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ABSTRACT 

The magnetic susceptibility of soil and water samples from around the Uadara barracks waste 

site deposit in Bantama, a suburb of Kumasi was measured with the aim of   investigating the 

potential threat of pollution to the soil, streams, fish ponds and other water sources at the site 

around the Armed Forces Senior High School campus which shares the same premises with the 

barracks. The studied soil samples were picked from the near surface (~ 10 cm depth) along pro-

files taken from the waste site towards the stream and the ponds. Again, water samples were 

picked along the stream and from ten (10) ponds aligned along the stream. Laboratory measure-

ments of the magnetic susceptibility were done using the Bartington MS2 metre and the MS2B 

dual frequency sensor for the soil samples, and the MS2G sensor for the water samples. The soil 

samples from the site registered an average magnetic susceptibility of 180.04 x 10-5 SI whereas 

the water samples recorded an average of –2.3 x 10-6SI showing a significant increment in com-

parison with the standard water magnetic susceptibility of –9.04 x 10-6 SI. Thus, notwithstanding 

the lithology of the area studied, the presence of heavy metals and other chemical waste materi-

als form the Uadara barracks garbage deposit site were found to greatly pollute the soil and par-

ticularly the water bodies around the Armed Forces Senior High School.  

INTRODUCTION 

Contamination of soil and water by waste site 

deposits is a major environmental and human 

health issue (Shaner, 1997; Akter et al., 1998). 

Biodegradable food remnants, domestic disin-

fectants, metal scraps of all kinds etc. are 

widely dumped from homes after use. After 

deposition, most of these substances undergo 

chemical reactions and end up releasing toxic 

by-products which enter the surrounding soil 

through infiltration and subsequently into water 

bodies leading to many environmental prob-

lems (Mone, 1990; Fatta et al., 1999). The dis-

charge of such chemical compounds from do-

mestic waste into the natural environment can 

lead to the pollution of water resources and 

risks for human health. Soil pollution com-

prises the pollution of soils with materials, 

mostly chemicals that are out of place or are 

present at concentrations higher than normal 

which may have adverse effects on humans or 

other organisms. In most dump sites across 

cities, wastes collected are burnt in the open 

and ashes abandoned at the site. The practice of 
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burning, destroy the organic component, oxi-

dize metals, thereby enriching the ashes left 

behind in metal. The leachates from these dump 

site percolate the soil and pollute the soil and 

streams in the surrounding areas. The use of 

decaying wastes (domestic or industrial) from 

dump site to reclaim land, is another common 

practice particularly among the local residents, 

hence a considerable amount of waste is 

dumped haphazardly within the residential ar-

eas. Landfills have been identified as one of the 

major threats to groundwater resources (Hay et 

al., 1997). In these refuse dumpsites, solid 

wastes gradually release its initial interstitial 

water and some of its decomposition by-

products into aquifer, through the waste de-

posit. Such leachates contain innumerable or-

ganic and inorganic compounds. These wastes 

generate pollutants which comprise mainly of 

Cl– and N– species. It is also pointed out that 

the leachate from these dump sites constitute 

major source of heavy metal pollutant to both 

soil and aquatic environment (Hanesch et al., 

2001; Odukoya et al., 2001). Nitrates are 

known for strong solubility in water. They are 

very mobile in the soil and are rarely retained 

in it. Nitrates through rain, easily percolate into 

underground water table (CCLIN Paris-Nord, 

1999). The major risk posed by chemical waste 

to the inhabitants of areas surrounding large 

refuse dump sites (FEPA, 1991; Heen, 1999; 

WHO, 1999) includes the following; contami-

nation of water possibly by the leachate enter-

ing the aquifers, surface water, accumulation of 

toxic non-biodegradable waste products, re-

lease of toxic substance into the air, due to 

burning, accumulation of heavy metals etc. 

Magnetic susceptibility is a measure of iron-

bearing components in a material and it can be 

used to identify the type of the material on 

which the test is conducted as well as the 

amount of the iron-bearing minerals that the 

material contains. 

