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ABSTRACT

High polluted water resources and drinking water treatment are supposed to be one of the most
important human health issues. Two major canals in Sidi Salem city, Kafr El-Sheikh Governorate have
facing quality fluctuation. This study is aimed to investigate the transport and fate of soluble ammonia in
water resources through examining seasonal and spatial variations of physicochemical parameters. The
weekly samples were taken for chemical, physical and microbiological surveys. The result shows that the
mother water source is the main responsible for water pollution rather than human activities close to
canal. Meet Yazied canal less polltuted than Elbahr Elseedy canal in all water quality parameters except
turbidity. Low water level in winter seasons had significant effect with the low water quiality in both
canal. In the same time, wastewater from aquaculture industries must be considered as a part of a
general integrated wastewater management plan. Therefore, selected treatments and cost-efficient

techniques should be developed to control the spread of pollution into the environment.
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INTRODUCTION

The requirement for water is increasing while slowly all the water resources are becoming unfit for
use due to improper waste disposal. High polluted water resources with ammonia that used for drinking
water treatment are supposed to be one of the most important issues (Erdem et al., 2004). In Egypt,
drinking water treatment plants are constructed in order to remove organic compounds in an efficient
way by disinfection, coagulation and filtration. These treatments are the common methods applied in
water treatment but are not considered advanced enough for total ammonia nitrogen and nitrate ions
removal. So, there are a few techniques available to remove TAN and nitrate ions that are divided into
two main categories: physicochemical and biological (Mook et al., 2012) physicochemical treatment
technologies were employed for ammonia removal from domestic and industrial wastewaters, which are
air stripping, ion exchange, and breakpoint chlorination reverse osmosis (RO), electro dialysis (ED) and
activated carbon adsorption. Reverse osmosis (RO) has potential to remove ions, proteins and organic
chemicals in brackish water and seawater (Afonso et al., 2004;Hilal et al., 2004;Kim et al., 2009).
Although air stripping and ion exchange are widely used, they transfer contaminants from one medium
to another. There is no destruction of the contaminant. Consequently, it needs to be further treated

(Huang et al., 2008; Feng et al., 2003). Breakpoint chlorination demands a large amount of chlorine and
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relatively inefficient (Jensen and Johnson, 1989;L.i et al., 2011). Nitrogen-containing compounds are
examples of those contaminants which can create serious problems when released into the environment,
such as eutrophication of rivers (Sumino et al., 2006), deterioration of water quality and potential hazard
to human or animal health. Nitrate is one of these compounds, though it does not pose a human or animal
health threat by itself. It is potentially converted to nitrite in the gastrointestinal tract or to nitrous
nitrogen compounds through reduction (Foglar et al., 2005). Ammonia (NHj;) is the product of fish
respiration and decomposition of excess organic matter. Chemoautotrophic bacteria (Nitrosomonas and
Nitrobacter) tend to oxidize ammonium ions (NH,") to nitrite (NO,) and nitrate (NOj) ions.
Nevertheless, these ions are removed by aquatic plants, algae and bacteria since they assimilate them as a
source of nitrogen (Camargo et al., 2005).

Present paper has collected water quality data for different seasons and has analyzed it using a
statistical technique. This study is aimed to investigate water quality in tow major canals in Sidi Salem
city, Kafr El-Sheikh Governorate through examining seasonal and spatial variations of physicochemical
parameters and assessment of bacteriological characteristics. The research work of this paper can be
used for investigations of other similar systems threatened by contamination due to urbanization land use

changes and recreational activities.

