Vol 3 | Issue 1 | Pages 102-111

Journal of Soil and Water Science

ISSN: 2643-5799

Research Article DOI: 10.36959/624/435

Influence of Soil Particle Size Distribution on Groundwater
Quality around Industrial Areas of Oshodi-Lagos Nigeria
Bernadette U Ukah®, Ogbonnaya Igwe and Oyem E Ubido

Department of Geology, Environmental Monitoring Unit, University of Nigeria, Nsukka, Nigeria

Abstract

Around industrial areas of Oshodi are differences in groundwater quality based on physical assessment. These industries
claimed that their activities have no impact on the qualities of these ground waters. Hence the influence of particle size
distribution on groundwater quality was evaluated. The combined techniques of geotechnical and physicochemical were
used in the analysis of; twenty-eight groundwater and soil samples in the study area, as well as fourteen groundwater
and soil samples from the control site. Geotechnical result showed that particle sizes of soil from the control were well
graded unlike those from the study sites. The mean concentration of physicochemical parameters and heavy metals such
as; total organic carbon, Zn, Cu, Cd, Fe, Pb, Ni and Cr in soil were higher in the control than that in-study samples. But
the soil pH had mean value of 5.849 for the study sample and 5.445 for the control. All the physicochemical results from
the soil samples meet up the standard set by Department of Petroleum Resources in Nigeria for metal concentration in
the soil. The ecological risk of soil was very low. In contrast, the mean concentrations of the physicochemical parameters
and heavy metals including; total dissolved solid TDS, biochemical oxygen demand BOD, Zn, Cu, Cd, Pb, Mn, Fe, Cr and
Ni were higher in groundwater samples from the study area than in control except for the groundwater pH (5.57) which
was lower than in control (5.89). Parameters like salinity, TDS, BOD, Zn and Cu were within the standard limit for drinking
water in all the groundwater. The result showed that groundwater from well graded soil is of good quality where as those
from poorly graded soil are of poor quality irrespective of the industrial activities.
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Introduction are the grain sizes and the interconnectivity between soil
particles. The factors which influence the interconnectivity
between the soil particles include; particle shape, density
(degree of compaction) and particle size distribution. There
are indices used in characterizing particle size distribution of a
soil. Commonly used indices include coefficient of uniformity
(Cu), coefficient of curvature (Cc), Sorting Coefficient (C) or
. s ; ) (S,), particle sizes - D, D,,, D, D,, D, and D, in mm and
other materl.als that would otherwwe Fontamlnate the envi- 10%, 25%, 30%, 60% and 75% by weight of soil, passing the
ronment. Soils may also contain organisms that break down respective sieve sizes [7,8]. D, = grain size corresponding to

certain contaminants into less harmful materials. This over- 10% by weight passing, also referred to as the effective size
sight, which can result in possible groundwater pollution, is (mm) ’

especially significant in land application of wastewater. Soil,
as a filter of toxic chemicals, may adsorb and retain heavy
metals from industrial affluent but when the capacity of is re- .
. . *Corresponding author: Bernadette U Ukah, Department of

duced due to continuous loading of pollutants, these harmful . o : o S

b b | ) h ior food chai Geology, Environmental Monitoring Unit, University of Nigeria,
substance can be release into the major food chain route as Nsukka, Nigeria, Tel: +234-7038479934
well as groundwater [2-4].

Soils have the ability to filter out waste contaminant/pol-
lutants before it gets to the water table. This varies with dif-
ferent sizes, shapes and arrangements of the soil particles,
as evidenced in the use of selected sand and other materials
in water filtration plant [1]. Soils, particularly those with clay
particles, may selectively attract, absorb, and bind toxins and
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water contamination by sorbing pollutants results from the

size of soil particles which facilitate their transport. Perme- Cltapon: l.Jkah I.3U,.Igw.e 0, Ubido OE (2019) '”ﬂ”e.”ce of Soil

ability is an important property that is controlled by physical Particle Size Distribution on Groundwater Quality around
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properties of both the soil and the movement of groundwa- 3(1):102-111

