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ABSTRACT
Over the last century, war and other military activities have resulted into the release of large
amounts of toxic compounds into the biosphere leading to environmental pollution. Soil samples
were collected from a shooting range in Katsina, Nigeria and analysed using Atomic Absorption
Spectrometry (AAS). The mean concentration of soil samples range for Pb, Cd and Cu were
found to be BDL to 54.30±13.2, BDL to 0.9±0.14, BDL to 55.86±1.53, respectively. It was
discovered that the mean concentrations at the target point (berm) of the shooting range was
more polluted than the other sampling points within the range. The mean concentrations of the
heavy metals at the sampling points analyzed were however within World Health Organisation
(WHO)’s tolerable limit. Factors responsible for the tolerable concentrations of the heavy metal
within the range, apart from some few exceptions, can be directly attributed to the gap of usage
(once in a year) of the range. Additionally, heavy rainfall witnessed around the period the
samples were collected could also reduce the heavy metal concentration in the shooting range
soil due to leachate migration.
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INTRODUCTION
Soil quality is a measure of the condition of soil relative to the requirements of one or more
biotic species and or to any human need or purpose [1]. Ultra-acidic soils (pH < 3.5) and very
strongly alkaline soils (pH > 9) are rare [2].
Military range management has become extremely important in recent years, in order to comply
with the standards imposed by national and international environmental regulations. The
presence of contaminants as energetic materials (EM) and heavy metals (Pb, Cu, Cd), with a
heterogeneous distribution on the range and concentrated in the impact and firing line areas was
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studied [3]. A large number of military ranges have been targeted for investigation and/or cleanup in recent years under various environmental regulations [4].
A number of studies [5- 7] has evaluated the environmental impact of contaminants from the
firing of bombs, rockets, projectiles, and pyrotechnics, on the quality of soil, ground water and
surface water. Contaminants from a range may lead to important health hazards to wildlife and
people who are exposed to the affected environment [3, 7]. Environmental agencies frequently
conclude that the contaminated site is, in fact, the entire active area of the base [8, 9]. In the case
of munitions firing, it has been shown [10] that over 99.99% of the Energetic materials are
turned into gases.
Several studies have been published which examined Pb concentrations and mineralization in
shooting range sands but fewer papers exist which examine other metals [11-14]. The transport
of Pb and other metals from shooting range soils has been experimentally examined [15, 16].
Factors which have been observed as influencing heavy metals chemistry in firing range sand
include pH [11, 12, 14 & 17], mineralogy [12], natural organic matter and water content [14].
Shooting ranges are the main source of environmental heavy metals pollution after battery
industry [18].
Soil is a complex mixture of minerals, nutrients, organic matter and living organisms upon which
all other terrestrial trophic systems are dependent [19]. Pb is mainly found in the core of bullets
and shots while Cu, Zn, Sb and Cd are constituents of bullet ore heads and cartridges [20]. The
aim of this research is to evaluate the concentrations of Lead, Cadmium and Copper in soil
samples at a shooting range in Katsina, Nigeria.
MATERIALS AND METHODS
Reagents and materials used in this research work were obtained from the Department of
Chemistry, Ahmadu Bello University (ABU), Zaria, Nigeria; Cardinal Scientific and Chemical
Company Kwangila, and Multi User Research Laboratory Chemistry Department, ABU, Zaria.
They were collected in pure and standard states. Deionized water was used to prepare all the
standard solutions
Soil sampling
Soil samples were collected quarterly (four times) within a period of a year from soils in the
shooting range of a military Barrack in Katsina. The samples were collected at several distances
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of 10 m, 20 m and 50 m from the shooting point. At each distance, three samples were collected.
The soil samples were kept in well labeled polythene bags.
Sample Pre-treatment
The soil samples were allowed to dry at room temperature for a period of eight days to attain a
stable weight and large object such as glass, stones and polythenes were hand-picked from them.
The air dried samples were pounded in a ceramic mortar with a pestle made of porcelain. The
samples were passed through a 2 mm sieve to maintain the integrity of the samples. The 2 mm
air-dried samples were kept in polythene bags and stored under dry condition until the time of
analysis.
Digestion of soil samples
The digestion of the soil sample was carried out as reported by Jeng and Bergseth [21]. Two
grams of each of the soil samples were weighed and transferred into 100 cm3 glass beakers. To
the samples in the dry beakers, 15 cm3 concentrated HCl and 5 cm3 concentrated HNO3 were
added. The samples were swirled gently and left to stand overnight. The beakers were placed on
a hot plate heated at 100 ºC under reflux condition for two hours. Refluxing was stopped but
boiling continued until the solution almost dried, with the avoidance of caking. The samples
were cooled and the residues dissolved in 5 cm3 concentrated HNO3. The digested samples were
transferred into 50 cm3 volumetric flask and deionized water added to 50 cm3 mark. The solution
was filtered with whatman No. 2 filter paper and transferred to a clean 100 cm3 propylene bottle.
Copper, Lead and Cadmium metals in the digests were determined using atomic absorption
spectrometry (AAS) (model AA 6800 pro, Shimadzu, Japan) at National Institute of Chemical
Technology (NARICT), Zaria, with appropriate standard prepared in a similar matrix [21].
SAMPLE ANALYSIS
The digested samples were analyzed using atomic absorption spectrometry at the National
Institute of Chemical Technology (NARICT) Basawa, Zaria.
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RESULTS AND DISCUSSION
Table 1: Mean concentration (mg/kg) of soil sample at the vicinity of a shooting range in Katsina
(October 2018).
Sample