MATERIAL AND METHODS
1. Water Sampling

Raw water samples were taken Weekly and monthly from selected sampling sites according to
study plan. Samples were collected manually at about 30 cm under water surface in appropriate, clean,
free of analyst of interest and free of contaminants containers. Suitable amounts of raw water were
collected according to each test requirements. Each lab conditions and instructions for sample collection,
storage and preservation were exactly followed and performed according to Standard methods of water
and wastewater. The temperature of the sample was maintained at ambient conditions prior to and
during testing. The collected water was stored and refrigerated (at 4 °C) for subsequent testing. The
temperature of the sample was adjusted to room temperature before initiating any test. On the other
hand, turbidity and pH were measured in field (Eaton et al., 2005). The samples were taken for chemical,
physical and microbiological surveys. For chemical and physical analysis (PH- turbidity- conductivity -
alkalinity — chlorides — total hardness- Ca- hardness-—Ammonia-Nitrite-Nitrate)., Tow liter surface water
samples were taken from each sampling site weakly. All samples were analyzed about 2 hours after
collection and for microbiological analysis 1 liter surface water samples were taken from each sampling
site monthly during the period 9/2013 to 8/2014.

1.1. Study area:

Raw water samples were taken from Inlet of Abd El-Rahman Water Purification plant on
Elbahr Elseedy canal which off- take from Rosetta branch, In the west side of Sidi-Salem city, Kafr El-
Sheikh, Egypt. Its coordinates are N 31° 17 * 20. 67'"; E 30° 41' 58 .28 "* as showed in (Fig 1a). Also, Inlet
of Elmofty Water Purification Plant on Meet Yazied canal which off-take from Damietta branch. At the
east side of Sidi-Salem city, Kafr El-Sheikh, Egypt. Its coordinates are N 31° 51' 17. 27*"; E 30° 52" 25
45" .as showed in (Fig 1b). Samples were collected during the period from October, 2012 to December,
2014.
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2. Physical and chemical analyses of water samples
The quality of water samples was determined by measuring pH, electrical conductivity (EC),

turbidity, chloride, total alkalinity, total hardness, Calcium hardness and Magnesium hardness,.
Nitrogen forms i.e. free ammonia, nitrate and nitrite were also measured. Heavy metals were measured
by Flame Atomic Absorption Spectrometry. All the physicochemical analyses were done in duplicates
and determined by the procedures of Standard Methods done for the Examination of Water and
Wastewater (Eaton et al., 2005).

3. Microbiological analysis of water samples
The heterotrophic plate count (HPC) is a procedure for estimating the number of live

heterotrophic bacteria in water. Colonies may arise from pairs, chains, clusters, or single cells, all of
which are included in the term ‘‘colony-forming units’’ (CFU). The enumeration of total bacterial count
(TBC) in water samples was done using the spreading plate technique over Plate count agar medium
(Tryptone glucose yeast agar) which is high-nutrient agar, widely used medium for heterotrophic plate
count. Each water sample was serially diluted to a suitable concentration.

Detection of total coliform bacteria was based on membrane filter technique using selective media
(m- Endo agar) m Endo agar, which is Base for enumerating coliforms in water by membrane filtration.
Samples that yielded counts between 20-60 CFU/membrane were diluted with 100 ml sterile dilution
water and were filtered under vacuum. Additional controls were prepared to determine contamination of
plates, pipets, and room air.

Detection of Fecal coliform bacteria was based on membrane filter technique using selective media
m-FC agar, which is Base for enumerating fecal coliforms in water by membrane filtration. A filtration
system was used for filtering 100 ml of water samples. Sterility of medium and dilution water blanks were
Checked by pouring control plates for each series of samples. Additional controls were prepared to
determine contamination of plates, pipets, and room air.

Detection of Fecal Streptococcus (FS) bacteria was based on membrane filter technique using
selective media (m-Enterococcus Agar), which base for isolating and enumerating Enterococci in water
by membrane filtration. A filtration system was used for filtering 100 ml of water samples (Eaton et al.,
2005)..
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4. STATISTICAL ANALYSIS
The data were analyzed using statistical software (SPSS Version 17, SPSS INC, Chicago, IL, USA).

