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Introduction
Heavy metals are ubiquitous in the environment. Their presence 

occurs in both natural and anthropogenic forms. While usually natural 
forms are present at relative low concentrations, in recent years a 
number of anthropogenic sources such as dumping of waste, smelter 
stacks, waste incineration, vehicle exhausts, fertilizers, agricultural 
waste, and sewage sludges have implied notable contributions to the 
increase of environmental metal concentrations [1-4].

With the development of mining, smelting and other industrial 
activities, heavy metals are increasingly being found in the environment 
which can pose severe threats to human and environmental health. 
Pollution by heavy metals such as arsenic (As), cadmium (Cd), lead 
(Pb) affects the quality of the atmosphere and the soil as well as water 
bodies and threatens the health and life of animals and human beings 
by way of the food chain [5-9].

Developing countries are confronted with the great challenge 
of controlling the atmospheric pollution, especially in the rapidly 
growing megacities. Concern about air pollution in urban regions is 
receiving increasingly importance worldwide, especially pollution by 
trace metals.

The Democratic Republic of Congo (DRC) is particularly rich 
in natural resources and eastern provinces (Katanga and Kivu) have 
been the center of extensive mining exploitation. Bas-Congo, close to 
Kinshasa, also contains a wide variety of mineral species. But, Kinshasa 
is not considered to be a mining zone. The demography in Kinshasa, the 
largest city in DRC, has exploded in the recent years [10]. The congested 
traffic with the widespread use of motorbikes as well as old automobiles 
coupled with poor maintenance, inadequate infrastructure, and 
low fuel quality is an important source of outdoor pollution. Wood, 
charcoal, crop, residual oil, and waste residues combustion for heating 
and cooking in open fires or poorly functioning stoves are the main 
source of indoor air pollution [11,12].

Through a study carried out to assess the exposure to trace elements 
in urine of the Kinshasa population, [13] showed elevated levels 
of Al, As, Cd, Pb and Hg as compared to other databases. But little 
documented information exists concerning different sources of trace 
element exposures in Kinshasa. The present study originated from that 
observation and its main objective was to investigate background levels 
of As, Cd, Pb and Ni in ambient air samples from Kinshasa.

Materials and Methods
Description of locations and sample collection in Kinshasa

Kinshasa, the capital city of DRC, is located in the west of the 
country with an area of 9,965 km². The city is split into 4 districts with 
more than ten million of residents. Kinshasa has a tropical climate with 
two seasons: rainy and dry. The dry season extends from 15 May to 15 
August. The rainy season can be taken the remaining period.

An air sample is taken over a 24-hour period, every six days from 
each of three following sites: roadside sites, residential sites and sub-
rural sites. Sample sites are given in Figure 1.

Sample collection was done using a high volume sampler on quartz 
fibre filter according to Australian Standard AS 3580.9.6-1990 Method 
[14]. All samples were transported in a box to be analyzed at the Louvain 
Centre for Toxicology and Applied Pharmacology (LTAP, Brussels, 
Belgium). The samples were mineralized in a microwave preparation 
system (A Paar Multiwave V3.20.5): each filter was digested with 5 
ml of nitric acid (65% Suprapur, E. Merck, Darmstadt, Germany) in 
Teflon vessel for 0.3 min (A paar Multiwave V 3.20.5). After digestion, 
solutions were filtered and made up to 25 ml with nanopur water. 
Laboratory blanks were prepared by using nitrocellulose filters and 
treating it in the same way as the samples.

Element analysis

Four elements (As, Cd, Pb and Ni) were quantified by inductively 
coupled argon plasma mass spectrometry (ICP-MS Agilent 7500 CE). 
Briefly, 0.50 mL sample was diluted with 4.50 mL of diluent (1% v/v 
HNO3, 0.5% v/v HCl and 50 ppb Sc, Ge, Rh, and Ir as internal standards 
(IS)). Matrix-matched calibrators were prepared by adding 0.05 mL of 
a calibration standard into 0.45 mL of acid (1% v/v HNO3 and 0.5% 
v/v HCl) and 4.5 mL of diluent. Both acids, HCl and HNO3, were of 
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Abstract
The particularly high rate of urbanization in Kinshasa is associated with environmental degradation, such as air 

