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Abstract 

  This study aimed to assess the trace of mercury in the tailings of Al Salam Mine in Al Abiydia city, Sudan. 

Sixteen soil samples were collected from mine waste and studied using Direct Mercury Analyzer-80 (DMA-

80). The analyzed results showed that the total concentration of Hg in soil samples ranged from 2.144 to 

47.635 mg.kg
-1

, with a mean of 19.696 mg. kg
-1

. These values exceeded the background values according to 

international standards such as (IAEA, 0.04 mg.kg
-1

; VIRM, 4.8 mg.kg
-1

; ASTRD, 0.063 mg.kg
-1

). Also, the 

pollution and toxicity degree were assessed using the Contamination Factor (CF), potential ecological 

risk(Er) and risk index degree (RI). The results showed that, the Contamination Factor (CF) is ranged from 

492.4 to 1190.88, with the average value of 53.6 which indicated a very high contamination (CF>6). While 

the Risk Index (RI) was found above 600 which indicated high toxicity, these results of high level of mercury 

pollution can cause an environmental hazard to the surrounding area due to the possibility of mercury 

seepage to the Nile River with rains and wind.  

 

Key Words: Mercury, Contamination factor, Potential ecological risk, Potential risk. 

شوالي السوداى –الوصغر في هخلفات هنجن السلام لتعذيي الذهب  –تلوث الزئبق  هي تعذيي الذهب   

 الولخص

 Directعيٌخ جُوعذ هي هخلفبد الوٌجن ، رن رحذيذ الاصز ثبسزخذام رقٌيخ  61ُذف الجحش لزحذيذ أصز الشئجق في هخلفبد هٌجن السلام في هذيٌخ العجيذيخ، السْداى. 

Mercury Analyzer-80 (DMA-80). ًزبئج الزحليل اظِزد  اى رزكيش الشئجق في عيٌبد الززثخ رذرج هي . 

(2.144 to  47.635 mg.kg
-1

mg. kg 19.696ثوزْسط )   (
-1

IAEA, 0.04 mg.kg).(. ُذٍ القين رجبّسد القين الوزجعيخ العبلويخ كــ 
-1

; VIRM, 4.8 mg.kg
-1

; 

ASTRD, 0.063 mg.kg
-1

ّ الزلْس ّدرجخ السويخ حُذدد ثبسزخذام هعبهل الزلْس   (  potential ّاهكبًيخ الخطز الجيئي Contamination Factor (CF)  ايضب

ecological risk(Er)    درجخ هؤشز الخطز ّ(risk index degree (RI)). الٌزبئج ثيٌذ اى هعبهل الزلْس (CF) ( 492.4) رزاّح هي to 1190.88   ثقيوخ هزْسطخ

جذ اعلٔ هي RI. ثيٌوب هؤشز الخطز ) (CF>6)الزي اشبرح الٔ رلْس عبلي  53.6 ُّ العبليخ، ُذٍ الٌزبئج لوسزْٓ رلْس الشئجق الوزرفع هي الووكي ّأشبر الٔ السويخ  166(  

 اى يٌزج عٌَ ضزر للوٌطقخ الوحيطخ ًزيجخ الٔ اهكبًيخ رسزة الشئجق الٔ ًِز الٌيل ثسجت الاهطبر ّالزيبح .

DOI: https://doi.org/10.56807/buj.v2i2.54
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Introduction 

 

  Gold metal is one of the most precious, and it has 

been become an important source of income for 

communities, particularly in rural regions where 

economic alternatives to agriculture are limited, 

also, it provides a basic livelihood for a large 

number of small enterprises which support the 

mining activities all around the world (Schutzmeier 

et al., 2016, Veiga et al., 2014, Eisler and 

Wiemeyer, 2004). ). That is the cause of effort 

required to more extract it from nature and its 

scarcity relative to other metals by an industrial 

scale and manual labour (Artisanal Small-Scale 

Gold Mining, ASGM) using amalgamation process 

"the process by which mercury forms a metal alloy 

with gold". For this reason, ASGM  has expanded in 

many regions in the world, it is a poverty-driven 

activity practiced by 10 to 20 million gold miners in 

70 countries at worldwide including 4-5 million 

women and children (Esdaile and Chalker, 2018, 

Langeland et al., 2017, Schutzmeier et al., 2016,  

Eisler and Wiemeyer, 2004), due to it is cheaper 

than most alternative methods, quick and easy 

process, can be used by person independently (e.g. 

at home).  