Initially, the descriptive statistics were computed. One-way ANOVA was used followed by Duncan's post

hoc test (¢0.05). In all tests, p values smaller than 5% were considered statistically
RESULTS AND DISCUSSION

Ammonia of the water resources is one of the major technical, environmental, and economical

problems associated with drinking water production in north Egypt (Nora’aini et al., 2005). As showed in

Table (1&2) and Figure (2). Elbahr Elseedy canal samples recorded the highest salts content comparing
to Meet Yazied canal specially in autumn 2013 and autumn 2014 and showed significant increase more
than all samples during all seasons, while the lowest value were recorded in summer 2014. Also, both
showed significant decreases in summer seasons for all parameters except turbidity degrees.

Table (1) Seasonal variation of different parameters values of water sampled from two different water resources.
IR

Parameter . Turbidity Conductivity Alkalinity
P (NTU) (us/cm) mg/I

Elbahr Meet || Elbahr | Meet | Elbahr | Meet || Elbahr || Meet
Season ElSeedy | Yazied || EISeedy | Yazied ||[EISeedy| Yazied ||ElSeedy| Yazied

Autumn 791" [768™| 5.22™ [18.40%) 660.7°] 476.1" || 234.8° || 178.4
+005 | +00L| +043 | £097 | £8.12 | +10.06 || +5.70 || +4.49

Winter 7.79® | 7550 || 561" [15.54%f 759.8° | 558.3 | 245.02 || 165.8 %"
+002 | +002| +041 | £1.36|+17.21| +1015| +6.56 || +3.96

Spring 7.82% | 764™| 9.18™ |21.81™[592.5° | 465.9" | 186.9° | 142.6'
+0.01 | +0.01] 050 | £0.60 [[+12.22 | +11.98 | +3.54 | +2.56

Summer 7.73% | 760" | 7.20" |16.76 ®]578.4° | 412.0' | 17357 | 135.2
+0.01 | +001| +022 | £1.00| +6.68 | +6.05 || £2.14 || £2.40

Autumn 7.99% | 7.78%| 6.36" | 10.26"| 612.2¢ | 523.29 || 183.5% | 152.5'
+004 | +002| £021 | £0.72|+12.06| +11.35| +2.63 || +1.45

Winter 7.82° | 763" | 7.24%" |15.99®[694.9° | 579.5° | 195.8° || 161.7"
+0.02 | +002] +034 | +0.60 [[+11.62| +12.41 | +2.69 | +2.26
Spring 7.82°% | 767" 7.299 | 24372 732.4° | 454.4" | 201.1°¢ | 152.5'

+001 | +002| 049 | +0.76 ||+10.14 | £11.30 | £2.56 || £1.90

Summer 7.73%9 | 760" | 923" |23.25%®679.9% | 389.0" || 167.79" | 137.9!
+002 | +002| +033 | £067| 356 | +467 || +0.90 || +2.38

Autumn 7.98% | 7.75% | 6.78" | 145° | 794.8° | 512.29 || 177.5° || 166.3 %"
+0.03 +002) £0.34 | £1.02|+18.03 | £12.22 | +1.43 +1.71
- Means with the same letter(s) of the same parameter are not significantly different at p 20.05.

- Data are represented as Mean + SE SE = Standard error.
- Number of observation in each mean =5

During the whole sampling period it was noticed that the maximum increase in pH values was
recorded during autumn seasons in Elbahr Elseedy canal that agrees with (Moghazy, et al. 2015) the
relatively higher pH of water can be attributed to the large amounts of different pollution sources
discharged. The Maximum turbidity values were observed during spring and summer in Meet Yazied
and the lowest values were recorded during autumn in Elbahr Elseedy samples Due to winter block of
Nile River in cold seasons which cause stagnant of water this agrees with the finding by (Abdo

2013).Values increase more over especially in winter season where organic matter increases in the river
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during this period because of the winter block. Such results were given by (Abd El-Hady & Hussian
2012). The total hardness (TH), calcium hardness (Ca—H), magnesium hardness (Mg-H) is regulated
largely by the levels of Ca and Mg salts. Other metals if present such as Fe, Mn, and Al may also
contribute to hardness (Singh et al. 2005). The Maximum values were recorded in Elbahr Elseedy
samples during autumn and winter seasons as shown in Table (2) and Figure (2). The lowest values were
recorded in Meet Yazied samples during summer season, that agrees with (Osman and Kloas 2010) who
illustrate that Water hardness was increased from Aswan to Rosetta and Damietta branches and
recording the highest value at Rosetta branch.
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Figure (2): Seasonal variation of total dissolved solids (a) and total hardness (b) values in mg/l of water sampled
from two water resources during studying period.

