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ter to ensure continuous supplies of healthy water. Out-

breaks of waterborne disease still occur and continue to

1. Introduction
Surveillance of drinking water is an imperative mat-
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Abstract

The biological contamination of drinking water with protozoan pathogens possess a

serious threat to millions of people in the developing countries. The present investiga-

tion aims to study the surveillance of Cryptosporidium sp. oocysts, Giardia sp. and En-

tamoeba sp. cysts for one year and to evaluate the correlation between the abundance of

these pathogens and the environmental factors in the inlet of some water treatment fa-

cilities in Dakahlia Governorate. Raw water samples were collected monthly from Jan-

uary 2014 to December 2014 from the inlet of each facility. Water samples were then

filtrated; materials retained by filters were stained with iodine and examined micro-

scopically. Physical and chemical parameters of water were assessed according to the

standard methods for the examination of water and waste water. The prevalence rates

of different parasites were as follows; Cryptosporidium spp. (43.12%), Giardia spp.

(33.94%) and Entamoeba spp. (22.93%). Contamination rates were shown to be at

Meet-khamis station (mean= 6.25) and El-Manzala station (mean= 5.17) followed by,

Belqas station (mean= 4.25) and Sherbin station (mean= 2.5). As regard to seasonal

fluctuation of detected parasites, winter (mean= 2.5 ± 0.63), spring (mean= 5.17 ±
0.81), summer (mean= 6.25 ± 0.91) and autumn (mean= 4.25 ± 0.79). Turbidity, electri-

cal conductivity (EC) and total dissolved solids (TDS) had the highest correlation with

the prevalence of detected parasites. Turbidity, electrical conductivity and total dis-

solved solids can be used as markers to indicate the prevalence of cysts/oocysts. In ad-

dition, close management of water supplies during summer months is recommended.

Furthermore, stricter regulations must be activated to protect water resources from sew-

age discharges and therefore minimize the risk of waterborne diseases.
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these parasites and the water factors.

2. Materials and methods
2.1. Sampling 
Water samples (each sample 10 L) were collected

monthly from the inlet of each facility. Some analyses

were carried out at the time of sampling and some oth-

ers were analyzed in the laboratory.

2.2. Sample Processing 
One liter of water sample was filtrated through a cel-

lulose nitrate membrane (GEMA, Spain) 47 mm diame-

ter, 0.45 µm pore size.

2.3. Microscopy
Materials retained by filters were stained with Lugol

iodine and examined microscopically. Identification was

carried out with an Olympus CX41 light microscope.

2.4. Water factors
Physicochemical parameters of water were assessed

according  to  methods used by APHA (2005). These in-

clude:

a. Physical parameters of water: Turbidity, Tem-

perature, pH, Electrical conductivity (EC), Total dis-

solved solids (TDS).

b. Chemical parameters: Total alkalinity, Chlo-

rides, Sulphates, Total hardness.

c. Pollution parameters: Ammonia, Nitrates (NO
3
),

Nitrites (NO
2
), Dissolved oxygen (DO

2
), Total organic

carbon (TOC).

d. Minerals of water: Sodium (Na+), Potassium

(K+), Calcium (Ca++) and Magnesium (Mg++).

e. Heavy metals: including Iron (Fe), Manganese

(Mn) and Aluminum (Al) were analyzed using Buck

Scientific Accusys 211 Atomic Absorption Spectropho-

tometer according to Allen et al. (1974).

2.5. Statistical analysis and treatment of data
Statistical analysis of the obtained data was per-

formed in order to reveal the relationships between wa-

ter factors and abundance of parasites through the differ-

ent months of the year, using MVSP (multivariate

threat drinking water quality and safety in developed

and developing countries. In 1996, the World Health Or-

ganization (WHO) reported that at least 25% of the de-

veloping world’s population does not have access to

safe drinking water and over 66% lack adequate sanita-

tion systems contributing to the continuous occurrences

of waterborne infectious diseases related illnesses

worldwide (WHO, 1996).

