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Abstract 

Studies and research in the field of ammonia pollution treatment have led to the fact that microorganisms have a major role 
in treating such environmental pollution and thus contributing to environmental balance as they have the ability to dismantle 
ammonia into harmless elements. 
This study has been carried out on the Tobruk Bay aiming to detect the level of ammonia contamination from different 
sources and the potentiality of using bacteria to degrade it. The studied area involving 6 sites are namely the Corniche Beach, 
Commercial Port and, which has a pipe for the discharge of untreated sewage, Electricity Company and Desalination Plant, 
which use heavy fuels in the city’s operations, in addition to the Brega and Gulf Oil Companies. 
The results of ammonia contamination were 0.776mg/l, 0.180mg/l, 0.180mg/l, 0.280mg/l, 0.190mg/l, 0.240 mg/l for the 
Commercial Port, Electricity Company,El Brega Company, the Corniche Beach, Desalination Plant and Gulf Oil Company 
respectively. It was noticed that the higher level of concentration of ammonia at the Corniche Beach due to the flow of untreated 
sewage.
On the other hand, the ammonia-dissolving bacteria were isolated from 3 sediment sampleswere collected from Corniche 
Beach at a distance one meter from beach linebecause it was the highest level of pollution with ammonia and measured its 
ability toward ammoniabiodegradation. Measurements were taken at different periods of two hours, the first period was 
recorded as 2.11 mg/l reading of ammonia concentration, and after 22 hours it reached 0.18 mg/l, thus proving its high ability 
to biodegrade ammonia. The isolated bacterial was defined at Alexandria University in Egypt by 16S rRNA method .This isolate 
was found to be consistent with another previous study in China, the name of the lysate bacteria was Vibrio alginolyticus.
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Introduction 

One of the strange situations is that the seas and oceans 
in which the first life began billions of years ago, and life 
continued to be confined to them for up to 90% of the history 
of life on earth, life in them is now threatened, as a result of 
the activity of the inhabitants of the planet that lives on land. 

Man whose numbers have increased rapidly, especially in 
the twentieth century, has become the threat to wildlife... His 
horrific increase, escalating consumption, and agricultural, 
industrial and urban expansion, especially in coastal lands, 
have led to degrees of environmental destruction and coastal 
pollution [1,2]. 
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Some studies show that more than half of the world’s 
population lives on the continents within 100 km of coasts. It 
has also been found that the rates of population increase in 
coastal cities exceed global growth rates, and that most new 
cities are established near the coasts [3]. It was also found 
that nine of the ten largest cities in the world are coastal 
cities, and that coastal cities are increasing in bays and at the 
mouths of rivers, as these areas are suitable for establishing 
ports and anchoring ships [1]. Most of the pollution in the 
waters of the seas and oceans starts from the waters of the 
rivers that flow into them, which are usually loaded with 
sewage, industrial and agricultural products for the cities 
and villages that pass through them, as well as from the direct 
drainage of population and industrial gatherings on the 
seas and oceans [4]. It has been estimated that the sewage 
waste that results from a population complex in which one 
million people exceeds 250 thousand cubic meters per day, 
and that one liter of this water contains 2-3 billion microbes. 
Sick microbes on coastal residents and frequenting these 
polluted beaches [5].

Where the marine environment is considered one of 
the largest environments compared to land, the seas cover 
approximately 71% of the area of   the globe. This environment 
is characterized by its wideness, depth, continuous movement 
and increased salinity [6]. The issue of wastewater pollution 
has become a critical issue more than ever, due to the 
increasing costs of wastewater disposal, and the issuance of 
stricter laws in terms of the levels of pollutants allowed in the 
sewers. Municipal wastewater consists of liquid or portable 
waste produced by health facilities in homes, institutions, 
and commercial or industrial establishments, in addition to 
ground and surface water and rainwater [7].

