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ABSTRACT

Sugar industry processes release large amounts of  wastewater and pollution concentrations. This study focuses on 
environmental pollution produced by a cane sugar factory (Sampling Assalaya factory) with particular emphasis 
on the chemical properties of  wastewater as an essential feature identifying water pollution in the study area. The 
study aims to analyze wastewater’s chemical features and disparity based on the Sudanese Standards and Metrol-
ogy Organization (SSMO) standards. The systemic random sampling method collected twenty samples for each 
parameter (pH, Total Hardness, PO

4
, BOD, and COD). Analyses were conducted in the laboratory according 

to the standard methods for examining water and wastewater (USA). Results revealed significant variations in 
wastewater features at different sampling sites as pH values ranged between 4.55 to 8.39 and PO

4
 ranged between 

0.097 ppm to 670 ppm in the selected sites. Results also pointed out that Total hardness ranged between 50ppm to 
470ppm, BOD ranged between 15ppm to 390ppm, whereas the COD in 80% of  the tested samples exceeded the 
SSMO standard (150ppm). The article concluded that these levels are highly exceeding the recommended level by 
SSMO. The leading causes of  such alarming pollutant levels are related to the effluent of  the Assalaya sugar fac-
tory in the study area. To reduce such effluent pollution levels, suggestions are made for the Assalaya cane sugar 
factory to treat its effluent by introducing appropriate technology and methods, such as anaerobic treatment. The 
Assalaya sugar factory ought to keep up with the transformation to green production as an integral part of  its 
policy to achieve sustainability.
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INTRODUCTION

Sugarcane is the main crop cultivated 
worldwide for sugar production. Therefore it is 
considered the primary tool for economic deve-
lopment and growth (Carvalho et al., 2021). It 
is a strategic commodity for the most producing 
countries (Jesus et al., 2019). Sugarcane is a cri-
tical economic crop manufacturing and contri-

butes approximately 80% of  the global sugar out-
put (Wang et al., 2020).

Industrial wastewater is generated from 
anthropogenic activities and originates from 
raw materials and manufacturing processes (De 
Gisi & Notarnicola, 2017). Sugarcane is one of  
the most significant energy crops widely grown 
globally (Awe et al., 2020). About 60% to 80% 
of  globally produced sugar is from sugarcane, 
and the rest comes from sugar beet (Kaab et al. 
2019a; Wang et al., 2020; Oliveira et al. 2021). 
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Sugarcane is perennial grass belonging to the ge-
nus Saccharum L (El Chami et al., 2020). It is a 
treasured raw material providing bioenergy and 
byproduct (Hiloidhari et al., 2021)India under 
different scenarios. Altogether 20 scenarios were 
developed taking four sugarcane seasons (adsali, 
ratoon, preseasonal and suru, as bioethanol pro-
duction generates vinasse. Vinasse is the bypro-
duct of  bioethanol distillation. Vinasse genera-
ted is about  10 L of  vinasse per 14 L of  ethanol 
(Nivetha et al., 2019). Besides producing sewage 
sludge, vinasse requires anaerobic digestion for 
treatment (Tao et al., 2015).

The sugarcane industry in Sudan is repu-
table as the country is considered the third-largest 
producer of  sugar in Africa, next only to South 
Africa and Egypt. Integrating agriculture and the 
environment in sugar factories produces biofuel 
(ethanol) from molasses and electricity from ba-
gasse (Fachinelli & Pereira, 2015; Batlle et al., 
2021). The sugarcane industry contributes to so-
cioeconomic development (Ranjan et al., 2021). 
Besides, it has a possible benefit that bioenergy 
production comprises rural and economic deve-
lopment (Azanha et al., 2015). In Sudan, there 
are six sugar factories with a total capacity of  
750,000 tons annually (Ahmed & Alam-Eldin, 
2015).

Cane sugar factories play a paramount 
role in promoting and ameliorating the host 
population’s incomes by providing more signi-
ficant opportunities for occupation and emplo-
yment, particularly in the tropical and subtropical 
zoon worldwide (Turinayo, 2017; Silalertruksa et 
al., 2017). Despite this, the cane sugar industries 
generate water pollution. Its processes demand 
substantial water and generate plenty of  wastewa-
ter during production (Sahu, 2018). Wastewater is 
polluted and considered unserviceable due to its 
discharge in surrounding areas near river streams 
(Sahu et al., 2017). The sugarcane industry has 
substantial waste generation and high economic, 
social, and environmental ramifications (Torres 
de Sande et al., 2021). This industry uses chemi-
cal substances which have massive consequences 
on the ambient environment by releasing toxic 
pollutants (Varjani et al., 2020). Water pollution 
and wastewater are physio-chemical parameters 
for which Environmental Impact Assessment 
(EIA) is a must. It is a solid instrument to identify 
the intended consequences on the environment 
(Kaab et al. 2019b).