In recent years, magnetic measurements (in 

particular magnetic susceptibility) have become 

a generally accepted method to map spatial 

distribution of pollution, identify polluted 

sources, and provide an alternative to conven-

tional chemical analysis, because they are fast, 

cost-effective, non-destructive, sensitive and 

informative. Magnetic susceptibility was shown 

to be highly useful in investigating industrial 

pollutants, traffic emission and other atmos-

pheric pollutants (Morriset al.,1995; Hayet 

al.,1997; Haneschet al.,2003). 

The highly significant correlation between 

magnetic susceptibility and heavy metal con-

tent in soils allows susceptibility to be used as 

an indicator for contaminants and their spatial 

distribution. The techniques that employ the 

magnetic properties of soil have been widely 

applied by the environmental scientists and 

these have been remarkably successful determi-

nants in pollution research. Many anthropo-

genic emissions contain fine particles of highly 

magnetic nature. Many studies are available in 

literature where the heavy metal contamination 

and industrial activities causing soil, air or wa-

ter pollution were investigated (Vadiunina and 

Babanin, 1972; Mullins, 1977). 

Magnetic properties of different types of soil 

display different aspects of soil mineralogy. 

The minerals that are present in soil are either 

natural (through lithogenesis, pedogenesis) or 

of anthropogenic origin (industrial residues). 

The magnetic mineral content of the soil can be 

expressed in very broad terms by its magnetic 

susceptibility (Thompson and Oldfield, 1986). 

Waste materials generated in companies, indus-

tries and principally from domestic remnants 

may represent a serious health hazard to the 

inhabitants of deposit site area of the Uadara 

barracks but sadly, little or none is known 

about the health risk posed to people living 

around the area. Thus, this study was aimed at 

investigating the influence of excessive refuse 

dump sites in the environment and the subse-

quent health hazard they bring to the people 

using well-water at the Armed forces Senior 

High School and around, as well as stream wa-

ter used by vegetable farmers in the area for 

growing their farm products.     
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MATERIALS AND METHODS 

Study Area  

The study area was the premises of the Armed 

Forces Senior High School, where the entire 

inhabitants of the Uadara barracks and beyond 

dump their waste materials and it is located 

about 300 m from the Komfo Anokye Teaching 

Hospital (between latitude 6.35o – 6.40o and 

longitude 1.30o – 1.35o) in Kumasi, where con-

stant disposal of huge volumes of hospital sew-

age is expected. The refuse dump site lies adja-

cent an unpopular stream that traverses the 

school backyard at a swampy land area. Ten 

fish ponds, from which students of the Armed 

Forces Senior High School are fed are also 

aligned along the stream channel as well as 

water wells meant for use by the students. In 

addition, since the study site is at a lower eleva-

tion than the actual waste deposit site of the 

Komfo Anokye Teaching Hospital which is 

only about 500 m away, the topography of the 

area enables run offs to easily transport some 

toxic materials into the stream. Infiltration of 

these chemicals into the soil takes place at this 

site and this leads to the contamination of both 

the soil and the stream channel that traverses 

the site studied.  

C: Ponds aligned along the stream channel. 

Plate. 1: A: The waste site deposit of Uadara barracks and surroundings.  

B: A stream located about 50 m from the waste site deposit.  

5 m 0 
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Sampling Method 

Soil samples were picked along a 45 m profile 

from the refuse dump site towards the stream. 

The samples were picked at a constant depth of 

10cm and at regular intervals of 5 m along the 

profile line and quickly kept in plastic contain-

ers and labelled. Water samples were also 

picked at ten (10) different positions along the 

stream channel also at intervals of 5 m. Further, 

ten (10) water samples were also picked from 

the ponds also at regular intervals to check po-

tential infiltration of these heavy metals into the 

pond water. 
 

Laboratory measurements of magnetic  

susceptibility 

Low frequency magnetic susceptibility (χlf) of 

the samples was measured using a dual-

frequency (0.47 and 4.7 KHz) Bartington MS2 

magnetic susceptibility metre. The MS2 metre 

operates by generating low frequency and low 

intensity ac magnetic field around the sensor. 

