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Abstract 
Heavy metal assessment from soil along flooded plains of river Kaduna (latitude 10027’00”N and 
10030’00”N and longitude 70 24’.00”E and 70 24’.00”E) was conducted. Pollutants: As, Cr, Cu, Fe, 
Mn and Ni were assessed particularly in the flooded soil using contamination factor (CF) and 
pollution load index (PLI). Samples were taken in each of the grid area at depth 0-<5, 5-<25, 25-<50, 
50-100cm and were analyzed using Energy Dispersive X-Ray Fluorescence (EDXRF). The 
concentrations of all the metals were found to increase to a maximum concentration at a depth of 25-
<50cm then decreased. The study area was observed to be contaminated with As (maximum 2.07), Cr 
(maximum 2.83), Cu (maximum 2.24), Fe (maximum 1.44), Mn (maximum 1.85) and Ni (maximum 
2.20) in all the sampled points and depth except 50-100cm depth. The pollution load indices (PLI) 
were found to be high but decrease (1.54-0.95) with increase in depth (0-100cm) indicating that the 
study area was polluted by all the observed heavy metals (PLI>1). 
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INTRODUCTION  
Pollution of the natural environment by heavy metals is a worldwide problem because these 
metals are indestructible and most of them have toxic effects on living organisms, when 
permissible concentration levels are exceeded (Mmolawa et al., 2011). 
  
Heavy metals are common environmental pollutants and are released into soils from natural 
or anthropogenic sources. The main natural sources of metals in soils are weathering of 
parent material and soil erosion (Yoon, J. et al, 2006). The anthropogenic sources are 
associated mainly with industrial activities such as metal finishing, paint pigment and 
battery manufacturing, leather tanning, mining activities, foundries and smelters, diffuse 
sources e.g., piping, constituents of products, combustion by-products, traffic emissions and 
other human activities like urban composts and municipal waste water sludge depositions 
and use of pesticides and phosphate fertilizers (Al-Khashman, O.A., 2004; El Khalil et al., 
2008). 
 
Heavy metals are common environmental pollutants and are released into soils from natural 
or anthropogenic sources. The main natural sources of metals in soils are weathering of 
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parent material and soil erosion (Yoon, J. et al, 2006). The anthropogenic sources are 
associated mainly with industrial activities such as metal finishing, paint pigment and 
battery manufacturing, leather tanning, mining activities, foundries and smelters, diffuse 
sources e.g., piping, constituents of products, combustion by-products, traffic emissions and 
other human activities like urban composts and municipal waste water sludge depositions 
and use of pesticides and phosphate fertilizers (Al-Khashman, O.A., 2004; El Khalil et al., 
2008). Soils are the major sinks for heavy metals released into the environment by 
aforementioned anthropogenic activities and unlike organic contaminants which are 
oxidized to carbon (IV)oxide by microbial action, most metals do not undergo microbial or 
chemical degradation (Kirpichtchikova et al., 2006)and the total concentration of heavy 
metals in soil persist for a long time after their introduction (Senesil, G.S. et al., 1999). 
Changes in their chemical forms (speciation)and bioavailability are, however, possible. 
 
The assessment of sediment enhancement with elements can be carried out in many ways; 
the most common ones are the index of geo-accumulation (Igeo) and pollution load index 
(PLI). The Igeo has been utilized as a measure of pollution in freshwater sediment (Singh et al., 
1997), while pollution load index (PLI) represents the number of times by which the heavy 
metals concentrations in the sediment exceeds the background concentration, and give a 
summative indication of the overall level of heavy metal toxicity in a particular sample 
(Priju et al., 2006; Uwaechia et al., 2014). 
 
This present work seeks to use EDXRF to assess heavy metals concentration and 
contamination of environment by As, Cr, Cu, Fe, Mn and Ni and assessing the soil 
contamination of study area using contamination factor (CF) and pollution load index (PLI).  
 
 
MATERIALS AND METHODS 
Study Area 
Kaduna is the state capital of Kaduna State in north-western Nigeria. The Kaduna River is a 
tributary of the Niger River which flows for 550 kilometers through Nigeria. The study area 
along the river Kaduna specifically in Angwan Muazu, Kaduna State had coordinates 
latitude 10027’00”N and 10030’00”N and longitude 70 24’.00”E and 70 24’.00”E. 

Sample Site Selection 
A simple systematic random sampling technique was used to select the locations sampled 
along the river in the study area. Samples were collected according to the specified distances 
as shown in Figure 1 and at depths of (0-5, 5-25, 25-50, 50-100).  
 
