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Abstract  19 

 20 

Black shales have a great environmental geochemical significance and act as a source of metal 21 

enrichment which upon weathering could release trace elements into soil system where they are in turn 22 

mobilized and release into surface water and groundwater systems. An investigation of environmental 23 

geochemistry of rock, soil and water in parts of Abakaliki, southeastern Benue trough, Nigeria was 24 

carried out in order to evaluate the impact of shale bedrock in the soil and water environment. Shale 25 

rock, soil and water samples were collected from ten (10) locations within the study area and were 26 

analyzed for major and trace elements using Inductively Coupled Plasma Mass Spectrometry (ICP-27 

MS). In situ parameters such as pH, in water was measured in the field. The results shows that Pb is 28 

highly enriched while As. Cr, Co, Fe, Ni, Sr, V and Zn are slightly enriched in the shales relative to 29 

the global shale average. Similar geochemical trend was observed for surface and subsurface soils. 30 

Also, the mean concentration of As, Co. Cu. Mn, Pb and Zn in soils at both depths are higher than the 31 

mean concentrations in the shale bedrock in the area of study, implying relative enrichments of these 32 

metals in the soils of the study area. In addition, the mean values of Al, Fe, Ti, Cr, Ni, Sr and V in both 33 

soil depths are lower than the values recorded in the shale bedrock. Relationship between pH and 34 

metal load suggested that the waters are dominantly near neutral to alkaline range suggesting that 35 

acidic contaminants do not affect the water quality. The mean concentration of Al, Fe, Mn and Pb in  36 

groundwater and surface water was above the regulatory standards indicating contamination of the 37 

water. The calculated enrichment factor, anthropogenic inputs, pollution index for soil  indicated that 38 

the soil are highly contaminated through numerous  geogenic and anthropogenic sources with Pb being 39 

the most toxic metal with the shale bedrock and the mineral load contained in them as  the major 40 

contributor of these contaminants..   41 

  42 
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 45 

1. Introduction     46 

Trace elements such as Cu, Cr, Mn and Ni are required in small quantity and are released into the 47 

environment from the natural weathering of rocks, minerals and from various sources related to human 48 

activities. Though some trace metals in lower concentrations play important roles in metabolic 49 

processes of living organisms, high concentration have been observed to be toxic for human and 50 

aquatic life [1–3]. High concentration of trace metals in soil and water sources may lead to adverse 51 

effects such as deformities, cancer to humans and adverse health of terrestrial animals and their 52 

predators [4–6]. Black shale is naturally occurring geological material enriched with organic matter, 53 

sulphide minerals, major and trace metals (Al, Fe, Ti, Mn, As, Co, Cr, Cu, Ni, Pb, Sr, V, Zn), [ 7–10], 54 

and is liable to weathering when exposed to air and moisture [9]. The study of trace elements content 55 

in shale is of a great important because they effectively act as a reservoir, which, after temporary 56 

storage of metals, can act as a source and a sink for metal enrichment [11]. Black shales with high 57 

concentrations of trace elements are significant in environmental geochemistry and weathering of the 58 

shales could potentially release trace elements into soil system where they are in turn mobilized and 59 

released into surface water and groundwater systems [12–13]. Weathering of black shales has been 60 

reported as one of the most active sources of trace elements in terrestrial and aquatic ecosystem [10, 61 

14]. Soils derived from shale bedrock tend to reflect their extreme geochemical composition [15]. The 62 

present study area is underlained by the  Asu River Shale known to host lead–zinc mineralization 63 

which has been mined for over 92 years and currently small scale mining is on-going [16,17]. The 64 

shales of southeastern Nigeria are characterized by anomalously high concentrations of Mo and Pb 65 

compared to average shale value [7].  Previous studies on shale in the area of study have been on the 66 

mobilization of metals and its impacts on the environment from abandoned and active Pb-Zn mine 67 

sites [18, 18a, 18b, 18c, 18d, 18e] and geotechnical characteristics [19]. Black shale with high 68 

concentration of trace metals are significant in environmental geochemistry and the   black shales of 69 

southern Benue trough provide an important example of this [19a]. Hence, studies on shale as good 70 

accumulator of trace metals are limited mostly on developed countries and this forms a gap that this 71 

study intends to fill. More so, data on natural contamination of shale is lacking in less developed 72 

countries, hence another gap that this study intends to contribute. With this background and study 73 

gaps, the objectives of this study were to (1) determine the concentration of trace metals of the shale 74 

bedrock – soil – water system in the study area, (2) assess the pollution loads of of trace metals in soil 75 

and water draining the shale bedrock terrain and (3) assess the soil and water quality in the area of 76 

study. 77 

 78 

2.0.  Materials and Methods  79 
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 80 

2.1. Description of Area of study  81 

 82 

The study area is located between latitudes 50 45’N to 60 45’N and longitudes 70 45’E to 80 45’E (Fig. 83 

1). The Abakaliki pyroclastic bodies form major relief feature in the area [20. 21]. The study area is 84 

located within the sub humid climate, with two distinct seasons; the wet and the dry seasons. The wet 85 

season spans from April to October while the dry season is from November to March [19]. The area 86 

falls within derived savanna zone of Nigeria [19] with annual rainfall which range between 1500 and 87 

2000mm.The climatic condition favours the development of thick lateritic soils in the Abakaliki area 88 

and its environs [22]. The major litho-unit (S1) within the study area is shale, while minor litho-89 

components include limestones, feldsparthic sandstone and siltstone with disseminations of and some 90 

pyroclastics [17, 19]. The major litho-component generally has very low transmissivity and hence the 91 

occurrence of numerous surface water bodies such as rivers, mainly Ebonyi, Asu, Okporo and their 92 

tributaries that drain the area. According to [19], major part of the Abakaliki metropolis is underlain 93 

by aquiclude; except at locations or zones where secondary aquiferous conditions were made feasible 94 

by syn- and post- depositional processes. The syn-depositional condition is the occurrence of lenses of 95 

sandstone or siltstone beds, while the post depositional condition include weathering, fracturing and 96 

volcanic intrusions. The wide-spread shale has favoured the low erodability of the lithology, resulting 97 

in near-absence of deep cut valleys and erosion channels in the area of study.  98 

  99 

2.2. Sampling and analysis 100 

 101 

Ten (10) shale rock, 20 soils and 10 surface and groundwater samples were collected based on 102 

availability in the field from 10 locations in the study area (Fig.1). The rock and soil samples were put 103 

in cellophane bags and appropriately labeled for easy identification. The soil samples were collected at 104 

depths of 0–15 and 15–30 cm using an auger and was thoroughly homogenized and stored in black 105 

polyethylene bags to avoid loss of moisture. Water samples comprised 5 each of surface water (SW) 106 

and groundwater (GW). Surface water samples were collected from streams draining through shale 107 

rocks. Two sets of the water samples were collected at each location. One set was filtered through a 108 

