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Abstract: Groundwater, surface water and tap water contamination by PTEs (Potentially Toxic Elements) was assessed in Kipushi
town and Lupoto locality of Kipushi administrative territory in the Upper-Katanga province, Democratic Republic of Congo. A total
of fifty four water samples including thirty two samples from drilled water wells, ten samples from spade-sunk water wells, six samples
from supplied tap water, four samples from a mine effluent and two samples from a river were collected from both localities in
November and December 2017 and in January, February and March 2018. Then the samples were analyzed for their PTE contents by
ICP-SF-MS (Inductively Coupled Plasma-Sector Field Mass Spectrometry). Twenty PTEs including aluminum, arsenic, barium,
bismuth, cadmium, cesium, chromium, cobalt, copper, iron, lead, manganese, molybdenum, nickel, strontium, thallium, tungsten,
uranium, vanadium and zinc were detected at various concentrations in each one of the samples. Many samples had concentrations and
mean concentrations of PTE, such as arsenic, aluminum, cadmium, iron, lead, manganese and zinc, higher than the respective
acceptable limits set for drinking water by the EU (European Union), the USEPA (United States Environmental Protection Agency),
and the WHO (World Health Organization) standards. Most PTEs being deleterious to human health even at very low concentrations,
people who use the groundwater, surface water and tap water to meet their water needs in both localities are at risk.
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1. Introduction

Access to safe drinking water is not provided to
everybody in the world. To meet their water needs for
drinking, cooking, washing and watering their plants
and domestic animals many people have to resort to
groundwater, surface water and/or tap water. Unfortunately,
those waters are often contaminated with various
chemical contaminants including PTEs (Potentially
Toxic Elements) in most parts of the world, especially
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in regions with abandoned and ongoing mining
activities such as many regions of DR Congo (the
Democratic Republic of Congo). Elevated PTE levels
of groundwater may result from natural processes, such
as geological weathering and aquifer characteristics,
but many times anthropogenic activities, such as mining
and ore processing activities and mismanagement of
urban waste, also substantially pollute the groundwater.
In the Upper-Katanga province, PTE contamination of
groundwater and surface water has been well
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documented [1-7]. Also, numerous researchers have
reported on adverse human health effects of PTE in the
region and elsewhere in the world [8-25]. No study on
PTE contamination of water in Lupoto locality had
been carried out previously and no recent PTE
contamination of supplied tap water and groundwater
in Kipushi town has been published after that reported
by Muhaya et al. [1]. Thus, it was worth finding out
whether the water consumed by inhabitants of both
localities was PTE free.

The aim of this study was to assess PTE contamination
of groundwater, tap water, river water and Kipushi
mine effluent in Kipushi town and Lupoto locality to
find out the chemical quality of those waters and to
know whether they present any threat to the health of
inhabitants of both localities.

2. Material and Methods

2.1 Study Area, Sampling Campaigns and Sample
Pretreatment

Kipushi town is located at about 30 km from

Z4ve

Lubumbashi, the capital city of the Upper-Katanga
province between the latitude of 11°45'54"” South and
the longitude of 27°14'42" East at the altitude of about
1,350 m. The total population of Kipushi town was
estimated to 174,000 inhabitants in 2003 [26]. Lupoto
is a locality situated at about 25 km Northwest of
Lubumbashi between the latitude of 11°36'2” South
and the longitude of 27°16'31" East [27]. In Lupoto
locality, water samples were collected from three
spade-sunk water wells, two drilled water wells and one
river in November 2017. In Kipushi town, water samples
were collected from four drilled water wells, one spade-
sunk water well, one tap water and from Kipushi mine
effluent in December 2017, January, February and
March 2018. At each sampling campaign, two water
subsamples were collected from each sampling site. A
total of fifty four samples were collected from seven
and six sampling sites in Kipushi town and Lupoto
locality (Fig. 1). The water samples were collected in
100 mL polyethylene plastic bottles and acidified with
a few drops of concentrated hydrochloric acid.
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Fig. 1 Water sampling sites in both Kipushi town and Lupoto locality of Kipushi administrative territory in the Upper-

Katanga province, Democratic Republic of Congo.
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The plastic bottles were beforehand washed with
liquid soap and rinsed with double distilled water.
Before collecting the bottles were beforehand washed
with liquid soap and rinsed with double distilled water.
Before collecting the samples, the bottles were also
rinsed three times with the water to be sampled.
Acidified water samples were filtered on 0.45 pm
disposable syringe filters (Chromafil, cellulose mixed
ester). They were then stored at room temperature until
their chemical analyses at the VUB (Brussels Free
University) AMGC (Analytical and Environmental
Chemistry and Geochemistry) laboratory.

