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1. Introduction

   Water quality monitoring has one of the highest priorities in 

environmental protection policy. Its main objective is to control 

and minimize the incidence of pollutant-oriented problems, and to 

provide water of appropriate quality to serve various purposes such 

as potable and irrigation water. The water quality is identified in 

terms of its physical, chemical and biological parameters[1]. Most 

available water resources in the world are used for agricultural 

irrigation. Whilst this level of water use is expected to increase due 

to rising world population and land use, available water resources 

are expected to become limited due to the climate change and 

uneven rainfall distribution[2].

   Natural and human factors are causing changes in the physical, 

chemical and biological of water quality, so the science of water 

quality will be an issue remained for engineers and scientists for the 

next years. Water is not found in nature in its pure form but on the 

other hand always has some salts, suspended solids and dissolved 

gases and it causes that water has various features in different 

regions. Some of the minerals in water are essential for human 

health, while the amount over the limit would endanger human 

health. There are several compounds in water that are influenced 

in the physical and chemical quality. Chemical analysis of water 

samples provides a large number of data that must be analyzed for 

specific purposes[3].

   Therefore, a more logical approach is the detection of organisms 

normally presenting in the feces of humans and other warm-

blooded animals as indicators of fecal pollution as well as water 

treatment and disinfection efficacy. The indicators should respond 

to natural environmental conditions in water treatment processes. 

The indicator should be easy to isolate, identify and enumerate 

from the aquatic environment[4,5]. Microbial pollution in aquatic 

environments is one of the crucial issues with regard to the sanitary 

state of water bodies used for drinking water supply, irrigation 

and recreational activities due to a potential contamination by 

pathogenic bacteria, protozoa or viruses[6]. 

   The total coliforms (TC) have been used to evaluate the general 

quality of water. These bacteria can be found in the gut of both 

warm and cold-blooded organisms. Fecal coliform (FC) is a subset 
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of this group. They have been characterized to grow at elevated 

temperatures and specifically associated with the fecal material 

of warm-blooded animals[7]. These indicator organisms are not 

necessarily pathogenic, but indicate possible contamination of 

the water by different pathogens. TC count is commonly used to 

assess contamination level of water, especially with pathogenic 

bacteria of intestinal origin[8]. The group TC includes Gram-

negative, non-spore forming, rod-shaped bacteria, comprising the 

genera Escherichia, Citrobacter, Enterobacter and Klebsiella. These 

indicate the general sanitary level of water and indicate the level of 

faecal contamination[9]. Escherichia coli (E. coli) is a commensal 

bacterium in the large intestine of human and other warm blooded 

animals. The presence of E. coli is widely used as faecal pollution 

indicator in water quality assessment[10].

   Water quality impacts from lining leachate are still a concern. 

When comparing the cost of alternative lining materials available for 

water main rehabilitation, it is necessary to consider the total cost 

of the lining material, including the water quality impact cost. The 

potential for water quality impact of each lining material may vary 

depending on the characteristics of the lining material, the water, and 

the effectiveness of lining construction[11]. The impact of concrete 

liners on bacterial growth as compared to plastic pipes were carried 

out by Niquette et al.[12], asbestos-cement and cemented cast iron, as 

well as polyvinyl chloride and polyethylene pipes were exposed to 

different water sources, after which bacterial biomass was measured. 

They showed that steel and iron pipes had the greatest biomass, 

polyethylene and polyvinyl chloride pipes the least, and asbestos-

cement and cemented cast iron fell in the middle range. This 

indicated that pipe material can impact biomass growth and therefore 

water quality. Cement-mortar based pipes also fell between plastic 

and metal pipes in a study carried out by Camper et al.[13] who 

examined the effects of distribution system materials on bacterial re-

growth. A similar investigation in South Africa compared the effect 

of various pipe materials on bio-film formation[14]. 

   The aim of the present study is to evaluate the effect of lining 

material of Noburia canal on its chemical and microbiological water 

quality.

