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Introduction 

Lake Nubia is the southernpart of the huge man-made lake formed 
as a result of the construction of a higher Aswan dam (HAD) in 
Aswan lies in Sudanese territory. The main portion of lies in Egypt 
as Lake Nasir. Filling started in 1964 and still ongoing fluctuation 
normally within 5-10meters high. The average annual discharge of 
the Nile is 84×10⁹mᵌ. The whole lake with its total storage capacity 
at 160x10⁹m3, the volume of water at the present level is around the 
highest expected 180masl. The lake is located in an extremely dry and 
hot zone, with no rainfall and high records temperature (sometimes 
48ᵒC in hot summer. But the water temperature average higher-level 
32ᵒC with min about 5ᵒC.1 According to Henderson2 morphometric 
index MEI (51kg/ha); lake Nubia sustainable fish production would 
be around 5100metric tons/years. The lake is considered asan 
important source of fisheries of freshwater fish in Sudan, more than 
1444 fishermen gain their living from this fishing sites besides loading 
and reloading truck drivers depend on the lake in their living.3 The 
lake is rich in biodiversity where it lodges more than 26 fish species 
belong to 10 families were recorded. Nile perch (Latus niloticus), 
Bagrusbayad, Nile tilapia (Oreochromis niloticus), Synodontis schall, 
Clarias gariepinus, tiger fish, Hydrocyanic, and other species.4

Lake Nubia has witnessed, during the recent years, a huge activity 
of gold mining, where formerly this gold mining was done by using 
metal detector machines or devices on the outer shell of the earth, then 
it turned to dig of deep wells and extraction of crushed stones, washed 
by water and then the use of mercury to separate gold from impurities, 
which has led to the leak of mercury to the Lake directly through 
the showering of the mining workers and washing of the vehicles. In 
February 2015, some fish mortality occurred in Akasha and Dal areas 

where samples were taken from the water and dead fishes and then 
sent to the Sudan University of Science and Technology laboratories 
for analysis where the results showed the presence of mercury at 
high concentrations. The significance of the study appears from the 
importance of Lake Nubia as a natural capture fishery that supports a 
huge subscription to the national gross product of fish. Moreover, all 
those who are concerned with fishing (Fishermen, traders, laborers) 
will be subjected to a very strong knock or even loss of earnings, 
it provides or reflects environmental disasters that may take place. 
In general, the study aim to evaluate the level of heavy metals in 
samples taken from the main three fishing areas of the Nubian lake, 
however, the specific objectives were: to determine the heavy metals 
(Hg,Pb,Cd,Cu, and Fe)in experimental samples taken from fish to 
determine the levels of heavy metals in two fish species O. niloticus 
and L.niloticus samples collected from the three fishing sites, Akasha, 
Gimai and Semna

Brief review on Lake Nubia
Lake Nubia is located within the desert zone in northern Sudan. 

the North African Sahara zone (i.e. Egypt and Northern Sudan), where 
the lake is located considered as the aridest regions of the world.5 The 
larger part of the area is an absolute desert with almost no vegetation. 
It receives on average less than 0.1 mm rainfall per year. The Nubia 
Lake is divided into two zones; the riverine zone (between Akasha 
and Duweishat) and the semi-riverine zone (between Duweishat and 
latitude 22o). During the period 2005-2014, the mean annual air 
temperature recorded for the summer (May to July) was 47.2°C and 
that recorded for the winter (December to February) was 5.7°C. The 
maximum air temperature was 49.5°C recorded in May 2011 and the 
minimum was 4.0°C recorded in January 2012. The monthly average 
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Abstract