Water pollution ranked as the second pol-
lution problem, following air pollution. Industrial 
wastewater effluent is becoming one of  the most 
crucial issues challenging human beings and in-
dustries. The World Bank considers sugar mills 
the significant polluting plants (Tiwari, 2016). 
They significantly contaminate water sources 
and arable land by emitting substantial amounts 
of  wastewater (Geme, 2014). It also generates 
enormous amounts of  waste (Bhatnagar, 2016). 
Sugar mills require massive amounts of  water, 
releasing untreated water into surface drains. 
The effluent generates problems when percola-
ting in the soil. Sugar cane is also famous for its 
byproducts during the sugar process, with high 
demand in the market; bagasse being utilized 
as a source of  energy to generate electricity and 
steam power; and molasses, with different types 
of  utilities. Such activities generate substantial 
amounts of  wastewater during the manufacturing 
processes. The effluent contains massive amounts 
of  pollutants in the form of  organic matter, bio-
logical and chemical oxygen demand, mud, and 
other materials (Yadav & Daulta, 2014). During 
the production process of  sugar, there are equal-
ly significant amounts of  Total Suspended Solids 
(TSS), Organic Matter (OM), sewage, sludge, 
press clay, bagasse, and others (Muthusamy et al., 
2012). The generation of  such an amount of  was-
tewater comes from the fact that milling one ton 
of  cane requires 2000 liters of  water and the dis-
posal of  about 1000 liters of  wastewater (Tiwari, 
2016). Sugar mills expressively harm the environ-
ment by generating different kinds of  wastewa-
ter, emissions, and solid wastes. Wastewater has 
several sources, such as washing, condensation, 
leakage, and spillage from valves and pipelines, 
syrup, and molasses in different segments and 
sections (Sahu & Chaudhari, 2015). Disposing 
of  wastewater in the ambient environment crea-
tes a suitable ground for chemical and microbial 
contamination in downstream areas and drinking 
water (Wang et al., 2017). This pollution is a mo-
dification in water’s feature, making it unwanted, 
unsafe, and malevolent for human and animal 
health (Ahmed et al., 2017). The wastewater di-
scharged from sugarcane processing has a signi-
ficant role in altering the chemical characteristic 
of  water and causing severe issues in the ambient 
environment (Marinho et al., 2014; Comwien et 
al., 2015; Sahu, 2016; Anastopoulos et al., 2017; 
Galvis et al., 2018). Wastewater that holds a high 
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level of  organic elements needs specific treatment 
because it has various components of  pollutants 
as a mixture of  carbohydrates, fats, and salts 
which increase the amount of  BOD, COD, and 
other features of  chemical components. (Com-
wien et al., 2015).

To test out the wastewater pollutants, the 
various physical, chemical, and biological featu-
res can be considered (Sahu et al., 2017; Sahu, 
2019). The chemical features are significant in 
the process of  analyzing wastewater pollutants. 
Wastewater encompasses plentiful types and 
concentrations of  pollutants depending on its 
origin, source, and level of  treatment (Elgallal 
et al., 2016). Certain aspects of  water and waste 
are probed to identify chemical features of  wa-
ter and waste, including pH, total hardness, PO

4
, 

and Chemical and Biological Oxygen Demand. 
The analysis should be understood within the 
frame of  the input types of  chemical substances 
used during production (Ali et al., 2014). The ge-
neral aim of  this research is to study and assess 
the chemical elements found in wastewater from 
the sugar production process and to analyze the 
discrepancies of  elements among the features and 
their concentrations. Such elements include pH 
at 21.1C0, total Hardness, Phosphate (PO

4
), Bio-

logical Oxygen Demand (BOD), and Chemical 
Oxygen Demand (COD). These parameters im-
pact the chemical features of  water variations and 
water quality in the study area. Other parameters 
that contribute to wastewater are not within the 
scope of  this study (Halder & Islam, 2015).

