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Abstract 

  

 Kitchener drain is considered one of the 
largest drains in the Nile delta. The current 
study aimed to assess water quality and level 
of some chemical and biological pollutants in 
both the water and sediments of Kitchener 
drain. The studied water quality parameters in-
cluded nitrate (NO3

-), phosphate (PO4
3-), total 

solids (TS), total suspended solids (TSS) and 
total dissolved solids (TDS), in addition, water 
and sediment samples were exposed to bacte-
riological analysis which included, total coli-
form (TC) bacteria, faecal coliform (FC) bac-
teria and Salmonella & Shigella (SS). The re-
sults showed that nitrate (NO3

-) and phosphate 
(PO4

3-) concentrations in most sampling sides 
were within the permitted Food and Agricul-
ture Organization (FAO) limits for irrigation 
water. In addition, all the values of total sus-
pended solids (TSS) and total dissolved solids 
concentrations (TDS) in El-Gharbia gover-
norate were higher than the World Health Or-
ganization (WHO) permitted limits. Bacterio-
logical results revealed that most sampling 
sites were contaminated with both TC and FC 
bacteria where, the counts of them in the water 
samples exceeded the 1,000 CFU/100 ml 
which is higher than the WHO limits. In addi-
tion, the counts of studied organisms in all ex-

amined sediment samples were higher com-
pared to water samples. Based on these results 
the water in Kitchener drain is considered un-
suitable for domestic and agricultural pur-
poses.  
 

Keywords: Water quality, Kitchener drain, 
Total coliform (TC), Faecal coliform (FC). 

 

1 Introduction 

 
Kitchener drain streams from south into 

north direction reaching the Mediterranean Sea 
and releases about 1.9 billion cubic meter per 
year. According to Abdel Rashid, (2002), the 
water is mixture of 75% agricultural drainage 
water, 23% domestic water, and 2% industrial 
water, respectively. It receives pollutants from 
various effluents discharged from industries 
and domestic sewage. The aquatic environ-
ment is considered the major source control-
ling the state of health and disease. The main 
problem addressed during this study is in the 
low quality of surface water in Kitchener 
drain. Water quality is important for every type 
of cultivation. When used for irrigation, low 
water quality may lead to reduced crop yield, 
therefore, irrigation water quality should be 
known in order to preserve long-term produc-
tivity. 

http://ajs.journals.ekb.eg/
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Faecal coliforms are the most commonly 
bacteria used in discussions of wastewater re-
use (Blumenthal et al 2000). Kitchener drain is 
in Middle part of Nile Delta and has a total 
catchments area of about 1,800 km2. It origi-
nates in El-Gharbia north of Tanta City and ex-
tends pass Kafr El-Sheikh in the north direc-
tion till it reaches the Mediterranean Sea at 
Baltim city (El-Alfy et al 2017). Industrial ef-
fluents released into the water bodies is one of 
main sources of environmental Pollution (Kaur 
et al 2010). Estimation of the number of vari-
ous bacteriological pathogen in treated sewer 
water samples can lead to operative evaluation 
of the treatment procedure. According to Toze, 
(2005), reverse changes in treated effluent ef-
fluents must be considered when used to irri-
gate edible crops. Worldwide, wastewater is 
the main factor in water pollution due to hu-
man release of waste into water bodies, which 
affects the quality of the environmental water, 
making large quantities of water unsuitable for 
various uses. (Ganoulis, 2009, Yehia and Sa-
bae, 2011). The rapid industrial expansion dur-
ing the past era has preceded to increase in the 
complication of toxic discharges (Sewvandi 
and Adikary, 2011). Numerous sewage re-
leases of raw water from of Elgharbia and Kafr 
Elsheikh Governorates as well as other cities 
and towns along the drain are problematic (El-
Amier et al 2017). The objectives of the pre-
sent work were to (1) evaluate the water qual-
ity of Kitchener drain at El-Gharbia and Kafr 
El-Sheikh Governorate, Egypt via the estima-
tion of chemical and biological characteristics. 
(2) examined the biological characteristics in 
sediments of Kitchener drain.   

