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Conventional drinking water treatment plants (CDWTPs) and compact 

units (CUs) are the main 2 types of drinking water treatment using 

freshwater as a source for drinking water in Egypt. The Egyptian standards 

for drinking water denied the presence of any type of living protozoa in 

drinking water produced for human use.  

In the present study, raw and finished water samples were separately 

collected from a CDWTP and a CU in Giza governorate, Egypt. Samples 

were separately concentrated through nitrocellulose membrane filters 

(0.45µm pore size). Potentially pathogenic free-living amoebae (FLAs) were 

detected in the concentrates by cultivation and PCR.  

By culture and microscopy, five genera of free-living amoebae 

(Acanthamoeba, Vahlkampfia, Hartmannella, Naegleria and Vannella) were 

encountered from inlet water samples of the 2 treatment systems. Obtained 

data declared that 87.5% and 91.7% of inlet water from CDWTP and CU, 

respectively contained potentially pathogenic FLAs that were also isolated 

from 20.8% and 45.8% of finished water samples from CDWTP and CU, 

respectively. Of the isolated FLAs from inlet water samples, Acanthamoeba 

were detected in finished water samples of both CDWTP and CU, while 

Hartmannella were isolated from finished water of only CU. Removal of 

FLAs reached 76.2% in CDWTP, while it reached only 50% in CU. 

Molecularly, only three genera were encountered representing Acanth-

amoeba, Hartmannella and Naegleria but with a lower incidence than that 

revealed by the culture method. 

In conclusion, inlet water samples from both CDWTP and CU contained 

potentially pathogenic FLAs. Although CDWTP was more effective than 

CU in removing free-living amoebae, still some of these organisms could be 

detected in finished water and thus cause health risk hazards to consumers. 
 

INTRODUCTION  

 

Safe and clean drinking water is considered one of the human right essentials. 

Waterborne diseases caused by biological agents, like pathogenic protozoa, bacteria, 

viruses and helminthes, are the most common and widespread health risks associated 

with drinking water (WHO, 2011). Protozoa represent an extremely diverse group of 

unicellular organisms; some of them are considered problems for the water industry. 

mailto:alherrawy@gmail.com
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Moreover, they are resistant to inactivation by chemical disinfectants used in drinking 

water act. These parasites generally cause diarrhea and gastroenteritis of varying 

severity, although more serious consequences (including death) can occur (APHA, 

2018). 

In the United States, 18% of drinking water-associated outbreaks between 1971 

and 2006 were caused by protozoa (Craun et al., 2010). Of the 325 water associated 

protozoan disease outbreaks reported worldwide, Acanthamoeba spp., and Naegleria 

fowleri were associated with 0.3% of outbreaks, but a definitive association between 

drinking water and disease outbreaks has yet to be established for some of these 

organisms (APHA, 2018). Free-living amoebae are distributed everywhere in the 

environment (Gill and Fast, 2006; Anjum et al., 2019). 

A conventional drinking water treatment plant (CDWTP) consists of 4 different 

steps (WHO, 2004), beginning with the intake water (raw surface water). Raw water 

from the intake is sucked in pipes having coarse metal sieves with 4cm pore size for 

prevention of coarse objects from getting entrance with sucked water. The sieved raw 

water is pumped to coagulation and precipitation basins where it is mixed with 

aluminum sulfate to aid in the flocculation and precipitation of the debris and 

microorganisms found in raw water. After that, the clear water on the top of 

sedimentation basins is collected and passed on sand filters to get rid of the remaining 

microorganisms as well as escaped very small particulates. Filtered water is then 

collected in storage tanks where it is injected with chlorine dose of 2mg/liter for 

disinfection. The disinfected water (outlet water) is ready to be pumped and 

distributed to the consumers as a drinking water (WHO, 2004).  

The major two types of drinking water treatment plants are conventional 

drinking water treatment plant (CDWTP) and compact unit (CU). Conventional 

drinking water treatment plants produce larger amounts of water compared to compact 

units, so they were widely used in large municipal water systems by the 1920s. 

