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ABSTRACT 
Population densities and freshwater resources are not equally distributed around the world. This 

has forced farmers to use wastewater for the irrigation of food crops Although wastewater is an 
important source of essential nutrients for plants, many environmental, sanitary, and health risks are 
also associated with the use of wastewater for crop irrigation due to the presence of microbes and 
pathogenic bacterial strains that have health risk importance which may transfer to the plant crops 
when this water used for irrigation and affect human health especially when this crops eaten raw 
(fresh vegetables). Like many other countries, wastewater is frequently used for crops irrigation 
without any prior treatment in peri-urban areas of Egypt. Present study demonstrates contamination 
level of irrigation water canals that branched from river Nile and receives wastewater from nearby 
drains or urban human activities or village around the water canals that dump their waste in the 
irrigation canals and effect of such wastewater on contamination of soil and fresh vegetables like 
lettuce, arugula and cucumber that growing in some areas (Qalubia, Giza and Sharkia) that irrigated 
by such water. Microbial load within the vegetable samples ranged from 5.2 log cfu/gm to 7.9 log 
cfu/gm, from 4.7 log cfu/gm to 6.3 log cfu/gm for total coliforms and from 4.0 log cfu/gm to 5.6 log 
cfu/gm for staphylococci counts. The observed mean counts in both irrigation water and the fresh 
vegetable samples were higher than the recommended standards of 1.0x102 cfu/ml (or cfu/gm) for 
THB and 1.0x101 cfu/ml (or cfu/gm) for total coliform. There was a positive correlation between 
water contamination and vegetable contamination during study period. Also many pathogenic 
bacterial species have been isolated from examined samples (wastewater, soil and raw vegetables) as 
E.coli sp., Salmonella sp., proteus sp., klebseilla, citrobacter sp., S. aureus, pseudomonas sp. and 
providencia sp. The results obtained from this study gives information not only on the microbial load 
but also on their origins (wastewater) and stimulate concerned entities in Egypt for the necessarily 
treatment of wastewater before use. 
 
Keywords: Wastewater, Irrigation water, Fresh vegetables, Pathogenic bacteria, total coliforms. 

 
Introduction 

 
Fresh vegetables are strongly recommended for the human diet because of their contents of 

plant proteins, vitamins, and fibers that support human heath, additionally they give the body the 
necessary minerals, fats , oils and vitamins in the right proportion that support human growth and cell 
development (Ehimemen et al., 2019).WHO/FAO reports to recommend 400g of fruit and vegetables 
at least every day to prevent chronic diseases such as heart disease, cancer, diabetes and obesity, and 
Compensates for several micronutrient deficiencies, especially in less developed countries (WHO and 
FAO 2003). In contrast to their health benefits, the consumption of fresh vegetables has also been 
associated with risk of consumers (Beuchat et al., 2002; Weldezgina et al., 2016). 

Bacteria are among the common vegetable contaminants Alemu1 et al., (2018). Foodborne 
illness due to of polluted fresh vegetables is a common phenomenon and has harm effects on human 
health as well as social and economic effects. Once pathogenic bacteria have been in contact with the 
growing environment, they can colonize and persist on fresh produce using a number of mechanisms 
Alegbeleye et al., (2018). Many studies on bacterial quality of vegetables was done for example 
E.coli, staph, enterococcus, klebsiella and citrobacter have been isolated from vegetables (potato, 
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tomato, Cucumber, pepper, onion and carrot) in northern Nigeria Ehimemen et al., (2019). However,  
Gambo et al., (2019) isolate many bacterial pathogens from vegetable samples. On the other hands, 
Obeng et al., (2018) found that of the 120 tomatoes samples purchased from markets, eleven different 
bacteria were isolated. They were Bacillus sp., Enterobacter sp., Citrobacter sp., Klebsiella sp., 
Shigella sp., Proteus mirabilis, Klebsiella oxytoca, Enterobacter cloacae, Citrobacter koseri, and 
Klebsiella pneumoniae. While Kouassi et al., (2019) detect a huge number of bacterial count and total 
coliforms in Lettuce samples, in addition to isolate many pathogenic bacterial strains including 
Escherichia coli, Salmonella sp. and Staphylococcus aureus coagulase positive from it. Most of the 
pathogenic strains isolate are of  human health risks effect, where Salmonella sp. is the most common 
cause of bacterial foodborne illness, they cause infection of the gastrointestinal tract resulting in 
diarrhea humans infected by Salmonella typically develop nausea, vomiting, fever, abdominal cramps 
and diarrhoea. 

Surveys were performed in several countries to determine local prevalence of pathogenic 
microorganisms on vegetables (Rai et al., 2007; Afolabi et al 2010; Badawy et al., 2013; Debanthan 
et al.,   2014; Awe S. Gimba et al., 2015; Markhous et al. 2019).  

