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Bioremediation of pollutant-contaminated water
Waseem A. Gad

ABSTRACT
Raw water resources in Kafr El-Sheikh Governorate are affected by many contaminants particularly
during the winter season and low demand period of the Nile River, in which water level decreases
and organic matter increases resulting in decreased dissolved oxygen, and increased ammonia,
nitrite and bacterial load in the water. In this study, physicochemical and microbiological

Waseem A. Gad
Central Laboratory,
Kafr El-Sheikh Water and Wastewater Company,
Kafr El-Sheikh City,
Egypt
E-mail: withyou_2010@yahoo.com

characteristics of water samples taken seasonally from selected sampling sites on seven main canals
in Kafr El-Sheikh Governorate were tested and studied to monitor nitriﬁcation process occurrence
and study its effect on water quality. The main results of the study included turbidity, conductivity,
ammonia, nitrite and nitrate and showed increased values during the winter season. Heavy metals
levels showed that iron increased in winter and aluminum increased in spring, while copper
increased in winter and spring seasons. Total bacterial count, total coliform and algal count
increased in the winter season. Activity of ammonia oxidizing bacteria also increased markedly
during the winter season which could be explained by increased ammonia concentration during the
same period which enhanced nitriﬁcation process occurrence. This study proved that nitriﬁcation in
environments which provide unfavorable conditions for autotrophic nitrifying bacteria may result
from the activity of heterotrophic microorganisms; Bacillus amyloliquefaciens was isolated and
identiﬁed to be involved.
Key words

| ammonia, ammonia oxidizing bacteria (AOB), Bacillus amyloliquefaciens, nitriﬁcation,
total bacterial count, water pollution

INTRODUCTION
Water quality is now a major concern for all countries of the

be allocated for different consumptive and non-consumptive

world, it depends on the location of the source and the state

activities and development programs (International Center

environmental protection in a given area. Therefore, the

for Agricultural Research in the Dry Areas (ICARDA) ).

quality and the nature of water may be determined by phys-

The total amount of wastewater discharged into the

ical and chemical characteristics. So, water resources are

main stem of the River Nile has been estimated to be

the critical factor affecting production, services, and sustain-

2,628 million cubic metres per year, of which industrial

able development in Egypt. Egypt is facing four major

wastewater constitutes 15%. On the other hand, the

constraints with respect to its water resources: (I) a ﬁxed

annual discharge of the river amounts to 55 billion (109)

water supply and rocketing population growth; (II) difﬁcul-

cubic metres per year, therefore, the contamination by

ties in the country’s relationship with the Nile Basin

industrial wastewater can be neglected due to the high

states; (III) independence of South Sudan declared in

dilution rate of the river. Another source of pollution in

July 2011; and (IV) climate change and its hidden future.

the River Nile is ﬁsh culture in ﬂoating cages at Kafr

These four factors pose a number of questions related to

El-Sheikh Governorate; this type of ﬁsh culture is one of

the availability of water and the amount of supply that will

the reasons for deterioration of water quality because of
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the potential negative effects of oxygen depletion, increasing

nitrite oxidizers (e.g. Nitrobacter) but is a widespread

poisonous ammonia, increasing the proportion of total dis-

phenomenon among different genera of fungi and hetero-

solved solids (TDS), and chemical contamination resulting

trophic bacteria (Robertson et al. ). Furthermore, there

from the hormonal treatment of ﬁsh and nutritive materials

is no selective enrichment or isolation method for hetero-

and remnants of ﬁsh output. In addition, use of certain types

trophic nitrifying microorganisms (Li et al. ). With the

of ﬁsh food, such as blood, meat, ﬁsh and poultry remnants

advancement of research, more and more heterotrophic

would result in deterioration of river water quality, dry

nitriﬁcation strains have been isolated and characterized

sludge and sewage leading to low water quality, transpor-

such as Bacillus sp. strains (Yang et al. ).

tation of these dangerous wastes into potable water, and
transmission to humans, causing several health problems
(Elewa ; Zaki et al. ).

MATERIAL AND METHODS

Drinking water, according to hygienic rules, should not
contain ammonia of organic origin. In case of ammonia of

Water sampling

inorganic origin, the maximum acceptable concentration
in drinking water is equal to 0.5 mg/dm3 according to

Raw water samples were collected seasonally between

World Health Organization (WHO) Guidelines for Drink-

December 2013 and October 2014 from selected sites

ing Water and Egyptian Standards (WHO ; Jamil

located on the seven main canals of Kafr El-Sheikh Gover-

et al. ). Ammonia contamination of water bodies is a

norate according to the study plan (Eaton et al. ).

widespread environmental problem causing promotion of
eutrophication which is fatal to ﬁsh and aquatic lives and

Physical and chemical analyses of water samples

a hindrance to the disinfection of water supplies, as well
as having an offensive smell and carcinogenesis. The regu-

The quality of resource water samples was determined after

lations on the amount of total nitrogen discharged to the

some measurements such as pH (2510 platinum electrode),

environment have become stricter, especially for ammonia

turbidity as nephelometric turbidity units (NTU) (2130),

(Mandowara & Bhattacharya ). The ammonia in raw

conductivity and TDS measured by Analytical unit (WTW

water can be removed or decomposed by several methods,

Model InoLab cond 720, WTW, Germany) ﬁtted with con-

such as air-stripping, breakpoint chlorination, biological

ductivity probe, total alkalinity (mg/l) (2320B titration

nitriﬁcation and so on; however, none of these methods

method), total hardness (mg/l) (2340B EDTA titration

have been entirely satisfactory as yet. However, the biologi-

method) and chloride (mg/l) (4500 argentometric method),

cal remediation method needs continuous monitoring, such

nitrogen forms as free ammonia (mg/l) (Nesslerization

as pH control, addition of a carbon source, and temperature

method), nitrite (4500B colorimetric method) and nitrate

maintenance, and also requires the removal of byproducts

(4500NO
3 B ultraviolet spectrophotometric screening

such as nitrite (Li et al. ).

method) and heavy metals (3111B metals by ﬂame atomic

Nitriﬁcation is a two-step process, ﬁrst ammonia is oxi-

absorption spectrometry). All the physicochemical analyses

dized to nitrite by ammonia oxidizing bacteria (AOB), and

were in duplicate and determined by the procedures rec-

then nitrite is further oxidized to nitrate by nitrite oxidizing

ommended in Standard Methods for the Examination of

bacteria (NOB). Nitriﬁcation in environments which pro-

Water and Wastewater (Eaton et al. ).