   Globally, approximately one million ton (1 M 

ton) of metallic Hg has been extracted from 

cinnabar and other ores during the past five 

centuries, roughly half amount is used for mining of 

gold, and the Hg deposition from anthropogenic 

emission about (0.1 to 0.2 M tons) (Hylander and 

Meili, 2005). So, the amalgamation process is 

considered the major source for emission and 

release of the Hg into the environment refer to 

excessive using, and practiced illegally for mercury 

metal through the process of mining in many 

countries as documented by (Güiza and Aristizabal, 

2013, Mudyazhezha and Kanhukamwe, 2014). 

  During the last two decades, artisanal gold mine 

(ASM) has been growing drastically and widely 

spread in Sudan. It is estimated that 40,000 

locations of AGM existed all over the country , 

more than 173 companies involved in small gold 

mining which was extracted  from the ore, 142 

companies large- scales mining and 52 (Karta) 

companies extracting gold from the waste of AGM 

using chemical methods (i.e. NaCN in open – pit 

and closed system (Elhashmi, 2015). So that, Sudan 

became the third gold producing country in Africa  

(Al Karam, 2015). The rate of gold production had 

grown from 6.67 tons in 2004 to 93 tons in 2017 (Al 

Karam, 2015, Sudanese Economy, 2017, Yager, 

2013).  About, more than 1.5 million person 

practice this work (Mohamed et al, 2015, Ibrahim, 

2015, Elhashmi, 2015) and it is considered the most 

source of subsistence for about 5 million person 

(Ibrahim, 2015, Wadi and Alredaisy, 2015 . 

Artisanal miners consumption about 50 – 100 tons 

of mercury (Esdaile and Chalker, 2018) to produce 

more than 80 % (Al Karam, 2015, Sudanese 

Economy, 2017) from the total extracted gold (90 

tons in 2017) (Sudanese Economy, 2017). So that, 

the estimation of Hg pollution due to the activities 

of artisanal miners is of  a vital importance. 

 

 By Increasing of formal and indigenous mining 

activities in large parts of the Sudanese States, there 

is a lack of awareness, absence of clear information, 

and a limited research on the environmental 

impacts. This study might show the general 

knowledge of what kind of impacts anticipated to 

affect mining districts.  Also, could provide a 

consolidated source of information about the 

contaminants which result from the gold mining 

activities, and may become a useful base to protect 

the environment in the areas surrounding gold 

mines. 
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1. Area of Study 

  

   AlSalam Mine is a part of  Rida Mining Company 

which was established in 1999 The mine  area lies 

at the northeastern part of River Nile State. This 

area is about  twenty-two kilometers east of Al 

Abiydia township  and  is approximately 470 

kilometers north of Khartoum. The map of Gold 

Concession area of  Rida Mining Company is 

bounded by latitudes 18° 10' 0" N to 18° 20' 0" N 

and longitudes 33° 55' 0" E to 34° 0' 0" E, as shown 

in the below map. According to the map, the area of 

Al Salam Mine is characterized by low lying to 

moderately elevation isolated hills, and contains a 

number of waterways which flow from east to west 

towards the River Nile. 

Fig (1). Al Salam Mine, Al Abiydia Area, Berber Province. 

 

2. Material and Methods  

2.a Samples Collection and Preparation  

  16 surficial samples (OB 01 – OB 16) were 

collected at depth of (0 -10 cm) approximately 

using hand auger. These samples were collected 

from various tailings inside the mining.  Samples 

were dried at room temperature in open air and 

grinded manually into a fine powder, which passed 

through a 2 mm sieve to remove large debris, stone 

and stubbles. 