2.2 Analytical Methods

Trace element analysis was carried out by ICP-SF-
MS (Inductively Coupled Plasma-Sector Field Mass
Spectrometry) (Thermo Scientific Element II). 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 used for Sr, Mo,
Cd, Cs, Pb, Bi and U; medium resolution was used for
Al, V, Cr, Ni, Cu, Zn, Mn, Fe, Co; high resolution was
used for As. Rhodium (1 ppb) was used as internal
standard in all resolutions. Standard solutions were
prepared from multielement standard solutions and
single element standard solutions. Blanks, standards
and QC (Quality Control) samples were reanalyzed
throughout the procedures. The reference material SW-
1 (SPS) was used as QC sample.

2.3 Statistical Analysis

Statistical analysis of the data was performed using
R statistical software before being archived by Excel
and Excelstat. With R statistical software, mean PTE
concentrations and standard deviations of groundwater
and surface water in Ruashi and Annexe municipalities

were computed. The R statistical software is an open
source of statistics and a data treatment software
supported by R Foundation for Statistical Computing.
It is part of the GNU package. GNU is a free software
distributed according to the terms of general public
GNU license available under GNU/Linex, FreeBSD,
NetBSD, OpenBSD, MasOS X and Microsoft
Windows. The R project was born in 1993 as an
Auckland University (New Zealand) research project
by Ross Ihaka and Robert Gentleman. In September
2020, R software was ranked 9th by TIOBE Index
issued by TIOBE Software BV based in Eindhoven
(Netherlands) which classifies software programming
languages and measures their popularity.

For the statistical analysis in the current study, the
4.4.1 version of R software issued on 14 June 2024 was
used.

3. Results and Discussion

The results of chemical analyses of the water
samples indicate the presence of twenty PTEs detected
at various concentrations in all the analyzed samples.
The twenty PTEs include aluminum (Al), arsenic (As),
barium (Ba), bismuth (Bi), cadmium (Cd), cesium (Cs),
chromium (Cr), cobalt (Co), copper (Cu), iron (Fe),
lead (Pb), manganese (Mn), molybdenum (Mo), nickel
(Ni), strontium (Sr), thallium (TI), tungsten (W),
uranium (U), vanadium (V) and zinc (Zn) (Table 1;
Figs. 2-20). The PTE concentrations were compared
with drinking water standards set by the EU [28], the
USEPA [29] and the WHO [30] (Table 2).

Among the twenty PTEs found in water in this study,
five of them including Bi, Cs, Co, W and V are the only
ones for which the above international institutions have
not set any maximum contaminant limit nor health
advisory for drinking water. Concentrations of those
PTEs in Kipushi and Lupoto waters respectively ranged
from 0 to 0.019 /L and 0.003 to 0.017 /L with the
highest mean concentrations of 0.01 pg/L in 7MWK



Table1 Concentrations of PTEs in groundwater, surface water and tap water (pg/L) in Kipushi mining town and in Lupoto locality.

