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Abstract: Groundwater and surface water contamination by PTE (Potentially Toxic Elements) was assessed in Ruashi and Annexe 

municipalities of Lubumbashi city. Analyses of seventy water samples collected from six drilled wells, eight spade-sunk wells, one 

river and one spring in both municipalities in 2017 and 2018 were carried out 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 PTEs, such as aluminum, 

cadmium, copper, iron, lead, manganese, nickel 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 and surface 

water to meet their water needs in both Ruashi and Annexe municipalities are at risk.  
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1. Introduction  

In most parts of the developing countries, many 

people use groundwater and surface water to meet their 

water needs for drinking, cooking, bathing and watering 

their plants. In DRC (Democratic Republic of Congo), 

the national company (REGIDESO) that provides 

drinking water to most urban and peri-urban inhabitants 

and to some rural inhabitants is not able to meet the 

needs of all its customers [1]. Thus, some people have 

to find a solution to their water needs by hand sinking 

themselves a water well in their respective parcels or 

by paying a specialized company to drill it for them. 
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Unfortunately, groundwater as well as surface water is 

often contaminated with various chemical contaminants 

such as PTEs (Potentially Toxic Elements). 

PTE contamination of surface water and sediments 

of various rivers and springs in Lubumbashi city and its 

neighborhoods has been documented [2-5] and that of 

groundwater also has been reported [6-9]. The water 

and sediment contamination has been attributed mainly 

to industrial and artisanal mining, ore processing and to 

mismanagement of urbanization and urban waste. 

Water contamination in Lubumbashi and other parts of 

the Upper-Katanga province has also been recognized 

to represent a health risk for the people that use that 
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water to meet their water needs and many researchers 

have reported on adverse health effects of PTE on 

people in Lubumbashi city and its neighborhoods [10-

16]. Other researchers have also reported on human 

health effects of various PTEs elsewhere in the world 

[17-24]. No study on PTE contamination of water in 

Annexe and Ruashi municipalities had been carried out 

so far. Thus, it was worth finding out whether that water 

consumed by inhabitants of both municipalities is PTE 

free or not.  

The aim of the present study was to assess PTE 

contamination of groundwater, spring and stream 

water in Annexe and Ruashi municipalities of 

Lubumbashi city in order to find out the chemical 

quality of that water and to know whether the water 

presents any threat to the health of inhabitants of both 

municipalities.  

2. Material and Methods 

2.1 Study Area, Sampling Campaigns and Sample 

Pretreatment 

Lubumbashi, the capital city of the Upper-Katanga 

province in the southeastern DRC is located between 

the longitude of 27°29′00″ East and the latitude of 

11°40′11″ at the altitude of 1,230 m. The city has seven 

administrative municipalities, including Annexe, 

Kamalondo, Kampemba, Katuba, Kenya, Lubumbashi 

and Ruashi. The Ruashi municipality is located in the 

northeastern part of Lubumbashi city and the Annexe 

municipality is peri-urban and it surrounds the other six 

municipalities. In 2023, the total population of Lubumbashi 

city was estimated to 2,988,200 inhabitants [25]. With 

its area of 747 km2, the city had thus a population 

density of 4,000 inhabitants/km2. In the same time 

period (2023), the population of Ruashi municipality 

was estimated to 531,221 inhabitants [25] and that of 

Annexe municipality to 958,617 inhabitants [25].  

In both Ruashi and Annexe municipalities, water 

samples were collected once a month from eight spade-

sunk water wells, six drilled water wells, one spring and 

one stream in September, October and November 2017, 

and in February and March 2018. At each sampling 

campaign, two water subsamples were collected from 

each sampling site. A total of seventy samples were 

collected and Fig. 1 illustrates the map of the sampling 

sites. The water samples were collected in 100 mL 

polyethylene plastic bottles and acidified with a few 

drops of concentrated hydrochloric acid. The plastic 

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 µm 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 Fast autosampler, 

PFA-ST 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 reanalysed 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  
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Fig. 1  Map of the water sampling sites in Annexe and Ruashi municipalities of Lubumbashi city. 
 