The importance of  this study is manifested 
in contributing to and protecting the environment 
and society from externalities that severely affect 
the environment, resources, humans, and ani-
mals. Society must be prevented and protected 
from factory consequences by several means. A 
preliminary visit to the Assalaya sugarcane fac-
tory shows a considerable amount of  effluent di-
scharged into the study area. The researches on 
this topic are meager. There is very little research 
on the topic in the area. The available research 
highlighted the problem of  environmental health 
impacts of  the wastewater in the study area (Ah-
med et al., 2017). The researchers understand that 
the sugarcane factory has an important role and 
contribution to the national economy; neverthe-
less, the study analysis demonstrates the chemical 
features variations in the wastewater produced by 
the Assalaya sugarcane factory, which affects the 
society and development in the study area. The 

importance of  this research is exhibited by the 
fact that its analysis shed light on the untreated 
effluent discharged in the White Nile, which is 
a primary source of  drinking water for both hu-
mans and animals, and this may sooner or later 
affect the health of  the local community as well 
as development plan in the study area. This rese-
arch is also expected to be an essential source of  
information and knowledge for planners and de-
cision-makers who made and remade health and 
environmental policies at the local and country 
levels. 

METHODS

The methods of  this study have been per-
formed in several stages, including the data col-
lection stage, selection of  sample sites and me-
asured parameters, determining the reference 
level, and finally, the analysis stage. These can be 
detailed as follows. 

 Two sources of  data were used for this stu-
dy. First, the primary data for this research were 
collected from the field, where twenty (20) waste-
water samples were taken during January-March 
2021 from the outlet of  the Assalaya sugarcane 
factory to the downstream. Second is the secon-
dary data published materials as well as the refe-
rence level, which are based on recommendations 
of  the Sudanese Standard Metrological Organi-
zation (SSMO)

The sample sites for measuring chemical 
features variations of  wastewater were selected 
based on systematic sampling techniques for the 
selected site, using Global Positing System (GPS). 
The first sample site was picked up from the fac-
tory outlet at intersection of  longitude 320 39’ 57’ 
and latitude 130 17’ 53’, while the last sample site 
was taken from downstream at intersection of  
longitude 320 39’ 21’ and latitude 130 17’ 44’ (40 
kilometers from the first sample site). The distan-
ce between each sample site and the next one was 
two kilometers, as shown in Figures 1 and 2A, 
2B, 2C, and 2D. The samples from the second to 
sample no fifteen presented the wastewater cour-
se until the mouth of  the wastewater canal, where 
it enters into the White Nile River (meeting area). 
Besides, the study has taken one (1) sample from 
the upstream direction of  the White Nile River 
(50 Meters) from the wastewater mouth. In addi-
tion, four other (4) samples were taken from the 
downstream direction of  the river body at 50 M 
and 150 M from the wastewater mouth.
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Figure 1. Sample Sites

Figure 2A presents the first wastewater 
sample at the factory outlet. While figures 2B, 

2C, and 2D present wastewater samples were ta-
ken from the wastewater course. 

Figure 2B. Ten Kilometers from the Factory Out-
let

Figure 2A. Factory Outlet

Figure 2D. Twenty Kilometers from the Factory 
Outlet

Figure 2C. Fifteen Kilometers from the Factory 
Outlet
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The measured parameters include pH at 
21.1C0, Total Hardness, Phosphate (PO

4
), Bio-

logical Oxygen Demand (BOD), and Chemical 
Oxygen Demand (COD). 

The reference level is based on SSMO 
(2008) recommended levels, as shown in Table 
1. pH is a significant parameter of  industrial di-
scharge that must be controlled within the stan-
dard limit, which is significant for various chemi-
cal and biological processes in the treatment of  
wastewater (Wang et al., 2019). The pH measure-
ments reflected in acidity, alkalinity, or neutrality 
based on the results of  measurements. 

 The study of  water and wastewater hard-
ness classification is critical (Kaya & Kaya, 2015). 
Water hardness can be classified as 0-60, 60-120, 
120-180, 180-200, and > 280 for soft water, me-
dium-hard, hard, extremely hard, and unsuitable 
for drinking water, respectively (Ali et al., 2014). 
Total hardness in this study is classified based 
on the value obtained in the analysis. Phospha-

te plays a vital role in the industrial process and 
plant/animal metabolism; consequently, it can 
produce waste by-products. High concentrations 
of  nutrients can cause many problems with the 
water quality, such as acidification, eutrophicati-
on, and impairing the aquatic organisms’ survival 
and growth (Mohsin et al., 2013).

