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ABSTRACT

In Sudan the expense of municipality treatment is expanding with more strict environmental obligations. Radiation technology
for handling of industrial and domestic water supply is presently under study in many countries. The expenses for the
wastewater treatment by radiation technology are comparable with that of the other modern technology of treatment systems.
This study focuses on using of various radiation doses to handle samples of municipal wastewater collected from Soba
wastewater station south of Khartoum-Sudan. The experimental results confirmed that some physicochemical parameters like
pH, DO, BOD5, COD, TSS, FOG, and Total phenols were decreased with increasing absorbed doses. Other parameters like
Electrical conductivity (EC) and Hardness were not affected by radiation doses. TDS, turbidity decreased up to 50 K rad and
then increased with increased in radiation doses. All parameters are within the permissible level in Sudan for discharge to
surface water. Gamma-irradiation has shown to be effective in removing organic contaminants from the sewage water and
sludge. Gamma-irradiation opens door for possible reuse of irradiated sewage water and sludge. The whole experimental issues
involving the management of disposed materials must be put in mind when we are assessing the benefits of applying

technology of radiation for treating all municipality issues in Khartoum city.

Keywords: Soba municipal, gamma radiation, chemical oxygen Demand, wastewater, biochemical oxygen demand, breakdown.

led to the discharge of toxic effluents to water bodies’

worldwide. In many countries over the world, these
discharged effluents are used for planting targets due to the
shortage of rainwater for agriculture (Perveen et al, 2012
;Rehman et al, 2015). The municipal treatment plant is always
looking for new knowledge to deal with wastewater. The new
process should have benefits in decreasing the vital price for waste
handling. The sewerage works in many countries, are high in price
regarding other treatment’ services. The establishment of small
units in a specific area, will assist in dropping the charge of works.
Generally, technology of radiation is an energy progressive
practice, offered for social practice, although frightened being
environmentally unsafe and risky. Using this technology for
treating of wastewater and domestic water supply is present in
low levels of investigation. The expenses for the wastewater
treatment by radiation technology are comparable with that of the
other modern technology of treatment systems. Technology of
radiation is a process of utilization of energy to generate a valuable
variation in a substance, such as decontamination. The quantity of
energy of radiation captivated in a substance lays on the
physicochemical state of the substance and on the kind and energy
dissemination The utilization of radiation in municipal treatment
requires to attain a enough uniform absorption of doses. The
elements like kind of radiation, distribution of energy, penetration
ability into the media, the geometry, and radiation-water
configuration, and the ratio of thickness of water.
Biological phase treatment: Recent years several reports have
been come out with the prospective route of radiation energy in

INTRODUCTION: Increasing industries and development has

the municipal plant. The logic for exploiting radiation in

treating of municipal waste lays on the following ideas

(Salvatore etal, 2009).

a) Radioactivity demolishes microflora and this characteristic
is useful, because it will keep pathogen in an inactivation
mode.

b) Radioactivity is able of changing the composition of organic
particles, therefore playing greater role in the reduction of
pollution parameters (BOD &COD).

c) Radioactivity is able of changing the physiochemical
properties of suspended particles, leading to settling of
sludge through accumulation of sludge in compact form with
high ability precipitate.

Reaction of microflora with radioactive pulses in treating

municipal wastes: Physicochemical aspects like temperature

and radiation, and biological and physiological aspects play a

vital role in the reaction of Microflora to offered doses (Rehman

etal, 2015).

BJECTIVES:a) To assess the potentiality of gamma

O radiation method in disinfection of wastewater

b) Studying the degree of removal of contamination
parameters like pH, electrical conductivity (EC), turbidity,

Hardness, TSS. TDS, BOD, COD and fat, oil, and grease (FOG).

c) To assess the physicochemical characteristics of municipal

wastewater before and after the application of gamma; and

d) To establish the ideal doses for gamma of wastewater.