ter [6]. Physical properties of soil that control permeability ’
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Owing to the shallow nature of the groundwater and the
constant dislodging of industrial effluent, the study is aimed
at determining the influence of particle size distribution of
the soil on groundwater quality around some of these indus-
trial areas of Oshodi (Figure 1) majorly food and wine pro-
ducing sites. This was done using Geotechnical technique of
sieve analysis to determine the particle size distribution of
the soil samples as well as the gradation. Physicochemical
parameters such as heavy metals (Manganese (Mn), Nickel
(Ni), Copper (Cu), Iron (Fe), Cadmium (Cd), Lead (Pb), Chromi-
um (Cr) and (Zinc) Zn), salinity, turbidity, pH, total dissolved
solid (TDS), total suspended solid (TSS), biochemical oxygen
demand (BOD) and total organic carbon (TOC) were analysed
in both water and soil samples. The results from these param-
eters were compared to those of [9] WHO, Nigerian Federal
Environmental Protection Agency [10] standard and also the
findings of other researchers like [11,12] Muller, Hakanson,
etc. for better understanding of the health risk of humans
who rely solely on groundwater in these area.

Materials and Methods

The study area Oshodi occupies 41.98 Km? of the Lagos
landmass (Figure 1). Lithologically, Oshodi is underlain by two
different lithologicunit; the coastal plain sand and the allu-
vial river sand. Both sands are part of Dahomey Basin [13].
Coastal plain sand is the aquifer in the study area though very
shallow in general [13].

Sample collection

A total of forty-two soil and groundwater samples includ-
ing the control were collected using systematic method of

sampling within three industrial locations in Oshodi at the
depth of 1.5 m for soil and 3.0 m for the groundwater. An
industrial site with better groundwater quality was used as
control (Figure 2). Both soil and groundwater samples were
preserved in a refrigerator before transferred to the labora-
tory for analysis.

Geotechnical analysis

A geotechnical technique of sieving was performed on
both soil samples with reference to British Standard Part 2
[14]. Sieve analyses were conducted by using a mesh wire
woven sieve size of 4.75 mm at the top and 0.075 mm at
the bottom. Soil samples were oven dried at 105 °C for
24 hours. 500 g of soil samples were washed through the
sieve size of 0.075 mm and then dry again. The mechanical
shaker was set to operate for 10 to 15 minutes. The soils
retained on top of each sieve were weighed using the bal-
ance readable to 0.01 g.

Physicochemical analysis of the soil and water
sample

5 g of each of the samples were digested with aqua-re-
gia (3 parts conc. HCl + 1 part conc. HNO,). The clear digest
was diluted into a flask with distilled water. The sample solu-
tions were analyzed for Mn, Ni, Cu, Fe, Cd, Pb, Cr and Zn us-
ing atomic absorption spectrophotometer (AAS) analyst 200
Perkin Elmer [15].

The turbidity of the water samples was measured using
HACH DR 2000 direct spectrophotometer method 8237. Sa-
linity (%) of the water samples was determined using a porta-
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Figure 2: A model of sampling points.

Table 1: Mean values from sieve analysis for the soil samples from study area and control.

Location Sieve No Sieve size (mm) Mass of Sieve (g) Mass of Sieve & Soil (g) Mass Retained (g) | % Retained % Passing
Main Soil #4 4.75 512.38 530.25 17.9 3.6 96.4
#10 2 464.38 528.63 64.3 12.9 83.5
#20 0.85 411.99 500.41 88.4 17.8 65.7
#40 0.43 368.57 581.4 212.8 42.8 22.9
#60 0.25 528.66 633.34 104.7 211 1.8
#200 0.075 340.89 345 4.1 0.8 1
Pan 374.07 378.97 49 1 0
Total 497.2 100
Control #4 4.75 512.38 538.25 25.9 5.2 94.8
#10 2 464.38 530.68 66.3 13.3 81.5
#20 0.85 411.99 545.41 133.4 26.9 54.6
#40 0.43 368.57 526.42 157.9 31.7 22.9
#60 0.25 528.66 590.34 61.7 12.4 10.5
#200 0.075 340.89 388.07 47.2 9.5 1
Pan 374.07 378.97 4.9 1 0
Total 497.2 100

