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Multivariate statistical analysis and distributional characteristics of heavy metal
contamination of soil around Okaba coal mines.
ABSTRACT:

Soil samples were collected during the dry season from Okaba coal mine areas to
establish the level of impact. Impact evaluation was carried out using correlation analysis,
factor and cluster analyses, determination of enrichment factor (EF), contamination factor
(CF), pollution load index (PLI), anthropogenic factor (AF) and index of geo-
accumulation (Igeo). The AF gave this order: Pb>Ni>Cu>Zn>Fe>Cd. The Igeo index, EF
and CF also reveded the same rank as AF. The pollution load index indicated that all
sampled sites have been polluted with locations Ok06, Ok16, Ok17, Ok03, Ok10 and
OkO08 as the most impacted.

At P<0.01 level, very strong correlations exist between Na-K, K-Mg, Ca-Zn while at P<
0.05 level, strong correlations were recorded between Na-Mg, Ca-Fe, Na-Pb, Pb-Cd and
Ni-Pb.

The R-mode factor suggests that factors one and three were both natural and
anthropogenic while factor two was due to natura processes. The R-mode cluster
analysis suggests that cluster one was anthropogenic and clusters two and three were
pseudo anthropogenic.

Based on the indices, Pb, Ni, and Cu were the most impacted heavy metas. While
detailed study is apt, the author recommend immediate and total reclamation of the
ponds/mines and treatment of all affected areas.

Key words. Okaba; Enrichment factor; Contamination factor; Index of geo-
accumulation; Pollution load index.

1.0 INTRODUCTION:
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Coal was discovered by the Geological Survey of Nigeria (GSN) along Otukpa stream
near Okaba. Okaba is situated 16km NE of Ankpa at the base of Enugu escarpment.
Exploratory boreholes sunk revealed the presence of coal seams with an average
thickness of 2.30m. Okaba coal is sub bituminous and occurs in lower and upper cod
measures. Total reserve of Okaba coal isput at 73 million tones (Ogbonnaya, 1992).
There were two mine sites- one for Nigeria Coa Cooperation (NCC) and the other for
Nordic. Both mines were closed and hardly distinguished from each other. On the entrant
to the NCC mine was an abandoned mine and two other mine ponds left by these
companies. Surface method of mining was used.

Coal mining has adverse effects on the environment. Mining involve exploration for and
remova of minerals from the earth. Mining leads to physical, chemical and biological
dterations of soil/sediment, drainage patterns, erosion and siltation of streams
(Belogolova and Koval, 1995). Coa mining releases heavy metals into the ecosystem
(Kozo and Jaoquin, 1982; Belogolova and Koval, 1995).

This study is imperative in order to determine the degree of contamination arising from
coa mining on soils.

1.1 STUDY AREA:

The Nigeria coa measures occur within the geologica units represented by the Mamu
Formation (Lower Maastritchtian) and Nsukka Formation (Upper Maastritchtian to
Danian) (Obianuju, 2005). Okaba coa mine is located in the Lower Anambra Basin,
Norht Central, Nigeria. The area is underlain by two Formations: the Mamu (Early to
Late Maestritchtian) and Ajali (Middle to Late Maestritchtian) Formations (Obianuju,

2005). The coa bearing sequence is found in Mamu Formation (Lower Maestritchtian).
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This Formation is underlain by Enugu shales (Campanian) and overlain by the false-
bedded Ajali sandstones of Middle Maestrichtian age. Mamu Formation (Lower Codl
Measures) consists of sandstone bands, mudstones, sandy shal e/carbonaceous shale and
coa measures at several horizons (Orgjaka et a., 1999). The shaes and mudstones often
alternate with thin bands and lenses of siltstones (Ogbonnaya, 1992). Ajali Formation
(False bedded sandstones) is made up of friable coarse-grained, white sandstones and
sometimes iron stained. The Formation consists of gravelly and coarse sandstone within
the upper horizons and grades into medium, fine-grained at greater depths. Clay and coal
units occur towards the bottom. There exists a transition between Ajali and Mamu

Formations. Overlaying Ajali Formation is the red earthy sands (Obianuju, 2005).
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Fig.1: Geological map of the study area (Obianuju, 2005)
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2.0 MATERIALSAND METHODS:

2.1 Soil sample collection:

Samples were collected, located and recorded using GARMIN 111 global positioning
system (GPS). The samples were collected randomly and fairly distributed around the
mines (Fig. 2). The soil samples were sun-dried, disaggregated (not crushed) using a
pestle and mortar and sieved through minus 80 meshes (0.177mm) with cellulose nitrate
filter. A gramme (1.0g) of each sample was digested with 3ml of 1:2 mixtures of
perchloric and hydrofluoric acids. The concentrations of heavy metals and major cations
were determined using Atomic Absorption Spectrophotometer (AAS). Analytical
procedures, operational parameters, calibration and standardization used were according
to APHA, 2000. All analyses were performed in Agriculture Faculty, Soil Science Dept.,
Kogi State University, Anyigba.

2.2 Analytical methods:

Insitu measurements of Temperature, pH, TDS and EC were determined intrusively with
appropriate probes. Spectrophotometer (Model Genesys 20) was used to determine the
concentrations of K, Na and Ca., Atomic absorption spectrophotometer (Model 210 VGP)
was used to determine the concentrations of Mg, Pb, Zn, Ni, Cu, Cd, and Fe.

2.3 Environmentrics technique: Principal component analysis (PCA), factor analysis
(FA) and hierarchal cluster analysis (HCA) were performed to determine the sources of
the variables. The Kaiser-Meyer-Olkin (KMOQO) and Barlett’s tests of sphericity were
initially carried out to confirm the appropriateness of the data for PCA. The main am of
PCA is data reduction to better describe the relationship among variables. The PCA,

correlation and varimax rotated factor analysis based on Kaiser’s normalization were
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performed on the variables for better interpretation (Manoj et a., 2012 and Ameh et.a.,
2012). Cluster analysis was also carried out for identification of relatively homogeneous
groups of variables based on their similarities. A dendrogram is constructed where
cohesiveness and correlations among variables can be clearly observed (Ameh et a.,
2011)

2.4 Determination of enrichment factor: The magnitude of contaminants in the soils
was evaluated from the EF computed for each location relative to the abundances of
species in source materials to the control/background value. The following equation as
proposed by (Simex and Helz 1981; Atgrin et al., 2000 and Mohiuddin et al., 2010) was
employed to assess the degree of contamination and distribution of elements of
anthropogenic origin. The EF= (Cy/Cr) sample/ (C/Cre) control/background value.
Where (C/Cr) sample is the ratio of concentration of heavy meta (C,) to that of Fe
(Cre) in the soil sample and (C,/Crge) control/background value is the reference ratio in
the control/background value. Iron (Fe) was selected as reference element because of its
abundance and is one of the widely used reference elements (Sekabira et al., 2010;
Mohiuddin et al., 2010 and Ameh, et al., 2012).

2.5 Assessment of pollution load index (PL1): The pollution load index (PLI) proposed
by (Hakanson, 1980) was used to measure PLI in soils. The PLI for asingle site is the nth
root of n number multiplying the contamination factors (CF values) together. The CF is
the quotient obtained as follows: CF= C el concentration/C contral point concentration of same metal @Nd
PLI for a site = nthv CF1*CF2....*CFn. Where n is the number of heavy metals study