2. Materials and methods

2.1. The study area

   Nubaria canal is the largest main canal in West Delta region. It 

irrigates 470 thousand hectares. The water supplies mounted to 

roughly 254 m3/s of which 228 m3/s are received from the Nile, 

and 26 m3/s are from drainage water[15]. Nubaria canal extends 

100 km and has an intake barrage and two intermediate barrages at 

kilometers 28 and 60. This distance of barrages was divided to six 

stations (three successive unlined and three successive lined) (Figure 

1). 
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Figure 1. Map showing the sampling stations of Nubaria canal.
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2.2. Samples collection

   Water samples were collected seasonally during successive four 

seasons from autumn of 2014 to summer of 2015 from six stations 

and each station was 3 km with three replicate samples. Samples 

were collected from subsurface layer by using two sterile plastic 

containers for chemical and bacteriological analysis. Samples 

were transported in an icebox to the laboratory to be examined and 

analyzed.

2.3. Microbiological analysis

2.3.1. Detection of classical bacterial indicators
   Spread plate method was used for detection and enumeration of 

total viable bacterial counts (TVBCs) at 37 °C and 22 °C. Samples 

were examined for enumeration of classical indicators including TC, 

FC, fecal streptococci (FS) and some pathogenic bacteria by using 

most probable number (MPN) technique by multiple fermentation 

tube. Briefly, one milliliter from undiluted sample, 1/10 and 1/100 

dilution was added to each of triplicate tubes containing 9 mL of 

MacConkey broth. These tubes were incubated for 48 h at 37 °C  

for TC and at 44 °C for FC, positive tubes indicated by turbidity 

in the culture media and/or presence of gas. Positive tubes were 

confirmed by microscopic examination and biochemical tests. FS 

was determined by using azide dextrose broth at 37 °C for 48 h, 

positive tubes was indicated by dense turbidity and formation of 

purple button[5].

2.3.2. Isolation and identification of Gram-negative bacteria 
   One hundred and twenty two isolates of Gram-negative bacteria 

were isolated. Isolates were identified by biochemical characteristics 

using API 20E strip system (BioMerieux). The isolates were 

inoculated in strip and incubated for 24 h, the results were recorded 

to classify isolate[16].

2.4. Chemical analysis of water samples

2.4.1. Physico-chemical parameters
   Physico-chemical parameters of water samples; hydrogen ion 

concentration (pH), electric conductivity (EC), total dissolved salts 

(TDS) and dissolved oxygen (DO) were measured in sampled station 

sites by using portable microcomputer meter electrode (HANNA HI 

9024, HANNA HI 9635 and HANNA HI 9146). 

2.4.2. Metals contents
   The concentration of heavy metal ions, Fe, Zn, Cu, Pb and Cd in 

water samples were determined according to American Public Health 

Association by using the atomic absorption spectrophotometer 

(Solar M 600531 v1.27) equipped with deuterium arc background 

corrector[5]. 

2.5. Statistical analysis 

   For statistical analysis, Student’s t-test was used to compare 

different physico-chemical parameters of different sites representing 

lined and unlined water bodies, and to compare the mean TVBCs and 

the MPN of TC, FC and FS in different seasons in lined and unlined 

watercourses. Means were considered significantly different at P < 

0.05, P < 0.01 and P < 0.001. 

3. Results 

3.1. Chemical analysis

   Results in Table 1 revealed that the canal water was slightly 

alkaline. Also, seasonal variations in pH values ranged from 7.0 

to 8.4, 8.0 to 8.3, 8.2 to 8.2 and 8.0 to 7.9 during autumn, winter, 

spring and summer seasons, respectively. Moreover, mean pH of 

unlined stations was slightly alkaline (8.2) than lined ones (7.8). In 

addition, results showed that, the mean DO of lined stations were 

higher than unlined ones, where it ranged from 4.2 to 5.3 mg/L and 

3.8 to 4.4 mg/L for lined and unlined stations, respectively. Our 

results revealed that the ranges of EC and TDS were from 756 to 

919 µmhos/cm and 530 to 641 mg/L, respectively for lined stations, 

while for unlined ones ranged from 826 to 953 µmhos/cm and 537 

to 632 mg/L, respectively. 

3.1.1. Iron
   The iron concentration was high in autumn and low in winter and 

was ranged from 0.21 to 1.10 mg/L for lined stations and from 0.23 

to 1.57 mg/L for unlined ones (Figure 2A). 

