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Abstract

In this study, biofilm formation on the plumbing, the presence of pathogenic microorganisms in
biofilms and their effects on water quality were examined by membrane filtration with dehydrated
medium method in 22 different buildings in a facility’s water network. A relation with biofilm
formation and water quality deterioration with the age of the plumbing and the pipe material was also
studied. The results were expressed as colony forming units (CFU). According to the results of the
galvanized metal pipes, the average colony count was determined as >200 CFU/250 mL, average
pathogen count was calculated as 107 CFU/250 mL and the highest deterioration in the water quality
were observed. For the Polyethylene (PE) pipes, the average colony count was found as >200
CFU/250 mL and the average pathogen count was found as 145 CFU/250 mL. No physical and
chemical changes in water quality were observed. For the Polypropylene Random Copolymer (PPRC)
pipes, neither physical/chemical change in water quality nor pathogenic growth were observed. The
total colony count was found as 34 CFU/250 mL. Biofilm formation was detected at 15 points in the
network. Pseudomonas aeruginosa was the most common detected pathogens in plumbing as 12
points from 22 buildings. The highest colony formation was Escherichia coli, which was detected in
four of 22 plumbing as 600 CFU/250 mL colonies. It has been observed that more accumulations
occurred in galvanized metal pipe surfaces, and microbiological growth was higher than PE and PPRC
pipes.
Keywords: plumbing, water quality, biofilm, pathogen microorganisms

Oz

Caligmamizda, bir isletmeye ait igme suyu sebekesine bagli 22 binanin sihhi tesisatlarinda biyofilm
olusumu ve biyofilm i¢indeki patojenlerin varliklari membran filtrasyon ve hazir kurutulmus besiyeri
yontemiyle incelenmis, su kalitesine etkileri tespit edilmistir. Biyofilm olusumu ve su kalitesindeki
bozulma ile sihhi tesisat yasi ve boru malzemesi arasindaki iliski de ayrica incelenmistir. Sonuglar
koloni olusturan birim (CFU) olarak ifade edilmistir. Yapilan analiz sonuglarina gore galvaniz metal
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tesisatlarda ortalama koloni sayis1 >200 CFU/250 mL, ortalama patojen sayis1 107 CFU/250 mL
olarak tespit edilmistir ve su kalitesindeki en yogun bozulma goriilmiistiir. Polictilen (PE) tesisatlarda
ortalama koloni sayis1t >200 CFU/250 mL, ortalama patojen sayist 145 CFU/250 mL olarak
ol¢tilmiistiir. Fiziksel ve kimyasal a¢idan su kalitesinde degisim goriilmemistir. Polipropilen Rastgele
Kopolimer (PPRC ) tesisatlarda su kalitesinde degisim goriilmemis, ortalama koloni sayis1 34
CFU/250 mL olup patojen ¢ogalmasi gdzlemlenmemistir. Tesisatlarda 15 noktada biyofilm olugumu
tespit edilmistir. En ¢ok tespit edilen patojen tiir 22 noktanin 12’sinde goriilen Pseudomonas
aeruginosa olmugtur. En fazla koloni olusumu ise 22 noktanin 4’{inde tespit edilen ve toplamda 600
CFU/250 mL’nin tizerinde koloni saymi yapilan Escherichia coli olmustur. Galvaniz metal
tesisatlarda daha fazla birikim olustugu, bu yiizeyler iizerinde mikrobiyolojik ¢cogalmanin PE ve
PPRC’ye gore daha fazla oldugu goriilmiistiir.
Anahtar sézciikler: sihhi tesisat, su kalitesi, biyofilm, patojen mikroorganizmalar

Introduction

Access to safe drinking water is a fundamental human right and a vital
component of an effective health protection policy. Some physical, chemical and
microbiological water parameters can affect the aesthetic parameters of water (such
as appearance, odor, taste etc.) and the quality and acceptability of the water for the
consumer (World Health Organization [WHO], 2017). In order to provide high
quality water that complies with international standards and regulations, it is
necessary to have an integrated water production and distribution process. This
process starts from the water source, continues with the transmission lines, drinking
water treatment plants, water distribution structures and finally ends with the
plumbing of the end users. The most important step of this process in terms of having
a direct effect on the end user is the indoor water plumbing and the water tanks.