The sources of vegetables contamination occur mostly before harvesting, either by 
contaminated manure, sewage, irrigation water, and wastewater from livestock operations or directly 
from wild and domestic animals or during harvesting, transport, processing, distribution, and 
marketing or even at home (Eraky et al., 2014 ; Maffei et al. 2016). The use of wastewater for 
irrigation affects the quality of raw vegetables and human health. It could be the possible source of 
pathogenic microorganisms on vegetables (Mritunjay et al., 2018). One major cause of vegetable 
contamination could be the unavailability of hygienic irrigation water. Pathogens can be transmitted 
to vegetables and cause outbreaks of illnesses when these are consumed. Islam et al., (2004) stated 
that a wide range of pathogens can be transferred to plants via irrigation water, surviving several days 
both on external and internal parts of the plant. In many cases pathogens have the ability to enter into 
the plant tissues through wound surfaces and stomatal cavities (Gomes et al., 2009 and Aruscavage et 
al., 2008). Studies examining pathogen contamination of vegetables also observations of increased 
presence of disease in areas applied wastewater irrigation for crops with little or no wastewater 
treatment indicated that contaminated irrigation water might indeed be a source of foodborne 
pathogens on fresh produce (Steele and Odumeru, 2004; Obeng et al., 2018 ; Mritunjay et al., 2018 
and Ehimemen et al., 2019) 

Contamination of irrigation water can serve as a main source of vegetables contamination. On 
the other hand, heavy population problem and freshwater resources are not equally distributed around 
the world. This has forced farmers to use wastewater for the irrigation of food crops Khalid et al., 
(2018). Although wastewater is an important source of essential nutrients for plants, many 
environmental, sanitary, and health risks are also associated with the use of wastewater for crop 
irrigation due to the presence of toxic contaminants and microbes Khalid et al., (2018). Surveys were 
performed in several countries to determine bacterial load and prevalence of pathogenic 
microorganisms in wastewater. Cui et al., (2019) found that total heterotrophic bacteria ranged from 
(3.6 ×106 to 4.3 ×106 cfu/ml) for raw wastewater and total coliform ranged from  (1.0 ×104 to 6.0 ×105 
cfu/ml), while the main fecal coliforms count was (2.4 ×104 cfu/ml), the result were higher than 
recommended standards for wastewater used for agriculture irrigation. In another study on water 
samples collected from some irrigation canal at Nile delta /Egypt, the colony forming unit of the total 
bacterial counts ranged from (158 x 105 to 0.1 x 105 cfu/ml) and the count of lactose-utilizing Gram-
negative bacteria, ranged from count (93 x 103 to 0.1 x 103 cfu/ml), also many bacterial strains was 
isolated and identified as Pseudomonas aeruginosa, Pseudomonas otitis, Enterobacter cloacae, 
Enterobacter cancerogenus and Proteus mirabilis. The high bacterial and coliform count indicate that 
these canal subjected to fecal and sewage contamination, the increasing in the count of bacteria was 
due to the effect of industrial, domestic and agricultural wastes discharge into the water from the 
surrounding area  Hassan et al., (2018). 

Farhadkhani et al., (2018) found that secondary treatment of wastewater is a common 
environmental management strategy used worldwide, especially in developing countries. However, 
the microbial quality of such wastewater is a public health concern for irrigation of crops eaten raw. 
The results of this study showed that the microbial quality of treated wastewater used to irrigate crops 
does not meet WHO guidelines for irrigation of root and leafy crops (WHO, 2006). So, the main 
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drivers of wastewater use in irrigated agriculture are a combination of the following aspects: limited 
capacities of cities to treat their wastewater, causing pollution of soils, water bodies and traditional 
irrigation water sources; lack of alternative (cheaper, similarly reliable, available or safer) water 
sources in the physical environment; urban food demand and market incentives favoring food 
production in the proximity of cities, where water sources are usually polluted (Platform, 2010). 
Globally, the use of untreated wastewater for urban and peri-urban agriculture accounts for about 11% 
of all the irrigated croplands (Thebo et al., 2017). It is estimated that 10% of the global population 
consumes food produced from wastewater irrigation (WHO, 2006). The practice of crop irrigation 
with wastewater is not well-regulated in low-income countries, and the environmental and economic 
issues are poorly understood (Scott et al., 2010; Qadir et al., 2010). Some poor countries use raw 
sewage for irrigation purpose, although its use is considered illegal (Huibers et al., 2005). In less 
developed and low-income countries such as Asia, Latin America, and Africa, wastewater is used for 
irrigation without any treatment (Mcheik, 2018; Sahotap et al., 2018; Ehimemen et al., 2019).  

Egypt share of Nile water 55.5 BCM/Y does not meet with Egypt’s water demands. The current 
available water resources in Egypt are limited and there is a major hole between the complete water 
supply and the flow water requests due to urbanization and population growth. The current population 
in Egypt is 94 million capita (CAPMAS 2017). To satisfy the Egyptian water demands, the shortage 
of 13.5 BCM/Y of water should be Achived through non-confidential and alternative water resources 
such as indirect wastewater reuse and agriculture wastewater reuse of good quality Tamer et al., 
(2017). 