3.1.2. Zinc 
   The concentrations of Zn in unlined and lined stations were the 

maximum (431.2 and 240.5 μg/L, respectively) during summer, 

and the minimum (122.9 and 30.3 μg/L, respectively) during winter 

(Figure 2B). Moreover, there was a significant reduction (P < 0.01) 

of Zn during winter in lined stations compared to those of unlined 

ones. 

3.1.3. Copper 
   The maximum permissible limit for Cu in water according 

to Environmental Protection Agency (EPA) and World Health 

Organization (WHO) standard is 1 300 and 1 500 μg/L, respectively. 

The study revealed that the Cu concentration ranged from 19.3 to 

57.4 μg/L for lined stations and 7.2 to 95.2 μg/L for unlined ones 

(Figure 2C).

3.1.4. Lead
   In most of the time, Pb concentration was higher than the detection 

limit 50 μg/L WHO. Only the detectable concentration was found 

to be 21.6 μg/L at unlined stations in spring (Figure 2D). Also, the 

mean levels of Pb in lined and unlined were 144.3 μg/L and 110.9 

μg/L, respectively.

3.1.5. Cadmium 
   Levels of Cd concentrations were higher than the permissible 

level of EPA and WHO (5 and 10 μg/L, respectively), except mean 
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during spring in lined stations (7.2 μg/L), unlined ones (6.7 μg/
L) and during autumn in unlined stations (5.1 μg/L) (Figure 2E). 
Moreover, there was a significant reduction (P < 0.01) of Cd during 
summer in lined stations (710 μg/L) compared to those of unlined 
ones (814 μg/L).   

3.2. Bacteriological analysis

   Present results of the effect of lining material of Nubaria canal 
on TVBCs at 22 °C and 37 °C of water samples collected from 
lined and unlined stations during different seasons were presented 
in Figure 3. Results revealed that the TVBCs of water samples that 
collected from lined stations showed lower counts than unlined 
ones during all seasons. Moreover, mean log of TVBCs of lined 
stations (1.8 × 107 CFU/mL) at 22 °C showed significant reduction 
(P < 0.05) relative to unlined ones (3.5 × 107 CFU/mL) during 
autumn season. The lowest log values of TVBCs at 22 °C and 37 
°C were recorded during winter in lined stations (1.1 × 107 and 1.2 

× 107 CFU/mL, respectively) and unlined ones (2.4 × 107 and 1.9 × 
107 CFU/mL, respectively). Meanwhile, the highest TVBCs at 22 °C 
and 37 °C were detected during spring in lined stations (2.7 × 107 
and 2.5 × 107 CFU/mL, respectively) and unlined ones (4.2 × 107 

and 3.9 × 107 CFU/mL, respectively). 
   Present data in Figure 4 declared obvious bacterial contamination 
in all sampling stations. Among the three primary bacterial 
indicators, TC represented the highest count, followed by FC 
and FS for both lined and unlined stations during all seasons. In 
unlined stations, the mean log of MPN bacterial count per 100 mL 
of TC during autumn, winter, spring and summer seasons [(3.66 ± 
0.70), (2.20 ± 0.70), (4.60 ± 1.20) and (3.57 ± 1.20) log MPN/100 

mL, respectively] were higher than those for lined ones [(1.87 ± 
0.40), (1.20 ± 0.10), (2.80 ± 0.50) and (1.70 ± 0.70)  log MPN/100 

mL, respectively]. 
   The present investigation showed that bacteriological data 
obtained throughout four seasons survey revealed the role 
played by seasonal variations in pollution level. The highest 
counts were recorded in warm seasons (spring > summer 
> autumn), while the lowest values were found in winter. 
Generally, present results indicated that TC, FC and FS values 
were lower in lined sites than those in unlined ones during all 
seasons (Figure 4). There was a significant reduction between 
TC value [(1.70 ± 0.50) log MPN/100 mL] in lined sites and 
those in unlined ones [(3.57 ± 1.01) log MPN/100 mL] during 
summer (P < 0.05). Meanwhile, during spring, a significant 

Table 1 
Mean of physico-chemical parameters of collected water samples from lined and unlined stations of Nubaria canal.