0.45µm filter paper into prewashed plastic bottles and acidified with nitric acid to a pH of < 2 for trace 109 

element analyses at the School of Science, University of the West of Scotland, United Kingdom.  At 110 

each sampling site, pH was measured using WTW 96 meter. The samples were labeled and stored in a 111 

cooler. In the laboratory, the fresh shale rock and soil samples were air-dried under room temperature 112 

conditions. The shale rock samples were ground and pulverized in a porcelain mortar and were sieved 113 

using nylon sieves. The powdered samples were weighed and repackaged in double sealed plastic bags 114 

and properly labeled. The soil samples were disaggregated and 200 grams of each of the soil sample 115 

was crushed in a porcelain mortar and sieved to < 63µm nylon sieve mesh. Each sieved portion were 116 
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weighed and packaged in well labeled double sealed plastic bags. 0.5g of each of the powered shale 117 

rock samples were totally digested with 10ml of HCIO4 – NHO3 – HCl – HF at 2000C to fuming by 118 

open vessel method at ACME analytical laboratories Vancouver, Canada while soil sample was 119 

digested with 3ml of HNO3 – 9ml of HCl acid using hot block digestion method at the School of 120 

Science, University of the West of Scotland, United Kingdom. The mixture of digested shale sample 121 

was further refluxed under moderate temperature (<1000C) for one hour and then evaporated at 122 

temperature ranging between 180 and 1900C to dryness forming a white cake. The white cake residue 123 

was leached with 5ml of HClThe white cake mixture of the digested soil was leached with 50ml of 124 

Ultra high purity water. The digested samples were filtered through a 0.45µm syringe membrane filter 125 

and made up to 10ml with distilled water for geochemical analysis. The filtered digested shale rock 126 

was analyzed for cations by inductively coupled plasma mass spectrometer (ICP-MS) Elan 6000 at 127 

ACME analytical laboratories Vancouver, while the acidified water samples and soil sample solution 128 

were analyzed for major and trace elements content by inductively coupled plasma mass spectrometer 129 

(ICP-MS), series 200 at the School of Science, University of the Scotland. The accuracy and precision 130 

of the analyses were carried out as described by [7]. For quality assurance and control (QA/QC), 131 

duplicates, method blanks and standard reference material (GBW 07404) for soil and United States 132 

Geological Survey (USGS) sedimentary reference material (MAG-1) for shale rock were analyzed. 133 

The analytical precision and the accuracy were within ±5% for the analyzed metals. This was 134 

indicated by the results of triplicate measurements for the soil and water samples as well as duplicate 135 

measurements on the standards and soil reference material(S 2). The pH of the soil samples was 136 

measured on slurry formed by mixing 5mg of an air dried < 2mm grain size sample with 10ml of 137 

distilled water. After mixing for five seconds the slurry was left to stand for 5 minutes before the pH 138 

was measured using a calomel glass electrode pH meter.  139 

 140 

2.3. Data analysis and pollution assessment 141 

 142 

2.3.1. Enrichment Factor (EF)  143 

 144 

The enrichment factor (EF) is a convenient measure of geochemical trends and is used for 145 

comparisons between different areas. This approach has been used by other authors to evaluate trace 146 

elements enrichment in ancient and modern sediment [23, 24, 25]. Enrichment Factors (EF) of trace 147 

elements for the shale rock and soils were calculated by normalizing each trace element to Al, which is 148 

assumed to be the dominant phase in shale [7]. Hence, EF of the trace metals in shale was calculated 149 

with Al as the reference element using the formula below: 150 

 151 

EF = (Cn/CAl) sample / (Cn/CAl) average shale                       1 152 

 153 
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Where (Cn/CAl) sample is the ratio of the concentration of the trace elements in rock (Cn) to that of Al 154 

(CAl) in the sample and (Cn/CAl) average shale proposed by [26]. If EF=1, the trace elements are stable 155 

in weathered and fresh rock, If EF >1 implied the trace elements have been enriched during 156 

weathering, and If EF <1, the trace elements have been depleted during weathering [27, 28, 11]. 157 

According to [27], EF > 2 depict high enrichment during weathering, 1 < EF < 2, slight enrichment. 158 

 159 

Enrichment factor of trace metals in Soil was calculated by the following equation: 160 

EF = (Cn/CAl) soil / (Cn/CAl) shale                                                   2 161 

 162 

Where (Cn/CAl) soil is the ratio of the concentration of the trace element in soil (Cn) to that of Al (CAl) 163 

in the soil sample and (Cn/CAl) shale is the same ratio in the shale sample of the study area. In this 164 

study, when the EF value of a trace element is < 2 it seems to be of crustal origin and >2 indicates 165 

sources likely to be anthropogenic [29]. EF > 10 are considered purely anthropogenic in origin.  , 166 

Mult-order categorization is as follows [30, 31, 32, 33, 24]: EF < 2 (deficiencies to minimal 167 

enrichment; 2 -5 (moderate enrichment); 5–20 (significant enrichment); 20–40 (high to very high 168 

enrichment; and >40 (strongly high enrichment). On the basis of median values, EF can be categorized 169 

as follows [35]: EF < 10 (no enrichment); 10 < EF < 100 (medium level of enrichment) and EF >100 170 

(highly enriched). 171 

 172 

2.3.2. Anthropogenic Input 173 

 174 

The proportion of the anthropogenic input can be estimated as [36]: 175 

 176 

Anthropogenic input (API) of the metal = (Cn – Bn)/Cn x 100                      3 177 

 178 

Where Cn is the content of the examined metal and Bn is the background value of the examined metal 179 

of the shale in the area of study. API is categorize as follows: API < 0 (unpolluted), 1 < API < 25 180 

(slightly polluted), 26 < API < 50 (moderately polluted), 51 < API < 75 (highly polluted) and 76 < API 181 

< 100 (extremely polluted). 182 

 183 

2.3.3. Pollution Index (PI) in soil  184 

 185 

Pollution Index (PI) was computed to evaluate the degree of multiple trace element contamination. 186 

This was done by averaging the ratios of element concentrations in the soil samples to the tolerable 187 

limits suggested by [37] for plant uptake. In this study, seven elements (As, Cd, Cr, Cu, Pb, Ni, Zn), 188 

were selected to calculate the PI of soils using the following equation: 189 

 190 
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PI = (As/20 +Cd/3 + Cr/100 + Cu/100 + Pb/100 + Ni/50 + Zn/300)/7                     4 191 

The PI is scored using a scale from 1 to 6 [38]: 0 (none), 1 (none to medium), 2 (moderate), 3 192 

(moderately strong), 4 (strongly polluted), 5 (strong to very strong) and 6 (very strong pollution). 193 

 194 

2.3.4. Water Types  195 

 196 

The relationship between pH and trace metals load could be explained using Flicklin diagram [39]. 197 

Flicklin diagram is used to evaluate the spatial variation of the water chemo-metrics over the different 198 

geological conditions and deposits type [40]. Metal load is defined as 199 

As+Cd+Co+Cr+Cu+Mo+Ni+Pb+Zn in mg/L [62, 64]. In this study, the metal load was computed as 200 