(six in this study) and CF= contamination factor. Other anthropogenic indices include:
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105 geo-accumulation index and anthropogenic factor as used by (Adakpoh et al., 2005;
106  Fagbote and Olanipekun, 2010 and Ameh, et al., 2012).
e |1
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107 Scaw:1:25000
108 Figure 2: Sample location map of Okaba.
109
110 3.0RESULTS
111 Table 1: Okaba soil samples and summary statistics
112  Sample
113  location Na K Ca Mg Fe Cu Zn Pb Ni cd
114 Ok11 9472 2665 2125 .02 97.75 .25 22 44 581 .52
115 Ok12 12643 29.10 36.00 .15 195.25 .29 172 52 366 .45
116 Ok03 211.63 4482 2815 568 22025 .95 93 51 378 .62
117 ©Ok06 10621 3341 4272 409 507.50 .66 239 .36 583 .79
118 ©Ok08 189.64 4567 3325 321 279.25 .23 174 .49 556 .51
119 Ok10 196.83 37.88 3275 4.16 203.75 .36 111 .94 335 .84
120 ©Ok16 17215 3121 3471 125 10010 131 168 .68 547 .74
121  ©Ok17 18131 27.05 2563 .78 150.20 .58 193 54 507 .63
122 Ok18 100.05 2562 19.32 103 8947 .23 .69 51 378 51
123 Ok19 8056 26.04 3538 .31 210.30 .55 175 .32 146 .36
124  Ok20 99.60 20.72 3044 .42 95.07 .47 176 .38 131 .12
125 Cpvaue36.73 1527 3041 412 8652 .18 54 .05 .86 35
126  Cp = control point values
127
128 Table 2: Basic statistics of measured parameters.
129
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Variable 95% conf. | 95% conf.
Std. int. of the int. of the
Mean Deviation | Range | Minimum [ Maximum [Skewness| Kurtosis T diff. (Lower) [diff. (Upper)
Na 141.7391| 48.65076| 131.07 80.56] 211.63 191  -1.929| 9.663| 109.0551| 174.4231
K 31.6518|  8.07511| 24.95 20.72 45.67 776 -376| 13.000|  26.2269|  37.0767
Ca 30.8727|  6.87031| 23.40 19.32 42.72 -.238 -195| 14.904|  26.2572|  35.4883
Mg 1.9182|  1.99133| 5.66 .02 5.68 844 -814| 3.195 5804 3.2560
Fe 195.3518| 121.36656| 418.03 89.47| 507.50 1.842 4239 5.338| 113.8167| 276.8870
Cu 5345 33954  1.08 23 1.31 1.375 1.626| 5.221 3064 7627
Zn 1.4473 63138  2.17 22 2.39 -676 -.060| 7.602 1.0231 1.8714
Pb 5173 17176 62 32 94 1.573 3.238| 9.988 4019 6327
Ni 4.0982|  1.63037| 4.52 1.31 5.83 -.670 -.642| 8.337 3.0029 5.1935
cd 5536 20593 72 12 84 -.647 726| 8.917 4153 6920
130
131 Calcium-Zn, Ni and Cd revealed moderately to high negative skewness values
132  indicating that the bulk of the values were on the higher right side of the frequency
133  distribution curve. Potassium and magnesium showed high, positive, skewed behaviour.
134  Thisisanindication of common source of origin for these elements as they approach
135 normal distribution with their lower skewness. Higher, positive, skewed values which
136 indicate bulk of the values on the lower |eft side of the distribution curve was observed
137  for Fe, Pb and Cu. Based on their frequency distribution, we have two groups: Ca-Zn-Ni-
138 Cd-K-Mg and Fe-Pb-Cu. Similar trend is also revealed by the kurtosis values (Table 2).
139 Table3: The KMO and Bartlett’s tests.
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 421
Bartlett's Test of Approx. Chi-Square 132.8
Sphericity 08
Degree of freedom 45
Significance .000]
140




UNDER PEER REVI EW

141

142

143

144

145

146

147

148

149

150

151

152

153

154
155

Kaiser-Mayer-Olkin (KMO) and Barlett’s tests of sphericity were performed to
determine data appropriateness for PCA. The KMO test is a measure of sampling
adequacy and its values lies between 0 and 1 (Mangj et a., 2012). Smaller values close to
zero (0) indicate PCA not appropriate whereas, higher values close to one (1) increase the
reliability of PCA. Values from 0.421 are considered satisfactory (Manoj et a., 2012).
Barlett’s test was used to determine whether the correlation matrix is an identity matrix.
The P< 0.05 is considered significant for Barlett’s test (Manoj et al., 2012). Barlett’s test
produced a highly significant value of P<0.01, an indication that correlation matrix was
not an identity matrix and significant relations exists between the variables (Table 3).

These tests confirm the suitability of the datafor PCA.

Table 4: The Correlation matrix between measured variables.

Variables| na | k | ca [ Mg | Fe | cu | zn | Po | Ni | cd

Na 1| .765°| .034| .641°| .047| 347 017 654 307 536
K 1| .246|.8447| 459 156 -011| 341 .375| 514
Ca 1| .285| .718| .306| .788"| -.051| -019| 211
Mg 1| 587 .266| .046| 316/ .215| .581
Fe 1| .032| 564| -218| .294| 406
Cu 1| 267 117 .133| 346
Zn 1| -228| -037| .009
Pb 1| 140 .614]
Ni 1| 644
Cd 1