No. samples Sample Sr Mo Cd Cs Ba W TI Pb Bi U Al \Y Cr Mn Fe Co Ni Cu Zn As
&valuetype code (po/L)  (o/b) (po/b) (po/l) (uo/L)  (o/b) (uoil) (uoll)  (uo/l) (o/b) (o/L)  (uoib) (uoil) (uo/l) (uo/l) (/) (uo/b) (uo/l)  (Loib) (/L)
Conc. range  1THWL 4.868- 0.007- 0.059- 0.027- 37.696- 0.154- 0.007- 0.873- 0.003- 0.07- 84.903- 0.35- 0.284- 35.907- 173.333- 6.936- 1.864- 100.81- 12.349- 0.067-
-fang 4.893 0.009 0.065 0.028 37.825 0.161 0.008 1.207 0.003 0.76 90.251 0.363 0.353 40.203 186.027 7.524 2,508 10546 16.81 0.074
((:l(\)ln:CZ) Mean 1IHWL 4.881 0.008 0.062 0.028 37.761 0.158 0.008 1.04 0.003 0.073 87.577 0.357 0.319 38.055 179.68 7.23 2.186 103.135 14.58 0.071
SD 1IHWL 0.018 0.001 0.004 0.001 0.091 0.005 0.001 0.236 0.0 0.004 3.782 0.009 0.049 3.038 8.976 0.416 0.455 3.288 3.154 0.005
Conc. range . 2HWL 10.451- 0.008- 0.061- 0.033- 80.866- 0.102- 0.01- 1.279- 0.003- 0.047- 67.269- 0.348- 0.481- 71.266- 163.926- 26.262- 7.597- 163.447- 25.975-  0.131-
-rang 13,551 0.013 0.096 0.038 81.819 0.175 0.011 1.689 0.007 0.052 68.389 0.369 0.766 89.659 190.494 31.613 8.468 180.855 48.128 0.151
g;ln:cZ) Mean 2HWL 12,001 0.011 0.079 0.036 81.343 0.139 0.011 1.484 0.005 0.05 67.829 0.359 0.624 80.463 177.21  28.938 8.033 172.151 37.052 0.141
SD 2HWL 2.192 0.004 0.025 0.004 0.674 0.052 0.001 0.29 0.003 0.004 0.792 0.015 0.202 13.006 18.786 3.784 0.616 12.309 15.665 0.014
Conc. range  3DWL 27.218- 0.051- 0.09- 0.009- 14.577- 0.454- 0.002- 2.529- 0.008- 0.025- 67.356- 0.636- 2.014- 8.026- 59.772- 1.94- 4.65- 51.089- 57.701- 0.379-
-fang 31.061 0.097 0.138 0.018 22.833 0.455 0.005 4.495 0.017 0.038 138.328 0.782 2.831 18.521 99.48 3.682 9.428 89.318 113.901 0.437
((:l(\)ln:CZ) Mean 3DWL 29.14 0.074 0.114 0.014 18.705 0.455 0.004 3.512 0.013 0.032 102.842 0.709 2.423 13.274 79.626 2.811 7.039 70.204 85.801 0.408
SD 3DWL 2.717 0.033 0.034 0.006 5.838 0.001 0.002 1.39 0.006 0.009 50.185 0.103 0.578 7.421 28.078 1232 3379 27.032 39.739 0.041
Conc. range 4ADWL 20.822- 0.043- 0.03- 0.009- 10.633- 0.226- 0.001- 1.587- 0.003- 0.027- 29.891- 0.369- 2.032- 9.343- 310.255- 1.467- 7.248- 32.394- 19.093- 0.18-
-rang 21.288 0.066 0.073 0.01 11.122 304 0.002 2.945 0.007 0.038 34.783 0.376 3.164 9.812 349.389 2.288 7.408 55.153 31.095 0.183
g;ln:cZ) Mean 4DWL 21.055 0.055 0.052 0.01 10.878 0.265 0.002 2.266 0.005 0.033 32.337 0.373 2598 9.578 329.822 1.878 7.328 43.774 25.094 0.182
SD 4DWL 0.33 0.016 0.03  0.001 0.346 0.055 0.001 0.96 0.003 0.008 3.459 0.005 0.8 0.332 27672 0581 0.113 16.093 8.487 0.002
Conc. range  SHWL 3.489- 0.009- 0.04- 0.04- 8.648- 0.094- 0.005- 1.34- 0.004- 0.052- 242.571- 0.679- 0.382- 12.006- 103.574- 1.376- 2.066- 67.504- 20.899- 0.069-
-fang 4.768 0.009 0.059 0.76 12.199 0.158 0.009 3.275 0.006 0.109 618.599 1.688 0.897 25.624 308.002 3.418 2.813 73.122 28.655 0.174
((:l(\)ln:CZ) Mean 5HWL 4.129 0.009 0.05 0,4 10.424 0.126 0.007 2.308 0.005 0.081 430.585 1.184 0.64 18.815 205.788 2.397 2.44 70.313 24.772 0.122
SD 5HWL 0.904 0.0 0.013 0.509 2511 0.045 0003 1.368 0.001 0.04 265.892 0.713 0.364 9.629 144552 1.444 0528 3.973 5.491 0.074
Conc. range . 6RWL 81.021- 0.067- 0.079- 0.017- 37.936- 0.183- 0.003- 1.932- 0.004- 0.22- 132.896- 1.292- 0.758- 27.124- 424.183- 1.857- 1.882- 48.946- 21.679- 1.13-
-rang 81.674 0.08 0.115 0.017 39.715 0.264 0.003 2.247 0.006 0.223 158.842 1.407 0.861 36.06 544931 1873 2715 56.505 29.88 1.217
g;,ln:CZ) Mean 6RWL 81.348 0.074 0.097 0.017 38.826 0.224 0.003 2.09 0.005 0.222 145869 1.35 0.81 31.592 484557 1.865 2299 52726 25.78 1.174
SD 6RWL 0.462 0.009 0.025 0 1.258 0.057 0 0.223 0.001 0.002 18347 0.081 0.073 6.319 85382 0.011 0589 5.345 5.799 0.062
No. samples Sample Sr Mo Cd Cs Ba W TI Pb Bi U Al \Y Cr Mn Fe Co Ni Cu Zn As
&valuetype code (pg/L)  (Lo/L) (Lo/L) (po/L) (/L)  (Lo/L) (eo/b) (po/l)  (po/L) (o/L) (o/ll)  (olb) (uolL) (/b)) (po/l) (/) (o) (po/l) - (loil) (Ho/L)
Conc. range 1SWK 134.873- 0.04- 0.195- 0.068- 67.178- 0.034- 0.001- 0.497- 0.001- 0.576- 241.306- 0.321- 0.339- 0.582- 10.062- 0.114- 0.361- 5.344- 82.616- 0.166-
- fang 155.478 0.076 0.33  0.091 80.931 0.301 0.003 3.923 0.01 0.814 311.773 0432 0.75 3.076 49.768 0.709 2.6 53.798 249.791 8.678
g(\)ln=cG) Mean 1SWK 143.216 0.057 0.242 0.076 72.308 0.113 0.002 1.434 0.004 0.67 276,54 0.369 0.498 1773 29.21 0.387 1.027 19.621 133.866 1.624
SD 1SWK 8.772 0.016 0.065 0.01 5.961 0.115 0.001 1.441 0.004 0.095 49.828 0.048 0.19 1.115 13339 0269 0.985 21.196 70.886 3.456
Conc. range  2DWK 33.019- 0.009- 0.15- 0.8- 24.018- 0.015- 0.012- 0.525- 0.001- 0.068- 208.38- 0.141- 0.393- 1.662- 6.977- 0.189- 6.164- 3.065- 33.681-  0.248-
-fang 42154 0.18 0.584 0.984 33.527 1.105 0.017 9.979 0.012 0.204 425.063 0.45 1.899 11.076 153.048 3.783 10.349 55.24 150.027  0.646
(N =8) Mean 2DWK 35.754 0.043 0.29 0.896 28.191 0.269 0.014 2.154 0.003 0.125 316.722 0.209 0.71 3.344 47411 0.72 7.582 16.244 61433 0.377