ATERIALS AND METHODS: Area of study: This study

Mwas conducted in the Soba wastewater treatment

plant located at southern part of Khartoum State (lat.!
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5° 36', long. 32° 33', Alt.380 m). The station is about half
kilometer from the eastern border of the Alazahri area. The
plant serves all areas in southern Khartoum in addition to the
hospitals and some part of the industrial area. The population
in this area is about 2 million people.
Collection of sample: Samples of effluent of investigated
wastewater were obtained from Soba wastewater station in
two events (months): May and December (2013) where
biological oxygen demand in five days (BOD5) were estimated
as 110 mg/L & 80 respectively. The samples were collected
from the effluent flowing from the inlet of the principal settling
tank by using various kinds of fresh and sterilized glass bottles
containers (500 ml) and transported to the laboratory in ice
container till the time of analysis. pH was immediately
measured in the field with the aid of portable pH meter.
Equipment of irradiation: The industrial device irradiator
Gamma Cell 220 used in this study was originally manufactured
by Atomic Energy of Canada Limited (AECL). It was developed
for high dose rate gamma radiation researches and studies. This
device supplied with 60Co doubly encapsulated in aluminum
and stainless-steel tubes, fixed within a lead shield, and the
operator is not exposed to the emitted radiation. The Gamma
Cell exposure chamber has a cylindrical geometry with 20.3 cm
height and 7.5 cm radius. The device has a calculated dose rate
of two M rad/hr and radioactivity of 50 kCi (rad is amount
of radiation that releases an energy of 100 ergs per gram of
matter). Samples were arranged in the cylindrical irradiation
chamber. This room moved vertically down to the radiation
sources of Co® as roods rotate around the room to supply a
homogenous dose for all samples (figure 1).

L
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Figure 1: Irradiator gamma cell 220.

The doses used were 0, 10, 25, 50, 100, 200, 300, 400, and 500 k
rad, an average of three samples exposed to the same absorbing
dose was taken. The time of irradiation for these dosages was 0,
3,7.5,15, 30, 60, 90, 120, and 150 min. respectively where:

Absorbing Dose (D) = Dose Rate (rad/min.) X Irradiation time (min)

Analytical methods: The wastewater was examined to
measure the following physicochemical parameters pH, EC, DO,
COD, BOD, TDS, TSS, FOG, turbidity, hardness and phenolic
compounds. Two sampling events were performed, one in May
(1/05/13) and the other one on December (1/12/13)
respectively. Samples were examined on the same laboratory &
on the same day. The procedure of collection of samples and
testing were performed according to the methods explained in
American Public Health Association. BOD, COD, TDS, and TSS
samples were accumulated in 250 mL polyethylene bottles and
preserved with concentrated sulfuric acid (pH<2). The DO
samples were kept in 300 mL bottles with 1mL of an alkaline

azide solution as preserved substance (1mL of MgS04 solution
and 1mL of concentrated H;SO4). Before transportation the
samples were preserved in an ice box <4°C. Transport of the
samples occurred within six hours to the testing laboratory and
stored below 4°C in a refrigerator until usage. DO samples were
examined immediately after reaching the laboratory. The pH
and DO were measured in situ. The pH & DO was measured
with a portable pH-meter and DO probe respectively. In the
laboratory the DO was analyzed by titration with a standard
sodium thiosulphate using starch solution as an indicator. COD
was measured according to open reflux method with acidified
standard potassium dichromate titrated with ferrous
ammonium sulfate within 24 hours from sampling. Standard
Methods for Examination of Water and Wastewater was used
for determination of Biochemical Oxygen Demand (BOD5). FOG
were measured by method using n-hexane as the extraction
solvent, and phenolic compounds determined by using Folin
and Denis (1915).

ESULTS AND DISCUSSION: Radioactivity has a violent
Rinﬂuence on the organic substances in the wastewater,

due to the intense action of the pulses of energy that
produced by gamma radiation which alter the properties of
contaminants in the wastewater (Abo-El-Seoud et al, 2004).
The outcomes were found in the untraceable stages for most of
the examined samples, but there were some examined samples
which did not react to the radiation energy due to the presence
of inorganic substances (Abo-El-Seoud et al., 2004).
The pH measurement: Figure 2 explain the pH values
throughout the two events (May and December), so when
applying radiation dose, the pH increasing with the rose in
radiation absorbed doses.
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Figure 2: The pH values of radiation dose.

