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Abstract: Trace metal levels of groundwater in Lubumbashi, Kampemba and Kamalondo communes of Lubumbashi city were
assessed from October 2016 to February 2017. Two hundred forty water samples collected from twenty-two spade-sunk wells and
twelve drilled wells in these three communes of Lubumbashi city were analyzed for their metal contents using ICP-SF-MS
(Inductively Coupled Plasma-Sector Field Mass Spectrometry). Twenty trace elements including strontium, molybdenum, cadmium,
cesium, barium, tungsten, thallium, lead, bismuth, uranium, aluminum, vanadium, chromium, manganese, iron, cobalt, nickel, copper,
zinc and arsenic were recorded at varying concentrations in all the water samples and were compared with the WHO (World Health
Organization), US EPA (Environmental Protection Agency) and EU (European Union) drinking water MCLs (Maximum
Concentration Limits) for cadmium, barium, thallium, lead, uranium, aluminum, chromium, manganese, iron, nickel, copper, zinc
and arsenic. Mean cadmium, lead, aluminum, manganese, iron, nickel, zinc and arsenic levels respectively exceeded the WHO, US
EPA and EU drinking water MCLs in 6.66%, 3.38%, 26.67%, 5.02%, 30.03%, 3.38%, 1.64% and 5.02% of the samples with the
highest mean levels of 116.89 pg/L for cadmium, 38.162 pg/L for lead, 2,712.5 pg/L for aluminum, 1,242.68 pg/L for manganese,
17,325.98 pg/L for iron, 64.647 pg/L for nickel, 9,900.72 nug/L for zinc and 65.458 pg/L for arsenic. Mean water pH values ranged
from 4.7 to 11.1 with 19.17% of the groundwater samples having mean pH values outside the WHO drinking water pH optimum
range values of 6.5-8.5, including 5.02% of the water samples which were acidic (mean pH values ranging from 4.7 to 6.4) and 14.15%
which were alkaline (mean pH values ranging from 8.6 to 11.1). With such physicochemical and trace metal contamination status of
groundwater in the three communes of Lubumbashi city, there is a high risk to the health of people who use that water to meet their
drinking water needs.
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1. Introduction people living in urban areas. They largely depend on
surface water and groundwater to meet their domestic
water needs [1-3]. In the DRC Copperbelt, which
includes the Upper-Katanga and Lualaba provinces,

In many developing countries, such as the DRC
(Democratic Republic of Congo), millions of people

do not have access to safe drinking water, especially ] ] ) ]
. and in other eastern provinces such as Ituri, Maniema,

those who live in rural areas and most of the poor ] ] )

North-Kivu, South-Kivu and Tanganyika, atmosphere,
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are severely contaminated with trace metals as a result
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mining and ore processing activities [3-13].
In Lubumbashi, the

Upper-Katanga province, active and abandoned mines,

capital city of the
ore processing plants, tailings, dumps and industrial
wastelands are likely to generate trace metal
contamination of surface water [9, 11, 12, 14],
sediments [10, 13] and groundwater [3]. The use of
surface and groundwater contaminated with trace
metals may present environmental and public health
risk in the city, depending on the contamination status.
Currently, drinking water supply by the Congolese
Water Supply Company (REGIDESO) does no longer
cover all parcels in the city, mainly because of rapid
growth of the wurban

population, neglected

infrastructures, low investment return and low
financial viability of the public services in charge of
water, degradation of watersheds increasing the costs
of water treatments [15] and unplanned urbanization.
Thus, spade-sunk and drilled wells as well as rivers
constitute the main sources of drinking water for a
large part of the city population.

The objective of this study was to assess trace metal
contamination of groundwater in the Lubumbashi,
Kampemba and Kamalondo communes of Lubumbashi
city, and to compare the results with WHO (World
Health Organization), US EPA (Environmental Protection
Agency) and EU (European Union) drinking water MCLs
(Maximum Concentration Limits) to highlight health
impacts of the consumption of that water in the city.