Since urbanization leads to an increase in wastewater production, wastewater has become a 
potential and cheap source of water for agricultural activities Huibers et al., (2005). Because the use 
of potable water for irrigation is very expensive El-Gamal et al., (2016). The second option still the 
use of surface water from contaminated rivers and streams (Obi., 2002; Kayombo et al 2018), which 
poses potential human health risks due to the presence of pathogenic organisms from infected 
livestock or human hosts Kayombo et al., (2015). As a result, there is a sever risk for the health of 
consumers of crops irrigated with contaminated water, especially fresh vegetables, which may at 
times be consumed without cooking when eaten as salad (raw)  Abaza et al., (2018).  Several studies 
have shown that raw vegetables may harbor potential food-borne pathogens (Beuchat et al., 2002 ; 
Kayombo et al., 2018;  Sahotap  et al.,  2018;  Akinde et al 2016 ; James.Y Gambo et al., 2019).
 Most of Egypt population lives in the valley and the delta of the Nile, which comprise about 
3.5% of Egypt (Approximately 35,000 km2). More than 4,600 villages and Tens of hundreds of 
smaller entities (called E zba(s)) are spread alongside this area. Most of cities of Egypt are found in 
this area as well. The area looks like one cultivated land area served by thousands of nested irrigation 
canals from different levels. More than 50,000 km(s) of irrigation and drainage canals cover this area 
in a very dense system.  The sewage services were not provided to most of the rural areas (villages 
and entities), and therefore the sewage in this rural area is collected and dumped into drainage and 
irrigation systems. So, farmers have no other feasible solutions unless other interventions are 
developed and disseminated among them El-Gamal et al., (2016). So, this study will cover and give 
information about using this irrigation canals in agriculture and the human health effect of using this 
water for irrigation of vegetables that used raw. 
 
Materials and Methods 
 
Materials 
 
Samples: 
1. A total of 135 samples of irrigation water (27), soil (27) and vegetables 81 (27 samples of each 

Arugula, Lettuce and Cucumber) were collected from three Egyptian Governorates, i.e. Giza, 
Sharkia and Qalubia. Water samples were collected from wastewater irrigation canal that used to 
irrigate vegetables and the corresponding soil to assess the bacterial quality of wastewater 
irrigation canal and the corresponding soil and vegetables.  

2. The samples of wastewater (200 ml) were collected in sterile bottle, soil sample collected from 
depth 20 cm in sterile bags and vegetable samples were collected in sterile bags.  All samples 
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transported promptly to the laboratory in ice boxes for microbiological analysis within few hours 
of collection. 

Medium: 
Buffered peptone solution, Plate count agar plates, Violet red bile agar plates, Paired parker 

agar media, Mackonkey agar, Nutrient agar, S.S agar plates, and EMB agar media were obtained from 
Oxoid, England for microbiological analysis of water, soil, and vegetables collected samples. 
 
Methods 
 
1. Microbiological analysis 
 
Total count bacteria: Water samples collection (25 ml), soil samples (25 g) and vegetable samples 
(25 g) were weighed and blended in sterile 225 ml buffered peptone solution under sterile condition. 
Aliquots (1.0 ml) of each homogenate were serially diluted in serial dilution (10-1 to 10-9). Sterile plate 
count agar plates were aseptically inoculated triplicate with aliquot of serial dilutions of the 
wastewater, soil and vegetable samples and incubated at 37°C for 24 hours to calculate total bacterial 
count where colonies appear counted and calculated Hassan et al., (2018). 
 
Total coliform bacteria: To assess the total coliforms 1.0 ml aliquot of serial dilutions of the 
wastewater, soil and vegetable samples were aseptically inoculated triplicate into violet red bile agar 
plates and incubated at 37°C for 24 hours. Red colonies calculated and counted (APHA, 1998 and 
FDA, 2002). 
 
Total Staphylococci: The counts of Staphylococci were assessed using paired parker agar media, 0.1 
ml of serially diluted aliquot streaked on the surface of the agar plates and incubated for 48 hours, 
black colonies calculated and counted (FDA, 2002). 
 
Isolation and detection of pathogenic bacteria: To detect pathogenic bacteria, 1 ml of aliquot 
streaked on various media type (Mackonkey, Nutrient agar, S.S agar plates and EMB agar media) and 
incubated at 37°C for 24 hours, a typical discrete colonies were sub cultured and purified on nutrient 
agar plates for the development of highly Purified isolates, which were stored on nutrient agar slants 
for subsequent characterization and identification tests at 4ºC. Akinde et al., (2016). Identification of 
all bacterial isolates was by microscopic, morphologic, and biochemical characterization. The 
biochemical tests were interpreted to determine the presumptive nomenclature of the potential 
pathogenic bacteria isolates (mostly enteric) through Bergey’s Manual of Determinative Bacteriology 
Akinde et al., (2016).  
 