Transmission of protozoal pathogens is typically as-

sociated with poor faecal-oral hygiene.  Water  and

food  are  the  most common  transmission  agencies,

although  person-to-person or  animal-to-person  direct

contacts  are  also  important routes  of  infection.  Im-

mune  compromised  individuals  (i.e. AIDS  and  can-

cer  patients,  the  very  young  or  the  elderly) are  most

at  risk  from  the  clinical  consequences  of these dis-

eases  (Keserue  et  al.,  2011).  Water  is  the  major

transmission  route  of  Giardia,  where  it  can  resist

and remain  infective  due  to  its  robust  form,  the  cyst

(Thompson,  2000). The  infected  hosts  shed  in  the

environment  a  large  number  of  this  transmissive

and infective  stage,  contributing  to  increase  of envi-

ronmental  contamination,  in  particular  water  sources.

Cysts  not  only  remain  infective  for  long  periods  in

environment  but  are  also  resistant  to  the  conven-

tional treatment  processes  of  water,  representing  a

serious problem  of  public  health  (Lobo  et  al.,

2009).

Several  epidemiological  and  ecological  studies

have  been conducted  to  detect  the  presence  and  the

abundance of Giardia and Cryptosporidium in surface

waters (Barwick  et  al.,  2000;  Sroka  et  al.,  2013).

As drinking water supplies are most frequently obtained

by the collection and treatment of surface water, it is im-

portant to constantly monitor the presence and seasonal

fluctuation of these parasites in a given catchment area

(Sroka et al., 2013).

In present study, we had conducted a one year study

during 2014 at the inlet of four water treatment plants in

Dakahlia Governorate (Sherbin, Belqas, Meet-Khamies

and El-Manzala Districts) to outline the prevalence of

Entamoeba spp. Giardia spp. and Cryptosporidium spp.

and to assess the relationship between the prevalence of
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(mean= 6.25) followed by spring months (mean= 5.17),

autumn months (mean= 4.25) and winter months

(mean= 2.5) as shown in Table (2).

3.2. Water factors
Most of the water factors (physico-chemical parame-

ters) were shown to reach its peak in winter, then de-

crease gradually during spring and fall to the lowest val-

ues during summer (Table 3). Then, the values start to

increase again during winter and so on. On the other

hand, temperature and turbidity break this cycle and

moves in the reverse direction (i.e. peak during summer

and decrease during winter).

As regard to the values of the physico-chemical vari-

ables of water, they were in the normal range and no

odd results were detected. Unlike results of the micro-

scopic  examination, values of water  factors in the dif-

ferent studied sites were shown to be close and over-

lapped to somewhat. This may reflect the narrow

distribution of sampling study sites (i.e in the same Gov-

ernorate).

statistical package) version 2 program.

3. Results
3.1. Microscopic examination
In the present study a total of forty eight raw water

samples were collected at the inlet of four water treat-

ment stations (Sherbin, Belqas, Meet-Khamies and El-

Manzala) and investigated for the prevalence of Cryp-

tosporidium sp. oocysts, Giardia sp. cyst and Entamoe-

ba sp. cysts. A total of 218 cysts/oocysts were detected

and the most common protozoan detected was Cryptos-

poridium sp. (94/218; 43.12%), followed by Giardia

sp., (74/218; 33.94%), and Entamoeba sp., (50/218;

22.93%). The prevalence of detected protozoan para-

sites is shown in (Table 1).

It was found that; Meet-Khamies showed the highest

rate of contamination (mean= 6.25) followed by El-

Manzala (mean= 5.17), Belqas (mean= 4.25) and Sher-

bin (mean= 2.5).

Seasonal variation in the prevalence of parasites dur-

ing the year was shown to be as follows; the highest

prevalence was recorded during the summer months

Table 1. Prevalence of Water-borne parasites at different study sites.

Abbreviations: C: Cryptosporidium sp. oocysts; G: Giardia sp. cysts; E: Entamoeba sp. cysts; T: Total.
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Table 2. Seasonal Variations of different parasites at different study sites.

Abbreviations: C: Cryptosporidium sp. oocysts; G: Giardia sp. cysts; E: Entamoeba sp. cysts; T: Total.

Table 3. Variation of physical and chemical parameters of water during the year from the studied sites.
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Table 3. Continued.

produced by Canonical Correspondences Analysis

(CCA) as shown in Figure (1).