conc.
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SD

Conc. range
(N=6)
Mean conc.
SD

Conc. range
(N=6)
Mean conc.
SD

Conc. range
(N=4)
Mean conc.
SD

Conc. range
(N=8)
Mean conc.
SD

Conc. range
(N=4)
Mean conc.
SD

2DWK
3DWK

3DWK
3DWK
4DWK

4DWK
4DWK
5HWK
S5HWK
5HWK
6HWK
6HWK
6HWK
TMWK

TMWK

2.856

6.926-
127.236

87.573

59.659

62.221-
79.488

69.268

7.844

8.321-
15.437

11.78

3.829

8.217-
19.838

13.424

4.666

494.183-
607.049

553.456

0.057 0.151
0.027- 0.6-

TMWK 61.311

0.194
0.126

0.072

0.021-
0.076

0.053

0.022

0.02-
0.079

0.041

0.027

0.005-
0.255

0.05

0.083

3.121-
7.849

6.361
2.21

1.205
0.862

0.268

0.021-
0.149

0.06

0.051

0.215-
0.315

0.254

0.043

0.074-
0.265

0.183

0.08

23.917-
66.378

44772
24

0.064

0.018-
0.593

0.197

0.277

0.132-
0.244

0.164

0.047

0.007-
0.019

0.013

0.006

0.005-
0.066

0.022

0.022

0.888-
0.93

0.909

3.167

3.676-
54.945

19.887

25.004

6.952-
9.459

7.999

0.984

61.466-
72.097

66.441

5.705

12.695-
105.507

49.499

40.962

56.771-
59.396

58.259

0.018 1.152

0.46

0.008-
0.335

0.111

0.131

0.007-
0.149

0.056

0.061

0.04-
0.125

0.085

0.046

0.007-
0.164

0.047

0.053

0.105-
0.718

0.449
0.278

0.002

0.008-
0.024

0.013

0.008

0.003-
0.006

0.004

0.001

0.002-
0.007

0.004

0.003

0.001-
0.017

0.007

0.007

0.006-
0.06

0.043
0.025

3.189

0.85-
5.393

2.171

1.902

0.26-
3.625

1.47

1.434

1.252-
2.022

1.633

0.372

0.283-
4.525

1.858

1.627

23.488-
221.117

122.288
114.049

0.004 0.042 153.218
0.001- 0.277- 852.09-

0.018 2.317
0.006 1.607

0.007 0.996
0.001- 1.452-

0.01
0.004

0.004

0.001-
0.01

0.005
0.004

0-
0.007

0.002

0.002

0.004-
0.019

0.01

2.431
1.941

0.335

0.11-
0.376

0.196

0.122

0.036-
0.228

0.098

0.066

3.372-
6.311

4.715

0.006 1.534

930.188
891.139

55.224

294.977-
614.781

454.879

226.136

589.062-
614.951

602.007

18.306

419.131-
464.401

440.766

33.425

320.272-
416.583

368.428
68.102

0.1

0.508-
0.726

0.556

0.084

0.505-
1.271

0.728

0.326

0.084-
0.68

0.381

0.341

0.015-
0.658

0.39

0.251

0.697-
3.933

1.962
1.568

0.515

0.111-
0.734

0.403

0.312

0.067-
0.658

0.257

0.232

0.262-
0.818

0.515

0.289

0.203-
0.778

0.426

0.172

0.498-
2.078

1.219
0.807

3.16

3.578-
77.647

26.765

34.306

0.638-
4.932

1.959

1.749

28.434-
79.51

53.066

28.267

2.699-
76.373

26.614

30.44

30.338-
99.249

64.83
39.483

45.283

14.712-
280.681

93.435

117.176

7.815-
125.18

44.016

46.208

21.426-
246.214

133.021

126.342

31.387-
3377.455

807.718

1,112.272

889.961-
8,335.139

4,262.883
3,907.836

1.244

0.153-
8.647

2.634

3.808

0.113-
2.726

0.695

1.023

8.072-
12.783

10.302

2.516

0.843-
13.49

4.245

5.184

10.697-
17.121

13.94
3.526

1.28

0.284-
13.788

4.72

6.712

0.427-
1.381

0.73

0.381

8.332-
12.64

10.376

2.287

1.371-
12.688

4.843

4.726

3.345-
5.649

4,573
1,186

22.483

17.015-
65.13

32.515

19.341

2.052-
26.307

8.427

9.443

16.205-
21.113

18.486

2.02

4.058-
18.858

13.526

6.083

139.756-
996.934

561.549

39.484 0.139
70.724- 0.891-
156.137  2.03
108.889  1.602