2. Material and Methods
2.1 Description of the Study Area

Lubumbashi, the capital city of the Upper-Katanga
province is located at the altitude of 1,230 m between
the latitude of 11°40'11” and the longitude of
27°29'00" East in South-Eastern DRC, at less than 50
km from the DRC-Zambia border. Lubumbashi city
has seven administrative communes including
Lubumbashi, Kampemba and Kamalondo communes
(Fig. 1), as well as Katuba, Kenya, Ruashi and Annex
to Wikipedia [16], the

communes. According

population of Lubumbashi city was estimated to
2,786,397 inhabitants, including 397,761 inhabitants
in Lubumbashi commune, 524,218 inhabitants in
Kampemba commune and 51,582 inhabitants in
Kamalondo commune in 2015. With an area of 747
km?, the city had a density of 3,730 inhabitants/km® in
2015.

2.2 Sampling Campaign

Water samples were monthly collected from
twenty-one spade-sunk and twelve drilled wells in
Lubumbashi 2016 to
February 2017 and Kampemba and Kamalondo

commune from October

communes in November 2016, January and February
2017. At each sampling campaign, two water samples
were collected from each well. The depth of hand-dug
wells ranged from 2 to 18 m and that of drilled wells
ranged from 30 to 90 m.

2.3 Analytical Methods

2.3.1 Sample Pretreatment

Collected water samples were filtered on 0.45 pm
disposable syringe filters (Chromafil, cellulose mixed
ester) and acidified with concentrated hydrochloric
acid after determining the pH of the water samples.

2.3.2 Trace Metal Analysis

Trace element analysis was
ICP-SF-MS (Inductively Coupled Plasma-Sector Field

Mass Spectrometry) (Thermo Scientific Element II).

carried out by

The instrument was equipped with an ESI (Elemental
Scientific Incorporation) Fast autosampler, PFA-ST
(Perfluoroalkoxy Series Type) MicroFlow nebulizer,
Peltier cooled glass cyclonic spray chamber, quartz
injector and torch and Ni cones. Regarding the resolutions
used, low resolution was wused for strontium,
molybdenum, cadmium, cesium, lead, bismuth and
uranium; medium resolution was used for aluminium,
vanadium, chromium, nickel, copper, zinc, manganese,
iron, cobalt; high resolution was used for arsenic.
Rhodium (1 ppb) was used as internal standard in all

resolutions.
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Fig. 1 Map of groundwater sampling locations in Lubumbashi, Kampemba and Kamalondo communes of Lubumbashi city

from October 2016 to February 2017.

Standard solutions were prepared from multi-element
standard solutions and single element standard solutions.
Blanks, standards and QC (Quality Control) samples
were reanalysed throughout the procedures. The
reference material SW-1 (SPS) was used as QC sample.

3. Results and Discussion

Mean pH values and trace metal levels of
groundwater recorded in Lubumbashi, Kampemba and
Kamalondo communes of Lubumbashi city are
presented in Table 1 and illustrated in Figs. 2-7. The
WHO Guidelines for Drinking-Water Quality [17],
United States EPA Standards and Health Advisories
[18], and EU (Drinking Water) Regulations and
Indicator Parameters [19] are given in Table 2. Mean

water pH values ranged from 4.7 to 11.1 with 19.17%
of the groundwater samples having mean pH values
outside the WHO drinking water pH optimum range
values of 6.5-8.5, including 5.02% of the water
samples which were acidic (mean pH values ranging
from 4.7 to 6.4) and 14.15% which were alkaline
(mean pH values ranging from 8.6 to 11.1). This
implies that the acidic or alkaline water from some of
did not
of water for

the sampled wells conform to the

physicochemical quality human
consumption. Very low pH of water makes available
for bioaccumulation of the metals dissolved in the
water. The alkaline conditions (very high pH) of
groundwater in Lubumbashi city are probably due to

the roach hosting the groundwater as that roach is made



Table 1 Minimum, maximum, mean and SD (Standard Deviation) values of pH and trace metal levels of groundwater (ug/L) in Lubumbashi, Kampemba and

Kamalondo communes of Lubumbashi city from October 2016 to February 2017.
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Table 1 to be continued
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EPA: water sampling of a hand-dug well; EPF: water sampling of a drilled well; KM: Kamalondo commune; KP: Kampemba commune; LB: Lubumbashi commune; Range:
minimum and maximum; SD: standard deviation.
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Fig. 2 Mean values of water pH of hand-dug and drilled wells in Lubumbashi, Kamalondo and Kampemba communes of
Lubumbashi city from October 2016 to February 2017.
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Fig. 3 Mean concentrations of aluminum, manganese, iron and zinc in groundwater (ng/L) of hand-dug and drilled wells in