It was found that, temperature, potassium (K+), or-

ganic carbon (OC), turbidity, nitrites (NO-
2
), chlorides

(Cl-), ammonia (NH
4
+), calcium (Ca++), electrical con-

ductivity (EC), total dissolved solids (TDS), Nitrates

(NO
3
-), sodium (Na+) and pH showed high significance

with the prevalence of Cryptosporidium sp. oocysts,

Giardia sp. cyst and Entamoeba sp. cysts. In addition, a

moderate significance was reported with dissolved oxy-

gen (DO
2
), sulphates (SO

4
--), magnesium (Mg++) and

manganese (Mn++). Finally, iron (Fe++), total hardness,

3.3. Correlation between water factors and the
prevalence values

In this context, Canonical Correspondence Analysis

(CCA) software was used to analyze the input data of

physico-chemical parameters of water with different the

prevalence values for each study site and then detects

the degree of correlation between each water parameter

with prevalence values. In the CCA biplot, the length of

the arrow for each parameter indicates the effective de-

gree (significance) of this parameter with the prevalence

value. The correlation between water variables and

prevalence values is indicated on the ordination diagram

Abbreviations : Sh; Sherbin, B; Belqas, MK; Meet-khamis, Mn; El-Manzala, EC; Electerical Conductivity, T.D.S; Total dissolved
solids, D.O

2
; Dissolved oxygen, ALK.; Alkalinity, T.H; Total hardness, Cl; Chlorides, SO

4
; Sulphates, Ca; Calcium,

Mg; Magnesium, Na; Sodium, K; Potassium, NH
3
; Ammonia, NO

3
: Nitrates, NO

2
; Nitrites, O.C; Organic carbon, Fe;

Iron, Mn; Manganese, Al; Aluminum.

Fig. 1. Canonical Corresponding Analysis (CCA) ordination diagram of the prevalence values of Cryptosporidium sp.,
Giardia sp. and Entamoeba sp. according to the gradient of environmental variables (arrows) during the year in
the study sites.
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kalinity, Cl-, Mg+2 and NH+
3
, while low positive corre-

lations with SO--
4
 and Ca+2. The water alkalinity exhib-

ited high positive significant correlations with Cl-, SO--
4

and Ca-, but moderate positive significant correlations

with hardness, Mg+2 and NH+
3
 and low significant cor-

relations with Na and NO-
3
. However water harness

proved high positive significant correlations with Cl-,

Ca+2 and NH+
3,

 while moderate significant correlations

with SO--
4
, Na+ and NO-

3
, but a low positive correlation

with Mg+2. The water soluble chlorides exhibited high

positive correlations with SO--
4
 and Ca+2, while moder-

ate positive correlations with Na+, NH+
3
 and NO-

3
.

Whereas the water  soluble sulphates showed a moder-

ate positive  correlation with Ca+2, and  low  correla-

tions with Mg+2 and NH+
3
. Calcium cation proved a

moderate positive correlation with NH+
3
 and  low  posi-

tive correlations with Na+ and NO-
3
. Sodium  cation

exhibited low positive significant correlations with

NH+
3
, NO-

3
 and Fe+2. Finally ammonia exhibited a

moderate  positive significant correlation with NO-
3

(Table 4).

alkalinity and aluminum (Al+3) exhibited low signifi-

cant correlations.

3.4. Pearson-moment correlation between differ-
ent water variables

It has been found that, exhibited high negative sig-

nificant correlations with electrical conductivity (EC),

total dissolved solids (TDS), dissolved oxygen (DO
2
),

alkalinity, hardness, chlorides (Cl-), sulphates (SO-
4
),

magnesium (Mg+2), Sodium (Na+) and Nitrates (NO-
3
),

but moderate significant negative correlations with cal-

cium (Ca+2) and ammonia (NO-
3
). Electrical conductivi-

ty showed high positive significant correlations with

TDS, DO
2
, alkalinity, hardness, Cl-, SO--

4
, Ca+2, Na+,

NH+
3
 and NO

3
, whereas low positive correlation with

Mg+2. The water variable total dissolved solids proved

high positive correlations with DO
2
, alkalinity, hard-

ness, Cl-, SO--
4
, Ca+2, Na+, NH+

3
, and NO-

3
, while a

low correlation with Mg+2 cation. Dissolved oxygen

showed high positive significant correlations with Na+

and NO-
3
, and moderate significant correlations with al-

Table 4. Pearson-moment correlation (r) between the environmental factors in the study sites during the year.
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highest during the summer months (mean= 6.25); these

results were in harmony with Keeley and Faulkner

(2008) and El-Szhazly et al. (2007). These  results

could explain  the  higher  rate  of  human  infection

with protozoan pathogens during summer  than  in  win-

ter seasons (Furness et al., 2000). However, these re-

sults disagreed with another study in Assuit Governorate

where higher detection rate was observed in winter than

in summer seasons (Dyab et al., 2015). In addition, Kee-

ley and Faulkner (2008) reported peaks of water con-

tamination with protozoa during spring and winter sea-

sons in UK and Ireland.