vide unfavorable conditions for autotrophic nitrifying
bacteria may result from the activity of heterotrophic micro-

Microbiological analysis of water samples

organisms. The phenomenon of heterotrophic nitriﬁcation
was ﬁrst described in 1894 for a fungus (Stutzer & Hartleb

Total bacterial count (heterotrophic plate count method),

). Since then, numerous reports have demonstrated

total coliforms, fecal coliforms and fecal streptococci

unequivocally that nitrite/nitrate production is not restricted

(membrane ﬁlter technique) were measured (Eaton et al.

to autotrophic ammonia oxidizers (e.g. Nitrosomonas) or

).
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during the summer season and began to increase again
through the autumn season. The highest value of turbidity

Detection of nitrifying bacteria (9245 the multiple-tube

was recorded in Al-Rashidia canal during the winter

method) and identiﬁcation of involved bacteria (using con-

season (December 2013) while the lowest turbidity value

ventional polymerase chain reaction (PCR) and BIOLOG

was recorded in Bahr Nashart canal during the summer

GEN III Microplate system) were carried out (Eaton et al.

season (June 2014) (Figure 1). The maximum values of

).

chlorides were recorded during the winter season and
began to decrease through the spring season; while the

Statistical analyses

lowest values were recorded during summer and autumn
seasons. The highest value of chlorides was recorded in

Correlation (predictive statistics) was carried out using stat-

Al-Rashidia canal during the winter season (December

istical software (SPSS Version 17, SPSS INC, Chicago, IL,

2013) while the lowest chlorides value was recorded in

USA). The correlation coefﬁcients are considered signiﬁcant

Bahr Tirra canal and Al-Qudaba canal during the summer

at the 95% conﬁdence level (p  0.05) as shown by Ali et al.

season (June and August 2014 respectively).

().

Concerning nitrogenous compounds, the maximum
values of ammonia were recorded during winter and

Water quality index

autumn seasons; while the lowest values were recorded
during summer and spring seasons. The highest value of

In this study Water Quality Indices of National Sanitation

ammonia was recorded in Al-Rashidia canal during the

Foundation (NSF WQI) were used to investigate the raw

winter season (December 2013) while the lowest ammonia

water quality index (WQI) (Roy et al. ).

value was recorded in Met Yazid canal during the summer
season (June 2014) (Figure 2). The maximum values of
nitrite were recorded during winter and autumn seasons;

RESULTS

while the lowest values were recorded during summer and
spring seasons. The highest value of nitrite was recorded

Concerning chemical and physical characteristics of water,

in Al-Rashidia canal during the winter season (December

during the whole sampling period, it was noticed that the

2013) while the lowest nitrite value was recorded in Bahr

maximum increase in pH values was recorded in the

Nashart canal during the summer season (June 2014)

summer season followed by the autumn season and began

(Figure 2). The maximum values of nitrate were recorded

to decrease during winter and spring seasons. The highest

during winter and autumn seasons; while the lowest

value of pH was recorded in Al-Qudaba canal during the

values were recorded during summer and spring seasons.

summer season (August 2014) while the lowest pH value

The highest value of nitrate was recorded in Al-Rashidia

was recorded in Rewina canal during the winter season

canal during the winter season (December 2013) while the

(December 2013) (Figure 1). The maximum conductivity

lowest nitrate value was recorded in Met Yazid canal

values were recorded during the winter season and began

during the summer season (June 2014) (Figure 2).

to decrease through the spring season; the lowest conduc-

Concerning heavy metals, it was observed that iron con-

tivity values were recorded during the summer season and

centration was increased in the winter season (December

began to increase again through the autumn season. The

2013) then began to decrease through February 2014 and

highest value of conductivity was recorded in Al-Rashidia

April 2014 except for Rewina canal and Al-Bahr Al-Seidi

canal during the winter season (December 2013) while the

canal during April 2014 which recorded the highest concen-

lowest conductivity value was recorded in Rewina canal

trations. Then iron concentration began to increase again in

during the summer season (June 2014) (Figure 1). The maxi-

the summer season in June and August 2014 eventually

mum turbidity values were recorded during winter and

tending to decrease again during the autumn season in Octo-

spring seasons; the lowest turbidity values were recorded

ber 2014. The highest concentration of iron was recorded in
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Values of pH, conductivity and turbidity in different seasons in seven main canals of Kafr El-Sheikh Governorate.

Rewina canal during the spring season (April 2014) while

decrease in summer and autumn seasons; while the lowest

the lowest concentration was recorded in Al-Rashidia

concentrations were recorded during the winter season

canal during the autumn season (October 2014) (Figure 3).

(Figure 3).

Copper concentration showed a similar pattern in most

Microbiological analysis of raw water samples indicated

locations which could all be neglected as concentration

that total bacterial count showed a slight decrease from

ranged from non-detected to very small values except for

winter season to autumn season through spring and

Al-Bahr Al-Seidi canal during spring and summer seasons

summer. The highest total bacterial count was recorded in

and Bahr Tirra canal during the winter season (Figure 3).

Al-Rashidia canal during the winter season (December

Aluminum concentration was elevated in the spring

2013) while the lowest total bacterial count was recorded

season (April 2014) in most locations then tended to

in Bahr Tirra canal during the summer season (August
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Ammonia, nitrite and nitrate values in different seasons in seven main canals of Kafr El-Sheikh Governorate.

2014) (Figure 4). Total coliform count showed a remarkable

similarity between sampling points through different sea-

increase during winter and spring seasons and slightly

sons with a little decreasing through the summer season.

decreased through summer and autumn seasons. The high-

The highest total algal count was recorded in Al-Rashidia

est value of total coliform count was recorded in Al-

canal during the winter season (December 2013) while the

Rashidia canal during the winter season (December 2013)

lowest total algal count was recorded in Rewina canal

while the lowest total coliform count was recorded in Met

during the summer season (August 2014) (Figure 4).

