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ABSTRACT

ARTICLE INFO

Magnetic susceptibility (MS) and morphological measurements were carried out on sur-
face soil samples in order to find a possible relationship and to obtain environmental
implications. The samples were taken along the two parcel roads of Maidahini (A—B) and
Bunza (C-D) on a square grid of 400 x 400 m? near the agricultural irrigation farmland
soil close to the main city of Bunza area in Gwandu formation, northwestern Nigeria. MS
distribution values ranged between 5.756 x 107° Sl to 4.0 x 10°® Sl and 2.65 x 10 Sl to 1.2
x 1076 SI, from the two parcel roads. Geochemical analysis by means of atomic absorption
spectrometry shows that the concentration of various heavy elements was higher than
the mean background values for world soils. However, in view of the high values, espe-
cially that apparent mineralization was observed on each sample, the results were there-
fore due to the proper calibration of the equivalent used for the analysis soil samples.
Spatial histogram distribution of MS shows the variation in high and low susceptibility
concentrations and relate to toxic content reported near the rivers. Urban pollution and
road traffic emission seem to be the main influence for these values. The results showed
that magnetic measurements are sensitive, fast, inexpensive, and robust, which can be
advantageously applied for studying soils affected by urban and road pollution. Thus, the
study has shown that the mean spatial distribution concentrations of Fe, Mn, Cu, Ni, and
Cr content were 2,378.9, 107.3, 72.8, 53.6, and 6.5, which were very high in top soil sam-
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ples across the two parcel roads of Maidahini (A—B) and Bunza (C-D).

1. Introduction

Soil pollution by heavy metals is a critical global envi-
ronmental problem, and experts have estimated that
more than 20 million hectares of farmlands have been
contaminated, accounting for 20% of the total land-
mass (Bityukova et al. 1999; Hanesch and Scholger,
2002; Heller etal. 1998; Walden and Ballantyne, 2002).
Cdis considered to be one of the most phototoxic metal
pollutants due to its high mobility (especially in soil

with low CEC and acidic pH), bioaccumulation in lower
organisms, and its easily being transferred to higher
tropic levels in the food chain (Lu and Bai, 2012). The
toxicity of Cd pollution and its physical disturbance
can influence plant survival, reproductive success,
and migration (Boyko et al, 2014). Plants become
inactive and they lack the ability to move actively to
evade a contaminated environment. Therefore, their
only chance to survive in unfavorable conditions is the
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mobilization of defense mechanisms, and evolution of
tolerate genotype (Boyko et al., 2014; Wang and Qin,
2005). In this paper, the results obtained by magnetic
susceptibility (MS) measurements and heavy metal
analyses of agricultural farmland soil irrigated with
polluted river water are presented and discussed.
Our main objective is to understand the underlying
processes and to quantify statistical relationships
between magnetic parameters and morphological con-
tents. Samples were taken from farmland soil irrigated
with polluted water (in short we will call it wastewa-
ter) from both Maidahini parcel (A-B) and Bunza par-
cel (C-D) in Gwandu formation. This target area was
chosen because from previous studies the degree and
spatial distribution of heavy metal pollution in river
sediments at Gwandu formation was known and could
be related to emissions from the intercalated activities
(Kogbe, 1978; Peters, 1976; Zhang et al., 2011) con-
cerning MS of agricultural top soil on Maidahini parcel
(A-B) road far from the urban activities to compare
the effect of proximity to the road emission.

1.2. Location and accessibility of the study area

The study area lies between latitudes 12° 41’ to 12°
47” N and longitudes 4° 6" E to 4° 07” E with an eleva-
tion of about 256 m above mean sea level. The study
area covered about 1.4 km? and is easily accessible
through a network of roads. Geomorphologically, this
area is generally gentle, with occasionally tabular hills,
capped by resistant sandstones and laterites deposits.
The Bunza area falls within the Gwandu formation

underlain by the sedimentary unit of Sokoto Basin
(Kogbe, 1978; Kogbe et al., 1972). Bunza occurs in a
dissected portion of the Kalgo-Bunza-Kamba Federal
road (Fig. 1).

Parcels A-B = Maidahini planes road.

Parcels C-D = The Bunza planes are all on exten-
sive peneplain parcel developed on the agricultural
soil yard along road proximity of the Gwandu forma-
tion (Kogbe, 1978). Alluvial deposits provide the main
relief in the area.