The quality of the tap water may deteriorate due to inappropriate plumbing
installations, wrong material selection, reverse and cross connections in plumbing,
unmaintained and uncleaned domestic water tanks. In such cases the color, odor and
taste of the water may change, the concentrations of heavy metals (depending on the
pipe material like iron, manganese, copper, zinc, lead etc.) may increase and
pathogenic microorganisms may be encountered in the water (WHO, 2017; Gray,
2008). Microorganisms can always be found in drinking water systems no matter
how strict precautions and treatment processes are applied in the production and
distribution stages of water. Both chemical and biological quality changes can occur
in drinking water supplied to the network (Boe-Hansen, 2001). Factors such as the
amount of organic nutrients in the water, initial bacterial concentration, water age in
the network, hydraulic effects, pipe and connection materials, pipe corrosion,
sediment accumulation on the pipes affect the bacterial growth in pipelines (Acehan,
2007). High alkalinity values promote the accumulation on the pipes and suitable
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environment for bacterial growth (Kiiciikgiil et al., 2004). Most of the naturally
occurring microorganisms in the water network do not pose a risk to human health
(Skjevrak et al., 2004). However, when the microorganisms multiply in the water
and start to form colonies, they can cause some consumer complaints such as taste,
odor or appearance problems (Tiiretgen, 2005). These bacterial colonies are called
as biofilms that adhere to a living or inanimate surface and spread in a gel-like layer
of polymeric structure that they produce (Costerton et al., 1995). The biofilm formed
in drinking water systems is mainly composed of bacteria and exopolymeric
substances (EPS) secreted by bacteria. EPS ensures the coexistence of bacteria and
acts as a barrier that protects microorganisms against environmental stresses and
external factors (Freeman & Lock, 1995). Especially, water networks and tanks that
are not cleaned and disinfected become a suitable environment for bacteria to form
a biofilm (LeChevallier et al., 1988). Microorganisms are constantly multiplying in
a biofilm layer. Microorganisms can detach from the biofilm by the flow rate and
mix with the water. Those colonies are immediately replaced in the biofilms.
Depending on the flow rate of the water, a single cell can break away from the
biofilm layer, as well as a cell cluster with a diameter of 500 um (Telgmann et al.,
2004). Some pathogenic microorganisms can also develop and multiply in biofilms
(Liu et al., 2016; Zhang et al., 2009; Boe-Hansen, 2001). With the detachment from
the biofilm, the microorganisms can pass into the aquatic environment and finally
into the human body. As a result, pathogens in the biofilms cause a potential health
risk for the consumers and needs to be carefully examined in terms of drinking water
quality and human health.

Many studies and researches have been carried out on the microorganisms in
the biofilm layers formed in domestic and industrial water systems with different
water sources and pipeline materials. The materials used in the water distribution
systems and plumbing affect the biofilm formation. Biofilm can form in all types of
materials, but each pipe material creates different conditions for microorganisms to
attach, form biofilm and multiply. Pietrzyk et al. (2017) found that galvanized steel
is particularly susceptible to the adhesion of microorganisms. Niquette et al. (2000)
stated that iron pipes support microbiological growth 10 to 45 times more than plastic
pipes. Camper (2003) also stated that in the presence of high organic matter, there is
much more bacterial growth in cast iron pipes than in other pipe materials. In the
study conducted by Tiiretgen (2005), it was observed that a high rate of biofilm
formation was observed on galvanized steel and copper surfaces, while less bacteria
and EPS were found in plastic pipes. According to Keskin and Kahveci (2019), a
thin biofilm layer was formed on the inner surface of polyethylene pipes under the
same conditions, while a very thick biofilm layer was formed in iron pipes. The
studies on the biofilms in water networks are generally lab-scale pilot systems, which
are modeled in laboratory conditions. Analysis of existing biofilms and
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microorganisms in actively operated water networks is also necessary in terms of
detecting and minimizing current risks for consumers. There is no universal directive
or guide on when and how often samples should be taken from plumbing for
microbiological monitoring. However, monthly, 3-month, 6-month and annual
samples can be taken for Pseudomonas aeruginosa monitoring (Hong et al., 2017).
Since each region has different water qualities, environmental conditions,
characteristics, water treatment, distribution and plumbing systems, the biofilm
formations and pathogen microorganism compositions should be analyzed and
investigated separately.

There are several ways to detect bacterial growth in a sample. However,
membrane filtration is one of the most effective methods that can be used in the
analysis of samples with volumes such as 100 mL - 250 mL, especially in the analysis
of samples containing very few microorganisms in potable water. Since the entire
sample is filtered, all microorganisms in it can be easily counted without the need
for any estimation or escalation. (Akpinar et.al., 2019; Sartorius, 2014).

In order to detect the biofilm layer formation in water plumbing and
determine its effect on water quality according to the pipe material types and
plumbing ages, this paper examines bacterial colony count on pipe surfaces in an
operating water network via membrane filtration method. To achieve this, a separate
water network is used rather than the main water supply network of Ankara but both
networks supply water from the same water source. It is aimed that the outcomes of
our study can give an idea for the buildings using similar water plumbing throughout
the Ankara Province. In this study, the effects of plumbing age, galvanized metal,
polyethylene (PE) and polypropylene random copolymer (PPRC) pipe types used in
plumbing on biofilm formation, presence of pathogenic microorganisms and also the
quality of water are examined individually. To observe biofilm formation and the
presence of pathogens, the indicator microorganisms are determined. In the
plumbing; total colony, total coliform, Pseudomonas aeruginosa, Salmonella spp.,
Staphylococcus aureus, Enterococci and Escherichia coli (E. coli) species are
studied together with physical and chemical analysis of water. The aim of this study
are to (1) detect the biofilm formation and pathogenic microorganisms in biofilms,
to (2) observe the highest colony formation on the pipe surfaces and to (3) record the
highest deterioration in the water quality according to the pipe materials and
plumbing ages in the selected drinking water network in Ankara Province.
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Materials and Methods

Study Area and Sampling

The selected water network belongs to a facility in Ankara Province. The
facility has totally 70 buildings inside and serves nearly 20.000 people. It has its own
water treatment plant, wastewater treatment plant and water distribution network
apart from the Ankara Province. This network was selected as a model for Ankara
Province’s similar settlements. The facility gets raw water directly from the
Camlidere Dam. The treatment plant of the facility has the five units: Coagulation,
flocculation, sedimentation, filtration, and disinfection as the other conventional
treatment systems. Galvanized metal, PE and PPRC pipes are used in the water
distribution network and plumbing systems in the buildings. PE pipes are used in raw
water and some main lines, and also at the outlet of the treatment plant. Treated water
from the wastewater treatment plant is used as irrigation water in the facility.