Untreated wastewater contains large amounts of organic 
matter and micro-organisms as well as nutrients and toxic 
compounds, which pose environmental and health hazards 
[8]. Therefore, wastewater must be removed quickly from 
its sources and treated appropriately before it is discharged. 
The ultimate goal of wastewater management is to protect 
the environment in a manner that is commensurate with the 
requirements of public health, economic and social issues 
[8]. Wastewater is one of the most dangerous environmental 
pollutants because it contains many types of harmful 
pollutants, including infectious causes, organic and inorganic 
chemical pollutants, in addition to radioactive materials. It is 
known that the discharge of human, biological and industrial 
wastes into water bodies such as rivers or sea beaches poses a 
danger to human health and transmits some deadly diseases 
[9]. Therefore, it is necessary to emphasize the treatment 
of sewage water before its final discharge into the marine 
environment. This study comes on some of the beaches of 
the city of Tobruk to assess the pollution of its sewage water 
through microbial analyzes of E. coli bacteria [10].

Location of Study

This study has been conducted on the polluted marine 
environment at Bay of Tobruk basin which located in 
the southeast of the city (Figure 1), at the intersection of 
longitude 23.59 13.06 E and latitude 32.04 09.46 N, northeast 
of Libya. There is a shipping lane in the Bay basin used for 
the movement of ships and oil tankers. The average depth 
of water in this corridor is about 16 meters The width of the 
opening of the Bay Basin is about 1.58 km and the length of 
the navigational passage is 3.85 km. Six different location 
sites were chosen in the studied area are namely Corniche 
Beach Commercial Port, , Electricity Company, Desalination 
Plant, Brega Oil Marketing Company and Gulf Oil Export 
Company that denoted by site 1 through site 6 respectively. 
Addition 3 samples of Corniche Beach sediments have been 
collected from one meter distance from beach line (S1, S2 & 
S3) and they were kept cold until they reached the laboratory 
whereas the laboratory experiments were conducted on 
them.

Figure 1: Samples locations map of contaminated water.

The Bay of Tobruk also contains many facilities with oil 
activity, which are located in the southeastern side of the Bay, 
which are represented in the oil refinery and port of Hariga 
for the export of crude oil, and the port of the Brega oil 
company for the export of oil derivatives, and the two power 
generation and seawater desalination plants, which use heavy 
fuels in operations In addition, some economic facilities are 
located on the southwestern side of the Bay, such as the port 
of the Turks for fishing boats, in addition to the Al Masirah 
Hotel, the largest hotel in the city of Tobruk. To receive 
commercial ships, fishing and rescue boats, in addition to 
the Corniche resort, which is used for entertainment, these 
facilities can cause pollution to the Bay waters with oil 
waste and its derivatives as a result of what may leak out of 
it during the loading of crude oil and its derivatives, or as 
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a result of dumping waste water containing the resulting 
heavy fuel From leaks and maintenance operations in the 
power generation and water desalination plants, in addition 
to pollution by Heavy metals, salts and untreated city sewage 
waste.

Objectives of Study

This study mainly aiming to
1- Measuring the level of ammonia in the Bay Basin region.
2- Isolation of bacteria capable of biodegrading ammonia.
3- Measuring the ability of the selected bacteria to biodegrade 
ammonia.

Materials and Methods

Material and Apparatus

Sample Collection: Six samples of sea water were collected 
in sterile 250 ml bottles (Figure 2) from 6 different location 
sites within the study area are namely Commercial Port, 
Corniche Beach, Electricity Company, Desalination Plant, 
Brega Oil Marketing Company and Gulf Oil Export Company). 
Addition 3 samples of sandy soil from the Corniche beach 
from a depth of about 1 meter and they were kept cold 
until they reached the laboratory whereas the laboratory 
experiments were conducted on them.

Ammonia Measurements: Ammonia was measured using 
a Spectrophotometer U.V-Vis turbidity device using special 
reagents at a wavelength of 630 nm [11].

Figure 2: Collected samples in sterile bottles.

Isolation of ammonia-dissolving bacteria from the study 
area: The nutrient agar medium (NUTRIENT AGAR) was 
prepared and 3.5% NaCl and 40% ammonia concentration 
was placed as the sole source of nitrogen to the basal medium, 
and then the medium was sterilized with its contents in the 
sterilizer at a temperature of 121 °C for 15 minutes. The 
capacity of these bottles was 25 ml (Figure 3).

