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Abstract

The main purposes of this study are to characterize the physical and chemical properties of
Ossiomo surface water, determine the water quality by identifying the significant source
allotment of pollution and evaluate the co-relationship of the parameters across the studied
stations. The sampling period spanned from March 2015 to August 2016. Various statistical
tools were employed in the analysis of the data collected. The outcome for the evaluation of
the concentrations of all the physical and chemical properties of the surface water, showed
variations statistically (P<0.05 and P>0.05). Some of the physical and chemical properties
were observed to be above the slated national and international standards. The result of the
Principal Component Analysis of data, generated 50 variables under 6 components (PC1-
PC6) with Eigenvalues >1. The source allotment was established to be traced from organic
and inorganic pollutants as the major precursors of the ecosystem deterioration. The results
of the measurement of Kaiser-Meyer-Olkin and Barlett’s tests of sphericity were 0.83 and
3832.25 respectively, which showed that association existed between each scrutinised
variables as well confirmed the correctness of the water data for the PCA extracted. The
physical and chemical characteristics at stations 1 and 4 were similar. The findings from this
study showed that the designated stations (2-4) in Ossiomo River were perturbed and
considered unfit for domestic purposes as at the time of this study. Envirometric models like
canonical correspondence analysis (CCA) and ANS (artificial neural network), can be used to
predict the likely eco-biological impacts on the ecosystem.
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Introduction

Aquatic ecosystem is well known for its abundance of natural resources. The quality of
river waters can be determined by human activities and some natural factors which impacts on
their widely usage, in turn affecting the biota therein.

The evidences of pollution on any aquatic ecosystem and the need to use water quality
tools for rapid assessment are significant for the application of ecological management
approaches [1-7]. The assessment of water worth is vital to evaluate the healthiness of a river so
as to forecast forthcoming pollution.

The physical and chemical components of surface-water and their properties are
chiefly controlled by crustal and human impacts which bring about seasonal variations of the
water parameters [8-12].
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Environ-metrics or chemo-metrics make available a consistent valuation of water
quality in an effort to take account of common water random sampling at various locations and
achieve complete examination of water for an enormous number of physical and chemical
factors [13-18]. The uses of numerical approaches such as multivariate in the characterization of
the spatial, monthly and seasonal changes of the quality of aquatic system consequently of
crustal and human influence have been established [19-23].

The purpose of this study are to characterize and assess the physical and chemical
components of Ossiomo surface water, determine the water quality by identifying the
significant source allotment of pollution and evaluate the co-relationship of the parameters
across the studied stations. The design of this work is the first carried on specific regions of the
river to in order to characterized its quality and purity.

Experimental Methods

Study Location

Ossiomo Watercourse is situated in the South Eastern part of Edo State, Nigeria. It is the
main water body that supports Ologbo, Asabor, Okuku, Ugbenu, Ovade, Egho and Ogbogilete
communities. Four sampling stations in the river were designated to show the up-stream and the
down-stream points of the river founded on the likely extent of human activities in terms of
pollution they received.

The River took its source from the Ishan plateau of Edo state and the geological plain
formation (Benin formation) that span the south-central boundary and beyond. It empties its
course on the Benin River and finally to the Atlantic Ocean.

Human activities, especially agriculture and crude oil exploration and processing are the
dominant hub within this region. The major plants in this ecosytem are Screw pine, Palm tree,
Mosquito Fern or Water Velvet, red and blue water lily, Umbrella palm, Water Moss, Antelope
grass or Barnyard grass or Cockspur grass and water lettuce, Nile cabbage.

Geographical Location and Climatic Factors
Approximately 2.200km stretch of Ossiomo River (Ologbo axis), were mapped out and
assessed with the geographical locations range of Latitude 6°03°1°’ N - Longitude 5°40°3”" E

(Fig. 1).
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Fig. 1. Map of the study area and sampling stations showing sampled points of Ossiomo River, Edo State
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Two separate yearly periods connected with this area: the wet season, which starts in late
February and ends in early November and the dry season which begins from late November and
ends in early February. Precipitation for 2015 - 2016, fluctuated from 159.0 - 708.50mm with
the lowest documented in the month of January 2016 (159.00mm) and the ultimate documented
in the month of September 2015 (708.50mm). The average precipitation value was 434.92mm

(Fig. 2).
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Fig. 2. Precipitation data of Benin City, Edo State, Nigeria, spanning from March 2015 — August 2016.
Source: NIMET (Nigerian Meteorological Agency, BENIN) 2015 — 2016.