Pb(mg/kg)

Cd(mg/kg)

Cu(mg/kg)

1

3.04±1.03

0.13±0.02

0.70±0.001

2

13.85±2.10

0.11±0.02

18.62±1.23

3

11.56±0.02

BDL

0.21±0.06

4

9.24±0.03

0.29±0.02

37.97±6.54

5

6.62±o.54

0.06±0.01

0.91±0.06

6

18.12±0.01

0.13±0.01

0.51±0.004

7

20.18±4.02

0.35±0.03

0.20±0.012

8

12.07±0.01

0.02±0.00

0.06±0.11

9

15.36±2.04

0.14±0.01

0.67±0.32

CTR

20.18±0.01

0.07±0.01

0.30±0.01

WHO (mg/kg)

85

0.8

36

Key: BDL= below detection limit, CTR= control
Table 2: Mean concentration (mg/kg) of soil sample at the vicinity of a shooting range in Katsina
(February 2019)
Sample

Pb(mg/kg)

Cd(mg/kg)

Cu(mg/kg)

1

20.44±1.21

0.08±0.02

55.86±1.53

2

9.05±0.03

0.90±0.01

55.53±0.34

3

BDL

0.09±0.001

55.43±5.34

4

BDL

0.12±0.04

55.54±0.27

5

BDL

0.11±0.03

54.83±0.38

6

2.70±0.02

BDL

54.14±0.42
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7

0.84±0.03

BDL

54.64±4.23

8

0.73±0.05

BDL

53.85±0.05

CTR

4.36±0.012

BDL

53.81±3.12

WHO(mg/kg)

85

0.8

36

Key: BDL= below detection limit, CTR= control
Table 3: Mean concentration (mg/kg) of soil sample at the vicinity of a shooting range in Katsina
(June 2019)
Sample

Pb(mg/kg)

Cd(mg/kg)

Cu(mg/kg)

1

27.00±7.63

0.24±0.03

49.83±3.12

2

15.05±1.02

0.90±0.04

49.33±4.34

3

5.60±0.64

0.69±0.05

48.57±2.32

4

54.30±13.2

0.12±0.03

45.40±5.03

5

BDL

0.11±0.04

46.83±3.23

6

2.70±045

BDL

42.14±1.05

7

0.97±0.02

BDL

41.64±7.04

8

4.73±1.54

BDL

43.85±4.41

9

4.36±0.33

BDL

43.81±5.43

CTR

17.62±1.85

0.10±0.00

0.00

WHO(mg/kg)

85

0.8

36

Key: BDL= below detection limit, CTR= control
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Table 4: Mean concentration (mg/kg) of soil sample at the vicinity of a shooting range in Katsina
(September 2019)
Sample

Pb(mg/kg)

Cd(mg/kg)

Cu(mg/kg)

1

2.15±1.43

0.10±1.32

0.50±0.01

2

12.84±5.30

0.80±0.74

13.62±1.20

3

10.53±2.33

BDL

0.17±0.03

4

7.26±0.03

0.24±0.01

27.97±3.11

5

5.34±1.05

BDL

0.81±0.01

6

14.12±0.43

0.90±0.14

0.43±0.04

7

18.17±2.31

0.27±0.01

BDL

8

9.07±1.21

BDL

0.01±0.00

9

12.46±0.04

0.90±0.02

0.57±0.04

CTR

20.18±2.02

0.01±0..00

0.30±0.02

WHO(mg/kg)