2.2. General geological setting of the study area

Birnin Kebbiisapartofthe Sokotobasin of Nigeriansec-
tor of the larger lullemmeden Basin. The Iullemmeden
Basin itself is a broader sedimentary basin covering
most part of Niger and Benin Republic and parts of
Mali, Algeria, and Libya. The geology of Kebbi state is
dominated by two formations: Precambrian basement
complex in the south to northeast and young sedi-
mentary rocks in the north. The basement complex
region is composed of very old volcanic and metamor-
phic rocks such as granites, schist, gneisses, quartz-
ite, migmatites, metasediments, etc. The sedimen-
tary region consists of Gwandu, Illo, and Rima group
whose ages range from Cretaceous to the Eocene. The
Gwandu group consists of massive of clay interbedded
with sandstones and clay, mudstones, and siltsones,
respectively. Mineral that can be formed in the state
include quartz, kaolin, photolytic bauxite, clay, potas-
sium silica, sand, and salt (Kogbe, 1979, 1981; Obaje,
2009).
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Figure 1. Location map showing the study area (Adopted from Google earth map).
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3. Materials and Methods
3.1. Sampling procedure/data collection

Forty samples were collected using a parallel square
grid of 500 x 500 m in each parcel road, for both
Maidahini parcel (A-B) and Bunza parcel (C-D) areas
of Kebbi State, NW Nigeria, 24 samples were also
selected for further atomic absorption spectrometer
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(AAS) laboratory analysis at 20 m intervals along the
four horizontals profiles located perpendicular to the
main roads (i.e, 10 m on road bi-sides) (Figs. 3 and
4). Soil materials were sampled from the upper 30 cm.

3.2. MS measurement

In situ measurements of volume MS k were made in a
grid of 500 x 500 m?using pocket DSM-10 MS meter k
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Figure 2. Geological map of the study area modified after Obaje (2009).
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bridge making access to 90% of measuring signal, e.g.,
concentration of ferrimagnetic material in the top 20
mm of the land surface. In order to check reproducibil-
ity and to avoid measurement errors, each measure-
ment represents the mean of five MS readings.

3.3. Heavy metal analysis

The 24 collected soil samples were ground inamechan-
ical agate grinder until fine particles (<200 pm) were
obtained and preferred for analysis by means of the
acid digestion method (Li and Thornton, 1993). About
0.250 g of the soil samples were weighed and placed
into Pyrex test tubes. Concentrated nitric acid (4.0 ml)
and 1.0 ml concentrated perchloric acid were added.
The mixtures were heated in an aluminum block until
complete dryness. After the test tubes were cooled,
5% (0.8 M) nitric acid was added and heated at 60°C
for 1 hour with occasional mixing. Upon cooling, the
mixtures were decanted into polyethylene tubes and
centrifuged at 3,500 rpm for 10 minute. Heavy metal
concentrations of the solutions were measured using
AAS. AAS is an analytical technique that measures the
concentrations of elements. Atomic absorption is so
sensitive that it can measure down to parts per billion
of a gram (pgdm™3) in a sample. The technique makes
use of the wavelengths of light specifically absorbed by
an element. They correspond to the energies needed
to promote electrons from one energy level to another
and higher energy levels. Atomic absorption spectrom-
etry has many uses in different areas of chemistry.

4. Results and Discussion
4.1. Results

The magnetic properties of soil sediments investi-
gated in this research work describes the behavior
of the soil samples under the influence of an applied
magnetic field created by DSM-10 susceptibility meter
measured in situ at the surface. The behaviors as inves-
tigated are at low field and are independent of the
earth’s magnetic field. The analysis of the geochemical
soil samples is also described below.

4.1.1. MS distribution

The MS values ranged from 3 x 107 (SI) to 2.65 x
107 (SI), with an average value of 2.825 x 107 (SI).
The study area consisted basically of two sites: the
Maidahini (parcel A-B) and Bunza parcel (C-D) (Figs.
3 and 4). The MS was found to depend on the amount
of ferromagnetic and ferrimagnetic materials cap-
tured in each sample. The Maidahini road parcel (A-B)
in which ferrimagnetic materials is well captured as
revealed from the atomic absorption chemical analysis
shows high MS distribution values ranging between
5.756 x 107 and 4. x 107°SI (Fig. 5a) In the Bunza
parcel (C-D), the distribution of magnetic values is
moderate, ranging between 2.65 x 10° and 1.2 x 10°°
SI (Fig. 5b). The least values of MS occur in the (B-D)
parcel road samples of the then Maidahini-Bunza site
B and D which was found to range between 2.65 x 107¢
and 1.6 x 107¢ SI (Fig. 5¢). Fig. 6 shows the histogram
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Figure 4. Distribution map of samples collected in Bunza road parcel (C-D).
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of spatial distribution plots showing the variation of
MS distribution versus distance from the parcel roads
within the study area and the activity concentration
points are the sampled series. In both Maidahini and
Bunza plain parcel roads, the MS distribution values
obtained for this study are reasonable and are within
the range obtained for soil sediments.

4.1.2. Morphological measurements

This experiment was carried out in order to identify
the elemental concentration obtained from soil sam-
ples for heavy metal pollution determination; results
from these determinations are shown Table 1(a-d).