Drinking water systems having rapid sand filters use relatively coarse, sand and other 

granular media to remove impurities and particles that have been trapped 

in flocs through the use of chemicals (typically alum) for flocculation. After 

flocculation step, the unfiltered water flows through the filter medium under pumped 

pressure and the flocs are trapped in the sand matrix (WHO, 2004). Compact units 

consist of consequent treatment chambers ending with the production of drinking 

water. Typical CU systems include coagulation and flocculation lamella plates 

settling, sand filter and activated carbon filtration, polishing 5 or 10 micro-cartridge 

filters, followed by chlorination or UV. Standard systems are available to supply 

drinking water for 100 to 25,000 persons per unit (https://www.rwlwater.com/compact-

water-treatment-plants/). 

The most commonly used disinfection process is chlorination. Ozonation, 

ultraviolet irradiation, chloramination and application of chlorine dioxide are also 

used. These methods are very effective in killing bacteria and can be reasonably 

applied for inactivation of viruses (depending on type), and some may inactivate 

trophic stages of protozoa. For effective removal or inactivation of protozoan cysts 

and oocysts, filtration with the aid of coagulation and flocculation (to reduce particles 

and turbidity) followed by disinfection (by one or a combination of disinfectants) are 

the most practical methods (WHO, 2011). 

It is essential that an overall management strategy is implemented in which 

multiple barriers, including source water protection and appropriate treatment 

processes, as well as protection during storage and distribution, are used in 

conjunction with disinfection to prevent or remove microbial contamination (WHO, 

https://en.wikipedia.org/wiki/Floc
https://en.wikipedia.org/wiki/Alum
https://en.wikipedia.org/wiki/Flocculation
https://en.wikipedia.org/wiki/Media_filter
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2011). Over 600 cases of amoebic encephalitis caused by pathogenic free-living 

amoebae have been reported worldwide and in Japan, 24 cases have been reported 

from the first case in 1976 up to 2018. Therefore, encephalitis caused by pathogenic 

free-living amoebae should be added to the differential diagnosis of encephalitis 

patients (Hara et al., 2019). So, the aim of the present work is to compare between 

two different drinking water treatment facilities (CDWTP and CU) for the removal of 

potentially pathogenic FLAs.  

 

METHODOLOGY 

 

Samples and sampling sites 

Water samples were collected from two different drinking water treatment 

facilities (a conventional drinking water treatment plant and a compact unit) in Giza 

district, Egypt. Four different sampling locations namely: a) Inlet (surface or 

freshwater) of a conventional drinking water treatment plant;  b) Outlet (finished or 

completely treated drinking water) of a conventional drinking water treatment plant; 

c) Inlet (surface or freshwater) of a compact unit; d) Outlet (finished or completely 

treated drinking water) of a compact unit.  

Water samples were collected for a one year period (from February 2017 to 

January 2018) for the detection of potentially pathogenic FLAs. Collected water 

samples were transported in ice-box at 4-8
o
C to the laboratory at the same day of 

collection (HPA, 2004; ISO/FDIS, 2006). 

Water samples (one litre from each sampling site) were separately collected in 

sterile polypropylene containers and used for the detection of potentially pathogenic 

FLAs.  

Concentration and culturing of FLAs 

One litre of each water sample was collected in a sterile autoclaved plastic 

bottle and used for the detection and cultivation of potentially pathogenic free-living 

amoebae. The sterile one litre of each sample was filtered under a sterile condition 

through 0.45 µm nitrocellulose membrane (47mm in diameter) using stainless steel 

vacuum filter holder (Sartorius) and then the membrane was placed face to face on 

non-nutrient (NN) agar plate covered with dead Escherichia coli and incubated at 

37ºC for one week with daily microscopic examination to detect genera of FLAs 

(Page, 1988). 

Molecular detection of FLAs 

The surfaces of NN agar plates, cloned with free-living amoebae, were 

separately washed with sterile PBS buffer and the washing solution (containing FLAs) 

was then centrifuged at 250xg for 5-10min. Extraction of DNA from amoebae was 

performed using a MagaZorb® DNA Mini-Prep Kit (Madison, USA) according to the 

manual instructions.  

The PCR reactions were separately done using different primer pairs for the 

previously detected Acanthamoeba, Naegleria, Vermamoeba, Vahlkampfia and 

Vannella isolates by culture method (Table 1).  