[40]:  201 

 202 

/Metal load = Al + As + Cr + Cu + Co + Fe + Mn + Ni + Pb + Zn.                    5  203 

 204 

2.3.5. Pollution Index (PI) of water 205 

 206 

Pollution index is an important method to categorize individual trace element classes into different 207 

groups [41]. It is obtained by the combined arithmetic calculation of concentration of each metal. The 208 

PI of water samples was calculated as [41]: 209 

 210 

PI = (Ci /Si) 2 max + (Ci/Si) 2min                                                                                           6 211 

                      2                                      212 

Where Ci is the concentration of each metal and Si is the maximum and minimum desirable limit of the 213 

measured trace element based on the national water quality standard [42]. The calculated PI is 214 

classified as [41]: PI < 1 (no effect); 2 < PI < 3 (considered slightly affected); 2 < PI < 3 (considered 215 

moderately affected); 3 < PI < (considered strongly affected) and PI > 5 (seriously affected) 216 

 217 

3.0. Results and Discussion 218 

 219 

3.1. Geochemical characteristics of the shale 220 

 221 

Table 1 contains the mean concentration of major and trace elements in the shale rock alongside 222 

values of average shale and upper continental crust (UCC) [43] for comparison and enrichment factors 223 

(EF) values of the shale in the study area. The mean concentrations of Al, Mn, As, Co, Cr, Cu, Sr, V 224 

and Zn are within the average values reported by [26]. However, the mean values of Fe (5.40 + 1.49%) 225 

and Pb (27 + 9.43mg/kg) depicts high enrichments of these elements. High value of Pb with moderate 226 

enrichment factor may probably be due to high concentrations in the shales from areas due to Pb – Zn 227 
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mineralization in the study area [44]. Fe abundance in the shale may be associated with the sulphides 228 

mineral such as pyrite and to some extent of organic material. As shown in S3 all sampling sites 229 

showed that the concentrations of Mn, Cu, Sr and V in shale of the study area were within average 230 

shale values[Table 1] proposed by [26] and depict a common source. Generally, the average 231 

concentration of trace elements in shales of the area of study were on the overall enriched in Fe, As, 232 

Co, Cr, Ni, Pb, V and Zn relative to that of the upper continental crust (Table 1). This result supports 233 

the assertion by [68], that these metals are especially enriched in black shale compared with UCC. The 234 

lower concentration of Al, Cu and Mn in comparison to that of the UCC (Table 1), may likely be 235 

caused by the inherent geochemical heterogeneities in the black shale. The variation of trace elements 236 

in the shale samples (S3), shows that the minimum concentrations of Al, Pb and Sr (location 2), Mn, 237 

As and Zn (location 5), V (Location 3), Cu, Fe, Ni, Cr and Co (Locations 4, 1, 6, 7 and 10) 238 

respectively are below the average shale value [26] and that of the upper continental crust [43]. High 239 

concentrations of Cr, Cu and Sr were obtained at location 5 Fe, and As at locations 1 and 5, Al and V 240 

at location 8, Mn and Co at location 2, while Pb and Ni at locations 6 and 10 respectively. The 241 

concentration of these trace elements were above the average shale values of [26] and that of the upper 242 

continental crust of [43]. High concentrations of toxic metals in black shales may influence those of 243 

soils and water in the area of study. Mean Enrichment factors for the trace metals in the shale are also 244 

shown on Table 2. The trace metal Pb with EF = 2.13 is highly enriched and this may be related to the 245 

accumulation of minerals such as clay mineral) and/or organic matter [27, 45, 46]. The trace elements, 246 

As. Cr, Co, Fe, Ni, Sr, V and Zn are slightly enriched with the EF values in the range of 1 – 2. In 247 

contrast, Cu and Mn have the EF values less than 1.0 and are therefore considered to be depleted. The 248 

depletion is likely due to the weathering of shale [27]. The chemical parameters in shales exhibited 249 

less relative variability with As (CV=51%) and Zn (CV=10.5%) having highest and least values 250 

respectively. CV for the datasets is relatively free from anthropogenic enrichment. It was also evident 251 

that the results of EF support the findings of the analysis. 252 

 253 

3.2. Geochemical characteristics of Soil  254 

 255 

Results of physical and geochemical parameters in surface (SF) and subsurface (SB) soils of the study 256 

area alongside average shale values of the area of study are presented in Table 2. The soils are 257 

moderately to weakly acidic with pH in the range of 4.17 to 6.6 with a mean values of 5.6 (surface 258 

soil) and h (subsurface soil) respectively. In comparison, the mean pH value of the surface soil was 259 

lower than that of the subsurface soil. The acidic nature of the soil may be attributed to the weathering 260 

of sulphide minerals contained in the shale bedrocks [21]. In addition, the decomposition of organic 261 

matter and respiration of organism in the soil are possible causes of the low pH [47]. Soil pH is also 262 

affected by changes in redox potential (Eh) which occur in soils that become waterlogged periodically. 263 

The mean concentrations of As, Co. Cu. Mn. Pb and Zn in surface and subsurface soils respectively 264 
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are higher than the mean concentrations of the shale bedrock in the area of study, implying relative 265 

enrichments of these metals in the soils, While the mean values of Al, Fe, Ti, Cr, Ni, Sr and V in both 266 

surface and subsurface soils are lower than the values recorded in the shale bedrock. As shown on S3 267 

and S4, in surface soils, the concentrations of Al and Sr in all locations were higher than those 268 

recorded in the shale bedrock.  269 

 270 

However, the mean concentrations of Al, Mn, Co, Cu, Ni, Pb, Sr and V analyzed for surface soils are 271 

higher than subsurface soils, with the exceptions of Fe, As and Zn. The decreased in concentration of 272 

these elements with depth reflects its relatively poor mobility and strong tendency to form metallo – 273 

organic complexes from soil organic matter within the topsoil [44, 48]. Depletion of Zn in surface soil 274 

compared to subsurface soil is due to its high mobility in weathering environments. In mineralized 275 

soils, Zn is generally depleted in soils relative to the underlying parent material [49]. The lower 276 

concentration of As in subsurface soil compared to surface soil may be due to the fact that As is 277 

strongly sorbed by oxides of Fe, Al, Mn, clay and organic matter [50]. Solubility of As is also affected 278 

by pH and can result in leaching in acidic conditions. The order of enrichments of the trace elements in 279 

surface and subsurface soils (S4) respectively were Fe > Al > Pb >Ti > Mn > Zn > Cu > V > Cr > Sr > 280 

Co > Ni > As and Fe > Al > Ti > Mn > Zn > Pb >Cu > Cr > V > Co > Sr > Ni > As. The order of 281 

concentrations of the elements at the two depth ranges are similar except for Pb and V mean 282 

concentrations which are higher in surface soil relative to subsurface soil. As shown on S4, the 283 

minimum concentrations of As was recorded at location 7 while Co, Cr, Ni and V for surface soils 284 

were recorded at location  8, Pb, Zn and Mn were obtained at locations 3, 2 and 8. The maximum 285 

concentrations of  Al, Ti, Co, Cr, Sr were obtained at location 1, V, Cu, Pb and Zn were recorded at 286 

location 8, As and Ni were obtained at location 6, while, Fe and Mn were recorded at locations 4 and 7 287 

respectively. Lowest concentrations of Fe, Mn, As, Co, Cr and V were obtained at location 8, Ni and 288 