*Correlation is significant at the 0.05 level (2-tailed) ** Correlation is significant at the
0.01 level (2-tailed).
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156 Correlation analysis (Table 4) showed very strong correlation between Na-K(r =
157 0.765), K-Mg (r =0.844), Ca-Zn (r =0.788) at P< 0.01 level forming a group of Na-K-
158 Mg-Ca-Zn. Thismajor cations and Zinc showing strong correlation indicate same source.
159 AtP<0.05level, NaMg (r=0.641), Ca-Fe(r =0.71), Na-Pb (r = 0.654), Pb-Cd ( r

160 =0.614) and Ni-Cd ( r = 0.644) showed positive, moderate relationship. This group: Na-
161 Mg-CaFe- Pb- Cd- Ni comes mainly from coal mining related source except the major
162  cations which are abundant in rocks in the area.

163
164  Table5: The anthropogenic factor of heavy metalsin Okaba soils.

Heavy metals | Mean measured | Control  point | Anthropogenic % AF % Geogenic
(mg/l) concentration concentration factor (AF) value

Fe 195.3536 86.52 2.26 69.31 30.69

Cu 0.5345 0.18 2.97 74.81 25.19

Zn 1.4473 0.54 2.68 72.83 27.17

Pb 0.5173 0.05 10.35 91.19 08.81

Ni 4.0982 0.86 04.77 82.65 17.35

Cd 0.5536 0.35 01.58 61.27 38.73

165 The AF =C,/Cp. Cin = mean measured concentration; C, = control point concentration

Bar graph of anthropogenic factor
(AF) of heavy metals in Okaba dry
season soil sample data.

120
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60 -
40 |

20
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Fe Cu Zn Pb Ni Cd

166
167 Fig 3: A plot of AF of heavy metalsin Okaba soils.

168 The anthropogenic factor revealed AF of 91.19% for Pb; 82.65% for Ni; 74.81% for Cu;
169 72.83% for Zn; 69.31% for Fe and 61.27% for Cd (Table 5 and Fig.3). This showed that
170  meta contamination exist in the soil.

171  Table6: The lgeo index of Okaba soils and classes (Muller, 1979)

Heavy
metals Sample location

OKO [ OKO | OKO [ OK1l |OK1l |OK1l |OK1 [|OK1l | OK1 | OK1l | OK2
(mg/l) 3 6 8 0 1 2 6 7 8 9 0
Fe 076 [197 |111 |065 |-042 |059 |-0.38 |0.21 |-054 |07 -0.45
Cu 182 |129 |-023 |042 |-011 |01 228 |11 -0.23 [ 1.03 | 0.8
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Zn 0.2 156 |11 045 |-088 | 109 |105 |125 |-023 |111 |112
Pb 277 1226 | 271 |365 |255 | 279 |318 |285 |277 [209 |234
Ni 155 | 218 | 211 |138 | 217 |15 208 |197 |155 |018 |0.02
Cd 024 [059 |-0.04 | 068 |-0.01 | -0.22 | 05 026 |-004 | -054 | -2.13

172 The lgeo = 1092 [(C)/ (1.5* Cp)]: Cm = measured concentration; C, = control point
173  concentration; 1.5 = a factor for possible variations in reference concentration due to
174  lithologic differences.

175  Igeoindex Pollution intensity

176 0 Background concentrations
177 0-1 Unpolluted

178 1-2 Moderately to unpolluted
179 2-3 Moderately polluted

180 3-4 Moderately to highly polluted
181 4-5 Highly polluted

182 >5 Very highly polluted

183 Also, the average Igeo index of accumulation revealed Pb to be moderately to highly
184  polluted, Ni moderately polluted while Cu, Zn, Fe and Cd were unpolluted.
185

186
187
188
189
190
191
192
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194 Pb —*—Ni —o—Cd OK18 OK19 OK20

195
196 Figs. 4a&b: The Igeo index of Okaba soils.
197 Table7: The R-mode varimax factor analysis of Okaba soils.