32.375 0.457
249.067- 0.444-
607.926  0.577
429.326  0.489
152.905  0.049
28.12- 0.118-
64.649 0.291
48.015 0.206
15.72 0.084
24.972- 0.162-
115586  5.251
62.376 1.095
30.413 1.796

3,169.971- 9.476-
8,732.116 43.62

5,908.233 22.883

485.937 3,148.506 16.504

DWL: drilled water well in Lupoto; HWL: hand-sunk water well in Lupoto; DWK: drilled water well in Kipushi; HWK: hand-sunk water well in Kipushi; MWK: Kipushi mine
effluent/waste water; N samples: number of samples; RWL.: Kipopo River water in Lupoto; SD: standard deviation; SWK: supplied tap water in Kipushi town.

Table 2 PTEs acceptable maximum contaminant levels and indicator parameters or health advisories set by the EU, USEPA, and WHO standards for drinking water.

V'?I;'t';'r"”g \?\,;Ttgl:mg Mo Cc C Ba W T Pb B U A V C Mr Fe Co N Cu 2zn  As
water WAl (i) (i) (/D) (/D) (D) (/L) (L) (LoD (LD (bTL) (bBTL) (B/L) (L) (L) (HOUL) (/D) (/D) (RO (D) (bl
2020 EU mg:;zr& ND ND 5 ND ND ND ND 5 ND 30 200 ND 50 50 50* ND 20 2000 ND 10
2018 MCLs & 50-

USEPA it Ady 4000 405 5 ND 2000 ND 2 15 ND 30 oo, ND 100 3004 300 ND  100** 1300 2,000** 10
\2,\%'70 MCLs ND ND 3 ND ND ND ND 10 ND 30 ND ND 50 5 ND ND 70 2000 ND 10

*: Drinking Water Indicator Parameters set by the European Union; **: Drinking Water Health Advisories set by the United States Environmental Protection Agency; EU: European
Union; Hth Adv: Health Advisories; Ind Par: Indicator Parameters; MCLs: Drinking water acceptable maximum contaminant levels; ND: non-available data; USEPA: United States
Environment Protection Agency; WHO: World Health Organization.
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and 0.013 pg/L in 3DWL for Bi, from 0.005 to 0.93
/L and 0.009 to 0.76 pg/L with the highest mean
concentrations of 0.909 g/L in 7MWK and 0.4 pg/L
in SHWL for Cs, from 0.113 to 17.121 jg/L and 1.376
to 31.613 g/L with the highest mean concentrations of
13.94 /L in 7MWK and 28.938 in 2HWL g/L for
Co, from 0.007 to 1.105 pg/L and 0.094 to 0.455 Lg/L
with the highest mean concentrations of 0.449 g/L in
7MWK and 0.455 pg/L in 3DWL for W, and from
0.015 to 3.933 /L and 0.348 to 1.688 /L with the
highest mean concentrations of 1.962 pg/L in TMWK
and 1.35 /L in 6RWL for V (Table 1; Figs. 4, 8, 10,
13, 16, and 19). Despite their low concentrations, these
PTEs might be detrimental to the health of people who use
that contaminated water due to possible bioaccumulation
and biomagnification of those metals by human organs.
Even Co which is known to be among the essential
trace elements for normal body function at very low
concentrations, the toxicity of this metal in humans has
been noted [31]. Guo et al. [19] have reported on the
changes of essential trace elements in residents from e-
waste site and the relationships between elements and
hormones of the HPT (Hypothalamic-Pituitary-Thyroid)
axis. Other researchers have reported on Bi toxicity
[32-35], W toxicity [36, 37] and V neurotoxicity [9].

Symptoms of decreased appetite, nausea, diarrhea,
and cardiac arrhythmia have been associated with
consumption of Cs chloride [38-42].