Table 1: Location grid of selected points  

S/N GRID POINTS LATITUDE LONGITUDE 
SAMPLING 

REQUIREMENT 

1 P 10027’00”N 7024’00”E Soil samples 

2 Q 10030’00”N 7024’03”E Soil Samples 

3 R 10027’22”N 7025’10”E Soil samples 

4 S 10030’22”N 7025’13”E Soil Samples 

https://en.wikipedia.org/wiki/Kaduna_State
https://en.wikipedia.org/wiki/Nigeria
https://en.wikipedia.org/wiki/Niger_River
https://en.wikipedia.org/wiki/Nigeria
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Fig. 1: Schematic Diagram Showing Sample Collection Grid Points (Aerial View) 

Collection and preparation of samples 
Thirty seven (37) soil samples were collected, dried under ambient room temperature and 
grounded manually to fine powder using an agate mortar and pestle to grain size of less 
than 125  . Three drops of organic liquid binder was then added to 0.3 – 0.5 g of the 
powder and pressed with a ten ton hydraulic press to form a pellet of 19 mm diameter. Each 
of the pellet was then irradiated in a sample chamber with X-Ray for 1000 seconds to acquire 
the sample spectral and each peak made up of the spectral was visually investigated to 
determine the elements contained in the samples by qualitative interpretation method. The 
quantitative interpretation was done with the aid of software called AMPTEK to obtain the 
concentrations of each metal.  
 
THEORETICAL CONSIDERATIONS 
Elemental Assessment of Heavy Metal Concentration 
In this study, parameters such as the Contamination factor, Pollution Load Index (PLI) and 
the geoaccumulation index was used to determine the level of heavy metal pollutants 
associated with the soil samples of the flooded river.  
 
1. Contamination factor (CF) 

The level of contamination of soil by metals is expressed in terms of a contamination 
factor (CF), calculated as: 

   
         

(             )
           (1) 

WHERE:           =  concentration of sample along the river 
                = concentration of sample along the control area. 

If  CF< 1: indicates  low contamination 
1<CF<3 : indicates moderate contamination. 
3<CF<6 : indicates considerable contamination. 
CF>6 : indicates very high contamination. 

 
2. Pollution Load Index (PLI) 
Each sample collection spot was evaluated for the extent of metal pollution by employing 
the method based on the Pollution Load Index (PLI) developed by Tomlinson et al. (1980) as 

follows:         (                    )
 

       
     (2) 

WHERE: n is the number of metals studied, and CF is the Contamination factor as 
calculated in Equation (1) 

P 

S 

Q 
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 If PLI<1 : indicates perfection 
PLI = 1:  indicates pollutants are present but only at baseline levels. 
PLI >1:  indicates deterioration of site quality. 
 

 3. Geoaccumulation Index (Igeo) 
This method assesses the metal pollution in terms of seven (0 to 6) enrichment classes, 
ranging from background concentration to very heavily polluted (Muller, 1969), as follows:

             [
         

      (             )
]       (3) 

The factor 1.5 is introduced in the equation to minimize the effects of possible variations in 
the background values. 
Table 1 gives the values of the world average values and ranges of the expected result of the 
activity concentrations of metals. 
 
Table 1: The      classes with respect to soil quality 

     Value      Class Description of Soil Quality 

>5 6 extremely contaminated 
4 – 5 5 strongly to extremely contaminated 
3 – 4 4 strongly contaminated 
2 – 3 3 moderately to strongly contaminated 
1 – 2 2 moderately contaminated 
0 – 1 1 uncontaminated to moderately contaminated 

0 0 Uncontaminated 

(Ibeanu, 1999)  

 
RESULTS AND DISCUSSION  
1. Heavy metal concentrations in soils  
The observed elemental concentration of each grid point A-I and for each grid is a varied 
with depth from 0-100cm in the plotted range shown, it can be observed that mean heavy 
metal concentrations (in ppm) in the sampled soils ranged from (14 to 41) As, (40 to 211) Cr, 
(15 to 63) Cu, (4713 to 21219) Fe, (173 to 930) Mn and (83 to 231) Ni. Also, for each of the 
elements; As, Cr, Cu, Fe, Mn and Ni, an observed pattern is displayed consistent with all the 
grid points A-I analyzed. For each of the grid points A-I the metal concentration vary with 
sampling depths (0- 100cm) with an observed increase in concentration to a depth point of 
25-50cm then decreases. This may probably be indication of soil filtration effect. The 
elements are observed to accumulate at different concentrations at each of the grid points. It 
could be observed that along the same profile is deposited the other heavy metals Fe, Mn at 
grid point B and Cr at grid point C.  
 