Statistical analysis:  

The different parameters analyzed were then subjected to an analysis of variance (ANOVA) with 
the Excel software. For this purpose, a Two-factor with and without replication ANOVA were used to 
test the variability between the samples of different and same type Statistical differences with P-
values under 0.05 were considered significant. Also, correlation test using Microsoft Excel Data 
analysis was used to found positive and Negative correlation between parameters in all samples 
(Elbeih and El-Zeiny, 2018). 
 
Results and Discussion 
 
Determination of total bacterial count, total coliforms and staphylococci count in irrigation 
water, soil and vegetable samples. 

 Untreated wastewater contains a large range of pathogenic microorganisms, where the type of 
pathogens varies from region and time.  Total count bacteria (TCB), total coliform bacteria, and 
staphylococci bacteria were determined in the collected samples of wastewater, soil and vegetables 
irrigated by wastewater, which collected from Qalubia, Sharkia and Giza Governorates and the 
collection data were presented in Table (1). The mean log count (cfu/ml) of TCB in wastewater 
samples was 7.9, 7.7 and 6.9 in Qalubia, Sharkia and Giza, respectively. The corresponding values of 
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total coliform bacteria were 7.0, 6.4 and 5.7 as well as 6.1, 6.2 and 5.0 with staphylococci. With 
respect to soil samples, data in Table (2) indicated that mean log count (cfu/ml) of TCB, total coliform 
bacteria, and staphylococci bacteria in the samples collection from Qalubia were 7.7, 6.8 and 6.3, 
respectively. While in the samples collection from Sharkia, mean log count (cfu/ml) was 7.2, 6.3 and 
5.9, respectively. The corresponding data in Giza samples was 6.3, 5.5 and 5.0.   
 
Table 1: Log count (cfu/ml) of total bacteria, total coliforms and Staphylococci of wastewater 

irrigation canal in Qalubia, Sharkia and Giza Governrates  
 

Bacteria 
Log count of bacteria (cfu/ml) 

Qalubia (n =9)* Sharkia (n =9) Giza (n =9) 
Mean± 

SD 
Range Mean± SD Range Mean± SD Range 

Total count 7.9±0.50 6.6 - 8.40 7.7±0.32 7.2 - 8.10 6.9±0.44 6.2 - 7.50 
Total Coliforms 7.0±0.40 6.4 - 7.60 6.4±0.57 5.3 - 7.00 5.7±0.33 5.2 - 6.20 
Staphylococci 6.1±0.60 5.4 - 7.10 6.2±0.64 5.3 - 6.90 5.0±0.50 4.3 - 5.70 
*Number of samples 
WHO guidelines, 103cfu/ml for total count and Staphylococci   
WHO guidelines, 102cfu/ml for total coliform 

 
Table 2. Log count (cfu/ml) of total bacteria, total coliforms and Staphylococci of soil in 

Qalubia, Sharkia and Giza Governrates 

*Number of samples 
WHO guidelines, 103cfu/ml for total count and Staphylococci   
WHO guidelines, 102cfu/ml for total coliform 

 
On the other hand, total count bacteria (TCB), total coliform bacteria, and staphylococci 

bacteria were recorded in the vegetable samples (Table 3). Data indicated that mean total count 
bacteria of Cucumber were 5.7, 6.6 and 6.3 (log cfu/ml) in the samples collection from Giza, Qalubia 
and Sharkia, respectively. The corresponding values of Lettuce were 6.2, 7.0 and 6.4 as well as in 
Arugula were 6.3, 6.9 and 6.7 (log cfu/ml). Regarding to total coliform count, mean (log cfu/ml) of 
Cucumber were 4.9, 5.0 and 5.2 in the samples collection from Giza, Qalubia and Sharkia, 
respectively. The corresponding values of Lettuce were 5.1, 5.7& 5.5 and 5.2, 5.6 & 5.6 in Lettuce 
and Arugula samples, respectively. In the samples of Giza, Qalubia and Sharkia, data revealed that 
staphylococci (log cfu/ml) were (4.6, 4.5 & 4.5) in Cucumber samples, (4.6, 5.2 & 4.7) in Lettuce 
samples and (5.0, 5.0 & 4.9) in Arugula samples.   

The result of this study does not meet with WHO guidelines for irrigation of root and leafy 
crops (103 cfu/ml or cfu/gm) (WHO, 2006 and Akinde et al 2016). The high total bacterial count and 
coliforms count in the wastewater canals and vegetables irrigated by wastewater indicate that this 
canal subjected to fecal contamination and such contamination transferred to irrigated vegetables and 
this is might be due to that most of villages and thousands of smaller entities (called ezba), which 
scattered around the study area were not provided with sewage services, and therefore the sewage in 
this rural area is collected and dumped in drainage and irrigation systems water or due to mixing of 
drainage water with surface water of canals.  