Type of
substratum

Season pH DO (mg/L) EC (µmhos/cm) TDS (mg/L) Fe (mg/L) Zn (µg/L) Cu (µg/L) Pb (µg/L) Cd (µg/L)

Lined Autumn 7.0 ± 1.4 4.4 ± 0.8  919.0 ± 12.0 641.0 ± 13.0 0.63 ± 0.56 118.1 ± 7.5 34.8 ± 4.2   84.5 ± 3.7   12.4 ± 6.8
Winter 8.0 ± 0.5 5.3 ± 0.7  880.0 ± 92.0 592.0 ± 74.0 0.21 ± 0.04     30.3 ± 5.6** 19.3 ± 4.7       163.2 ± 60.4   29.3 ± 5.6
Spring 8.2 ± 0.4 4.2 ± 0.9  756.0 ± 28.0 530.0 ± 19.0 0.79 ± 0.51 185.0 ± 5.6  23.5 ± 5.3*       155.5 ± 22.8***     7.2 ± 2.6
Summer 8.0 ± 0.3 4.3 ± 0.6  775.0 ± 13.0 548.0 ± 16.0 1.10 ± 0.22 240.5 ± 5.6    57.4 ± 10.7*      174 ± 60.4      710 ± 0.6**

Mean 7.8 ± 0.0 4.6 ± 0.0    832.5 ± 0.0      577.8 ± 0.0   0.68 ± 0.0 143.5 ± 0.0 33.8 ± 0.0       144.3 ± 0.0   189.8 ± 0.0
Unlined Autumn 8.4 ± 0.2 4.2 ± 1.4 953.0 ± 23.0 632.0 ± 32.0 1.57 ± 1.43     283.2 ± 126.5   76.3 ± 38.4     50.5 ± 24.2     5.1 ± 2.5

Winter 8.3 ± 0.3 4.4 ± 1.3 887.0 ± 40.0   537.0 ± 152.0 0.23 ± 0.03   122.9 ± 36.2 12.2 ± 9.4   189.0 ± 55.3   27.3 ± 5.6
Spring 8.2 ± 0.2 3.9 ± 1.2  861.0 ±  85.0 601.0 ± 57.0 0.25 ± 0.07   176.5 ± 60.4   7.2 ± 3.7     21.6 ± 12.1     6.7 ± 0.3
Summer 7.9 ± 0.3 3.8 ± 0.8 826.0 ± 34.0 578.0 ± 21.0 0.96 ± 0.25     431.2 ± 155.6   95.2 ± 15.1   182.5 ± 48.3      814 ± 32.2
Mean 8.2 ± 0.0 4.1 ± 0.0      81.8 ± 0.0   587.0 ± 0.0   0.75 ± 0.0      253.5 ± 0.0 47.7 ± 0.0       110.9 ± 0.0 213.3 ± 0.0

Values are represented as mean ± SD. *: Significant (P < 0.05) relative to unlined sites; **: Highly significant (P < 0.01) relative to unlined sites; ***: 
Extremely highly significant (P < 0.001) relative to unlined sites. 
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reduction (P < 0.05) of FC value was observed in lined sites 
[(1.0 ± 0.6) log MPN/100 mL] compared to those in unlined 
ones [(2.5 ± 0.6) log MPN/100 mL]. However, it was found that 
during winter, the mean values of the three types of bacteria TC, 
FC and FS were significantly lower in lined sites [(1.20 ± 0.10), 
(0.16 ± 0.02) and (0.07 ± 0.02) log MPN/100 mL, respectively] 
than those in unlined sites which represented by (2.20 ± 0.70), 
(0.95 ± 0.40) and (0.40 ± 0.10) log MPN/100 mL (P < 0.05, P < 
0.05 and P < 0.01) respectively.
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   In the present study, one hundred and twenty two Gram-
negative bacterial isolates were isolated and identified from 
collected water samples from lined and unlined stations, E. coli 
bacteria was predominant in water samples of Nubaria canal, 
where it recorded 34.4% bacterial isolates, while Klebsiella 
pneumonia, Proteus penneri, Proteus vulgaris, Citrobacter sp., 
Pseudomonas aeruginosa (P. aeruginosa), Acinetobacter sp. and 

Aeromonas jandaei were 20.5%, 13.9%, 11.5%, 9.0%, 6.6%, 
2.5% and 1.6% of bacterial isolates, respectively (Figure 5). 

