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Abstract 
The absolute necessity of water in the life of man remains undeniable to the 
point that some people think the water is the life. Metals are ubiquitous in 
surface waters. But their concentrations are generally very low which explains 
their name “trace metals” or “trace metals”. However, when the mining begins 
operating a metal-rich deposit, a change operates especially in waters in con-
tact with these mining works. This study aims to determine the pH of the riv-
er water Lubumbashi, and then measure the accumulation of trace elements in 
the food chain in order to evaluate the risks to human health. The pH of the 
recorded values are within normal limits (6.5 - 9.5); Site 1 has an average pH 
of 7.962 (±0.185); the site 2 and 3 had a pH of 8.140 (±0.210) and 8.331 
(±0.082) respectively. The samples of water show very low levels of metals 
which not exceed normal values with the exception of the Cd. This mineral 
element presents concentrations higher than 0.003 mg/l. The pH of the river 
Lubumbashi water meets drinking water standards accepted by the WHO. 
The Cd that has very high concentrations may contribute to the pollution of 
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the river Lubumbashi. Note that the STL plant contributes significantly to the 
alkalizing and pollution water following these liquids tributaries. 
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1. Introduction 

Water is essential for human life, animals and plants. Its quality is a universal 
health problem. It is essential for life, but it can convey and transmit diseases in 
the countries of all the continents of the poorest to the richest [1]. 

Population growth in developing countries is accompanied by a problem that is 
often poorly managed: management of solid and liquid waste. These wastes con-
tinue to be discharged untreated into the course (lagoons), and plans water (lakes) 
of some large cities of Africa, posing serious health problems according to the re-
port of the assessment of development progress sustainable in Africa [2]. 

Among the major contaminants of environment, heavy metals pose serious 
environmental problems, as the ubiquity of their presence within the biosphere 
as their toxicity and bioaccumulation potential in several aquatic species induc-
ing a devastating effect on the balance ecological of aquatic environment [3] [4]. 

Contamination of aquatic ecosystems by metals (Mn. Ni. Cr. Cu. Zn. Pb) re-
mains a serious environment problem increasingly worrying. In some aquatic 
ecosystems, these chemicals can be responsible for the disappearance of certain 
animal species and/or plant and therefore cause the malfunction of the trophic 
chain (low biodiversity...) [5]. 

The African case is more worrisome because the vulnerability of states lacks 
the financial means and techniques sometimes require the restoration of pol-
luted aquatic site. The metals are present in all areas of aquatic ecosystem in the 
world (water, sediment, flora and fauna) [6]. According Forstner and Wittman 
(1981), a large fraction of heavy metals in the aquatic environment are associated 
with a reversible manner to the surface sediments [7]. 

The problems caused by the dispersion of pollutants in the environment 
arouse the interest of the scientific community for many years now as the pro-
tection of environment requires knowledge of the fate of these pollutants in en-
vironment and their effects on aquatic ecosystems. 

Among the major contaminants of environment, heavy metals pose serious 
environmental problems as the ubiquity of their presence within the biosphere 
as their toxicity and bioaccumulation potential in several aquatic species induc-
ing a devastating effect on the balance ecological of aquatic environment [3] [4]. 
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In these recent years, there has been an intensification of ‘ mining in the copper 
belt in Katanga. Among the minerals mined, what to be mentioned is copper 
(Cu), cobalt (Co), zinc (Zn), lead (Pb), the uranium (U), the arsenic (As) and 
cadmium (Cd) (2). 

In order to evaluate the state of the heavy metal pollution (Mn, Ni, Cr, Cu, Zn 
and Pb) and their distribution in the sediments of the estuary Comoé Keiba Noel 
Keumean et al. showed contamination in order Pb > Ni> Cu in the index geo- 
accumulation and runoff constitutes a source of contamination of estuary and its 
sediment [5]. While for Cyriaque Degbey, concentrations of heavy metals in the 
exception of mercury and cadmium were lower in the water and elevated in se-
diments at stations of mouth (K15 and K16) [8]. 

In Lubumbashi, mill effluents contain heavy metals which are discharged un-
treated into the waters of the city of Lubumbashi in general and the river Lu-
bumbashi in particular. So to maintain the quality of fish products, it is impor-
tant to assess the level of pollution courses water and the food chain. This study 
has the objective of determining the pH of the river Lubumbashi water, and then 
measuring the accumulation of trace elements in the food chain in order to eva-
luate the risks to human health. 