Lubumbashi, Kamalondo and Kampemba communes of Lubumbashi city from October 2016 to February 2017.
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Fig. 4 Mean concentrations of barium, cobalt, copper and strontium in groundwater (ug/L) of hand-dug and drilled wells in
Lubumbashi, Kamalondo and Kampemba communes of Lubumbashi city from October 2016 to February 2017.
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Fig. 5 Mean concentrations of cadmium, lead, nickel and arsenic in groundwater (ug/L) of hand-dug and drilled wells in
Lubumbashi, Kamalondo and Kampemba communes of Lubumbashi city from October 2016 to February 2017.
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Fig. 6 Mean concentrations of uranium, chromium, tungsten and vanadium in groundwater (ng/L) of hand-dug and drilled
wells in Lubumbashi, Kamalondo and Kampemba communes of Lubumbashi city from October 2016 to February 2017.

0.9 B Mo98 (ug/L) Cs133 (pg/L) = TI1205 (ng/L) ®Bi209 (ng/L)
0.8
=
3‘90.7
s
Z 0.6
=
=
g 05
=
S
- 04
=
g
2 03
5]
]
£ 02
=
0.1 |
0 |-I-I| lI lI alln n I_-II T | lII,|- [|[] |||.|I.||.I| II, |_I-. .II Illllllll ||I-|I -,I_,IL
DT T T o A T T O T T O o I I~ B~ B~ B I I~~~
A A O O o D Y
SRR R R R kg g g g gl
".’ﬁr".““?°?2:S‘8EQQE‘{\}S£%;T‘??@dgﬁb_ﬁ_ﬁmﬁégd
M M MMM | | | ) ) ) ) ) 1 1 ) ) 1 Qbﬂbi&&
3885044442444 944800954424238%8
Sampling site

Fig. 7 Mean concentrations of molybdenum, cesium, thallium and bismuth in groundwater (ug/L) of hand-dug and drilled
wells in Lubumbashi, Kamalondo and Kampemba communes of Lubumbashi city from October 2016 to February 2017.
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Table 2 WHO Guidelines for Drinking-Water Quality, United States EPA Standards and Health Advisories, and EU

(Drinking Water) Regulations and Indicator Parameters.

Guidelines,
Standards,
Regulations

Optimum Sr88 Mo98 Cdl114 Cs133 Bal38 WI83 TI205 Pb208 Bi209 U238 AI27 V5l
pH values (pg/L) (ng/L) (ng/L) (ng/l) (pg/l) (ngl) (ngL) (ng/L) (ng/L) (ng/l) (pg/l) (ng/l) (pg/l) (pgLl) (ngl) (ng/L) (ng/L) (ng/L) (ng/L)

Cr52  Mn55 Fe56 Co59 Ni60 Cu63 Zn66  As75
(ug/L)

WHO 6.5-8.5 Na Na 3 Na 1,300 Na Na 10 Na

US EPA 6.5-8.5%  4,000% 40* 5 Na 2,000 Na 2 15 Na

EU 6.5-9.5 Na Na 5 Na Na Na Na 10 Na

30 Na Na 50 Na Na Na 70
30 50-200* Na 100
30 200*%*  Na 50

2,000 Na 10
300* 300* Na 100* 1,300 2,000* 10

50*%*  200** Na 20 2,000 Na 10

EU: European Union (Drinking Water) Regulations and Indicator Parameters, 2014; Na: no available data; US EPA: United States
Environmental Protection Agency 2018 Drinking Water Standards and Health Advisories; WHO: World Health Organization
Guidelines for Drinking-Water Quality, 2017; *: United States Environmental Protection Agency 2018 Drinking Water Health
Advisories; **: European Union (Drinking Water) Indicator Parameters, 2014.

of dolomite (calcium and magnesium carbonate) which
is very rich in calcium. During wet season in
Lubumbashi city, from November to March, the level
of groundwater goes up and brings with it deep alkaline
solutions which make the well water alkaline to very
alkaline. According to Roadcap et al. [20], where
alkaline  groundwater  discharges in  springs,
atmospheric CO, dissolves into the water and thick
layers of calcite form. Calcite precipitated at the
springs is rich in a number of heavy metals, suggesting
that metals can move through the system as particulate
matter.