Figure 5. Percent of identified Gram-negative bacterial isolates from 
water samples collected from unlined and lined stations of Nubaria canal.
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4. Discussion

   The primary goal of water quality management from a health 
perspective is to ensure that consumers are not exposed to heavy 
metals and pathogens that are likely to cause disease. 
   Results revealed that the canal water was on the alkaline side and 
seasonal variations in pH values ranged from 7.0 to 8.3. Moreover, 
mean pH of unlined stations was slightly alkaline (8.2) than that of 
lined ones (7.8). Results showed that the highest values of DO were 
recorded in both lined and unlined during winter due to the decrease 
in water temperature. Generally, the DO of canal water was in 
normal values of United State Environmental Protection Agency for 
aquatic life[17].
   EC is a function of TDS, it has a similar trend as TDS. Our results 
revealed that the EC and TDS showed non-significant variation 
between lined and unlined stations, Nikos et al.[18], stated that EC is 
a good estimator of the total amounts of mineral salts that dissolved 
in water. It is often used to measure salinity problems related to 
irrigation of crops and it is known that soils irrigated with saline 
water will contain a similar mix but usually at a higher concentration 
than in the applied water. The permissible limits for classes of 
irrigation water according to WHO guideline for EC revealed that all 
Nubaria canal stations at any recording time were in class 3 category 
(750–2 000 µmhos/cm)[19], permissible water which leaching is 
necessary process when using this kind of water for irrigation.
   Chemical analysis of water samples that collected from unlined 
stations recorded the highest mean concentrations for Fe, Zn, Cu and 
Cd than samples of lined ones. But, mean concentrations of Pb for 
lined stations was highest than unlined ones, which may be attributed 
to lining material. Generally, there were seasonal variations in the 
concentrations levels of all tested trace metals in both lined and 
unlined stations. The highest values were during summer in lined 
stations. The concentration of Fe was found remarkably higher than 
other metals at all of the stations of Nubaria canal throughout the 
study period. The iron concentration was high in autumn and low in 
winter. The mean concentrations of Fe for lined and unlined stations 
were higher than the maximum permissible limit for Fe in water (0.3 
mg/L) according to WHO and EPA standard[4,20]. The concentrations 
of Zn in unlined and lined stations were the maximum during 
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summer, and the minimum during winter. Moreover, there was a 

significant reduction (P > 0.01) of Zn during winter in lined stations 

compared to those of unlined ones. Jeniffer and Lester worked on the 

water samples of the Stour River, UK and found the concentration of 

Zn was within the range of 10 to 325 μg/L[21]. Present levels of the 

highest concentration of Zn were lower than the limit of maximum 

permissible level (5 000 μg/L) of EPA standard[20]. The maximum 

permissible limit for Cu in water according to EPA and WHO 

standard is 1 300 and 1 500 μg/L, respectively. The study revealed 

that the Cu concentration ranged from 19.3 to 57.4 μg/L for lined 

stations and 7.2 to 95.2 μg/L for unlined ones which were lower than 

the permissible standards.

   In most of the time, Pb concentration was higher than the detection 

limit 50 μg/L WHO[4]. Only the detectable concentration was found 

to be 21.6 μg/L at unlined stations in spring. Also, the mean levels 

of Pb in lined and unlined stations were much higher than the 

permissible level for irrigation water as recommended by FAO[22]. 

Study showed that the levels of Cd concentrations were higher 

than the permissible level of EPA and WHO standard, except mean 

during spring in lined stations and during autumn in unlined stations. 

Moreover, there was a significant reduction (P < 0.01) of Cd during 

summer in lined stations compared to those of unlined ones.