2. Material and Method 
2.1. Description of the Environment of Study 

Located at 1230 meters altitude, the city of Lubumbashi covers an area of 747 
km2. It is characterized by geographical coordinates after: 11˚39'57''south lati-
tude, 27˚28'35''east longitude, 27˚30'west longitude and 11˚36'north latitude. 

The floor of the city of Lubumbashi is both alluvial, sandy-clay and silt-clay 
with a relief of valleys in some places and the dominant vegetation is woodland. 
The province of Haut-Katanga is characterized by the presence of a copper arc in 
which several hills are rich in minerals (copper. cobalt. zinc. iron...) and other 
important metals attract much investment. 

North to north-west to south-east, the city of Lubumbashi is crossed by two 
major rivers: Kafubu and Lubumbashi. It also has five low flow streams in the 
dry season; it is Kamalondo, Ruashi, Kimilolo, Naviundu and Katuba. 

2.2. Sampling 

As part of our work, the basic material that is the subject of Research consists 
essentially of water samples from the river Lubumbashi. We Samples were col-
lected at three sites, namely: 
• The site I: River Lubumbashi opposite Tshondo school; it is-to-say upstream 

of point from which the mixture of river water with the liquid effluent from 
the STL factory; 

• The site II: Lubumbashi in the river a few meters of the discharge drain waste 
water from the factory STL; it is-to-say downstream of water mixing point of 
the river with effluent from the plant; 

• The site III Lubumbashi in the river at the bridge on Katuba Boulevard in 
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more than 300 m of water mixing point of the river with the liquid effluent 
from the plant. 

Five samples of water were sampled per sampling site and numbered as fol-
lows: Ech1, Ech2, Ech3, Ech4 and Ech5. Given the diversity of the nature of nat-
ural waters, it is difficult to define a satisfactory sampling technique in all cir-
cumstances [9]. To do this, we chose the method of instantaneous manual sam-
pling. The water samples were collected in sterilized bottles, made of polyethy-
lene of 500 ml capacity. These were first rinsed with water from the river, then 
filled and hermetically sealed. All samples were taken with a 2 meter stick at the 
end of which we attached a bottle placed in the opposite direction of the stream 
of water. The samples were taken between 6:30 am and 7:30 am during the pe-
riod from February 2016 to May 2016. The samples were finally sent to the 
chemical laboratory of the Congolese Control Office (OCC) in Lubumbashi for 
Determination of pH and the detection of heavy metals. 

The pH measurement was carried out by the potentiometric method using a 
Consort pH/EC meter C732 pH meter. The mineral elements were determined by 
Inductively Coupled Atomic Emission Spectrophotometry (ICP) on the Perkin 
Elmer Sciex brand Elan DRC II model. The statistical analysis of the studied para-
meters consisted of the comparison of the means of samples by the Student test. 

3. Results 

a. pH measurement 
The physicochemical analysis of Lubumbashi River water consisted in the de-

termination of pH. The results are reported in Table 1. By observing the table 
below–above, it appears that the recorded pH values are within the normal limits 
(6.5 - 9.5). In fact, the site I showed an average pH of 7.962 (±0.185); while that it 
is respectively 8.140 (±0.210) and 8.331 (±0.082) for the II and III sites. The pH 
tends to increase from the site I to III website. 
a. Determination of heavy metals in river water Lubumbashi 

We continued our investigations by the presence of heavy metals in different 
water samples from the river Lubumbashi. These chemical analyzes were used to 
determine the levels of Fe. Cu. Co. Zn. Mn. Cr. Pb. Cd and led to results which 
are shown in Tables 2(a)-2(c). 
 
Table 1. Measuring pH of river water Lubumbashi. 

Sample No. Site I Site II Site III WHO standards 

1 8.161 8.189 8.327 
 

2 8.057 8.42 8.37 
 

3 7.891 7.83 8.365 
 

4 8.025 8.135 8.401 6.5 to 9.5 

5 7.68 8.126 8.192 
 

Average (Y) and 
standard deviation 

7.962 ± 0.185 8.140 ± 0.210 8.331 ± 0.082 
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Table 2. (a) Level (in %) of heavy metals in the site I. (b) b: level (in %) of heavy metals in the site II; (c) content (in %) of heavy metals in the 
site III. 