In the study, 22 buildings of different ages and pipe materials out of 70
buildings in the network have been analyzed. Samples were collected from the raw
water at inlet of the treatment plant, the effluent treated water at the outlet of the
water treatment plant and from 20 different plumbing in the water network. The
sampling points were selected according to pipe types, plumbing ages, and locations.

The plumbing system in a building in the network is shown in Figure 1.

The distribution of the 22 buildings and layout of the network are represented
in Figure 2.

Plumbing systems were evaluated in three categories: 1) Sampling points, 2)
pipe types and 3) age category, given in Table 1.
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Figure 1
Indoor Plumbing System of a Building
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Figure 2
Layout of the Network and Buildings
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Note. Due to the security restrictions, images of the study area cannot be given.
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Table 1

Sampling Points and Their Characteristics

Building No  Pipe Types Water Usage Sampling Points Plumbing Age Category
1 PE Raw Water Sample Tap I+
2 PE Potable Sample Tap I
3 PPRC Potable Plumbing II
4 PPRC Potable Plumbing II
5 Galvanized Potable Plumbing I
6 PE Potable Inlet Collector II
7 PE Potable Inlet Collector I
8 PPRC Potable Plumbing I*
9 Galvanized  Operational Plumbing 11
10 Galvanized Potable Inlet Collector 11
11 PPRC Potable Inlet Collector I
12 Galvanized Potable Plumbing 111
13 Galvanized Potable Plumbing II
14 Galvanized Potable Plumbing II
15 Galvanized Potable Plumbing I
16 Galvanized Potable Inlet Collector I
17 Galvanized Potable Inlet Collector I
18 Galvanized Potable Inlet Collector I
19 PPRC Potable Plumbing I
20 Galvanized Potable Inlet Collector I
21 Galvanized Potable Plumbing I
22 PPRC Potable Plumbing I

* the age of plumbing in the new buildings is between 0 and 5 years.
** the age of the plumbing in the middle-aged buildings is between 6 and 15 years.

**%* the age of plumbing in the old buildings is over 15 years.
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For the number 1, sample was taken from the raw water inlet. For the number
2, sample was taken from the effluent treated water. For the numbers between 3 and
22, samples were collected from the different points on the water distribution
network in the buildings. In this study, a simple random sample was taken from each
point annually. Total hardness, total alkalinity, iron, turbidity, pH, odor and total
organic carbon load were also examined in terms of microbial growth stimulation.

At each sampling point, sample was firstly taken from tap water flowing in
order to determine the current water quality. These samples were called as "Before".
After disassembling the pipes, the accumulations on the pipe surface were scraped
by a sterilized rod and the water sample was taken by providing the transition of the
substances on the pipe surfaces into the water phase. These samples were named as
“After”. In this way, the effect of those accumulations on the physical, chemical and
bacteriological quality of the water was examined and biofilm formations were
studied.

The method of taking the samples from the pipes is shown in Figure 3.

Figure 3

Water Sampling Method

Note. (1) Disassembling the tap/water meter, (2) Scraping the inner surface of the
pipes with a sterile rod, (3) Sampling from the flowing water.




Nurullah Said Yeken, A. Caglan Giinal
Turkish Journal of Water Science & Management 7 (1) (2023) /20 - 45

Water samples containing the detached layers were transferred into the
laboratory for the microbiological analysis on the same day under. Furthermore, in
order to determine changes in physical and chemical characteristics of the water,
additional control samples were taken and analyzed in the laboratory. The
microbiological samples were incubated according to the incubation duration and
temperatures. The results were preserved on the filter papers.

Microbiological Analysis

In this study, dehydrated nutrient sets developed by Sartorius Company were
used as the medium, referred as “Nutrient Pad Set (NPS)”. It consists of media and
membrane filter sets, each of which is impregnated with an absorbent pad by the
manufacturer, then dehydrated and placed in sterile Petri dishes (Sartorius, 2014).

Membrane filtration method was used in the study for the detection of
pathogens in the biofilm layer. Sterile sample containers (with Sodium Thiosulfate),
vacuum pump, vacuum hose, glass vacuum flask, stainless steel filter holder, filter
body, dosing syringe, stainless steel forceps and 0.2 nm pore size membrane filters
were used in the membrane filtration process. In order to observe bacterial growth
on filter papers, samples were placed in the incubator.