Then, 1 ml of the collected sandy soil samples was added 
to the previously prepared dishes containing the nutrient 
agar and ammonia and was placed in the incubator at a 
temperature of 34°C and the bacterial growth was monitored 
for 48 hours [12].

Figure 3: Preparation of the basil medium to isolate 
bacteria.

Purification of isolated bacterial strains: After the 
incubation period ended, the bacteria that gave growth on 
the nutrient agar medium supplemented with ammonia and 
35 g/l salt were cultured on other plates containing the same 
nutrient medium (Figure 4). Incubation period Another 
subculture was carried out for the purpose of purifying the 
bacterial strains grown on the nutrient agar medium and 
transferred according to their different phenotypes [13].

Figure 4: Purification of isolated bacterial strains.

Preservation of bacterial isolates: After the bacteria 
that gave growth were cultured on Nutrient Agar medium 
supplemented with ammonia at a temperature of 34°C inside 
the incubator for 18-24 hours, after their growth they are 
plotted on Slant agar and kept at a temperature of 34°C for 
18-24 hours, After the isolates grow, they are kept cool at a 
temperature of less than 4°C.
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Efficiency study of selected bacteria for degradation 
ammonia: To estimate the ability of the selected and known 
bacteria to decompose ammonia, the experiment was 
conducted according to the following: The three types of 
bacteria were cultured on nutrient agar media and incubated 
at 30-32°C for 18-24 hours, after which sterile glass bottles 
were prepared containing 500 ml ofsterile sea water with 
a concentration of 30% ammonia added. Turbidity for 48 
hoursand readings were taken through a turbidity measuring 
device using its own reagents.
Definition of the selected bacterial isolates: The selected 
isolate was identified by 16S rRNA method at Alexandria 
University.

 Ammonia Compound and its Properties

Ammonia or spirit of ammonia is a colorless alkali gas, 
made up of four parts one nitrogen and three parts hydrogen. 
Ammonia is lighter than air and has a characteristic 
pungent odor. Its chemical symbol is NH3 and it is prepared 
by distillation of coal or some nitrogenous substances. 
Ammonia gas does not ignite in air, but it ignites in oxygen 
and produces a weak yellow flame.

Significantly when it is dry but when it melts it reacts 
with a lot of chemicals. Ammonium hydroxide is equivalent to 
highly water-soluble ammonia. It forms a solution known as 
ammonium hydroxide NH4OH, and ammonia is not reactive 
to many acids and forms the corresponding ammonium 
salts. For example, if hydrochloric acid (HCL) is added to 
ammonium hydroxide (NH4OH), an NH4CL ammonium 
chloride solution will be produced according to the equation:

NH4OH + HCl→NHCl + H2O
Ammonia turns into a liquid at -33.35°C. And liquid 

ammonia boils at the same temperature, freezes and turns 
into a pure solid at -77.7°C. In its transformation from liquid 
to gas again, ammonia absorbs a great deal of heat from the 
outside environment, so that one gram of ammonia absorbs 
327 calories. For this reason, ammonia is widely used in 
refrigeration equipment. The venting of this substance can be 
detected by the sense of smell and limits the place of venting 
by igniting fingers of sulfur near the place where venting is 
suspected, and white smoke appears in the event of venting. 
Ammonia completely mixes with lubricating oils (2).

Ammonia Impacts on the Environment

Anhydrous ammonia causes inflammation and irritation 
of the skin, eyes, nose, throat and upper respiratory tract. 
Since ammonia is the main source of nitrogen needed for 
the growth of aquatic plants, ammonia may contribute to 
eutrophication of stagnant or slow-flowing water bodies, 
especially those with limited content. From nitrogen. In 

addition, ammonia is considered moderately toxic to aquatic 
organisms. So far, it has not been scientifically proven that 
ammonia is a carcinogen. Ammonia is a major component 
of the nitrogen cycle in nature. In lakes, rivers, and natural 
waterways, ammonia is converted to nitrate. It is also used to 
adjust the pH of boiler water in power plants.