pollution. However, little documented information exists on the nature and extent of this pollution. In the present study, 
Atmospheric samples of ambient air were collected in Kinshasa for 4 months (July to October, 2009) and analyzed 
for As, Cd, Pb and Ni using ICP - MS. The ranges of heavy metal concentrations for the 24-h ambient air samples in 
roadside sites (residential sites) were 0.9-6.0 ng/m3 (0.4-2.8 ng/m3), 2.5-5.9 ng/m3 (1.2-3.5 ng/m3), 166.2-1422.5 ng/m3 
(72.0-1685.0 ng/m3), 48.7-482.0 ng/m3 (42.0-117.6 ng/m3) for As, Cd, Pb and Ni, respectively. Current 24-h average 
levels of all of them show higher levels than those measured in Europe. Toxicologically relevant elements reach levels 
of public health concern. The Efforts should be made to reduce the levels of metal contamination.
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suprapur quality and were purchased from Merck (ref 1.00318.1000 and 
1.00441.1000). Among the four elements measured by ICP-MS, Cd (m/z 
111) and Pb (m/z 208),) were analyzed using the standard mode without 
using the collision cell. The remaining elements, Ni (m/z 60) and As (m/z 
75) were analyzed using helium as collision gas. The limits of detection 
(LOD) were 0.6 ng/m3, 0.1 ng/m3, 0.3 ng/m3 and 2.3 ng/m3 for As, Cd, Pb 
and Ni respectively. The method used for the determination of 4 heavy 
metals in the present study is ISO15189 certified.

Statistical analysis

The SAS software package, version 9.2 (SAS Institute Inc., Cary, 
NC) was used for database management and statistical analysis. Median 
values, minimum and maximum were calculated as well as 25th and 75th 
quartiles. Values below the LOD were assigned a value at half the LOD. 
WILCOXON Test was used for comparing different groups. Significant 
differences were considered at an alpha of 0.05.

Results and Discussion
Assessment of the concentrations of ambient air heavy metals was 

determined at five locations in Kinshasa, DRC from July to October, 
2009. The eight sampling location were selected to reflect the influences 
from urban, sub-rural, residential, heavy traffic sources in the highly 
populated greater Kinshasa area. The description of the sampling sites 
is shown in Figure 1. The concentrations of measured elements are 
given in Tables 1-3 and varied between urban, sub-rural, roadside and 
residential sites.

Arsenic

As is released into the atmosphere from both natural and 
anthropogenic sources. Most man-made emissions are released from 
metal smelters and the combustion of fuels. Pesticides may be an 
important source of As. Tobacco smoke may contain As, thereby being 
a source of exposure in ambient air [15,16]. In the present study, 24-h 
level of As ranged from 0.90 to 6.0 ng/m3 in roadside sites and 0.4 to 
2.8 ng/m3 in residential sites. The 24-h median average observed in 
roadside sites was higher than that found in residential sites (4.0 ng/m3 
vs. 0.9 ng/m3; p<0.01) (Table 4).

No significant difference was found between urban and sub-rural 
areas (0 for sub-rural area, Median level: 1.5 ng/m3 vs. 1 for urban area, 
Median level: 4.0 ng/m3; p=0.77) (Table 5).

Living in Kinshasa is associated with elevated levels of As in ambient 
air as compared to databases from literature: In Europe, measured 24-h 
average As concentrations in air of different regions ranged from 0.09 
to 2.5 ng/m3 with 0.6 ng/m3 as an average [17].

Cadmium

Cd is released into the atmosphere from natural and anthropogenic 
sources. Volcanoes, windborne particles and biogenic emissions are 
considered the main natural sources of Cd in the atmosphere. The 
anthropogenic sources of Cd include non-ferrous metal production, 
stationary fossil fuel combustion, waste incineration, iron and steel 
production and cement production [15].

In the present study, 24-h level of Cd ranged from 2.5 to 5.9 ng/
m3 in roadside sites and 1.2 to 3.5 ng/m3 in residential sites. The 24-h 
median average observed in roadside sites was higher than that found 
in residential sites (3.7 ng/m3 vs. 2.6 ng/m3; p=0.02) (Table 4).

No significant difference was found between urban and sub-rural 
areas (0 for sub-rural area, Median level: 2.0 ng/m3 vs. 1 for urban area, 
Median level: 3.7 ng/m3; p=0.25) (Table 5).

Living in Kinshasa is associated with elevated levels of Cd in 
ambient air as compared to databases from literature: In Europe, 
measured 24-h average Cd concentrations in air of different regions 
ranged from 0.03 to 1.0 ng/m3 with 0.17 ng/m3 as an average [17]. 

The background concentrations of cadmium in air measured in 
Europe in 1990 ranged between 0.2 and 1 ng/m3. In 2003, the typical 
ranges for concentration in air were 0.05–0.2 ng/m3 in Northern 
Europe, 0.2–0.5 ng/m3 in central Europe and 0.06–0.12 ng/m3 in 
southern Europe [18]. 