Different media, incubation durations and temperatures were used for the
examined microbial species. “Yeast NPS” for total colony (germ count) detection,
“Chromocult NPS” for total coliform detection, “Endo NPS” for E. coli detection,
“Cetrimide NPS” for Pseudomonas aeruginosa detection, “Bismuth Sulfite NPS” for
Salmonella spp. detection, “Chapman NPS” for Staphylococcus aureus detection and
“Azide NPS” for Enterococci detection were used. The incubation conditions of the
media and species are given in Table 2:

Table 2

Species and Incubation Conditions

Media Name (NPS) Species Incubation Incubation Duration (h)
Temperature (°C)
Yeast Total Colony 37 48
Chromocult Total Coliform 36 24
ENDO E. coli 36 24
Cetrimide Pseudomonas 42 48
aeruginosa
Bismuth Sulfide Salmonella spp. 36 48
Chapman Staphylococcus aureus 30-35 72
Azide Enterococci 36 48
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When calculating the colonies formed in the medium in the microbiological
evaluations, it is accepted that each colony consists of a single microorganism.
Therefore, the result can be expressed as colony forming units (CFU). When the
number of aerobic microorganisms that can grow at a certain temperature and hour
is expressed as “n CFU/ 250 mL”, the results of the microbiological analyzes were
calculated as follows:

e Ifn=0,result=0CFU/250 mL
e If1<n<200,result=nCFU/250 mL
e Ifn>200, result=200 CFU /250 mL

Physical and Chemical Analysis

Total hardness, total alkalinity, iron, turbidity, pH and odor parameters were
analyzed in "Before" and "After" samples taken from the water network. Also, total
organic carbon (TOC) was measured in the water samples. Total hardness was
determined by titrimetric method according to EPA130.2. The alkalinity analysis
was performed using the titrimetric method according to ISO 9963. Iron analysis was
carried out in accordance with ISO 6332-1998, DIN 38406 E1-1 using the LCK 521
Kit on a spectrophotometer device (Hach Lange DR 6000). Turbidity analyzes were
performed on a turbidimeter device (Hach Lange 2100N) according to ISO 7027. pH
analyzes were performed using a pH meter (Hach Sensionl) according to TS 3263
and ISO 10523. TOC were analyzed in accordance with TS 8195 EN 1484 with a
TOC analyzer (Shimadzu TOC -L) operating with combustion catalytic oxidation
method at 680°C.

Results
Raw Water Analysis Results

TOC results of the raw water are given in Table 3.

TOC values for Camlidere Dam water correspond to A2 category (water that
becomes drinkable after physical treatment, chemical treatment and disinfection).
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Table 3

Raw Water TOC Values

Sample Date May April
2020 2021
Parameter Unit  Limit Values Method Raw Water Results
Al A2 A3 Source
Total Organic mg/L 4 4.7 10 TS8195 Camlidere 7.41 4.04
Carbon EN 1484 Dam

Note. Al, A2, A3 are categories in Turkish Regulation on the Quality and
Purification of Drinking Water Supply.

The alkalinity and hardness values of raw water are given in Table 4:
Table 4

Raw Water Alkalinity and Hardness Values

Parameters Results
P Alkalinity (CaCO3) 0 mg/L
M Alkalinity (CaCO3) 75 mg/L
Total Hardness (CaCO3) 78 mg/L

The physical and chemical analysis results of raw water were given in Table
5. The results for Camlidere Dam water also correspond to A2 category.

Table 5

Physical and Chemical Water Quality of Raw Water

Parameters Unit Result
Odor Rusty
Total Hardness mg/L CaCOs3 78
Total Alkalinity mg/L 75
Iron ug/L 361
Turbidity NTU 10.28
pH 7.93
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Microbiological analyzes were carried out in raw water and pathogen species
were examined via membrane filtration method. The samples of raw water were
diluted 50% in microbiological analyzes, so the number of colonies counted in the
medium was multiplied by two. The result of the microbiological analysis of raw
water were stated in Table 6.

Table 6

Raw Water Microbiological Analysis Results

Dilution Result (CFU/250

Sample Name Media (NPS) Species Cocfficient mL)
Yeast Total Colony 0.5 200
Chromocult Total Coliform 0.5 120

Azide Enterococci 0.5 10

1. Point (Raw Cetrimide Pseudomonas 05 14

Water) aeruginosa

Chapman Staphylococcus aureus 0.5 200
Endo E. coli 0.5 112

Bismuth Sulfide Salmonella spp. 0.5 4

Distribution Network (Plumbing) Analysis Results

Although TOC values in water distribution network changed periodically, the
average values were above 3 mg/L. In the period of May 2021, samples were taken
from the raw water, the treatment plant effluent, sample point 6 (as the middle point
of distribution network), sample point 22 (as the last point of distribution network)
and the TOC values were examined. The results were stated in Table 7.

Table 7
TOC Values in the Water Network

Results (mg/L)
Sample Period Raw Treated Water  Plumbing No.6 Plumbing No.22
p Water Effluent (from network) (from network)
May 2021 4.37 3.35 3.66 3.45

Samples were taken as “Before” and “After” at each point in the plumbing
and the physical, chemical and microbiological quality changes were examined.
Physical and chemical analysis results of “Before” and “After” water samples were
given in Table 8. Microbiological results were given in Tables 9 and 10.
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Results According to the Pipe Materials

The “Before” and “After” analyzes were also compared according to the pipe
materials. In microbiological analysis, the averages of total colony and total
pathogen numbers were taken. The age of the plumbing and the degree of
deterioration in water quality were also considered during the calculations. The
results and average values of the all samples with respect to galvanized metal, PE
and PPRC pipe materials were given in Tables 11, 12 and 13 as follows:

Table 11
Results of the “After” Samples for the “Galvanized Metal” Plumbing

Sampl.ed . . Plumbing  Deterioration in Total Colony Total Pathogen
Plumbing  Pipe Material Age Water Quality Count Count
No (CFU250 mL)  (CFU/250mL)
5 Galvanized Metal 111 B 13 1
9 Galvanized Metal 111 B >200 9
10 Galvanized Metal 111 D >200 419
12 Galvanized Metal 111 D >200 4
13 Galvanized Metal 11 C >200
14 Galvanized Metal 11 C >200 8
15 Galvanized Metal I A >200 400
16 Galvanized Metal 11 A >200 8
17 Galvanized Metal 11 D 40 15
18 Galvanized Metal I A >200 0
20 Galvanized Metal 111 D >200 1
21 Galvanized Metal 11 D >200 417
AVERAGE 11 C >200 107
Table 12
Results of the “After” Samples for the “PE” Plumbing
Sampled . S Total Colony
Plumbing Pipe Material Plumbing Deterloratlor} in Count Total Pathogen Count
No Age Water Quality (CFU/250 (CFU/250mL)
mL)
2 PE 11 A 0 0
6 PE! 11 A >200 433
7 PE 11 A 3 2
AVERAGE 11 A >200 145

Note 1. Infiltration from the pipe leakage into the water network has been detected.
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Table 13
Results of the “After” Samples for the “PPRC” Plumbing

Total
Sarnpl.ed . . Plumbing  Deterioration in Colony Total Pathogen
Plumbing Pipe Material A Water Qualit Count Count
No &e ater Juallty (crunso (CFU/250mL)
mL)
3 PPRC 11 A 0 0
4 PPRC 11 A 0 0
8 PPRC! I A 197 0
11 PPRC I A 0 0
19 PPRC I A 4 0
22 PPRC I A 0 0
AVERAGE I A 34 0

Note 1. The sample was taken from a tap in the toilets.

Discussion and Conclusion

In this study, the pipe materials and the age of the plumbing were associated
with biofilm formation, presence of pathogenic microorganisms and deterioration in
water quality. The results obtained have been helpful in terms of realizing the effect
of biofilms on water quality, factors affecting biofilm formation on plumbing in
Ankara city conditions, detection of biofilms and pathogenic microorganism via
dehydrated NPS media. It was concluded that biofilm formations could be detected
in indoor plumbing by using total colony count on Yeast NPS medium. At 15 points
in the network, biofilm formation was detected by this way. It has also been found
that once biofilms detached from pipe surfaces and mix with water, they are
deteriorating the quality of treated tap water. The necessity of examining the
presence of pathogenic microorganisms in the network after the initial detection of
biofilm formation was pointed out.

Inappropriate Plumbing Conditions

In this study, it was observed that the inlet of the pipes left opened during the
replacement of broken pipes at one point. When the new or repaired pipes are put
into service directly without cleaning and flushing, pathogens and other
microorganisms from the outer environment (like soil) can enter the water network
and quickly form a biofilm layer on suitable surfaces. Microbiological water qualities
may deteriorate even the disinfection is applied to the water network. So one of the
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causes of the bacterial growth and biofilm formation in the network was the
inappropriate pipe replacement works.

At sample point 6, biofilm layers and pathogen microorganisms resulting
from pipe leakages and infiltrations from the environment was detected. At sample
point 8, it is considered that since the sample is taken from the toilets, the
microorganisms in the environment might reach the pipe surface with the effect of
negative pressure. At the sample point 18, it was revealed that the treated irrigation
water was connected to the drinking water collector with a valve and a cross-
connection in the network was formed. Although it was a new building, a biofilm
layer formed on the pipe surface due to that cross connection. Pathogenic
microorganisms may enter the clean water networks due to cross connections and
may form biofilms on pipe surfaces.

Effect of Pipe Material on Water Quality

When the results are evaluated according to the pipe types, in the 12 buildings
with galvanized metal plumbing, it was observed that the physical, chemical and
microbiological parameters of the waters in “Before” samples complied with the “TS
266 Water Intended for Human Consumption Standard” limit values. However, in
the “After” samples taken by scraping the pipe surfaces, it was observed that the
physical and chemical qualities of the water samples deteriorated significantly (Level
C and D). Iron and turbidity parameters exceeded the TS 266 standard values at 7
points. In addition, the average total colony was counted as >200 CFU/250 mL in
those 12 galvanized plumbing, and the average number of different types of
pathogens was calculated as 107 CFU/250 mL.

In the PE plumbing, also the physical, chemical and microbiological
parameters of the waters in “Before” samples complied with the TS 266 standard.
For the “After” samples, the average total colony count of the PE plumbing was >200
CFU/250 mL and the average pathogen colony was 145 CFU/250 mL. Only one
point in PE pipes, a bacterial growth was observed which was resulting from the
infiltration caused by a pipe leakage detected at sample point 6. Therefore, intense
bacterial growth was detected at this point. Different types of pathogens can enter
the water plumbing due to such pipe leaks from the soil with backpressure and
maintain their existence by forming a biofilm on the pipe surface. No significant
change was observed in the physical and chemical qualities of the "Before" and
"After" water samples (Level A).

PPRC plumbing, on the other hand, were counted as the least microbial
growth and water quality deterioration with respect to the other pipe types. The
physical, chemical and microbiological parameters of the waters in “Before” samples
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complied with the TS 266 standard. For the “After” samples, the average total colony
count was 34 CFU/250 mL, and no pathogenic species were found at those six
plumbing. Only at sample point 8, total colony formation was observed. At that point,
the water sample was taken from a PPRC type in the toilets, so it was considered as
the source of microorganisms. No significant change was observed in the physical
and chemical qualities of the "Before" and "After" samples (Level A).