Twenty trace elements including strontium (Sr),
molybdenum (Mo), cadmium (Cd), cesium (Cs),
barium (Ba), tungsten (W), thallium (Tl), lead (Pb),
bismuth (Bi), uranium (U), aluminum (Al), vanadium
(V), chromium (Cr), manganese (Mn), iron (Fe),
cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn) and
arsenic (As) were noted at varying concentrations in
all the water samples and were compared with the
WHO, US EPA and EU drinking water permissible
MCLs for cadmium, barium, thallium, lead, uranium,
aluminum, chromium, manganese, iron, nickel, copper,
zinc and arsenic (Table 1).

Trace element levels of water samples from
hand-dug wells in the three communes of Lubumbashi
city presented the following ranges: 2.022-290.98
pg/L for strontium, 0.008-0.321
molybdenum, 0.004-52.585 g/l for cadmium,
0.002-0.594 pg/L for cesium, 5.159-740.24 pg/L for
barium, 0.015-35.31 pg/L. for tungsten, 0.002-0.409

pg/L  for thallium, 0.004-38.162 ng/L for lead,

pg/L. for

0.000-0.033 pg/L for bismuth, 0.020-2.492 pg/L for
uranium, 4.255-2,712.5 pg/L  for aluminum,
0.066-27.363 ng/L for vanadium, 0.041-10.014 pg/L
for chromium, 0.037-1,242.68 pg/L. for manganese,
0.293-17,325.98 pg/L for iron, 0.07-27.641 pg/L for
cobalt, 0.218-20.002 pg/L for nickel, 0.576-217.25
ug/L for copper, 0.601-5,109.37 pg/L for zinc and
0.049-65.458 pg/L for arsenic.

In water samples from drilled wells, the ranges of
trace metal levels were 1.257-131.27 pg/L for
strontium, 0.009-0.547 pupg/LL  for molybdenum,
0.023-116.89 pg/L for cadmium, 0.005-1.431 pg/L for
cesium, 16.626-195.87 ng/L for barium, 0.022-0.533
ug/L for tungsten, 0.001-0.052 pg/L. for thallium,
0.326-14.963 ng/L for lead, 0.001-0.049 pg/L for
bismuth, 0.006-1.131 pg/L for uranium, 11.58-654.79
png/L for aluminum, 0.047-2.431 pg/L for vanadium,
0.09-1.612 pg/L for chromium, 2-618.39 npg/L for
manganese, 18.3-9,174.63 ug/L for iron, 0.148-54.026
ng/L  for cobalt, 0.418-64.647 npg/L for nickel,
3.084-634.8 pg/L for copper, 8.663-9,900.72 ug/L for
zinc and 0.027-25.19 pg/L for arsenic.

The
thallium, uranium, chromium and copper recorded in
the groundwater samples were 740.24 ng/L, 0.409 ng/L,
2.492 ng/L, 10.014 ug/L and 655.88 pg/L, respectively
in hand-dug wells and 195.87 pg/L, 0.052 pg/L, 1.131
ng/L, 1.612 pg/L. and 634.8 ng/L, respectively in

highest mean concentrations of barium,

drilled wells. Thus, none of the groundwater samples
contained mean barium, thallium, uranium, chromium
and copper levels above the WHO US EPA, and EU
permissible MCLs for drinking water.
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On the other hand, mean cadmium, lead, aluminum,
manganese, iron, nickel, zinc and arsenic levels
exceeding the WHO, U.S.EPA and EU drinking water
permissible MCLs were respectively noted in 6.66%,
3.38%, 26.67%, 5.02%, 30.03%, 3.38%, 1.64% and
5.02% of all the samples with the highest mean levels
of 116.89 pg/L for cadmium, 38.162 pg/L for lead,
2,712.5 pg/L for aluminum, 1,242.68 ug/L for
manganese, 17,325.98 ng/L for iron, 64.647 pg/L for
nickel, 9,900.72 pg/L for zinc and 65.458 pg/L for
arsenic. Trace metal concentrations in water of
spade-sunk and drilled wells in the three communes of
Lubumbashi city are much higher than those reported
for water of similar wells in Kipushi mining city [3].
They are also much higher than those noted by Jeje
and Oladepo [21] for hand-dug and drilled wells in Ife
North local government area of Osun State, Nigeria.
Trace metal contamination of groundwater in
Lubumbashi city is also much higher than that
reported for groundwater around dumpsite in Igando,
Nigeria by Akoteyon [22], except that copper levels of
groundwater in Lubumbashi city and those in Igando
were respectively below and above the WHO drinking
water MCL for that metal.