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, arsenic, barium, 

bismuth, cadmium, cesium, chromium, cobalt, copper, 

iron, lead, manganese, molybdenum, nickel, strontium, 

thallium, tungsten, uranium, vanadium and zinc. They 

are presented in Table 1 and illustrated in Figs. 2-12. 

The PTE concentrations were compared with drinking 

water standards set by the EU (European Union) [26], 

the USEPA (United States Environmental Protection 

Agency) [27] and the WHO (World Health 

Organization) [28] (Table 2).  

Among the twenty PTEs found in water in the 

present study, five of them including bismuth, cesium, 

cobalt, tungsten and vanadium are the only ones for 

which international institutions such as the WHO [28], 

the EU [26], the USEPA [27] or others have not yet set 

any maximum contaminant limit nor health advisory 

indicator for drinking water. Concentrations of those 

PTEs ranged from 0.000 to 1.011 µg/L with the highest 

mean concentration of 0.172 µg/L for bismuth, from 

0.006 to 0.806 µg/L with the highest mean 
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concentration of 0.701 µg/L for cesium, from 0.538 to 

434.979 µg/L with the highest mean concentration of 

214.942 µg/L for cobalt, from 0.021 to 142 µg/L with 

the highest mean concentration of 56.605 µg/L for 

tungsten, and from 0.016 to 2.674 µg/L with the highest 

mean concentration of 0.97 µg/L for vanadium (Table 

1, Figs. 2, 5 and 6, Figs. 9, and 11 and 12). Despite the 

low concentrations of these PTEs, they might be 

detrimental to the health of people who use the 

contaminated water due to possible bioaccumulation 

and biomagnification of those metals by human organs. 

Even cobalt which is known to be among the essential 

trace elements at very low concentrations for normal 

body function, the toxicity of this metal in humans has 

been reported [29]. Guo et al. [30] have reported on the 

changes of essential trace elements in residents of e-

waste site and the relationships between elements and 

hormones of the pituitary-thyroid axis. Other researchers 

have reported on bismuth toxicity [31-34], tungsten 

toxicity [35, 36] and vanadium neurotoxicity [37]. 

Cesium has been reported as being a naturally occurring 

element found combined with other elements in rocks, 

soil, and dust in low amounts [38]. Naturally occurring 

cesium is not radioactive and is referred to as stable 

cesium. There is only one stable form of cesium naturally 

present in the environment, 133Cs (read as cesium one-

thirty-three). Limited information is available regarding 

health effects following oral exposure of humans to 

stable cesium compounds. Symptoms of decreased 

appetite, nausea, diarrhea, and cardiac arrhythmia have 

been associated with consumption of cesium chloride 

[39-43]. 

For PTEs such as arsenic, barium, chromium, 

molybdenum, strontium, thallium and uranium, MCLs 

(Maximum Contaminant Levels) and health advisory 

indicators have been determined by various international 

standards for drinking water but the concentrations of 

these PTEs in water in both municipalities of 

Lubumbashi city were much lower than their respective 

MCLs. The concentrations of those PTEs in water in 

Ruashi and Annexe municipalities ranged from 0.032 

to 10.702 µg/L with the highest mean value of 3.665 

µg/L for arsenic, from 6.978 to 507.061 µg/L with the 

highest mean value of 347.241 µg/L for barium, from 

0.071 to 2.438 µg/L with the highest mean value of 

0.661 µg/L for chromium, from 0.008 to 0.809 µg/L 

with the highest mean value of 0.318 µg/L for 

molybdenum, from 2.956 to 177.564 µg/L with the 

highest mean value of 97.024 µg/L for strontium, from 

0.002 to 0.271 µg/L with the highest mean value of 

0.121 µg/L for thallium, and from 0.009 to 8.59 µg/L 

with the highest mean value of 4.237 µg/L for uranium. 

All those highest PTE concentrations were much lower 

(Table 1, Figs. 2-5, Figs. 7-10, and Fig. 12) than the 

respective MCLs and health advisory indicators of 10 

µg/L, 2,000 µg/L, 50 µg/L, 40 µg/L, 4,000 µg/L, 2 µg/L, 

and 30 µg/L set for drinking water (Table 2). 