Thus when a sample is placed near the sensor, 

the resulting change in this field is sensed by 

the system and then converted into magnetic 

susceptibility readings for both positive and 

negative (diamagnetic) values, to a resolution 

of 2×10-6 SI units. The sensors are temperature 

compensated to minimize drift during use. The 

MS2B dual frequency sensor was used to meas-

ure the magnetic susceptibility of the soil sam-

ples in the laboratory. The volume specific 

measurement option was selected and therefore 

the 10ml cylindrical plastic containers were 

filled with the fine textured soil to the brim, 

making sure that air spaces in the containers 

were filled and each labelled. Further, the 

MS2G sensor was used to measure the suscep-

tibility values of the water samples in which 

1ml volume cylindrical containers were filled 

with the water to the brim and stopped. This 

sensor also operates at a low frequency with 

excellent temperature stability. 

Actual measurements were started using the SI 

unit and a scale of 0.1 and carrying out drift test 

on the instrument. The empty container suscep-

tibility or the air correction measurements was 

done before measuring the soil and water sam-

ples. The values of the soil susceptibility were 

recorded in a table.   

 

RESULTS 

Magnetic properties characterization 

The magnetic measurements of the waste site 

deposit are listed in Tables; 1, 2 and 3 and they 

show that the magnetic susceptibility values for 

the top soils varied significantly at  a range of 

21.90× 10 –5 to 542.35× 10 –5  SI, with an aver-

age of 180.04 × 10 –5 SI. Lower values were 

recorded at the swampy zones of the profile. 

The water samples from the stream however 

recorded low magnetic susceptibility values 

ranging from –0.50 × 10 –5 to –0.10× 10 –5  SI, 

which had similar variation with the pond water 

that also ranged from –0.30× 10 –5  to 0 SI. Pre-

vious studies demonstrated that magnetic sus-

ceptibility variations are caused by differences 

in geology, soil-forming processes and by an-

thropogenic input of magnetic material. The 

magnetic susceptibility value of a natural ‘non-

polluted’ soil depends on five major soil-

forming factors (parent material, climate, geo-

morphology, vegetation and time). Thus, back-

ground susceptibility value should always be 

determined in an unimpacted soil of similar 

genesis in order to evaluate the relative en-

hancement due to anthropogenic influence 

(Thompson and Oldfield, 1986). The relatively 

Horizontal Distance 

(x) [m] 

Magnetic Susceptibil-

ity (c)× 10 –5[SI] 

5 199.65 

10 174.55 

15 64.80 

20 21.90 

25 33.15 

30 121.65 

35 108.80 

40 367.70 

45 542.35 

50 165.85 

Table 1: Magnetic susceptibility measure-

ment of soil samples from sewage deposit site 

of the Uadara barracks 
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high magnetic susceptibility values in top soils 

of the refuse deposit site cannot be explained 

by the local geology, as there is little change in 

this area. Thus, the high magnetic susceptibility 

in the studied soil samples was mainly attrib-

uted to the metallic materials from the input of 

the domestic waste. 

Horizontal Distance 

(x) [m] 

Magnetic Susceptibility 

(c)× 10 –5[SI] 

5 -0.20 

10 -0.20 

15 -0.20 

20 -0.20 

25 -0.10 

30 -0.20 

35 0 

40 -0.20 

45 -0.10 

50 -0.30 

Table 2: Magnetic susceptibility of stream 

water sample 

Horizontal Distance 

(x) [m] 

Magnetic Susceptibility 

(c)× 10 –5[SI] 

5 -0.30 

10 -0.30 

15 -0.50 

20 -0.20 

25 -0.20 

30 -0.10 

35 -0.10 

40 -0.10 

45 -0.20 

50 -0.30 

Table 3: Magnetic susceptibility measure-

ment of water samples from ten ponds at the 

site studied 

Fig. 1: Spatial distribution of magnetic susceptibility of soil samples 
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Fig. 2: Spatial distribution of magnetic susceptibility of stream water samples 

Fig. 3:  Spatial distribution of magnetic susceptibility of pond water samples 
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DISCUSSION 

The study showed the various effects of domes-

tic waste on the pollution parameter or the mag-

netic susceptibility on the receiving environ-

ment, as the average stream water value of the 

magnetic susceptibility of –2.3 x 10-6 SI meas-

ured from the area registered a significant in-

crement in comparison with the standard value 

of  –9.04 x 10-6 SI. There was a remarkable 

increase in the measured parameter in most of 

the points traversed with slight fluctuations. 

Therefore the refuse deposit site was found to 

play a significant role in the increase in the 

susceptibility measured. 