As seen in the tables, the soil samples from the
above-mentioned areas were analyzed from their ele-
mental concentrations. In addition, other elements in
common association with the trace elements were also
analyzed. The results, as presented in Table (1a-d),
indicate a normal concentration for the elements Fe,
Mn, Cu, Ni, and Cr. The trace element concentrations
were, however, much higher than normal for avoid-
ance of doubt, the analysis was repeated four times,
each time recording the same results. However, in
view of the high values, especially that apparent min-
eralization was observed in each sample, the results
were therefore considered for further presentation.

Table 1a. Elemental concentration of Maidahini parcel A.

S/N Samples Elements/concentration in mg/kg
Sample ID Station No Fe Mn Cu Ni Cr
1. MPA 001 1,977 107.3 72.8 53.6 6.5
2. MPA 002 2,174.8 173.5 99.3 88.4 3.4
3. MPA 003 1,603.7 36.3 69.9 40.7 5.4
4. MPA 004 802.8 29.8 60.7 34.9 8.3
5. MPA 005 2,168.2 140.9 145.8 95.5 3.8
6. MPA 006 1,815.2 57.6 69.8 49.2 9.2
7. MPA 007 1,687.8 25.8 50.6 40.9 10.1
8. MPA 008 2,177.9 136.6 119.4 91 6.2
9. MPA 009 2,179.3 117 126.3 92.4 2.3
10. MPA 010 1,904.2 65.4 82.1 62.4 7.5

Table 1b. Elemental concentration Maidahini parcel B.

S/ Samples Elements/concentration in mg/kg
Sample ID Station No Fe Mn Cu Ni Cr
MPB 001 2,086.7 89 88.5 65.1 6.2
MPB 002 910.6 25.8 182.1 41.5 7.6
MPB 003 2,018.3 123.9 94 63.8 4
MPB 004 2,018.9 82.9 82.8 64.2
Table 1c. Elemental concentration Bunza parcel C.
S/N Samples Elements/concentration in mg/kg
Sample ID Station No Fe Mn Cu Ni Cr
BPC 001 2,378.9 158.5 75.4 53.4 3.1
BPC 002 2,286.7 299.7 387.7 86.9 2.9
BPC 003 1,088.5 30 54.8 44.7 7.4
BPC 004 1,685.7 40.8 65.3 52.2 6.4
BPC 005 2,048.9 220 120.9 71.9 2
BPC 006 2,091.6 276.4 78.5 58.4 5.6
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Table 1d. Elemental concentration of Bunza parcel D.

Samples Elements/concentration in mg/kg
S/N Sample ID Station No Fe Mn Cu Ni Cr
MPD 001 1,345.3 42.3 56.6 39.8 9.9
MPD 002 2,262.8 190.1 112.8 82.6 3.7
MPD 003 1,320.6 31.8 59.9 45.2 12.2
MPD 004 1,829.9 51.7 72.9 52.8 5
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The accuracy of the results is due to the proper cali-
bration of the equipment used for the analysis.

4.2. Statistical analysis of heavy metals in soil

In Maidahini parcel (A-B) concentrations of Fe, Mn,
Cu, Ni, and Cr, contents in top soil were 1,977, 107.3,
72.8,53.6, and 6.5 mg/kg, respectively.

In Bunza parcel (C-D), the mean concentrations of
Fe, Mn, Cu, Ni, and Cr were 2,378.9, 158.5, 75.4, 53.4,
and 3.1, respectively. As a common element, the con-
centration of Fe was very higher throughout in the soil
samples across the two parcel roads. The Maidahini

parcel (A-B) contains 63.2% of the total heavy metals
content than the in soils measured in the Bunza par-
cel (C-D) away from road. This result indicates that
top soils near the road have higher concentrations of
heavy metals than the top soils away from the road due
to vehicular emission and anthropogenic activities.

4.3. Correlation between MS and heavy metal analysis
of soil contents

A graph of each heavy metal contents present in each
road parcel of agricultural soils is plotted against mag-
netic susceptibilities measured in the same parcels of
soils. Correlation coefficients, for each heavy metal of
agricultural soils, are calculated and analyzed. According
to the correlation analysis of each parcel of soil, all heavy
metals analyzed show positive correlations with MS val-
ues (Fig. 6a and b). Heavy metal content of Fe in both
parcels of soils show relativity strong positive correla-
tion coefficients (0.6085) with MS when compared to the
rest of other heavy metals. Heavy metals such as Fe, Mn,
Cu, Nj, Cr, and Cr showed significant values (< 0.0012) of
correlation coefficients with magnetic susceptibilities in
both parcels. The rest of the metals such as Fe, Mn, Cu,
Cr, and Ni gave inconsistent values (<0.02) of correlation
coefficient with magnetic susceptibilities in both parcels.