ble salinity meter. The pH of the samples was estimated using
Testr-2 pH meter. TSS in the water samples was measured
using JARCH DR 2000 direct reading spectrophotometer,
method 8006. The TSS of the samples was estimated against
deionized water as blank at a wavelength of 810 nm. TDS was
measured using portable combine Electrical conductivity/
TDS/Temperature meter (HM Digital COM-100). The BOD was
determined using a method proposed by Winkler [16] and
modified by Strickland and Parsons [17]. TOC in the soil sam-
ples were determined by using Walkey [18] black method.

Result and Discussion

Soil particle size distribution

Table 1 is summary of the mean result from sieve anal-
ysis carried out on soil samples and the control. This result
is used to plot particle size distributions curves for the soil
samples and the control (Figure 3). Sieve size of 4.75 mm
and above is for gravel, 0.0075-4.75 mm is for sand frac-
tion, while from 0.0075 below is for fines. Based on the
sieve size, the soil samples have 3.6% of gravel, 94.6% of
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Figure 3: Particle size Distribution Curve for both soil samples.
Table 2: The summary of engineering and hydraulic properties of the soils.
Source Cors, Cu Cc K
((D75/D25)1/2) (DGO/DIU) ((D30)2/D60 x DIU) C (D10)2
Main Soil 1.6 2.20 0.80 0.139
Control 1.8 4.00 1.00 0.075

sand and 0.8% of fines. Whereas the control showed 5.2%
of gravel, 88.5% of sand and 9.5% of fines (Table 1). The
control has more of fines the soil sample.

From the plot of percentage passing against particle di-
ameter (Figure 3), the soil sample showed the following
indices value: D,,=0.75mm, D, =0.47 mm and D,=0.34
mm. While in control the indices value is as follows: D =
0.99 mm, D, =0.50 mm and D,,=0.25 mm.

Cu is an important factor that represents the degree of
sorting or gradation of a soil and indicates slope of particle
size distribution curve. Cc is another factor representing the
grain size distribution that takes into account three points
on the grain size distribution curve, reducing the possibility
of considering a gap-graded soil as well-graded. Unified Soil
Classification System (USCS), adopted by Casagrande [7] cal-
culates Cu, Ccand (C) or S, as follows;

Cu=D./D,, Cc==(D,)*/ D, xD,, CorS =(D,/D,)"

10’ 10’

C, <4 indicates a well-graded soil

C, <2 indicates a uniform soil

C_between 1 and 3 indicates a well-graded soil
C.< 0.1l indicates a possible gap-graded soil

Equations relating permeability to grain size have a long
history beginning with Hazen [19], who developed the well-

known empirical equation.
K=C(D,)’
Where:
k = coefficient of permeability (cm/sec)
C = constant (1.2)

The main soil has higher K value (0.139) than the con-
trol. According to Bell [20], the higher the K value the more
permeable the soil. Fractional difference in fines from the
main soil (0.8%) and the Control (9.5%) caused difference
in permeability value, 0.139 and 0.075 respectively. These
values concurred to the finding of Holtz, et al. [21]. Thus
the higher the percentage of fines the lower the permeabil-
ity value, irrespective of the coarser particles. Particle size
distributions observed in both soils summarized in Table
2, have shown how important grain size can be as regards
to soil permeability and groundwater flow. The control as
calculated from Table 2, S__1.8, Cu=4.00, and Cc = 1.00 in-
dicated that the soil is well graded. However the main soil
showed; S_ = 1.8, Cu = 2.20, and Cc = 0.8, suggesting that
the soil is poorly graded [7]. In a well graded soil, smaller
grains tend to fill the voids between larger grains. Soil par-
ticle sizes were well represented in the control than in the
soil from the study area.

Soil quality
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Table 3: Physicochemical result of the soil samples collected.