Amplification of each protozoan DNA was performed using GoTaq G2 Green 

Master Mix (Promega, USA) according to the manufacturer manual. PCR reaction 

mixture per sample consisted of 12.5μl master mix, 3μl template DNA, 1μl of each 

primer (conc. 10pmol) (Table 1), and 7.5μl nuclease-free water. The thermal profile 

for each protozoan was shown in Table 2. 

Electrophoresis was carried out in a horizontal electrophoresis system (Power 

Pac Basic, Bio-Rad, Munich, Germany) at 120 volts for 20min using gels composed 
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of 1.6% agarose, 1% TAE buffer and 5μL of RedSafe™ Nucleic Acid Staining 

Solution (Intron Biotechnology, Korea) per 100mL. The results were visualized under 

UV radiation (PCI-Gel-Imager, Intas, Göttingen, Germany). The obtained data were 

statistically analyzed by paired t-test and two samples t-test using Minitab statistical 

program (Minitab Inc., Pennsylvania, USA). P values less than 0.05 were considered 

significant. 
 

Table 1: Specific primers used for molecular detection of tested free-living amoebae 

Parasite name Primer 

name 

Primer sequence (5`-3`) Target 

genome 

Product 

length(bp) 

Reference 

Acanthamoeba 

 spp. 

AcantF900 Cccagatcgtttaccgtgaa 18S r RNA 

gene 

About 180  Qvarnstrom et 

al.,  2006 AcantR1100 taaatattaatgcccccaactatcc 

Naegleria spp. Nae3-For Caaacaccgttatgacaggg 18S r RNA 

gene 

183 Schild et al.., 

2007 Nae3-Rev Ctggtttcccttaccttgcg 

Hartmannella 

vermiformis 

Hv1227F Ttacgaggtcaggacactgt 18S rRNA 

gene 

502/503 Kuiper et al., 

2006 Hv1728R Gaccatccggagttctcg 

Vahlkampfia 

spp. 

JITS Gtcttcgtaggtgaacctgc 18S rRNA 

gene 

 

About 500 
De Jonckheere 

& Brown, 2005 JITS Ccgcttactgatatgcttaa 

Vannella spp. NA1 Gctccaatagcgtatattaa 18S rRNA 

gene 

800 Lasjerdi et al., 

2011 NA2 Agaaagagctatcaatctgt 

 
Table 2: PCR thermal profile for tested free-living amoebae 

 

Protozoa  

 

Pre-denaturation 

 

Thermal cycles 

Final 

extension 

 

Reference 

Acanthamoeba 

spp. 
95oC for 3min 

 

35 cycles each at 

95oC for 30sec 

63oC for 30sec 

72oC for 90sec 

72°C for   

10min 
Qvarnstrom et al., 2006 

Naegleria spp. 95oC for 10min 

 

40 cycles each at 

95oC for 30sec  

58 oC for 30sec                      

72oC for 30sec 

72°C for   

10min. 
Schild et al., 2007 

Hartmannella 

vermiforms 
95oC for 3min 35 cycles each at 

94oC for 30sec 

63oC for 30sec 

72oC for 30sec 

72 °C for  

10min 
Kuiper et al., 2006 

Vahkamphia spp. 95oC for 3min 

 

35 cycles each at 

95oC for 30sec 

55oC for 30sec 

72oC for 90sec 

72°C for   

10min 
De Jonckheere and 

Brown, 2005 

Vannella spp. 95oC for 10min 

 

40 cycles each at 

95oC for 30sec  

57 oC for 30sec                      

72oC for 30sec 

72°C for   

10min. 
Lasjerdi et al., 2011 

 

RESULTS AND DISCUSSION 

 

Ensuring the microbiological safety of drinking water is of paramount 

importance. So, source water quality should be routinely characterized. Monitoring of 

source water for protozoa can be targeted by using information about sources of fecal 

contamination from a sanitary survey, together with historical data on rainfall, river 

flow and turbidity, to help to identify the conditions that are likely leading to peak 

http://aem.asm.org/search?author1=Melanie+W.+Kuiper&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Melanie+W.+Kuiper&sortspec=date&submit=Submit
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events (Federal-Provincial-Territorial Committee on Health and the Environment, 

2012). 