More accumulations and scums occurred in galvanized metal pipes, and
microbiological growth on this residue was higher when compared with PE and
PPRC pipes. Especially at the network age of II. and III. category, more bacterial
growth and deterioration in water quality were detected in galvanized metal pipes.
In the buildings with the same plumbing age, biofilms formed more in galvanized
metal pipes according to the total colony count results. It was concluded that biofilm
formation deteriorates the physical, chemical and microbiological quality of water.
In general, although total colony detection and biofilm formation were observed in
PE and PPRC pipes, the colony number and diversity of pathogen species in
galvanized metal pipes was much higher. These results were corresponded to the
previous studies of Niquette et al. (2000), Camper (2003), Tiiretgen (2005) and
Keskin and Kahveci (2019).

Effect of TOC on Biofilms

TOC values were found as 4.37 mg/L in raw water and as 3.35 mg/L, 3.66
mg/L, 3.45 mg/L in the water network respectively. There was no carbon removal
unit (ozonation, membrane filters, etc.) in the water treatment plant. For this reason,
the organic carbon in the raw water was reaching to the water network with partial
removal and bringing an organic load to water. The amount of organic matter in the
network was an important source for the biofilm formation and bacterial growth.
Organic carbon should be removed in treatment plants in order to limit the bacterial
growth and biofilm formation in the water networks.

Effect of Pipe Age on Water Quality

The plumbing age of total 70 buildings in the study area was mainly II.
category (between 6-15 years) and plumbing materials were galvanized metal.
Similarly, the plumbing age of 22 points selected within the scope of this study was
same as II. category and pipe types were galvanized metal generally.

When the results are evaluated according to the plumbing ages, it has been
determined that in the old plumbing, which are in the third category in terms of
building age, the accumulations on the pipe surfaces were denser than the second
and first category plumbing. Over the years, the accumulation on the pipe surfaces
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increases for the hard and high-alkalinity waters because of the minerals inside,
which forms a suitable environment for the microorganisms to attach the surface and
form biofilms. Galvanized metal plumbing was used in the second and third category
building ages in the facility. Since PE and PPRC materials are used in networks
recently, they were found only in buildings with first and second category network
age in the study area. Biofilm and pathogen formation in PE and PPRC pipes in I.
and II. category buildings were lower than galvanized metal pipes. The highest water
quality deterioration and the most intense corrosion was observed in galvanized
metal pipes in III. category buildings.

Detected Pathogens in Plumbing

The results were also evaluated in terms of the detected pathogens. Total
colony formation was detected in 16 of the 22 plumbing examined, and pathogenic
microorganism colonies was observed in 13 of these points. Pseudomonas
aeruginosa, a chlorine-resistant pathogen, can escape the final chlorination and
disinfection processes in the treatment plants and survive in biofilms in the water
networks. In this study, Pseudomonas aeruginosa was the most detected pathogens,
which was counted at 11 of the 22 plumbing on drinking water network. Percival et
al. (1998) isolated also Pseudomonas sp. from stainless steel plumbing and Critchley
et al. (2003) isolated from copper plumbing. The highest colony formation was E.
coli, which was detected in 4 of 22 plumbing and counted over 600 CFU/250 mL in
total. Enterococci are relatively resistant to chlorine and chemicals. Therefore, the
remaining cells after disinfection at the treatment plant can multiply again in biofilms
on the pipe surfaces. E. coli and Straphylococci are not as resistant to chlorine and
are usually removed by disinfection. It is considered that Enterococci,
Straphylococci and E. coli entered the network from the soil with backpressure.
Those pathogens can enter the water network from soil or outer environment due to
the leakages or pipe repairing works. Salmonella species are not resistant to chlorine,
and no growth was detected in the network.

In conclusion, it has been observed that more accumulations occurred in
galvanized metal pipe surfaces, and microbiological growth was higher in galvanized
metal pipes than PE and PPRC pipes. The highest water quality deterioration and
biofilm formation was observed in galvanized metal pipes in III. category buildings
(plumbing age over 15 years). More aged galvanized metal plumbing promotes more
biofilm formation. Pseudomonas aeruginosa was the most common detected
pathogens in plumbing. The highest colony formation was Escherichia coli. High
total colony counts detected on Yeast NPS medium during the study showed the
presence of biofilms on the pipe surfaces. It is considered that the total colony
analysis on Yeast NPS medium with membrane filtration method can be used to
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make a preliminary assessment for biofilm formations on the plumbing. In cases
where the total colony results exceed the TS 266 standard limit values, additional
pathogen type analysis can be performed in the plumbing. Biofilms in drinking water
distribution networks are an important issue that should be carefully examined in
terms of human health due to the pathogenic microorganisms they contain and their
negative effects on drinking water quality. This study and methodology can be
applied to water networks of different cities in order to reveal the plumbing situation
and their effect on water quality. Another study for the water tanks in the water
networks can be carried out to detect the biofilm formation and pathogen
microorganisms in similar way. In addition, a plumbing water quality risk analysis
method can be developed with the results obtained in this study in order to increase
the awareness of the consumers about the effect of plumbing on water quality and to
minimize the possible health problems related to them.
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Extended Turkish Abstract
(Genisletilmis Tiirkce Ozet)