Code pH TOC Zn Cu cd Pb Fe Ni Mn Cr

% mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg
Industla 6.19  1.96 1.890 0.120 0.002 ND 0.08 ND 0.050 ND
Industlb 6.62  ND 1.980 0.150 0.002 ND 0.08 ND 0.030 ND
Industlc 571 1820  1.060 0.080 ND ND 0.03 ND 0.030 ND
Indust1d 520 9.14 1.290 0.070 1.020 ND 0.04 ND 0.020 ND
Industle 6.73 247 1.350 0.080 ND ND 0.05 ND 0.030 ND
Industt1f 6.02 ND 0.980 0.100 0.001 ND 0.01 ND 0.004 ND
Industlg 520 432 0.590 0.020 ND ND 0.02 ND 0.010 ND
Indust2a 440 1140  1.063 0.050 ND ND 0.02 ND 0.020 ND
Indust2b 571 2101 1.170 0.120 ND ND 0.03 ND 0.040 ND
Indust2c 6.82 1629  0.740 0.030 ND ND 0.03 ND 0.040 ND
Indust2d 565 | 4.75 0310 0.020 ND ND 0.01 ND ND ND
Indust2e 6.53 | 12.89 |0.490 0.060 ND ND 0.01 ND 0.002 ND
Indust2f 566  6.47 1.600 0.010 ND ND 0.06 ND 0.005 ND
Indust2g 544  ND 0.820 0.040 ND ND 0.04 ND 0.007 ND
Indust Mean 585  7.78 1.095 0.068 0.073 0 0.04 0 0.021 0
Contl 537 2015 1.84 0.081 0.001 ND 0.04 0.003 0.010 ND
Cont2 6.62 1895  5.960 2.023 ND 0.001 0.04 ND 0.008 0.006
Cont3 560  2.00 8.650 0.040 0.001 0.02 1.72 0.01 1.020 ND
Cont4 516 | 20.18 | 2.480 1.440 0.080 0.054 0.02 ND 0.310 ND
Conts 510 | ND 11.570 4.710 1.080 0.003 8.54 0.005 0.720 0.250
Cont6 519  12.89  20.410 7.801 1.160 0.005 9.11 0.008 1.280 0.020
Cont7 506  5.40 9.250 2.860 0.003 0.001 0.33 0.002 0.370 0.008
Cont Mean 544 1137 8594 2.709 0.332 0.012 2.83 0.004 0.531 0.041

Cont = Control, Indust1-2 = Industries, ND = Not detected.

12 -

H Indust Mean

H Cont Mean

_
mg/kg|mg/kg | mg/kgmg/kg | mg/kg
Pb Fe Ni | Mn Cr

Figure 4: Mean values of physicochemical elements in the soil.
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Physicochemical characteristics of the soils: The mean
concentrations of all the physicochemical parameters were
higher in the control than in study area except for the soil
pH (Table 3 and Figure 4). The even distribution soil parti-
cle sizes might be the reason for higher concentration of
these physiochemical parameters in control than the study
soil. Physicochemical qualities tested include;

Soil pH: The mean value was 5.849 with the range of 4.40
to 6.82 and in control, the mean was 5.445 and it ranged from
5.06 to 6.62 mg/kg. Although Soils from the study area were
more acidic than in control, there is no DPR [22] permissible
limit for pH concentration in the soil.

TOC: This varied from 1.96 to 21.01% and in control, 2.00
to 20.18%. Among all the physicochemical parameters test-
ed in both samples the concentration of TOC is the highest
(Figure 4). The mean organic content of the soil in the study
area was 7.779% and it was lower than in control (11.367%).
Higher TOC content in the control might the reason for higher
percentage of fines as observed from the sieve result.

Zinc: Zn averaged 1.095 mg/kg with a range of 0.31 to
1.98 mg/kg. While in control, the average is 8.594 mg/kg and
it ranged from 1.84 to 20.41 mg/kg.

Copper: Cu averaged 0.068 mg/kg, and varied from 0.011
to 0.15 mg/kg while the difference of 0.04 to 7.81 mg/kg is for
the control with the average of 2.709 mg/kg.