 

Magnetic susceptibility of soils from the 

waste site deposit 

Plate 1 shows the spatial variation of magnetic 

susceptibility along the profile from the waste 

site deposit towards the stream at the premises 

of the Armed Forces Senior High School, near 

the Uadara barracks. Higher values of the 

measured parameter were recorded closer to the 

dump site and the values reduced marginally 

down the profile line towards the stream, indi-

cating high seepage of the chemicals into the 

soil as they are deposited, although the highest 

value of 542.35 x 10-5 SI was recorded closer to 

the stream. 

Furthermore, the soil magnetic susceptibility 

values drastically reduced from 199.65 x 10-5 

SI to 21.90 x 10-5 SI at approximately 20 m 

from the reference point and this could be ex-

plained by the waterlogged nature of that zone 

as another low value of 33.15 x 10-5 SI was 

registered at the 25 m point of the profile. Thus, 

notwithstanding the lithological content of the 

top soil in the study area, high concentrations 

of chemicals from the refuse dump site could 

also contribute to the high magnetic susceptibil-

ity values observed since other solid waste ma-

terials such as metal scraps are also dumped at 

the site. 

Fig. 5: Comparison of magnetic susceptibility measurements of stream and pond  

water samples 
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Stream and pond water magnetic properties 
Figs1 and 2 show the marginal variation of 

magnetic susceptibility measured also along the 

stream from a reference point closer to the de-

posit site, and the values were found to range 

from –0.50 x 10-5 to –0.10 x 10-5 SI and –0.30 x 

10-5 to 0 SI respectively for the stream and the 

pond water samples. Thus, the water sources 

registered an average of –2.3 x 10-5 SI, showing 

a remarkable difference with the standard mag-

netic susceptibility value for water and there-

fore indicated the presence of pollutants in the 

water. Here, apart from the use of these water 

sources by vegetable and fish farmers, inhabi-

tants of the area also use shallow well water 

domestically and this could pose a health threat 

to them. 

Again, Fig. 3 shows the comparison of the sus-

ceptibility variations from the stream water 

samples with samples from the adjacent ponds 

from which students of the Armed Forces Sen-

ior High School are fed. It could be noticed that 

the pond samples registered relatively higher 

values at certain points on the graph, which 

could be due to the relative proximity of the 

ponds to the actual refuse dump site.   
 

Correlation of magnetic susceptibility and 

refuse dump materials 

Generally, refuse dump sites are loaded with 

innumerable magnetic materials such as metal 

scraps, empty tins, water loaded with large vol-

umes of disinfectants, microorganisms, heavy 

metals and toxic chemicals (CCLN,1999; 

Leprat,1998).  

The high toxic level of refuse waste as indi-

cated by the increased magnetic susceptibility 

values of the tested water samples from both 

the stream and the ponds is probably due to the 

presence of heavy metallic substances in con-

siderable quantities in the general garbage dis-

posed by households. 
 

CONCLUSION 

The magnetic susceptibility values measured at 

the Uadara barracks refuse dump site recorded 

high values and therefore the waste deposit site 

could be a source of pollution to the  soil and 

water sources of the Armed Forces Senior High 

School and  the communities situated around 

the area who depend on the stream for domestic 

water use and farming activities. Indeed, the 

correlation between refuse pollutants with soil 

and water around such waste site deposits re-

flects negative effects on the environment and 

accordingly the inhabitants of these areas. In a 

situation therefore where favourable environ-

mental conditions that enhance the degradation 

of some of these substances are not gathered, 

refuse dump pollutants risk being present in 

these areas for a long time and can pose serious 

health threats in both short and long term to the 

people. The risks here are the emission of 

odour, air pollutants and effluents into the envi-

ronment as well a the potential threat of seep-

age of toxic biological waste materials into the 

groundwater and its eventual pollution.  

 

RECOMMENDATION 

Future studies should be carried out at the site 

in order to ascertain all the contributing sites to 

the high values of the magnetic susceptibilities 

of soil and water since the study area is also 

close to the sewage deposit site of the Komfo 

Anokye Teaching Hospital, though no direct 

entry points of this source could be identified. 

Further, chemical analysis of the samples 

should be done for objective assessment of the 

link between the measured susceptibility values 

of the soil and water and the actual magnetic 

elements .in them that are supposedly causing 

the pollution. 
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