Data analysis showed significant differences (P≤ 0.05) in (TCB) and coliforms count as well as 
staphylococci counts of wastewater and soil among the three governorates (Giza, Sharkia and 
Qalubia), this is might be due to the source of contamination where some irrigation canals have small 
size and bottom so the wastewater discharge within them, which make highly contaminated and 
concentrated, while others which have large surface area and more depth dilution of wastewater is 
done. Also, significant differences (P≤ 0.05) are noticed in TCB, total coliforms and staphylococci 
counts of vegetables among the same three governorates as well as between the vegetables type in the 

 
Bacteria 

Log count of bacteria (cfu/ml) 
Qalubia (n =9)* Sharkia (n =9) Giza (n =9) 

Mean± SD Range Mean± SD Range Mean± SD Range 
Total count 7.7±0.60 6.9 - 8.70 7.2±0.77 6.1 - 8.00 6.3±0.35 5.9 - 6.90 
Total Coliforms 6.8±0.30 6.2 - 7.20 6.3±0.67 5.2 - 6.90 5.5±0.74 4.3 - 6.60 
Staphylococci 6.3±0.55 5.0 - 6.70 5.9±0.68 5.1  - 6.80 5.0±0.44 4.3 - 5.50 



Curr. Sci. Int., 8(4): 776-788, 2019 
EISSN: 2706-7920   ISSN: 2077-4435                                                      DOI: 10.36632/csi/2019.8.4.17 

781 

same governorate. This difference might be  due the amount of water each crop hold which are an 
important factor of exposure to pathogens Abaidoo et al., (2010), where leafy vegetables (Arugula 
and Lettuce) have increased surface area than fruity vegetables (Cucumber), so they can hold more 
amount of contaminated water and so are subjected to contamination than other. The present 
investigation indicated that TCB and total coliforms in the three governorates are of order Qalubia > 
Sharkia > Giza. These results proved that, there is appositive correlation between total coliforms and 
TCB in wastewater canal and soil, which recorded (r = 0.86, 0.95 and 0.88) and (r = 0.88, 0.95 and 
0.92) for TCB and total coliforms, respectively. Also, a positive correlation between TCB in 
wastewater and vegetables were observed, which where (r = 0.85, 0.94 and 0.93) for Cucumber, (r = 
0.93, 0.97 and 0.94) for Lettuce and (r = 0.91, 0.93 and 0.96) for Arugula. On the other hand, a 
positive correlation between coliform bacteria vegetables was (r = 0.88, 0.92 and 0.91) for Cucumber, 
(r = 0.94, 0.98 and 0.95) for Lettuce and (r = 0.90, 0.98 and 0.95) for Arugula in Giza, Qalubia and 
Sharkia, respectively. 
 
Table 3: Log count (cfu/gm) of total bacteria, total coliform and Staphylococci of vegetables samples 

irrigated with wastewater canal in Qalubia, Sharkia and Giza Governorates. 

S
am

p
le

s 
  

Paramete
r 

Log count (cfu/gm)  
of total bacteria 

Log count (cfu/gm)  
of total Coliforms 

Log count (cfu/gm) 
 of Staphylococci 

Governorates Giza Qalubia Sharkia Giza Qalubia Sharkia Giza Qalubia Sharkia 

C
u

cu
m

b
er

 
n

=
9

 

Range 
5.2 - 
6.4 

5.8 - 
7.1 

5.6 - 
6.9 

4.3 - 
5.3 

4.7 - 
5.7 

4.8 - 
5.7 

4.0 – 
5.1 

4.2 - 
4.9 

4.3 - 
4.8 

Mean ± 
SD 

5.7± 
0.39 

6.6± 
0.33 

6.3± 
0.39 

4.9± 
0.29 

5.0± 
0.29 

5.2± 
0.28 

4.6± 
0.40 

4.5± 
0.20 

4.5± 
0.15 

L
et

tu
ce

 
n

=
9

 Range 
5.5 - 
7.2 

6.1 - 
7.8 

5.9 - 
7.0 

4.7 - 
5.3 

5.2 - 
6.3 

5.0 - 
5.8 

4.2 - 
5.3 

4.5 - 
5.5 

4.5 - 
5.4 

Mean ± 
SD 

6.2± 
0.36 

7.0± 
0.41 

6.4± 
0.35 

5.1± 
0.09 

5.7± 
0.41 

5.5± 
0.27 

4.6± 
0.32 

5.2± 
0.33 

4.7± 
0.32 

A
ru

gu
la

 
n

=
9

 