   

2 Materials and Methods 

 

2.1 Water and sediments sampling 
 

Twenty-six samples of irrigation water and 
Twenty-six samples of sediments were col-
lected, seven from Kitchener drain at El-Ghar-
bia Governorate and nineteen from Kitchener 
drain at Kafr El-Sheikh Governorate (Fig 1). 
Water samples were examined for both chem-
ical and biological analysis. Whereas sediment 

samples were examined for biological analysis 
only. The sediments were collected from the 
top layer of the drain and all samples were col-
lected at the same sampling sites of water sam-
ples (Table 1). 

 
2.2 Laboratory analysis 

 
Nitrate (NO3

-) was determined using the 
Kjeldahl process described by (Chapman and 
Pratt, 1961). Phosphate (PO4

3-) was measured 
using colorimetric methodology according to 
(AOAC, 2012) using spectrophotometer 
(model JENWAY 6705 UV/Vis).  

Total solids (TS), total suspended solids 
(TSS) and total dissolved solids (TDS) were 
determined gravimetrically according to the 
method described by (Clesceri et al 1998). 

Total coliform (TC) bacteria were counted 
on Endo Agar medium using the serial dilution 
poured plate method. The inoculated plates 
were incubated at 37° C for 24 hours colonies 
with metallic - green sheen were counted 
(APHA, 1989). 

Faecal coliform (FC) bacteria were counted 
using the same previously mentioned medium 
but inoculated plats were incubated at 44.5° C 
for 48 hours, Colonies with metallic – green 
sheen were counted (APHA, 1989). 

Salmonella and Shigella (SS) bacteria were 
counted using SS Agar medium by the serial 
dilution poured plate method. The inoculated 
plates were incubated at 35 – 37° C for 24 
hours. Black – centered or mirror colonies 
were counted as Salmonella and Shigella mi-
croorganisms (Difco Manual, 1977). 

 

3 Results and Discussion 
 

3.1 Chemical parameters in water samples 
 

3.1.1 Nitrate and Phosphate Concentrations 

in water samples 
 

Nitrate (NO3
-) may reach water via excess 

of mineral nitrate fertilizers It may also, 
formed inside water in drains and water net-
works by oxidation of other N-reduced forms 
(ammonia and nitrite) or organic N-substances 
like amino acids (Kidd, 2011). 
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Figure 1. Location map of Kitchener drain 

 

 

Table 1. Sampling sites for Kitchener drain at El-Gharbia and Kafr El-Sheikh Governorate 

 

Sampling site No. Latitude (N) Longitude (E) 

1 30°  58'  42.96'' 30°  29'  28.68'' 

2 30°  58'  53.04'' 31°  1'    3'' 

3 30°  58'  50.8836'' 31°  4'    58.8'' 

4 30°  58'  43.3236'' 31°  8'    20.04'' 

5 31°  4'    9.8436'' 31°  13'  5.5236'' 

6 31°  4'    22.08'' 31°  9'    32.0364'' 

7 31°  4'    17.4'' 31°  56'  38.4'' 

8 31°  4'    21.7236'' 31°  1'    59.88'' 

9 31°  4'    28.1964'' 30°  57'  43.5564'' 

10 31°  10'  19.56'' 30°  57'  39.6'' 

11 31°  10'  18.84'' 31°  0'    55.0836'' 

12 31°  10'  17.76'' 31°  5'    24'' 

13 31°  10'  16.6836'' 31°  10'  29.2836'' 

14 31°  10'  15.24'' 31°  15'  6.4836'' 

15 31°  16'  2.64'' 31°  16'  48.036'' 

16 31°  16'  6.24'' 31°  12'  40.68'' 

17 31°  16'  9.84'' 31°  7'    59.1636'' 

18 31°  16'  12'' 31°  5'    3.84'' 

19 31°  16'  4.8'' 31°  2'    8.52'' 

20 31° 16' 16.6764'' 30°  47'  36.24'' 

21 31° 16' 17.4'' 30°  55'  22.8'' 