Sihhi Tesisatlarda Biyofilm Tabakas1 Tespiti ve Su Kalitesine Etkisinin Belirlenmesi

Aritma tesislerinde aritilan igme suyunun kalitesini bozan ve insan saglig1 agisindan risk teskil
eden hususlardan birisi de su dagitim sistemlerinde olusan biyofilm tabakasi ve i¢erigindeki patojen
mikroorganizmalardir. Bu calismada bir isletmedeki binalarin sihhi tesisatlarinda biyofilm varligi,
biyofilmlerdeki patojen mikroorganizmalarin tespiti ve biyofilmlerin igme sularinin fiziksel, kimyasal
ve mikrobiyolojik kalitesine etkisi arastirilmistir. Mikrobiyolojik incelemelerde biyofilm varligi ve
patojenlerin tespiti i¢in membran filtrasyon yontemi ve hazir kurutulmus besiyerleri kullanilmistir.
“Nutrient Pad Set (NKS)” olarak da adlandirilan bu sistem, iiretici tarafindan her biri absorban pede
emdirildikten sonra kurutulup, steril olarak petri kutularina yerlestirilmis besiyerleri ve membran
filtre setlerinden olusmaktadir. Calismada agirlikli olarak indikatoér mikroorganizmalar incelenmistir.
Tiirlerin tespitinde hazir kurutulmus besiyeri kullanildigi i¢in iiretici firma tarafindan besiyeri temini
yapilabilen Toplam Koloni, Toplam Koliform, Enterokoklar, Pseudomonas aeruginosa, Salmonella
spp., Staphylococcus aureus ve E. coli tirleri ¢alismaya dahil edilmistir. Biyofilm ve igerdigi
mikroorganizmalar ile ilgili yapilan ¢alismalarda yayginlikla laboratuvarda kontrollii ortamda boru
iizerinde biyofilm olusumu gézlenirken, bu ¢calismada dogrudan canli ve aktif bir sebeke iizerinde var
olan biyofilmler ve igerikleri incelenmistir. Numune noktalarindaki su kalitesinin analizi yapilirken
barajlardan gelen ham sudan baslanarak igme suyu aritma tesisi ¢ikist ve i¢ tesisatin son noktasinda
su kalitesindeki degisim incelenmistir. Demir, toplam sertlik, toplam alkalinite, pH ve bulaniklik
degerleri ile sularin goriintii ve kokusu, musluktan akan su (6ncesi) ve boru yiizeyi kazindiktan sonra
akan su (sonrasi) olmak {izere degerlendirilmis ve su kalitesine yonelik fiziksel ve kimyasal etkiler de
analiz edilmistir.

Sihhi tesisatlarda kullanilan boru tiiri ve tesisat yasi ile biyofilm olusumu, patojen
mikroorganizma varligi ve su kalitesindeki degisimler iligkilendirilmistir. Elde edilen sonuglar,
iilkemiz sartlarinda igcme suyu sebekelerinde gelisen biyofilm tabakalari i¢cinde mevcut olabilecek
patojen mikroorganizma tiirleri ve bu tiirlerin hazir kurutulmus besiyerleriyle tespit edilebilmesi
acisindan yol gosterici olmustur. Ozellikle Yeast besiyeri kullamlarak ic tesisatta biyofilm
olusumlarinin tespit edilebildigi gozlemlenmistir. Ayrica biyofilmlerin bozulup suya karistiginda
aritilmig sebeke suyu kalitesini degistirdigi de tespit edilmistir. Biyofilm olusumunun tespit
edilmesinin akabinde sebekede patojen mikroorganizma varliginin incelenmesinin gerekliligi de
ortaya ¢ikmistir.

Sebekede boru patlaklari, gevreden infiltrasyonlar, ¢apraz baglantilar, ters basing, boru
yenileme ¢aligmalarindan kaynakli kirlenmeler vb. dis etmenlerden kaynakli biyofilm ve patojen
mikroorganizma varlig1 da gdzlemlenmistir. Incelenen 22 tesisatin 16’sinda toplam koloni olusumu
tespit edilmis olup bu noktalarin 13’iinde de patojen mikroorganizma g¢ogalmasi goriilmiistiir.

Yapilan analiz sonuglaria gore galvaniz metal tesisatlarin ortalama sebeke yasi kategorisi
IT (6 - 15 yil aras1), suyun fiziksel ve kimyasal kalitesindeki bozulma derecesi C seviyesi (su
kalitesinde bozulma var, en fazla bir parametrede sinir deger agilmis), ortalama toplam koloni sayist
>200 CFU/250 mL, ortalama patojen sayis1 107 CFU/250 mL olarak tespit edilmistir. PE tesisatlarda
fiziksel ve kimyasal agidan su kalitesinde degisim goriilmemis, ortalama sebeke yas1 kategorisi II (6
- 15 y1l arasi), ortalama toplam koloni say1s1 >200 CFU/250 mL, ortalama patojen sayist 145 CFU/250
mL olarak dl¢lilmiistiir. PE tesisatlardaki patojen sayisinin yiiksekliginin nedeni, sebekede meydana
gelen boru patlagindan kaynakli sebeke suyuna cevresel su sizintisi (infiltrasyon) olarak tespit
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edilmistir. PPRC tesisatlarda da su kalitesinde degisim goriilmemis, ortalama sebeke yas1 kategorisi I
(0 - 5 y1l arasi) ortalama toplam koloni sayisi 34 CFU/250 mL olarak dl¢iilmiistiir. PPRC tesisatlarda
herhangi bir patojen mikroorganizma ¢ogalmasi gozlemlenmemistir.