Yazid canal during the summer season (August 2014)

AOB estimation revealed a progressive increase in count

(Figure 4). Fecal coliform count showed an observed

during the winter season particularly in December 2013, the

decrease from total coliform count in the range of 30–

count tended to decrease during the spring season and

50%, the highest fecal coliform count was recorded during

reached the lowest ratio during summer and autumn. Al-

winter and spring seasons, while the lowest count was

Rashidia canal showed a huge growth of AOB during the

recorded during summer and autumn seasons. The highest

winter season (December 2013 and February 2014). The

count of fecal coliform was recorded in Al-Rashidia canal

highest count of AOB was recorded in Al-Rashidia canal

during the winter season (December 2013) while the

during the winter season (December 2013) while the

lowest fecal coliform count was recorded in Met Yazid

lowest AOB count was recorded in Rewina canal and Al-

canal, Rewina canal and Bahr Nashart canal during the

Qudaba canal during the summer season (August 2014)

summer season. Concerning biological characteristics of

and autumn season (October 2014) respectively (Figure 5).

raw water, the total algal count showed approximate

Bacterial strains isolated from AOB broth medium and

Downloaded from https://iwaponline.com/aqua/article-pdf/66/7/537/248233/jws0660537.pdf
by guest

542

Figure 3

W. A. Gad

|

|

Bioremediation of some pollutants

Journal of Water Supply: Research and Technology—AQUA

|

66.7

|

2017

Iron, copper and aluminum concentrations in different seasons in seven main canals of Kafr El-Sheikh Governorate.

puriﬁed on tryptic soy agar (TSA) medium were identiﬁed as

Statistical analyses

Bacillus amyloliquefaciens using the BIOLOG GEN III
Microplate system (Figure 5).

Correlation (predictive statistics) was carried out using

Water quality index

are considered signiﬁcant at the 95% conﬁdence level

the SPSS analytical program. The correlation coefﬁcients
(p  0.05). Table 1 and Figure 6 illustrate the correlation
WQI values ranged from 34.36 to 43.52 indicating bad water

coefﬁcients between physical, chemical and microbiological

quality conditions especially during the winter season. The

parameters.

lowest WQI value recorded was 34.36 for Al Rashidia

There is a signiﬁcance between temperature and pH and

canal during the winter season 2013 while the highest

the relationship is positive which means that increases or

WQI value recorded was 43.52 for Met Yazid canal during

decreases in temperature do signiﬁcantly relate to increases

the summer season (June 2014). Figure 5 illustrates the

or decreases in pH (r ¼ 0.519). There is a statistically signiﬁ-

results of the WQI testing during the whole period of study.

cant correlation between ammonia and temperature but the
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Total bacterial count, total coliform count and total algal count in different seasons in seven main canals of Kafr El-Sheikh Governorate.

relationship is negative (r ¼ 0.316), ammonia and pH have

metals except for two weak positive relationships with

no statistically signiﬁcant correlation and the relationship is

manganese and cadmium, as shown by the correlation coef-

weak negative (r ¼ 0.100). Ammonia has strong positive

ﬁcients in Table 1 and Figure 6. Ammonia and all

relationships with statistically signiﬁcant correlations with

microbiological parameters have strong positive signiﬁcant

conductivity, TDS, turbidity, alkalinity, total hardness, Ca

relationships, while ammonia and WQI show a strong nega-

hardness, Mg hardness, chlorides, nitrite, nitrate, phosphate,

tive relationship with a statistically signiﬁcant correlation

sulfate and total organic carbon (TOC). Ammonia has weak

between both of them as shown in Table 1 and Figure 6.

negative relationships with most recorded values of heavy

Ammonia and pH showed weak positive relationship with
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AOB count and WQI in different seasons in seven main canals of Kafr El-Sheikh Governorate.

no signiﬁcant correlation. AOB and all chemical and micro-

by water puriﬁcation plants in Kafr El-Sheikh Governorate;

biological parameters showed strong positive and signiﬁcant

those ﬁndings elucidated the quality of these resources and

correlations between each other. AOB and WQI showed a

how they are affected by pollutants especially during the

signiﬁcant and strong negative relationship with correlation

winter season and low demand period of the Nile River.

coefﬁcient r ¼ 0.873, as shown in Table 1.

This study discussed nitriﬁcation process occurrence and
how this process and those characteristics would affect

Identiﬁcation of heterotrophic bacteria involved in
nitriﬁcation

each other.
The western borders of Kafr El-Sheikh Governorate are
located along 85 km of the Nile River (Rosetta branch). So

One bacterial strain isolated from AOB broth medium and

the Rosetta branch is considered the most important water

puriﬁed on TSA medium was identiﬁed as Bacillus amyloli-

resource in Kafr El-Sheikh Governorate for drinking water

quefaciens using the BIOLOG GEN III MicroPlate system

puriﬁcation, agricultural land irrigation and ﬁsheries. The

by National Research Centre (NRC), El Buhouth, Dokki,

Rosetta branch part which lies within Kafr El-Sheikh bor-

Cairo, Egypt, as shown in Figure 7.

ders is free of industrial wastewater sources, but in the
winter season and during the low demand period (January
to March), the water level in the river decreases and given

DISCUSSION

that agricultural drains in Al-Munoﬁya Governorate which
discharge into the Rosetta branch (Al-Rahawy drain, Talla

In this study, many ﬁndings were observed by monitoring

drain and Sebbel drain) are heavily polluted with untreated

seasonal variations of physical, chemical and microbiologi-

wastewater and sewage, the organic matter in the river

cal characteristics of raw water of seven main canals used

increases during this period which leads to decreasing
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Correlation coefﬁcient between the different physicochemical and microbiological parameters