Pb were recorded at location 1, Cu and Zn, location 5 and Al and Sr were obtained at locations 7 and 289 

9, whereas the maximum concentrations of Al, Co, Cr, Sr and V were obtained at location 1, As and 290 

Fe, location 5, Cu and Zn Location 8, and Pb, Mn and Ni were recorded at Locations 2, 3 and 6 291 

respectively. The environmental disturbance by anthropogenic activities in subsurface soil is less than 292 

that of surface soil; therefore, the subsurface soils can represent the soil parent material and 293 

background [51].  294 

 295 

The relationships of metal concentration between surface soils and subsurface soils can reveal the 296 

heritage from parent materials to soils and element mobility. Regression analysis of trace metals (S5) 297 

in surface and subsurface soils showed that these elementss are statistically significant and strongly 298 

correlated with r2- values in the range of 0.53 to 0.93 indicating their common sources, contributed by 299 

the mineralization of the shale parent rock, weathering and soil pedogenesis. In addition, the positive 300 

correlations (S6) among the trace metals from the soils at different depths imply their similar 301 
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geochemical behavior.  The positive correlation between pH and Mn, Cu and Pb for surface soils and 302 

pH and Sr for subsurface soils indicates the effect of environmental control on the release of these 303 

metals and similar geochemical properties. 304 

 305 

The mean concentrations of Al, Fe, Ti, Cr, Sr and V in surface and subsurface soils showed no 306 

significant variation from similar trace element contents in the shale bedrock and may reflect 307 

background geochemistry and this indicates that there were probably no external metal inputs into the 308 

soil from other sources apart from the underlying rock or bedrock lithology. The shale bedrock may 309 

probably be the source of these metals in the soils. Similar studies on the influence of bedrock on 310 

surface and subsurface soil in the Itacaiúnas and Parauapebas Basins, Brazilian Amazon by [52a and 311 

b], also indicated that the concentrations and distribution patterns of the elements are very similar 312 

between surface and subsurface soils and are mainly governed by underlying bedrock geology, while 313 

anthropogenic factors are insignificant as in the case of the area of study. 314 

 315 

Relatively high mean values of Cu, Co, Mn and Fe in the soil samples may be related to the bedrock 316 

lithology. As a result of oxidation and weathering, Cu is liberated from the Cu bearing minerals in the 317 

bedrock as a soluble sulphate under acidic to near neutral conditions which characterized the soil of 318 

the study area. The lower value of Cu in subsurface soil compared to surface soil may be attributed to 319 

adsorption by Fe or Mn oxide. Bulk of Cu adsorption occurs on Fe and Mn oxide [37] which is a non – 320 

exchangeable form [53]. Natural sources of Co include soil and seawater among others. The shales of 321 

the study area are reported to have been formed in stagnant marine basin [24]. The higher values of 322 

Mn in surface soil with respect to subsurface soil may be attributed to the fact that manganese may 323 

complex with soil organic matter [54]. Depletion of Fe ions in surface soil compared to subsurface soil 324 

is probably due to clay mineral dissolution during shale weathering. Iron and aluminum are commonly 325 

associated with primary clay minerals such as illite and chlorite in bedrock [55]. In general, the 326 

difference in the concentration in trace metals in surface and subsurface soils can be attributed to 327 

nautiral geogenic sources and to a lesser extent to various anthropogenic activities such as mining, the 328 

usage of chemical fertilizer and pesticide, sewage irrigation and run off leaching. However, study area 329 

is well known for Pb – Zn mineralization districts of Africa [44] and the mineralization is hosted by 330 

the shale bedrock.  331 

 332 

3.3. Geochemical Characteristics of Water  333 

 334 

The result of physical and geochemical parameters of water samples in the study area alongside some 335 

standards [42, 55] are shown in Table 3. From the Table (3), the pH value of groundwater ranged 336 

from moderately acidic to near neutral. The lowest and highest values were recorded at locations 1 337 

(4.21) and 4 (7.27) respectively; while in surface water pH varied from weakly acidic at location 1 338 
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(6.36) to moderately alkaline at location 4 (7.59). The mean value of pH (6.40 ± 1.24) in groundwater 339 

is below the [42] and [56] standards of 6.5-8.5 for drinking water quality, while in surface water the 340 

value (7.04 ± 0.50) is within the recommended range in water.. The solubility’s of trace metals are 341 

controlled by the pH of the water. Higher water pH can reduce the solubility of metals whereas low 342 

water pH increases the dissolution of metals and thus these metals are released into the water column. 343 

The Ficklin[40] diagram ( Fig.2 ) showed that 90% of the groundwater  and surface waters samples  344 

are within the neutral or alkaline range and are classified as Near neutral – High metal, implying  that 345 

these water samples are not contaminated by acidic pollution, especially from acidic mine water [41].  346 

Only one location corresponding to Location 1(groundwater) is in the acidic range and is categorized 347 

as Acid High metal depicting that this site is probably contaminated by acidic pollution due to 348 

leaching by acidic drains associated with the dissolution of sulphide minerals contained in the 349 

weathered shale bedrock. The mobility and bioavailability of most heavy metals such as Cu, Mn, Pb 350 

and Zn are predominantly enhanced within acidic environment [57]. The pH of groundwater at 351 

location G1 (4.21) is within the acidic range and is moderately enriched with Mn, Cu and Zn 352 

compared to the other groundwater samples. The Near neutral - High metal in most of the water 353 

samples may be due to the occurrences of localized carbonate rocks which reacts with sulphide 354 

minerals as the water moves away from the source and alteration of pyroclastics and basic volcanic 355 

rocks that provide the bulk cation required to form authigenic carbonate cement in part of the area of 356 

study [58].  357 

The order of relative abundance for major and trace elements in groundwater and surface water were 358 

Al > Fe > Zn > Mn > Pb > Cu > Ni > Co > Cr > As > V > Sr and Al > Fe > Zn > Mn > Pb > Cu > Sr > 359 

Ni > Cr > As > Co > V respectively. The results show that the orders of enrichment of these elements 360 

in the two geochemical environments are similar except for Sr and Co which displaced Ni and Cr 361 

respectively in that order. In comparison with Standard Organization of Nigeria [42] and World’s 362 

Health Organization [56] permissible limits for drinking water, the mean concentrations of Al 363 

(2973.38±2250.54 µg/l, 3713±2916.35µg/l), Fe (1709.52±1276.54 µg/l, 2515.60±881.81 µg/l), Pb 364 