22 31° 26' 22.9164'' 31°  14'  50.2764'' 

23 31° 26' 24'' 31°  11'  35.16'' 

24 31° 26' 24.7236'' 31°  8'    40.56'' 

25 31° 26' 25.08'' 31°  5'   41.2836'' 

26 31°  26'  27.2436'' 31°  1'   46.9164'' 
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The present study illustrate that all nitrate 

(NO3
-) concentrations were within permissible 

limit of 10 mgL-1 according to FAO (1994) 
limits except site 2 and 6. Whereas that, all 
phosphate (PO4

3-) concentrations were within 
permissible limit of 2 mgL-1 except site 3 and 
4 (Table 2 & Fig 2) in El-Gharbia. On the 
other hand, in Kafr El-Sheikh nitrate concen-
trations were above the permissible limit of 
FAO (1994) in site 10, 11, 12, 14, 18, 24, 25, 
26. On the other hand, phosphate was above 
permissible limit in site 8 and 24 according to 
(Table 2 & Fig 3). The high values of phos-
phate are largely responsible for eutrophic 
conditions in a water (Addo et al 2011). These 
results are in agreement with those of Singh et 
al (2004) and Malik and Nadeem, (2011), who 
stated that the high concentrations of nitrate 
and phosphate in the drain water might be due 
to domestic, municipal waste and agricultural 
discharge.  
 

3.1.2 TS, TSS and TDS Concentration 
 

Total Solids (TS) are the total of TSS and 
TDS. The present study showed that all total 
solids concentration were within permissible 
limit of 1500 mgL-1 (FME, 2011) except site 4.  
Site 4 showed high concentration of TS could 
be due to receiving agricultural runoff contain-
ing fertilizer and suspended soil particles 
(Mezgebe et al 2015).  

Total Suspended Solids (TSS) is a measure 
of particulate maters suspended in water. All 
total suspended solids concentration were 
above permissible limit of 60 mgL-1 (WHO, 
2006). The highest TSS was observed (637 
mgL-1) in site 3. The recorded value of TSS 
might be due to poor management system of 
water sources in the governorate (Mezgebe et 
al 2015). 

Total Dissolved Solids (TDS) represents 
for the dissolved elements in water (Uwidia, 
2013). All TDS concentrations in El-Gharbia 
Governorate (Table 2 & Fig 4) were within 
permissible limit (1500 mgL-1) stated by 
WHO, (2006). The high value of TDS rec-
orded in the drain water might be due to dis-
charge of wastes from the towns (Sonja, 2010). 

On the other hand, in Kafr El-Sheikh Gov-
ernorate, total solids were above permissible 
limit in site 8, 14, 21, 24 according to (FME, 
2011). Moreover, According to WHO (2006) 
the concentration of TSS excessed the permis-
sible limit, but some sites are below that level 
i.e. sites 9, 11, 16, 19 and 20. Total dissolved 
solids was above permissible limit in site 14 
and 24 according to WHO (2006) (Table 2 & 

Fig 5). Kaur et al (2010) reported that people 
subjected to water with such high concentra-
tions of TSS and TDS are at threat of having 
cancer.   
 

3.2 Biological parameters in water samples  
 

One of important indicator to assess the  
biological quality of water is the incidence of 
faecal coliform (Chigor et al 2012). In El-
Gharbia Governorate, all total and faecal coli-
form counts were above permissible limit of 10 
CFU/ml, ≤ 10 CFU/ml respectively (WHO, 
1989). Total and faecal coliforms recorded 
highest values in site 3 (180 x 102 CFU /ml, 79 
x 102 CFU/ml respectively). The difference in 
the faecal coliform counts in the drain water 
samples could be due to the difference in the 
point source of pollution to the sites (Abakpa 
et al 2013). All sampling sites were contami-
nated with Salmonella & Shigella except site 7 
shows negative results. The guidelines of 
WHO does not allow the existence of any col-
ony of Salmonella and shigella in irrigation 
water because they are pathogen bacteria for 
human (El-Tohamy et al 2015). Salmonella 
and Shigella recorded highest values in site 4 
(53 x 102 CFU/ml) (Table 3 & Fig 6). On the 
other hand, in Kafr El-Sheikh Governorate,  
according to (WHO, 1989) all the sites were 
contaminated with total coliforms except sites 
16, 22, 23 that show opposite results. The high-
est Total coliforms value was recorded in site 
19 (2000 x 102 CFU/ml). All the sites were 
contaminated with faecal coliforms except 
sites 16, 22, 23, 24 that show contrary results 
according to (WHO, 1989). The highest faecal 
coliforms values were recorded in site 19 and 
26 (1200 x 102 CFU/ml). Furthermore, Salmo-
nella and Shigella recorded the highest values 
in site 19 (50 x 102 CFU/ml) (Table 3 & Fig 
7).   
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Table 2. Chemical parameters in water samples at El-Gharbia and Kafr El-Sheikh Governorate 