Total

Total
bacterial

pH

Ammonia

Nitrite

Nitrate

Cu

Fe

Al

count

0.233

0.278

AOB

algal

coliform

count

WQI

pH

Conductivity

1

0.281

0.271

0.1

0.266

0.227

0.068 0.132

0.235

0.318*

0.289

0.145

1

0.733**

0.731**

0.700**

0.738**

0.175

0.382* 0.504** 0.753**

0.609**

0.759**

0.755**

0.824**

Conductivity 0.281

Turbidity

Total

0.271

0.733**

1

0.731**

0.866**

0.871**

0.108 0.381* 0.575** 0.899**

0.714**

0.855**

0.905**

0.890**

Ammonia

0.1

0.731**

0.731**

1

0.717**

0.882**

0.126 0.284

0.371*

0.764**

0.604**

0.791**

0.839**

0.829**

Nitrite

0.266

0.700**

0.866**

0.717**

1

0.868**

0.144 0.295

0.551** 0.770**

0.596**

0.781**

0.812**

0.837**

Nitrate

0.227

0.738**

0.871**

0.882**

0.868**

1

0.139 0.277

0.432** 0.813**

0.626**

0.858**

0.873**

0.877**

Cu

0.068

0.175

0.108

0.126

0.144

0.139

1

0.009

0.001

0.035

0.04

0.121

0.107

0.072

Fe

0.132

0.382*

0.381*

0.284

0.295

0.277

0.009

1

0.637**

0.325*

0.217

0.305*

0.368*

0.305*

Al

0.233

0.504**

0.575** 0.371*

0.551** 0.432** 0.001

0.637**

1

0.403** 0.275

TBC

0.278

0.753**

0.899**

0.770**

AOB

0.235

0.609**

0.714**

0.604**

TC

0.318* 0.759**

0.855**

0.791**

TAC

0.289

0.755**

0.905**

0.839**

0.812**

WQI

0.145

0.824**

0.890** 0.829** 0.837** 0.877** 0.072

0.764**

TBC, total bacterial count; TC, total coliform; TAC, total algal count.
*Correlation is signiﬁcant at the 0.05 level.
**Correlation is signiﬁcant at the 0.01 level.

0.394** 0.450** 0.453**

0.813**

0.035

0.325* 0.403** 1

0.708**

0.935**

0.920**

0.873**

0.596**

0.626**

0.04

0.217

1

0.630**

0.659**

0.778**

0.781**

0.858**

0.121

0.305* 0.394** 0.935**

0.630**

1

0.909**

0.843**

0.873**

0.107 0.368* 0.450** 0.920**

0.659**

0.909**

1

0.858**

0.305*

0.275

0.453**

0.708**

0.873** 0.778** 0.843** 0.858** 1
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Positive and negative correlations between WQI and other measured parameters.

dissolved oxygen, increasing ammonia, nitrite, and bacterial

The maximum increase in pH values was recorded during

load and other seriously dangerous problems in the water.

the summer season as temperature and pH are positively

This causes many problems especially for Drinking Water

correlated; this is because the increase in temperature is

Puriﬁcation Plants located on the Nile River, or their intakes

usually accompanied by hydrolysis of HCO3 and CO32

located on the Rosetta branch and main canals, as ammonia

ions, leading to the appearance of hydroxyl (OH) ions

and nitrite rather than other pollutants increase and it is a

that increase pH value. A similar relationship was reported

challenge for puriﬁcation plants to remove them and pro-

by Toufeek & Korium (); increase or decrease of pH

duce safe and clean water (Kafr El-Sheikh Environmental

values was due to the seasonal variation and the previously

Affairs Administration (KFSEAA) ). Ammonia in raw

mentioned factors affecting pH. The optimum pH for nitriﬁ-

water can be removed or decomposed by biological nitriﬁca-

cation lies between 7.5 and 8.5 (Bitton ). Electrical

tion; however the biological remediation method needs

conductivity (EC) is a measure of the ability of water to

continuous monitoring, such as pH control, addition of a

carry electric current and it is sensitive to variations in dis-

carbon source, and temperature maintenance, and also

solved solids (El Shakour & Mostafa ); EC values

requires the removal of byproducts such as nitrite (Li et al.

showed a huge seasonal variation and highly spatial differ-

). In the ﬁrst step of nitriﬁcation; ammonia is oxidized

ences among the period of study. It was noticed that Al-

to nitrite by AOB, and then nitrite is further oxidized to

Rashidia canal gives the highest EC values through all sea-

nitrate by NOB. AOB and NOB are collectively known as

sons. Values increase more especially in the winter season

nitrifying bacteria or nitriﬁers (Li et al. ).

where organic matter increases in the river during the low

This study aimed to investigate water quality in seven

demand period. Such results were given by Abd El-Hady

main canals in Kafr El-Sheikh Governorate through examin-

& Hussian (). Conductivity is a good measure of the

ing seasonal and spatial variations of physicochemical

total amount of salts in water (e.g. calcium, magnesium,

parameters, assessment of biological and bacteriological

sodium, potassium, carbonate, bicarbonate, sulfate, chlor-

characteristics, including nitrifying bacteria, and monitoring

ide, nitrate, and others). It is commonly used to determine

nitriﬁcation as a biological process for ammonia removal.

salinity (Goher ). So EC showed a strong positive and

pH values were on the alkaline side of the pH scale;

high signiﬁcant relationship with TDS (r ¼ 0.998); similar

values were always higher than 6.5 which is normally

results and correlations were given by Goher () and El

expected in raw water due to the presence of carbonates

Shakour & Mostafa ().

or bicarbonates, as reported by Friedl et al. (). The

Turbidity is the measure of ﬁne suspended matter in

increase in pH could be related to photosynthesis and

water, mostly caused by colloidal particles in addition to sus-

growth of aquatic plants, where photosynthesis consumes

pended organic and inorganic matter (Goher ). The

CO2 leading to a rise in the pH values (Yousry et al. ).

turbidity degree of stream water is an approximate measure
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Identiﬁcation of Bacillus amyloliquefaciens using BIOLOG GEN III MicroPlate system.

of pollution intensity (Siliem ). Turbidity values among

Turbidity values, TDS and EC revealed positively strong cor-

the period of study showed high seasonal variation where

relations to each other; El Shakour & Mostafa ()

the highest turbidity values were recorded in the winter

reported the same correlations. Positive correlations were

season due to the low demand period and the increase of

found between turbidity values and most studied par-

pollutants and colloidal particles at the end of the Nile

ameters. Turbidity values are negatively correlated with

River. After the low demand period, the turbidity values

pH (r ¼ 0.271); such results were given by El Shakour &

decrease because of the ﬂow of water. The lowest turbidity

Mostafa (). Turbidity values revealed a positively

values were recorded in the summer season. Turbidity

strong correlation with TDS (r ¼ 0.741) and EC (r ¼ 0.733);

values are negatively correlated with pH (Goher ).