85

0.8±

36

Key: BDL= below detection limit, CTR= control

As presented in Tables 1 and 4, the mean concentrations of Pb, Cd and Cu in the analyzed soil
samples during the rainy season (October, and September) generally revealed significantly
higher concentration of Pb as compared to the rest of the analyzed metal ions, with few
exceptions.
However, the lowest concentrations among the analyzed metal ions were found to be Cd. On
comparing the levels of the analyzed metals determined with WHO [22] recommendations they
were all found to be lower than the WHO tolerable limit with the exception of Cd in samples (2,
5 and 6) during the rainy season for the period of June and September, respectively as reflected
in Tables 3 and 4.
Generally, the trend observed for the metal ion concentration during the rainy season was
Pb>Cu>Cd. This order of decreasing mean concentration of heavy metals in the soil samples
from the shooting range is in accord with the work of Rodríguez-Seijo [23] where the trend of
Pb>Cu>Cd was found. On comparing the levels of the metal ions obtained in the analyzed soil
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samples in the rainy season with those of the dry season it was discovered that the concentrations
of Pb and Cd were lower during the dry season than the rainy season. This might be attributed to
the shooting exercise that was carried out in the sampling points. Other activities carried out
close to the shooting range which is majorly agricultural practices normally occur during the
rainy season also affects the concentrations.
It should be noted that Tables 2 and 3 when the operation was carried out in June during the wet
season, the concentration of the analyzed metals have significantly increased to a much higher
concentrations especially Pb and Cd with few exceptions this relates to similar studies where
firing of ammunition can translate immediately to the increase in the concentration of heavy
metals [7]. This clearly indicates that the exercise carried out at the sampling points significantly
lead to environmental pollution, and consequently to the pollution of the underground water used
by the villagers around the area.
Consumption of contaminated water generally lead to serious health problems associated with
heavy metal poisoning such as liver and kidney dysfunction. Overall, the heavy metal
concentration trend that was observed from the soil sample during the dry season was as follows:
Cu>Pb>Cd.
On comparing the levels of the analyzed heavy metals determined during the dry season, it was
found that the concentrations of Cu was above tolerable limit (36 mg/kg) without an exception as
reflected in Table 2, while those for Pb, and Cd were found to be lower than the [22] tolerable
limit as shown in the same Table. 2
CONCLUSION
The mean concentration of heavy metals in the analyzed soil samples at the berm showed higher
level of heavy metal compared to the other sampling points. This emphatically indicates that the
berm which is the target point at the shooting range is more polluted than the other sampling
points within the range. Although, the mean concentration of all the sampling points analyzed
when compared to the USEFA tolerable limit seems to be within tolerable limit. A closer
analysis of the factors responsible for the tolerable quantity of the heavy metal presence within
the range apart from some few exceptions can be directly attributed to the annual use of the
range. Additionally, the heavy rainfall witnessed around the period these samples were collected
can also directly affect the heavy metal concentrations in the shooting range soil.

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

139

Lawal, I.A, Uba, S., Ekwumemgbo, P.A: Concentrations of Lead, Cadmium and Copper in Soil Samples at
a Shooting Range in Nasinta, Katsina, Nigeria

REFERENCES
1.

Johnson, L.B., Richard, C., Host, G.E.& Authur, J.W., (1997). Landscape influences on
water chemistry in Midwestern stream ecosytems, Freshwater Biology, 37, 193–207

2.

Slessarev, E. W., Lin, Y., Bingham, N. L., Johnson, J. E., Dai, Y., Schimel, J. P., &
Chadwick, O. A., (2016). Water balance creates a threshold in soil pH at the global
scale. Nature. 540 (7634): 567–569. doi:10.1038/nature20139.

3.

Petre, R., Rotariu, T., Zecheru, T., Petrea, N. & Bajenaru, S. (2016). Environmental Long
Term Impact on a Romanian Military Testing Range. Central European Journal of
Energetic Materials, 13(1), 3-19.

4.

Warren S.D., Holbrook S.W., Dale D.A., Whelan N.L., Elyn M., Grimm W. & Jentsch
A. (2007). Biodiversity and the Heterogeneous Disturbance Regime on Military Training
Lands, Restoration Ecolology, 15(4), 606-612

5.

Andersen, M.C., Thompson, B. & Boykin, K. (2004). Spatial Risk Assessment Across
Large Landscapes with Varied Land Use: Lessons from a ConservationAssessment of
Military Lands, Risk Analysis, 24(5), 1231-1242

6.

Dermatas, D., Dadachov, M., Dutko, P., Menounou, N., Arienti, P. & Shen, G., (2004).
Weathering of lead in Fort Irwin firing range soils. Global Nest, 6(2), 167-175.

7.

Padmavathiamma, P.K., Li L.Y., (2007). Phytoremediation Technology: Hyperaccumulation Metals in Plants.Water Air Soil Pollution, 184, 105-126.