Cadmium: The mean value of Cd is 0.073 mg/kg, and var-
ied from 0.001 to 1.02 mg/kg in control, the mean value 0.332
mg/kg with the range of 0.001 to 1.16 mg/kg.

Iron: Here, the mean value is 0.036 mg/kg with the range
of 0.01 to 0.08 mg/kg while in control the mean value is 2.829
mg/kg and the range is 0.02 to 9.11 mg/kg.

Manganese: Mn had an average value of 0.021 mg/kg and
varied from 0.004 to 0.05 mg/kg) while in control, the average
value is 0.531 mg/kg and it varied from 0.008 to 1.28 mg/Kg.

Lead (Pb), nickel (Ni) and Chromium (Cr): Were com-
pletely absent in the samples from the study area but pres-
ent in control, Pb varied from 0.001 to 0.054 mg/Kg with
average of 0.012 mg/kg, Ni; 0.002 to 0.01 and average val-
ue of 0.004 mg/kg and Cr; 0.006 to 0.25 mg/Kg with the
average value of 0.041 mg/kg.

The physicochemical concentrations of these parameters
in the soil samples (Table 3) when compared with the allow-
able concentration stipulated by department of petroleum
resources [22], it was discovered that the concentration of all
the elements in both soils meet up the standard.

Ecological risk factor

An ecological risk factor (Eri) for a given contamlnant was
calculated as suggested by Hakanson [12] Er=Tr- C

Where Tr is the toxic-response factor for a glven sub-
stance, and C is the contamination factor. The Tr values of
heavy metals by Hakanson [12] are given in Table 4. The fol-
lowing terminologies are used to describe the risk factor: Er
< 40, low potential ecological risk; 40 < Er< 80, moderate po-
tential ecological risk; 80 < Er< 160, considerable potential
ecological risk; 160 < Er< 320, high potential ecological risk;
and Er > 320, very high ecological risk.

Where C is calculated as follows.
¢ ;cf /fc'
0-1
Where C
the sample S|tes and C/ is the geochemical reference level for
the substance.

|s the mean content of the substance i from

DPR standard for element concentration in the soil was
used as background value (Table 3). Based on Hakanson [12]
classification, all the heavy metals calculated for ecological
risk factor were potentially very low even though those in
control were a bit higher than in study area (Table 4). These
results have proved that the more well graded the soil parti-
cle sizes the more contaminants accumulate and the higher
the ecological risk factor [8,23]. The more percentage of fines
in the soil, the more soil nutrients are retained provided there
is no hydraulic loading Huddleson [24]. Controls samples
which were found to be well graded (Table 2) than the soil in
the study area happened to be more contaminated because
of the even distribution of particle sizes. The ecological risk
factor in Cd was the highest among others (Table 4).

Groundwater quality

Physicochemical characteristics of groundwater: Unlike
what was observed in the soils qualities, the mean concen-
trations of all the physicochemical parameters were higher
in the study area than in control except for the groundwater
pH (5.57) which was lower than in control (5.89). These ele-
ments seemed to have leached down, possibly due to uneven
distribution of the soil particle sizes (i.e. poor gradation of
the soil), hence, higher concentrations of these elements in
groundwater in the study area than in control [24,25]. The
physicochemical parameters tested in groundwater have
been summarized in Table 5.

The mean temperature (26.0 °C) and salinity (0.04%) val-
ues for the groundwater samples and the control were the
same (Table 5 and Figure 5), suggesting that temperature
and salinity quality of groundwater in the study area were
not impacted by industrial effluents based on differences in
soil particle sizes. According to WHO and NFEPA standard for

Table 4: Ecological risk factor.

Source Zn Cu
Indust 0.0075 0.0094
Cont 0.0589 0.3763

Toxic Response factor 1.00 5.00

cd Pb Cr
2.7375 0 0
12.4500 0.0007 0.0008
30.00 5.00 2.00
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Table 5: Physicochemical quality of groundwater.