Factor

Variable 1 2 3 Communalities
Na .625 -6.497E-02 .638 .856
K .891 .050 163 .895
Ca 124 .929 343 .872
Mg .853 .204 165 .880
Fe 577 717 -.335 971
Cu .280 377 .674 743

10
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198

199
200

201
202
203
204
205
206
207
208
209
210
211

212
213

214
215
216
217
218

Zn -.110 918 .308 .837
Pb .296 -.275 .748 714
Ni 744 .021 181 .924
Cd .693 9.482E-02 458 .867
Eigenvalue 3.398 2.510 1.814

% of variance  33.977 25.102 18.142
Cumulative%  33.977 59.080 77.222

Factor 1 was the dominant with eigenvalues of 33.977%. Factor 1 consists of K-
Mg-Ni-Cd-Na-Fe with Fe-Na showing moderate loadings which is an indication of their
independency within the factor. Factor two consists of strong factor loadings on Ca-Zn-
Fe. In factor three, Pb-Cu showed strong loadings while Na revealed moderate and Cd
weak loadings. This is also an indication of degree of independency on the prevailing
factor. All factors extracted were attributed to anthropogenic and to some degree, natural
sources. The PCA finding isin agreement with correlation matrix, skewness and kurtosis.
Worthy of note isthe fact that Cd-Fe was affected by more than afactor (Table 7). Strong
correlations and strong factor loadings within a given factor indicate same source for the
variables.
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Fig 5: The R-mode cluster analysis.

From the dendrogram depicted above (Figure 5), cluster 1 consists of K-Mg-Na-Ni-Cd-
Pb-Cu and cluster two consists of Ca-Zn-Fe. Cluster 1 was joined to cluster two at a
significantly large linkage distance which shows relatively high independency of each
group. While cluster one was attributed to anthropogenic sources, cluster two could be a

mixture of natural and anthropogenic sources.

11
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Table 8: The Enrichment factor (EF) of heavy metals and classes (Sutherland, 2000)

Heavy | Samplelocation
Metals
(mg/l) | OK03 | OK06 | OK08 | OK10 | OK11l | OK12 | OK16 | OK17 | OK18 | OK19 | OK20
Fe 1.48 1.33 1.00 115 [277 |071 |032 |049 (081 |075 |034
Cu 207 | 063 |040 |0.85 123 |0.71 6.29 1.86 1.24 126 | 2.38
Zn 0.68 | 0.75 1.00 | 087 |0.36 1.41 269 | 2.06 1.24 133 | 297
Pb 4.01 123 |[304 [798 |[(779 |461 1175 | 6.22 | 9.86 2.63 | 6.92
Ni 1.73 116 | 2.00 164 | 598 18 |550 [340 |[425 |0.70 1.39
Cd 070 | 038 |0.45 1.02 132 | 057 1.83 1.04 141 | 042 |031

EF indices Degree of enrichment

EF<1 Background concentration

EF 1-2 Depletion to minimal enrichment

EF 2-5 M oderate enrichment

EF 5- 20 Significant enrichment

EF 20- 40 Very high enrichment

EF > 40 Extremely high enrichment

The order of enrichment factor was Pb (66.04) > Ni (29.64) > Cu (18.92) > Zn
(15.35) > Fe (11.15) and Cd (9.45). Except in locations OK 12, OK(08, OK06 and OKO03,
Pb has the highest value of EF in al locations. This was followed by Ni, Zn, Cu, Fe and

Cd was the least. In order of enrichment, location OK 16 was the most enriched, followed
by OK18, OK11 and OK 17, while OK03, OK08, OK06 have the |east enrichment factors
with respect to al the heavy metals (Fig 6a&b). In order of three most impacted heavy

metals, Pb have al six locations significantly polluted, four moderately polluted and
OKO06 was depleted to minimally enriched. Copper has one location (OK16),

significantly enriched and the rest moderately enriched. Nickel has two locations

significantly enriched, six moderately enriched and two locations depleted to minimally
enriched (Fig 6a&b). The least EF was: Cd<Fe<Zn with respect to all locations.
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250
251
252  Figs6a&b: The EF and average EF of heavy metals.