For the other PTE including aluminum, cadmium, 

copper, iron, manganese, nickel and zinc found in 

various concentrations in water in this study, MCLs and 

health advisory indicators have also been determined 

by various international standards for drinking water 

(Table 2). In many water samples, mean concentrations 

of these PTEs were much higher than the respective 

MCLs or health advisory indicators for drinking water 

(Table 1, Figs. 4 and 5, Figs. 7-10, and Fig. 12). 

Aluminum and iron concentrations ranged from 5.732 

to 931.481 µg/L with the highest mean concentration of 

907.266 µg/L and from 1.588 to 6,458.085 µg/L with 

the highest mean concentration of 2,875.764 µg/L, 

respectively. Cadmium and lead concentrations ranged 

respectively from 0.017 to 385.265 µg/L with the 

highest mean concentration of 226.884 µg/L and from 

0.374 to 16.178 µg/L with the highest mean concentration 

of 8.835 µg/L. Copper and nickel concentrations 

ranged respectively from 3.578 to 9,856.15 µg/L with 

the highest mean concentration of 4,861.74 µg/L and 

from 0.426 to 96.881 µg/L with the highest mean 

concentration of 50.007 µg/L. Manganese concentrations 

ranged from 1.865 to 1,370.736 µg/L with the highest 

mean concentration of 895.626 µg/L and those of zinc  

ranged  from  4.567 to 49,106.13 µg/L with the highest



 

 

 

Table 1  Concentrations of PTEs in groundwater and surface water (µg/L) in Ruashi and Annexe municipalities of Lubumbashi city. 

N samples 

& conc. 

value type 

Sample 

code 

Sr  

(µg/L) 

Mo 

(µg/L) 

Cd 

(µg/L) 

Cs 

(µg/L) 

Ba  

(µg/L) 

W 

(µg/L) 

Tl 

(µg/L) 

Pb 

(µg/L) 

Bi 

(µg/L) 

U 

(µg/L) 

Al  

(µg/L) 

V  

(µg/L) 

Cr 

(µg/L) 

Mn  

(µg/L) 

Fe  

(µg/L) 

Co 

(µg/L) 

Ni 

(µg/L) 

Cu  

(µg/L) 

Zn  

(µg/L) 

As  

(µg/L) 

(N = 4) 

Conc. range 
1DWR 

7.898-

19.458 

0.021-

0.043 

0.138-

0.258 

0.044-

0.139 

95.338-

154.75 

0.044-

0.085 

0.022-

0.07 

2.262-

16.178 

0.002-

0.007 

0.027-

0.078 

37.878-

56.448 

0.029-

0.331 

0.269-

0.553 

39.894-

75.016 

146.121-

277.073 

2.883-

8.096 

4.635-

31.973 

78.884-

393.719 

60.562-

189.679 

0.104-

5.777 

(N = 4) 

Mean conc.  
1DWR 14.337 0.027 0.1748 0.09 128.405 0.0715 0.0455 8.8345 0.005 0.059 47.163 0.135 0.386 53.029 217.978 5.66 13.424 225.075 126.57 2.361 

Std. dev. 1DWR 5.963 0.011 0.056 0.052 29.338 0.019 0.027 7.038 0.002 0.023 13.131 0.134 0.121 15.481 55.487 2.747 12.859 169.316 67.798 2.764 

(N = 6) 

Conc. range 
2HWR 

4.981-

9.514 

0.012-

0.02 

0.035-

0.573 

0.157-

0.785 

133.615-

148.562 

0.053-

0.177 

0.035-

0.095 

0.478-

1.661 

0.001-

0.025 

0.039-

0.06 

195.797-

682.825 

0.016-

2.674 

0.151-

2.438 

102.835-

513.798 

43.199-

1,804.34 

7.692-

32.657 

2.759-

8.087 

9.051-

457.754 

25.752-

58.288 

0.052-

2,28 

(N = 6) 

Mean conc. 

value 

2HWR 6.597 0.015 0.186 0.29 141.003 0.086 0.051 1.718 0.006 0.084 439.311 0.513 0.661 232.368 374.844 15.805 6.843 93.088 36.621 0.781 

Std. dev. 2HWR 1.818 0.003 0.200 0.246 6.78 0.049 0.025 1.805 0.009 0.067 344.381 1.06 0.895 196.267 702.09 12.139 2.013 179.561 11.942 0.893 