Toufeek & Korium () reported the same correlations.
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Ammonia serves as a substrate for Nitrosomonas spp.

due to the very slow ﬂow-rate of water where Nitrosomonas

and is considered one of the most important factors affecting

bacteria oxidize ammonia to nitrite by the nitriﬁcation pro-

nitriﬁcation according to Bitton (). Throughout this

cess (Tayel ; Ahmed et al. ). The low values of

study, ammonia concentrations showed remarkable vari-

nitrite might be attributed to the fast conversion of NO
2

ations both regionally and seasonally. The highest value

by nitrobacteria to NO
3 (Abdo ; Tayel ). Nitrite

was observed at Al-Rashidia canal in the winter season

concentrations showed signiﬁcant positive correlation with

and the lowest value was observed at Met Yazid canal in

ammonia (r ¼ 0.717) and AOB (r ¼ 0.596). Nitrite concen-

the summer season. Ammonia and nitrogen concentrations

trations

of more than 1 mg/l have been given as indicator of organic

correlation with nitrate concentration (r ¼ 0.868).

showed

a

strong

positive

and

signiﬁcant

pollution, such as sewage discharge, industrial efﬂuents and

Nitrate ion is the ﬁnal oxidation product of nitrogen com-

agricultural runoff, and can be toxic to aquatic species if

pounds in the aquatic environment (Ahmed ). The low

they are higher than 2.5 mg/l (Siliem ; Elghobashy

values of nitrate during the summer season might be attribu-

et al. ; Abdel-Satar ). Although it is a nutrient

ted to the uptake of nitrate by natural phytoplankton and its

required for life, excess ammonia can accumulate in the

reduction by denitrifying bacteria and biological denitriﬁca-

organism and cause alteration in metabolism or increase

tion (Bayomy & Mahmoud ; Ahmed et al. ). On the

body pH (Kahlown et al. ). On the other hand, the

other hand, the increase of nitrate levels during the winter

decrease in ammonia concentrations was related to the

season might be attributed to sewage wastes and low con-

decrease in biological activities of aquatic organisms and

sumption of phytoplankton as well as the oxidation of

nitriﬁcation (Ahmed et al. ). Statistical analysis showed

ammonia by Nitrosomonas bacteria and biological nitriﬁca-

strong positive and signiﬁcant correlations of NH3 with

tion (Tayel ; Abdo ; Ahmed et al. ).

NO3 (r ¼ 0.882), and bacteriological parameters; total bac-

Concerning heavy metals which were measured in water

terial count (r ¼ 0.764), AOB (r ¼ 0.604), total coliform

samples as particulates, increased iron concentrations may

(r ¼ 0.791), fecal coliform (r ¼ 0.560), fecal streptococcus

be attributed to inorganic fertilizers used in agricultural

(r ¼ 0.705) and total algal count (r ¼ 0.839), similar ﬁndings

practice, this was conﬁrmed by the opinions of Khallaf

and correlations were given by El Shakour & Mostafa (),

et al. () and Arti (). Increased copper concentrations

while ammonia showed a strong negative signiﬁcant

may be attributed to the fact that drainage water is the main

relationship with WQI (r ¼ 0.829). This conﬁrms that the

source of copper; this explanation is in common with El-Baz

impact of sewage discharge, agricultural runoff and the exist-

(). Copper is believed to be a key component of

ence of other pollutants, especially in the winter season with

the ammonia monooxygenase (AMO) enzyme, which is

slow water ﬂow rate during the low demand period, had

essential for ammonia oxidation and nitriﬁer growth

occurred. The recorded mean values violate the permissible

(Richardson & Watmough ). However, excess copper

limits of law 48/1982 (not to exceed 0.5 mg/l) (El Shakour

is known to be toxic to nitriﬁers (Braam & Klapwijk ).

& Mostafa ).

Highest aluminum concentrations may be attributed to sev-

Nitrite is an intermediate oxidation state of nitrogen,

eral causes depending on the aluminum environmental fate.

both in the oxidation of ammonia to nitrate and in the

Aluminum is released to the environment mainly by natural

reduction of nitrate; such oxidation and reduction occurs

processes. Several factors inﬂuence aluminum mobility and

in waste water treatment plants, water distribution systems,

subsequent transport within the environment; these include

and natural water (Eaton et al. ). Al-Rashidia canal

chemical speciation, hydrological ﬂow paths, soil–water

showed the highest nitrite values among all seasons of the

interactions, and the composition of the underlying geologi-

study while Bahr Nashart canal showed the lowest values.

cal materials. Acid environments caused by acid factories’

It was observed that the highest values of nitrite were

drainage or acid rain can cause an increase in the dissolved

measured in the winter season which may be attributed to

aluminum content of the surrounding waters (US Public

the decomposition of organic matter during the winter low

Health Service ; WHO ). Aluminum salts are also

demand period of the Nile River while pollutants increase

widely used in water treatment as coagulants to reduce
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organic matter, color, turbidity, and microorganism levels

the decaying process uses oxygen in the water, and decreas-

(Canadian Council of Resource and Environment Ministers

ing the amount of dissolved oxygen will cause aquatic

(CCREM) ).

organisms to die. The process of aquatic overgrowth, fol-

Total bacteria count increased in the winter season

lowed by death, decay, and oxygen depletion is called

either because more nutrients are carried by the Nile then

eutrophication (Harrison & De Mora ; Goher ).

or because of recently drowned vegetation in the autumn

Results of this study indicated that: total algal count was

season providing bacteria with organic matter, encouraging

positively correlated to ammonia concentration; algae are

their reproduction (Saleh ). Such a negative relationship

able to uptake and assimilate ammonia and would enhance

between total bacterial count and transparency in autumn

nitriﬁcation, also they are able to assimilate various types of

and winter seasons has previously been reported (Saleh

nitrogen and they could be of great concern when used as a

; Elewa & Azazy ; Rabeh ), as suspended

biological treatment; and some algae prefer ammonia as

matter is very important, due to bacterial adherence to par-

their nitrogen source, however nitrate would be utilized in

ticles. The increased counts during the winter season also

the absence of ammonia. This agreed with Hii et al. ()