In the present study, pathogenic free-living amoebae were detected in 87.5% and 

91.7% of raw water samples from the examined conventional and compact drinking 

water treatment plants, respectively. Consequently, FLAs were detected in 20.8% and 

45.8% of treated (finished) water samples from conventional and compact DWTPs, 

respectively (Table 3). Other researches, conducted in Minofeya governorate, Egypt, 

declared that all examined water samples from the inlet (raw surface water) of 

Shebeen Elkom DWTP had pathogenic free-living amoebae (Zard, 2017; Al-Herrawy 

et al., 2017). The predominance of free-living amoebae in various water types are 

resistant to extreme conditions of temperature, pH, and exposure to various chemicals 

(Thomas et al., 2008). Unlike true parasites, pathogenic FLAs can complete their life 

cycles in the environment without entering a human or animal host. Some of FLAs are 

pathogenic for humans (Martinez and Visvesvara, 1997). 

In another work in Fayoum governorate, Egypt, the occurrence of potentially 

pathogenic free-living amoebae ranged between 58.3% and 91.7% in different surface 

water inlets of 4 DWTPs (Al-Herrawy et al., 2015). These differences reflected the 

difference of raw water quality in different sites of the same country. 
 

Table 3: Total occurrence of potentially pathogenic FLAs in the examined DWTPs by culture and PCR. 

 Conventional DWTP Compact units 

 Raw Finished Raw Finished 
 Culture PCR Culture PCR Culture PCR Culture PCR 

Examined 

samples 

24 24 24 24 24 24 24 24 

Positive samples 21 18 5 4 22 21 11 9 

% 87.5 75.0 20.8 16.7 91.7 87.5 45.8 37.5 

 

Concerning the removal of free-living amoebae from drinking water, it was 

shown that conventional DWTP could get rid of 76.2% of FLAs present in the raw 

untreated water, while compact units removed only 50% of these organisms (Table 4). 

Also, the presence of free-living amoebae in the finished water (completely treated 

drinking water) was an indication that there were some defects in the application and 

performance of drinking water treatment steps.  

 
Table 4: Removal of pathogenic free-living amoebae in the examined DWTPs. 

 Pathogenic free-living amoebae 

Conventional DWTP Compact units 

 Raw Finished Raw Finished 

+ve samples 21 5 22 11 

Removed  16  11 

Removal %  76.2%  50% 

 

The presence of cyst stage (hard, dormant and persistent to harsh environmental 

conditions) in most species of FLAs (except Vannella) facilitated their escape from 

drinking water treatment steps. Also, the ability of FLAs to reproduce in the 

environment, without the need for a host, enabled these organisms to reproduce and 

increase in numbers wherever the suitable environmental conditions were present 

(Aksozek et al, 2002). Cysts have been known to survive in vitro for greater or equal 

to 20 years under adequate humidity and suitable temperature (Mazur et al, 1995). 

With the return of optimal and favorable conditions for growth, especially the 

presence of food, cysts germinate to give rise to trophic forms. 
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Statistically, the conventional drinking water treatment plant had a strong 

significant effect for removal of free-living amoebae (P-Value = 0.000) from the inlet 

raw water (Table 5). Also, the compact units for drinking water treatment had a 

significant effect for removal of free-living amoebae (P-value = 0.001). The 

conventional DWTP was more efficient than compact units for removal of FLAs 

(Table 6). 
 

Table 5: Paired T test for FLAs in raw  versus finished water of conventional DWTP. 

 N   Mean St Dev SE Mean 

Raw conventional DWTP  24   0.875000 0.337832 0.068960 

Finished conventional DWTP  24   0.208333 0.414851 0.084681 

Difference 24 0.666667 0.564660 0.115261 

95% CI for mean difference: (0.428232; 0.905102) 

T-Test of mean difference = 0 (vs not = 0): T-Value = 5.78  P-Value = 0.00 

 

Table 6: Paired T test for FLAs in raw versus finished water of compact units 

 N   Mean St Dev SE Mean 

Raw compact units  24   0.916667 0.282330 0.057630 

Finished compact units  24   0.458333 0.508977 0.103895 

Difference 24 0.458333 0.588230 0.120072 

95% CI for mean difference: (0.209946; 0.706721) 

T-Test of mean difference = 0 (vs not = 0): T-Value = 3.82  P-Value = 0.001 
 

In comparison between inlets of the two examined drinking water treatment 

plants, the obtained data declared that the inlet of compact units was more 

contaminated with parasitic protozoa and pathogenic FLAs than that of conventional 

DWTP (Table 3). At the same time, statistical analysis revealed that there was no 

significant difference (P-Value = 0.313) between the prevalence of FLAs in raw water 

collected from the inlets of both conventional DWTP and compact units (Table 7). 
 