(a) 

Heavy metals 
Fe Cu Co Zn Mn Pb Cr Cd 

Sample 

1 0.147 0.013 0.004 0.009 0.005 - 0.009 0.005 

2 0.115 0.028 0.004 0.04 0.004 0.003 0.005 0.005 

3 0.02 0.002 0.002 0.071 0.002 0.002 0.003 0.004 

4 0.121 - - 0.027 0.003 0.005 0.005 0.004 

5 0.236 0.001 0.001 0.011 0.003 0.001 0.006 0.002 

Average 
0.128 ± 0.077 0.011 ± 0.014 07003 ± 0.002 0.032 ± 0.025 0.003 ± 0.001 0.003 ± 0.002 0.006 ± 0.002 0.004 ± 0.001 

±standard deviation 

WHO standards 0.5 - 5.0 2 1 0.4 0.05 0.01 0.01 0.003 

(b) 

Heavy metals 
Fe Cu Co Zn Mn Pb Cr Cd 

Sample 

1 0.13 0.006 0.002 0.058 0.006 0.007 0.006 0.006 

2 0.018 0.007 - 0.086 0.002 0.002 0.001 0.004 

3 0.127 0.001 - 0.039 0.003 0.003 0.005 0.003 

4 0.142 - 0.002 0.008 0.005 0.003 0.007 0.004 

5 0.115 - 0.004 0.01 0.007 - 0.01 0.006 

Average 
0.114 ± 0.051 0.005 ± 0.003 0.003 ± 0.001 0.039 ± 0.033 0.005 ± 0.002 0.004 ± 0.002 0.006 ± 0.003 0.005 ± 0.001 

±standard deviation 

WHO standards 0.5 - 5.0 2 1 0.4 0.05 0.01 0.01 0.003 

(c) 

Heavy metals 
Fe Cu Co Zn Mn Pb Cr Cd 

Sample 

1 0.551 0.021 0.01 0.028 0.047 0.005 0.002 0.003 

2 0.55 0.02 0.014 0.035 0.052 absent 0.002 0.004 

3 0.595 0.023 0.016 0.071 0.057 absent 0.002 0.009 

4 0.569 0.024 0.015 0.05 0.056 absent 0.003 0.006 

5 0.582 0.023 0.016 0.059 0.058 0.001 0.004 0.007 

Average 0.569 ± 0.020 0.022 ± 0.002 0.014 ± 0.003 0.049 ± 0.017 0.054 ± 0.005 0.003± 0.002 0.003± 0.001 0.006 ± 0.002 

WHO standards 0. 5 - 5.0 2 1 0.4 0.05 0.01 0.01 0.003 

 
Reading Tables 2(a)-2(c) shows that in all sampling sites. Water samples 

show very low levels of heavy metals that do not exceed the permissible values 
with the exception of Cd. In fact, this mineral element present in concentrations 
higher than 0.003 mg/l. 

Figure 1 shows the rate of change of Cd concentrations of river water Lu- 
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Figure 1. Level (in %) of Cd in the different Sampling sites of the river water 
Lubumbashi. 

 
bumbashi since site I to site III. 

It is clear that the levels of Cd increase gradually from the site I (0.004 ± 0.001 
mg/L) at Site II (0.005 ± 0.001 mg/l) and the site III (0.006 ± 0.002 mg/l). 

4. Discussion 

Contamination of fresh water with heavy metals has become a serious matter, 
not only because it limits the use of water for domestic use but also for damages 
that it causes aquatic organisms [10]. 

In Katanga, the quality of being water is particularly threatened by the re-
sumption of the mining is done without considering the protection criteria of 
recently introduced through the Congolese mining legislation environment. 
Wash water minerals and effluent treatment plants dumped untreated in rivers 
water contains heavy metals and residues of the different chemicals involved ei-
ther in the process of extraction and separation, either in refining process [11] 
[12]. 