   Present results of the effect of lining material of Nubaria canal 

on TVBCs revealed that water samples collected from lined showed 

lower bacterial counts than unlined ones during all seasons, it 

suggest that the lined material may have properties for decreasing the 

bacteria growth, and may be attributed to the lining of canal helps 

for preventing the discharge of sewage pollution into canal. Thus 

the present results are in agreement with those obtained by Eissa et 

al. who found that the variations in the bacterial contamination of 

water was affected by seasonality and potential external sources of 

pollution during its course in the rural areas of canal[23]. For both 

workers in agriculture and consumers of crops, microbiological 

contaminated water constitutes a possible health risk. Irrigation 

of vegetables and fruits with raw wastewater can serve as a major 

pathway for bacteria, viruses and protozoa[24]. For this reason, WHO 

has developed guidelines for maximum allowable number of bacteria 

in water used for irrigation (≤ 1 000 geometric mean number per 

100 mL)[19].

   Among existing and widely used methods, the presence of TC, 

FC and FS can be taken as a signal to potential danger of health 

risks[25]. Present data declared obvious bacterial contamination in 

all sampling stations. Among the three primary bacterial indicators, 

TC represented the highest count, followed by FC and FS for both 

lined and unlined stations during all seasons. In unlined stations, the 

mean log of MPN bacterial count per 100 mL of TC during autumn, 

winter, spring and summer seasons were higher than those for lined. 

Moreover, mean log of TC of the three seasons autumn, spring and 

summer for unlined stations were higher than the permissible limit 

(3.50 log MPN/100 mL) of international standard (EPA)[20], while the 

lined stations showed accepted counts. Concerning FC, the mean 

log counts for unlined and lined stations were in permissible limit 

of the international standard recommendation for FC. Bacterial 

contamination recorded in this study could be attributed mostly to 

domestic sewage pollution as well as agricultural runoff[16,26].

   The present investigations showed that bacteriological data 

obtained throughout four seasons survey revealed the role played 

by seasonal variations in pollution level. The highest counts were 

recorded during warm seasons, while the lowest values were in 

winter season. These results go well with others which showed that 

the mean surface water temperature during warm periods is suitable 

for survival of bacteria[27,28]. Generally, present results indicated that 

TC, FC and FS values were lower in lined sites than those in unlined 

ones during all seasons. According to the guidelines in British 

Columbia, Canada, the geometric mean of five sampling events per 

month for various indicator organisms in irrigation water should be: 

FC < 2.3 log MPN/100 mL, E. coli < 1.8 log MPN/100 mL and faecal 

enterococci < 1.3 log MPN/100 mL[29]. Also, in the guidelines set 

by Alberta, Canada, the geometric mean of five sampling events 

per month for indicator organisms should be: TC < 3.0 log/100 mL, 

E. coli < 2.3 log MPN/100 mL and enterococci < 1.5 log MPN/100 

mL[30]. 

   In the present study, E. coli bacteria was predominant in water 

samples of Nubaria canal, this may be due to domestic solid waste 

and sewage from various human activities. E. coli can be used as 

bio-indicators of aquatic ecosystem dynamics and determination 

of their occurrence may help to assess the water quality[10]. Hence 

the present data showed that the canal water was considered to 

be unfit for drinking purposes but, it is in accepted values for 

irrigation purposes. Abdo et al. reported that the pathogenic bacteria 

that isolated and identified from Ismailia canal, Egypt were E. 

coli, Salmonella sp., Choleraesuis, Streptococcus faecium and P. 

aeruginosa[31].

   In conclusion, present study of bacterial indicators of water 

samples collected from lined sites showed lower counts than unlined 

ones. Moreover, according to the permissible limits for classes of 

irrigation water in WHO guideline, Nubaria canal water recorded 

class 3 category (permissible). Chemical analysis of water samples 

that collected from unlined stations recorded highest mean values for 

Fe, Zn, Cu and Cd than samples of lined ones. So, lined material of 

Nubaria canal may play a role for reducing the bacterial growth and 

heavy metals pollution, where lining of canal helps in preventing the 

discharge of wastewater into canal.   

Conflict of interest statement

   We declare that we have no conflict of interest.

Acknowledgments

   This study was supported by the Environmental Researches 

Department, Theodor Bilharz Research Institute, Egypt in the frame 

of project 84M. 