For PTEs such as Al, As, Ba, Cd, Cr, Cu, Fe, Mn,
Mo, Ni, Pb, Sr, Tl, U, and Zn, MCLs (Maximum
Contaminant Levels) and health advisories/indicator
parameters have been determined by various international
standards for drinking water (Table 2). Some of these
PTEs, such as Ba, Cr, Cu, Mo, Ni, Sr, Tl and U had
much lower mean concentrations in water than their
respective  MCLs or health advisories/indicator
parameters at all the sampling sites in both Kipushi
town and Lupoto locality (Tables 1 and 2). The other
PTEs, including Al, As, Cd, Fe, Mn, Pb and Zn had
mean concentrations much higher than their respective
MCLs or health advisories in water samples from some

sampling sites in both localities (Tables 1 and 2).

In Kipushi town, the highest concentrations of As,
Cd and Pb were respectively 8.678 /L, 0.33 /L and
3.923 /L in water samples from water supply tap,
2.05 pg/L, 1.205 /L and 9.979 /L in water samples
from drilled water wells, 8.151 /L, 0.315 pg/L and
2.022 o/l in water samples from spade-sunk water
well, and 43.62 g/L, 66.78 po/L and 221.117 po/L in
water samples from Kipushi mine effluent (Table 1;
Figs. 2, 4, 5, 12, 13, and 15, 16). The highest mean
concentrations of these PTEs (As, Cd and Pb) were
respectively 1.624 Lg/L, 0.242 |g/L and 1.434 /L in
water samples from water supply tap, 2.05 pg/L, 1.205
/L and 2.154 g/l in water samples from drilled
water wells, 8.151 pg/L, 0.315 pg/L and 2.022 pg/L in
water samples from spade-sunk water well, and 22.883
Lo/L, 44.772 o/l and 122.288 /L in water samples
from Kipushi mine effluent. The highest concentrations
of Al, Fe, Mn and Zn were respectively 311.773 Lg/L,
49.763 o/L, 3.076 po/L and 249.791 pg/L in water
samples from the water supply tap, 930.188 /L,
3,377.455 /L, 77.647 pg/L and 607.926 Lo/l in
water samples from the drilled water wells, 614.951
o/L, 246.214 1g/L, 79.51 Lo/l and 64.649 Lg/L in
water samples from the spade-sunk water well, and
416.583 /L, 8,335.139 po/L, 99.249 g/L and
8,732.116 po/L in water samples from the Kipushi
mine effluent. And the highest mean concentrations of
Al, Fe, Mn and Zn were respectively 276.54 g/L,
29.21 /L, 1.773 o/l and 133.866 pg/L in water
samples from the water supply tap, 891.139 /L,
807.718 o/L, 26.765 pg/L and 429.326 Lg/L in water
samples from the drilled water wells, 602.007 Lo/L,
133.021 po/L, 53.066 po/L and 48.015 g/L in water
samples from the spade-sunk water well, and 368.428
/L, 4,262.883 Lo/L, 64.83 1g/L and 5,908.233 Lo/L
in water samples from the Kipushi mine effluent (Table
1; Figs. 3,5, 12, 14, 15, and 17). Kipushi mine effluent
water had very high mean concentrations of Al, As, Cd,
Fe, Mn, Pb, and Zn and was thus the most polluted
water in Kipushi town (Table 1).
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Fig. 2 Mean concentrations of all PTEs detected in water
samples (lo/L) from drilled water wells in Kipushi town and
Lupoto locality.

Fig. 5 Mean concentrations of all PTEs detected in water
samples (/L) from Kipushi mine effluent in Kipushi town
and Kipopo river in Lupoto locality.
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Fig. 6 Mean concentrations of all PTEs detected in water
samples (po/L) from spade-sunk water wells in Kipushi town
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Fig. 7 High mean concentrations of various PTEs in water
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106 Potentially Toxic Element Contamination of Groundwater, Surface Water and Tap Water in Kipushi
Town and Lupoto Locality, Southeastern Democratic Republic of Congo

2.5

05 ol Lon_M_ s I

Mo Cd Cs W Tl Pb Bi U V Cr As

PTE concentration in water (ng/L)

PTE and, wateg sample - sampling $itg ¢

350

TN

0
Mn Fe Cu Zn
m3DWL ®m4DWL ®1SWK
PTE and water sample - sampling site code

o

PTE concentration in water (Jg/L)

Fig. 8 Low mean concentrations of various PTEs in water
samples (/L) from spade-sunk water wells in Kipushi town
and Lupoto locality.

Fig. 11 High mean concentrations of various PTEs in water
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Fig. 12 Mean concentrations of all PTEs detected in water
samples (Lo/L) from water supply tap and drilled water wells
in Kipushi town.
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samples (Lo/L) from water supply tap and drilled water wells
in Kipushi town.
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Fig. 17 High mean concentrations of various PTEs in water
samples (pg/L) from water supply tap and spade-sunk water
wells in Kipushi town.

700
g 600
2 =00
3
©
g 400
o
‘= 300
S
g 200
c
()
g 100 l l l
'LI_L_l> 0 7—7I 77777 __j . —_—
o Sr Cd Ba Tl Bi Al Cr Fe Ni Zn

m1SWK m5HWK
PTE and water sample - sampling site code

450
400
350
300
250
200
150

1§§ N i 1]“ .