Lead

Pb is released into the atmosphere from natural and anthropogenic 
sources. Natural emissions typically include soil dust and sea spray 
containing Pb, as well as particles found in ashes from volcanoes and 
forest fires. These emissions are not entirely natural but contain some 

Element Min Q1 Med Q3 Max
As 0.9 2.1 4.0 5.0 6.0
Cd 2.5 2.9 3.7 4.9 5.9
Ni 48.7 59.4 73.6 186.5 482.0
Pb 166.2 234.4 358.3 893.7 1422.5

Min: minimum, Q1: 25th quartile, Med: median, Q3: 75th quartile and max: maximum
Table 1: Concentrations of heavy metals (µg/m3) in urban ambient air of Kinshasa 
(Roadside sites).

Elements Min Q1 Med Q3 Max
As 0.4 0.5 0.9 1.9 2.8
Cd 1.2 1.4 2.6 3.0 3.5
Ni 42.8 71.5 76.2 79.9 117.6
Pb 72.0 448.5 798.5 1367.5 1685.0

Min: minimum, Q1: 25th quartile, Med: median, Q3: 75th quartile and max: maximum
Table 2: Concentrations of heavy metals (µg/m3) in urban ambient air of Kinshasa 
(Residential sites).

Elements Min Q1 Med Q3 Max
As 1.0 1.0 1.5 2.0 2.0
Cd 0.2 0.2 2.0 8.0 8.0
Ni 57.0 57.0 61.0 62.0 62.0
Pb 40.0 40.0 62.0 76.0 76.0

Min: minimum, Q1: 25th quartile, Med: median, Q3: 75th quartile and max: maximum
Table 3: Concentrations of heavy metals (µg/m3) in sub-rural ambient air of 
Kinshasa.

Elements Roadside sites
(Median levels, ng/m3)

Residential sites
(Median levels, ng/m3) pa

As 4.0 0.9 <0.01
Cd 3.7 2.6 0.02
Ni 73.6 76.2 0.44
Pb 358.3 798.5 0.40

 ap-value (WILCOXON Test)
Table 4: Comparison of heavy metal levels between Roadside and Residential sites.

Elements
Urban area

(Median levels, ng/m3)

Sub-rural area

(Median levels, ng/m3)
pa

As 4.0 1.5 0.77
Cd 3.7 2.0 0.25
Ni 73.6 46.0 0.09
Pb 358.3 62.0 < 0.01

 ap-value (WILCOXON Test)
Table 5: Comparison of heavy metal levels between sub-rural and urban areas.
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Figure 1: Maps of Africa (left above), the Democratic Republic of Congo (left under) and the Kinshasa City (right). The study took place in urban and sub=rural 
areas. Source: Adapted from Kinshasa. Wikipédia, l’encyclopédie libre. http://fr.wikipedia.org/w/index.php?title=Kinshasa&oldid=54218607.

deposits of anthropogenic Pb. Major anthropogenic emission sources 
of Pb on a global scale include the combustion of fossil fuels from, for 
example, traffic, waste disposal and production of non-ferrous metals, 
iron, steel and cement. The contribution to emissions from Pb in 
gasoline has been no longer eliminated in Kinshasa. This followed a 
complete phase-out through legislation and complete take-up of un-
leaded gasoline [15].

In the present study, 24-h level of Pb ranged from 166.2 to 1,422.5 
ng/m3 in roadside sites and 72.0 to 1,685.0 ng/m3 in residential sites. 
The 24-h median average observed in roadside sites was lesser than that 
found in residential sites (358.3 ng/m3 vs. 798.5 ng/m3; p=0.40) (Table 4).

Significant difference was found between urban and sub-rural areas 
(0 for sub-rural area, Median level: 62.0 ng/m3 vs. 1 for urban area, 

Median level: 358.3 ng/m3; p<0.01) (Table 5), indicating that Kinshasa 
is a city where leaded petrol is no longer used [19].

Living in Kinshasa is associated with elevated levels of Pb in ambient 
air as compared to databases from literature: In Europe, measured 24-h 
average lead concentrations in air of different regions ranged from 2.4 
to 199.0 ng/m3 with 30.0 ng/m3 as an average [20-22]. The background 
concentrations of lead in air were mainly within the 10–30 ng/m3 range 
in 1990. In 2003, the concentrations mainly ranged between 5 and 15 
ng/m3 [18]. 