On the other hand, there was a significant correlation

between the turbidity and the prevalence of parasites.

These results were in accordance with that of Lecheval-

lier et al. (1991). In addition, Hsu et al. (2002) found

that turbidity was the most important factor in relation-

ship to parasite concentrations among other water quali-

ty parameters. Hence, it could coccluded that, turbidity

must be used as an indicator to predict the occurrence of

parasites.

Both electrical conductivity (EC)/ total dissolved

solids (TDS) are known to be two sides of the same

coin. In the present work, a significant correlation was

observed between the prevalence of parasites under

study and both EC and TDS. In accordance with the

present study, a positive correlation was observed be-

tween electrical conductivity and the prevalence of both

Cryptosporidium and Giardia in water samples from

recreational rivers in Malaysia (Azman et al., 2009), in

source and tap water in China (Feng et al., 2011) and in

a drinking water reservoir in Luxembourg (Helmi et al.,

2011).

However, physical parameters of water did not show

significant correlation with Cryptosporidium and Giar-

dia and the authors concluded that, these parameters

could not be used as a suitable indicator for the presence

of Giardia and Cryptosporidium (Azman et al., 2009). 

Pollution parameters including ammonia (NH4), nix-

ancesco and Bonadonna. 2005, Briancesco et al., 1999).

These findings suggest sewage discharge to be the main

source of biological contamination of surface water.

However, Feng et al. (2011) reported that unexpect-

On the other hand, water turbidity, pH value, Mg+2

cation, K+ cation, NO-
3
, NO-

2
, organic carbon (OC),

Fe+2, Mn+2 and Al did not show any correlations with

any water parameters in the present investigation (Table

4).

4. Discussion
Contamination of drinking water by protozoan para-

sites represents a major risk that threats millions of peo-

ple especially in the developing world (WHO, 2011).

Ximénez et al. (2011) stated that; carrier individuals ex-

crete cysts in their feces, which can contaminate food

and water sources.

In the present study, Cryptosporidium sp. oocysts,

Giardia sp. cysts and Entamoeba sp. cysts were detect-

ed in the inlet of four drinking water facilities in Dakah-

lia Governorate (Sherbin, Belqas, Met-Khamis and El-

Manzala). These results were in agreement with other

studies conducted in some other governorates where, the

prevalence of these protozoan parasites were reported in

water samples in Assiut Governorate (Dyab et al.,

2015), El-Minia Governorate (Khalifa et al., 2014),

Alexandria Governorate (Khalifa et al, 2011), Ismailia

Governorate (Rayan et al., 2009), El-Dakahlia Governo-

rate (El Shazly et al, 2007), Al-giza governorate (Ali et

al, 2004) and Al-Gharbia governorate (Antonios et al,

2001). In addition, these water-borne pathogens were

documented by other studies worldwide even in the de-

veloped countries including; France (Céline et al.,

2009), Russia and Bulgaria (Karanis et al., 2006), Italy

(Briancesco and Bonadonna, 2005), Japan (Hashimoto

et al., 2002; Tsushima et al., 2001) and Czech (Dolejs et

al., 2000).

As regard to the prevalence order of protozoan

pathogens detected in the present study, Cryptosporidi-

um sp. oocysts were detected nearly in the majority of

water samples (43.12%), followed by Giardia sp.,

(33.94%), and Entamoeba sp., (22.93%) as illustrated in

Table (1). These results agreed with El-Szhazly et al.

(2007) and disagreed with the results obtained by Brian-

cesco and Bonadonna (2005) and Horman et al. (2004).

In the present study, seasonal distribution of the

prevalence of parasites under study proved to be the
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ed negative correlation between coliforms and Cryptos-

poridium, they also did not found any significant corre-

lation between Giardia and water quality parameters.