References

[1]    Sargaonkar A, Deshpande V. Development of an overall index of 

pollution for surface water based on a general classification scheme in 

Indian context. Environ Monit Assess 2003; 89: 43-67.

[2]    Nnadi EO, Newman AP, Coupe SJ, Mbanaso FU. Stormwater harvesting 



Ahmed Mohamed Azzam et al./Asian Pac J Trop Dis 2016; 6(2): 126-132132

for irrigation purposes: an investigation of chemical quality of water 

recycled in pervious pavement system. J Environ Manage 2015; 147: 

246-56.

[3]    Choramin M, Safaei A, Khajavi S, Hamid H, Abozari S. Analyzing and 

studding chemical water quality parameters and its changes on the base 

of Schuler, Wilcox and Piper diagrams (project: Bahamanshir River). 

WALIA J 2015; 31(S4): 22-7. 

[4]    World Health Organization. Guidelines for drinking-water quality, fourth 

edition. Geneva: World Health Organization; 2011. [Online] Available 

from: http://apps.who.int/iris/bitstream/10665/44584/1/9789241548151_

eng.pdf [Accessed on 1st December, 2015]

[5]    Rice EW, Baird RB, Eaton AD, Clesceri LS. Standard methods for 

the examination of water and wastewater. 22th ed. Washington, DC:  

American Public Health Association, American Water Works Association, 

Water Environment Federation; 2012.

[6]    Jung AV, Cann PL, Roig B, Thomas O, Baurès E, Thomas MF. 

Microbial contamination detection in water resources: interest of current 

optical methods, trends and needs in the context of climate change. Int J 

Environ Res Public Health 2014; 11: 4292-310.

[7]    Ali S, Hussain SA, Ali S, Abbas Q, Hussain M, Ali W, et al. Water 

quality assessment of Gilgit river, using fecal and total coliform as 

indicators. J Biodivers Environ Sci 2014; 5(4): 343-7.

[8]    Shafi S, Kamili AN, Shah MA, Bandh SA. Coliform bacterial 

estimation: a tool for assessing water quality of Manasbal Lake of 

Kashmir, Himalaya. Afr J Microbiol Res 2013; 7(31): 3996-4000. 

[9]    Paruch AM, Mæhlum T. Specific features of Escherichia coli that 

distinguish it from coliform and thermotolerant coliform bacteria and 

define it as the most accurate indicator of faecal contamination in the 

environment. Ecol Indic 2012; 23: 140-2.

[10]  Cho KH, Cha SM, Kang JH, Lee SW, Park Y, Kim JW, et al. 

Meteorological effects on the levels of fecal indicator bacteria in an 

urban stream: a modeling approach. Water Res 2010; 44(7): 2189-202. 

[11]  Water Research Foundation and Drinking Water Inspectorate. Impacts 

of lining materials on water quality. Denver, CO: Water Research 

Foundation; 2010. [Online] Available from: http://www.waterrf.org/

PublicReportLibrary/4036.pdf [Accessed on 1st December, 2015]

[12]  Niquette P, Survais P, Savoir R. Impacts of pipe materials on densities 

of fixed bacterial biomass in a drinking water distribution system. Water 

Res 2000; 34(6): 1952-6.

[13]  Camper AK, Brastrup K, Sandvig A, Clement J, Spencer C, Capuzzi AJ. 

Effect of distribution system materials on bacterial regrowth. J Am Water 

Works Assoc 2003; 95(7): 107-21.

[14]  Momba MNB, Makala N. Comparing the effect of various pipe 

materials on biofilm formation in chlorinated and combined chlorine-

chloraminated water systems. Water SA 2004; 30(2): 175-82.

[15]  Moghazy HM, Sobeih MM, Kamel GA, Helal EE, El-Hadad MA. Effect 

of agricultural drainage water reuse on the water quality of Nubaria 

canal. Engineering 2010; 49(2): 147-57.

[16]  Sabae SZ, Rabeh SA. Evaluation of the microbial quality of the River Nile 

waters at Damietta Branch, Egypt. Egypt J Aquat Res 2007; 33(1): 301-11.