By observing the results in Table 1, it is clear that all pH values greater than 7; 
water samples are slightly basic and conform to drinking water standards set by 
the WHO has set an optimum between 6.5 and 9.5. Indeed, the pH is one of the 
physicochemical parameters for judging the potability of water [13]. Statistical 
analysis showed the existence of a significant difference in pH between I and III 
locations; these results are consistent with those of Fidèle Dimon et al. noted that 
a small variation in the pH of one station to another [2]. The values 8.66 and 
10.51 for most express a slight basicity of the medium; liquid tributaries of the 
STL factory thus would influence the pH of the river water Lubumbashi by the 
contribution of the chemicals that make the river water more basic. This pyro-
metallurgical processing plant slag uses water of the river Lubumbashi in a 
cooling circuit of the plant pipes but also chemical reagents. such as Ca(OH)2 
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and Na2CO3 in the softening process of the water before being discharged into 
the river. These basic substances raise the pH of the water of the river. On leav-
ing the factory exhaust the drain, these chemicals are mixed with water from the 
river and suffer dilution phenomenon. What could justify the non-existence of a 
difference significant between average Y2 and Y3. 

The results for heavy metals revealed that they are in very low quantities in the 
river water Lubumbashi, except Cd. Although unwanted metals in drinking wa-
ter, Cu, Co, Zn, Mn, Cr, Pb have levels that do not exceed the WHO guidelines. 
This can due to the fact that the pH also influences the solubility of metals in 
solution; gold as the pH of the river water Lubumbashi is more basic (pH > 7), 
the metals tend to be precipitated [14]. 

In terms of cadmium, its concentration exceeds the normal value in 80% of 
samples analyzed in the site I; this concentration is too high for all cases studied 
in the II and III sites. These results corroborate those found by Katemo indicat-
ing accumulation cd preferentially in the gills of fish, results that confirm the 
pollution of the basin by Lufira effluent from the complex hydrometallurgical 
Shituru. The high concentration of Cd upstream as downstream at the point of 
mixing of river water and liquid effluents from the company STL shows that 
water pollution sources of the river Lubumbashi diversified. This is particularly 
the case of some artisanal miners who carry copper ore washing using water 
River in the vicinity of Lido camp. Indeed, the Cd is an impurity of zinc ore, lead 
and copper; as the industrial and artisanal exploitation of copper ores can sig-
nificantly increase concentrations of Cd in the water of the river Lubumbashi. 
Gbagbo Onivogui study confirms that the comparison of concentrations of Cd 
and mercury are relatively higher than those in the upstream and al downstream 
of the city [15]. These metals are largely of origin anthropogenic and involve the 
spill by ruisselles of urban and industrial effluents in coastal lagoons. The gra-
dual pace contents Cd confirms the contribution of liquid effluent from the 
company STL to pollution of the river Lubumbashi. 

Our results show that the population using water from the Lubumbashi River 
is at risk of intoxication to this metal as cadmium is not an essential element in 
human metabolism because it has no known function in the human body [16]. 
Cadmium is therefore a non-essential metal for life. Once absorbed. it disperses 
into the body; The highest concentrations are mostly found in the kidneys and 
bones and lungs. The toxic effects of cadmium are numerous, but the main 
damage to the body following prolonged exposure in humans is impairment of 
renal function. Cadmium has a particular affinity for the kidney, because the 
latter has an endogenous synthesis of metallothioneins insufficient for all the 
capture. It accumulates in the form of Cd2 + ions and can cause damage to the 
tubules leading to proteinuria, which can ultimately lead to renal insufficiency, 
thus constituting a serious public health problem because. The majority of the 
population will not be able to procure means for a good management of this pa-
thology [17]. 

Cadmium is to origin of the disease “Itai-Itai” described in Japan, characte-
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rized by kidney failure associated with the osteoporosis and the osteomalacia 
[18]. It was classified as Category 1 “carcinogenic to man” by IARC. 

5. Conclusions 

The results obtained in this work which aimed to evaluate the physicochemical 
and chemical characteristics and heavy metal contamination of the river Lu-
bumbashi receiving discharges from Lubumbashi slag treatment plant (STL) 
showed that the pH of the river water meets the drinking water standards ac-
cepted by the WHO; however, the STL plant would contribute significantly to 
water alkalizing following its liquid effluents; Cd. which displays very high con-
centrations, represents the element metal trace most dangerous and likely to 
contribute to the pollution of the river Lubumbashi. Industrial and artisanal 
mining operations constitute potential sources of pollution in Cd. 

Water is a natural resource around which maintains and develops life, must 
be closely monitored and strictly controlled. 
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