(N = 6) 

Conc. range 
3RWR 

42.629-

54.103 

0.013-

0.121 

0.029-

0.164 

0.008-

0.018 

35.098-

51.891 

0.021-

0.072 

0.002-

0.006 

0.589-

3.086 

0.001-

0.014 

0.032-

0.062 

29.794-

40.249 

0.031-

0.699 

0.159-

0.312 

59.001-

157.202 

926.146-

6,458.085 

2.87-

5.08 

0.465-

2.515 

8.033-

68.167 

7.167-

36.677 

0.307-

1.306 

(N = 6) 

Mean conc.  
3RWR 48.707 0.056 0.078 0.012 45.028 0.044 0.004 1.427 0.172 0.043 35.022 0.371 0.252 102.806 2,875.764 3.926 1.142 24.388 16.269 0.846 

Std. dev. 3RWR 5.388 0.047 0.05 0.003 5.854 0.022 0.002 0.89 0.411 0.014 7.393 0.278 0.065 39.547 2,188.653 0.811 0.713 23.799 10.341 0.393 

(N = 6) 

Conc. range 
4HWR 

10.838-

18.568 

0.008-

0.02 

0.019-

0,382 

0.01-

0.047 

17.274-

30.251 

0.024-

0.076 

0.002-

0.007 

0.533-

2.939 

0.001-

0.027 

0.024-

0.085 

85.017-

185.602 

0.201-

0.845 

0.094-

0.408 

13.234-

20.268 

107.271-

577.515 

1.287-

3.849 

0.565-

4.078 

5.516-

139.122 

5.732-

50.986 

0.184-

3.358 

(N = 6) 

Mean conc.  
4HWR 14.197 0.013 0,119 0.025 23.821 0.052 0.004 1.511 0.007 0.049 135.31 0.493 0.225 16.116 249.761 2.275 1.763 42.73 20.036 0.927 

Std. dev. 4HWR 3.285 0.005 0.136 0.014 4.735 0.019 0.002 1.014 0.01 0.022 71.124 0.254 0.126 3.205 166.992 1,165 1,385 54.57 16.306 1.268 

(N = 6) 

Conc. range 
5DWR 

22.444-

177.564 

0.02-

0.387 

0.047-

9.323 

0.046-

0.271 

42.437-

133.012 

0.103-

0.185 

0.018-

0.076 

1.955-

15.353 

0.002-

0.01 

0.08-

1.205 

19.954-

21.753 

0.078-

0.793 

0.259-

0.428 

15.174-

111.131 

146.545-

5,178.246 

1.13-

13.301 

1.519-

13.207 

56.509-

297.193 

8.876-

1,419.014 

0.947-

3.105 

(N = 4) 

Mean conc.  
5DWR 97.024 0.189 2.394 0.158 80.443 0.136 0.033 6.241 0.005 0.62 21.753 0.403 0.348 54.582 1,450.537 5.095 5.658 144.428 380.234 1.971 

Std. dev. 5DWR 86.077 0.185 4.62 0.126 45.389 0.035 0.029 6.303 0.004 0.494 1.272 0.374 0.087 46.633 2,485.634 5.574 5.191 108.795 693.15 1.101 

(N = 4) 

Conc. range 
6DWR 

77.979-

87.938 

0.012-

0.058 

0.056-

385.265 

0.028-

0.09 

48.27-

329.666 

0.07-

2.508 

0.008-

0.067 

1.406-

7.604 

0.002-

0.019 

0.032-

8.59 

20.472-

76.442 

0.171-

0.308 

0.197-

0.463 

7.434-

1,370.736 

93.615-

381.78 

2.265-

434.979 

3.782-

96.881 

3,366-

9,856.15 

18.837-

4,9106.13 

0.063-

9.265 

(N = 4) 

Mean conc.  
6DWR 80.654 0.051 378.767 0.095 48.697 2.436 0.042 4.489 0.009 4.237 48.457 0.207 0.337 684.118 216.959 214.942 50.007 4,861.743 2,4196.981 3.665 

Std. dev. 6DWR 4.096 0.022 218.702 0.032 132.483 1.353 0.024 3.087 0.007 4.849 39.577 0.067 0.117 766.991 146.276 245.551 52.785 5,565.293 2,7919.643 4.445 