Table  7: Two-Sample T-Test and CI: FLAs in raw water of conventional DWTP versus raw water of 

compact units 

 N   Mean St Dev SE Mean 

Raw conventional DWTP  24   0.833   0.381      0.078 

Raw compact units  24   0.708   0.464      0.095 

Difference = mu (Raw Conventional) - mu (Raw Compact)  Estimate for difference:  -0.125000    95% 

CI for difference: (-0.372005; 0.122005), T-Test of difference = 0 (vs not =): T-Value = -1.02 P-

Value=0.313    
 

The present work showed that there was a pronounced difference between the 

presence of pathogenic FLAs in produced drinking water from the two examined 

DWTPs. The finished water produced by conventional DWTP was less contaminated 

with pathogenic FLAs than finished water produced by compact units (Table 3). 

Consequently, statistical analysis proved that the obtained laboratory results agreed 

with that obtained by statistical analysis. Statistically, there was no significant 

difference (P-Value = 0.780) between the prevalence of FLA in the finished water 

obtained from the two different DWTP (Table 8). 

With respect to genera of FLAs isolated in the present work, 5 genera 

(Acanthamoeba, Vahlkampfia, Hartmannella, Naegleria and Vannella) were isolated 

from raw water samples, while only 2 genera (Acanthamoeba and Hartmannella) can 

persist treatment and escape to fully treated drinking water. In general, positive 

samples for FLAs in compact units exceeded those for FLAs in conventional DWTP. 
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Table 8: wo-Sample T-Test and CI: FLAs in finished water of conventional DWTP versus finished water 

of compact units 

 N   Mean St Dev SE Mean 

Finished conventional DWTP  13   0.231   0.439      0.12 

Finished compact units  11  0.182   0.405      0.12 

Difference = mu (0) - mu (1) 

Estimate for difference:  0.048951 

95% CI for difference:  (-0.310782; 0.408684) 

T-Test of difference = 0 (vs not =): T-Value = 0.28  P-Value = 0.780  DF = 22 

Both use Pooled St Dev = 0.4234. 

 

Members of genus Acanthamoeba were the most predominant FLAs in 

examined samples, followed by Hartmannella, Vahlkampfia, Naegleria and lastly 

Vannella (Table 9 and Figs. 1 & 2). These findings were nearly in accordance with 

those presented by Al-Herrawy and Gad (2017) in the examined Fayoum drinking 

water treatment plants and by Al-Herrawy et al. (2016) in swimming pools and sea 

water in Egypt. The basis for novel anti-infection therapies to unravel the host-

pathogen interactions has begun. Last but not least, amoebae as host cells are not 

constricted to bacteria or fungi. They can also be used to study the interaction with 

viruses such as the giant viruses from the ecological, evolutionary and medical point 

of view (Thewes et al., 2019). 
 

Table  9: Genera of pathogenic FLAs in the two examined drinking water treatment facilities by culture 

and PCR 

 Conventional DWTP Compact units 

 Raw Finished Raw Finished 

 Culture PCR Culture PCR Culture PCR Culture PCR 

Examined samples 24 24 24 24 

Positive 

samples 

+ve % 

Aca  

Har  

Nae  

Vah  

Van 

15(62.5) 13(54.2) 5(20.8) 4(16.7) 18(75.0) 16(66.7) 9(37.5) 8(33.3) 

6 (25.0) 6(25.0) - - 9 (37.5) 8(33.3) 1 (4.2) 1(4.2) 

3 (12.5) 3(12.5) - - 4 (16.7) 3(12.5) - - 

2 (8.3) 0 - - 7 (29.2) 0 - - 

1 (4.2) 0 - - 1 (4.2) 0 - - 

Aca=Acanthamoeba  Har=Hartmannella   Nae=Naegleria     Vah=Vahlkamfia      Van=Vannella 
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The present results showed that members of genus Acanthamoeba were the 

predominant FLAs in examined raw and finished water from both systems of drinking 

water treatment facilities (conventional and compact). Moreover, genus Acanthamoeba 

showed higher occurrence in compact units than in conventional DWTP. The same 

behavior occurred with Hartmanella, Vahlkampfia and Naegleria, while Vannella 

exhibited equal distribution in the 2 different treatment systems (Table 9 and Figure 2). 