(254.57±498.95µg/l, 96.41±27.54µg/l) and Mn (401.16±351.66µg/l, 246.80±121.08 µg /l) in 365 

groundwater (GW) and surface water (SW) respectively were higher than the regulatory standards. 366 

Excessive concentration of these metals in water above permissible level may be hazardous to aquatic 367 

life and pose health threat to human life if they consumed this water through time.  368 

 369 

Consumption of water is one of the major pathways of toxic trace elements to humans. The mean 370 

values of As, Co, Cr, Cu, Ni, Sr, V and Zn in both groundwater and surface water were within the 371 

recommended permissible limits for drinking water quality. In the waters of the study area, the mean 372 

concentrations of  As, Co, Cr, Cu, Ni, Sr, V and Zn were below toxic level based on [42] and [56] 373 

regulatory limits for drinking water. The lower metal concentration is probably due to scavenging 374 

effect of hydrous Fe, Al or Mn oxide. The extent of metal on hydrous Fe–Mn oxide surfaces depend 375 
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on the pH of the stream water. As pH increases a greater percentage of dissolved metal cations are 376 

adsorb on the Fe oxides [57]. The variation of the concentrations of trace metals is presented on S7. As 377 

shown on S7, for groundwater samples, the maximum concentrations of Al, Ti, Mn, As, Co, Cr and 378 

were obtained at location 1. Location 5 recorded the highest concentrations of Fe, Cu and Pb, whereas 379 

the minimum concentrations of Al, Cr, Cu, Fe. Mn and Pb were associated with location 3, As 380 

(location 5) and Co and Ni (location 2). The oxidation of sulphide minerals and organic matter 381 

contained in shale rock could generate significant proportions of acidic solution thereby reducing its 382 

pH and thus enhancing the dissolution of the metals from the shale bedrock which are dispersed into 383 

groundwater [59]. In surface water samples the maximum concentrations of Al, Co, Mn, Pb, Sr and V 384 

were obtained at location 1; Ti, Ni and Zn (location 4); Al and Cu (location 2); Fe and Cr (locations 8 385 

and 10), while minimum concentrations were obtained for Mn, Cu, Ni and Zn (location 8); Al, Ti, Co, 386 

Cr and V (location10), Fe and Sr (location 9) and As and Pb (location 7) respectively.  387 

 388 

The elevated mean concentration of Al in the various water bodies and in all locations of the area of 389 

study may be as a result of breakdown of clays and aluminosilicates of the shale bedrock [60]. Higher 390 

mean values of Al in SW compared to GW may be attributed to higher clay content. Aluminum (Al) is 391 

an extremely abundant metal in the earth crust and occurs in the form of silicates such as feldspar 392 

(KAlSi3O8). Excessive Al exposure has also been reported to affect the bone development in the foetus 393 

during pregnancy [61]. Even the patients with impaired renal function (kidney insufficiency) were 394 

found at a higher risk of Al toxicity due to its more accumulation in the body [62, 63].  395 

 396 

The concentration of Fe in the various water bodies exceeding the [42] and [56] limit for drinking 397 

water quality may be attributed to the moderate dissolved oxygen, which favors solubility of Fe in 398 

water. The highest and lowest concentration of Fe in GW was obtained at locations 5 and 3 and 399 

Locations 10 and 9 in SW (S7). Although, Fe in water has no direct health consequences, in excess, it 400 

may impair taste to water and stain clothes. Ferric oxides (hematite, magnetite) and hydroxides 401 

(goethite, pyrite/pyrhotite) ore and gangue of marcasite contained in the shale bedrock of the area of 402 

study are common geological sources of Fe in water [63]. Manganese (Mn) occurs naturally in soils, 403 

rocks and minerals and are essential micronutrients for human beings, aquatic flora and fauna for their 404 

normal growth [41, 64]. This may partly account for the highest level of Mn in GW. Also, the area of 405 

study within the lateritic soil terrain, is a major source of Mn in surface water. Consequently, 406 

weathering of manganese containing mineral (manganese-oxide), surface erosion, leaching and heavy 407 

deposition of silts along this area may increase the concentration in the water bodies [65].  The high 408 

concentrations of Mn is of concern because it generally dissolves under mild reducing conditions to 409 

produce the mobile divalent Mn ion which when exposed to air is oxidized to hydrated oxide that form 410 

black colouration and can stain plumbing materials and clothes [60]. Besides geogenic inputs of these 411 

trace elements there are anthropogenic sources such as acid mine drainage that may be due to sulphide, 412 
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abandoned and active lead–zinc mines such as in the study area. Occurrence of Pb in the environment 413 

is considered as pollution since Pb from the natural source is low compared to anthropogenic activities 414 

[66]. Shale hosted Pb–Zn lode in the area of study is likely the primary source of Pb. High lead (Pb) 415 

concentrations in GW and SW in all the locations are above the [42] and [56] permissible limits of 416 

drinking water quality reflects bedrock lithology. However, the lower mean concentration of Pb in SW 417 

compared to GW is probably due to its low mobility and dilution effects [67]. High Pb concentrations 418 

in water may result in metallic poisoning that manifests in symptoms such as cancer, interference with 419 

vitamin D metabolism, affect mental development in infants, toxic to the central and peripheral 420 

nervous systems [42].  However, the mean concentrations of Al, Fe, As, Cr, Cu, Sr, V and Zn are more 421 

enriched in surface water relative to groundwater; while that of Mn, Co, Ni and Pb were higher in 422 

groundwater relative to surface water.  423 

 3.4 Pollution Assessment 424 

 425 

Metal pollution in soil reduces biomass production through the deterioration of soil fertility. In 426 

addition, metal pollutants in the soil maybe absorbed through the plants roots with soil water that 427 

dissolved the pollutants and may either cause harm to the plants or pass through the food chain to 428 

harm humans when these plants are eaten. Unlike organic pollutants which are biodegradable, metals 429 

are not. They can persist in the soil unless it is leached out into surface or ground water resources 430 

where more harm is done to human health. Human beings who occupy a higher level of the food chain 431 

are therefore at serious health risk due to bioaccumulation of the ingested metal toxin.  432 

 433 

Pollution assessment of the trace metals in soil and water was evaluated using the enrichment factor, 434 

pollution index and the anthropogenic pollution index and they were all calculated based on the 435 

concentrations of trace elements in the soils and the shale parent material.  436 

 437 

3.4.1 Soil Pollution assessment 438 

Enrichment factors for selected trace elements are shown in Figure 3. The enrichment factor (EF) less 439 

than 2 depicts that the metals were from natural weathering processes and higher EF values 440 

indicates that a significant portion of the trace elements s was derived from anthropogenic activities 441 

[67]. As shown on Fig 3, the mean EF for Ni, Sr and V of the soils were < 2 implying that most of the 442 

metals came from natural sources and at the same relative abundance as in the shale sample. 443 

However the EF for other metals were > 2.  In this study, assessment of trace elements and levels of 444 

contamination in soils requires pre anthropogenic knowledge of metal concentrations. Based on 445 

categorization [31] of mean EF values showed that Fe, Cr and Cu are moderately enriched (2 < EF< 5), 446 