2. Contamination Factor (CF)  
Using equation 1, contamination factor of various metals within each grid sampled area A-I 
with depths were calculated At depth 0-5, 5-25, 25 - 50 and 50-100cm most of the grid points 
were observed to be moderately contaminated with As, Cu, Cr, Mn and Ni but Fe is 
observed with most of the grid points to indicate low contamination. Whereas, at 50-100cm 
depth most of the grid points were observed to be moderately contaminated with Ni but As, 
Cu, Cr, Fe and Mn were observed with most of the grid points to indicate low 
contamination.  
 
3. Pollution Load Index (PLI)  
To effectively know the measure of degree of overall contamination, the pollution load index 
(PLI) was calculated using equation 2 for each grid sampled area A-I with depth and 
presented in table 1. Based on the results presented in table 1, it was observed that at depth 
0-5, 5-25 and 25-50cm all the grid sampled points were polluted (>1) except grid point D at 
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depth 25-50cm which is unpolluted (<1) and at depth 50-100cm all the grid sampled point 
were unpolluted (<1) except grid point C and I which were polluted (>1). Fig 2 is a plot of 
the variation of pollution load index with depth. According to fig 2 the pollution load index 
(PLI) decreases (1.54-0.95) with depth (0-100cm) which confirm that the study area is facing 
probable environmental pollution especially with dangerous heavy metals (As, Cu, Cr, Mn 
and Ni) which could be as a result of increased rate of non-treated industrial waste 
discharged into river Kaduna and deposited in the area due the flood activity. 
 

Table 2: Pollution Load Index (PLI) for the sampled area 

Location 
PLI 

0-5 cm 5 – 25 cm 25 – 50 cm 
50 – 100 cm 

 

A 1.20 1.13 1.09 0.74 
B 1.24 1.06 1.13 0.95 
C 1.54 1.38 1.28 1.06 
D 1.22 1.15 0.81 0.80 
E 1.34 1.20 1.06 0.97 
F 1.05 1.04 1.13 0.98 
G 1.51 1.23 1.08 0.94 
H 1.40 1.06 1.01 0.99 
I 1.43 1.34 1.23 1.08 

 
 

 
 Fig. 2: Variation of pollution load index (PLI) with depth 

 
CONCLUSION  
This study of the flood profile using the elemental concentrations at the site indicates most 
of the toxic element to accumulated at a depth 25-50cm. this could be due to the common 
source of the metals and to have the same grain size which filtered to the same depth into 
the soil. Control soils of the study area were assessed using contamination factors and 
pollution load index for As, Cu, Cr, Fe, Mn and Ni. The contamination factors were 
observed generally to indicate low to moderate contamination by heavy metals across the 
grid points and depths; the background soil was higher than that of the study area for some 
of the element and grid points which could be attributed to human activity such as sewage 
deposit. The measure of degree of overall contamination (PLI) at the sampled grid area 
indicate strong signs of pollution deterioration by the six measured metals at depth 0-5, 5-25 
and 25-50cm and no overall contamination at 50-100cm depth. The pollution load index 
(PLI) (1.54-0.95) vary with depth(0-100cm) which confirm that the study area is facing 
probable environmental pollution especially with dangerous heavy metals which result 
from increased rate of non-treated industrial waste discharged into river Kaduna and 
deposited at the river bank due to flood activity. 
 

0

0.5

1

1.5

2

0-5 cm 5-25 cm 25-50 cm 50-100 cm

P
LI

 

Depths 



Heavy Metal Assessment from Systematic Study of Soil along Flooded Plains of River Kaduna,  
Kaduna State, Nigeria 

Uwaechia, F. C., Ogharandukun, M.O. & Umaru, I., DUJOPAS 4(2): 489 - 495, 2018                                      494 

 

References 
Al-Khashman, O.A. and Shawabkeh, R.A., 2009. Metal distribution in urban soil around 

steel industry beside Queen Alia Airport, Jordan. Environmental geochemistry and 
health,  31(6), pp.717-726. 

Al-Khashman, O. A., 2004. Heavy metal distribution in dust, street dust and soils from the 
work place in Karak Industrial Estate, Jordan. Atmospheric environment, 38(39), 
pp.6803-6812. 

Daud, M., Wasim, M., Khalid, N., Zaidi, J.H. and Iqbal, J., 2009. Assessment of elemental 
pollution in soil of Islamabad city using instrumental neutron activation analysis and 
atomic absorption spectrometry techniques. Radiochimica Acta International journal for 
chemical aspects of nuclear science and technology, 97(2), pp.117-121. 

Ene, A., Stihi, C., Popescu, I.V., Gheboianu, A., Bosneaga, A. and Bancuta, I., 2009. 
Comparative studies on heavy metal content of soils using AAS and EDXRF atomic 
spectrometric techniques. Ann. Dunarea de Jos Univ. Galati, Fasc. II, 32(2), p.51. 

