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 Abstract  

Purpose: The aim of this study is to detect the presence of waterborne 

parasites in the treated wastewater in Rada'a city. 

Study Design: An Experimental Research Design. 

Materials and Methods: Waterborne parasites in the collected samples 

were concentrated using formol ether and zinc sulphate techniques and then 

microscopically analyzed to identify protozoa and helminth eggs. Fifteen 

treated sewage samples were randomly collected from different positions of 

wastewater treatment plant in three different months of 2019 (May, June and 

August) with three replications. Each sample was collected in one-litre 

volume and recorded as original sample. Parasite analysis was done using 

the McMaster worm egg counting slides with chamber size of 0.3 mm. 

Results: In this study, Giardia lamblia was found in a high percentage in 

comparison to other parasites, followed by Entamoeba histolytica, 

Entamoeba coli.  The majority of parasite eggs in the treated wastewater 

samples were related to Hookworm and Ascaris lumbricoide followed by 

Taenia saginat and Enterobius vermicularis. Furthermore, Cryptosprodium 

oocyst and Fasciola hepatica eggs were rarely detected.  
Conclusion: The observed pattern of contamination demonstrated that the 

quantity of parasites in sewage after treatment exceeded the permitted levels 

and it is necessary to modify the treatment process of wastewater to prevent 

the possible spread of parasitic contamination. 

 

1. Introduction 

Sewage discharges are the most risk factors for the introduction of parasites 

(enteropathogens) into lakes, streams and ground water that serves as an important vehicle of 

pathogen transmission in unhygienic conditions. Surface drinking water or water storage 

containers are readily contaminated by faecal matter, resulting in a high background level of 

infectious parasites in developing countries (5-12 episodes per child/year) (Hespanhol, 1997; 

Guerrant et al.,1990). Basically, sewage contains chemical contaminants (organic and 

inorganic compounds), microorganisms and useful nutrients which improve soil fertility (Zurit 

& White, 2014). However, the use of untreated sewage causes risks of transmission of diseases 

to the community (Okoh et al., 2007).  
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Microorganisms in sewage are a mixture of pathogenic and non-pathogenic. These 

organisms can be found in sewage effluents, livestock (cattle, sheep, etc.), farming activities, 

domestic animals and wildlife. Most of the pathogenic microorganisms available in sewage can 

be characterized as protozoa, helminths, bacteria or viruses. Several protozoan infectious 

agents have been recognized as waterborne pathogens such as Giardia lamblia, 

Cryptosporidium parvum, Entamoeba histolytica and Entamoeba coli (Steiner, Thielman, & 

Guerrant, 1997). Helminth eggs are also other common parasitic elements that can be 

documented in sewage water. The most common types of helminths detected in sewage are 

Roundworm, Whipworm, Threatworms and Hookworms (Miegeville et al., 2003). The variation 

of the different types and concentrations of parasites in untreated wastewater through the year 

seasons depends on human activity, intensity of domestic animals, the seasonality of infections 

and/or concentration of non-domestic wastewater (WHO et al., 2006).  

Direct discharge of crude, untreated sewage into recreational areas will cause a serious 

risk to public health. Control of sewage pollution by holding sewage in storage for varying 

periods of time is practised by most of the countries in the world to reduce environment 

pollution (Miranzadeh & Mahmodi, 2002).The techniques used for sewage treatment vary 

widely, of these, lagooning, primary plus secondary treatment, tertiary treatment and 

disinfection. Using all these techniques will effect a significant reduction in index organism 

and pathogen contamination of treated wastewater (Patricia et al., 2008). Parasitic elements 

such as worm eggs and protozoa cysts are often detected in sewage because these elements 

have high resistance to chlorine or ozone commonly used in wastewater treatment systems 

(Hatam et al., 2015; Alouini, 1993).  