It is known that fish excrete ammonia in the water as waste 
and waste as a result of the processes of vital metabolism and 
excretion, which are acceptable proportions, but the danger 
comes from food residues left in the aquarium after feeding the 
fish or the remains of dead plants if the aquarium is planted if 
it is not removed and here comes the role of bacteria Rotting 
decomposes fish waste, food residues and any other organic 
residues and produces nitrogen, which soon combines with 
the hydrogen in the water to form ammonia.

H2+N2=NH3
This non-ionic form of ammonia is very toxic to aquatic 

organisms in general and to fish in particular, causing an 
increase in.

Methods for Detecting Ammonia

Detection by Chemical Reagents 

There are types of chemicals that are used to detect 
ammonia in water, the most famous of which is the (Nestler) 
reagent, where you take a sample of the water in the aquarium 
and put three points of the reagent, and we find that the water 
is colored yellow according to the concentration of ammonia, 
and then we compare the gradient of the yellow color from 
light to dark to know the percentage of ammonia in the water

But if the water is salty or has a percentage of salinity, we 
first use the Rachel detector to precipitate the dissolved salts 
in the water, then we use the Nisler detector in the same way 
as before, and this is the most accurate method for detecting 
ammonia in water.

Detection by Litmus Paper

It can be detected by taking a sample of water and put 
sunflower paper in it. If its color turns blue, this is evidence 
of increased alkalinity as a result of ammonia, and it is an 
inaccurate method. It is not possible for the color to change 
according to other conditions, especially the degree of 
acidity and the alkalinity of the water, and not according to 
the percentage of ammonia. 

Results and Discussion

The chemical analysis of the investigated water samples 
reveal the ammonia concentration in the six studied sites as 
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reported Table 1, which indicates that there are high levels 
of ammonia comparing with the natural situation. Ammonia 
levels should be almost non-existent, as it is produced 

naturally from the output of fish and other marine organisms. 
Ammonia is considered one of the most important factors 
affecting water quality and the living organisms in it.

Samples locations Commercial 
Port

Corniche 
Beach

Electric 
Company

Desalination 
Plant

Al Brega 
Company

Gulf Oil 
Company

Ammonia 
concentration (mg/l) 0.776 0.28 0.18 0.19 0.18 0.24

Table 1: Ammonia concentration in the investigated sites.

Ammonia is formed in two forms in water, an ionized 
form NH4 and a non-ionized form NH3 (gas), which is the 
toxic form, and the proportion of undispersed ammonia 
should not exceed 0.06 mg/liter, and it was found that high 
ammonia and low dissolved oxygen in the summer are 
the most important factors that cause large quantities of 
mortality for marine organisms. With an increase in pH and 
temperature, the proportion of toxic ammonia in the water 
increases. As the level of oxygen in the water decreases, the 
toxicity of ammonia increases due to the lack of oxygen to 
oxidize it.

Likewise, the increase in ammonia levels suffers from 

the desalination plant overlooking Tobruk Bay Basin, where 
the ammonia interacts with the mineral component of the 
desalination plant and causes it to corrode, which led to the 
deterioration of the desalination plant. The reason for the 
presence of ammonia in high rates in the study area is the 
sewage flow in Bay water.

On the other hand, the bar chart in Figure 5 depicts 
the concentration of ammonia in the investigated locations 
and reflect the level of each source pollution. It is obviously 
from the obtained results the Commercial Port represents 
the highest level (0.776 mg/l) while the lowest source is 
Corniche Beach and Al Brega Company (0.180 mg/l).

Figure 5: Concentration of ammonia in the investigated sites.

Isolation Dissolving Bacteria of Ammonia from 
Collected Samples

The results showed that all isolates grew without 
exception, (S1, S2, S3) and the best and fastest growth in the 
first site compared to the other sites, where we saw that the 
first site S1 gave isolate excellent growth and the second site 
gave isolate weak growth (S2) while the third site the sample 
showed good growth (S3).