might be attributed to the low demand period of the Nile

who indicated that some microalgae grew faster with ammo-

River during the winter season which decreases the water

nia than nitrate, presumably due to the higher uptake rate

level and increases organic matter existence because of

and could be used as a potential biological treatment for

drains polluted by sewage discharged to the Rosetta

aquaculture water. Baskaran et al. () showed that com-

branch, e.g. El-Rahawy Drain. The lowest total and fecal

bined algal/bacterial bioﬁlms grown on surfaces immersed

coliform counts were measured during the summer season

in the lagoons showed potential for greatly increasing the

while the highest counts were recorded in the winter

extent of nitriﬁcation; photosynthetic activity in the bioﬁlm

season. This indicates the high activity of total and fecal coli-

greatly enhanced nitriﬁcation efﬁciencies at low dissolved

form bacteria during the winter season because of the low

oxygen levels. Concerning biological parameters, the total

demand period of the River Nile, and increase of pollutants,

algal count including diatoms, green algae and blue green

nutrients and favourable growth conditions. It may also be

algae increased markedly in the winter season then started

attributed to human sewage pollution associated with high

to decrease in spring and reached the lowest count in

organic loads favouring the bacterial survivability. These

summer, and then began to increase again in the autumn

ﬁndings agreed with Gad (). Total bacterial count

season. Total algal count showed signiﬁcant strong positive

showed a signiﬁcant positive correlation with ammonia con-

correlations with ammonia (r ¼ 0.839), total bacterial count

centration (r ¼ 0.764) and AOB (r ¼ 0.708), while total

(r ¼ 0.920), AOB (r ¼ 0.659), diatoms (r ¼ 0.977), green algae

bacterial count showed a signiﬁcant strong negative corre-

(r ¼ 0.956) and blue green algae (r ¼ 0.879), while total algal

lation with WQI (r ¼ 0.873). Total coliform showed a

count showed a signiﬁcant and strong negative correlation

signiﬁcant positive correlation with ammonia concentration

with WQI (r ¼ 0.858).

(r ¼ 0.781) and AOB (r ¼ 0.630) and a signiﬁcant strong positive correlation with total bacterial count (r ¼ 0.935), while

Nitriﬁcation and nitrifying bacteria

total coliform showed a signiﬁcant strong negative correlation with WQI (r ¼ 0.843).

Nitriﬁcation is the biological oxidation of ammonia with

The word Algae is a general term for small, chlorophyll-

oxygen into nitrite followed by the oxidation of these nitrites

containing plants. In this study, the lowest total algal count

into nitrates. Nitriﬁcation is an important step in the nitro-

was recorded in the summer season while the highest total

gen cycle. Under oxic conditions, the most important

algal count was recorded in the winter season due to the

group of organisms involved in nitriﬁcation are aerobic che-

high level of nutrients enabling the algae to grow and repro-

molithoautotrophic nitrifying bacteria, the ammonia and

duce quickly. If algae grow in high density on the surface,

nitrite oxidizers. For these organisms, the oxidation of inor-

this will block sunlight from reaching plants at greater

ganic nitrogen compounds serves as their characteristic

depths which will cause the plants to die. When algae die,

energy source. They can derive all cellular carbon from
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carbon dioxide (CO2). No chemolithotroph is known that

(Fiencke et al. ). However, in contrast to lithotrophic

can carry out the complete oxidation of ammonia to nitrate

nitriﬁcation, heterotrophic nitriﬁcation is not coupled to

(Werner & Newton ). In a nitriﬁcation process, ammo-

energy generation. Consequently, the growth of hetero-

nia is ﬁrst oxidized into nitrite (NO
2 ) by several genera of

trophic nitriﬁers is dependent on the oxidation of organic

autotrophic bacteria; the most important being Nitrosomo-

substrates.

nas sp. (Chen et al. ). Nitrifying bacteria are classiﬁed

ammonia or reduced nitrogen from organic compounds is

During

heterotrophic

nitriﬁcation,

either

as obligate chemolithotrophs. This simply means that they

co-oxidized. The rate of heterotrophic nitriﬁcation is much

must use inorganic salts as an energy source and generally

slower than that accomplished by the chemolithotrophic

cannot utilize organic materials. They must oxidize ammo-

nitrifying bacteria and may not be ecologically signiﬁcant

nia and nitrites for their energy needs and ﬁx inorganic

(Werner & Newton ). Nitriﬁcation in environments

carbon dioxide (CO2) to fulﬁll their carbon requirements.

which provide unfavorable conditions for autotrophic nitri-

They are largely non-motile and must colonize a surface

fying bacteria may result from the activity of heterotrophic

(gravel, sand, synthetic bio-media, etc.) for optimum

microorganisms. The phenomenon of heterotrophic nitriﬁ-

growth. They secrete a sticky slime matrix which they use

cation was ﬁrst described in 1894 for a fungus (Stutzer &

to attach themselves. Species of Nitrosomonas and Nitro-

Hartleb ). Since then, numerous reports have demon-

bacter are gram negative, mostly rod shaped, microbes

strated unequivocally that nitrite/nitrate production is not

ranging between 0.6 and 4.0 microns in length. They are

restricted to autotrophic ammonia oxidizers (e.g. Nitroso-

obligate aerobes and cannot multiply or convert ammonia

monas) or nitrite oxidizers (e.g. Nitrobacter) but is a

or nitrites in the absence of oxygen. Nitrifying bacteria

widespread phenomenon among different genera of fungi

have long generation times due to the low energy yield

and heterotrophic bacteria (Robertson et al. ). Lin

from their oxidation reactions. Since little energy is pro-

et al. () initiated a study suggesting that the removal of

duced from these reactions they have evolved to become

ammonia nitrogen which was 74.7% was mostly attributed

extremely efﬁcient at converting ammonia and nitrite. Scien-

to nitriﬁcation by Bacillus sp. LY. The pure microorganism

tiﬁc studies have shown that Nitrosomonas bacterium are so

which could nitrify via a heterotrophic pathway was likely

efﬁcient that a single cell can convert ammonia at a rate that

responsible for nitriﬁcation in that case.

would require up to one million heterotrophs to accomplish.