8.

Greenberg, M., Burger, J., Gochfeld, M., Kosson, D., Lowrie, K., Mayer, H., Powers,
C.W., Volz, C.D. & Vyas V., (2005). End-state Land Uses, Sustainably Protective
Systems, and Risk Management: a Challenge for Remediation and Multigenerational
Stewardship, Remediation, 91-105.

9.

Martel, R., Mailloux, M., Gabriel, U., Lefebvre, R., Thiboutot, S. & Ampleman G.
(2009). Behavior of Energetic Materials in Ground Water at an Anti-Tank Range. Journal
of Environmental Quality, 38 (1), 75-92.

10.

Walsh, M.R., Walsh, M.E., Ampleman, G., Thiboutot, S., Brochu, S. & Jenkins T.F.
(2012). Munitions Propellants Residue Deposition Rates on Military Training Ranges,
Propellants, Explosives, Pyrotechnics, 37(4)393-406

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

140

Lawal, I.A, Uba, S., Ekwumemgbo, P.A: Concentrations of Lead, Cadmium and Copper in Soil Samples at
a Shooting Range in Nasinta, Katsina, Nigeria

11.

Cao, X., L. Q. Ma, M. Chen, D. W. Hardison & Harris, W.G. (2003). Lead
transformation and distribution in the soils of shooting ranges in Florida, USA. Science of
Total Environment, 307, 179- 189.

12.

Dermatas, D., Dadachov, M., Dutko, P., Menounou, N., Arienti, P. & Shen, G. (2004)
Weathering of lead in Fort Irwin firing range soils. Global Nest, 6(2), 167-175.

13.

Knechtenhofer, L.A., Xifra, I.O., Scheinost, A.C., Fluhler, H. & Kretzschmar, R., (2003).
Fate of heavy metals in a strongly acidic shooting range soil: small scale metal
distribution and its relation to preferential water flow. Journal of Plant Nutrition and Soil
Science, 166, 84-92.

14.

Ma, L.Q., Hardison, D., Jr, Harris, W.G., Cao, X. & Zhou, Q., (2007). Effects of soil
property and soil amendment on weathering of abraded metallic Pb in shooting
ranges. Water Air and Soil Pollution, 178, 297–307.

15

Johnson, C.A., Moench, H., Wersin, P., Kugler, P. & Wenger, C., (2005). Solubility
of antimony and other elements in samples taken from shooting ranges. Journal of
Environmental Quality, 24, 248-254.

16.

Jorgensen, S. S. & Willems, M. (1987). The fate of lead in soils: the transformation of
lead pellets in shooting-range soils. Ambio: A Journal of the Human Environment, 16(1),
11-15.

17.

Lin, Z., Comet, B., Qvarfort, U. & Herbert, R., (1995). The chemical and
mineralogicalbehaviour of Pb in shooting-range soils from central Sweden.
Environmental Pollution, 89(3), 303-309.

18

Sehube, N., Kelebemang, R., Totolo, O., Laetsang, M., Kamwi, O. & Dinake, P. (2017).
Lead pollution of shooting range soils. South Africa Journal of Chemistry, 70, 21–28.

19.

Pérez-de-Mora, A., Madrid, F., Cabrera, F. & Madejón, E. (2007). Amendments and
plant cover influence on trace element pools in a contaminated soil. Geoderma, 139(1-2),
1-10.

20.

Mariussen, E., Johnsen, I. V. & Strømseng, A. E. (2017). Distribution and mobility of
Lead (Pb), Copper (Cu), Zinc (Zn), and Antimony (Sb) from ammunition residues on
shooting ranges for small arms located on mires. Environmental Science and Pollution
Research International, 24, 10182–10196.

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

141

Lawal, I.A, Uba, S., Ekwumemgbo, P.A: Concentrations of Lead, Cadmium and Copper in Soil Samples at
a Shooting Range in Nasinta, Katsina, Nigeria

21.

Jeng, A.S. & Bergseth, H. (1992). Chemical and Mineralogy Properties of Norwegian
alum shale soils, with special emphasis on heavy metals concentration and availability.
Acta Agriculturae Scandinavica. Section B, Soil and Plant Science, 42. 88-93.

22

WHO (1996) Permissible limits of heavy metals in soil and plants (Geneva: World Health
Organization), Switzerland.

23

Rodríguez-Seijo, A., Lago-Vila, M., Arenas-Lago, D., Andrade, M. L. & Vega, F. A.
(2016). Pollution and risk assessment of potential hazardous elements in a shooting range
soils (NW Spain). Spanish Journal of Soil Science, 6(2).

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

142