Mn, Cu (SB) and Zn (SF) are significantly (5<EF<20) and very highly enriched (20<EF<40), whereas Cu 447 

and Pb (SF) and Pb and Zn (SB) are extremely highly enriched (EF > 40) with Pb (SF) having the highest 448 
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EF value of 108.7. Generally, EF < 10 are not considered significant [68] since such small enrichments 449 

may arise from differences in the composition of local soil material and reference material used in 450 

the calculations of EF. Distribution of EF values (Fig. 3) of trace elements on all sites for surface soil 451 

and subsurface soils exhibited EF > 2 in all the locations relative to the shale bedrock. For surface 452 

soils 100, 60, 60, 80, 30, 30, 10, 60, 10 and 10% of Sr, V, Ni, Fe, Co, Cr, Pb and Zn respectively of all 453 

the sites had EF < 2 depicting minimal enrichment or depletion. EF > 2 was evident for Co, Cu, Fe, Mn, 454 

Pb and Zn, accounting for 80, 100, 80, 90 and 90% respectively of the sites. Specifically, Fe, Co, Cr, Cu, 455 

Mn, Ni, V and Zn were moderately enriched (2<EF<5) accounting for about 80, 40, 20, 60, 10, 10, 30 456 

and 30% of the sites. Significant enrichment (5<EF< 20) of Fe, Mn, Co, Cr, Cu, Ni, Pb and Zn  457 

corresponded to 10,70, 40, 20,  20, 10, 50 and 50% of the sites, and extremely high enrichment 458 

(EF>40) of Mn, Cu, Pb and Zn represented 10, 20, 30 and 10% respectively of all the sites in the 459 

surface soils with location 7 having the highest EF for Pb and location 2 with the lowest EF value for 460 

Sr. In the subsurface soils 10% (Co and Cu), 60% (Cr), 90% (Ni), 100% (Sr) and 20%(Zn) of all the sites 461 

are minimally enriched or depleted with these trace elements. Moderate enrichment was evident in 462 

Fe (90%), Mn (30%), Co, Ni (10%), Cu (50%) and Zn (40%) respectively, while 10% (Co,Cr,Cu and Ni), 463 

30% (Pb) and 20% (Zn) of all the sites are significantly enriched, 10% (Mn) and 20% (Cu and Pb) and 464 

10% (Zn) were highly and extremely enriched with location 8 showing the highest EF value of   666.7 465 

for Zn and lowest value of for Sr. Locations 7 and 8 recorded the highest EF .values for surface and 466 

subsurface soils respectively.  467 

Anthropogenic source of contamination of these sites with these metals may be due to their proximity 468 

to the vicinity of Pb-Zn mining sites. In comparison to [35] scheme of classification trace elements in 469 

the surface soil and sub surface at most of the locations were in the range of minimal enrichment (EF 470 

< 10) to medium level of enrichment (10 < EF < 100) of Fe, Cu, Mn, Pb and Zn for locations 2, 4, 5, 7, 471 

8 and 9, while locations 2, 7 and 8 are highly enriched (EF > 100) for Cu, Pb and Zn (S8). Figure 3, 472 

show different pattern of distribution of EF values with locations in the surface and surface soils. The 473 

trace elements concentration exceeding background level as shown by the enrichment factor may be 474 

due to both natural and anthropogenic sources and thus  quite difficult to discriminate among the 475 

different causes [68]. The parent material largely influences trace metals content in many soil types, 476 

with concentration sometimes exceeding the critical values [51]. The estimated values of 477 

anthropogenic proportions (APs) for the trace elements were determined in soil samples with respect 478 

to the background level and EF greater than 2 [69]. In this study the mean EF values of Ni, Sr and V at 479 

both depths were below 2 and were not considered. The calculated mean APIs (Fig. 4) depicted slight 480 

to moderate input (1< AP< 50) for Co (SF and SB) and Mn (SB), high input (51< API <75) for Mn 481 

(SF) and Cu, Pb and Zn (SB) and extreme input (76 <API <100) for Cu, Pb and Zn (SF) in the soils 482 

with Cu, Pb and Zn the most enriched elements. There was very little or no anthropogenic input for Al 483 

and Cr (SF) and Al, As, Cr and Fe (SB) and these could be explained that these elements are derived 484 
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mainly from the parent material. The order of anthropogenic input was Pb > Cu > Zn >Mn > Co >As > 485 

Fe > Al  with minimal variation for SF and SB. Quantification of the anthropogenic input for SF and 486 

SB, indicated slight to moderate inputs for As, Co, Cu, Mn and Zn  of 50, 50–90, 20, 40–50 and 20%, 487 

high input for Cu, Pb and Zn (10–30%) and extreme high inputs for Mn, Cu, Pb and Zn (10–90%) 488 

respectively of all the sites implying that these metals are the most enriched. Also, there was little no 489 

anthropogenic inputs for As Al, Cr, Fe and Pb in 30-50, 90–100, 60, 60 and 10% respectively in all the 490 

sites suggesting that the metals in these sites (SF and SB) are derived from the weathering of the shale 491 

bedrock in the area of study.  492 

 493 

Pollution index (PI) gives important information on the extent and degree of multi-element 494 

contamination and can be applied to the evaluation of soils before their use in agriculture and 495 

production of food crops [70]. PI was computed to evaluate the degree of multiple element 496 

enrichment. This was done by averaging the ratios of element concentrations in the soil samples to per 497 

tolerable limits suggested by [37] for plant uptake. The PI values of the surface and subsurface soils 498 

(S9). As shown on S9, locations 1, 3, 6 and 9 for both surface and subsurface soils with PI values 499 

below unity depicting no pollution. All other locations with PI values greater than unity are polluted to 500 

various degree as regard to the background and threshold values with location 8 having the highest PI 501 

value.  The pattern of the order of anthropogenic inputs of the sites was 8 > 7 > 5> 4 > 2 > 10 for SF 502 

and SB respectively. Anthropogenic sources of these trace metals may be associated to the shale 503 

bedrock containing high level of water soluble minerals that contaminate the soils by ground and 504 

surface water, irrigation water, mine pits. Locations 8 and 7 are sites with the highest metal 505 

concentrations, highly enriched and high anthropogenic inputs suggesting that these sites are the most 506 

polluted in the area of study.    507 

 508 

3.4.2 Pollution assessment of water 509 

Metals in water have the potential of causing deleterious effects upon aquatic organisms [70]. They 510 

may cause lethal and sublethal effects upon the resident biota which in turn may lead to declines in 511 

taxa richness and abundance, and shifts of community composition due to elimination of metal-512 

sensitive taxa within the affected aquatic ecosystems. [71-74] observed a reduced abundance of metal-513 

sensitive mayflies and an increase in metal-tolerant orthoclad chironomids in New Zealand streams.  514 