These results were in accordance with that obtained by Zard (2017) in Minofeya 

governorate and Zaghlol (2015) in Fayoum governorate. Recognition of Acanthamoeba 

spp. at the genus level was based on distinguishing features of trophozoites and cysts, 

especially the double-walled cyst shape that was a unique to the genus. Acanthamoeba 

species have been classified into three different morphological groups (Pussard and 

Pons, 1977). 

Genera of FLAs other than Acanthamoeba were detected in lower incidences. In 

other words, all the detected genera of FLAs, except Acanthamoeba, in raw water 

samples of conventional DWTP disappeared completely from finished (tap) water. 

Concerning compact units for drinking water treatment, members of genera 

Acanthamoeba and Hartmannella could persist treatment and escaped to finished water 

(Table 9 and Figure 2). In our opinion, the double and hard cyst wall of Acanthamoeba 

and Hartmannella facilitated the escape of these amoebae from the killing action of 

chlorine used for disinfection of drinking water. Moreover, free-living and parasitic 

protozoa have been reported as causative agents of illness and after their exposure to 

higher concentrations of disinfectants, protozoa can survive longer than bacteria and 

viruses (Bonadonna et al., 2013). 

Waterborne parasites such as potentially pathogenic FLAs, that may cause severe 

health effects in humans and animals, have not been widely studied in developing 

countries. However, they have been studied more in developed countries and are known 

to be associated with severe infections in humans. In sub-Saharan Africa, due to lack of 

information, more studies are needed to establish the health importance of FLAs 

(Centers for Disease Control and Prevention, 2015). Several bacteria-fungi interactions 

have been reported, but mycorrhizal fungi mainly appeared as fungal organisms 

involved. Selective proliferation of bacteria on the proximity of mycelia of different 

fungi and introduced the concept of fungiphillic bacteria (Bacteria adapted to the 

exploitation of hyphal exudates as a carbon source (Bystransky et al., 2019). 

 

CONCLUSION 

  
The intakes of the examined drinking water treatment facilities harbored 

potentially pathogenic FLAs. The presence of potentially pathogenic free-living 
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amoebae in raw water and finished water should be considered a potential health 

threat. Regular examination of drinking water for the presence of FLAs must be 

performed as a routine test to prevent incidence of waterborne prootozoan outbreaks. 

The conventional DWTP was more efficient than compact units for the removal of 

potentially pathogenic FLAs. Culture methods demonstrate only the viable pathogenic 

FLAs in water, while the traditional PCR technique is responsible for the detection of 

genomes, whether they are living or dead. Better surveillance and management 

strategies are needed to assess the risk of waterborne transmission of these pathogens. 

 

RECOMMENDATION 

 

Further monitoring studies are required to understand the presence and 

circulation of FLAs in the Egyptian environment, particularly for Acanthamoeba 

species, to prevent future public infections. 
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ARABIC SUMMARY 
 

تنقيت مياه انشرب عن من محطاث انكشف عن وإزانت األميباث حرة انمعيشت انممرضت في نىعين مختهفين 

 طريق انسرع وتفاعم انبهمرة انمتسهسم

 

انهراوي زكريا أحمذ
1*

معروف عهي , محمذ 
1
, نىرا ربيع زغهىل 

2
, محمىد عفى جاد

1
 

 يصز -جٍشِ  -انًزكش انمٕيً نهجحٕس  -لسى ثحٕس رهٕس انًٍبِ  - ًطفٍهٍبد انجٍئانيؼًم  -1

 يصز -انفٍٕو  -انؼشة انجذٌذح  -شزكخ يٍبِ انشزة ٔانصزف انصحً ثبنفٍٕو  -انًؼًم انًزكشي  -2

 
( أْى َٕػٍٍ يٍ يحطبد رُمٍخ يٍبِ CUs( ٔانٕحذاد انًذيجخ )CDWTPsرؼذ يحطبد رُمٍخ يٍبِ انشزة انزمهٍذٌخ )