Nickel

Nickel is a trace metal which occurs in soil, water, air and in the 
biosphere. Nickel emissions to the atmosphere may occur from natural 

http://fr.wikipedia.org/w/index.php?title=Kinshasa&oldid=54218607
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sources such as wind-blown dust, volcanoes and vegetation. The main 
anthropogenic sources of Ni emissions into the air are combustion 
of oil for heat, shipping or power generation, Ni mining and primary 
production, incineration of waste and sewage sludge, steel manufacture, 
electroplating and coal combustion [15].

In the present study, 24-h level of Ni ranged from 48.7 to 482.0 ng/
m3 in roadside sites and 42.8 to 117.6 ng/m3 in residential sites. The 
24-h median average observed in roadside sites was not different to that 
found in residential sites (73.6 ng/m3 vs. 76.2 ng/m3; p=0.44) (Table 4).

No significant difference was found between urban and sub-rural 
areas (0 for sub-rural area, Median level: 46.0 ng/m3 vs. 1 for urban 
area, Median level: 73.6 ng/m3; p=0.09) (Table 5). 

Living in Kinshasa is associated with elevated levels of Ni in ambient 
air as compared to databases from literature: In Europe, measured 24-h 
average Ni concentrations in air of different regions ranged from 0.8 to 
20.0 ng/m3 with 3.5 ng/m3 as an average [17].

In conclusion, this study reveals that ambient air of Kinshasa is 
contaminated with toxic heavy metals which may pose threat to human 
health and the environment. The Efforts should be made to reduce the 
levels of metal contamination, especially in roadside and residential 
sites. 

Acknowledgments

We are highly indebted to the study participants and to the staff of investigators 
that supported the field work. We also thank Professors Lison, Hoet, Haufroid, Mrs. 
Deumar and LTAP (Louvain Center for Toxicology and Applied Pharmacology).

References

1. Markus JA, McBratney AB (1996) An urban soil study: heavy metals in Glebe,
Australia. Aust J Soil Res 34: 453-465. 

2. Bilos C, Colombo JC, Skorupka CN, Rodriguez Presa MJ (2001) Sources,
distribution and variability of airborne trace metals in La Plata City area,
Argentina. Environ Pollut 111: 149-158.

3. Hlavay J, Polyak K, Weisz M (2001) Monitoring of the natural environment by
chemical speciation of elements in aerosol and sediment samples. J Environ
Monit 3: 74-80. 

4. Koch M, Rotard W (2001) On the contribution of background sources to the
heavy metal content of municipal sewage sludge. Water Sci Technol 43: 67-74.

5. Williams PL, James RC, Roberts SM (2000) Principles of toxicology.
Environmental and industrial applications. (2nd edn) A Wiley-Interscience
Publication, John Wiley & SNS, Inc.

6. Jarup L, Akesson A (2009) Current status of cadmium as an environmental
health problem. Toxicol Appl Pharmacol 238: 201-208. 

7. Sharma RK, Agrawal M (2005) Biological effects of heavy metals: an overview. 
J Environ Biol 26: 301-313. 

8. Centers for Disease Control and Prevention (2015) National Health and
Nutrition Examination Survey. Fourth National Report on Human Exposure to
Environmental Chemicals (2009), Atlanta, GA, USA.

9. Health Canada (2010) Report on Human Biomonitoring of Environmental
Chemicals in Canada. Results of the Canadian Health Measures Survey Cycle 
1 (2007-2009).

10. UN (2008) World urbanization prospects. Department of Economy and social
affairs, Population Division, New York, USA. 

11. Nsokimieno MME, Chen S, Zhang IQ (2010) Sustainable urbanization’s
challenge in Democratic Republic of Congo. J Sust Dev 3: 242-254. 

12. Kasemuana MS (2011) Energy systems: Vulnerability - adaptation - resilience
(VAR) regional focus: sub-Saharan Africa Democratic Republic of Congo. 

13. Tuakuila J, Lison D, Lantin AC, Mbuyi F, Deumer G, et al. (2012) Worrying
exposure to trace elements in the population of Kinshasa, Democratic Republic 
of Congo (DRC). Int Arch Occup Environ Health 85: 927-939. 

14. Standards Australia (2003) Determination of suspended particulate matter-
PM10 high volume sampler with size selective inlet-Gravimetric method.
Methods for sampling and analysis of ambient air.

15. EEA (2014) Air quality in Europe - 2014 report. Air pollution.

16. NEPC (1998) National Environment Protection Measure (Ambient Air Quality)
Measure. Federal Register of Legislation.

17. ANP (2016) Proposal for a Directive of the European Parliament and of the
Council relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic
hydrocarbons in ambient air - Outcome of the European Parliament’s first 
reading. EU monitor.