The recorded cadmium, lead, aluminum, chromium,
manganese, iron, nickel, copper and zinc
contamination of hand-dug and drilled wells in
Lubumbashi city was much higher than that noted for
water of similar wells in Kipushi mining town where
the highest mean trace metal levels of water were 9
png/L for cadmium, 28 pg/L for lead, 1,106 pg/L for
aluminum, 8 pg/LL for chromium, 135 pg/L for
manganese, 491 pg/L for iron, 14 pg/L for nickel, 143
ng/L for copper, and 2,170 pug/L for zinc [3]. With the
highest mean molybdenum and cobalt levels of 2 pg/L
and 94 pg/L, respectively noted for well water in
Kipushi mining city, the well water contamination
with both metals in Lubumbashi city was lower than
that reported by the same researchers for well water in
Kipushi. The recorded levels of those metals in water
from hand-dug and drilled wells in Lubumbashi city

were also higher than those reported by Jeje and
Oladepo [21] for Ife North local Government area of
Osun State in Nigeria. Also, the mean concentrations
of lead,
groundwater in the present study were much higher

cadmium, copper and chromium in
than those below detection limits reported for
groundwater around a dumpsite in Igando (Nigeria) in
wet season [22]. According to this author, only iron
concentrations in all the sampling locations of Igando
groundwater exceeded the WHO drinking water MCL
during the dry season and only in about 46.7% of the
sampling locations during the rainy season, whereas
lead, zinc and copper concentrations exceeded the
WHO MCLs in dry season only. The highest cadmium,
lead, manganese, cobalt, zinc and arsenic levels of
groundwater recorded in Lubumbashi city are higher
[23] for
groundwater in Ulaanbaatar, Mongolia but the highest

than those reported by Nriagu et al

uranium level of Lubumbashi city groundwater was
much lower than the 57 pg/L noted in Ulaanbaatar
groundwater.

Of the twenty trace metals recorded in groundwater
in the three communes of Lubumbashi city, only
cobalt, copper, iron, manganese, molybdenum and
zinc are essential for human body and they play an
important biological role at low concentrations in the
body, whereas excessive concentrations or deficiency
of these metals in the body are known to induce some
dysfunction of the body. D. G. Barceloux and D. D.
Barceloux [24] have reported that vanadium is
probably an essential trace element, but a
vanadium-deficiency disease has not been identified in
humans. The other trace metals noted in groundwater
in Lubumbashi city have no known biological
importance for human body and most of them are
even toxic to humans, even at low concentrations.
Cadmium, lead, arsenic, uranium, chromium and
nickel are those which have the most negative health
impacts on humans even at low concentrations.

Cadmium and cadmium compounds are known to

be carcinogenic and ingestion of very high cadmium
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concentrations severely irritates the stomach, leading
to vomiting and diarrhea. Long-term exposure to low
cadmium concentrations leads to the accumulation of
that metal in the kidneys and possible kidney disease,
damage of lungs and weakening of bones [25]. Also,
Browar et al. [26] have reported that cadmium is an
environmental contaminant that damages the kidney,
the liver, and bones and they supported the possibility
of cadmium being a contributing factor to the
development of periodontal disease in humans.

Lead has been recognized to be a general and
Children are
particularly sensitive to lead exposure due to high

cumulative metabolic poison [27].

gastro-intestinal absorption and permeable blood-brain
barrier [28]. Martin and Griswold [25] reported that
lead is a probable carcinogen for man and that
long-term exposure to lead may result in reduced
performance to some tests that measure the functions
of the nervous system, weakness of fingers, wrists and
ankles, light increase of blood pressure and anemia.
According to the authors, exposure to high lead levels
may cause severe damage to brain, kidneys and
ultimate death. Exposure to high lead levels may
cause abortion to pregnant women and may damage
the organs responsible for sperm production in men.
Other studies have linked lead exposure, even at low
concentrations, to an increase of arterial pressure as
well as a weak intelligence quotient in children and a
disorder in attention [29-31].