(N = 4) 

Conc. range 
7HWR 

11.92-

81.675 

0.009-

0.023 

0.081-

1.181 

0.022-

0.073 

25.06-

331.923 

0.063-

0.105 

0.004-

0.069 

0.549-

4.688 

0.001-

0.022 

0.036-

0.07 

34.258-

66.068 

0.234-

0.838 

0.228-

0.856 

11.258-

28.381 

85.226-

205.505 

2.031-

4.812 

1.081-

5.881 

14.881-

148.059 

17.404-

156.518 

0.123-

10.702 

(N = 4) 

Mean conc.  
7HWR 34.168 0.016 0.37 0.044 133.247 0.081 0.022 1.924 0.009 0.05 50.163 0.476 0.413 18.684 152.923 2.875 3.335 60.053 57.912 2.872 

Std. dev. 7HWR 32.644 0.006 0.541 0.024 143.67 0.021 0.031 1.871 0.009 0.016 15.905 0.291 0.298 7.414 53.861 1.313 2.366 59.77 66.332 5.223 

(N = 4) 

Conc. range 
8HWR 

4.338-

7.683 

0.008-

0.019 

0.064-

0.238 

0.025-

0.104 

22.794-

351.933 

0.077-

0.11 

0.022-

0.123 

0.7-

3.354 

0.001-

0.007 

0.08-

0.102 

52.45-

230.058 

0.344-

1.208 

0.189-

0.567 

54.574-

549.344 

1.588-

244.008 

5.084-

21.239 

1.506-

3.108 

75.5-

344.419 

18.98-

59.448 

0.078-

0.176 

(N = 4) 

Mean conc.  
8HWR 5.562 0.012 0.157 0.066 190.084 0.088 0.076 2.068 0.004 0.094 141.254 0.939 0.364 319.577 98.916 15.49 2.47 163.215 39.892 0.126 

Std. dev. 8HWR 1.473 0.005 0,083 0.038 180.02 0.015 0.055 1.192 0.003 0.01 125.588 0.406 0.159 246.888 118.64 7.415 0.689 124.581 17.595 0.044 

(N = 4) 

Conc. range 
9DWR 

4.157-

6.937 

0.01-

0.012 

0.111-

0.185 

0.302-

0.727 

78.296-

314.66 

0.134-

0.29 

0.049-

0.117 

0.565-

3.294 

0.004-

0.019 

0.032-

0.08 

28.378-

33.274 

0.117-

0.157 

0.209-

0.398 

42.427-

168.517 

36.912-

421.984 

6.809-

14.314 

7.697-

10.324 

14.207-

477.663 

48.789-

178.091 

0.09-

8.843 



 

 

(N = 4) 

Mean conc.  
9DWR 5.545 0.011 0.153 0.504 195.819 0.219 0.082 1.976 0.011 0.054 30.825 0.138 0.276 105.571 209.725 10.435 8.89 212.558 113.735 3.379 

Std. dev. 9DWR 1.502 0.001 0.031 0.23 134.138 0.066 0.036 1.274 0.006 0.025 3.463 0.02 0.088 69.393 192.263 5.657 3.595 232.157 72.183 4.191 

(N = 6) 

Conc. range 
10HWR 

6.858-

11.076 

0.01-

0.017 

0.05-

0.466 

0.591-

0.806 

308.885-

384.382 

0.232-

0.374 

0.102-

0.141 

0.597-

6.115 

0.001-

0.04 

0.064-

0.79 

883.051-

931.481 

0.051-

2.673 

0.071-

1.4 

161.874-

304.731 

16.017-

905.585 

11.379-

16.973 

7.996-

14.628 

10.237-

189.564 

35.334-

93.051 

0.032-

4.944 

(N = 4) 

Mean conc.  
10HWR 8.479 0.011 0.17 0.701 334.338 0.281 0.12 2.463 0.009 0.312 907.266 0.822 0.525 206.501 307.945 13.509 10.878 57.822 57.431 1.528 

Std. dev. 10HWR 1.938 0.003 0.154 0.095 31.726 0.052 0.018 2.462 0.016 0.298 34.245 1.143 0.581 67.238 387.526 2.49 2.69 69.861 20.144 2.05 