This increasing in pH value was attributed to the rise of OH
extremists at bigger amounts as a result of the water hydrolysis.
The highest value was recorded in May (9.4), while the lowest
was in December (8.8). Sudan allowable limits of concentration
for dispose treated wastewater to the surface water was 6-9.7
(table 1), the values of pH still within the permissible limits, as
shown in tables 2 (Mottalib, 2017). Generally, pH values for
normal water use should be above 6.00 and below 10.00, while
values above 10.00 are considered hazardous. The G-value of
OH (G-OH is the basic unit of radiation chemical yield) in
comparison with others extremists is in high level, which
produced a large strength of free hydroxyl extremists in water
thus raising the pH value.

Electrical conductivity (EC) and hardness measurement:
Electrical Conductivity and Hardness of water investigated
under one titled as they both have the role of melted ions in
water. EC is the tool for measuring ability of solution for
conducting electrolyte current which is significantly reliant on

Volume Number 5 || Issue Number 3 || Year 2020 ||Page Number 10



the offered of ions (Salem et al., 2011).

Conductivity in a liquid affected by availability of inorganic
ions: Great level of EC is directly proportional to the abundance
of inorganic ions in the wastewater. Electrical Conductivity and
hardness trends are not affected by increasing radiation dose
(figure 3& 4).

This is attributed to the hydrolysis properties in water.
Generally, inorganic salts are characterized by conductivity
once dispersed in water because they are decomposed
compared with organic materials. In addition to that, the doses
of radiation did not break down the inorganic substances
therefore the salts level does not vary with the rise in radiation
dose. Therefore, Electrical Conductivity (1120 uS/cm) and
hardness (700 mg/L as CaCOs3) rates stayed unchanged
throughout the different applied doses (table 2) (Mireles et al.,
2004).

Turbidity: The effects of gamma radiation were studies under
different radiation doses (figure 5). The results showed that a

decrease in turbidity (90 NTU) in both May and December
events were observed with increasing radiation dose till 50
krad, thereafter, start to rise per absorbing dose this because
high doses of irradiation induced a precipitation reaction that
was due to the liquefied organic substances in the sludge
(figure 5) (Rehman et al, 2015).

Dissolved oxygen (DO): Physicochemical and biological
actions taking place in the water environment influence the
level of Dissolved Oxygen in water (State of Narragansett Bay
and its Watershed, 2017). Concentrations of Dissolved oxygen
are proportional to the amount of oxygen produced during the
biological process of living organisms (Julian et al, 2018).
Moreover, physicochemical factors in water like amount of salts
and temperature strongly affect the dissolved oxygen (State of
Narragansett Bay and its Watershed, 2017). Figure 6 depicted
that there is a drop in the concentration of dissolved oxygen
with increasing radiation doses.

Parameter

Concentration, mg/L

pH

Total Suspended Solids (TSS) (mg/L)
Biochemical Oxygen Demand, BOD (mg/L)
Chemical Oxygen Demand, COD (mg/L)
Phenolic Compound (mg/L)

Fat, Oil, and Grease

6-9.7
30
30

150

0.50

10

Table 1: Permissible Limits of discharged wastewater to the surface water (Khogali and Riyadh, 2015)