Range 
5.6 - 
6.9 

5.8 - 
7.9 

6.0 - 
7.8 

5.0 - 
5.5 

5.3 - 
6.0 

5.2 - 
6.0 

4.7 - 
5.6 

4.5 - 
5.4 

4.6 - 
5.3 

Mean ± 
SD 

6.3± 
0.33 

6.9± 
0.51 

6.7± 
0.56 

5.2± 
0.16 

5.6± 
0.24 

5.6± 
0.28 

5.0± 
0.32 

5.0± 
0.31 

4.9± 
0.23 

*Number of samples 
WHO guidelines, 103cfu/ml for total count and Staphylococci   
WHO guidelines, 102cfu/ml for total coliform 

 
In the present investigation data indicated that, the lowest TCB of wastewater irrigation canals 

was detected in Giza (6.2 log cfu/ml), while the highest values were detected in Qalubia (8.4 cfu/ml). 
These values are higher than those obtained by Gedamy et al., (2012) in El Saff area Giza, where 
TCB ranged from (2×104 to 276 ×104 cfu/ml) and (4×104 to 36.0 ×105 cfu/ml) at 22°C and 37°C, 
respectively; and also, higher than those reported by Cui et al., (2019) in which TCB bacteria ranged 
from (3.6 ×106 to 4.3 ×106 cfu/ml) for wastewater. Similar results obtained by Hassan et al., (2018), 
where TCB ranged from (158 x 105 to 0.1 x 105 cfu/ml) in some irrigation canal in Egypt  and agree 
with the results obtained by AL-Jaboobi et al., (2103) in yemen wastewater canal where the main 
value of heterotrophic counts (HPC) ranged from (1.3x107 to 8.1x106 cfu/ml). Regarding to total 
coliforms, data revealed that the lowest values were detected in Giza as log count 5.7 cfu/ml, while 
the highest values were detected in Qalubia as log count 7.0 cfu/ml. These results are higher than 
those reported by Hassan et al., (2018), where the count of coliforms in irrigation water ranged from  
(93 x 103 to 0.1  x 103 cfu/ml), and also higher than those reported by Akinde et al., (2016) which 
ranged from (1.40 × 103 to 1.40 ×105 cfu/ml) with a mean of (1.27 ×104 cfu/ml). On the other hand, 
similar results obtained by Cui and Liang (2019), where total coliform ranged from (1.0 ×104 to 6.0 
×105 cfu/ml) Regarding to staphylococci bacteria, data showed that the lowest values were detected in 
Giza as log count 4.3 cfu/ml, while the highest values were detected in Kalubia as log count 7.1 
cfu/ml. This result is higher than those reported by Weldezgina et al., (2016),  this high count of 
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staphylococci might be due to mixing with drainage water or from dumbing of wastes into water 
streams.  

For vegetable samples, the mean TCB were 5.7, 6.6, and 6.3 log cfu/gm for Cucumber in Giza, 
Qalubia and Sharkia, respectively. These result is higher than those obtained by  Gambo et al.,  (2019) 
who found that TCB of Cucumber for the examined areas ranged from 5.8 to 8.4 x104 and also higher 
than those reported by Gimba et al.,  (2015) which was (3 x 104 ). While, these results were lower 
than those obtained by Ibn yassin et al., (2007)  and  Ahmed et al (2019), which were (108cfu/g) and 
(4.56 to 8.09 log cfu/gm), respectively. On the other hand, similar results (5.9 log cfu/gm) obtained by 
Abaza et al., (2018). The mean counts of Lettuce in the present study were 6.2, 7.0 and 6.4 log cfu/gm 
in Giza, Qalubia and Sharkia, respectively. These result agree with those reported by Kouassi et al., 
(2019) and Ahmed et al (2019) and lower than those obtained by Somda et al., (2019). On the other 
hand, these results much higher than those obtained by Sahile et al., (2018) which was 4.53 log 
cfu/gm. In the present investigation, mean counts of TCB in Arugula were 6.3, 6.9 and 6.7 log cfu/gm 
in Giza, Qalubia and Sharkia, respectively. These results is in line with these reported by Abaza et al., 
(2018) which was 7.7 log cfu/gm and higher than those reported by Khalil and Gomaa et al., (2014) 
which was 5.5 log cfu/gm and Faour-Klingbeil et al., (2016) as 3.9 log cfu /gm. Presence of aerobic 
organisms in the result reflects the exposure of the sample to any contamination and in general, the 
existence of favorable conditions for multiplication of microorganisms Abaidoo et al., (2006). 