Treated wastewater is a source for irrigation and fertilization in agriculture in many 

countries of the world. However, the use of untreated or partially treated wastewater causes 

severe risks and possible transmission of diseases to farmers, plants irrigated by this water and 

maybe into surface sources of drinking water. Protozoa and some other types of helminths have 

been reported as the most resistant parasites to wastewater treatment methods that facilitate 

their survival and prevalence in the environment. Therefore, sewage treatment plants have the 

potential to be a source of parasitic  contamination to our environment, drinking water  and 

agriculture fields if the treatment processes used do not sufficiently treat the effluents before 

being discharged (Lim, Hafiz, & Nissapatorn, 2007). Given this background, this study is an 

attempt to investigate the presence of parasites in the treated sewage from Rada's wastewater 

treatment plant. 

2. Methodology and Procedures 

In this study, fifteen treated sewage samples were randomly collected from different 

positions of wastewater treatment plant in three different months of 2019 (May, June and 

August) with three replications. Each sample was collected in one-litre volume and recorded 

as original sample. 
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Samples Preparation 

The collected samples of the treated sewage water were subjected to filtration 

immediately after collection using nylon tea strainer to remove debris or sand pollution. 

Filtered samples were placed at rest for 2 hours to allow parasite precipitation, and then, 90% 

of the supernatant was removed using a vacuum pump. Sediments were transferred into 

centrifuge tubes and centrifuged at 1000g for 15 minutes. The supernatant was discarded and 

each sediment was suspended in 10 ml of buffer (pH = 4.5). 

 

Parasites Concentration   

The formol-ether concentration technique was used to concentrate a wide range of 

parasites from water.  Prepared samples were transferred into Falcon tubes and centrifuged at 

1000g for 1 minute. Supernatant was discarded and sediment was suspended in 6ml of 10% 

formol water. After mixing, 4ml of diethyl ether were added into tube and the whole contents 

in the tube were mixed by vortexing until a uniform mixture was achieved. The mixture was 

centrifuged at 1000g for 1 minute. The supernatant (ether, water debris and formol water) was 

removed using Pasteur pipette and the pellet is either suspended in saline if sample used for 

wet preparation, smears preparation and protozoa numeration (Cheesbrough, 2004), or 

suspended in zinc sulphate solution 33% (1.18 density) and recorded as final volume if the 

sample is used for helminth eggs quantification (Eaton et al., 2005).  

 

Wet and Smears Preparation  

For detecting protozoa trophozoites, we used the direct examination method. Small 

amount of sample suspension was transferred into a slide and covered with glass round cover. 

For smears preparation, about 0.1ml of suspension was transferred by Pasteur pipette into one 

end of the sterilized glass slide and immediately spread into a thin film using a smooth-edged 

slide spreader. Smears were left to dry for few minutes and then fixed in absolute methanol for 

ten seconds.  After drying of alcohol, smears were stained using different types of vital stains 

such as: Methylene blue, Carbol fuchsin, Red methyl, Indian ink and Giemsa.  Ziehl-Neelsen 

method was used for Cryptosporidium diagnostic. All stains brought as working solution from 

commercial sources and each stain was used as described by Cheesbrough  (2005). The 

prepared smears and wet preparations were examined under light microscope using 40X 

objective to observe protozoa and 10X objective for the observation of helminth eggs.  

Parasites Numeration  

Parasite analysis was done using the McMaster worm egg counting slides with chamber 

size of 0.3 mm as described in the standard methods by Eaton, 2005. The Zinc sulphate-

sediment mixture was quickly transferred to McMaster slide chambers using a Pasteur pipette. 

The slides were placed on a flat surface for 5 minutes to allow the eggs to float on the surface.  

McMaster slides were placed under microscope and observed by 40X objective. All helminth 
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eggs found in the grid chamber were counted carefully. Finally, the number of eggs per litre of 

sample was calculated using the following equation: 

N=AX/PV×1 

N: Number of eggs per litre of sample;  

A: The number of parasite eggs counted per slide (average of two or three slides);  

X: Volume of the final sample;  

P: Volume of McMaster slide (0.3 mL);  

V: Volume of the original sample (L). 

