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Abstract: Protozoan parasites are of considerable importance in drinking water systems because 

their cystic stages are environmentally stable and resistant to conventional disinfection methods. 

This study aimed to investigate the presence of protozoan parasites in drinking water from different 

areas of Tikrit City, Iraq. To achieve this objective, 100 drinking water samples were collected from 

seven areas in Tikrit, namely Al-Arbaeen, Al-Zuhour, City Center, Al-Qadisiyah, 100-Dar, Al-

Fursan, and Al-Suqour, during the period from January to May. Following collection, water samples 

were examined for protozoan cysts using direct wet mount examination, Lugol’s iodine staining, 

and the modified Ziehl–Neelsen staining technique. The results revealed that 23% of the examined 

samples were contaminated with protozoan parasites. The prevalence rates of the identified 

parasites were 14% for Giardia lamblia and 9% for Cryptosporidium parvum. The highest prevalence of 

parasitic contamination (40%) was recorded in Al-Suqour area, whereas the lowest prevalence rate 

(14.2%) was observed in Al-Zuhour area. Regarding seasonal variation, the highest prevalence rate 

(40%) was recorded in May, while the lowest prevalence rate (10%) was observed in both December 

and February. The findings demonstrated the presence of protozoan parasites in drinking water 

within the study area and highlighted the urgent need to improve drinking water treatment and 

purification systems in order to control diseases caused by these pathogens. In addition, identifying 

potential sources of contamination is essential for reducing public health risks and ensuring the 

safety of drinking water supplies. 
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1. Introduction 

Due to the transmission of pathogenic microorganisms, such as bacteria and 

parasites, through drinking water, the study of water hygiene is of paramount importance 

in disease prevention and control. Waterborne parasitic diseases have been responsible for 

numerous outbreaks and endemic infections, particularly in developing countries [1]. 

Waterborne protozoan parasites affecting humans include Giardia lamblia, Entamoeba 

histolytica, Toxoplasma gondii, and Cryptosporidium parvum [2]. 

Water is an essential element for life; however, its contamination with 

microorganisms and parasites poses a significant threat to human health. Many intestinal 

diseases are transmitted through the consumption of contaminated drinking water or 

inadequately treated water. Several Iraqi cities, including Tikrit, face challenges related to 

drinking water contamination due to deteriorating infrastructure, inefficient filtration and 

disinfection systems, and the leakage of sewage into water sources. 

The protozoan parasites Giardia lamblia and Cryptosporidium parvum play an 
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important role as waterborne pathogens and are major causes of diarrheal diseases 

worldwide [3, 4]. These protozoa are primarily transmitted through the fecal–oral route 

via the consumption of contaminated drinking water [5, 6]. While Giardia lamblia accounts 

for approximately 20–30% of diarrhea cases among children in developing countries, 

Cryptosporidium parvum is responsible for nearly 20% of such cases [7]. 

The infective stages of Giardia lamblia and Cryptosporidium parvum (cysts and oocysts, 

respectively) can survive for several months under adverse environmental conditions [8]. 

Infectious diarrhea remains one of the leading causes of mortality worldwide, particularly 

among children under five years of age in Africa [9]. Unsafe water sources, combined with 

inadequate sanitation and hygiene practices, contribute significantly to the spread of 

infectious diarrhea [10]. 

Protozoan intestinal parasites, particularly Giardia lamblia and Cryptosporidium 

parvum, have long been recognized as important causes of persistent diarrheal diseases [3, 

4, 11]. Numerous studies have investigated the occurrence and concentrations of these 

pathogens in environmental sources. Livestock, especially calves, are considered major 

reservoirs of Cryptosporidium parvum and constitute an important source of environmental 

contamination and zoonotic transmission [11-13]. Consequently, human infection may 

occur through various water sources contaminated with animal and human waste [14, 15]. 

Livestock are believed to contribute substantially to environmental contamination 

through the release of large numbers of oocysts in feces. These oocysts can contaminate 

water sources utilized by both humans and animals [14, 16]. 

Tikrit, the capital of Salah Al-Din Province, is located approximately 180 km north of 

Baghdad and is characterized by a relatively high population density. The Tigris River 

serves as the primary source of drinking water in the city and is also extensively used for 

industrial, agricultural, and other domestic purposes [17-19]. Given the critical importance 

of water quality for humans, animals, and plants, any chemical, physical, or biological 

alterations in water characteristics may adversely affect living organisms and render water 

unsuitable for consumption or environmentally polluted [20, 21]. 

Numerous researchers have investigated the chemical, physical, and biological 

characteristics of drinking water in Iraq. Intestinal parasites are among the most significant 

waterborne pathogens, causing diarrhea, abdominal pain, and malnutrition, particularly 

among children. Among the most prevalent of these parasites are Giardia lamblia, Entamoeba 

histolytica, and Cryptosporidium parvum. Several studies conducted in Iraq have reported 

the presence of these parasites in drinking water, posing a direct threat to public health 

[22, 23]. 