Code Temp (°C) pH TDS (mg/L) TSS (mg/L) Turbidity (FTU) Salinity% BOD (mg/L)
WHO/NFEPA 6.5-9.2 500-1500 - 5 6.0 -
Gwla 26.9 5.90 134.0 11 ND 0.06 12.0
Gwlb 24.7 5.10 88.3 1.0 2.1 0.03 12.0
Gwlc 26.8 5.22 255.0 1.0 ND 0.04 11.0
Gwld 26.6 5.72 60.0 11 ND 0.03 12.0
Gwle 26.4 6.40 121.0 1.2 ND 0.05 13.0
Gwi1f 25.6 5.62 255.0 8.0 5.2 0.09 35.0
Gwlg 25.6 5.86 156.0 7.0 8.5 0.03 33.0
Gw2a 25.1 5.71 18.8 1.0 4.0 0.02 11.0
Gw2b 25.0 5.40 50.7 1.0 4.1 0.03 10.0
Gw2c 25.0 5.50 57.5 1.2 2.1 0.02 12.0
Gw2d 25.1 5.52 95.8 1.0 2.1 0.06 9.0
Gw2e 27.2 6.64 54.1 1.2 3.0 0.05 12.0
Gw2f 27.2 6.62 41.4 1.0 ND 0.04 13.0
Gw2g 27.1 6.67 108.0 1.0 ND 0.07 11.0
Gw Mean 26.0 5.57 106.8 2.0 2.2 0.04 14.7
Contl 24.3 5.38 93.3 1.0 2.1 0.04 11.0
Cont2 26.9 5.10 140.0 1.0 ND 0.06 11.0
Cont3 25.4 5.30 37.1 1.0 2.2 0.04 9.0
Cont4 27.2 6.67 92.0 1.0 ND 0.04 11.0
Cont5 25.2 6.60 47.8 0.5 2.0 0.05 9.0
Cont6 24.7 5.52 54.4 1.0 ND 0.02 12.0
Cont7 25.0 6.68 54.4 1.0 ND 0.02 10.0
Cont Mean 26.0 5.89 74.1 0.9 0.9 0.04 10.4

NFEPA = Nigerian Federal Environmental Protection Agency [10], WHO = World Health Organization [9], ND = Not Dictated.

drinking water quality, salinity is within the permissible lim-
it of 6.0% also within the freshwater range for groundwater
[26], but temperature has no permissible limit.

The average value of pH in the study area was 5.57 and
varied from 5.10 to 6.67 while in control it averaged 5.89 and
varied from 5.10 to 6.68. Three out of fourteen samples felled
within WHO/NFEPA limit of 6.5-9.2. In control, three of seven
samples fall within WHO/NFEPA. Hence groundwater pH in
these areas naturally is a bit acidic.

The concentration of TDS was the highest (Figure 5)
among all the physicochemical elements tested in the
groundwater samples with the average concentration val-
ue of 106.8 mg/l and varied from 18.8 to 255 mg/I. while
in control it averaged 74.1 mg/l and varied from 37.1 to
140.0. Both water samples fall within NFEPA limit of 500
mg/| for drinking quality water. However, higher concen-
tration of TDS in the study samples suggests that uneven
distribution of soil particles seem to increase the impact of
industrial effluent on the groundwater.

The groundwater samples tested for TSS range from 1.0
to 8.0 mg/l and 0.5 to 1.0 mg/I for the control. Though, there
is no limit for TSS concentration in water, but comparing the

result from two samples, soil particle sizes appeared to have
influenced TSS concentration in groundwater.

Turbid concentration was not recorded in six of the four-
teen samples from the study area and also in four of the sev-
en samples from the control. Values recorded from the sam-
ples ranged from 2.1 to 8.5(FTU) and 2.0 to 2.2 (FTU) for the
control. Two samples (8.5 and 5.2 FTU) from the study area
fall out of NFEPA limit of 5(FTU) for drinking water while in
control, the samples were within the acceptable limit.

