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Abstract

This study was conducted to detect the presence of Pseudomonas
aeruginosa bacteria in treated drinking water in the Al-Zafaraniya
district within Baghdad Province. During the period from September
2018 to July 2019, monthly drinking water samples were collected
from AL-Rasheed water treatment plant (that equipped Al-Zafaraniya
district) with drinking water and from three selected sites in
residential areas at different spaces. Results are expressed seasonally
(Autumn, winter, spring and summer). The bacteriological results
showed that the highest mean value of the presence of these bacteria
was 16.3 £ 1.41CFU/100 ml at R4 site in the summer season.
Keywords: Pseudomonas aeruginosa, contamination, water treatment
plant.

Introduction

The quality standards of water vary depending on its classification and the purpose of its use,
so we find that the irrigation water measures differ from the drainage water standards and
these two differ from drinking water. the bacterial pollution of water intended for human use
is one of the most dangerous cases of pollution in its direct relationship with public health
(AL-Nuaaman and Al- Ballo, 2019) and thus drinking water will be subject to more stringent
and comprehensive controls through the quality control system(WHO, 2015).

Pseudomonas aeruginosa is a gram-negative, rod-shaped bacterium non- spore-forming
bacterium, which able to produce the blue-green pigment pyocyanin (Leclerc and
Moreau,2002). The rising significance of infections resulting from water polluted with
bacteria (Zietz et al., 2006), and the surfaces of the food industry are likely to be a reason for
the infection of P. aeruginosa (Deza et al., 2005) therefore, the disclosure of these bacteria
consider very important, specifically, in the kidneys Hemodialysis places and water ion
exchange systems. It is also a human opportunistic pathogen that causes urinary tract
infection, respiratory tract infection, soft tissue infection, dermatitis, bacteremia, and a variety
of diseases of systemic infections, especially, for burn patients and as well as who have
suffered from immunodeficiency (Mena and Gerba 2009; Varga, 2011).

P. aeruginosa is considered one of the most types of bacteria associated with hospital
infectionsand pneumonia related to a ventilator (Barbier et al., 2013), and it has one of the
special features to reproduce in water with low nutrients. Often the concentration of
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pseudomonas considered as an indicator of bacterial contamination of other bacteria species
from a fecal source (Zamberlan et al., 2008; Ramalho et al., 2002). P. aeruginosa has a
recently described adaptive antibiotic resistance mechanism, which includes biofilm
resistance by forming inhibitory cells that tolerate multiple drugs, and are responsible for
resistance and infection relapse. The discovery and development of alternative therapeutic
strategies that present novel avenues against P. aeruginosa infections are increasingly
demanded and gaining more and more attention (Pang et al.,2019).

Biofilms it's known to increase antibiotic and pathogenicity resistance in different types of
pathogenic bacteria like P. aeruginosa, E. coli, Klebsiella and others (Saleh et al.,
2020; Tawfiq, 2018). P. aeruginous is not considered to be a parasite binding to humans, as
many of the harmful human agents represented by this bacterium will likely perform a
harmless function in the natural habitat of the organism.

We had a previous study (Hassan and Mahmood, 2018) on the quality of drinking water of
Al-Zafaraniya District, and the results showed that drinking water was contaminated with
types of bacteria, so the aim of the study was to investigate the presence of P. aeruginosa in
drinking water because of its importance in the development of diseases.

Materials and methods

Water Samples

During the period from September 2018 to July 2019, monthly drinking water samples were
collected from selected sites at Baghdad Province, Al-Zafaraniya District, these sites were
distributed as following:

1. After the final purification stage of Al-Rasheed drinking water treatment plant (expressed
as R1).

2. From selected homes in this district located at three distances of different dimensions
around the plant, estimated at 50-500 meters, 1-2 kilometers, and 4-5 kilometers (expressed
as R2, R3 and R4 respectively).

Samples were collected using Polyethylene terephthalate bottled water (100 ml) and
transported to the laboratory as soon as possible under refrigerated conditions. Samples were
processed within 24h using membrane filtration technique for P. aeruginosa detection in the
water samples (EPA, 2017). The isolation process was performed at selective medium
(Pseudosal Isolation Agar) and incubated at 37°C for 48h. After that all colonies were
counted and the results were reported as colony forming units (CFU) per milliliter of the
water sample. Colony count was performed by pouring plate method on the same medium
and incubation conditions (Rice et al., 2012).

The phenotypic characteristics of colonies growing on solid media were studied included:
Colonies color, shape, size, edges, height from the surface, and degree of cohesion with the
culture medium. (Rice et al., 2012).

Residual Chlorine

The value of the remaining chlorine was calculated based on the color method using a (Super
chlorometer) device, as three drops of the orthotulidin detector were added to the sample
water. The ratio was read by comparing the color with the standard colors in the device and
expressing the results (mg/liter). (Rice et al., 2012).