(N = 4) 

Conc. range 
11DWR 

19.655-

133.111 

0.016-

0.809 

0.153-

0.402 

0.032-

0.104 

96.077-

194.591 

0.048-

142 

0.011-

0.022 
0.49-3.4 0-0.003 

0.024-

0.486 

5.732-

25.874 

0.045-

0.548 

0.076-

0.483 

14.347-

29.086 

5.26-

1,004.373 

0.684-

15.806 

1.383-

4.661 

18.452-

114.297 

9.9- 

81.226 

0.994-

5.316 

(N = 4) 

Mean conc.  
11DWR 73.365 0.318 0.257 0.067 137.824 56.605 0.016 2.518 0.002 0.264 15.803 0.255 0.275 16.794 498.165 6.028 3.093 66.883 56.964 2.547 

Std. dev. 11DWR 62.001 0.375 0.105 0.04 49.569 69.409 0.005 1.366 0.002 0.252 14.243 0.251 0.183 8.656 550.476 7.086 1.394 54.37 31.971 2.021 

(N = 6) 

Conc. range 
12HWR 

4.269-

6.888 

0.007-

0.014 

0.056-

0.387 

0.02-

0.039 

211.826-

570.061 

0.057-

0.188 

0.017-

0.0271 

1.304-

3.296 

0.001-

0.015 

0.067-

0.164 

256.395-

329.715 

0.156-

1.835 

0.113-

0.657 

399.442-

1,134.871 

91.126-

518.721 

15.977-

34.658 

1.737-

3.619 

61.182-

189.818 

33.838-

74.475 

0.15-

0.206 

(N = 6) 

Mean conc.  
12HWR 5.689 0.011 0.21 0.031 347.241 0.11 0.121 2.018 0.006 0.107 293.055 0.97 0.389 677.53 308.728 24.828 2.724 113.896 51.938 0.176 

Std. dev. 12HWR 1.059 0.003 0.135 0.007 156.691 0.058 0.11 0.941 0.006 0.033 51.845 0.694 0.235 331.767 165.788 7.172 0.809 52.674 14.967 0.023 

N samples 

& conc. 

value type 

Sample 

code 

Sr  

(µg/L) 

Mo 

(µg/L) 

Cd 

(µg/L) 

Cs 

(µg/L) 

Ba 

(µg/L) 

W 

(µg/L) 

Tl 

(µg/L) 

Pb 

(µg/L) 

Bi 

(µg/L) 

U 

(µg/L) 

Al  

(µg/L) 

V 

(µg/L) 

Cr 

(µg/L) 

Mn  

(µg/L) 

Fe  

(µg/L) 

Co 

(µg/L) 

Ni 

(µg/L) 

Cu 

(µg/L) 

Zn  

(µg/L) 

As 

(µg/L) 

(N = 4) 

Conc. range 
13HWA 

2.956-

3.208 

0.014-

0.018 

0.104-

0.11 

0.018-

0.022 

8.296-

8.654 

0.067-

0.088 

0.009-

0.01 

1.091-

1.097 

0.002-

0.002 

0.039-

0.046 

68.836-

80.283 

0.267-

0.29 

0.196-

0.303 

18.817-

19.347 

114.133-

129.207 

2.18-

2.531 

1.101-

1.164 

8.686-

10.686 

16.66-

17.342 

0.113-

0.121 

(N = 4) 

Mean conc.  
13HWA 3.082 0.016 0.107 0.02 8.475 0.078 0.01 1.094 0.002 0.043 74.56 0.279 0.25 19.082 121.67 2.356 1.133 9.686 17.001 0.117 

Std. dev. 13HWA 0.178 0.003 0.004 0.003 0.253 0.015 0.001 0.004 0 0.005 8.094 0.016 0.076 0.375 10.659 0.248 0.045 1.414 0.482 0.006 

(N = 4) 

Conc. range 
14DWA 

3.073-

4.67 

0.019-

0.087 

0.017-

0.092 

0.006-

0.02 

6.978-

37.943 

0.053-

1.113 

0.001-

0.003 

2.031-

2.399 

0.001-

0.004 

0.009-

0.016 

8.647-

27.554 

0.064-

0.1 

0.177-

0.418 

1.865-

3.635 

20.64-

59.564 

0.538-

0.912 

0.426-

0.845 

8.134-

17.979 

8.767-

18.748 

0.045-

0.08 

(N = 4) 