Mean concentration of BOD in groundwater samples was
14.7 mg/l and ranged from 9.0 to 35.0 mg/l while in control
the mean was 10.4 and varied from 9.0 to 12.0 mg/I. Both fall
within the non-polluted water ranges [27].

Heavy metals characteristics of the groundwater sam-
ples: Result of heavy metals concentration in groundwater
samples are shown in Table 6. Unlike the trend observed
in soil, the concentrations of heavy metals were higher in
groundwater samples from the study area than in control.
Owning to the fact that soil particles in the study areas are
unevenly distributed, evidence from poor gradation of the
soil (Table 2) which caused the soil to be more permeable.
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Table 6: Heavy metals tested in groundwater.

Code Zn (mg/L) Cu (mg/L) Cd (mg/L) Pb (mg/L) Mn (mg/L) Fe (mg/L) Cr (mg/L) Ni (mg/L)
WHO/NFEPA 3.0 15 0.003 0.005 0.02 0.3 0.05 0.02
Gwla 0.319 0.413 ND ND ND 0.051 ND ND
Gwlb 0.493 0.043 ND ND ND 0.054 ND ND
Gwlc 0.912 0.072 ND ND ND 0.056 ND ND
Gwld 0.883 0.066 ND ND ND 0.049 ND ND
Gwle 0.413 0.210 ND ND ND 0.061 ND ND
Gwif 1.660 2.261 0.005 0.021 0.016 1.742 0.220 0.053
Gwlg 1.563 1.023 0.003 0.002 0.130 1.502 0.320 0.730
Gw2a 0.445 0.412 ND ND ND 0.057 ND ND
Gw2b 0.323 0.637 ND ND ND 0.066 ND ND
Gw2c 0.217 0.315 ND ND ND 0.072 ND ND
Gw2d 1.003 0.651 ND ND 0.003 0.752 ND ND
Gw2e 0.963 0.713 ND ND ND 0.043 ND ND
Gw2f 0.994 0.664 ND ND ND 0.039 0.003 ND
Gw2g 0.763 ND ND ND ND 0.813 0.002 0.001
Gw Mean 0.782 0.534 0.001 0.002 0.011 0.383 0.039 0.056
Contl 0.534 0.362 ND ND ND 0.045 ND ND
Cont2 0.231 0.059 ND ND ND 0.063 ND ND
Cont3 0.051 0.392 ND ND ND 0.045 ND ND
Cont4 0.396 0.572 ND ND ND 0.065 ND ND
Cont5 0.343 0.162 ND ND ND 0.049 ND ND
Cont6 0.219 0.330 ND ND ND 0.052 ND ND
Cont7 0.214 0.062 ND ND ND 0.052 ND ND
Cont Mean 0.284 0.277 0 0 0 0.053 0 0

The groundwater in the study areas is more vulnerable to
influx of contaminants from industrial activities.

Zinc (Zn): The concentration of Zn was the highest among
all the heavy metals tested in study area (Figure 6), with the
mean concentration of 0.782 mg/|l and the range of 0.217 to
1.660 mg/l. While in control, the mean value was 0.284 mg/|
and ranged from 0.051 to 0.534 mg/l. Concentration of Zn
in all the water samples falls within WHO/NFEPA limit of 3.0

ppm.

Copper (Cu): Cu was the second in concentration after Zn
(Figure 6). Presence of copper recorded in thirteen of four-
teen water samples were in the range of 0.043 to 2.261 mg/L,
with the average of 0.534. In control, it ranged from 0.059 to
0.572 mg/L, and averaged, 0.277 mg/Il. The concentration of
Cu in all the water samples falls within the WHO/ NFEPA limit
of 1.5 mg/| except only one (Table 6). Intentionally high up-
takes of Cu in water may cause liver and kidney damage and
even lead to death [28].