o

Factors Months Raw Value Radiation Dose (krad) Final value Percentage (%)
pH (no units) May 7.93 400 9.4 -
December 7.22 400 8.8 -
EC (uS/cm) May 1120 No effect - -
December 790 No effect - -
Hardness (mg/1 as May 700 No effect - -
CaCO0s3) December 550 No effect - -
Turbidity (NTU) May 200 50 90 55
December 150 25 90 40
Dissolved Oxygen (DO) May 15 50 10
(mg/L) December 9 50 5
BODS5 (mg/L) May 110 500 20 820
December 80 500 30 62.5
COD (mg/L) May 330 500 60 82
December 210 500 30 86
TSS (mg/L) May 147 50 20 86.4
December 114 100 30 73.7
TDS (mg/L) May 15300 25 1600 89
December 12600 10 800 93
Phenolic Compound May 0.650 500 0.03 95.4
(mg/L) December 0.250 500 0.05 80
FOG (mg/L) May 3500 500 200 94
December 2800 500 400 86
Table 2: Physicochemical properties of the discharged wastewater to the surface water.
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Figure 3: Electrical conductivity (EC) of radiated sample
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Figure 4: Hardness of radiated sample.
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Figure 5: Turbidity of radiated sample.
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Figure 6: Dissolved oxygen (DO) of radiated sample.

The values of Dissolved Oxygen in the raw samples of
wastewater were high and this due to the presence of primary
aeration tank in Soba municipal station in Sudan. Alternatively,
radioactive technique reduced Dissolved oxygen. This drop in
the strength of dissolved oxygen caused by the following
scenario: Solvated electrons that are built up during application
of radiation doses in the liquid media. Therefore, the solvated
electrons might interact by equilibrium reaction or attached to
the molecular oxygen, so these electrons interfere with oxygen
when hydrogen is available (Mohammed et al, 2006).
Biochemical oxygen demand (BOD5) measurement: BOD is
the quantity of oxygen utilized by microflora to decay organic
substances in water. This technique is used to verify the degree
of contamination of a wastewater and the ability of a plant for
treatment. Biochemical oxygen in water is basically determined
by the difference in the oxygen in water samples preceding
incubation and after incubation to 5 days. Figure 7 express a
decrease in biochemical oxygen demand concentration
regarding the rise of applied doses. This drop caused by the
damage of microflora that utilized oxygen. It is well known that
radiation pulses have detectable effects on living organisms.
Furthermore, it can decompose organic compounds in the living
organisms (table 2). The biochemical oxygen demand in 5 days
achieved 20 mg/L using 500 krad of gamma radiation, while the
permissible value of BODs is 30 mg/L, (table 1 & 2). On the
Other Hand, in December, the BODs concentration at the same
radiation dose stayed high (30 mg/L), but they were within the
permissible level (30 mg/L). This can be justified by the fact
that some of the collected samples contain industrial chemicals
and biological substances that cannot decomposed by radiation.
To reduce these types of scenarios combined physicochemical
methods should be activated (i.e, thermo processes and
adsorption) (Sivinskih, 1975).
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Figure 7: Biochemical oxygen demand (BOD5) of irradiated
sample.

Chemical oxygen demand (COD): Is a tool for assessing of
amount of oxygen corresponding to organic content of the
sample that is liable to oxidation by a strong oxidant? It is a
technique for determination the degree of pollution in water by
organic substances (Sulaiman, et al, 2016). Generally, the COD
value is greater than the BOD this due to the resistance created
by part of organic substances to microorganism oxidation and
therefore not engaged in biochemical oxygen demands could be
simply oxidized. The value of chemical oxygen demand reflects
the achievement of the permissible level for both May and
December (figure 8).
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Figure 8: Chemical oxygen demand (COD) of irradiated sample.
The COD in both May and December events keep decreasing
pattern and approached 82 & 86% removal of their initial value
using 500 k rad respectively, whereas the permissible limit of
COD is 150 mg/L, (table1& 2). Nevertheless, in May, the COD
strength at the same radiation dose stayed above, but they were
within the permissible level (30 mg/L).