The study was conducted in Lake Nubia at far North of Sudan to determine the mean 
contentvalues (ppm) of heavy metals, namely, (Hg, Pb, Cd, Cu, and Fe) in Nile Tilapia 
(O. niloticus) and Nile perch (L.niloticus) livers and muscles. Fish samples were collected 
from three main fishing sites in the lake Nubia from north to south: Eshkait, Gimai, and 
Semna fishing sites, respectively, twice a year during the winter and hot rainy summer 
seasons of 2016 and 2017. Samples were analyzed for determining the level of heavy metal 
sex cluding Hgusing the Atomic Absorption apparatus(NOBAA350, ENGLAND). Direct 
Mercury Analyzer apparatus (DMA-80, USA) was used to determine Hg. Laboratory 
analysis results of samples were subjected to statistical analysis using SPSS version16 and 
means were compared to detect significant differences using the multifactorial method in 
three different study sites regardless of how high the concentration. The highest Hg level in 
O. niloticus muscles was found in the Gimai fishing site. The lead level was significantly 
high in L.niloticus liver in the Eshkait fishing site. The highest levels of Hg, Pb, and Cu 
might reflect the local mining activity nearby to the southern part of the lake and use of bad 
quality of Pb in fishing nets at Eshkait.
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values of summer air temperature ranged from 39.9°C recorded in 
2009 to 41.8°C recorded in 2010 while that of winter ranged from 
4.0°C recorded in 2011 to 7.0°C recorded in 2010. Generally the 
monthly average temperature ranged from 25.0°C to 28.1°C relative 
humidity at the same period was ranged between 12%–95%. The 
highest value was recorded in October 2010 and the lowest value was 
recorded in May 2014.No rainfall was recorded around Lake Nubia 
during the last decade (2005-2014) except for 2010, 2011, and 2013 
when a value of 5.0mm rainfall was measured during August. The 
maximum wind speed of 34km/h was reported in March 2006 and 
2013 and in November 2007 while the lowest wind speed was <1-
2km/h (Lake Nasser/Nubia (LNN) Management Framework Project, 
2014).

Approaches and challenges to pollution management 
in Lake Nubia

Challenges that hinder the control of Nubian lake water pollution 
by traditional mining activities through the wash of mercury remnants 
in water stream at Dolgo, Sowarda, and Akasha mining sites, 
moreover farmers along the Nile are accustomed to using herbicides 
and pesticide which in turn are washed into the lake during flood 
season and cause high fish mortalities. Thousands of old landfills and 
dumpsites exist throughout the developing countries representing 
a threat to human health for the next decades unless appropriate 
measures are taken. Most developing countries follow the practice of 
open dumping of solid wastes causing environmental and health risks.6 
Industrialization, population growth, and unplanned urbanization 
have partially or turned our environment into dumping sites for 
waste materials.7 From a single interview visit the farmers who work 
in the Semnna area for up to 25 years stated that there are intensive 
agricultural activities particularly growing off-season Tomatoes using 
pesticides and herbicides in large quantities, in the flood season the 
land submerged resulting incomplete washing.

Heavy metals in fish

According to Samir and Shakir8 the concentration of heavy metals 
in fish gills and liver is much higher than that in muscles. Similar 
finding was reported by Yuyu et al.9 when they found that livers of 
the three fish species (Carassiusauratus, Pelteobagrus fulvidraco, 
and Squaliobarbus curriculum) were collected from Xiang River 
near Changsha City, Southern Chinawas accumulated with Cd and 
Cu due to the metallothionein proteins. Moreover, they thought that 
the presence of a high level of heavy metals in gill indicates that 
the main uptake pathway of these heavy metals was from the water. 
These proteins are thought to play an important role in protecting 
them from damage by heavy metal toxicants. Also, gills are the site 
directly exposed to the ambient conditions and also are known for 
their excretory function even for some metals like zinc.9 In a study 
carried in four Arctic lakes in Alaska by Susan et al., the maximum 
concentrations of most metals in fish from this study are equal to or 
higher than those collected from remote Arctic lakes and rivers in 
Canada, Finland, and Russia. Muscle Hg Lake. Concentrations above 
1g/g wet weight were observed in lake trout from Feniak.

Moreover, Saleh10 reported that the amount of pollutants in the fish 
liver is directly proportional to the degree of pollution in the aquatic 
environment by heavy metals. Similar observations were reported by 
many studies carried out with various fish species.11,12 Accumulation 
of metals in various organs of fish may cause structural lesions and 
functional disturbances.13 Adverse effects of metals on fish are related 