Arsenic is a toxic metalloid that is ubiquitous in the
environment and affects global health problems due to
its carcinogenicity [32]. In most populations, the main
source of arsenic exposure is drinking water [32-37].
In drinking water, chronic exposure to arsenic is
associated with increased risks of various cancers
including those of skin, lung, bladder, kidney, and
liver, as well as numerous other non-cancer illnesses
including gastrointestinal and cardiovascular diseases,
diabetes, reproductive and developmental problems,
and neurologic and cognitive problems [33, 34, 36, 38,

39]. Prenatal exposure to inorganic arsenic causes

adverse pregnancy outcomes and children’s health
problems. During pregnancy, high-level exposure to
arsenic in drinking water causes pregnancy
complications, including fetal loss and premature
delivery [40], and low-level exposure to arsenic
affects uterus and placental growth results in progeny
birth weight [41, 42]. Other studies have reported that
woman exposure to chronic arsenic in drinking water
increases adverse pregnancy outcomes including
premature delivery, spontaneous abortion, stillbirth
and neonatal death in Chile [43], northeastern Taiwan
[44], and Bangladesh [45]. In males, inorganic arsenic
is associated with reproductive dysfunctions through
declined testosterone synthesis, apoptosis and necrosis
[46, 47]. Also, Y. J. Kim and J. M. Kim [32] have
reported that oral exposure to inorganic arsenic in
drinking water causes dysfunction of spermatogenesis,
reductions of testosterone and gonadotrophins, and
disruptions of steroidogenesis, and that the crucial
mechanisms of arsenic-induced reproductive toxicity
may be associated with hormonal regulation and
function, binding to sperm, and regulation of
steroidogenesis as well as direct effects of testicular
component cells. Recently, a few epidemiologic
studies have shown that arsenic exposure significantly
induces infertility and low sperm quality, as well as
erectile dysfunction in men [48-50].

Uranium exposure in drinking water from various
wells in Ulaanbaartar, Mongolia has been associated
with nephrotoxicity, high blood pressure, bone
dysfunction and likely reproductive impairment in
human populations [23]. Arzuaga, et al. [51] reported
that uranium exposure is associated with alterations in
normal bone functions and that available studies
suggest that upon absorption uranium directly affects
bone development and maintenance by inhibiting
osteoblast differentiation and normal functions, and
indirectly by disrupting renal production of vitamin D.
And according to Corlin, et al. [52], there is a strong
toxicological evidence for renal and reproductive

effects as well as DNA (Deoxyribo Nucleic Acid)
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damage but the epidemiological evidence of these
effects in people exposed to uranium in drinking water
is limited.

Mean concentrations of chromium and nickel in
groundwater in Lubumbashi city ranged from 0.041
png/L to 10.014 pg/L and from 0.339 pg/L to 64.647
ng/L, respectively. Those chromium concentrations
were much lower than the WHO, EU and US EPA
permissible MCLs of that metal in drinking water
whereas mean concentrations of nickel exceeded the
EU permissible MCL at sampling sites LB-23EPA
(20,002 pg/L) and KM-2EPF (64.647 ng/L). The
highest mean concentration of chromium in
Lubumbashi city groundwater was higher than that (8
pg/L) recorded in groundwater in Kipushi mining city
[3] and those (3.17 pg/L and 3.898 pg/L) respectively
noted in Munua river and Tshibal channel in
Lubumbashi city [11], as well as that (8.185 pg/L)
noted in CHEMAF hydrometallurgical plant effluent
[12]. The groundwater of Lubumbashi city is also
much more contaminated with chromium than
groundwater resources of Asadabad plain, Iran where
the mean concentration of 0.044 + 0.016 pg/L was
reported by Ghobadi and Jahangard [53], and the
groundwater of Agbor and Owa Communities of
Nigeria where cadmium, chromium and arsenic were
not detected [54].