Sampling periodicity and techniques

The sampling period spanned from March 2015 to August 2016. Samples were collected
once every month between the hours of 9.00 and 12.30 hours on each sampling day along the
stretch of the river. Each time, sampling began in station 1 and ended in station 4. This was
done to reflect the variations of the hydrological seasons (dry season: December- February and
wet season: March-November).

A total of Thirty-three (33) water parameters were investigated and a total of 216
composite samples collected. In advance to the sampling, all vessels used for the water
collection were carefully washed. At each of the four sampling stations triplicates water
samples for physical and chemical analyses were collected and pulled together according to
standard procedures [24].

In-situ sampling (field activities)

The water temperature was measured in situ with mercury in-glass thermometer. The
thermometer was submerged 80 mm underneath the water exterior and left to calm for about 5
min. to become stable. This was done thrice to obtain the mean value in °C.

The air temperature was measured with a field thermometer which contains mercury. It
was held upright 60cm above the surface water air for about 5 min. to become stable. This was
also done thrice obtain the mean value in °C [25].

The Winkler’s solution method using Magnesium sulphate (Winkler’s solution I) and
another 2mm of Potassium iodide-Sodium Hydroxide (Winkler’s solution II) was used in the
estimation of the dissolved oxygen (DO) contents in the water.

Extech meter probes (Extsik ii) D 600 produced in China was used in the determination
of Hydrogen-ion concentration (pH), total dissolved solids (TDS), electrical conductivity (EC)
and salinity in the surface water instantly at the sampling locations. The probe was placed in a
glass beaker of the sampled water. After about 5min., the values obtained were recorded

Water sample was collected in a clean, transparent container for heavy metals analysis.
About 1mL of HNO; was added in order to fix the metal contents therein. Similarly, water
sample was collected in a clean, transparent container for the determination of Total
hydrocarbon contents.
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Ex-situ sampling (laboratory activities)

All samples collected were transported in an ice chess thermo-cooler and taken to the
laboratory for further analysis.

In the laboratory, the photo-metric method of [24] was employed with a HACH UV/VIS
Spectrophotometer (model DR/2000) in the measurement of Total suspended solids (TSS) in
mgL. While an HACH Turbidimeter Model 2100p was used in the measurement of Turbidity
in NTU. The COD (chemical oxygen demand), DO and BODs (biochemical oxygen demand)
based on the modified method of [24]. The argento-metric methods as proposed by [24] and
modified by [24] was used to in the determination of Chloride (CI) content. The HACH
Spectrophotometer at 410 nm (Hach UV/VIS Model DR 2000) and HACH Spectrophotometer
at 890nm (Model DR 2000) were used in the determination of nitrate and phosphate using the
method of [24]. While the turbidi-metric method, using the HACH Spectrophotometer
(DR/2000) at 450nm was used in the determination of Sulphate according to the methods of
[24]. The trace metal contents were determined using the methods of [24] with the Atomic
Absorption Spectrophotometer (AAS) Solaar 969 Unicam Series model.

Statistical analysis

The analysis of variance (ANOVA) set at 0.05 (95%) level of confidence was used to
compute the physical and chemical data using the Statistical Package for the Social Scientists
(SPSS) version 20.0. Where there is no significant difference in the mean values, a further
analysis using Duncan Multiple Regression Test (DMRT) was used to test for differences of
mean values across the stations. The multivariate numerical methods; principal component
analysis (PCA) and the Euclidean-Ward similarity and distance indices, which were used for the
elucidation of dissimilarities and explanation of the river water quality dataset, were done with
the SPSS and paleontological statistical software (PAST) version 3.0. The graphical
demonstrations were done using Microsoft excel version 2013 and PAST version 3.0.

Results and discussion

The physical and chemical characterization of the surface water in Ossiomo River

Table 1 shows the result of the physical and chemical characteristics, the mean, the
standard deviation, the minimum and the maximum values of the surface water parameters.
These values were compared with the [26-28] standards for surface water. The concentrations
of all the physical and chemical parameters in the surface water varied. Some of the parameters
were observed to surpass the national and international thresholds.