Bacillus species are important candidates for developing

Most of their energy production (80%) is devoted to ﬁxing

commercial biological agents for nitrogen removal and water

CO2 via the Calvin cycle and little energy remains for

quality enhancement (Hong et al. ). Previously, a few

growth and reproduction. As a consequence, they have a

studies reported that some strains of B. subtilis (Rui et al.

very slow reproductive rate. Nitrifying bacteria reproduce

; Chen & Hu ), B. lichenformis (Rui et al. )

by binary division. Under optimal conditions, Nitrosomonas

and B. cereus (Lalloo et al. ) exhibited strong nitrite

may double every 7 hours. None of the Nitrobacteraceae is

removal ability. Physiological studies on Bacillus spp. also

able to form spores. They have a complex cytomembrane

showed that Bacillus spp. could utilize nitrate and nitrite as

(cell wall) that is surrounded by a slime matrix. All species

alternative electron acceptors and nitrogen sources (Xie

have limited tolerance ranges and are individually sensitive

et al. ). In the past, B. amyloliquefaciens were applied

to pH, dissolved oxygen levels, salt, temperature, and inhibi-

in enzyme production (Wei et al. ), plant disease control

tory chemicals. Unlike species of heterotrophic bacteria,

(Arrebola et al. ) and food preservation (Junhua ).

they cannot survive any drying process without killing the

Xie et al. () referred to its potential application in improv-

organism. In water, they can survive short periods of

ing water quality and suggested that B. amyloliquefaciens

adverse conditions by utilizing stored materials within the

might be an important alternative Bacillus species for ammo-

cell. When these materials are depleted, the bacteria die

nia and nitrite removal. Therefore, to create a microbial agent

(Ramadan ). In addition to lithotrophic nitriﬁcation,

which can simultaneously eliminate nitrite and ammonia,

various heterotrophic bacteria, fungi, and algae are capable

B. amyloliquefaciens can be formulated with efﬁcient nitrify-

of oxidizing ammonia to nitrate in the presence of O2

ing bacteria (Rui et al. ).
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physicochemical parameters of raw water of the seven
main canals in Kafr El-Sheikh Governorate used as feed

Concerning AOB, the highest count of AOB was recorded

water by WTPs, it was obvious that some critical problems

during the winter season while the lowest AOB count was

arise when raw water contains a high concentration of

recorded during summer and autumn seasons. Al Rashidia

ammonia, especially in the winter season. So chemical con-

canal showed very high activity of AOB during the entire

sumption will be increased for the raw water treatment as

period of study in comparison with the other six points of

well as the cost of the water treatment being raised remark-

the main canals. AOB count showed signiﬁcant positive cor-

ably. The addition of chlorine (Cl2) to raw water containing

relations with ammonia concentration (r ¼ 0.604), nitrite

high ammonia (NH3) during the treatment forms chlora-

(r ¼ 0.596), nitrate (r ¼ 0.626), EC (r ¼ 0.609), alkalinity

mines (Angers ). Chloramines are known as combined

(r ¼ 0.719) and turbidity (r ¼ 0.714), while AOB showed a

chlorine which is less active than hypochlorous acid

signiﬁcant and strong negative correlation with WQI

(residual chlorine), having only one twentieth the power of

(r ¼ 0.778).

hypochlorous acid (Cairncross & Feachem ). Combined

Many factors contribute to the viability of nitrifying bac-

chlorine is not so active against the algae proliferation and

teria and, as a result, nitriﬁcation episodes have been

ultimately a huge amount of algae would be found in the

observed at pH levels ranging from 6.6 to 9.7 according to

clariﬁed water as well as settled on the different parts of

Odell et al. (). pH values in the present study ranged

the clariﬁer and ﬁltration systems. To remove ammonia

between 7.6 and 8.16 which were optimal for the activity

from raw surface water, the nitriﬁcation process would be

and viability of nitrifying bacteria; AOB showed an insigniﬁ-

used according to Hossain et al. (). Biological nitriﬁca-

cant positive correlation with pH (r ¼ 0.235). Normally,

tion is more environmentally friendly and cost effective

nitrifying bacteria need phosphate for good functioning (Hos-

than any other chemical methods of ammonia removal

sain et al. ). In the present study, raw water contained a

according to Janda & Rudovsky (). Nitrifying bacteria

sufﬁcient amount of phosphate (i.e. 0.32 to 1.78 mg/l), which

in the nitriﬁcation process detoxify ammonia in two steps.

was helpful for the nitriﬁcation process; AOB showed a sig-

First, Nitrosomonas spp. converts toxic ammonia to nitrite,

niﬁcant strong positive correlation with phosphate (r ¼

in the second step; nitrite is converted to nitrate by Nitrobac-

0.780). In the nitriﬁcation process, ammonia is oxidized

ter spp., according to Blasiola & Vriends ().

and subsequently forms nitrite and the end product is nitrate.

Increased heterotrophic bacteria are always found in

Occurrence of nitriﬁcation was conﬁrmed by monitoring for

association with nitrifying bacteria when nitriﬁcation pro-

nitrate and nitrite; it was observed that the increase of nitrite

cesses occur (Wilczak et al. ; Powell ). Nitriﬁers

and nitrate is positively correlated to the increase of ammonia

can increase heterotrophic growth by producing soluble

concentration; the increase of nitrite, nitrate and ammonia

organic carbon (Rittmann et al. ). Heterotrophs can be

concentration is positively correlated to the increase of

beneﬁcial to nitriﬁcation by producing stimulating organics

AOB count and activity, as shown in Table 1; and those ﬁnd-

for nitriﬁers (Hockenbury et al. ) and protecting nitri-

ings agreed with Blasiola & Vriends () and Eaton et al.