not only to material accumulation, but also to cumulative toxic effect. 
Exceeding certain values of metal 5 concentration in fish results in 
lethal disturbances. In most cases, fish from metal-contaminated water 
is safe for human consumption due to low metal accumulation (except 
for mercury) in the muscle tissue. However, such fish may constitute 
a potential risk for predatory fishes, birds, and mammals feeding on 
contaminated fish. The environmental factors affect the uptake and 
accumulation of metals in fish. According to Kocket al.,14 cadmium 
and lead levels in Salvelinus alpinus liver and kidneys indicate higher 
uptake rates of both metals in summer when the water temperature 
was higher. The authors explained that with an increased metabolic 
rate. The data obtained by Douben15 indicate that the rate of uptake 
and elimination of cadmium by Noemacheilus barbatulus increased 
with water temperature, the author suggested that stronger effect of 
temperature on metal absorption than on elimination. Various species 
of fish from the same water body may accumulate different amounts 
of metals. Interspecies. Differences in metal accumulation may be 
related to living and feeding habits. Kidwell et al.16 observed that 
predatory fish species accumulated more mercury but the benthivores 
contained more cadmium and zinc. Higher concentrations of mercury 
in the predatory fishes comparing to the non-predatory ones were 
also reported by Voigt Ney and Van Hassel17,18 found that lead and 
zinc concentrations were higher in benthic fish. The results obtained 
by Campbell19 indicate that predators accumulated more zinc and 
nickel than benthivores, while the latter contained more cadmium. 
Liver accumulates high concentrations of metals, Irrespectively of 
the uptake route. The liver is considered a good monitor of water 
pollution with metals since their concentrations accumulated in this 
organ are often proportional to those present in the environment. That 
is especially true for copper and cadmium. Metal levels in the liver 
rapidly increase during exposure, 6 and remain high for a long time of 
depuration, when other organs are already

Hazardous effects of heavy metals on human health 

Metals can contaminate the general environment through many 
routes. Because of their stability, they may penetrate environmental 
compartments, in some cases, many years after the initial deposition 
pollution of the soil and water systems may also arise from the 
weathering of the disposed of the product. Heavy metal accumulations 
in plants and soil from natural and artificial sources and subsequent 
consequences represent important environmental pollution problems. 
Food safety issues and potential adverse health risks make this one 
of the most serious environmental concerns. Some heavy metals 
such as copper, zinc, manganese, cobalt, and molybdenum act as 
micronutrients for the growth of animals and human beings when 
present in trace quantities, whereas others such as cadmium, arsenic, 
and chromium act as carcinogens. Mercury and lead are associated 
with the development of abnormalities in children Gibb and Chen 
et al., have reported that long term intake of cadmium causes renal, 
prostate, and ovarian cancers. Generally, at the biochemical levels, the 
toxic effects caused by excess concentrations of heavy metals include 
competition for sites with essential metabolites, replacement of 
essential ions, reactions with –SH groups, damage to cell membranes, 
and reactions with the phosphates groups.

Materials and methods
Study sites

The study was conducted in Lake Nubia northern of the Sudan 
which lies between Argin Village in the north (N21.999396°, 
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E31.303530°) to Dal village in the south (N20.978042°, E30.56930°). 
It`s of an area of 180km, 17km width at the North and narrows 
Southwards, for the purpose of this study we divided it into three parts 
(Map 3.1,below):

Gimai fishing site north Wadi Halfa at the border with Egypt, 
(N21.842793°, E31.309977°) , average width 10km, its surrounded by 
rock, no vegetation on either side of the lake rarely sparse vegetation 
on either side .characterized by weak water current due to its vicinity 
to the high Dam.

Semna fishing siteextends 30km to the South of Halfa 
(N21.656351°, E31.164747°) with a width of 5km, considered the 
best fishing site because of the extension of the lake at either side 
during flood season, the area is surrounded by water herbs, bushes and 
21 shrubs on both sides. The current is moderate during autumn, but 
when water comes down the lake farmers grow the previously water-
covered land with Watermelon and Tomatoes, they extensively use 
herbicides and pesticides which will be drained to lake causing fish 
mortalities (Figure 1).

Figure 1 Shows the three sampling sites, namely, Eshkait north at the border with Egypt, Semna in the middle, and Akasha in South. 

Akasha site, It lies 60km south of Halfa (N21.47291°, E30.95722°) 
with a width of 2km, water current is strong and the lake is narrower. 
It`s considered as an important agricultural area as well it`s inhabited 
by many mining companies and traditional mining activities that 
extend to the South of this are where they gather along valleys during 
the dry season, and al remnants of mining drained to lake leading to 
drastic consequence.