Air and Water temperatures

The results of the minimum and maximum air temperatures in stations 1-4 are (28.30 -
30.90, 28.10 — 30.10, 26.10-30.80 and 29.0-31.4°C) respectively. The results of the water
temperature were low (26. 60°C) in station 1 and high (27.10°C) in station 4. There was
significance differences at p<0.05 and p<0.01 respectively in the air and water temperatures in
station 4 when compared with the other stations after subjection to Duncan multiple range tests.
The water temperature strictly followed the air temperature. This similar finding has also been
reported in related studies somewhere else in Nigeria internal waters-bodies [29-31].

Hydrogen ion concentration (pH)

The result of the mean pH values of the four stations was observed to be fairly acidic. It
ranged between 4.11 and 6.82 respectively in the across the stations. There was no significant
difference (p > 0.05) across stations 1 to 4. A posterior test further showed that station 1 was
significant at p < 0.01 from stations 2, 3 and 4. The pH across the stations revealed an acidic
state (< 7.0). The low pH observed in this ecosystem may likely increase some of the
physicochemical properties in the river. This underpins that the river was highly influenced with
lithogenic and anthropogenic activities. Aquatic animals may likely not thrive better with this
low level of pH level. This findings is in consonance with the work of [32] in Lativain waters;
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[33] in Epie Creek, Niger Delta and [31] in Agbede wetland, Sothern Nigeria who reported that
low pH value can reduce aquatic life distribution.

Electrical Conductivity (EC)

The values of the EC obtained in this study ranged between 67.40 to 281.40uScm?
across the stations. There was significance difference (p < 0.05) in the EC values across the four
stations. A posterior test further showed that station 2 was significantly higher than stations 1, 3
and 4 at p < 0.01 and p < 0.05 respectively. This study recorded gradual fluctuations in increase
patterns in the EC values. A relative increase towards the peak of the rains was noticed. The
findings of this study are contrary to the work of [25] in Warri River, Nigeria who recorded
high values of EC (94.92-135.50uScm™). The findings also suggest wide-ranging fresh-water
characterization depicted by low conductivity levels. Similar findings was reported by [31] for
tropical water bodies in Agbede wetland.

Salinity and Colour

The results of the salinity were within the mean range of 0.05 to 0.08gL™. There was a
significant difference (p < 0.05) in the values across the stations. A posterior test further showed
that station 2 was significantly higher than stations 1, 3 and 4 at p < 0.01 and p < 0.05
respectively. The mean values obtained across the stations (1-4) were 4.87, 6.66, 6.45 and 5.38
Pt.Co respectively. A posterior test further showed that station 2 was significantly higher than
stations 1, 3 and 4 at p < 0.01. The findings obtained in this study indicated that the river is a
perfect freshwater ecosystem which has low dissolved salt contents less than 0.005ppm.

Turbidity

The mean value was low (3.93 NTU) in station 1 and high (5.54 NTU) station 2. There
was no significant difference (p > 0.05) in the turbidity across the studied stations. However,
station 2 was significantly higher than stations 1, 3 and 4 at p< 0.01 after further subjection to
Duncan multiple range tests. A steady upsurge in the values of turbidity in stations 1 and 2 and
slight fluctuation in stations 3 and 4 were observed in this study. This possibly may be
accredited to the initiation of superficial run-off occasioned by rainfall or seasonal fluctuation.
However, the values were within the slated values of [26-28]. Similar report was recounted by
[31] in Agbede wetland, Southern Nigeria but contrary with the works of [34] works on surface
water near a cement factory, Northern Nigeria.

Total suspended solids (TSS) and Total dissolve substance (TDS)

The highest mean (9.33mgL™?) of the TSS was noticed in station 2, while the lowest
(6.15 mgL?) of the TSS was noticed in station 1. The results of this study are quite similar to
the findings of [35] and [36] which showed slightly high TSS values in Asa River (Kwara
state). Osibanjo et al. [37], reported similar findings for Rivers Ona and Alaro in Ibadan.
However, the values were closed to the limit 10mgL™, set by [26] for TSS. There might be
serious concern of TSS elevation in this ecosystem if human activities persist beyond normalcy.