Table (2):Seasonal variation of salts values in mg/l of water sampled from two different water resources.

Parameter Chlorides Ca. Hardness Ca. Mg. Hardness Mg .
mg/I mg/I mg/l mg/l mg/I

Elbahr | Meet || Elbahr | Meet || Elbahr | Meet | Elbahr || Meet | Elbahr || Meet
Season ElSeedy | Yazied | ElSeedy | Yazied || ElSeedy | Yazied ||ElSeedy || Yazied || ElSeedy || Yazied

Autumn 63.6 ° | 42.2° | 119.42 |100.8°| 47.762 | 40.3% | 98.2%® | 80.4% | 23.33%® [ 18.78
+177 | +265| 231 | +244| £092 | +098 || +241 || +364 || +0.72 | £0.62

Winter 75.1% | 51.7°% || 114.2° [ 100.7¢| 45.7° | 40.3% | 100.8°% | 77.2°¢ || 24502 || 18.75 ¢
+240 | +208| +159 | +146| +063 | +059 || +1.68 || +157 || +041 | +0.38

Spring 53.2% 329" 9529 842 | 38.0™ | 33.7% [ 81.1% | 679" | 19.70% | 16.48°¢
+223 | +142| +266 | £2.18] +1.07 | +085 | +2.46 || +1.79 || +0.60 | +0.43

Summer 419°¢ | 270" | 895" | 735™| 358" | 295- | 77.4° || 62.8' || 18.80° | 15.24"
+1.75 | 073 | +143 | +116] 056 | +047 | +131 || 176 || £0.32 || +0.43

Autumn 67.1° | 39.8° ] 97.9™ | 822 | 39.19 | 328% | 86.2° || 74.8™ | 20.93¢ | 18.14F
+207 | +£194| +£1.93 | +1.02| £077 | 041 || 183 || +131 || +045 | +0.31

Winter 749 % | 56.0%] 103.4% | 90.8M | 41.1% | 36.4%9" | 94.6° || 76.6° | 22.99° | 18.65
+210 | +131| +138 | +1.75| 060 | 068 || 086 || +1.29 || +0.21 | £0.33

Spring 7227 | 40.4° || 1117 | 851 || 447" | 3419 || 97.1® | 7059 [ 2351 * || 17.80
+1.06 | £274| £152 | £139| +061 | +054 | +1.46 || £1.79 || +0.37 | £0.50

Summer 575¢ | 2889 98.0™ | 79.9%|l 38.9° | 319K || 77.1¢ || 62.9' || 18.60° | 15.27"
+133 | +082| +085 | +137| +042 | +055 || +1.19 || +146 || £0.29 || +0.35

Autumn 65.2° | 34.47 |1 107.7 «®| 99.7°%9 | 43.1° | 399 | 837 || 723™ [ 2032 | 17.54™
+179 | +111| £163 | £1.13| +063 | 045 || +1.41 || £1.19 || £0.35 || +£0.29

- Means with the same letter(s) of the same parameter are not significantly different at p >0.05.

- Data are represented as Mean #SE SE = Standard error.
- Number of observation in each mean =5
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The maximum increase in ammonia and nitrite levels was recorded during autumn season and
the lowest value was recorded in spring while ammonia not detected in Meet Yazied canal as shown in
Figure (3). These results agree with (Abdo, 2013) who found that The highest concentration values were
recorded during cold seasons this may be related to the low water levels and the leaching of fertilizer
residues used on the agriculture into the aquatic environment. This result is coincident with that reported
by (Abdel-Satar 2005;

concentrations was related to the decrease in biological activities of aquatic organisms and nitrification.