5. Conclusion
Surveillance of Cryptosporidium sp. oocysts, Giar-

dia sp. and Entamoeba sp. cysts in water resources is

important task for controlling the transmission of these

pathogens.  The River Nile is the main source of fresh

water in Egypt. However, the Nile is exposed to many

polluting activities including sewage, agricultural and

industrial discharges. The present work studied the prev-

alence of the dominant (domestic) and most common

pathogenic protozoa in the inlet of some water treatment

stations in El-Dakahlia Governorate. The occurrence of

cysts/oocysts in raw water samples is hazardous due to

its being resistant to the regular water disinfection prac-

tice which represents a potential risk to the public

health. It is interest to denote that, water temperature,

K,organic carbon, water turbidity, NO
2
, Cl, NH

3
, Ca,

electrical conductivity, total dissolved solids, NO
3
, Na

and pH value were the most important water variables

controlling the prevalence of the studied parasites.

Hence, close and controlled management of water sup-

plies during summer months is recommended in order to

reduce waterborne diseases. In addition, protection of

water resources enforced by laws regulation should be

activated to limit sewage industrial and agricultural

drainage in order to minimize the risk of water pollu-

tion.
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لخص العربى ا

اء فى محافظة الدقهلية - مصر نقولة با دراسات بيئية على الطفيليات ا

سيد أحمد الطنطاوى              الســـيد محمـد الحبيـبى
محمد إبراهيم مشالى             محمود الشحات العوضى

نصورة - مصر قسم علم الحيوان - كلية العلوم - جامعة ا

لايـ من البشـر فى الدول الـنامـية. حيث أن الـدراسة الحـالية ُمرضـة يشـكل خطراً يـهدد حـياة ا إن تلـوث مياه الـشرب بـالأوليـات ا

دة عام كـامل; ومن ثم تقيـيم العلاقة ب وفرة تهـدف إلى مراقبة حـويصلات كل من الكريـبتوسبـوريديوم والجيـارديا والإنتامـيبا وذلك 

هذه الاولـيات الـطـفيـليـة والـعوامل الـبيـئـية; وذلك فى مـدخل بعـض محـطات مـيـاه الشـرب فى محـافـظة الـدقهـلـية. ولـهذا الـغرض 

ياه ياه الخام شهرياً - ابتداءاً من يناير  2014 وحتى ديسمبر  - 2014 عند مدخل كل محطة. وقد خضعت عينات ا تجميع عينات ا

ـيكـروسـكوب ـتبـقـية عـلى الـغشـاء  صـباغـتـها بـاسـتخـدام الـيود لـيـتم فحـصـها بـاسـتخـدام ا ـواد ا بـعد ذلك الـى التـرشـيح; حيث ان ا

ـياه; فقد  قياسها وفقاً للطرق الـقياسية لفحص مياه الشرب. وقد وجد الضوئى. اما عن الخواص الفيزيائـية والكيميائية لعينات ا

ان مـعدلات انتـشار الطـفيـليات كـانت كالآتى: الـكريبـتوسبـوريديوم  (% 43.12) والجيارديا  ,(% 33.94) الإنتامـيبا  .(% 22.93)

ـتوسط (5.17)  ثم محـطة ـنـزلة  ـتوسط  ,(6.25) يـليـهـا محـطة ا اما مـعدلات الـتـلوث فـكانـت كالـتالى; مـحـطة مـيت خـميس 

وسـمــــى لـلطـفـيـليـات مـحــــل الدراسـة يـزيد ـتوسط (2.5)  وقــــد وجــــد ان الـتوزيــــع ا ـتوسط  (4.25) ثم مـحطـــــة شـرب  بـلقـاس 

توسط (4.25) ثم فصل الشتاء توسط (5.17) ثم فصل الخريف  توسط ,(6.25)  يليه فصل الـربيع  خـــــلال فصـــــل الصـيف 

تـــــوسط (2.5).

ـياه والـتـوصـيل الكـهـربى والاملاح الـذائـبة الـكـليـة لـهـا أعلـى ارتبـاط مـعنـوي مع انـتـشار  بـالإضافـة الى ذلك فـقـد وُجد ان عـكـارة ا

يـاه مثل العكـاره والتوصيل الـكهربى والاملاح الـذائبة الكـلية قد تُـمثل مؤشرات الـطفيلي مـحل الدراسة. والخلاصـة أن بعض خواص ا

ياه خاصـة اثناء فصل الصـيف. كما ان تفـعيل القوان راقبة الـدقيقة لمحـطات ا لإنتشار الحويصلات ,بالإضـافة لذلك فإنه يُـوصى با

اء. نقولة با عدية وا ائية من ملوثات الصرف الصحى قد يساهم بشكل كبير فى الحد من انتشار الأمراض ا وارد ا الخاصة بحماية ا
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