The more related finding to this study was a study conducted by Nguz et al., (2005) and 
Johnston et al ., (2012) reported the means of aerobic mesophilic count ranged from 4.5 to 6.2 log 
cfu/gm on fresh produces Sahile et al ., (2018) . In the current study the mean total coliforms count 
was 4.9, 5.0 and 5.2 for Cucumber; 5.1, 5.7 and 5.5 for Lettuce and 5.2, 5.6 and 5.6 for Arugula with 
mean of 5.3 log cfu/gm for all vegetable samples. This is agree with that reported by Nguz et al. 
(2005), who showed that mixed vegetables was still found to harbor high levels of TC (5.9 log 
cfu/gm) and higher than reported by Faour-Klingbeil et al., (2016) as 4.15±0.0 log MPN/100 g. On 
the other hand, total coliforms count for Lettuce ranged from 3.36 to 6.87 log cfu/gm and total 
coliform bacteria ranging from 2.75 to 6.45 log cfu/gm for Cucumber. In study done by Ahmed et al 
(2019), which is line with current study. The overall mean count of staphylococci for vegetables was 
4.77 log cfu/gm this is higher than those reported by Weldezgina et al. (2016)  in which the mean 
count of staphylococci for vegetable samples ranged from 2.55 to 2.97 log cfu/gm and in line with 
Guchi et al., (2010), who reported 4.55 and 4.97log cfu/gm. Increased staphylococci count in 
vegetables during study period and areas might be as a result of contaminated irrigation water or 
contact of vegetables with soil which accumulate pathogen from irrigation water according to and 
long term irrigation by wastewater or contaminated canals where there were a positive relation 
between staphylococci in wastewater irrigation canal and staphylococci.  
 
Detection, isolation and identification of the pathogenic bacterial strains from irrigation water, 
soil and vegetables irrigated with wastewater  

Pathogenic bacterial strains of wastewater irrigation, soil and vegetable irrigated with 
wastewater (Arugula, Lettuce and Cucumber), which collected from the three Egyptian Governorates 
(Giza, Sharkia and Qalubia) were determined and data summarized in Table (4). Results indicated that 
bacterial strains of different collected samples are variable among the three Governorates. In the water 
samples, data proved that S. aureus and E. coli sp. was the predominates in the three Governorates, 
which detected in all the samples collection of the three Governorates. On the other hand, Proteus sp. 
and Klebseilla sp. was detected in all collected samples of Qalubia, whereas, Proteus sp. was the 
predominates in Sharkia samples. Data showed that Salmonella sp. detected in 89% of the samples 
collection from Sharkia, 78% of Qalubia and 67% from Giza. Citrobacter sp., Pseudomonas and 
Provedincia were also detected in (56 to 78%), (44 to 78%) and (56 to 89%) of the samples collection 
from Qalubia, Sharkia and Giza, respectively.   

With respect to the soil samples, data in the same table indicate that, Proteus sp., Citrobacter sp. 
and S. aureus was the predominates in the three Governorates, which detected in all the samples 
collection of the three Governorates. Whereas, E. coli sp. was detected in all samples collection of 
Qalubia. Salmonella sp., Klebseilla sp., Pseudomonas and Provedincia were also detected in (44% to 
89%), (33% to 89%) and (44% to 78%) of samples collection from Qalubia, Sharkia and Giza, 
respectively.   
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Regarding to vegetable samples, data in Table (4) proved that, E. coli sp., Salmonella sp., Proteus sp., 
Klebseilla, Citrobacter sp., S. aureus, Pseudomonas sp. and Providencia was detected in different 
collected samples (Arugula, Cucumber and Lettuce) from the three Governorates.  Data in Fig. (1) 
proved that the highest percentage of S. aureus was detected in Sharkia (67%), followed by Qalubia 
(63%) and Giza (59%). Regarding to E. coli its detected in 48%, 41% and 30% of the collected 
samples from Giza, Qalubia and Sharkia, respectively. The corresponding values of Salmonella sp. 
were 26, 22 and 19%, in this order. Data showed that proteus sp., klebseilla sp., citrobacter sp., 
pseudomonas and providencia sp. were also detected (Fig.1). Regarding to Fig. (2), data indicated that 
leafy vegetables (Arugula and Lettuce) were more contaminated by bacteria than fruit vegetables 
(Cucumbers). Data also proved that, Arugula and Lettuce are more contaminated by S. aureus 
followed by proteus sp., citrobacter sp. and E. coli sp. 
 
Table 4: Prevalence and distribution percentage of the pathogenic isolates in water, soil and 

vegetables sample collected from Qalubia, Sharkia and Giza governorates 
 Sites Distribution pattern (%) of the pathogenic isolates 

Samples  E. coli Salmonella Proteus Klebseilla Citrobacter Staphylococci Pseudpmonas Providencia 

Q
a

lu
b

ia
 

Water 100 78 100 100 78 100 78 56 
Soil 100 56 100 56 100 100 89 44 
Arugula  44 33 67 33 67 56 44 33 
Cucumber 33 0 22 0 44 56 22 11 
Lettuce 44 33 56 44 56 78 33 22 

S
h

ar
k

ia
 

Water 100 89 100 78 78 100 56 44 
Soil 78 67 67 56 78 100 89 33 
Arugula 33 22 44 22 33 67 44 33 
Cucumber 22 0 22 22 33 56 22 11 
Lettuce 33 33 56 44 56 78 33 22 

