagulants - especially iron sulphate, which is used in contact coagulation.
Unfortunately, among inorganic nitrogen compounds, only ammonium ions were successfully
removed in the coagulation process, and these accounted for only 0.8% to 51.8% of the total
inorganic nitrogen content. Elimination of these ions occurred through adsorption on the
surface of solid particles and / or biological assimilation by microorganisms [70]. The
elimination of nitrates in the contact and volume coagulation process in the analyzed water
purification systems was not large, and resulted from the long retention time of water in
sedimentation tanks/accelerators — that is, conditions conducive to the growth of
microorganisms, and thus the possibility of assimilation of these ions.

Other conventional water treatment processes (aeration, rapid sand filtration and disinfection)
had no influence on the content of biogenic substances. There was no increase in the
concentration of the biodegradable fraction of organic substances during the disinfection
process in any of the processing systems. The lack of transformation of multimolecular

substances to smaller molecular substances should be explained by the course of such a
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transformation during the intermediate oxidation process. The degree of transformation of
multimolecular organic substances into smaller ones during oxidation depends on the amount
of these substances in the water subjected to the process, and on the properties of these
substances, e.g. their level of aromaticity.

Among the processes incorporated into processing systems with the aim of assisting to
eliminate biogenic substances, especially organic substances, filtration through activated
granular carbon beds (GAC) proved to be most effective. Regardless of the type of water, this
process ensured the effective elimination of dissolved organic carbon as well as its
biodegradable fraction (on average by 59.9% and 52.3%), which was associated with the
biological activity of the microorganisms inhabiting the bed [89]. The elimination of all
fractions of organic matter results from the simultaneous progress ofv biodegradation and
adsorption. The resulting higher efficiency of BDOC removal and lower efficiency of DOC
removal as compared to other studies [41] can be explained by the partial depletion of the
capacity of the filter beds. Filtration through a bed of biologically active GAC turned out to be
the only process which ensured the effective elimination of inorganic nutrient substrates. For
both surface water and infiltration water, a large simultaneous reduction in the concentrations
of ammonium and nitrate ions was observed, which indicates an absence of the nitrification
process in filtration beds, despite their high dissolved oxygen concentration and the slow flow
of water through the beds.

This process was least efficient for phosphate ions, due to their low content in the water
subjected to the process. It is precisely this inadequate concentration of phosphate ions in the
water flowing to the adsorption beds which could have been the cause of the limited activity
of microorganisms inhabiting the filtration beds [32]. It could also have been the cause of the
limited growth of autotrophic bacteria, which seems to be indicated by the absence of a
nitrification process in these beds.

Unfortunately, the intermediate oxidation process, often incorporated into processing systems,
does not affect the content of inorganic nutrient substrates and causes a very large increase in
the volume of biodegradable dissolved organic, caused significantly more effective
transformation of the multimolecular organic material to shorter carbon chain forms than
intermediate oxidation via a mixture of chlorine and chlorine dioxide [87]. Therefore, it seems
necessary to employ biological processes ensuring the efficiency of elimination of the BDOC
formed after intermediate oxidation. This is a condition which must be met in order to limit
the concentration of this nutrient substrate in water which is being introduced into the

distribution system. The absence of processes which ensure the biodegradation of BDOC can
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make limiting the secondary development of micro-organisms in the water supply system
impossible. This is confirmed by the greater efficiency of removal of BDOC in surface water
treatment systems and infiltration water treatment systems (in these systems filtration through
biologically active GAC beds was implemented) than during the treatment of mixed water.
Among the processes aiding in the purification of water, a reduction in the content of biogenic
substances- especially BDOC and phosphate ions- was obtained through the process of
microfiltration — in which poorly soluble phosphate ions were retained on the surface of the
filtration material. Likewise, biodegradable organic substances could only be removed
through their adsorption on the surface of larger molecules retained on the filtration material.
An analogous removal mechanism was determined for ammonium ions, for which the average
elimination efficiency rate amounted to 30,8%. Microfiltration, as the preliminary stage of
water purification, thus allows for the limitation of nutrient substrates, however it is not
sufficient to decrease the threat associated with regrowth of microorganisms.

Laboratory studies have shown instead the great utility of the MIEX® resin ion exchange
process in the removal of both organic and inorganic anionic nutrient substrates. The resultant
BDOC removal efficiencies were a great deal larger than those found in the remainder of the
individual processes analyzed in technical conditions. The concentration of the fraction of
organic substances after ion exchange in all water samples was much lower than the limit in
terms of microorganism growth.

Ton exchange was the only process studied which ensured highly effective removal of nitrates.
The average removal efficiency rate was 82,1% (given a dose of 20ml/dm® and with a 30 min
resin exposure time). At the same time, phosphate ions were successfully removed. Their
concentration in the purified water was very low and thus ensured the inhibition of secondary
growth of microorganisms.