Total dissolved solid (TDS): TDS is an amount of organic and
inorganic substances in a liquid. Figure 9 explore the mode of
influences of radiation doses on total dissolved solids; it
displayed that TDS concentration reduced with increasing in
the doses of radiation to particular levels (25 Krad) for both
May and December events then concentration of TDS improved
with increasing in the doses of absorbed radiation. This could
be attributed to the transformation of the liquefied organic
materials to compounds of simple molecular weight. In addition
to that high-level of radiation doses may have disbanded the
suspended solids and sludge that were at the bottom of the
container, thus increasing the concentration of TDS. The TDS
levels never achieved the beginning values (Usharani et al,
2010). Our findings confirmed by other researchers’ reports
(Kaur etal., 2010).
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Figure 9: Total dissolved solids (TDS) of irradiated sample.
Total suspended solid (TSS): Suspended solids are the biggest
sources of water pollution. It consists of an inorganic and an
organic fraction. The inorganic part is almost greater than the
organic one. Suspended solids play a vital role in the turbidity
or cloudiness of the water. The result explores that a reduction
trend of suspended solids (TSS) was observed with increasing
absorbed radiation dose (figure 10).
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Figure 10: Total suspended solids (TDS) of irradiated sample.
Both May and December events achieved removal rate of 86.4
and 73.7% respectively which is within the permissible range
(table 1& 2). This scenario of reduction in total suspended
solids (TSS) was attributed to the conversion of TSS to the form
of precipitate because of breaking down of organic materials
and suspended particles in wastewater. Previous research
reports confirmed our findings (Kaur et al, 2010; Olaoye and
Oladeji, 2015; Chidozie and Nwakanma, 2017).

Fat, oil and grease (FOG): FOG is either in liquid or solid state,
which is composed of long chains of hydrocarbons
(Khwakaram, 2016). Concentration of Fat, Oil, & Grease in this
investigation was declined with increasing of radiation
absorbed doses (figure 11). May and December events shows
the reduction removal percentage of 94 and 86 respectively.
The decrease in FOG concentration is generally attributed to the
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Figure 11: Fat, oil and grease (FOG) of irradiated sample.

breakdown of the long bond of the hydrocarbon chain by
radiation energy and converted the FOG to shorter hydrocarbon

parts (Kaur et al., 2010; Olaniyi et al, 2012). Decomposition of
FOG mostly lays on the availability of mineral Fat, Oil and
Grease. Generally, radiation energy did not breaking down the
mineral Fat, Oil and Grease (Khwakaram, 2016), and this
compound did not show any environmental problems in the
wastewater.

Phenolic compounds and standards of phenols: Phenolic
substances are available in different industrial effluents
(leather, Textile, pharmaceuticals, resin manufacturing, oil
industries, petrochemicals, plastics, paint, pulp & paper)
(Kazemi et al., 2014; Mohammadi et al,, 2015; Sun et al, 2015).
Phenol has been chosen as a significance contaminant by the US
Environmental Protection Agency (EPCRA, 2014; NPRI, 2009).
Figure 12 showed that the total phenols content was reduced
with increasing the radiation doses. The values of total phenols
content are within the permissible level of discharging in
surface water (table 1& 2). The percentage of removal of total
phenol in May and December events were 95.4 and 80%
respectively. It was further observed that treatment of total
phenols with 500 krad radiation dose is about to approach the
entire break down of the initial phenol compound and achieved
95.4 and 80 % total removals respectively (Karci et al., 2013).
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Figure 12: Phenolic standards concentration subjected to
radiated doses.

ONCLUSION: This research project was performed to
Cevaluate the effect of Irradiation by gamma radiation on
physicochemical properties of wastewater collected from
Soba municipal station in Khartoum-Sudan. This experiment
confirmed that some physicochemical parameters like pH, DO,
BOD5, COD, TSS, FOG, and Total phenols were decreased with
increasing absorbed doses. Other parameters like Electrical
Conductivity (EC) and Hardness were not affected by radiation
doses, TDS, turbidity decreased up to 50 K rad and then
increased with increased in radiation doses. All parameters are
within the permissible level for discharge to surface water.
Gamma-irradiation has shown to be effective in removing
organic contamination from the sewage water and sludge.
Gamma-irradiation opens door for possible reuse of irradiated
sewage water and sludge. All the laboratory tested parameters,
including sludge management should be considered in order to
evaluate the multiple benefits of radiation technologically for
treating municipal wastewater in Khartoum city.
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