The descriptive statistics (mean, standard deviation, median, minimum and maximum) values of PI in 515 

water presented in S10.  The PI value were significantly high for Al, Fe and Pb and are considered to 516 

be seriously affected whereas Zn is moderately affected. GW 5 had the highest PI values and is is 517 

located upstream.  The mean PI values of the various trace elements in water samples were in the 518 

following decreasing order: Al (42.21) > Pb (14.80) > Fe (9.09) > Mn (0.84) > Zn (0.26) > Ni (0.005) 519 

> Co (0.001) > As = Cr (0.0003) > Cu (0.00009) for groundwater and Al (88.18) > Fe (21.67) > Zn 520 

(3.02) > Pb (0.82) > Mn (0.09) > Ni (0.0023) > As (0.0006) > Cu (0.0002) > Cr (0.00007) > Co 521 
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(0.000002). Also, Percent of pollution of the trace elements for both GW and SW as shown in figure 5 522 

and S 10 have indicated that, 80% (GW) and 100% (SW) of Al, 60% (GW) and 100% (SW) of Fe, 523 

20% (SW) of Pb as well as the mean values of Al, Fe and Pb for GW and SW are in the class of 524 

seriously affected. Also, 20 % (GW and SW) of mean values of Pb and Zn are in the class of strongly 525 

affected, 20%(GW and SW) of the Fe and Pb samples are moderately affected and 60% (Mn) of the 526 

GW and SW samples are in the class of slightly polluted and exceeded their class grade values (Fig. 527 

5). Based on the above analysis, Al, Fe, and Pb levels of contamination in water were relatively high, 528 

among which, Al>Pb>Fe contamination were the most serious.  529 

 530 

4.0 Conclusion  531 

 This study investigated the major and trace elements content and pollution assessment of soil and 532 

water in Abakaliki underlined by shale bedrock in part of southern Benue Trough of Nigeria. The 533 

results showed that the shale bedrock are characterized by anomalous concentrations of Pb compared 534 

to global average shale and upper continental crust and are slightly enriched in  As. Cr, Co, Fe,  Ni, Sr, 535 

V and Zn and act as a natural geological source of trace element enrichment in the soil, surface and 536 

groundwater in the area of study. The trace element distributions in the surface and subsurface soil 537 

showed similar geochemical behavior implying a common source and possible heritage from the shale 538 

parent materials to soil and metal mobility. The calculated enrichment factor, anthropogenic inputs, 539 

pollution indices for soil, groundwater and surface water indicated that the soil and water are highly 540 

contaminated through numerous geogenic and anthropogenic sources with Pb being the most toxic and 541 

polluted  element and the shale bedrock with the mineral load contained in them as  the major 542 

contributor of these contaminants. To minimize the toxicity potential of metals, their levels in 543 

environmental media needs to be reduced through source control and/or treatment control. Therefore, 544 

detail geochemical survey is recommended including other media such as sediments and plants with 545 

respect to trace element enrichment.   546 

 547 
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 698 

Fig. 1 Sample location map of the study area (modified after  699 

7)   700 
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 720 

 721 

Fig. 2 Relationship between pH and metal load (mg/l) of groundwater and surface water of the 722 

area of study(modified after 40) 723 
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          732 

Fig 3 Enrichment Factor (EF) and classification (Zahran et al. 2015) of surface (SF) and sub 733 

surface soils (SB) of the area of study.  734 
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 Fig. 4 Calculated anthropogenic input (%) of trace metals in the surface (SF)  769 

    and  subsurface (SB) soils of the area of study. 770 
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 Fig. 5 Pollution Index (PIs) of water samples 1-5, (groundwater) and 6 – 10, (surface water) 783 

in   the study area  784 
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Table 1 Descriptive statistics of concentrations of major (%) and trace elements (mg/kg) in shale rock 803 

 804 

Metal Mean (n=10) SD CV (%) Min Max ASV UCC Mean EF 

Al 6.1 1.4 22.7 3.9 8.7 8 8.2 1.00 

Fe 5.4 1.5 27.6 3.4 8.2 4.72 4.1 1.66 

Mn 320.2 64.6 20.2 198.0 417.0 850 950 0.59 

As 2.8 1.4 50.9 1.0 5.6 13 2 1.09 

Co 17.0 3.1 18.2 10.3 20.4 19 10 1.37 

Cr 78.3 26.3 33.6 35.0 110.0 90 35 1.14 

Cu 23.0 5.0 21.8 16.4 31.0 45 25 0.77 

Ni 54.9 17.8 32.5 13.2 71.3 68 20 1.21 

Pb 26.8 9.4 35.2 18.7 50.5 19 20 2.13 

Sr 247.0 28.2 11.4 198.5 283.0 300 350 1.24 

V 105.4 11.0 10.5 82.2 119.0 130 60 1.21 

Zn 86.7 22.2 25.6 61.0 134.0 95 71 1.39 

 805 

SD - Standard Deviation, CV- Coefficient of Variation, ASV- Average Shale value [26], UCC Upper 806 

Continental Crust[ 43], EF Enrichment Factor 807 

 808 

Table 2 Mean and standard deviation (STD) of pH and concentration (mg/kg) of trace elements in 809 

soils of the area of study. 810 

 811 

Parameters SF   SB     

  Mean (n=10) SD Mean (n=10) SD ASV 

pH 5.6 0.8 5.3 1.9   

Al(%) 1.9 1.6 1.6 0.9 6.1 

As 3.0 0.9 2.7 1.7 2.8 

Co 20.5 17.3 18.3 13.0 17.0 

Cr 50.7 31.1 40.5 26.2 78.3 

Cu 119.8 196.3 119.4 29.0 23.0 

Fe(%) 5.1 2.7 4.9 2.0 5.4 

Mn 783.3 628.9 665.9 506.0 320.2 

Ni 15.7 10.5 13.6 9.5 54.9 

Pb 811.8 1209.1 223.8 47.5 26.8 

Sr 21.4 18.9 15.8 11.1 247.0 

V 53.0 40.5 39.4 31.5 105.4 

Zn 282.8 504.6 457.2 115.6 86.7 

SF- Surface soil, SB- Subsurface soil, ASV- Average shale value of the study area812 
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 813 

Table 3 Descriptive statistics of Physical and chemical parameters (µg/l) in water 814 

 815 
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 829 

 830 

GW- Groundwater, SW - Surface water,  SON -   Standard Organization of Nigeria, WHO -  World Health Organization, NA- Not Applicable 831 