 

Site No. NO3
- 

(mgL-1) 

PO4
3- 

(mgL-1) 

TS 

(mgL-1) 

TSS 

(mgL-1) 

TDS 

(mgL-1) 

El-Gharbia (1) 9.1 0.06 1100 352 748 

El-Gharbia (2) 13.3 1.06 1200 298 902 

El-Gharbia (3) 7.7 6.99 1100 637 463 

El-Gharbia (4) 7 3.66 1600 577 1023 

El-Gharbia (5) 7.7 1.38 1300 317 983 

El-Gharbia (6) 15.4 0.88 800 447 353 

El-Gharbia (7) 7.7 0.36 900 502 398 

Kafr El-Sheikh (8) 6.3 3.07 3300 3119 187 

Kafr El-Sheikh (9) 9.8 000 nd nd nd 

Kafr El-Sheikh (10) 10.5 0.34 1100 552 548 

Kafr El-Sheikh (11) 11.2 000 nd nd nd 

Kafr El-Sheikh (12) 14.7 0.42 1300 328 972 

Kafr El-Sheikh (13) 4.9 0.66 1000 181 819 

Kafr El-Sheikh (14) 11.9 0.39 283300 775 282525 

Kafr El-Sheikh (15) 7.00 0.33 1500 318 1182 

Kafr El-Sheikh (16) 4.2 0.09 nd nd nd 

Kafr El-Sheikh (17) 6.3 0.03 600 324 276 

Kafr El-Sheikh (18) 10.5 000 400 352 48 

Kafr El-Sheikh (19) 5.6 0.16 nd nd nd 

Kafr El-Sheikh (20) 7.7 1.91 nd nd nd 

Kafr El Sheikh (21) 9.8 0.45 1800 1297 503 

Kafr El-Sheikh (22) 9.8 0.36 800 406 394 

Kafr El-Sheikh (23) 6.3 0.28 300 294 6 

Kafr El-Sheikh (24) 15.4 5.22 3600 2022 1578 

Kafr El-Sheikh (25) 11.2 0.58 900 266 634 

Kafr El-Sheikh (26) 19.6 1.22 1000 249 757 

 
 
 

 
 

Figure 2. Nitrate and phosphate concentrations in water samples at El-Gharbia Governorate 
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Figure 3. Nitrate and phosphate concentrations in water samples at Kafr El-Sheikh Governorate 

 

 

 
 

Figure 4. TS, TSS and TDS Concentration in water samples at El-Gharbia Governorate 

 

 
 

Figure 5. TS, TSS and TDS Concentration in water samples at Kafr El-Sheikh Governorate 
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Table 3. Biological parameters in water samples at El-Gharbia and Kafr El-Sheikh Governorate 

 

 

Site No. 