Fish samples collection and preparation for analysis

A total of fifty samples from each fish species were collected from 
landing sites twice per year during the Winter (April) and Summer 
(October) seasons of 2016 and 2017. Five to ten grams of fresh 
liver and muscles of fish two sub-samples were dissected and sent 
immediately Petroleum laboratories belong to the ministry of mining 
in Khartoum for Hg concentration detection. For the detection of 
four targeted heavy metals (Pb, Cd, Fe, and Cu ) the second group 
of sub-samples was sent to Veterinary research laboratories at Soba, 
Khartoum.

Analysis procedure for mercury and other heavy 
metals

The livers and muscle samples were extracted by digestion using 
a modified method of Seymoreet al.20 One gram of sub-sample was 
placed into a 200ml flask and 20ml of nitric acid and 5ml perchloric 
acid was added. Then contents were heated for 12h at 225°C 
(increased gradually) on a hotplate and evaporated to ~5ml. When 
the samples formed a clear liquid, 0.2ml of lanthanum chloride (100g 
La/L solution) was added. The volume was then made up to 20ml with 
2% HNO3. A reagent blank was produced using the same procedure 
using an atomic absorption spectrophotometer.

Statistical analysis

All obtained data were analyzed using a one-way analysis of 
variance according to statistical analysis system software (SPSS, 
16,). Statistical analytical involved the analysis of mean data of heavy 
metal concentrations in fish tissues, from three fishing sites using 
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multiple analysis of variances in the Lake Nubia. to evaluate collected 
and analyzed to measure the impact of the heavy metals in lake 
Nubia.A multiple range test (Duncan’s, 1955)21 was used to compare 
the parameters of the different nutritional groups. The differences 
were significant at 0.05 levels.

Results
Mercury mean values in Fish liver and muscles at the three 

different fishing sites

Figure 2 below shows that the highest values of Mercury in the 
liver(0.1505±0.172ppm). and muscles (0.0982±0.087ppm) were 
recorded in Gima fishing sites,

Figure 2 Shows the mercury values in fish liver and muscles at the three 
different fishing sites, Simna, Gimai and Eshkait. 

Mercury mean values in O. niloticus and L. niloticus liver and 
muscles at summer and winter

Mercury’s highest mean value in fish liver and muscles was 
recorded forL.niloticus, in Winter, as shown in Figure 3 below.

Figure 3 Shows the mercury mean values in two fish species liver and muscles 
during the summer and Winter seasons in Lake Nubia. 

Lead mean value in Fish liver and muscles at the three different 
fishing sites

Figure 4 below shows that the highest mean values of lead in the 
liver (0.2816±0.0230ppm). and muscles (0.2395±0.120ppm) were 
recorded in Eshkait fishing sites, 

Figure 4 Shows the lead mean values in fish liver and muscles at the three 
different fishing sites, Simna, Gimai, and Eshkait (2016- 2017). 

Lead mean values in O. niloticus and L. niloticus liver and muscles 
at summer and winter

Lead highest mean value in fish liver and muscles was recorded for 
O.niloticus, in Winter, as shown in Figure 5 below.

Cadmium mean values content in Fish liver and muscles at the 
three different fishing sites

Figure 5 Show the lead mean values in two fish species liver and muscles 
during summer and winter seasons in Lake Nubia from 2016 to 2017. 

Figure 6 below shows the highest mean values content of cadmium 
in the liver (0.2800±0.0050ppm and 0.0283±0.0050) were recorded in 
Gimai and Eshkait fishing sites, respectively.

Figure 6 Shows the cadmium mean values in fish liver and muscles at the 
three different fishing sites, Simna, Gimai and Eshkait. 

Cadmium mean values in O. niloticus and L. niloticus liver and 
muscles at summer and winter

Figure 7, below shows cadmium mean values for all fishing 
sites was higher for samples of L.niloticusand O. niloticusin April 
( 0.024±0.007ppm and0.0222±0.007ppm) compare to that found in 
October (0.0218±0.008ppm and 0.0209±0.007), respectively.

Figure 7 Shows the cadmium mean values in two fish species samples during 
summer and winter seasons in Lake Nubia from 2016 to 2017. 