Sr Cd Ba Tl Bi Al Cr Fe Ni Zn
m1SWK m®mI1HWL m®m2HWL m5HWL
PTE and water sample - sampling site code

PTE concentration in water (Jg/L)

Fig. 15 Mean concentrations of all PTEs detected in water
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Fig. 18 Mean concentrations of all PTEs detected in water
samples (pg/L) from water supply tap in Kipushi town and
from spade-sunk water wells in Lupoto locality.
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Fig. 16 Low mean concentrations of various PTEs in water
samples (po/L) from water supply tap and spade-sunk water
wells in Kipushi town.

Fig. 19 Low mean concentrations of various PTEs in water
samples (po/L) from water supply tap in Kipushi town and
from spade-sunk water wells in Lupoto locality.
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In Lupoto locality, the mean concentrations of As,
Ba, Cd, Cr, Cu, Mo, Ni, Pb, Sr, Tl, U and Zn in all the
water samples were respectively lower than their
respective MCLs or health advisories (Tables 1 and 2;
Figs. 2-11, 18-20). Mean concentrations of Fe in water
samples from all the sampling sites were higher than
the indicator parameter of 50 pg/L set by the EU
(European Union) [28], with the highest concentrations
and the highest mean concentrations of 349.389 pg/L
and 329.822 pg/L in water samples collected from
drilled water well 4ADWL, 308.002 pg/L and 205.788
/L in water samples from spade-sunk water well
5HWL, and 544.931 /L and 484.557 Lg/L in water
samples from Kipopo river 6RWL. The concentrations
of Al and Mn were higher than their respective EU
indicator parameter and MCL of 200 pg/L and 50 g/L,
with the highest concentrations of 618.599 g/L in
spade-sunk water well SHWL and 89.659 pg/L in
spade-sunk water well 2HWL, and their highest mean
concentrations were 430.585 pg/L and 80.463 Lo/L,
respectively (Tables 1 and 2). Many scientists among
whom Guo et al. [43], and Wylie and Short [44] have
noted that Mn is both a trace element and a heavy metal,
and it is essential for brain development in appropriate
doses; however, overexposure is toxic to health and
development. They added that developing fetus and
children are more susceptible than adults to Mn

dysfunction in an inverted U-shaped relationship where
both inadequate and excessive Mn status could induce
developmental neurotoxicity. According to these
scientists, humans acquire adequate amounts of Mn
from nutritional sources, with toxicity tending to occur
through contaminated air, water, and soil/foods or through
occupational hazards, including metal processing.

Despite the low concentrations of As, Ba, Cd, Cr, Cu,
Mo, Ni, Pb, Sr, Tl, U, Zn and some other PTEs in the
water samples collected from water supply tap, drilled
wells, spade-sunk water wells and Kipopo river (Table
1; Figs. 2, 4-6, 8-10, 12, 13, 15, 16, 18, 19), people in
Kipushi town and Lupoto locality who use those waters
to meet their drinking, cooking and bathing needs are
at risk for their health. The highest mean concentrations
of As and Pb in the waters used by the population of
Kipushi town and Lupoto locality to meet their water
needs were much lower than those respectively
reported for similar water in Kinsevere (2.707 pg/L in
8EPF and 5.181 pg/L in 3EPF, respectively) [6]. The
highest mean concentrations of both PTE in similar
water in Katuba and Kenya municipalities of
Lubumbashi city were 21.262 pg/L in 6EPA and
19.752 g/L in 15EPA, respectively in Katuba
municipality, and 7.275 pg/L in 1EPA and 13.58 pg/L
in 3EPA, respectively in Kenya municipality [5]. In
Lubumbashi and Kampemba municipalities of
Lubumbashi city, the highest mean As and Pb
concentrations in similar water (9.367 pg/L in 17EPF
and 8.399 /L in 6EPA, respectively) in Lubumbashi
municipality and (2.55 pg/L in 3EPA and 1.679 pg/L
in 3EPA, respectively) in Kampemba municipality [4]
were respectively higher than those noted in similar
water in Kipushi town and Lupoto locality.