 

2. Materials and Methods 

2.1 Sample Collection and Study Area 

A total of 100 drinking water samples were collected from seven locations in Tikrit 

City and its surrounding areas (Al-Arbaeen, Al-Zuhour, City Center, Al-Qadisiyah, 100-

Dar, Al-Fursan, and Al-Suqour) from the beginning of January to the end of May. Water 

samples were collected in sterile 500-mL disposable plastic containers. Each sample was 

appropriately labeled and transported to the Parasitology Laboratory for examination 

(Figure 1). 
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Figure 1. Geographic location of Tikrit City 

2.2 Detection of Parasites in Water Samples 

Water samples were examined for the presence of protozoan cysts and oocysts using 

the direct wet mount technique, Lugol’s iodine staining, and the modified Ziehl–Neelsen 

staining method. The direct wet mount and Lugol’s iodine techniques were used to detect 

Giardia lamblia cysts, whereas the modified Ziehl–Neelsen stain was employed to 

identify the pink-red oocysts of Cryptosporidium parvum (Images 1 and 2) [11, 12]. 

 

Image  1:              Cryptosporidium oocysts (100X)  Image  2:         Giardia oocysts (40X) 

3.Results 

The present study investigated the prevalence of parasitic contamination in drinking 

water in Tikrit City, Iraq. The results revealed that 23% of the collected samples were 

contaminated with protozoan parasites (Table 1). 

Total Samples Examined Positive Samples Infection Rate (%) 

100 23 23 % 

Table 1. Overall Prevalence of Parasitic Contamination 
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As shown in Table 2, the highest prevalence rates were recorded in Al-Suqour (40%) 

and Al-Fursan (33.3%), whereas the lowest prevalence rates were observed in Al-Zuhour 

(14.2%), 100-Dar (15.3%), and the City Center (15.3%). 

Table 2. Prevalence of Parasitic Contamination in Drinking Water Samples 

Collected from Different Areas of Tikrit 

Sampling Area Examined Samples Positive Samples Infection Rate (%) 

Al-Arbaeen 15 3 20 % 

Al-Zuhour 14 2 14.2 % 

Al-Qadisiyah 13 2 15.3 % 

Total 15 3 20 % 

Al-Arbaeen 13 2 15.3 % 

Al-Zuhour 15 5 33.3 % 

Al-Qadisiyah 15 6 40 % 

Total 100 23 23 % 

 The results also demonstrated variations in infection rates according to the sampling 

month. The highest prevalence rate was recorded in May (40%), followed by April (35%), 

whereas the lowest prevalence rate was observed in December and February (10% each) 

(Table 3). 

Table 3. Prevalence of Parasitic Contamination According to Sampling Month 

Month Examined Samples Positive Samples Infection Rate (%) 

December 20 2 10 % 

February 20 2 10 % 

March 20 4 20 % 

April 20 7 35 % 

May 20 8 40 % 

Total 100 23 23 % 

Furthermore, two species of protozoan parasites were identified in the examined 

water samples (14%) Giardia lamblia and (9%) Cryptosporidium parvum (Table 4). 

Table 4. Distribution of Protozoan Parasites Identified in Drinking Water Samples 

from Tikrit 

Parasite Examined Samples Positive Samples Infection Rate (%) 

Giardia lamblia  

100 
14 14 % 

Cryptosporidium parvum 9 9 % 

Total 100 23 23 % 

 

4. Discussion 

Water contamination represents a major global public health concern and is 

responsible for numerous deaths annually, particularly among children and the elderly. 

Water pollution includes microbial contaminants such as bacteria, viruses, and parasites, 

as well as chemical pollutants such as heavy metals, resulting in the deterioration of water 

quality and rendering it unsuitable for human, animal, and plant consumption. During the 

last decade, the incidence of waterborne diseases, particularly those caused by parasites, 

has increased as a consequence of sewage contamination, with approximately 80% of 

untreated wastewater being discharged into the environment and contaminating rivers. 

Waterborne parasitic diseases can cause endemic and epidemic outbreaks in both 

developing and developed countries [2]. Therefore, identifying these organisms is essential 

for improving water quality and protecting public health. 

The results of the present study showed that the prevalence of parasitic 

contamination in drinking water samples collected from Tikrit City was 23%, with 23 

positive samples out of 100 examined. This finding indicates the presence of considerable 
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parasitic contamination in some drinking water sources, which may be attributed to 

inefficient treatment and disinfection processes, contamination of distribution networks, 

and possible leakage of sewage into water pipelines, particularly in areas suffering from 

aging infrastructure. These findings are consistent with those reported by Baldursson and 

Karanis, who emphasized that waterborne protozoan parasites remain a significant global 

public health problem, especially in developing countries. 