Protozoa were enumerated after the concentration of the sample size 1 litre to 1 mL by using 

the chamber Nebular slide, according to the following equation:  

(Number of organisms/mL= number of organisms counted/number of mm5m3\ μL). 

However, the methods utilized to detect or to count the protozoan parasites do not differentiate 

between viable and nonviable organisms (Ortolani, 2000). 

3. Results and Discussion 

In this study, we have detected different types of parasites in treated wastewater mostly 

related to protozoa and helminths. Microscopic examination of wet and smear preparations 

showed the presence of different stages (cysts, trophozoits or oocysts ) for Entamoeba 

histolytica ,  Entamoeba coli.  (Figure- 1a-f) and Giardia lamblia (Figure-2). Cryptosprodium 

oocysts were detected in Ziel Neelsen preparation (Figure-1g) 

The results showed that using different vital stains was useful for identifying protozoa 

stages. For example, Methylene blue facilitates differentiating between cyst stages of 

Entamoeba histolytica  and Entamoeba coli . Moreover, flagella in Giardia trophozoites clearly 

appear in carbol fuchsin preparation in comparison with saline wet preparation, whereas cyst 

stage of this parasite was detected in Methylene blue Indian ink and saline preparations. 

 

Figure 1: (a) Entamoeba histolytica trophozoite (saline), (b) Entamoeba histolytica trophozoite 

(Methylene blue), (c) Entamoeba histolytica cyst (Methylene blue), (d) Entamoeba coli  

trophozoite (saline),(e)Entamoeba coli cysts (saline), (f)Entamoeba coli cysts (Methylene blue), 

(g) Cryptosprodium oocyst (Ziel Neelsen). 
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In addition to protozoa, five types of helminth eggs including  Hookworms, Ascaris 

lumbricoide , Taenia saginat, Fasciola hepatica and Enterobius vermicularis  were clearly 

detected in iodine and  saline preparations  as shown in figure no.3. 

 

 

 

 

 

The mean abundance and dominance of parasites were determined for all samples 

collected in May, June and August, individually. Generally, Giardia lamblia was found in most 

abundance followed by Entamoeba histolytica, Entamoeba coli, Hookwarms eggs and Ascaris 

lumbricoide eggs respectively. Fasciola hepatica eggs and Cryptosprodium oocysts were 

observed with low frequency, solely, in August samples, whereas, Taenia saginat eggs were 

detected in June samples with moderate number. The samples collected in May included a 

significant number of Enterobius vermicularis eggs which were not observed in other months 

(Table-1). 

 

 

 

 

Figure 2: (a) Giardia trophozoite (Carbol fuchsin), (b) Giardia cysts(Methylene blue), (c) 

Giardia cysts(Indian ink), (d) Giardia cysts and Entamoeba coli  trophozoite (saline). 

 

Figure3: (a) Ascaris lumbricoide fertilized egg (b) Hookworm egg, (c) Taenia saginat egg, (d) 

Fasciola hepatica egg, (e) Enterobius vermicularis egg. 
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Table1: Mean Number and Dominance of Parasites in Different Sampling Points. 

Source: Authors 

In comparison to parasite abundance (percentage %) during the targeted time points, 

the abundance of detected protozoa decreased gradually from May to August except 

Cryptosprodium oocycts that was absent in May and June in the tested samples. For helminths, 

the abundance of Hookworms eggs and Ascaris lumbricoide eggs was higher in June in 

comparison to their presence in the other months (Figures-4A, 4B and 4C). 

 

Figure 4a: Mean dominance of parasites in May sampling point. 
 