ﬁers from detachment (Rittmann & Manem ; Furumai

(). In the water treatment processes, the elevated nitrate

& Rittmann ; Rittmann et al. ). In other cases, het-

concentrations do not create any problem with chlorine

erotrophs can be detrimental to nitriﬁers since they compete

which is injected into the raw water at the time of treatment.

for surfaces, dissolved oxygen, and ammonia (Rittmann &

On the other hand, 30 mg/l of nitrate-N is acceptable for

Manem ). The heterotrophic bacteria increased growth

drinking water (Jamil et al. ).

could be a result of organic carbon released from nitrifying

High concentration of ammonia in raw water might

bacteria (Wilczak et al. ). Many heterotrophic bacteria

inﬂuence the physicochemical characteristics and other aes-

have also been found to contribute to nitriﬁcation (Watson

thetic characteristics of water like pH, turbidity, color, TDS,

et al. ), although with a slower rate and different mech-

EC, total alkalinity and odor etc. (Hossain et al. ). Con-

anisms than autotrophic nitriﬁers. Some heterotrophic

sidering the impact of raw water ammonia on the

bacteria are capable of oxidizing inorganic nitrogen
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compounds, but the rates of heterotrophic nitriﬁcation are

Xie et al. () mentioned the efﬁciency of Bacillus species

normally four orders of magnitude lower than those of auto-

in ammonia removal, and explained that ammonia removal

trophic nitriﬁcation, according to Atlas (). This is of

efﬁciency of a single Bacillus strain has been reported to

special interest in drinking water systems, because unlike

reach 90%. Xie et al. () indicated that B. amyloliquefa-

autotrophic nitriﬁcation, heterotrophic bacteria do not con-

ciens strain, isolated from the activated sludge, was also a

sume dissolved inorganic carbon, and net changes to water

very efﬁcient ammonia-N and nitrite-N cleaner.

chemistry from heterotrophic nitriﬁcation will differ to
those from autotrophic nitriﬁcation.

Water quality index

Concerning AOB, it was very remarkable that Al-Rashidia canal showed very high activity of AOB during the entire

The WQI is a 100-point scale that was used to summarize

period of the study in comparison with the other six points

results from different physicochemical measurements using a

of the main canals. It was found that AOB existence, activity

computer program created by the National Sanitation Foun-

and viability were positively correlated to ammonia concen-

dation, USA (Roy et al. ). The used parameters are: pH,

tration which increased remarkably in the winter season

temperature, PO4, NO3, turbidity and fecal coliform count.

then started to decrease. It was observed that when raw

This index transforms a huge amount of data to a single

water is highly polluted during the winter season and low

number, which is then used to rank water into one of ﬁve

demand period, ammonia concentration is remarkably elev-

descriptive categories of water qualities ranging from very

ated in raw water and as a result, microbiological, physical

bad conditions (0–25), to excellent conditions (90–100). It

and chemical parameters of the water are markedly inﬂu-

was observed that all sites during the whole period of study

enced. Similar results and correlations are discussed by

recorded few points, ranging from 34.36 to 43.52 indicating

Hossain et al. (). Increased heterotrophic bacteria are

poor conditions of raw water resources according to the WQI

always found in association with nitrifying bacteria when

scale. The lowest values were recorded during the winter

nitriﬁcation processes occur (Wolfe et al. ). Nitriﬁers

season indicating the effect of the low demand period, decreas-

can increase heterotrophic growth by producing soluble

ing of water level and increasing of pollutants during this period

organic carbon (Rittmann et al. ). Heterotrophs can be

resulting in deteriorated water situation. WQI showed high sig-

beneﬁcial to nitriﬁcation by producing stimulating organics

niﬁcant negative relationships with most physicochemical and

for nitriﬁers (Hockenbury et al. ) and protecting nitri-

bacteriological parameters: with ammonia (r ¼ 0.829), with

ﬁers from detachment (Rittmann et al. ). Many

nitrite (r ¼ 0.837), with nitrate (r ¼ 0.877), with turbidity

heterotrophic bacteria have also been found to contribute

(r ¼ 0.890), with chloride (r ¼ 0.828), with total bacterial

to nitriﬁcation, although with a slower rate and different

count (r ¼ 0.873), with AOB (r ¼ 0.778) and with total

mechanisms than autotrophic nitriﬁers (Watson et al. ).

algal count (r ¼ 0.858). Similar ﬁndings and correlations

In the identiﬁcation of bacterial isolates responsible for

were given by Ali et al. ().

bioremediation, bacterial strains isolated from AOB broth
medium and puriﬁed on TSA medium were identiﬁed as
Bacillus amyloliquefaciens using the BIOLOG GEN III

CONCLUSION

Microplate system. In addition to lithotrophic nitriﬁcation,
various heterotrophic bacteria, fungi, and algae are capable

In this study it was concluded that most physicochemical

of oxidizing ammonia to nitrate in the presence of O2

characteristics and microbiological parameters of raw

(Fiencke et al. ). However, in contrast to lithotrophic

water resources in Kafr El-Sheikh Governorate were affected

nitriﬁcation, heterotrophic nitriﬁcation is a slow process

and changed dramatically mainly during the winter season,

and is not coupled to energy generation (Werner &

reﬂecting the effect of the low demand period of the Nile

Newton ). Bacillus species are important candidates for

River and the increase of pollutants during this period. The

developing commercial biological agents for nitrogen

major sources of pollution of raw water resources in Kafr

removal and water quality enhancement (Hong et al. ).

El-Sheikh Governorate are municipal, industrial wastewater
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and agricultural drains. This study revealed that all raw
water resources recorded few points on WQI scale, indicating poor conditions mainly during the winter season,
indicating the effect of the low demand period, decreasing
of the water level and increasing of pollutants during this
period, resulting in a deteriorated water situation. This
study monitored the seasonal variations of ammonia oxidizing bacterial communities in raw water resources and
proved that AOB activity increased in the winter season
due to elevated concentrations of ammonia in the water
during that period. This study discussed nitriﬁcation as a biological process for ammonia removal, proposing an inﬁeld
solution of ammonia increase in water. Bacillus amyloliquefaciens was isolated and identiﬁed for its capability of
bioremediation of ammonia in raw water. This study provided predictive statistics which proved that AOB and
most physicochemical and microbiological parameters
showed strong positive and high signiﬁcant correlations
between each other. This study provided the following recommendations which could be useful for the application of
the ammonia bioremediation process in the future,
especially for water puriﬁcation applications: (1) sanitary
wastewater should be treated properly before discharging
to drains; (2) agricultural drainage water should be used
for irrigation only away from raw water resources intended
to be used as drinking water resources; (3) laws governing
industrial wastewater discharging on the Nile River should
be applied to avoid problems which may arise from the irresponsible discharging of polluted industrial wastewater; and
(4) drinking water puriﬁcation plants which are located on
the Nile or on one of the main canals must take precautions
during winter season, especially during the low demand
period of the Nile River due to low water levels and increasing of pollutants during this period. Further investigations
are recommended for the development of the nitriﬁcation
process, making it possible to be applied in raw water
resources, to ﬁnd an effective and efﬁcient solution for
ammonia problems in raw water resources.
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