Agency [55] has reported that the primary sources of

Minnesota Pollution Control

copper, chromium, nickel and zinc are rocks, and that
concentrations of these metals in groundwater are
usually well below the amount that could potentially
occur (based on  solubility);  consequently,
concentration of these metals in geologic materials
generally limits their concentration in groundwater.
According to that Agency [55], copper, hexavalent
chromium, nickel and zinc can contaminate shallow
groundwater as a result of human activity. The
Agency [55] also reported that drinking water
standards were exceeded once each for nickel and zinc
in wells sampled for the Groundwater Monitoring and

Assessment Program Statewise Baseline Network of

954 wells. Oakley and Korte [56] have reported
increased nickel concentrations in groundwater and
municipal tap water (100-2,500 pg/L) in polluted
areas and areas in which natural nickel was mobilized
and that certain stainless-steel well materials were
identified as the

concentrations in groundwater wells in Arizona, USA,

source of increased nickel
with mean nickel levels of 8-395 ng/L. According to
those authors, in some cases, nickel levels were in the
range of 1-5 mg/L. The major target organ for nickel
induced general toxicity is kidney for oral exposure,
and additional organs are the cardiovascular system,
the immune system and blood [57, 58].

Although no WHO or EU MCLs in drinking water
have been set for other non-essential trace metals for
human life such as strontium, cesium, tungsten,
thallium and bismuth, these trace elements are
considered toxic to humans [59-65]. The highest
concentrations  recorded in  groundwater in
Lubumbashi 253.62 pg/L  for
strontium, 1.431 pg/L for cesium, 35.31 pg/L for
tungsten, 0.409 pg/L for thallium and 0.049 pg/L for
bismuth; those noted in groundwater in Kamalondo

commune were

and Kampemba communes were respectively 135.53
png/L and 290.98 pg/L for strontium, 0.098 pg/L and
0.277 pg/L for cesium, 0.26 pg/L and 0.256 pg/L for
tungsten, 0.083 pg/L and 0.107 pg/L for thallium, and
0.012 pg/L and 0.006 pg/L for bismuth.

The trace metal contamination of groundwater in
Lubumbashi
anthropogenic origins, mainly from abandoned and

city might be from natural and
ongoing mining and ore processing activities in the
city and its neighborhood. It may also be partially
from infiltration of surface water and runoff of
rainwater through metal contaminated soils to the
groundwater during rainy season, as well as from
atmospheric fallout during dry season (especially that
all the studied hand-dug wells are not well protected
and the tools used for withdrawing water from the
wells are open and left in the air), as well as from an
surface  water and

interconnexion  between
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groundwater. Muhaya et al. [11] and Muhaya et al. [12]
assessed trace metal contamination of water of various
rivers in Lubumbashi city and reported high
contamination of the water with mean Cd, Pb, Al, Fe
and Mn levels exceeding the WHO, US EPA and EU
drinking water MCLs of those metals in many rivers.
the highest

concentrations of Cd, Pb, Mn and Fe in water of some

According to the authors, mean
rivers in Lubumbashi city were 17.99 pg/L, 472.29
ng/L, 29,714.59 pg/L and 14,258.9 pg/L, respectively.
Due to interconnexion between the surface water and
groundwater, such high trace metal contamination of
riverine water in Lubumbashi city may explain the
metal contamination of

recorded high trace

groundwater in that city.

4. Conclusion

Trace metal contaminations and pH of groundwater

in  Lubumbashi, Kampemba and Kamalondo
communes of Lubumbashi city were investigated in
two hundred forty-six water samples collected from
twenty-one spade-sunk wells and twelve drilled wells
from October 2016 to February 2017. Recorded mean
pH values and levels of twenty trace metals of the
water samples, including strontium, molybdenum,
cadmium, cesium, barium, tungsten, thallium, lead,
bismuth, uranium, aluminum, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc and
arsenic, were compared to the WHO guidelines for
drinking water quality, US EPA drinking water
standards and EU (drinking water) regulations. Water
of many wells in the three communes of Lubumbashi
city being too acidic or alkaline and highly
contaminated with cadmium, lead, manganese, iron,
nickel, zinc, arsenic and other trace metals, it is
unsuitable for human consumption and presents a high
risk for the health of people who use it to meet their
drinking water needs.

Authors recommend that further research be carried
seasonal variation of metal

out to compare

contamination of the groundwater. They also suggest

that the provincial and national governments forbid
the consumption of water from very contaminated
wells, enhance financing and better management of
the Congolese Water Supply Company (REGIDESO)
in order to provide all Lubumbashi city inhabitants
with safe drinking water, and strictly implement the

Congolese ~ Mining  Regulations  for  better

environmental and public health protection.
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