The TDS differed across stations 1 to 4, with the highest mean value 141.30 mgl* was
observed in station 2 and the lowest (90.60mgL™) in station 1. A DMR tests further showed that
stations 2 was significantly higher than stations 1, 3 and 4 at p < 0.01 and p < 0.05 respectively.
The TDS recorded in this study ranged from 60.28 to 88.23mgL™* across the stations. While
TSS ranged from 6.15 to 9.33mgL™. The pattern of values recorded was fairly irregular. These
values were very low when likened with the [26, 27] and [28] limit of 2000mgL™? and
1000mgL* for TDS.

Dissolved Oxygen (DO)

The values of DO obtained in this study was low (5.67mgL™) in stations 2 and 3
respectively, but high (6.23mgL™?) in station 1. There was no significant difference (p > 0.05) in
the DO parameters across the studied stations. A DMR tests further showed that station 2 was
significantly different from stations 1, 3 and 4 at p < 0.01 and p < 0.05 respectively. This study
recorded unequal fluctuation of DO with the highest documented in the rainy season. This is in
line with the work of by [33] on the influence of urban overflow on DO quality during the rainy
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season on the Epie Creek in the Niger Delta. The depletion of oxygen contents in the ecosystem
can lead to death of aquatic organisms therein. Wakawa et al. [38], recommended that humid
water environment should have oxygen concentration of at minimum 5mgL™ so as to sustain
living organism therein.

Biochemical Oxygen Demand (BODs) and Chemical Oxygen Demand (COD)

There were fluctuations in the values of BODs in station 2 and 3. The BODs mean
ranged between 2.34 and 3.44mgL " respectively. There was significant difference (p < 0.05) in
the associated stations (1-4). DMRT further showed that station 2 was significantly higher than
stations 1, 3 and 4 at p < 0.01 respectively.

In this study, the BODs obtained was within the stipulated threshold set by the regulatory
bodies. The findings of this study is similar to the work of [31] who reported low BODs range
of 0.88-2.42mgL" in Agbede wetland, [39] who reported low BODs range of 1.51-2.60mgL™.
But contrary to the works of [40] who reported high BOD5 (1.45-18.00mgL™?) in Benin River
and [41] who reported BODs (1.45-18.00mgL™) in Warri River. The variation in the BODs
values in this study may be as a result of varied human’s activity (sawmilling) in the stations.
This was noticed in stations 2 and 3 with such activities. Arimoro et al. [40], and Odise et al.
[41] have also reported the influence of sawmilling on the water quality, stating the
degenerating impacts on aquatic lives. Tropical River can undergo self-purification under the
condition that the BODs does not exceed 4mgL ™.

On the other hand, the COD mean value was high in station 2 (18.45mgL™') and low in
station 1 (10.68mgL™?) and there was significant difference (p < 0.05) of the range values across
the stations. BODs fluctuation might have indirect impact of the chemical oxygen demand for
aquatic life forms.

Hydrogen bi-carbonates (HCOs3)

The mean HCO3 value obtained in this study was high in station 2 (41.61mgL"?) and low
in station 1 (20.78mgL™*). A DMR tests further showed that station 2 was significantly higher
than stations 1, 3 and 4 at p < 0.01 and p < 0.05 respectively. Nitrates and phosphate have
frequently been referred to as regulating nutrients in water ecosystem and have been generally
approved as pointers for low oxygen content (eutrophication) in static aquatic freshwater bodies
[42-44].

Sodium (Na), Potassium (K), Calcium (Ca) and Magnesium (Mg)

The values of Sodium obtained in this study varied across the various stations with the
lowest value of 0.83mgL™* (station 1) to the maximum value of 1.12mgL™* (station 2). There
was no significant difference (p > 0.05) in the value of Na across the stations. A DMRT further
showed that station 2 was significantly higher than stations 1, 3 and 4 at p < 0.01.

The result obtained in the mean Potassium was low (0.14mgL™) in stations 1 and 4 and
higher (0.23mgL™?) in station 2. There was no significant difference (p > 0.05) across the
stations. A DMR tests further showed that stations 2 was significantly higher than stations 1, 3
and 4 at p < 0.01.

Amongst the basic metals analysed, Calcium had the highest values which ranged from
1.80 and 1.81mgL* (stations 1 and 4) to 2.69 and 2.54mgL™? (stations 2 and 3) respectively. A
DMRT further showed that station 2 was significantly higher than stations 1, 3 and 4 at p <
0.01.