Copper mean values content in Fish liver and muscles at the three 
different fishing sites

As shown in figure 8 below, no significant difference in mean 
content values of copper in the liver and muscles of each species from 
the three fishing sites of lake Nubia.

Figure 8 Shows the copper mean values in fish liver and muscles at the three 
different fishing sites, Simna, Gimai and Eshkait. 

Copper mean values in O. niloticus and L. niloticus liver and 
muscles at summer and winter

Figure 9 below shows copper mean values for all fishing sites 
was higher for samples of L.niloticus and O. niloticusin April ( 
0.024±0.007ppm and0.0222±0.007ppm) compare to that found in 
October (0.0218±0.008 ppm and 0.0209±0.007), respectively.
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Figure 9 Shows the mean content values of copper for two fish species 
samples during Summer and Winter seasons in Lake Nubia from 2016 to 2017. 

Concentration of Iron (Fe) in fish tissues at different fishing sites

The highest ironvalue content highest in the liver of fish was found 
in the Eshkait fishing site(1.2594±0.03ppm) where the least value 
content of iron(1.1353±0.01751ppm) was reported for fish muscle at 
the Gimai fishing site Figure 10.

Figure 10 Shows the iron mean values in fish liver and muscles at the three 
different fishing sites, Simna, Gimai and Eshkait. 

Iron mean values content in O. niloticus and L. niloticus liver and 
muscles at Summer and Winter

Figure 11, below shows the mean iron content value in was found 
higher (1. 2175±0.068ppm) during April compared to that of the same 
fish species during October (1.19290.059 ppm).

Figure 11 Shows the iron means content values for two fish species samples 
during summer and winter seasons in Lake Nubia from 2016 to 2017. 

Discussion
Mercury content values determined in fish tissues collected 

from the three fishing sites in Lake Nubia was found still low when 
compared to that detected from tissues of O. niloticus in Egypt 
(0.45ppm) as reported by Khallaf et al.,22 Lesser content value of 
mercury (0.011ppm) was reported from Sri Lanka by Jinadasa and 
Edirisinghe.23 Justification of the high content value of mercury in 
the Gimai fishing site might be attributed to the traditional mining 
activities going on there where mercury is used in gold mining 
processes. The high content value of mercury in L.niloticus tissues 
is understood as it is known as one of the top predator fish in Lake 
Nubia. Eshkait fishing site where the fishermen from Sudan and Egypt 
used to use bad quality of lead as sinkers for their fishing nets. This 
type of unstandardized lead usually inter to the Sudanese market 

through smuggling and find its way to the hand of fishermen in Lake 
Nubia. Lead and copper content values detected in tissues of fish 
samples in Lake Nubia in this study is found to be higher compared to 
content values them from White Nile(0.1206±0.007ppm, 0.2382ppm, 
respectively) as reported by Angela. Cadmium content value was 
found to be higher (0.0473ppm) in O. niloticus tissue compared to the 
content value of the same species from Lake Nubia24 irrespectively to 
fishing sites. Iron was found to be high in all three fishing sites. The 
variation in content values of nearly most of the studied heavy metals 
was noticed. Seasonal floods might carry a load of heavy metals to 
the mainstream of The River Nile from mining areas south to fishing 
sites and mining areas barrel to fishing sites east to the bank of the 
lake. The mean content values of those heavy metal exceeding the 
codex, particularly, mercury is alarming. More focused studies are 
an urgent need to investigate the exact causes behind the increase in 
the level of heavy metals beyond the international codex. Involve of 
officials and all stakeholders are normally but highly required. The 
health problems and complain of citizens regarding the unorganize 
and unplan traditional mining growing. The high mean value content 
of mercury in livers and muscles of the one of the top predator fish 
(L. niloticus), in the lake is agreed with the findings of Kidwell et al.16 
were observed that predatory fish species accumulated more mercury 
but the benthivores contain more cadmium and zinc. According 
to Campbell19 concluded that the liver could be considered a good 
monitor of water pollution with metals.25

Conclusion
The level of heavy metals in Nubia lake is alarming which 

exceeded the international codex, particularly mercury concentration 
in commercial fish flesh. Attention is highly required by central, local 
government bodies, and all stakeholders. Furthermore, studies are 
needed to expand detect other heavy metals in water, Lake Nubia 
bottom deposits, Phyto, and zooplankton. 
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