253 Table 9: The CF of heavy metalsin Okaba and classes (Hakanson, 1980).

Heavy | Samplelocation
Metals
(mg/l) | OKO3 | OK06 | OK08 | OK10 | OK11 | OK12 | OK16 | OK17 | OK18 | OK19 | OK20
Fe 2.55 5.87 3.23 2.35 1.13 2.26 1.16 1.74 1.03 2.43 1.10
Cu 5.28 3.67 1.28 2.00 1.39 1.61 7.28 3.22 1.28 3.06 2.61
Zn 1.72 4.43 3.22 2.06 0.41 3.19 311 3.57 1.28 3.24 3.26
Pb 10.20 | 7.20 9.80 18.8 8.8 10.4 13.6 10.80 | 10.2 6.4 7.60
Ni 4.40 6.78 6.47 3.90 6.76 4.26 6.36 5.90 4.40 1.70 1.52
Cd 1.77 2.26 1.46 2.40 1.49 1.29 211 1.80 1.46 1.03 0.34
PLI 3.5 4.68 3.27 3.46 1.96 2.95 4.11 3.63 2.19 2.54 1.82
254
255
256
257  Contamination factor (CF) indices Degree of contamination
258 CF<1 Low contamination
259 1=CF=3 M oderate contamination
260 3=CF=6 Considerable contamination
261 CF>6 Very high contamination
262
26 20
18
264 16
14 5
f 12
26" s 10 ;\
2 Y —— 2
i 7 \\
26] e \g_
0 : T &
268 LIS L Fe cu zn Pb Ni cd
26 [—Fe = Cu 20 - Pbx N Cd —e—OKO03 —=— OK06 OK08 OK10 —%—OK11 —e— OK12
—+—0OK16 ——OK17 OK18 OK19 OK20
270
271  Figs. 7a&b: The CF and average CF of heavy metals.
272 From the CF (Table 9), Pb has the highest average CF values of (113.80) from all

273  locations, followed by Ni (52.45), Cu (32.68), Zn (29.49), Fe (24.84) and Cd (17.41).
274 Cadmium has the least CF value of 17.41. Iron (Fe) has moderate contamination in nine
275 locations and considerable contamination in two other locations (OK08 and OKOQ6).

276  Copper has moderate contamination in six locations and considerable contaminations in

13
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293
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298
299
300
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304
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306
307
308
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locations OK03, OK06, OK17 and OK19. At location OK06, Cu has very high
contamination value of 7.28. Zinc has low contamination at OK11l, moderate
contamination at locations OK03, OK10, OK18 and considerable contamination at
locations OK06, OK08, OK12, OK16, OK17, OK19 and OK?20. Lead CF ranged from
6.4 to 18.8. All locations recorded very high contamination. The CF values of Ni indicate
that locations OK19 and OK20 were moderately contaminated five other locations
considerable contaminations while OK06, OK08, OK11 and OK16 have very high
contaminations. Cadmium has the least CF values and al locations have CF values
between 1 and 3, (moderate contamination) except location OK20 with low
contamination. Lead has the highest CF value in al locations, followed by Ni in most
locations, Cu and Zn while Fe and Cd were the least (Figs. 7a&b). The most
contaminated locations were OK10, OK16, OK17, OK18, OK12, OK08, OKO03 and
OK20 in decreasing order. Heavy metal CF rank was. Pb > Ni > Cu > Fe > Zn > Cd.
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Fig8: ThePLI of heavy metals.
Table 10: Pollution load index of sample points (Tomilson, 1980).

Locations Pollution load Index

0Ok03 3.50 polluted
Ok06 4.68 polluted
Oko8 3.27 polluted
Ok10 3.46 polluted
Ok11 1.96 polluted
Ok12 2.95 polluted
Ok16 411 polluted
Ok17 3.63 polluted
Ok18 219 polluted
Ok19 254 polluted
0Ok20 1.82 polluted

The pollution load index (PL1), showed that all locations have PLI > 1 and were polluted
(Fig. 8, Table 10).
4.0 DISCUSSION:

14
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The concentrations of major cations were due to their abundance in rock forming
minerals in the area. They showed this trend: Na (141.74 mg/l) > K (31.65 mg/l) > Ca
(30.87 mg/l) > Mg (1.92 mg/l). The heavy metas showed this rank:
Pb>Cu>Cd>Zn>Ni>Fe. Their presence is attributed to pyrite minerals and base metal
deposits such as chalcopyrite (CuFeS,), chalcocite (Cu,S), covellite (CuS), gaena (PhS),
sphalerite (ZnS) (Nelson, 2004).

At P<0.01 level, very strong correlations were observed between Ca-Zn-Ni-Cd-K-Mg
while at P<0.05 level, Fe-Pb-Cu revealed moderate correlation. The presence of Pb, Ni
could be from fossil fuel while Zn, Cd are associated with coal mining. Both groups

resulted from natural and anthropogenic origins.