Mean conc.  
14DWA 3.906 0.049 0.042 0.016 29.748 0.371 0.002 2.151 0.002 0.012 17.247 0.084 0.328 2.606 35.468 0.716 0.64 13.453 12.857 0.059 

Std. dev. 14DWA 0.79 0.028 0.034 0.007 15.187 0.504 0.001 0.168 0.001 0.004 8.209 0.017 0.11 0.779 18.156 0.155 0.205 4.085 4.554 0.015 

(N = 4) 

Conc. range 
15SWA 

67.808-

108.299 

0.05-

0.169 

0.018-

0.099 

0.026-

0.046 

204.848-

229.894 

0.067-

3.139 

0.004-

0.006 

0.374-

1.393 

0.001-

0.004 

0.126-

0.245 

22.04-

49.468 

0.413-

0.718 

0.143-

1.124 

3.657-

7.411 

24.29-

112.411 

0.575-

0.811 

0.902-

1.365 

3.522-

7.827 

4.587-

23.071 

0.066-

0.174 

(N = 4) 

Mean conc.  
15SWA 93.51 0.101 0.051 0.04 216.11 1.286 0.005 0.843 0.003 0.201 33.037 0.64 0.553 5.709 66.801 0.675 1.157 5.573 13.357 0.105 

Std. dev. 15SWA 17.708 0.054 0.038 0.009 11.69 1.499 0.001 0.539 0.001 0.053 13.115 0.152 0.447 1.817 42.183 0.1 0.234 2.35 8.107 0.048 

(N = 2) 

Conc. range 
16HWA 

13.809-

18.126 

0.013-

0.014 

0.121-

0.158 

0.184-

0.204 

150.871-

199.824 

0.149-

0.193 

0.023-

0.028 

2.949-

5.559 
0-0.001 

0.567-

0.584 

513.712-

657.738 

0.079-

0.165 

1.073-

1.408 

813.468-

977.783 

341.6-

647.86 

7.586-

8.044 

3.003-

3.123 

12.43-

13.13 

26.679-

30.43 

0.044-

0.048 

(N = 2) 

Mean conc.  
16HWA 15.968 0.014 0.14 0.194 175.348 0.171 0.026 4.254 0.001 0.576 585.725 0.122 1.241 895.626 494.73 7.815 3.063 12.78 28.555 0.046 

Std. dev. 16HWA 3.053 0.001 0.026 0.014 34.615 0.031 0.004 1.846 0.001 0.012 101.842 0.061 0.237 116.188 216.559 0.324 0.085 0.495 2.652 0.003 

Conc.: PTEs concentration; DWA: drilled water wells in Annexe municipality; DWR: drilled water wells in Ruashi municipality; HWA: hand-sunk water wells in Annexe municipality; 

HWR: hand-sunk water wells in Ruashi municipality; N: number of analyzed samples; RWR: River water in Ruashi municipality; Std. dev.: standard deviation; SWA: Spring water 

in Annexe municipality.  
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Table 2  PTEs acceptable MCLs and health advisories set by the European Union, the United States Environmental Protection 

Agency, and the World Health Organization standards for drinking water. 

Drinking 

water 

standards 

Sr 

(µg/L) 

Mo 

(µg/L) 

Cd 

(µg/L) 

Cs 

(µg/L) 

Ba  

(µg/L) 

W 

(µg/L) 

Tl 

(µg/L) 

Pb 

(µg/L) 

Bi 

(µg/L) 

U 

(µg/L) 

Al 

(µg/L) 

V 

(µg/L) 

Cr 

(µg/L) 

Mn 

(µg/L) 

Fe  

(µg/L) 

Co 

(µg/L) 

Ni 

(µg/L) 

Cu 

(µg/L) 

Zn 

(µg/L) 

As 

(µg/L) 