The studies, conducted on model solutions and natural water, demonstrated that the
susceptibility of biodegradable substances to the ion exchange process decreases along with
the increase in the content of both: multimolecular organic substances determining the UV
absorbance value, and non-biodegradable dissolved organic carbon.

Also, the photolysis process allowed for a decrease in BDOC through the mineralization of
organic substances. The efficiency of mineralization, however, was low — thus the utilization
of this process is justified in a situation where there is a need to further purify water prior to
chemical disinfection, which increasingly often takes place in technical conditions [13, 25,

47].



In each of the analyzed processing systems, the processes applied permitted a very efficient
reduction in the content of phosphate ions and biodegradable dissolved organic carbon. In
contrast, the efficiency of the elimination of inorganic nitrogen was low. The efficiency of
removal of biogenic substances from mixed water was significantly lower than that
determined for surface and infiltration water [86]. Among inorganic nitrogen compounds,
only ammonium ions were effectively eliminated, and their average share in inorganic
nitrogen in raw water amounted to 14,5%, 9,2% and 23,9%, respectively, for mixed, surface
and infiltration water. Unfortunately, despite the presence in surface and infiltration water
treatment systems of a BAC filtration process, the efficiency of removal of nitrates from these
waters was low, and inadequate for the restriction of secondary growth of microorganisms.
Unfortunately, regardless of the source of the water and the type and sequence of the
purification processes in processing systems, sufficient simultaneous elimination of biogenic
substances was not obtained in any of the analyzed plants.

As a consequence of the insufficient removal of biogenic substances, biologically
unstable water was introduced into the water distribution systems. In all of the analyzed
plants, biological instability was determined by the concentration of inorganic nitrogen. The
share of biologically stable samples in terms of their phosphate content amounted to 100%,
95,8% and 95,5%, respectively, for surface, infiltration and mixed water. The concentration of
biodegradable dissolved organic carbon in most of the surface and infiltration water samples |
was also a factor which inhibited secondary growth of microorganisms. The absence of
biological processes in the water purification system for mixed water should be explained by
its significantly higher concentration of organic nutrient substrate, as compared to the other
two systems.

The study demonstrated that the decisive factor for the efficiency of elimination of
biogenic substances of individual processes as well as overall processing systems was their
content in the water prior to undergoing each specific process. On the other hand, no
significant statistical correlation between the efficiency of removal of biogenic substances and
the parameters of the individual procesées conducted was determined. The absence of such a
relationship results from the exploitation of plants with yields which are much smaller than
nominal yields, and thus contrary to the optimal parameters for their implementation.

However, with regards to the processes realized in laboratory conditions such a
relationship was found. The efficiency of elimination of anionic nutrient substrates from water
through the MIEX® resin ion exchange process was affected by both the dose of resin as well

- as the time of contact. The kinetics of the ion exchange process indicated the dominant role of
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adsorption over ion exchange, which can be described in accordance with Freundlich’s
isotherm . As a consequence of this, the greatest increase in the efficiency of the process was
noted in the first 30 minutes of contact between water and resin, and at an increase in dose up
to 20 ml/dm?.

Also in photolysis the greatest efficiency of elimination of organic substances,
including the biodegradable fraction, was determined in the first 30 minutes of exposure. The
use of photolysis as the initial step in disinfection is recommended due to the possibility of
reducing the content of organic substances, including TOX precursors, and eliminating
substances susceptible to transformation into BDOC, which can take place during chemical

disinfection.

D. Conclusions/possibility of utilization of the results

The studies conducted demonstrated:

e Among conventional water treatment methbds, the greatest utility in removal of
biogenic substances is demonstrated by coagulation, regardless of the manner in which
it is conducted

e None of the conventional individual processes ensures simultaneous and sufficient
efficiency in removal of biogenic substances

¢ The process of microfiltration can be used for preliminary water purification, as it
assures a significant curtailment of biogenic substances — mainly phosphates,
ammonia nitrogen and BDOC

e Filtration through active biological beds of granulated organic carbon displays the
highest efficiency of removal of nutrient substrates of all the processes analyzed on a
technical scale. The high utility of this process results from the simultaneous progress
of physical, chemical and biological processes in the deposits.

e Regardless of the location of the application of the chemical oxidation process in
processing systems, its utility in eliminating biogenic substances is dependent on the
type and amount of total organic carbon in the water undergoing the process. This
determines the degree of transformation of multimolecular organic substances into
smaller ones, causing an increase in the concentration of BDOC, whose elimination is
ensured by biological processes.

e None of the processing systems ensured a sufficient degree of elimination of inorganic

nitrogen compounds, despite the presence of biological processes. Reducing the risk of



secondary growth of microorganisms is assured by a lower concentration of
phosphates and biodegradable dissolved organic carbon than the limit levels in terms
of biological stability.

e The efficiency of individual processes and processing systems is determined primarily
by the level of contamination of the water undergoing purification.