The R-mode factor analysis suggests that factor one and three were due to both natural
and anthropogenic inputs while factor two could be due to natural processes as evidence
in the correlation analysis, EF and CF (Harikumar and Jisha, 2010; Pathak et al., 2008).
The R-mode cluster analysis generated three clusters. Cluster one was an association of
K, Mg, Na, Ni, Cd and Pb. Nickel and Cd were connected to this cluster at 2nd degree
while Pb was linked to this same cluster at a farther distance (3rd order degree). Copper
was the only element in cluster two. This solitary behavior was evident aso in the
correlation where Cu did not significantly relate to any of the parameters analyzed. This
indicates uniqueness and high degree of independency. The association in cluster three
was made up of Ca, Zn and Fe. While cluster one was due to anthropogenic inputs rel ated
to coal mining, cluster two and three could be due to natural processes (Abbas et a.,
2008).

All indices gave this order of enrichment/contamination of heavy metals present in Okaba
coa mines: Pb > Ni > Cu > Zn > Fe > Cd. Cadmium and Fe were respectively the least
contaminated. Lyons et al., 1989 investigated the distribution of heavy metalsin coa and
showed that As, Co, Cu, Ni, Cr, Pb, Zn, Cd etc were present. Adaikpoh et al., 2005 aso
confirm the presence of heavy metals such as Pb, Cd, and Ni in Enugu coal. This study
indicates that soil samples were contaminated/enriched with Pb, Ni, Cu and Zn. This
observation may be due to the presence of pyrite minerals in coal. Besides pyrites, base
metal deposit contain other metal sulphide minerals such as chalcopyrite (CuFes,),
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chalcocite (Cu,S), covellite (CuS), galena (PbS) and sphalerite (ZnS). In a strongly
reducing environment and in the presence of sulphur, these elements form sulphides. This
explains why coas which form in strongly reducing environment contain significant
amounts of heavy metals (Nelson, 2004). Analysis of Nigerian coal shows the presence
of heavy metals such as Cd, Cu, Cr, Hg, Ni, Zn, Pb, Ti, As, Ag, Al, Co, V and S
(Ogbuagu, 1999). The acidic nature of the environment and the tropical climatic
conditions contributed to the high concentration of these heavy metals.

While lower and generally no appreciable difference in PLI indicates less significant
inputs from anthropogenic sources, PLI > 1 indicates progressive site deterioration. This
means that all sample sites were polluted. The PLI of > 2.50 indicates appreciable
enrichment/contamination and as such locations OK06, OK16, OK17, OK03, OK10,
OK 12 and OK19 have experienced varying degrees of heavy metal contamination from

coa mining related activities.

CONCLUSION:

Based on the indices used, Pb, Ni and Cu have significantly impacted on the soil. Factor
and cluster analyses also complimented the indices for proper evaluation of the
contaminated soils. Efficient mining processes, improved maintenance and other

practices are recommended for a sustainable environment.

REFERENCES:

[1] Abbas F.M. Alkarkhi; Anees Ahmad; Norli Ismail; Azhar mat Easa and Khalid Omar,
2008.Assessment of surface water through multivariate analysis. Journal of Sustainable
Development. Vol.1, No.3, 27-33.

[2] Adaikpoh, E.O; Nwajei, G.E; Ogala, J.E., 2005.Heavy metals concentrations in coal
and sediments from River Ekulu in Enugu, Coal City of Nigeria. J. Appl. Sci. Environ.
Mgt. Vol.9 (3) 5-8.

[3] APHA, 2000.Standard Methods for the Examination of water and Waste water.
APHA, Washington, D.C. 200005.

16



UNDER PEER REVI EW

371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401

[4] Ameh, E.G; Omali, A.O; and Imeokparia, E.G (2011): Using multivariate techniques
to evauate impact of coal mining on River Achokpa stream sediments, Kogi State,
Nigeria. International Journal of Applied Environmental Sciences, Vol. 6, No 3, Pp.355-
369.

[5] Ameh, E.G; Daniel, A. and Attabo, O.N. (2012): Integrated approaches in the
evauation of the status of soil samples around Obajana cement factory, North Central
Nigeria. Journal of Applied Environmental Sciences, Vol. 7, No 4, Pp.379-395.

[6] Atgrin, R.S., El-Agha, O., Zararsiz, A., Kocatas, A., Parlak, H., Tuncel, G., 2000.
Investigation of the sediment Pollution in Izmir Bay trace elements. Spectrochim. Acta
B., 55(7), pp,1151-1164.