18. Aas W, Breivik K (2008) Heavy metals and POP measurements, Kjeller,
Norwegian Institute for Air Research. EMEP.

19. Tuakuila J, Lison D, Mbuyi F, Haufroid V, Hoet P (2013) Elevated blood lead
levels and sources of exposure in the population of Kinshasa, the capital of the 
Democratic Republic of Congo. J Expo Sci Environ Epidemiol 23: 81-87. 

20. Standards Australia (2015) Determination of suspended particulate matter-
Total suspended particulate matter (TSP)-High volume sampler gravimetric
method. Australian/New Zealand Standard.

21. Vincent K, Passant N (2013) Assessment of Heavy Metal Concentrations in the 
United Kingdom. AEA Technology Netcen.

22. WHO (2000) Guidelines for Air Quality. Published by the World Health
Organization, Geneva.

mailto:http://www.publish.csiro.au/?paper=SR9960453
mailto:http://www.publish.csiro.au/?paper=SR9960453
mailto:http://www.sciencedirect.com/science/article/pii/S0269749199003280
mailto:http://www.sciencedirect.com/science/article/pii/S0269749199003280
mailto:http://www.sciencedirect.com/science/article/pii/S0269749199003280
http://www.ncbi.nlm.nih.gov/pubmed/11253023
http://www.ncbi.nlm.nih.gov/pubmed/11253023
http://www.ncbi.nlm.nih.gov/pubmed/11253023
http://www.ncbi.nlm.nih.gov/pubmed/11380207
http://www.ncbi.nlm.nih.gov/pubmed/11380207
mailto:http://as.wiley.com/WileyCDA/WileyTitle/productCd-0471293210.html
mailto:http://as.wiley.com/WileyCDA/WileyTitle/productCd-0471293210.html
mailto:http://as.wiley.com/WileyCDA/WileyTitle/productCd-0471293210.html
http://www.ncbi.nlm.nih.gov/pubmed/19409405
http://www.ncbi.nlm.nih.gov/pubmed/19409405
http://www.ncbi.nlm.nih.gov/pubmed/16334259
http://www.ncbi.nlm.nih.gov/pubmed/16334259
mailto:http://www.ccsenet.org/journal/index.php/jsd/article/view/6339
mailto:http://www.ccsenet.org/journal/index.php/jsd/article/view/6339
http://www.ncbi.nlm.nih.gov/pubmed/22270386
http://www.ncbi.nlm.nih.gov/pubmed/22270386
http://www.ncbi.nlm.nih.gov/pubmed/22270386
mailto:https://www.saiglobal.com/pdftemp/previews/osh/as/as3000/3500/358096.pdf
mailto:https://www.saiglobal.com/pdftemp/previews/osh/as/as3000/3500/358096.pdf
mailto:https://www.saiglobal.com/pdftemp/previews/osh/as/as3000/3500/358096.pdf
mailto:http://www.eea.europa.eu/publications/air-quality-in-europe-2014
mailto:https://www.legislation.gov.au/Details/C2004H03935
mailto:https://www.legislation.gov.au/Details/C2004H03935
mailto:https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vj6ipc7zujzh
mailto:https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vj6ipc7zujzh
mailto:https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vj6ipc7zujzh
mailto:https://www.eumonitor.eu/9353000/1/j9vvik7m1c3gyxp/vj6ipc7zujzh
mailto:http://www.sanidadambiental.com/wp-content/uploads/2009/07/POP_cccr4-2008.pdf
mailto:http://www.sanidadambiental.com/wp-content/uploads/2009/07/POP_cccr4-2008.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22617721
http://www.ncbi.nlm.nih.gov/pubmed/22617721
http://www.ncbi.nlm.nih.gov/pubmed/22617721
mailto:file:///C:/Users/Akanksha/Downloads/3580.9.3-2015.pdf
mailto:file:///C:/Users/Akanksha/Downloads/3580.9.3-2015.pdf
mailto:file:///C:/Users/Akanksha/Downloads/3580.9.3-2015.pdf
mailto:https://uk-air.defra.gov.uk/assets/documents/reports/cat16/x0604041205_heavy_metal_issue1_final.pdf
mailto:https://uk-air.defra.gov.uk/assets/documents/reports/cat16/x0604041205_heavy_metal_issue1_final.pdf
http://www.who.int/environmental_information/Air/Guidelines/AQGUIDEpref.pdf
http://www.who.int/environmental_information/Air/Guidelines/AQGUIDEpref.pdf

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Description of locations and sample collection in Kinshasa 
	Element analysis 
	Statistical analysis 

	Results and Discussion 
	Arsenic
	Cadmium
	Lead
	Nickel

	Acknowledgments
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	References