A clear variation in infection rates was observed among the sampling locations. Al-

Suqour (40%) and Al-Fursan (33.3%) exhibited the highest prevalence rates, whereas Al-

Zuhour (14.2%), the City Center (15.3%), and 100-Dar (15.3%) showed the lowest rates. The 

prevalence rate was 20% in both Al-Arbaeen and Al-Qadisiyah. This variation may be 

attributed to differences in water distribution system efficiency, maintenance practices, 

population density, domestic water storage methods, and the possibility of secondary 

contamination within storage tanks and pipelines. These findings are in agreement with 

the World Health Organization (WHO in 2022), which identified contamination of water 

distribution systems as one of the major causes of waterborne disease transmission. 

The results also revealed seasonal variations in parasite prevalence, with 

contamination rates increasing during spring and early summer compared with winter 

months. The higher prevalence observed during April and May may be explained by 

elevated temperatures, increased biological activity of parasites, and the effects of rainfall 

and flooding, which can facilitate the transport of contaminants and sewage into water 

sources. Increased water consumption and secondary contamination within distribution 

systems and household storage tanks may also contribute to this trend. Moreover, warm 

climatic conditions favor the survival of protozoan cysts and oocysts, particularly those of 

Giardia lamblia and Cryptosporidium parvum, thereby increasing the likelihood of 

transmission to humans. 

These findings are consistent with those of Efstratiou et al., who reported higher 

prevalence rates of waterborne protozoan infections during warmer seasons due to 

favorable environmental conditions that enhance parasite survival and dissemination. 

Similarly, Baldursson and Karanis indicated that climatic and seasonal factors have a direct 

impact on protozoan contamination of water sources, with contamination rates generally 

increasing during spring and summer. Furthermore, the World Health Organization 

(WHO) emphasized that environmental and climatic conditions, together with the 

efficiency of water treatment processes, are among the most important determinants of 

waterborne disease transmission [24]. 

These results suggest that the risk of parasitic contamination of drinking water in 

Tikrit City increases during warmer months, highlighting the need for intensified 

monitoring programs and routine water quality assessments during these periods. 

Enhancing the efficiency of water treatment and disinfection processes is essential for 

reducing parasite transmission and safeguarding public health. 

The study further demonstrated that Giardia lamblia was the most prevalent parasite, 

with a prevalence rate of 14%, compared with 9% for Cryptosporidium parvum. The higher 

prevalence of Giardia may be attributed to the ability of its cysts to survive for prolonged 

periods in aquatic environments and their relative resistance to adverse environmental 

conditions, thereby increasing the likelihood of transmission through drinking water. 

These findings are consistent with those of Efstratiou et al., who reported that Giardia is 

among the most widespread protozoan parasites found in surface and drinking water 

worldwide. 

The persistence of Cryptosporidium parvum in water samples may be explained by the 

resistance of its oocysts to conventional chlorination processes, allowing them to remain 

viable even after treatment. This observation is supported by Ryan et al., who identified 

Cryptosporidium as one of the most important waterborne pathogens due to its 

remarkable resistance to environmental stressors [25]. 

The findings of the present study are also consistent with those reported by Al-

Delaimy et al. in Iraq, who documented a considerable prevalence of protozoan parasites 

in various water sources, with Giardia lamblia being among the most frequently detected 

species. Likewise, the results agree with those of Al-Saqur et al., who reported parasitic 
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contamination in drinking water sources in southern Iraq, indicating that waterborne 

parasitic contamination remains a persistent problem in several Iraqi provinces. 

Overall, the present findings indicate that drinking water in Tikrit City may 

represent an important source of intestinal parasite transmission. Consequently, 

strengthening public health surveillance programs for water treatment plants and 

distribution networks, conducting regular parasitological examinations of drinking water, 

and increasing public awareness regarding the cleaning of household water tanks and the 

use of filtration systems or boiling water when necessary are recommended to reduce the 

spread of parasites and protect public health. 

 

5. Conclusions 

The findings of the present study demonstrate that drinking water in Tikrit City 

constitutes a potential source of intestinal protozoan parasite transmission. The overall 

prevalence of parasitic contamination reached 23%, indicating the continued presence of 

public health risks associated with drinking water quality in certain areas of the city. 

Among the detected protozoan parasites, Giardia lamblia exhibited a higher prevalence 

than Cryptosporidium parvum, which may be attributed to the prolonged environmental 

persistence and survival of Giardia cysts under adverse conditions. The study also 

revealed considerable spatial variation in contamination rates among the investigated 

areas, as well as an increase in parasite prevalence during the warmer months, 

emphasizing the influence of environmental conditions and the efficiency of water 

treatment and distribution systems on parasite transmission. 

These findings highlight the urgent need to strengthen routine monitoring programs 

for drinking water quality, improve the efficiency of water treatment and disinfection 

processes, and implement regular parasitological surveillance of drinking water supplies. 

Furthermore, increasing public awareness regarding the proper maintenance and cleaning 

of household water storage tanks, together with the use of appropriate filtration systems 

or boiling water when necessary, is essential for reducing the transmission of waterborne 

parasitic diseases and safeguarding public health. 
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