e The MIEX® resin ion exchange process allows for the attainment of anionic biogenic
substance concentrations significantly lower than limit levels in terms of biological
stability of water, and thus provides for inhibition of secondary growth of
microorganisms in the water distribution network. However , these results require
verification on a pilot and/or technical scale.

e Photolysis allows only for a reduction in organic substances, among which
biodegradable substances demonstrate a lower susceptibility to degradation than
compounds which absorb UV radiation.

e The susceptibility of individual processes in removal of biodegradable substances is in
accordance with the following sequence: MIEX® > Photolysis > Filtration through
active biological beds of GAC > Coagulation > Microfiltration > Rapid sand filtration.
The intermediate oxidation process, however, contributed to a significant increase in
the content of this nutrient substrate.

o The orders of efficiency of removal of inorganic nitrogen and phosphates run:

o MIEX® ion exchange > filtration through active biological beds with GAC >
Coagulation > Microfiltration > Rapid sand filtration > Aeration (inorganic
nitrogen)

o MIEX® ion exchange > filtration through active biological beds with GAC >
Rapid sand filtration >Aeration (phosphates)

3. A discussion the remaining scientific research achievements (artistic)

After obtaining a doctoral degree (2004 — 2014) scientific activities were related to:

a.) The level of secondary water pollution in distribution systems: its causes, course, as
well as changes in the content of disinfectants in the distribution network [65-68,

73,74].
b.) Assessment of the change in biological stability of water in individual water

purification processes as well as processing systems [69, 70, 84-86, 89, 92].
c.) Assessment of the impact of filtration (infiltration) materials on the change in

chemical composition and microorganism biodiversity of water [4,5].



d.) Changes in the content of organic substances in individual water purification processes

[16,62,64,72,75,88,87,90,91].

Works of an applicable character primarily concerned:

a.) The operation of the “process water” distribution system — expert assessment
conducted for the Wastewater Treatment Plant. The study concerned the process
water system utilized for the needs of all sites located on the property of the
Wastewater Treatment Plant, including the highly water-intensive sludge dryer. Its
result was: an assessment of the level of aggressiveness of process water, an
appraisal of the need for process water and a conception for the optimization of
this system.

b.) An assessment of the suitability of water from siphon intake, Wistok and
Dabréwki being the sources of water in the Water Treatment Plant in WolaMata
near Laficut. As a result of the studies conducted, the degree of contamination of
this water was determined in the following processing system: aeration-
sedimentation-rapid sand filtration (I stage of Filtration) — aeration — sedimentation
— filtration through beds developed to remove manganese (II stage of Filtration).
The studies demonstrated the very high efficiency of the aeration process, as a
result of which water becomes oxygenated, iron II undergoes oxidation into Fe(III)
and aggressive carbon dioxide was eliminated. Unfortunately, the entire processing
system did not ensure sufficient efficiency of removal of hue, turbidity and
manganese. Only inclusion of an alkalization process ensured a sufficient
improvement in the efficiency of water purification.

c.) An assessment of the causes of corrosion in a water supply network. The study
was conducted on the internal water supply system of a retail facility. The study
determined the magnitude of change in the composition of water in the internal
network, and demarcated the segments in which the greatest deterioration in the
quality of water was found. The results of the study were utilized to limit the
progress of corrosion in the system.

d.) The selection of filtration materials constituting the filling of the drainage filters in
at the place of intake of infiltration water. The study was conducted within the
framework of a research and development project. The study determined the
composition of infiltration water in contact with various materials, including: sand,

Wojcieszéw limestone, “Hydrocleanit”, magnesite, braunsztyn. This allowed for a

10



determination of the optimal granulation and composition of the gravel pack used
in infiltration drains in the areas of water intake arising as a result of the realization
of the project. Thanks to the realization of this project, the intake of water with a
lower level of aggressivity will be possible.

e.) The secondary contamination of water in the distribution system. The study was
conducted in collaboration with a water supply company on an extensive water
distribution system area. It allowed for not only the determination of the
magnitude and types of changes in the composition of water, but also for a
designation of the areas of the greatest variations in water composition, and of

those factors which helped determine these adverse changes.

The results of the studies conducted have been published in 29 publication (including 16 from
the following list : JCR: Desalination and Water treatment, Environmental Protection
Engineering, Polish Journal of Environmental Studies, Journal of Water Supply: Research and
Technology-AQUA, Environmental Science and Pollution Research, Environmental
Protection, Chemical Industry).

A detailed list of scientific achievements is presented in Annex 3.

A bibliometric analysis of publications shows (according to the Web of Science):

- Aggregate Impact Factor (in accordance withthe year of publication) -14.944

- The number of citation (excluding self-citations) - 24

- Hischa Index - 3

- Participation in one research project and two research and development projects

- Participation in 15 national conferences

- The development of six paper reviews (Environmental Protection Engineering, Ungineering

of Environmental Protection)

For my scientific achievements, I received the Rector’s Award in 2009 and 2013.
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