 

 

Name of 

Parasite 

No. Of 

Parasite/lit 

in May 

Dominanc

e in May 

No. Of 

Parasite/lit 

in June 

Dominance 

in June 

No. Of 

Parasite/lit 

in August 

Dominance 

in August 

Hookworm(eggs) 50 8.46% 37 5.27% 55 7.60% 
Ascaris 

lumbricode 
57 9.64% 40 5.69% 30 4.14% 

Taenia saginat 

(eggs) 
- - 35 4.98% - - 

Fasciola hepatica - - - - 12 1.65% 
Enterobius 

vermicularis 

(eggs) 

40 6.76 - - - - 

Giardia 

lamblia(cysts and 

trophozoits) 

210 53.53% 290 41.31% 315 43.56% 

Entamoeba 

histolytica(cysts 

and trophozoits) 

140 23.68% 180 25.64% 125 17.28% 

Entamoeba 

coli(cysts and 

trophozoits) 

94 15.9% 120 17.09% 106 14.66% 

Cryptosprodium 

(Oocysts) 
- - - - 80 11.06% 
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Wastewater is a reliable source of water which is often used for irrigation purpose, 

especially in those areas with limited availability of fresh water. However, the treatment of 

wastewater is critical for the elimination of waterborne parasites including protozoa and 

helminths. The efficacy of treatment method that is employed in wastewater treatment plan 

Figure 4c:  Mean dominance of parasites in August sampling point. 

Figure 4b: Mean dominance of parasites in June sampling point.  
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should be performed repeatedly through the investigation of abundance of pathogenic parasites 

in the treated wastewater.  

In our study, the results reveal that most of the waterborne parasites observed in 

wastewater treatment plant in Rada’a city are related to Giardia lamblia, Entamoeba 

histolytica, Entamoeba coli, Hookworms and Ascaris lumbricoide which exceed the permitted 

levels by WHO guidelines 2006. These kinds of parasites may get more resistance to treatment 

materials. The presence of amoeba and Giardia trophozoits were detected in almost all the 

samples diagnosed which indicates their ability to survive treatment processes (Yoder & Beach 

2010). According to WHO guidelines, treated wastewater should contain ≤ 1 egg of helminth 

per litre to be suitable for use in restricted and unrestricted agriculture.  In case of protozoa 

parasites, a reduction of 6-7 log units for unrestricted agriculture and 2-3 log units for restricted 

agriculture is required (WHO, 2006). A study conducted by Marin in Spain on the efficiency 

of wastewater treatment plant for elimination of pathogens identified the presence of Giardia 

and Acanthamoeba cysts in the treated sewage water, which is consistent with our study (Marín 

et al., 2014). On the other hand, our study is consistent with studies that detected Giardia cysts, 

Hookwarms eggs and Cryptosporidium oocysts in treated sewage water (Cheng et al., 2009; 

Tonani et al., 2011).  

The concentration of parasites in treated wastewater depends mainly on efficacy of the 

treatment system, initial concentration of parasites in raw sewage, types of parasites and their 

resistance level (Kolawole & Kan 2016; Jimenez et al ., 2017). Therefore, disappearance of 

some types of waterborne parasites in our study may be due to the effect of these factors. 

Generally, in the treated wastewater, the concentration of protozoa was significantly higher 

than helminth eggs. This may be due to their small size and high resistance to treatment system 

(Alouini, 1993). It is possible to reduce the helminth eggs up to the permissible limit of WHO 

(less than 1 egg/L) (Tyagi et al., 2011), also, the removal efficiency for Giardia cysts in a study 

by Wiandt et al was 99% and 99.5- 99.8% (Wiandt, 2000). To achieve this level, well-designed 

treatment systems should be used for removing highly resistant pathogenic organisms such as 

helminths and protozoa. 

4. Conclusion and Suggestion 

The present study aimed at detecting the pathogenic waterborne parasites in the treated 

wastewater of Rada'a city, Republic of Yemen. The results of the study indicate that the 

quantity of parasites in sewage after treatment exceeded the permitted levels and it is necessary 

to modify the treatment process of wastewater to prevent the possible spread of parasitic 

contamination.The proper treatment of wastewater is important to protect the public from risks 

acquired through prevalence of pathogenic microorganisms including protozoa and helminthes. 

Therefore, it is important to monitor the function and maintenance of wastewater treatment 

systems to ensure the removal and destruction of waterborne parasites in water effluent from 

wastewater treatment plants. 
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