 The measurement of  BOD is essential 
for aquatic organisms and for saving the life of  
microorganisms (Ma et al., 2020). The BOD is 
the amount of  oxygen consumed by microorga-
nisms for breaking down the organic substan-
ce (Kumar et al., 2019). Biodegradable organic 
matter in water provides nutrients for the growth 
of  bacteria and other microorganisms (Gorde 
& Jadhav, 2013). As far as COD is concerned, a 
high level of  COD indicates high level of  pollu-
tants and an increase in the consumption of  oxy-
gen by aquatic organisms that produce Chemical 
Oxygen Demand for wastewater (Shahata & Mo-
hamed, 2015). 

Table 1. Measured Parameters and Reference Levels

Measured parameters pH T. H PO
4

BOD COD

SSMO recommended levels 6.5-8.5 0-120 PPM 2 PPM 80 PPM 150 PPM

Analyses were conducted in the central 
laboratory for technical services & calibration 
(CLTSC), according to the standard methods for 
examining water and wastewater of  the Ameri-
can Public Health Association (2017). Several 
parameters were measured to present the chemi-
cal features of  wastewater variations and compa-
red with the SSMO reference level, as shown in 
Table 1. Several instruments were used in data 
analysis to measure the determining parameters, 
such as a pH meter to measure pH concentrations 
and a BOD sensor to identify Biological Oxygen 

Demand. The study also used Microsoft Office 
Excel to probe the level of  the variations of  the 
chemical concentrations at different sample sites.

RESULTS AND DISCUSSION

By conducting chemical examinations of  
wastewater on the 20 samples collected, the study 
revealed differences in concentrations of  the me-
asured wastewater parameters, as shown in Table 
2.

Table 2. Results of  Measured Parameters

Sample site 
No.

Sample sites Measured Parameters

Longitude Latitude pH T. H PO
4

BOD COD

1 320 39’ 57’ 130 17’ 53’ 5.59 Nil 400 107 49000

2 320 39’ 34’ 130 17’ 52’ 4.55 80 670 390 6600

3 320 40’ 30’ 130 17’ 40’ 5.28 470 38 76 2750

4 32.67119 13.29508 7.86 50 0.22 15 20

5 32.67973 13.30269 7.39 280 18.5 112 860

6 32.7007 13.30044 5.58 70 0.7 40 330

7 32.69744 13.30215 5.41 90 0.36 117 320

8 32.6974 13.30222 5.47 75 0.59 70 330
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Sample site 
No.

Sample sites Measured Parameters

Longitude Latitude pH T. H PO
4

BOD COD

9 32.7007 13.30045 7.24 80 0.80 45 86

10 32.7007 13.30044 7.7 105 0.56 67 320

11 32.70069 13.30044 7.85 100 0.33 56 420

12 32.70069 13.30044 7.13 100 0.16 26 210

13 32.70071 13.30047 7.35 95 0.57 48 125

14 32.70073 13.30052 7.25 110 0.56 29 230

15 32.70073 13.30054 7.4 85 0.39 50 26

16 32.7007 13.30055 7.19 100 0.097 64 1000

17 32.70052 13.30067 7.93 135 0.97 21 360

18 32.68704 13.30497 8.39 170 0.86 51 420

19 32.65502 13.2975 7.38 115 0.37 53 60

20 320 39’ 21’ 130 17’ 44’ 7.13 100 0.28 48 100

The pH values vary between moderate 
acidic and alkaline, and these values are within 
the permissible limit except for one location 
with alkaline traces in the 18th site, as shown in 
Figure 3. The SSMO, 2008 emphasizes that the 
pH standard is 6.5-8. The pH values depend on 
several aspects, mainly the geology of  the river 
catchment, river flow, and wastewater discharges. 
The wastewater with high pH values can facilita-
te the solubilization of  ammonia, heavy metals, 

and salt materials, while low levels of  pH show 
an increase in the concentrations of  carbon dioxi-
de and carbonic acid. Hence, posing, therefore, it 
can cause problems for aquatic life when the con-
centration is below the standard required. Ove-
rall, the acidity concentration in outlet sites and 
the areas ranged from 4.55 to 5.47; meanwhile, 
5% of  the samples are alkaline compared with the 
SSMO standards. 
  