The lowest values of Mg were 0.60mgL* (station 1) the highest was 0.87mgL* (station
2). No significant difference (p > 0.05) across the studied stations.

Chlorine (CI), Phosphate (P), Ammonium Nitrates (NH4N), Nitrites (No2) and Nitrates (Nos)

The mean minimum Chlorine concentration value was 23.24mgL™! (station 1) and the
maximum was 43.31mgL™ (Station 4). A DMR tests further showed that stations 2 was
significantly higher than stations 1, 3 and 4 at p < 0.01.
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The mean phosphate was low (0.65mgL™) in station 1 and high (1.27mgL"?) in station 2.
However, there was no significant difference (p > 0.05) of the mean concentrations of P across
the stations Phosphate was mostly not detected during the dry season. However, higher values
were observed during the rainy season which can be sourced from fertilizers via agricultural
processes. Similar findings were also reported by [45]. A comparable result was reported by
[46], for Ikpoba River, and [47] but, was contrasted with that of [25] for Warri River and [48]
for Ikpoba River.

The NH;N was low (0.09mgL™) in station 1 and high (0.20mgL") in station 2. However,
there was no significant difference (p > 0.05) in the mean NH4N across the stations

The NO; was low (0.05mgL™) in station 1 and high (0.14mgL™) in station 2. No
significant difference (p > 0.05) among the mean NO; across the stations.

The NO3z was low (1.55mgL™?) in station 1 and high (2.96mgL™) in station 2. No
significant difference (p > 0.05) among the mean NOs across the studied stations. Nitrates and
phosphate have frequently been referred to as the regulating nutrients in water environs and
have been generally approved as pointers for low oxygen content (eutrophication) in static
aquatic bodies [42-44].

Sulphate (SO4)

The mean values of sulphate were between 0.63 and 1.07mgL. These values were not
significant at p > 0.05. A DMR tests further showed that station 2 was much higher than
stations 1, 3 and 4 respectively at p < 0.01. These values were not also significant at P>0.05. A
DMR tests further showed that station 2 was much higher than stations 1, 3 and 4 respectively
at p < 0.01. The values of the sulphate obtained in this study were generally low across the
stations. This finding conforms to the work of [49] who reported low fluctuations of sulphate in
Ikpoba River, southern Nigeria. This may be as a result of low anthropogenic impacts.

Iron, (Fe), Magnesium (Mn) Zinc (Zn), Copper (Cu), Chromium (Cr), Cadmium (Cd),
Nickel (Ni), Lead (Pb) and Vanadium (V)

The mean concentrations of Fe, Mn, Zn, Cu, Cr, Cd, Ni, Pb and V in this study, ranged
from 0.68-1.79mgL™, 0.07 to 0.16mgL?, 0.26 to 0.67mgL?, 0.03 to 0.06mgL?, 0.01 to
0.04mgL", 0.01 to 0.03mgL™, 0.00 to 0.01mgL™™. 0.00 to 0.04mgL* and 0.00 to 0.01mgL™*
respectively. No significant difference at p > 0.05 of the mean values existed across the studied
stations. However, A DMRT further showed that station 2 was much higher than stations 1, 3
and 4 respectively at p < 0.01 and p < 0.05 respectively.

The heavy metals concentration in the surface water was in this order;
Fe>Zn>Mn>Cu>Cr>Pb>Cd>V>Ni. The concentrations of Fe, Mn, Zn, Cu, Cr and Cd recorded
in the water were slightly above the slated national and international limits. The concentrations
of Ni especially in stations 2 and 3 were at the same range with the national and international
standards. The ascendency of iron over other heavy metals in aquatic ecosystem had been
reported by [50-53]. Iron in most Nigeria water has been reported to be usually abundant than
WHO standard of 0.3mgL"* [54]. This can be liken to industrial releases, weathering of iron and
steel materials from buildings, leachates from dumpsites and vehicular effluents [45, 55].
Results from this study indicated that the metals where sourced from anthropogenic activity
such as farming and lithogenic impacts.

The concentrations of Mn, Zn and Fe recorded in this study were similar to values
documented by [31, 55], in related environment and [39] and [57] in a similar but different
stretch of Ossiomo River.