2.b  Mercury Analyzer DMA-80 Technique   
 Soil samples were analyzed by Milestone’s DMA-

80 in Petroleum Laboratories Research and Studies 

(PLRS), Khartoum, Sudan.  Samples solution with a 

weight of 1 g for each one 

were introduced into the 

direct mercury analyzer. 

Thermal Decomposition, 

Catalyst Conversion, 

Amalgamation, and 

Atomic Absorption 

Spectrophotometer are 

opticaldetected by an

Thespectrometer.

intensity of spectral line 

of an element is 

proportional to the 

concentration. The 

Method for solid sample 

analysis is summarized in 

fig. (2).  

2.c  Contamination 

Assessment by tracing 

mercury in soil samples 
- 

   Contamination and 

toxicity of soil samples 

were assessed using 

contamination factor 

(CF), potential ecological 

risk index (Er), and risk 
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index (RI). CF calculated from the ratio between the 

concentration of Hg metal in the samples Cn and the 

reference value of concentration IAEA Cref (CF = 

Cn /Cref.) is, 2000. The levels of contamination 

factors are shown in table (1-a,b), according to 

(Hakanson, 1980)  

Table (1-a): CF index of heavy metal classes 

CF index Degree of Contamination 

CF     1 Low Contamination  

1   CF  3 Moderate Contamination  

3   CF   6 Considerable Concentration 

CF   6 Very high contamination 
 

2.d The degree of pollution in soil samples 

calculated using formula of potential ecological risk 

factor (Er) and risk index (RI) (Hakanson, 1980),  

  
        

                           

                    
            and 

    ∑   
  

    , where Er is the monomial potential 

ecological risk factor, Cn is the metal content in the 

sediments, CB is the background values, and Ti is 

the toxic-response factor of Hg metal equal 40 

(Hakanson, 1980, Yu et al., 2017). The standard 

evaluation of the risk index are shown in table (1-

b).  

 
 Fig. (2). Schematic diagram of a DMA-80 Sample Processing 

3- Results and Discussion  

   Hg concentration of 16 soil samples under test 

was computed as a sum of mercury concentration in 

individual fractions, by DMA-80 and tabulated in 

the table (2).  
 

  The results showed that the total range of mercury 

concentration varied between 2.144 and 47.635 

mg/kg with a mean of 19.696 mg/kg. The founded 

mercury content in soil exceeds the standard 

background values, IAEA, 2000, 0.04 mg/kg; VIRM, 

4.8 mg/kg; (Kabata-Pendias, 2010), 0.05 mg/kg; 

ATSDR, 1999 (0.02 - 0.063 mg/kg) and SEAP, 

2001, 1 mg/kg.  

The Comparison between this study findings and 

some previous studies findings for some sites in the 

world are listed in table (3).  

   The comparison shows that,  the concentration 

range of mercury concentration in the soil samples 

of this study is more than those for other sites of the 

previous studies except the values of mercury  

concentration for  Bolgatanga in Ghana (54.6 mg 

.kg
-1

) (Rajaee et al., 2015), Tongguan, in China (0.9 

-76 mg .kg
-1

)(Feng et al., 2006, Drace et al., 2012), 

Cuyuni River Basin in Venezuela (0.16-542 mg .kg
-

1
)(Santos-Francés et al., 2011), Wuchuan in Chain 

(3.3 - 810 mg .kg
-1

)(Li et al., 2012), and Nambija 

Mineral Distract in Ecuador (89 - 1555 mg .kg
-

1
)(Requelme et al., 2003).  

  Contamination and toxicity of Hg for the soil 

samples were assessed through using contamination 

factor (CF), and risk index (RI). At mean, minimum 

and maximum Hg concentration, the CF was 492.4, 

53.6 and 1190.88, and indicated very high 

contamination CF>6 respectively (Hakanson, 

Table (2): Concentration of mercury in many wastes inside the Al Salam Mine area 

Sample 

No. 

Con. 

mg/kg 

Sample 

No. 

Conc. 

mg/kg 

Sample 

No. 

Con. 

mg/kg 

Sample 

No. 