Figure 3. The pH Values in the Study Area

 Wastewater in the study area has a signifi-
cant impact on pH. Comparing the pH readings 
in the study area with wastewater in India, it is 
found that the Indian control pollution central 
guides for sugar industries are within the range of  
6.5 - 8.5; such readings conform with the SSMO, 
which ranges between 6.5 - 8.6. Based on the re-
sults for pH, it is found that seven locations do 
not conform to the standard range, six of  them 

are acidic (sites number 1, 2, 3, 6, 7, and 8), and 
one site is alkaline (site number 18). The pH in 
the first site is acidic because of  its vicinity to the 
outlet, and the second site is next to the waste-
water ponds. This study’s results are similar to 
those of  the study conducted by Magadum et al. 
(2017); pH ranges from 5.2 - 8.6. 

Total hardness, i.e., measurement of  mine-
rals (divalent calcium and magnesium) content 
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in wastewater, oscillates from one site to another, 
ranging between soft, medium-hard, hard, extre-
mely hard, and unsuitable. All the locations have 
a percentage of  hardness except the first site, with 
a value of  0, as indicated in Figure 4. If  we scan 

through SSMO, the percentages of  hardness os-
cillate from 0-60, 61-120, 121-180, and > 180 for 
soft water, medium-hard, hard water, extremely 
hard, and unsuitable for drinking water, respecti-
vely (Lin, 2014). 

Figure 4. Total Hardness in the Sample Sites

Based on the results, 70% of  the samples 
are medium-hard at sites 2nd,6th,7th,8th,9th,10th,11
th,12th,13th,14th,15th, and 16th. It suggests that cal-
cium content contaminates most of  the samples 
during sugar production due to chemical utilizati-
on. Around 10% of  the samples were recorded as 
soft water with 0 and 50, located in the first and 
fourth sites. The concentration of  Nill (0) is loca-
ted in the outlet where the hardness is not defin-
ed. The other sites show the Total hardness with 
some traces of  calcium and magnesium bicarbo-
nate Ca HCO

3
+ Mg HCO

3
 in the water. Hard wa-

ter is presented by 10% as well, located in the 17th 
and 18th sites. Both sites are located downstream 
where the accumulation of  calcium bicarbonate 
and other elements is not met. The unsuitable wa-

ter is presented by 10%, with 470 and 280 located 
in the third and fifth sites. The topographic as-
pects influence the third and the fifth sites as they 
are located in the wastewater pond. According 
to the studies conducted by Lerga and Sullivan 
(2008) and from a health point of  view, Calcium 
and Magnesium should not be over 40–80mg/L 
and 20–30mg/L, respectively, with a total water 
hardness of  2–4 mmol. 

The study has depicted the various 
amounts of  Phosphate in water at different si-
tes, as shown in Figure 5. A significant amount 
of  concentrations are found at the factory outlet, 
where 20% of  the samples exceed the standard 
level for phosphates. The values are gradually 
decreasing towards the downstream area.

PO
4
 in wastewater should contain 2 mg/L, 

but the results prove that the water in some loca-
tions contains PO

4
 more than the recommended 

level. The first site, with 400 ppm, is conside-
red high, located in the factory outlet. The se-
cond site, with 670 ppm, is attaining the highest 

Figure 5. Phosphates (PO
4
) in Wastewater 

amount among 20 sites as it is located in wastewa-
ter ponds. The location of  the third site is located 
near wastewater ponds, and the fifth site is around 
the street; both have a value of  38 ppm and 18.5 
ppm, respectively. Based on a study in Japan, PO

4 

can cause massive health concerns such as kidney 
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diseases, acute hypophosphatemia, enemas, acu-
te or sub-acute kidney injury, bone disease, and 
increasing incidence of  kidney disease (Komaba 
& Fukagawa, 2016). PO

4 
in the effluent is due to 

the use
 
of

 
PO

4 
for solubilizing hemicellulose from 

sugarcane and cane juice purification during su-

gar production. The study showed that the BOD 
values are within the standard limits. However, 
20% of  the wastewater samples exceed the range 
required. These samples are located at the outlet 
of  discharged water, as shown in Figure 6.

Figure 6. Biological Oxygen Demand  

Most locations are within the permissible 
limit except in four sites, i.e., 1st, 2nd, 5th, and 6th. 
The second site shows the highest concentration 
with a value of  390 ppm due to the accumula-
tion of  wastewater for an extended time, as it 
is located in an open area, leading to increased 
amounts of  organic materials triggered by wind 
causing high amounts of  BOD, followed by loca-
tion number 7 with apparently numerous grasses 
and weeds inside the canal. The fifth location has 
a value of  112 ppm; its values are influenced by 
wastewater discharged by the roadside close to 
the factory area. The first location shows a record 
of  107 ppm and is exceeding the standard limits. 
Sahu and Chaudhari (2015) shows that untrea-
ted wastewater effluent of  BOD was 1700–6600 
mg/l. The values of  BOD are pretty significant 

compared with the current study, with a value of  
390 ppm. Another study conducted in Vahirab 
River found that the BOD standard value for in-
land surface water was 6 mg/l or less; a higher 
amount can threaten the aquatic ecosystem (Ah-
med et al., 2015).