Bacteriological Analysis
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All samples water was filtered and transferred by sterilized forceps to the selective medium
(Pseudosal Isolation Agar) (Rice et al., 2012). Dishes were incubated upside down at 37°C
for 48 hrs. The growth has been noticed after the end of the incubation period in the form of
flat colonies of 0.8-2.2 mm in diameter with a bluish-green color spreads in the medium
(Blue-green Pigmentation). All colonies were counted and the results were reported as colony
forming units (CFU) per milliliter of the water sample (Rice et al., 2012).

Biochemical Tests

The confirmation steps were performed using the following diagnostic tests has been made:
Gram stain, production of pyocyanin, growth in different thermal degrees 4-42 °C, methyl red
test, vogs proskour test, oxidase test, indole test, consumption of citrates, motility test, and
Catalase test (Su et al., 2018).

Statistical Analysis

In this study, the statistical analysis system - SAS (2012) program was used to study the
effect of different factors and LSD 0.05 was used for comparison between factors.

Results and Discussion

The results showed that there was contamination with P. aeruginosa, according to phenotypic
characteristics of colonies that growing on solid media and the confirmation steps using
biochemical tests (fig 1 and table 1). The contamination was recorded in the Al-zaffrania
district drinking water in Al-Rasheed water treatment plant and distribution system.

Fig 1. Pseudomonas aeruginosa in Muller Hinton agar produced Pyoceyan pigment.
Table 1. Biochemical tests made to diagnosis of P. aeruginosa.

Tests Results Standard Results

Gram stain

+ |

Oxidase test

Catalase test

Pyoceyan pigment production

Growth at 4 °C

Growth at 42 °C

+l++ |+ |+
+l+|+ |+

Simon Citrate test

Indol test

Methyl Red test

Voges — Proskauer test

The statistical analysis revealed significant differences between winter and summer seasons
at R3 site and between winter and autumn compared with summer season at R4 sites which
reached (16.3 CFU / 100 ml), while there were no significant differences between seasons at
R1 and R2 sites, From other hands the result showed that although there was contamination
with P. aeruginosa in all study areas of drinking water supplying homes but the lowest values
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were at R1 and R2 sites compared with R3 and R4 sites which had the highest values there
were in all seasons (Table 2). For all sites, the highest chlorine concentration was recorded in
the water purification plant in the summer season. (6.2 mg/liter). (Table 3)

This results gives us an idea about the importance of this bacteria in drinking water and the
health problems and diseases it causes when consuming contaminated water.

Table 2. P. aeruginosa cell count (CFU) in drinking water samples at the studied sites during the

period study.
Autumn Winter Spring Summer
R1 *2.13+0.14 25+0.12 2+0.07 2.15+0.09 1.735
R2 2.67 +0.13 3.5+0.31 3.5+0.43 3.6 £0.27 2.384
R3 10.23 +1.04 8+0.63 11+0.72 14.5+1.26 5.085
R4 8.07 £ 0.89 85+0.72 10 £ 0.87 16.3+1.41 6.534
LSDO0.05 3.184 3.719 4.372 3.921 --
* Mean + SD

The factor of remoteness from the AL-Rasheed water treatment plant had a negative effect on
the high level of pollution because of the corrosion of the distribution network pipes, which
are a major cause of the concentration of pollutants in tap water in homes as a result of the
ingress of contaminated water from groundwater or sewage into these pipes (Razzouki,
2009). P. aeruginosa can attach to the surfaces of the inner tubes, forming a biofilm to
protect itself, and then begin to multiply (Tang and Sails, 2015).

Although the concentration of chlorine in these areas was within higher than the permissible
limits, contamination with bacteria appeared in some of them. The reasons that lead to this
situation may be P. aeruginosa possessing resistance to chlorine as well or due to the high
rate of turbidity that leads to the protection of germ cells from the influence of chlorine or
maybe there was an increase in the pH value inside the pipelines of the distribution network
leads to an effect on the effectiveness of chlorine in sterilization and thus the consumer
receives unsafe drinking water (Abdul-Rahman, 2013)

Table 3. Residual chlorine values mg/l

R1 5.1 4.3 4.9 6.2
R2 4.3 3.3 3.2 5.3
R3 2.1 2.1 2 4
R4 2 1.9 1.8 2.7

This study concluded that the taps water in R3 and R4 contaminated more than the drinking
water treatment plant; The highest rates of contamination were recorded in summer while the
lowest contamination was in winter in these sites. The corrosions of the distribution network
pipes were a major reason for increasing the concentration of contaminants in tap water.

The following recommendations can be stated; the necessity to carry out continuous checks
and regular follow-up of drinking water supplied from the purification stations; developing
new methods for removing or reducing pollutants, especially microbial contaminants. and
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conducting regular maintenance of pipelines that transport water to residential areas within

the water distribution network to prevent pollution.
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