The existence of trace and heavy metals in the water ecosystem beyond standard limits,
are key concern, because of the possible harmful risk they portend to flora and fauna existence
and the natural ecological balance [58-70]. The relatively elevated levels of heavy metals
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recorded in this aquatic ecosystem may be sourced from anthropogenic and farming wastes
washed down via runoff [71, 72]

Total Hydrocarbon contents (THC)

The mean concentration of THC in this study ranged from 0.11 to 0.09mgL™. The
minimum value (0.11mgL™?) at station 2 and maximum value (0.09mgL™) at station 3. A
significant difference (p < 0.05) existed across all the four stations. However, A DMR tests
further showed that station 2 was much higher than stations 1, 3 and 4 respectively at p < 0.01
and p < 0.05. The mean concentrations of THC attained in the surface water, were similar to the
values obtained by [35, 37, 45, 52] at concentration <1 mgl* at the Niger Delta mangrove creek.
THC < 1.00mgL™ in surface water denotes unpolluted water body. However, this water body
was uncontaminated by THC as at when the samples they were collected. But, on the contrary,
since the average concentrations of THC in the water were above the value of 0.05mgL-
Istipulated by [26] the water was said to be contaminated by THC. [73], attributed the
occurrence of THC to anthropogenic activities like transportation and oil spill from speed boats
which is a common factor along the studied stretch of this river. However, the THC obtained
this study when compared to other studies may be accredited to environmental factors such as
natural and human inputs such as urban run-off from auto repair workshop and petroleum
depot.

Note: Unit of measurement: pH has no unit, Electrical conductivity (EC); uScm,
Salinity; g%, Turbidity; NTU and Color; Pt.Co. Most of the parameters were measured in mgL;
p < 0.05 — Significant difference; p > 0.05 — No significant difference. NS: indicates not
specified and N/A; indicates not available. FMEnvN indicates; Federal Ministry of
Environment Nigeria, WHO; World Health Organisation and NIS indicates Nigeria Industrial
Standards. Superscript () means that p is significant at 0.05 (p < 0.05) and Superscript (°)
means that p is significant at 0.01 (p < 0.01).

Multivariate approach in assessing surface water quality

Principle component analysis (PCA)

The result of the PCA matrix of the physical and chemical parameters is expressed in
Table 2. The PCA was performed on the data sets contained 33 components analysed in the
water samples (Fig. 2). In this study, PC1-PC4 contributed the largest percentage respectively,
of the loadings of heavy metals in the surface water PCA. The parameters of importance cover
the 6 components. The source allotment could be traced from organic and inorganic pollution as
the major point source of contamination [74-78].

The data sets yielded 50 variables with Eigenvalues >1. These variables explained
84.18% of the total variance in water quality respectively. Eigenvalues of one (1.0) or >1, are
considered significant [79]. By implication, the highest eigenvalue is taken to be the most
significant and should be one or greater for proper considerations during PCA [80].

The contributions were as follows; component 1, 2, 3, 4, 5 and 6 accounted for the
proportion as follows: 34.91, 14.09, 12.23, 11.34, 6.31 and 5.30% respectively (Table 2). The
parameters of importance in each component were: 1; EC, salinity, TSS, HCO3, Na, K, Ca, Mg,
Cl, P, NH4N, NO3, SO4, Fe, Mn, Zn, Cu, Cr, Pb and THC 2; K, Ca, Mg, P, NH4N, Fe, Cu, Cr,
Cd, Ni, Pb, V and THC 3; COD, NH4N, NO2, Ni and V 4; pH, colour, turbidity, TSS, Mn and
THC 5; BOD5, COD, HCO3 and Mn and 6; water temperature and salinity. Factor loadings
values of >0.75, between 0.5-0.75 and 0.3-0.5 are classified as strong, moderate and weak
respectively, based on their absolute values. The eigenvalues gotten in this study indicated PC1-
PC6 to have strong absolute values. These also revealed that parameters in PC1-PC6
components had strong influence in the ecosystem.
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Table 1. Summary of the physical and chemical Characteristics of surface water in Ossiomo River collected from

designated stations from March 2015 - August 2016
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Table 1 (cont.). Summary of the physical and chemical Characteristics of surface water in Ossiomo River collected

from designated stations from March 2015 - August 2016
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Table 2. Eigenvectors and Eigenvalues of the various components of surface water parameters in Ossiomo River
sampled from March 2015 — August 2016