A substantial amount of  chemical materi-
als are dissolved in wastewater, as shown in Figu-
re 7. The study believed that the chemicals found 
in wastewater are considered a fundamental che-
mical input in sugar production, such as Calci-
um, Phosphate, Chloride, and Sodium. Accor-
ding to SSMO, the permissible limit of  the COD 
is 150 ppm. Sahu and Chaudhari (2015) shows 
that untreated wastewater effluent of  COD was 
2300–8000 mg/l.

Figure 7. Chemical Oxygen Demand

The first location, with an amount of  
49000 ppm, is the highest value since the site 
falls within the factory outlet with considerable 
amounts of  chemical compounds. The recorded 

second site is attaining an amount of  6600ppm 
situated at the wastewater ponds. The most neg-
ligible value is 20 ppm, recorded for the fourth 
site, presented as an acceptable level as it is situ-
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ated in the central locations due to its flow area 
toward the downstream.  All the values are above 
the standard range except for sites fourth, ninth, 
15th, 19th, and 20th, with respective concentration 
values of  20 ppm, 86 ppm, 26 ppm, 60 ppm, and 
100 ppm. A previous study conducted by Shaha-
ta and Mohamed (2015) in Egypt revealed that 
the COD value was 19.5 mg/l and varied from 18 
to 21 mg/l. The allowable level for COD stated 
by the 48/1982 law is 40ppm. This law was is-
sued by the Ministry of  Public Works and Water 
Resources (MPWWR) of  Egypt concerning pro-
tecting the Nile River against pollution. Compa-
red to this study, there are some discrepancies in 
the values and standards limits. The COD in the 
previous study was 19.5, while the highest one for 
this study is 49000 ppm. This study shows that 
increasing soluble chemical materials used as in-
put materials can increase COD and significant-
ly affects the environment (Qureshi et al., 2015; 
Saejung & Salasook, 2020).

The maximum concentration (49000 ppm) 
indicates a higher concentration of  pollutants 
(Divya & Belagali, 2012). Untreated wastewater 
with high COD was found in the outlet of  Assa-
lays Sugar factory as the data analysis indicated 
49000ppm, 6600ppm, and 2750ppm at the fac-
tory outlet besides the second and third sample 
sites, respectively. This situation is conducive to 
growing organisms such as Bacteria and algae 
(Parsaee et al., 2019). 

CONCLUSION

The study emphasized that there are va-
riations in chemical features due to the pH con-
centration that ranged between acidic, alkaline, 
and neutral. Acidic concentrations are located 
in sites 1, 2, 3, 6, 7, and 8, and only one site is 
alkaline (site 18th), while others are with normal 
concentrations. Concerning total hardness, 70% 
of  the samples have soft-moderately hard values, 
10% is soft water, 10% is medium-hard, and 10% 
is unsuitable. Regarding PO

4
 is considered high, 

located in the factory outlet, the second site with 
670 ppm is the highest value among the 20 sites 
as it is located in wastewater ponds. Concerning 
the BOD, most of  the sites are within the per-
missible limit except for four sites: first, second, 
fifth, and sixth. The second site shows the highest 
concentration due to the accumulation of  waste-
water for an extended period. As for COD, most 
values do not conform with the permissible limit 
of  the SSMO reference level. This situation cre-
ates a suitable environments for organisms such 
as Bactria and algae and causes many diseases 

such as kidney diseases. To mitigate and reduce 
the effect of  wastewater on the environment, it 
is recommended that biological treatment using 
anaerobic treatment process to supply and reduce 
pollutants should be applied in the study area. To 
benefit from wastewater and furnish an additio-
nal source of  potable water for human and ani-
mal uses, suggestions are made for introducing 
a purification process to part of  the wastewater. 
However, there are no active laws, regulations, 
and standards issued by the relevant authorities 
(SSMO) which should be considered. Finally, it 
is highly recommended that the factory authori-
ties comply with the various environmental laws, 
ordinances, and regulations issued by the Sudan 
Higher Council for Environment and Natural 
Resources and adopt a green production policy 
to achieve sustainability.
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