832 

Parameters GW       SW           

  Mean SD Min Max Mean SD Min Max SON [42] WHO [55]  

pH 6.4 1.24 4.21 7.27 7.04 0.5 6.36 7.59 6.5 - 8.0 6.5 - 8.0 

Al 2973 2251 127.9 5416 3713 2916 920 8578 200 200 

As 1.66 1.38 0.49 3.89 2.94 0.69 2.04 3.84 10 10 

Co 6.12 9.26 0.33 22.14 2.24 1.37 1.13 4.58 10 

 Cr 3.29 1.47 2.09 5.31 4.31 1.62 2.5 6.65 50 50 

Cu 12.79 5.45 8.46 21.7 24.78 10.74 12.25 37.27 1000 2000 

Fe 1709.5 1276.5 116.2 3066 2516 881.8 1596 3570 300 300 

Mn 401.16 351.66 15.8 828.7 246.8 121.08 114 362.8 200 200 

Ni 8.79 9.29 2.49 25.09 8.15 3.31 4.38 12.75 20 20 

Pb 255.37 498.46 11.6 1146 96.41 27.54 51.37 121.4 10 10 

Sr 0.23 0.17 0.04 0.44 14.26 31.7 0.03 70.96 NA NA 

V 1.63 1.38 0.39 3.61 1.74 0.6 0.86 2.34 NA NA 

Zn 1049.52 417.01 457.7 1495 2417.72 1487.93 348.6 4094 3000 3000 
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S1 Geologic map of Southeastern Nigeria showing the study area (modified after, 19))  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

S2 Concentration (mg/kg) of analyzed metals in certified reference material (GBW 07404) 

 

Metals Certified   Results       

  Values SD obtained SD RSD (%) Recovery (%) 

Al % 78.00 0.58 76.00 0.70 0.92 97.45 

As 58.00 3.00 47.00 0.50 0.97 81.03 

Co 22.30 0.60 18.60 0.15 0.81 83.41 

Cr 370.00 6.00 341.00 4.00 1.12 92.16 

Cu 40.50 0.10 36.00 0.10 0.36 88.89 

Fe % ND ND 73530.00 519.00 0.71 ND 

Mn 1420.00 30.00 1627.00 12.20 0.76 114.58 

Ni 64.20 1.70 56.29 0.14 0.32 87.68 

Pb 58.50 2.10 53.28 0.40 0.90 91.08 

Sb 6.30 0.60 5.60 0.20 1.78 88.89 

Sr 77.00 3.00 65.00 1.20 1.84 84.42 

V 247.00 6.00 213.00 4.00 0.98 86.23 

Zn 210.00 5.10 185.00 0.54 0.57 88.10 

 

ND Not determined  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S3 Concentration (mg/kg) of trace elements in shale bedrock in the area of study 
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         S4. Variation of concentration (mg/kg) of trace metals in surface (A) and subsurface soils (B) 

      of the area of study. 
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S5 Scatter plot showing relation between concentrations of metals in surface and subsurface 

soils in the area of study. 

 



S6 Correlation matrix of pH and trace elements for surface (SF, n=10) and subsurface (SB, 

n=10) soil 
 

Soil depth Parameter Al Fe Mn As Co Cr Cu Ni Pb Sr V Zn pH 

SF Al 1.00 

            

 

Fe 0.51 1.00 

           

 

Mn 0.50 0.43 1.00 

          

 

As 0.23 -0.06 0.34 1.00 

         

 

Co 0.95 0.55 0.55 0.04 1.00 

        

 

Cr 0.73 0.90 0.38 0.01 0.73 1.00 

       

 

Cu -0.22 -0.27 -0.25 0.15 -0.32 -0.44 1.00 

      

 

Ni -0.15 -0.03 0.15 0.58 -0.14 -0.04 -0.26 1.00 

     

 

Pb -0.25 -0.29 -0.28 0.12 -0.37 -0.44 0.99 -0.30 1.00 

    

 

Sr 0.92 0.41 0.63 0.23 0.86 0.55 0.00 -0.28 -0.02 1.00 

   

 

V 0.94 0.67 0.45 -0.02 0.96 0.81 -0.32 -0.22 -0.37 0.84 1.00 

  

 

Zn -0.23 -0.27 -0.22 0.16 -0.34 -0.43 0.98 -0.21 0.99 0.01 -0.35 1.00 
 

 

pH 0.31 0.19 0.65 0.06 0.33 0.25 0.54 -0.05 0.61 0.37 0.30 0.15 1.00 

SB Al 1.00 

            

 

Fe 0.40 1.00 

           

 

Mn 0.20 -0.07 1.00 

          

 

As 0.09 0.60 0.39 1.00 

         

 

Co 0.87 0.45 0.52 0.29 1.00 

        

 

Cr 0.87 0.73 0.08 0.22 0.75 1.00 

       

 

Cu -0.36 0.63 -0.27 -0.37 -0.39 -0.48 1.00 

      

 

Ni -0.02 -0.02 -0.03 -0.01 -0.30 -0.23 -0.26 1.00 

     

 

Pb -0.40 -0.41 0.18 0.09 -0.35 -0.39 0.07 -0.21 1.00 

    

 

Sr 0.52 -0.20 0.71 -0.04 0.72 0.30 0.15 -0.28 -0.17 1.00 

   

 

V 0.89 0.59 0.22 0.21 0.91 0.89 -0.41 -0.34 -0.30 0.50 1.00 

  

 

Zn -0.30 -0.54 -0.33 -0.36 -0.35 -0.41 0.98 -0.21 -0.12 0.14 -0.38 1.00 

   pH 0.61 0.10 0.66 0.39 0.59 0.37 -0.29 0.32 -0.01 0.60 0.45 -0.29 1.00 

 

 

Values in bold, Significant at P < 0.05 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

        



 
 

         

         

         

         
 

        

         

         

         

         

         

           

        

         

         

         

 

S.6 Trace metal(µg/L) in groundwater(1 -5) and surface water(6 - 10) 

 

          in the area of study 

      

 
 

 

     S7 Concentration of trace metals (µg/l) in groundwater (1-5) and surface water (6 -10) 

     in the area of study 

 

 

 

 

 

 

 



 
                  S8 Classification of enrichment factor using [35] scheme 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



           

 
 

         

          

          

          

          

          

          

          

          

          

          

          

          

          

                          S9 Pollution Index of soils in the area of study 

 

 

S10 Descriptive statistics of PI values of water 

 
Trace 

elements GW       SW       

  Min Max Mean SD Min Max Mean SD 

Al 1.77269 75.06576 41.21105 31.19241 21.85713 203.72750 88.18518 69.26341 

As 0.00010 0.00078 0.00033 0.00028 0.00039 0.00073 0.00056 0.00013 

Co 0.00007 0.00494 0.00137 0.00207 0.00001 0.00007 0.00002 0.00003 

Cr 0.00012 0.00083 0.00033 0.00029 0.00002 0.00008 0.00007 0.00002 

Cu 0.00006 0.00017 0.00010 0.00004 0.00009 0.00028 0.00019 0.00008 

Fe 0.61780 16.30090 9.08895 6.78692 13.75220 30.76150 21.67609 7.59828 

Mn 0.03342 1.75270 0.84845 0.74376 0.04161 0.13242 0.09008 0.04419 

Ni 0.00156 0.01571 0.00550 0.00582 0.00143 0.00417 0.00267 0.00108 

Pb 0.67228 66.41643 14.79997 28.88805 0.43921 1.03797 0.82431 0.23546 

Zn 0.14952 0.48837 0.25934 0.13622 0.30859 1.20324 3.02956 0.44826 

 

GW   Groundwater, SW - Surface water  
  