Cadmium (Cd) and lead (Pb): These elements occurred
only in two groundwater samples but absent in the rest in-
cluding the control samples (Table 6). Cd ranged from 0.003
to 0.005 mg/l while Pb ranged from 0.002 to 0.021 mg/I. One
(0.005 mg/l) of the samples ranked higher than WHO/NEF-

PA limit of 0.003 mg/I for Cd. While in Pb, the two samples
did not meet WHO/NFEPA limit of 0.001 mg/| (Table 6). Cd
replaces Zn biochemically in the body and causes high blood
pressure, liver and kidney damage, and anemia. Pb affects
the chemistry of red blood cell, delays normal physical and
mental development in babies and young children [29]. From
the result analyzed here, industrial effluents could not be the
possible source of Cd and Pb in groundwater, but its presence
in the soil can introduce these elements into the groundwater
by way of leaching since the soil is highly permeable.

Manganese (Mn): The concentration of Mn present in
three of the fourteen water samples ranged from 0.003 to
0.130 mg/I, while in control none was found. These values
except one (0.130 mg/I1) fall within WHO/NFEPA limit of 0.005
mg/| for drinking water. Presence of Mn in these samples
might have resulted from anthropogenic activities around
the area which possibly leached into the water table due to
high permeability of the soil and industrial hydraulic pressure.
Increased in concentration of Mn in drinking water over the
years has been associated with toxicity to nervous system,
producing a syndrome that resembles Parkinsonism [30]. It
can also impact colour, odour and taste to water [31].

Iron (Fe): The third in concentration among all the
heavy metals in groundwater samples is Fe (Figure 6). It
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had an average value of 0.383 mg/l and varied from 0.039
to 1.742 mg/l while in control, it averaged 0.053 mg/| with
the variation of 0.045 to 0.065 mg/l. Four out of fourteen
water samples analyzed in the study area fall out of WHO/
NFEPA standard of 0.3 mg/l for quantity of Fe in drinking
water. High Fe content in groundwater samples might be
the reason behind the characteristic smelly/rusty colour of
some of the groundwater in the study area.

Chromium (Cr) and nickel (Ni): Were present in four
and three of the groundwater samples respectively. But
they were absent in the control. Concentration value of Cr
in the water samples ranged from 0.002 to 0.320 mg/I. Two
out of the four water samples fall out of the WHO/NFEPA
limit (0.05 mg/l) of Cr in drinking water. Excessive intake
of chromate can results in acute effects such as gastroin-
testinal disorders, hemorrhagic diathesis, and convulsions.
Death may occur following cardiovascular shock [32]. Ni
ranged from 0.001 to 0.730 mg/l. Here only one out of
three water samples meets the WHO/NFEPA limit of 0.02
ppm. Drinking water with excess Ni is likely to cause nau-

sea, vomiting, diarrhoea, giddiness, lassitude, headache,
and shortness of breath. Poor drinking water generally has
been the major source of morbidity and mortality [33].

Conclusion and Recommendation

Influence of particle size distribution on groundwater
quality around industrial area of Oshodi-Lagos Nigeria has
been evaluated using combined techniques of geotechnical
and physicochemical analysis. Results from the above tech-
niques showed that;

® Particle sizes of soil were unevenly distributed in the
study area, hence poor gradation of the soil and in-
crease in permeability. In control, soil particle sizes
were well represented than in the study area.

® The mean concentrations of all the physicochemical pa-
rameters were higher in the control than in study area
except for the soil pH (i.e. 5.849 mean value for the study
area and 5.445 for the control). All the physicochemical
results from the soil samples meet up the DPR standard
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for metal concentration in the soil. The ecological risk fac-
tor was potentially very low. The more well graded the soil
particle sizes the more contaminants accumulate.

Unlike what was observed in the soils qualities, the mean
concentrations of all the physicochemical parameters and
heavy metals were higher in groundwater samples in the
study area than in control except for the groundwater pH
(5.57) which was lower than in control (5.89). Possibly,
this is due to uneven distribution (poor gradation) of soil
particle sizes in the study soil. Hence this defect causes
more influx of these parameters into groundwater in the
study area unlike in control.

Parameters like salinity, TDS, BOD, Zn and Cu were with-
in the WHO/NFEPA permissible for drinking water while
some like; Turbidity, pH, Cd, Pb, Mn, Fe, Cr and Ni were
not within the limit.
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