6. Conclusion

Our results demonstrate that MS has a good correlation
with heavy metals, and thus this parameter can be used
as a proxy for soil pollutions; however, remnant mag-
netic parameters are better indicators for heavy metal
pollutions than MS within the area of study. Also, mor-
phological measurements were used for monitoring the
contents of toxic metals in top soils within Maidahini-
Bunza parcel roads. The result of the AAS analysis
shows that the most abundant minerals of high concen-
tration are iron (Fe), copper (Cu), nickel (Ni), chromium
(Cr), and manganese (Mn). This study shows that MS
can be used as a proxy for mapping high concentrations
of heavy metals in agricultural top soils.
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7. Recommendations

Further research work is recommended to be carried out
in the nearby streams or dams to check if the top soils
believed to be washed away by erosion or weathering
processes are clearly deposited in the nearby streams or
dams which serve as water sources for agricultural farm-
ing for the people of Maidahini-Bunza community.

References

Bityukova L, Scholger R, Birke M. Magnetic susceptibility as
indicator of environmental pollution of soils in Tallinn.
Phys Chem Earth 1999; 24:829-35.

Boyko T, Scholger R, Stanjek H. MAGPROX team, topsoil
magnetic susceptibility mapping as a tool for pollution
monitoring: repeatability of in situ measurements. ]
Appl Geophys 2014; 55:249-59.

Hanesch M, Scholger R. Mapping of heavy metal loadings
in soils by means of magnetic susceptibility measure-
ments. Environ Geol 2002; 42:857-70.

Heller F, Strzyszca Z, Magiera T. Magnetic record of indus-
trial pollution in forest soils of Upper Silesia, Poland. ]
Geophys Res 1998; 103:17767-74.

Kogbe CA. Cretaceous and tertiary of the lullemmeden Basin
in Nigeria (West Africa). Cretac Res 1981; 2:129-86.

Kogbe CA. Geology of the Northwestern Nigeria Basin (a
review) (1974). In: Kogbe CA (ed.) Geology of Nigeria.
Elizabethan Publishing Co, pp 331-338, 1978.

Kogbe CA Geology of Southeastern portion of the
[ullemmeden Basin (Sokoto Basin). Bull Dept Geology,
Ahmadu Bello University, Zaria, Nigeria, vol 2, p 420,
1979.

Kogbe CA, Le Calvez, Y., Mehes, K., and Grekoff, N., (1972).
Microbiostratigraphy of lower tertiary sediments
from the Southeastern Flank of the Iullemmeden Basin
(N.W. Nigeria), Proc. Vth African Micropal. Coll. Addis
Ababa Rev Esp Micropaleontol, UK, London, 1972b;
7(3),523-38.

Li X, Thornton I. Arsenic, antimony and bismuth in soil
and pasture herbage in some old metalliferous min-
ing areas in England. Environ Geoch Health 1993;
15:135-44.

Lu SG, Bai SQ. Study on the correlation of magnetic prop-
erties and heavy metals content in urban soils of
Hangzhou City, China. ] App Geophys 2012; 60:1-12.

Obaje NG. Geology and mineral resources of Nigeria: lecture
notes in Earth Sciences. Springer, Berlin, Germany,
2009.

Peters S. The marine maastrichtian and paleocene sed-
iments (of northwestern Nigeria) - The Dukamaje
Formation and the Sokoto Group. Geological Guide
to Some Nigerian Cretaceous-Recent Localities: 7th
African Micropal. Coll. Ife, Nigeria, pp 75-87, 1976.

Walden ], Ballantyne C. Use of environmental magnetic mea-
surements to validate the vertical extent of ice masses
at the Last Glacial Maximum. ] Quaternary Sci 2002;
17:193-200.

Wang XS. Qin Y. Correlation between magnetic susceptibil-
ity and heavy metal in urban topsoil: a case study from
the city of Xuzhou, China. Environ Geol 2005; 49:10-8.

Zhang CX, Qiao QQ, Piper JDA, Huang BC. Assessment of
heavy metal pollution from a Fe-smelting plant in
urban river sediments using environmental mag-
netic and geochemical methods. Environ Pollut 2011;
159:3057-70.


http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref1
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref1
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref1
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref3
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref3
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref3
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref4
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref4
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref4
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref5
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref5
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref6
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref6
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref6
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref7
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref7
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref7
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref7
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref9
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref9
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref9
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref9
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref10
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref10
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref10
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref11
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref11
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref11
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref12
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref12
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref12
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref12
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref12
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref13
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref13
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref13
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref13
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref14
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref14
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref14
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref15
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref15
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref15
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref15
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref15