انشزة انزً رسزخذو انًٍبِ انؼذثخ كًصذر نًٍبِ انشزة فً يصز , ٔحٍش أٌ انًؼبٌٍز انمٍبسٍخ انًصزٌخ نًٍبِ انشزة رًُغ 

ُزجخ نالسزخذاو انجشزي. نذا فإٌ ْذف انذراسخ انحبنٍخ ْٕ انًمبرَخ ثٍٍ ٔجٕد أي َٕع يٍ انكبئُبد انحٍخ فً يٍبِ انشزة انً

( فً إسانخ األيٍجبد حزح انًؼٍشخ انًسججخ CDWTP   ٔCUكفبءح َٕػٍٍ يخزهفٍٍ يٍ غزق رُمٍخ يٍبِ انشزة انًخزهفخ )

 نأليزاض.

فً يحبفظخ انجٍشح ,  CDWTP  ٔCUفً ْذِ انذراسخ , رى جًغ ػٍُبد انًٍبِ انخبو ٔانزشطٍت ثشكم يُفصم يٍ 

يٍكزٌٔ(. رى انكشف 0..5يصز. رى رزكٍش انؼٍُبد ثشكم يُفصم يٍ خالل يزشحبد غشبء انٍُززٔسهٍهٕس )حجى انًسبو 

 .PCRػٍ ٔجٕد األيٍجبد انحزح انًًزظخ فً انًزكشاد ػٍ غزٌك انشراػخ ٔ 

ٔ  Acanthamoeba)ثبسزخذاو انًجٓز , رًذ انزؼزف ػهً خًسخ أجُبص يٍ األيٍجبد حزح انًؼٍشخ 

Vahlkampfia  ٔHartmannella  ٔNaegleria  ٔVannella يٍ ػٍُبد انًٍبِ انذاخهخ نكم َٕع يٍ َظبيً رُمٍخ )

ٔ  CDWTP٪ يٍ انًٍبِ انذاخهخ إنً كم َظبو ) ..71٪ ٔ  0..5يٍبِ انشزة. أظٓزد انجٍبَبد انزً رى انحصٕل ػهٍٓب أٌ 

CU 0.5.٪ ٔ  25.5زح انًؼٍشخ يًزظخ, كذنك رى ػشل ْذِ األيٍجبد أٌعب يٍ (, ػهى انزٕانً رحزٕي ػهى أيٍجبد ح  ٪

 , ػهى انزٕانً. CDWTP  ٔCUيٍ ػٍُبد يٍبِ انشزة انخبرجخ يٍ 

, فً حٍٍ رى ػشل  CDWTP  ٔCUفً ػٍُبد يٍبِ انشزة انُٓبئٍخ نكم يٍ  Acanthamoebaرى انزؼزف ػهً 

Hartmannella خ يٍ يٍ يٍبِ انشزة انُٓبئٍخ انُبرجCU  فمػ. ٔصهذ َسجخ إسانخ األيٍجبد حزح انًؼٍشخ انًًزظخ إنى

.  ثبسزخذاو رفبػم انجهًزح انًزسهسم رى انزؼزف ػهً CU٪ فمػ فً  05, فً حٍٍ ٔصهذ إنى  CDWTP٪ فً  2...

 ثُسجخ حذٔس ألم يٍ رهك انزً Acanthamoeba  ٔHartmannella  ٔNaegleriaصالصخ أجُبص فمػ يٍ األيٍجبد ًْ 

 كشفذ ػُٓب غزٌمخ انشرع ٔانفحص انًٍكزٔسكٕثً.

ػهى أيٍجبد حزح انًؼٍشخ يسججخ نأليزاض.  CDWTP  ٔCUفً انخزبو , رحزٕي ػٍُبد انًٍبِ انذاخهخ نكم يٍ 

فً إسانخ ْذِ األيٍجبد , إال أَّ ال ٌشال يٍ انًًكٍ اكزشبف ثؼط  CUكبٌ أكضز فؼبنٍخ يٍ  CDWTPٔػهى انزغى يٍ أٌ 

 د فً انًٍبِ انُٓبئٍخ انًؼذح نهشزة ٔثبنزبنً رسجت يخبغز صحٍخ ػهى انًسزٓهكٍٍ.ْذِ انكبئُب
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