El Khalil, H., Schwartz, C., Elhamiani, O., Kubiniok, J., Morel, J.L. and Boularbah, A., 2008. 
Contribution of technic materials to the mobile fraction of metals in urban soils in 
Marrakech (Morocco). Journal of Soils and Sediments, 8(1), pp.17-22. 

Garbarino, J.R., Hayes, H.C., Roth, D.A., Antweiler, R.C., Brinton, T.I. and Taylor, H.E., 1996. 
Heavy metals in the Mississippi River. Us geological survey circular usgs circ, pp.53-72. 

Harikumar, P.S., Nasir, U.P. and Rahman, M.M., 2009. Distribution of heavy metals in the 
core sediments of a tropical wetland system. International Journal of Environmental 
Science & Technology, 6(2), pp.225-232. 

Ho, K.C. and Hui, K.C.C., 2001. Chemical contamination of the East River (Dongjiang) and 
its implication on sustainable development in the Pearl River Delta. Environment 
International, 26(5-6), pp.303-308. 

Ibeanu, I.G.E., 1999. Assessment of radiological effects of tin mining activities in Jos and its 
environs. A Theses (Unpublished) submitted to the Post-Graduate School of Ahmadu Bello 
University, Zaria, Nigeria. 

Kirpichtchikova, T.A., Manceau, A., Spadini, L., Panfili, F., Marcus, M.A. and Jacquet, T., 
2006.  Speciation and solubility of heavy metals in contaminated soil using X-
raymicrofluorescence, EXAFS spectroscopy, chemical extraction, and 
thermodynamic modeling. Geochimica et Cosmochimica Acta, 70(9), pp.2163-2190. 

Mmolawa, K.B., Likuku, A.S. and Gaboutloeloe, G.K., 2011. Assessment of heavy metal 
pollution in soils along major roadside areas in Botswana. African Journal of 
Environmental Science  and Technology, 5(3), pp.186-196. 

Muller, G., 1969. Index of geoaccumulation in sediments of the Rhine River. Geojournal, 2, 
pp.108-118. 

Opuene, K., Okafor, E.C. and Agbozu, I.E., 2008. Partitioning Characteristics of Heavy 
Metals in a Non-Tidal Freshwater Ecosystem. International Journal of Environmental 
Research, 2(3). 

Popescu, I.V., Frontasyeva, M., Stihi, C., Cimpoca, G.V., Radulescu, C., Gheboianu, A., Oros, 
C., Vlaicu, G., Petre, C.A.M.E.L.I.A., Bancuta, I. and Dulama, I.D., 2010. Nuclear and 
nuclear related analytical methods applied in environmental research. Rom. J. Phys, 
55(7-8),  pp.821-829. 

Priju, C.P. and Narayana, A.C., 2006. Spatial and temporal variability of trace element  
concentrations in a tropical lagoon, Southwest Coast of India: Environmental 
Implications. Journal of Coastal Research, pp.1053-1057. 

Priju, C.P. and Narayana, A.C., 2007. Heavy and trace metals in Vembanad Lake sediments. 
Senesil, G.S., Baldassarre, G., Senesi, N. and Radina, B., 1999. Trace element inputs into soils 

by anthropogenic activities and implications for human health. Chemosphere, 39(2), 
pp.343-377. 



Heavy Metal Assessment from Systematic Study of Soil along Flooded Plains of River Kaduna,  
Kaduna State, Nigeria 

 

Uwaechia, F. C., Ogharandukun, M.O. & Umaru, I., DUJOPAS 4(2): 489 - 495, 2018                                      495 

Singh, M., Ansari, A.A., Müller, G. and Singh, I.B., 1997. Heavy metals in freshly deposited 
sediments of the Gomati River (a tributary of the Ganga River): effects of human 
activities. Environmental Geology, 29(3-4), pp.246-252. 

Tomlinson, D.L., Wilson, J.G., Harris, C.R. and Jeffrey, D.W., 1980. Problems in the 
assessment of heavy-metal levels in estuaries and the formation of a pollution index. 
Helgoländer meeresuntersuchungen, 33(1), p.566. 

Uwaechia, F.C., Zakari, Y.I. and Ibeanu, I.G.E., 2014. Radiological Characterization of 
Angwan Muazu Flooded Soil, Angwan Muazu, Kaduna State, Nigeria. 

Yoon, J., Cao, X., Zhou, Q. and Ma, L.Q., 2006. Accumulation of Pb, Cu, and Zn in native 
plants growing on a contaminated Florida site. Science of the total environment, 368(2-
3), pp.456-464. 