Ability of Isolated Bacteria and Detection of 
Ammonia Hydrolyze 

The best bacterial growth was selected and its ability 
to analyze ammonia was tested by monitoring the optical 
density by means of a turbidity meter, where it was noted 
that isolate S1 gave excellent growth on the substrate (Table 
2).
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Time 11.2 1.2 3.2 5.2 7.2 9.2 11.2 1.2 3.2 5.2 7.2 9.2
Ammonia 

concentration (mg/l) 2.11 2.07 2 1.8 1.74 1.59 1.34 1.27 1.02 0.95 0.59 0.18

Table 2: Biodegradation of ammonia at a concentration of 30% by selected bacteria.

The results shown in Table 2 indicate that the bacterial 
isolate S1 has the ability to biodegrade ammonia, where the 
measurement was periodically every two hours and the first 
reading was 2.11 and the last reading after about 22 hours 
0.18, which indicates the ability of the isolated bacteria to 
biodegrade ammonia with high efficiency and this isolation 
after its definition. It was found that it agrees with the 
study of [14], which was found to biodegrade a high load of 

ammonia in sea water.

From the findings it is obviously that the ammonia 
concentration displays strong negative correlation with time; 
whereas, the relationship shows linear degradation with 
increasing time throughout the periods of investigations as 
shown in Figure 6.

Figure 6: Relationship between ammonia concentration and time.

Bioremediation has become an important method in 
restoring polluted environments to their former state by 
exploiting natural activities with the ability to analyze [15], 
where the efficiency of biodegradation by fungi in soil ranges 
from 6% to 82% and the biodegradation efficiency of bacteria 
in soil It ranges from 0.13% to 50% and the efficiency of 
marine bacteria in biodegradation ranges between 0.003% 
to 100% [16,17]

The bacteria isolated from the samples to which the 
ammonia was added gave positive results. This may be 
attributed to the bacteria’s adaptation to the ammonia-
contaminated environment, as the microbial growth reflects 
the link to biodegradation [18,19].

Definition of Isolated and Selected Bacterial 
Strains

The selected bacterial isolates were identified by S 
rRNA16 method and the name of this isolated bacteria is 

Vibrio alginolyticus as shown in (Figure 7) [20-24].

Figure 7: Isolated growth bacteria of site S1.
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Conclusion

In the light of the previous study it can be draw the 
following conclusion:
•	 The studied area of Tobruk Bay was suffering from high 

levels of ammonia content.
•	 The contamination of ammonia refers to several sources 

and varies from source to another.
•	 The findings reveal a variation of ammonia contamination 

throughout the investigated locations.
•	 The possibility of treating ammonia pollution by 

autogenous bacteria isolated from the same area of   
contamination.

•	 The potentiality of using the isolated and defined 
bacterial strains: Vibrio alginolyticus in the treatment of 
ammonia pollution in the marine environment.

•	 The difficulty of large-scale using this bacterium due to 
its pathogenicity, and to note the need for further work 
in this direction [25,26].

Recommendations

•	 Supporting studies and research in the field of treating 
ammonia pollution and sewage in polluted places in the 
city, while studying environmental factors to find out the 
extent of the seriousness and development of ammonia 
pollution.

•	 Maintenance of the sewage purification plant as a 
solution to stop the flow of untreated sewage into the 
Gulf of Tobruk basin.

With regard to the strategy of the Libyan state towards the 
problem of oil pollution in Libyan ports and beaches, we 
recommend the following:
•	 Using the conclusions and recommendations of this 

study in the implementation of plans and strategies that 
would protect and preserve the marine environment 
from sewage and oil pollution.

•	 Implementation of Law No. (15) for the year (2003), 
related to the protection of the marine environment in 
Chapter Three, especially Articles (22, 23, 28, 29), as 
the Libyan state provides facilities for ships in the main 
ports, and this in turn, ships must abide by To protect 
the marine environment in general, and to abide by local 
laws and international agreements in the field of marine 
environment protection, or to be subject to financial 
fines and penalties.

•	 The study recommends a continuous monitoring 
program for the Libyan coast.
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