Ahmed et al, 2011) who explained that the increase in the ammonia

Also these results agree with (Khairy et al., 2015) who denoted that high counts of diatoms were recorded
during summer and this increase was accompanied with the highest values of ammonia. Mentioned these
results disagree with those by (Hassanein et al., 2013) who illustrated that high temperature accelerate
the reduction rate of nitrate into ammonia also, ammonia in Nile water had positive correlation with

temperature and nitrate.

09 3 9
08 ]
. - A
0 . N\ ) A / 7 /\
> 7 N RZAAN / ; !
I -
Eoos I_?/ / I\ ?En 15 \ /\I// E i 7
03 \f/ \ 1 Y — T 1 E -
02— \_—= \/ / 7 A\
- ) g 3
NG . 05 "
o N\ — = / 1 1
0 0 A
1
S & @ I & & S i & SRR - &
& o & & & & & & & & & & & & & § & &
EA A A & & 8 & & 0
9 E Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn
= Elbahr ElSeedy =—Meet Yazied = Elbahr ElSeedy ——NMeet Yazied —Elhahr Elseedy — Mest Vazied

Figure (3): Seasonal variation of Nitrite (A), Ammonia (B) and Nitrate (C) values in mg/l of water sampled from
two water resources.

Heavy metals concentrations were under detectable level in two locations in different seasons and
samples didn't differ mostly from each other while the two locations showed some significant elevations.
Meet Yazied canal water recorded the highest value in autumn 2013 as shown in Table (3). The low levels
of most elements in the results may be due to the absence of industrial wastes, and these results agree
with (Awad et al., 2015) who explained that the presence of high copper and iron concentrations in Meet
Yazied canal water could be usually attributed to industrial wastes or agricultural sources for the control

of algae and other aquatic growths.
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Table (3): Seasonal variation of heavy metals values in mg/l of water sampled from two different water resources.

Parameter
Copper Manganese Iron Zink Cadmium Lead

Season Elbahr Meet Elbahr Meet Elbahr Meet Elbahr Meet Elbahr Meet Elbahr Meet
ElSeedy Yazied ElSeedy Yazied ElSeedy | Yazied || ElSeedy Yazied ElSeedy Yazied ElSeedy Yazied
ARl 0.12% 0a4® | o010 | oos® || o23* | oszex | NP ND 002° | oos® || oes® | os1®
+0.09 +0.11 +0.00 +0.05 +0.01 +0.01 +0.02 +0.01 +0.16 +0.01
Winter ND ND 0.08® 0.03% 0.39% 0.57% ND ND 0.172 ND 0.48 0.39 %
+0.03 +0.01 +0.18 +0.28 +0.16 +0.26 +0.06
Spring 0.01° 0.01° 0.14° 0.13° 055% | 117° 0.01° ND ND ND 0.24°% 0.26%
+0.00 +0.00 +0.02 +0.03 +0.05 +0.15 +0.00 +0.23 +0.14
Summer 0.01° 0.01° 0.11% 0.07® 0.28% | 091%® ND ND ND ND 0.01 ¢ 0.14"%
+0.01 +0.01 +0.06 +0.07 +0.28 +0.59 +0.01 +0.14
Autumn ND ND ND ND ND ND ND ND ND ND 0.20 % 0.27%
+0.20 +0.14
Winter ND ND ND ND ND ND ND ND ND ND 0.37% 0.11"
+0.20 +0.11

Spring ND ND ND ND ND ND ND ND ND ND ND ND

Summer ND ND ND ND ND ND ND ND ND ND ND ND

- Means with the same letter(s) of the same parameter are not significantly different at p >0.05.
- Data are represented as Mean £ SE
- Number of observation in each mean =5

SE = Standard error.

ND=not detected

Microbial loads were recorded in Elbahr Elseedy and Meet Yazied during the period from

autumn 2013 to Summer 2014, and the Table (4) showed that total count, total coliform, fecal coliform
and Fecal Streptococcus counts showed elevation of Elbahr Elseedy sample in all seasons more than Meet
Yazied samples with higher values during winter 2014 in Elbahr Elseedy, while during summer 2014 the
lowest value were recorded in Meet Yazied.