TC 

(CFU/ ml X 102) 

FC 

(CFU/ ml X 102) 

SS 

(CFU/ ml X 102) 

El-Gharbia (1) 10 7 1 

El-Gharbia (2) 22 11 6 

El-Gharbia (3) 180 79 33 

El-Gharbia (4) 164 64 53 

El-Gharbia (5) 24 20 4 

El-Gharbia (6) 28 11 8 

El-Gharbia (7) 6 2 nd 

Kafr El-Sheikh (8) 3 3 nd 

Kafr El-Sheikh (9) 5 2 nd 

Kafr El-Sheikh (10) 3 3 nd 

Kafr El-Sheikh (11) 5 1 1 

Kafr El-Sheikh (12) 4 1 nd 

Kafr El-Sheikh (13) 2 2 nd 

Kafr El-Sheikh (14) 11 2 nd 

Kafr El-Sheikh (15) 960 600 15 

Kafr El-Sheikh (16) nd nd nd 

Kafr El-Sheikh (17) 1200 700 16 

Kafr El-Sheikh (18) 1160 570 30 

Kafr El-Sheikh (19) 2000 1200 50 

Kafr El-Sheikh (20) 300 210 5 

Kafr El-Sheikh (21) 350 190 2 

Kafr El-Sheikh (22) nd nd nd 

Kafr El-Sheikh (23) nd nd nd 

Kafr El-Sheikh (24) 20 nd nd 

Kafr El-Sheikh (25) 500 200 nd 

Kafr El-Sheikh (26) 1500 1200 4 

TC :  Total Coliforms, FC:  Faecal Coliforms,  SS:  Salmonella and shigella 

 

 

 

 
  

Figure 6. Biological parameters in water samples at El-Gharbia Governorate 
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Figure 7. Biological parameters in water samples at Kafr El-Sheikh Governorate 

 
 

Table 4. Biological parameters in sediment samples at El Gharbia and Kafr El Sheikh Governorate  

 

Site No. 
TC 

(CFU / ml X 102) 

FC 

(CFU / ml X 102) 

SS 

(CFU / ml X 102) 

El-Gharbia (1) 40 10 1 

El-Gharbia (2) 38 15 11 

El-Gharbia (3) 192 100 43 

El-Gharbia (4) 183 82 63 

El-Gharbia (5) 30 25 11 

El-Gharbia (6) 41 13 16 

El-Gharbia (7) 12 5 nd 

Kafr El-Sheikh (8) 9 6 nd 

Kafr El-Sheikh (9) 11 9 nd 

Kafr El-Sheikh (10) 5 3 nd 

Kafr El-Sheikh (11) 11 2 4 

Kafr El-Sheikh (12) 8 2 nd 

Kafr El-Sheikh (13) 5 2 nd 

Kafr El-Sheikh (14) 16 5 nd 

Kafr El-Sheikh (15) 1030 800 25 

Kafr El-Sheikh (16) 30 20 nd 

Kafr El-Sheikh (17) 1500 820 23 

Kafr El-Sheikh (18) 1200 620 40 

Kafr El-Sheikh (19) 2100 1500 85 

Kafr El-Sheikh (20) 350 280 13 

Kafr El-Sheikh (21) 410 260 6 

Kafr El-Sheikh (22) 50 20 nd 

Kafr El-Sheikh (23) nd nd nd 

Kafr El-Sheikh (24) 80 40 nd 

Kafr El-Sheikh (25) 620 310 nd 

Kafr El-Sheikh (26) 1700 1300 15 

TC :  Total Coliforms, FC:  Faecal Coliforms,  SS:  Salmonella and shigella 
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 Figure 8. Biological parameters in sediment samples at El-Gharbia Governorate 

 

 

 
 

Figure 9. Biological parameters in sediment samples at Kafr El-Sheikh Governorate 
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Fig 9). The counts of bacterial indicator in the 
sediment samples were higher compared with 
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This could be attributed to that sediments 
mostly provide a proper natural environment 
for microbial existence and living (Jamieson et 
al 2005). 
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4 Conclusion 

 
The results of the present investigation re-

vealed that in Kitchener drain study area there 
is an obvious water contamination trend for all 
studied biological parameters. All studied pa-
rameters have exceeded the permitted limits 
for irrigation water at most sampling sites. 
Moreover, the biological analysis for sediment 
samples showed that most sampling sites were 
contaminated with total faecal coliform bacte-
ria and salmonella & shigella that could be 
considered as an unfavorable source on water 
quality.  
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