G
iz

a
 

Water 100 67 67 56 89 100 67 56 
Soil 89 44 100 78 100 100 78 56 
Arugula 67 33 44 44 44 67 33 33 
Cucumber 22 11 22 22 22 44 22 22 
Lettuce 56 33 44 33 44 67 44 44 

 

In our study enterobacteriacea is the most predominated group to which pathogens isolated 
have been belong.  Similar findings reported by Nega and Sahile, (2018) which isolate five bacterial 
species from vegetable irrigated by contaminated streams, i.e. Escherichia coli, Klebsiella species, 
Proteus species, Enterobacter species, Pseudomonas species, which all belongs to enterobactereacea 
group. Water samples of the current study have pathogens in order of Staphylococci (100%) = E. coli 
(100%) > proteus (89%) > Citrobacter (81) > Klebsiella (78%) = Salmoneela (78) > Pseudomonas 
(67%)> Provedincia (52%).  This in line with  Gedamy et al., (2012) who found that E. coli is the 
main predominate species, the main  indicator of faecal pollution, which causes gastro intestinal 
disorder as diarrhea, fever and vomiting. Also many bacterial strains isolated and identified from El 
saff water resources in Giza Egypt, the identified species are E.coli, Pseudomonas flourcsence, 
Klebsiella pneumonia, Salmonella cloerasuls, and Proteus vulgaris and very close with Shawer, 
(2016) who detect many bacterial strains in irrigation water canal in Egypt-Qalubia as Staphyllococci 
sp. (93%), Pseudomonas sp. (88.7%), E.coli (91.2%) and  Salmonella sp. (85%). However, Osman et 
al., (2011), El bahnasawi, (2014) isolate Staphylococci and P. aeruginosa from water effluent in 
Egypt. Cui and Liang (2019) detected E. coli in wastewater before and after treatment. The presence 
of P. aeruginosa in water reflects that the canal water subjected to sewage, agricultural runoff, 
industrial effluents, and environmental disturbances (Hassanein et al., 2013). On the other hand, 
Rifaat, (2007) isolated Pseudomonas sp. from water samples from El-Gezera in River Nile at Cairo. 
While, Yehia and Sabae, (2011) isolated P. aeruginosa from El- Salam canal - Egypt. However, El-
bahnasawy, (2013) isolated P. aeruginosa from Rosetta branch Nile- Egypt. Also, Akinde et al., 
(2016) isolated Klebsiella pneumonia, Pseudomonas aeruginosa, Escherichia coli, Enterobacter 
cloacae, Salmonella enteritidis, Shigella flexneri , Citrobacter diversus, Citrobacter freundii, Serratia 
marcescens and Salmonella typhi from contaminated water which used for irrigation. The order for 
isolate from vegetable samples are Staphylococci (63%) > Citrobacter (44) > Proteus (42%) > E.coli 
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(40%), Pseudomonas (33%) > Klebsiella (30%) > Provedincia (26%) > Salmonella (22), which 
reflect the capability of pathogen colonize vegetables surfaces due variety of mechanisms to protect 
themselves from surrounding environmental conditions.  As in our study Staphylococci is the most 
predominate gram positive bacteria in vegetables. Ehimemen et al., (2019) showed that 
Staphylococcus aureus was the most prevalent Gram-positive bacteria presented in vegetables. 
Similarly, E. coli, Klebsiella spp. and Citrobacter is the major Gram-negative bacterial strains found 
associated with the vegetables and that microbial contamination might be due to contact with soil, 
dust and water. Also, Akinde et al (2016) found that the most predominate bacteria from vegetables 
were Klebsiella pneumonia, Pseudomonas aeruginosa, Escherichia coli. From the above finding the 
need to find a cheap way in line with economic situation of our country to reduce or eliminate these 
pathogens either from vegetables or from the source of them. 

 

 
Fig. 1: Distribution of Pathogenic isolates in each governorate 

 

 
Fig. 2: Pathogenic isolate (%) in each vegetable type of the three governorates 

 
Conclusion   

It could be concluded that wastewater irrigation canal which practiced to vegetable containing 
heavy load of bacteria, coliforms and staphylococci in addition to very harmful pathogenic bacteria 
that affect human health. When such water used for irrigation of agriculture soil and vegetables, 
bacteria accumulate into soil and transferee to plant by means of many mechanisms some attached to 
the surface while others penetrate plant skin through stomata or any wounds at the surface to protect 
themselves from surrounding environmental condition and so cause diseases to consumers especially 
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when eaten raw. Also, we concluded that leafy vegetables retain many microbes than fruity one and 
this is might be due to large surface area. This study is a warning bill to stimulate concerned entities 
in Egypt for the necessarily treatment of wastewater before use and the government should make 
farmers aware of the dangers of irrigation with wastewater. 
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