The highest mean concentration of Cd in water
consumed by the population in Kipushi town was much
elevated than that (0.63 pg/L in 4EPF) reported for
similar water in Kinsevere but that of Cr was lower than
the 0.835 g/L in 10EPF noted for similar water in
Kinsevere [6]. The highest mean concentration of Cd in
water consumed by people in Kipushi town was lower
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than that (29.416 pg/L in 11EPA) noted in similar
water in Katuba municipality but the Cr concentration
found in similar water in Kipushi town was higher than
that (0.684 |g/L in 6EPA) reported for similar water in
Kenya municipality [5]. Also, the highest mean
concentrations of Cd and Cr found in water consumed
by people in Kipushi town were lower than those (9.367
/L in 17EPF) and (0.99 po/L in 27EPA) noted in
similar water in Lubumbashi municipality, and those
(39.01 /L in 1EPF) and (1.142 pg/L in 1EPF) noted
in similar water in Kampemba municipality, but the Cr
concentration found in similar water in Kipushi town
was higher than that (0.684 Lg/L in 6EPA) reported for
similar water in Kenya municipality [4]. The highest
mean Cd concentration in water used by the population
to meet their water needs in Kipushi town was lower
than that (14.751 /L in 2EPF) noted in similar water
in Kamalondo municipality but that of Cr in Kipushi
town was higher than the highest mean Cr concentration
(0.47 o/l in 2EPF) reported for similar water in
Kamalondo municipality [4]. For Ni and U, the respective
highest mean concentrations in water consumed by
people in Kipushi town (10.302 pg/L in 5SHWK and
1.941 pg/L in ADWK) were higher than those (5.493
o/l in 3EPF and 1.084 po/L in 2EPF) respectively
reported for similar water in Kinsevere [6], those (7.784
o/l in 15EPF and 1.554 Lg/L in 3EPA) respectively
reported for similar water in Lubumbashi municipality,
and those (8.402 pg/L in 2EPF and 0.398 po/L in 3EPA)
respectively reported for similar water in Kampemba
municipality [4]. However, the Ni highest mean
concentration in Kipushi town water was lower than that
(57.505 po/L in 2EPF) noted in similar water in Kamalondo
municipality but the highest mean concentration of U
in Kipushi town water was higher than that (0.898 g/L
in 2EPF) in similar water in Kamalondo municipality
[4]. The Ni highest mean concentration found in
Kipushi town water was higher than that (9.502 pg/L in
11EPA) noted in similar water in Katuba municipality
but the U highest mean concentrations in water
consumed in Kipushi town and Lupoto locality water

were much lower than that (9.672 pg/L in 5EPA)
reported for similar water in Katuba municipality [5].
Also, the respective highest mean concentrations of Ni
and U in water in Kipushi town and Lupoto locality
were much lower than those (101.733 pg/L in 6EPA
and 8.237 pg/L in 6EPA) respectively noted in similar
water in Kenya municipality [5].

Some of the highest concentrations and mean
concentrations of Al, As, Cd, Fe, Mn, Pb, and Zn found
in waters in Kipushi town and Lupoto locality were
more elevated than their respective MCLs and indicator
parameters/health advisories set for drinking water by
the EU [28], the USEPA [29] and the WHO [30]. PTE
contamination of groundwater in both localities might
be a result of natural and anthropogenic activities.
Kurwadkar et al. [45] have reported that groundwater
pollution is a result of natural and anthropogenic
activities, and that while the elevated levels of various
inorganic constituents could be attributed to natural
processes, such as geological weathering and aquifer
characteristics, many times, anthropogenic activities
also substantially pollute the groundwater. According
to the same researchers, extensive groundwater mining,
the hydraulic connection between groundwater and
other surface water bodies, and leaching underground
buried infrastructure also contribute to groundwater
quality. The PTE contamination of groundwater,
surface water and tap water in Kipushi town and
Lupoto locality might be due to interaction between
rock and groundwater, to atmospheric deposition, and
mainly to anthropogenic activities, such as mining and
ore processing activities in both localities.

4. Conclusion

PTE contamination of water in Kipushi town and
Lupoto locality of the Kipushi administrative territory
in the Upper-Katanga province was assessed in order to
find out the chemical quality of that water and to know
whether the water could present any threat to the health
of inhabitants of both localities. Fifty four water
samples collected in both localities from tap water, six
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drilled water wells, four spade-sunk water wells, Kipopo
river in Lupoto and Kipushi mine effluent/waste water
were analyzed for their PTE contents by using ICP-SF-
MS. Twenty PTEs including aluminum, arsenic,
barium, bismuth, cadmium, cesium, chromium, cobalt,
copper, iron, lead, manganese, molybdenum, nickel,
strontium, thallium, tungsten, uranium, vanadium and
zinc were detected at various concentrations in each one
of the water samples. Some of the water samples had
mean concentrations of PTE, such as arsenic, aluminum,
cadmium, iron, lead, manganese and zinc, higher than
the respective PTE acceptable limits and indicator
parameters/health advisories set for drinking water by
international standards. Most PTEs being deleterious to
human health even at very low concentrations, people
who use the groundwater and surface water to meet
their water needs in both localities are at risk.

Authors suggest that the provincial and national
Governments strictly implement the Congolese Mining
Rules to require that the owner of Kipushi mining and
ore processing company treat the PTE polluted mine
effluent in order to reduce PTE content of the waste
water before releasing it into the nature. The national
Government should also substantially finance
REGIDESO, the Congolese water supply company to
allow it to provide suitable drinking water to all
inhabitants of Kipushi town and Lupoto locality.
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