[17]  United States Environmental Protection Agency. Technical support 

document for action on the State of Oregon’s revised surface water 

quality standards. Seattle: United States Environmental Protection 

Agency; 2015. [Online] Available from: http://www3.epa.gov/region10/

pdf/water/wqs/or/epa_approval_revised_oregon_wqs_08042015.pdf 

[Accessed on 13th November, 2015]

[18]  Warrence NJ, Pearson KE, Bauder JW. Basics of salinity and sodicity 

effects on soil physical properties. Montana: Montana State University; 

2003. [Online] Available from: http://waterquality.montana.edu/energy/

cbm/background/soil-prop.html [Accessed on 1st December, 2015]

[19]  World Health Organization. Health guidelines for the use of 

wastewater in agriculture and aquaculture. Geneva: World Health 

Organization; 1989. [Online] Available from: http://apps.who.int/

iris/bitstream/10665/39401/1/WHO_TRS_778.pdf [Accessed on 1st 

December, 2015]

[20]  United States Environmental Protection Agency. Standard for drinking 

water. Washington, DC: United States Environmental Protection Agency; 

2006. [Online] Available from: http://www.epa.gov/waterscience/

criteria/drinking/dwstandards.pdf [Accessed on 13th November, 2015]

[21]  Bubb JM, Lester JN. Anthropogenic heavy metal inputs to lowland river 

systems, a case study. The River Stour, U.K. Water Air Soil Pollut 1994; 

78: 279-96.

[22]  FAO. Water quality for livestock and poultry. Rome: Food and 

Agriculture Organization of the United Nations; 1989. [Online] 

Available from: http://www.fao.org/DOCReP/003/T0234e/T0234E07.

htm#ch6 [Accessed on 1st December 2015]

[23]  Eissa FI, Mahmoud HA, Ghanem KM, Ahmed AB. Bacteriological 

assessment of surface and drinking waters in some Egyptian 

Governorates. J Sci Technol Environ 2013; 2(2): 1-8.

[24]  Shuval H, Fattal B. Control of pathogenic microorganisms in wastewater 

recycling and reuse in agriculture. In: Mara D, Horan N. Handbook of 

water and wastewater microbiology. London: Academic Press; 2003, p. 

241-62.

[25]  Baghel VS, Gopal K, Dwivedi S, Tripathi RD. Bacterial indicators of 

faecal contamination of the Gangetic river system right at its source. 

Ecol Indic 2005; 5: 49-56.

[26]  Zaghloul SS, Elwan H. Water quality deterioration of middle Nile Delta 

due to urbanizations expansion, Egypt. In: Fifteenth International Water 

Technology Conference 2011;  2011 May 28-30; Alexandria, Egypt. 

Egypt: International Water Technology Conference; 2011.

[27]  Nishiguchi MK. Temperature affects species distribution in symbiotic 

populations of Vibrio spp. Appl Environ Microbiol 2000; 66(8): 3550-5.

[28]  Isobe KO, Tarao M, Chiem NH, Minh LY, Takada H. Effect of 

environmental factors on the relationship between concentrations of 

coprostanol and fecal indicator bacteria in tropical (Mekong Delta) and 

temperate (Tokyo) freshwaters. Appl Environ Microbiol 2004; 70(2): 

814-21.

[29]  Warrington PD. Water quality criteria for microbiological indicators. 

British Columbia: Ministry of Environment and Parks; 1988. [Online] 

Available from: http://www.env.gov.bc.ca/wat/wq/BCguidelines/

microbiology/microbiology.html#tab1 [Accessed on 1st December, 

2015]

[30]  Alberta Environment. Surface water quality guidelines for use in Alberta. 

 Alberta: Alberta Environment; 1999. [Online] Available from: http://

environment.gov.ab.ca/info/library/5713.pdf [Accessed on 1st December 

2015]

[31]  Abdo MH, Sabae SZ, Haroon BM, Refaat BM, Mohammed AS. 

Physico-chemical characteristics, microbial assessment and antibiotic 

susceptibility of pathogenic bacteria of Ismailia canal water, River Nile, 

Egypt. J Am Sci 2010; 6(5): 234-50.