Table (4): Seasonal variation of microbial loads (total count, total coliform, fecal coliform and Fecal Streptococcus)

of water sampled from two different water resources.

r
Parameter
Total Bacterial Count Total Coliform Count Fecal Coliform Count Fecal Streptococcus Count
CFU/mlI CFU/100ml CFU/100ml CFU/100ml
Season
Elbahr . Elbahr . Elbahr . Elbahr .
ElSeedy Meet Yazied ElSeedy Meet Yazied ElSeedy Meet Yazied ElSeedy Meet Yazied
Autumn
1800.0 *° 1566.7% 6166.7° 5166.7° 2866.7 © 2200 ° 1300 866.7 ¢
+57.74 +33.33 +88.19 +88.19 +88.19 +57.74 +57.74 +120.19
\Winter
2133.3% 1933.3%® 7900 * 6400 ° 4000.0 * 3266.7° 1466.7° 1166.7 ™
+88.19 +88.19 +404.15 +208.17 +88.19 +202.76 +88.19 +88.19
Spring b cd b b d bd d
1966.7 * 1666.7 6566.7 5433.3° 3400 2266.7 1100 600
+120.19 +33.33 + 145.30 +88.19 +152.75 +120.19 +57.74 +57.74
Summer
1700 ® 1500 ¢ 6366.7 ° 5033.3 ¢ 2433.3¢ 1633.3° 9333« 900 °
+57.74 +57.74 +176.38 +260.34 +115.47 +88.19 +88.19 +57.74

- Means with the same letter(s) of the same parameter are not significantly different at p >0.05.
- Data are represented as Mean #SE SE = Standard error - Number of observation in each mean =5

The lowest total and fecal coliform counts were measured during summer season in Meet Yazied
samples while the highest counts were recorded in winter season in Elbahr Elseedy samples which

indicated the higher activity of total and fecal coliform bacteria during winter season because of winter
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block of Nile River, increase of pollutants, nutrients and favorable growth conditions. Also, this might be
attributed to human sewage pollution associated with high organic loads favouring the bacterial
survivability, this findings agreed with (Gad, 2005). The Maximum Fecal Streptococci values were
observed during winter 2014 in Elbahr Elseedy samples and the lowest values were recorded during
spring 2014 in Meet Yazied samples. faecal streptococci are associated with fecal material from human
and other warm- blooded animals and their presence in water indicates the potential incidence of enteric
pathogens that could cause illness in exposed individuals this agreed with (Hassanein et al., 2013) who
cleared that the high amount of Faecal streptococci was found due to the discharge of human and animal
wastes in the Nile River.

Elbahr Elseedy canal is more polluted than meet Yazied canal. Major sources of pollution of
Rosetta branch is ElI-Rahawy Drain (Reverse impact on Elbahr Elseedy canal water quality). Meet
Yazied canal less polltuted than Elbahr Elseedy canal in all water quality parameters except turbidity.
Low water level in winter seasons had significan effect with the low water quiality in both canal. High
polluted water with ammonia can limit the productive of treatment plants and can cause severe
problems. Contaminated water with ammonia represents the largest waste stream associated with
aquaculture industry. The intensive development in the aquaculture industry has caused major
environmental impacts.

Wastewater discharged from aquaculture contains nitrogenous compounds, phosphorus and
dissolved organic carbon, which cause environmental deterioration at high concentrations. Also, Iram et
al. (2009) have investigated that there are some agricultural activities in the catchment area of Lake and
the farmers use pesticides and herbicides in agriculture. The toxic chemicals are washed away by excess
irrigation water which enters the water streams. Ahad et al. (2005) have also reported the presence of
pesticides residues in water body. Therefore, selected treatments and cost-efficient techniques should be
developed to control the spread of this pollution into the environment. In the same time, wastewater from
aquaculture industries must be considered as a part of a general integrated water resource management

plan in places that face water scarcity
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