2020 

EU-

MCLs 

ND ND 5 ND ND ND ND 5 ND 30 200* ND 50 50 50* ND 20 2,000 ND 10 

2018 

USEPA-

MCLs 

4,000*

* 
40** 5 ND 2,000 ND 2 15 ND 30 

50-

200** 
ND 100 300** 300** ND 100** 1,300 

2,000*

* 
10 

2017 

WHO-

MCLs 

ND ND 3 ND ND ND ND 10 ND 30 ND ND 50 50 ND ND 70 2,000 ND 10 

*: Drinking Water Health Advisory Indicators set by the European Union; **: Drinking Water Health Advisory Indicators set by the 

United States Environmental Protection Agency; EU: European Union; MCLs: Drinking water acceptable maximum contaminant 

levels; ND: non-available data; USEPA: United States Environment Protection Agency; WHO: World Health Organization. 
 

 
Fig. 2  Low mean concentrations of various PTEs in spring 

and river water samples (µg/L) in Ruashi and Annexe 

municipalities of Lubumbashi city.  
 

  
Fig. 3  High mean concentrations of various PTEs in spring 

and river water samples (µg/L) in Ruashi and Annexe 

municipalities of Lubumbashi city.  

 
Fig. 4  Very high mean concentrations of various PTEs in 

spring and river water samples (µg/L) in Ruashi and Annexe 

municipalities of Lubumbashi city.  
 

 
Fig. 5  Mean concentrations of all PTEs detected in water 

samples (µg/L) from drilled water wells in Ruashi and 

Annexe municipalities of Lubumbashi city.  
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Fig. 6  Low mean concentrations of various PTEs in water 

samples (µg/L) from drilled water wells in Ruashi and 

Annexe municipalities of Lubumbashi city.  
 

 
Fig. 7  High mean concentrations of various PTEs in water 

samples samples (µg/L) from drilled water wells in Ruashi 

and Annexe municipalities of Lubumbashi city.  
 

 
Fig. 8  Very high mean concentrations of various PTEs in 

water samples (µg/L) from drilled water wells in Ruashi and 

Annexe municipalities of Lubumbashi city.  
 

 
Fig. 9  Mean concentrations of all PTEs detected in water 

samples (µg/L) from spade-sunk water wells in Ruashi and 

Annexe municipalities of Lubumbashi city.  
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Fig. 10  High mean concentrations of various PTEs in water 

samples (µg/L) from spade-sunk water wells in Ruashi and 

Annexe municipalities of Lubumbashi city.  
 

 
Fig. 11  Low mean concentrations of various PTEs in water 

samples (µg/L) from spade-sunk water wells in Ruashi and 

Annexe municipalities of Lubumbashi city.  

 

 
Fig. 12  Concentrations of all PTEs detected in water 

samples (µg/L) from spring and spade-sunk water wells in 

Ruashi and Annexe municipalities of Lubumbashi city.  
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noted in those communes [7].  

The highest concentrations of arsenic, cadmium and 

lead found in the present study were much lower than 
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Katuba and Kenya municipalities [8]. However, they 

were higher than the acceptable drinking water MCLs 

and health advisories set by the EU [26], the USEPA 

[27] and the WHO [28]. It has been 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 [44]. 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 water in Ruashi and 

Annexe municipalities might eventually 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 municipalities.  

4. Conclusion 

PTEs contamination of water in Ruashi and Annexe 

municipalities of Lubumbashi city was assessed in 

order to find out the chemical quality of that water and 

to know whether the water presents any threat to the 

health of inhabitants of both municipalities. 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 seventy water 

samples collected from six drilled wells, eight spade-

sunk wells, one river and one spring in both 

municipalities and analyzed by Inductively Coupled 

Plasma-Sector Field Mass Spectrometry. Many 

samples had concentrations and mean concentrations of 

PTE, such as aluminum, cadmium, copper, iron, lead, 

manganese, nickel and zinc, higher than the respective 

acceptable limits and health advisory indicators 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 in both Ruashi and Annexe municipalities 

to meet their water needs are at risk.  

Authors suggest that the provincial and national 

Governments strictly implement the Congolese Mining 

Rule to push the mining and ore processing companies 

which operate in Lubumbashi city to treat their chimneys 

and waste water in order to reduce PTE contents of their 

smoke and waste water before releasing them in 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 Lubumbashi city.  
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