Patojen tiirleri agisindan degerlendirildiginde ¢alisma yapilan sebekede Pseudomonas
aeruginosa, Staphylococcus aureus, E. coli, Toplam Koloni, Toplam Koliform ve Enterokok tiirleri
farkli sayilarda tespit edilmistir. Ham suda tespit edilen Sa/monella spp. tiiriine ise aritilmis sebeke
suyunda rastlanmamigtir. Bina i¢i sebekelerde numune alinan tesisatlarda en ¢ok tespit edilen patojen
tiir 12 noktada koloni olusturan Pseudomonas aeruginosa olmustur. En fazla koloni olugumu ise 4
noktada tespit edilen ve toplamda 600 CFU/250 mL’nin iizerinde koloni sayimmi yapilan E. coli
olmustur.

Tesisatlar boru tiirline gore incelendiginde galvaniz metal tesisatlarda daha fazla tortu ve
birikim olustugu, bu tortu iizerinde mikrobiyolojik ¢ogalmanin diger boru tiirlerine gore (PE ve
PPRC) daha fazla oldugu gériilmiistiir. Ozellikle sebeke yas1 II. ve III. kategori olan binalarin
tesisatlarinda galvaniz metal borularda daha fazla ¢ogalma ve su kalitesinde bozulma tespit edilmistir.
Tesisat yast ayni olan binalarda galvaniz metal tesisatlarda daha hizli biyofilm olusmakta ve boru
ylizeyinde mikroorganizma cogalmaktadir. Biyofilm olusumunun suyun fiziksel, kimyasal ve
mikrobiyolojik kalitesini bozdugu tespit edilmistir. III. kategori olan eski binalarin galvaniz metal
tesisatlarinda yogun korozyon nedeniyle boru baglanti noktalarinin  boruya kaynadigi
gozlemlenmistir. Bu tiir korozyona ugramis galvaniz borularda baglanti yerinden boru sokiilmeye
calisildig1 zaman boru tamamen kopabilmekte ve deforme olabilmektedir. Bu nedenle bazi noktalarda
korozyona ugrayan boru sokiilememis ve boru yiizeyi gdzlemlenememistir. Calismada PE ve PPRC
borularda da toplam koloni tespiti ve biyofilm olusumu gozlemlense de galvaniz metal borularda
patojen tiir sayis1 ve ¢esitliligi diger boru tiirlerine gére daha fazla tespit edilmistir.

Bina yas1 agisindan degerlendirildiginde I. ve II. kategori binalarda PE ve PPRC borularda
biyofilm ve patojen olusumu galvaniz metal tesisatlara gore daha diisiiktiir. En yiiksek kirlilik en
yogun korozyonun da gézlendigi galvaniz metal tesisatlarda ve III. kategori binalarda tespit edilmistir.

Sebeke suyunda toplam organik karbon (TOK) degerleri donemsel olarak degismekle birlikte
3 mg/L’nin altina diismemektedir. TOK degerleri ham suda 4.37 mg/L ve su sebekesinde sirastyla
3.35 mg/L, 3.66 mg/L, 3.45 mg/L olarak tespit edilmistir. igme suyu aritma tesisinde organik karbon
icin bir giderim {nitesi (graniiler aktif karbon, ozonlama, membran filtre vs.) bulunmamaktadir. Bu
nedenle ham sudaki organik karbon kismi bir giderimle sebekeye ulasmakta ve sebeke suyuna organik
yiik getirmektedir. Sebekedeki organik madde miktart mikroorganizmalarin biyofilm olusturmasi ve
¢ogalmasi i¢in 6nemli bir kaynak olusturmaktadir. Aritma tesislerinde organik karbonun giderilmesi
gerekmektedir.

Calisma sirasinda Yeast besiyeri iizerinde tespit edilen yiiksek toplam koloni sayilari, tesisat
borularimin i¢ yiizeyinde biyofilm varliginin gdstergesidir. Boru yiizeylerinden alinan numunelerde
toplam koloni sayist analizinin, 6n degerlendirme yapmak ve boruda biyofilm olusumunu
gozlemlemek icin kullanilabilecegi degerlendirilmektedir.

fcme suyu dagitim sebekelerindeki biyofilmler, icerdikleri patojen mikroorganizmalar ve
igme suyuna olumsuz etkileri nedeniyle insan sagligi agisindan dikkatle arastirilmasi gereken bir
konudur. Farkli su kaynaklarma, farkli aritma tesisleri ve su dagitim sistemlerine gore igme suyu
sebekelerinde biyofilm olusumunun ve patojen varliginin incelenmesi gerekmektedir. Bu konudaki
teknik bilgi ve farkindalik diizeyleri yetersiz olan tiiketicilerin, olumsuz bina i¢i tesisat kosullari
nedeniyle yasanabilecek su kalite problemlerinden ve buna bagli gelisecek saglik sorunlardan
etkilenmeleri kagimilmazdir.
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