Conc. 

mg/kg 

OB  01 2.144 OB  05 36.906 OB  09 15.67 OB 13 15.400 

OB  02 31.572 OB  06 11.264 OB 10 10.202 OB 14 11.441 

OB  03 36.491 OB  07 11.103 OB  11 5.42 OB 15 14.975 

OB  04 34.156 OB  08 11.065 OB  12 19.694 OB 16 47.635 
 

                                 mgMinimum      :     2.144 . kg
-1 

                                 Maximum     :     47.635   mg. kg
-1

 

                                Average         :     19.696   mg. kg
-1
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1980). Also, Risk index (RI) at mean, minimum and 

maximum values was 19,696, 2,144 and 47,635.2 

respectively(Hakanson, 1980). The toxicity degree 

was more than the level (RI > 600) and appeared to 

very high risk.   

   According to the analysis, the results revealed that 

the soil samples under test are highly contaminated 

with Hg. Elevated toxicity degree of soil samples 

with mercury can spread to the surrounding areas 

and River and may be cause hazard on plants, 

animals, and on aquatic life due to forming a very 

highly toxic organic methylmercury (MeHg) by 

biological process (Qiu et al., 2005; Hunerlach et 

al., 1999; Genchi et al., 2017). So, negative impacts 

pose to serious threat to both humans and 

ecosystem (Nabaasa 2016; DU et al., 2016). 

 

Conclusion 

  Sixteen soil samples from Al Salam Hg mine-

wastes in Al Abiydia city were analyzed by DMA-

80 technique. The results showed that the 

concentration of Hg ranged from 2.144 to 47.635 

mg.kg
-1

, with an average of 19.969 mg.kg
-1

. These 

values exceeded the background values (IAEA, 

0.04 mg.kg
-1

; VIRM, 4.8 mg.kg
-1

; ASTRD, 0.063 

mg.kg
-1

). Also, the Pollution and toxicity degree 

were calculated and presented high values of 

pollution and toxicity. During this analysis, the 

results showed that the soil samples are highly 

contaminated with Hg. The elevated Hg level can 

seepage to Nile River by environmental conditions 

Table (3). Comparison of  Hg concentration in soil (mg/kg) in AL Salam mining with some contaminated sites in 

the world 

Comparison between this study results and  Studies for some sites in the world 

Area Location Hg con. References 

ALSalam mine Al Abiydia, Sudan 2.14 -  47.64 Our Results 

Andacollo 
a
Coquimbo, Chile 13.6 ∓1.6 a 

 Morales, 2013. 

Rwamagasa 
b
Northwest 

Tanzania 

0.05–9.2 b  
Taylor et al., 2005. 

Kejetia 
c
Bolgatanga, Ghana 54.6 c

 Rajaee  et al., 2015 
Serra de Santa 

d
Bahia, Brazil 10 d 

 de Andrade Lima at el., 2008. 

Dutch Flat Mining 
e
California

 
2.4 - 21 e

 Hunerlach, et al., 1999 

Ngwabalozi River 
f
Zimbabwe

 
0.01 - 0.31 f

 (Mudyazhezha and Kanhukamwe, 2014) 

Cuyuni River Basin 
g
Venezuela

 
0.16 -  542 g 

Santos-Francés et al., 2011 

Tongguan, 
h
Shaanxi, China 0.9  - 76 h

 Feng et al., 2006; Drace et al., 2012 

Mwakitolyo 
i
Tanzania 2.50 

i 
Van Straaten, 2000; 

h 
Drace et al., 2012 

Kedougou, 
j
Senegal up to 9.9 j

 Niane et al., 2014. 

Pra River 
k
Ghana 0.018 - 2.917 k 

Niane et al., 2014; Donkor et al., 2006; Van 

Straaten, 2000. 
Wuchuan 

l
Guizhou, China 3.3 to 810 l 

 Li et al., 2012 

Nambija Mineral 
m

Ecuador 89 - 1555 m 
 Requelme et al., 2003 

Migori–Transmara 
n
Kenya 8.90 n 

Okang'Okang et al., 2014 
o
Guyana 0.029– 1.2 o 

Howard et al., 2011. 
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such as rains and wind and cause environmental 

hazard to the surrounding area.   
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