[7] Fagbote E.O and Olanipekun E.O (2010): Evaluation of the status of heavy meta
pollution of sediment of Agbabu bitumen deposit area, Nigeria. European Journal of
Scientific Research. Vol.41, Nos.3, pp.373-382.

[8] Nelson Eby G., 2004.Principle of Environmental Geochemistry. Brooks/Cole,
Cengage Learning, USA.

[9] Harikumar P.S and Jisha T.S., 2010.Distribution pattern of trace metal pollutants in
the sediments of an urban wetland in the southwest coast of India. International journal of
Engineering Science and Technology.Val. 2 (5), pp 840-850

[10] Pathak, J.K; Mohd Alam and Shikha Sharma, 2008.Interpretation of groundwater
quality using multivariate statistical technique in Moradabad City, Western Uttar Pradesh
State, India. E-journal of Chemistry. Vol.5, nos.3, pp.607-619.

[11] Hakanson, L., 1980.Ecological Risk Index for Aquatic Pollution Control, a
Sedimentological Approach. Water Res., 14: 975-1001.

[12] Kumar Manoj; Pratap Kumar Padhy and Shibani Chaudhury (2012). Study of heavy
metal contamination of the River water through index anaysis approach and
environmetrics. Bulletin of Environment, Pharmacology and Life Sciences. Vol 1 (10),
07-15.

[13] Koval, P.V and Belogolova, G.A., 1995. Environmental geochemical mapping and
assessment of anthropogenic chemical changes in the Irkutsk-Shelehov region, southern
Siberia, Russian. Journal of Geochemical Exploration. Elsevier science, vol.55:pp.193-
201.

17



UNDER PEER REVI EW

402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432

[14] Kozo .1 and Joaquin Lira .O. 1982.Environmental problems produced by mineral
extraction in Venezuela (excluding coa): Association of geoscientists for international
development. AGID report No.7.Hidden wedth: Mineral exploration techniques in
tropical forest areas. Edited by: D.J.C and A.K. Gibbs.

[15] Mohiuddin, K.M; Zakir, H.M; Otomo, K; Sharmin, S; Shikazono, N (2010).
Geochemical distribution of trace metal pollutants in water and sediments of downstream
of an urban River. Int. J. Environ. Sci. Tech., 7(1),17-28

[16] Muller, G., 1979.Schwermetalle in den sediments des Rheins-Veranderungen seitt
1971. Umschan.79, 778-783. In Chen, C., Kao, C., Chen, C and Dong, C., 2007.
Distribution and accumulation of heavy metals in the sediments of Kaohsiung Harbor,
Taiwan. Chemosphere.66.1431-1440.

[17] Obianuju P.U., 2005.Palynological study of the Okaba coa mine section in the
Anambra basin, southeastern Nigeria. Journal of Mining and Geology Vol.41 (2), pp.193-
203.

[18] Oragjakal.P., Onwuemes G, Egboka B.C.E and Nwankor G.I., 1999.Nigerian Coal.
Mining Magazine, pp.446-451.

[19] Ogbonnaya Ofor, 1992.Float-and-sink characteristics of Okpara and Okaba mine
Coals. Journal of Mining and Geology Vol.28, No.1, 1992.

[20] Ogbuagu, J.O (1999): Levels of trace metals and polynuclear aromatic hydrocarbons
(PAH) in Nigeria coas and coal smoke. Unpubl. PhD thesis, Dept., of Pure and Industrial
chemistry, Univ. of Nig. Nnsuka, Nigeria.

[21] Sekabira, K.; Oryem H.O., Basamba, T.A; Mutumba, G; Kakudidi, E.,
2010.Assessment of heavy metal pollution in the urban stream sediments and its
tributaries. International Journal Environment, Science and Technology 7(3), 435-446.
[22] Simex, S.A.E. and Helz, G.R (1981): Regiona Geochemistry of Trace elementsin
Chesapeake Bay Sediments. Environmental Geology 3:315-323.

[23] Sutherland, R.A., 2000.Bed sediment-associated trace metals in an urban stream,
Oahu, Hawaii, Environmental Geology 39: 611-37.

[24] Tomilson, D.C.; Wilson, D.J.; Harris, C.R.; Jeffrey, D.W; (1980). Problem in
assessment of heavy metals in estuaries and the formation of pollution index. Helgol.
Wiss. Meeresunlter, 33(1-4), 566-575.

18