Parameters/Components PC1 PC2 PC3 PC4 PC5 PC6
Air temperature 0.10 0.12 -0.41 -0.50 -0.15 -0.05
Water temperature 0.17 0.16 -0.13 -0.13 -0.06 0.74
pH -0.44 0.00 -0.32 0.51 -0.24 -0.20

EC 0.89 0.12 0.20 0.08 0.06 0.28

Salinity 0.72 -0.05 0.15 0.17 0.11 0.33
Colour 0.16 -0.04 0.07 0.95 0.03 -0.01
Turbidity 0.19 0.01 0.04 0.92 0.10 -0.01

TSS 0.30 -0.04 -0.02 0.86 -0.07 0.14

TDS 0.90 0.12 0.18 0.08 0.07 0.28

DO 0.10 0.06 -0.19 -0.20 -0.17 -0.81

BODs 0.22 0.16 0.19 0.06 0.89 0.09

COD 0.15 0.04 0.69 -0.07 0.64 -0.07
Hydrogen bicarbonate 0.56 0.15 0.31 0.12 0.53 0.19
Na 0.84 0.28 0.10 -0.02 0.08 -0.17

K 0.74 0.45 0.05 0.07 0.13 -0.08

Ca 0.87 0.41 0.01 0.00 0.05 -0.05

Mg 0.74 0.40 0.09 0.10 0.03 -0.24

Cl 0.92 0.08 0.03 -0.12 0.16 0.01

P 0.79 0.41 0.04 0.27 0.02 -0.15
Ammonium Nitrates 0.40 0.33 0.73 0.15 0.22 0.08
Nitrite -0.03 0.07 0.93 0.16 0.08 0.03
Nitrate 0.78 0.20 0.25 0.30 -0.10 0.00
Sulphate 0.87 0.05 -0.01 0.11 0.29 0.07

Fe 0.82 0.46 0.10 0.07 0.07 0.01

Mn 0.68 0.26 -0.03 0.39 0.34 -0.10

Zn 0.88 0.26 0.18 0.12 0.14 0.07

Cu 0.68 051 0.24 -0.07 -0.16 0.10

Cr 0.37 0.86 0.21 -0.02 0.02 0.06

Cd 0.23 0.87 0.25 -0.10 0.19 0.01

Ni 0.28 0.52 0.76 -0.09 0.04 0.01

Pb 0.41 0.83 0.14 -0.13 0.05 0.08

\% 0.26 0.48 0.80 -0.06 0.05 0.02

THC 0.44 0.56 0.27 0.37 0.22 0.08
Eigenvalues 11.53 4.65 4.04 3.74 2.83 1.75
Proportion (%) 34.91 14.09 12.23 11.34 6.31 5.30
Cum. Proportion (%) 34.91 48.99 61.22 72.56 78.87 84.17

NB: Bolded values exceeded standards. According to [81], loadings > 0.71 are typically regarded as excellent, and
loadings < 0.32 very poor. However, [80] stated that the component with the highest Eigenvalue is taken to be the most
significant and should be one or greater for proper considerations during PCA. Factor loadings values of > 0.75,
between 0.75-0.5 and 0.5-0.3 are classified as strong, moderate and weak respectively, based on their absolute values.

Figure 3 shows the scatter plot and the relationship of the physicochemical parameters in
Ossiomo River. The relationship of the parameters as shown in the scatter plot indicated similar
cluster between the following Cl, HCO3, COD, EC, TDS, K and V in components 1 and 2. This
denotes strong interrelationship between the chemical constituents and the aquatic environment
and their impacts negatively and positively.

Table 3 shows the Kaiser-Meyer-Olkin and Bartlett’s test of sphericity. The results of the
measurement of sampling adequacy/Kaiser-Meyer-Olkin (KMO) and Barlett’s tests of
sphericity (BTS) were 0.83 and 3832.25 respectively. Both the measurements of sampling
adequacy and sphericity showed significant difference at p < 0.05 respectively. The KMO and
the BTS values obtained in this study demonstrated that there is a relationship and importance
of individuality amongst the PCA variables, which is a superb grade of evaluating the
competency of the PCA. This confirms the correctness of the water data for the PCA extracted
[82].
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Table 3. Kaiser-Meyer-Olkin and Bartlett’s test of sphericity

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.83
Bartlett's Test of Sphericity 3832.85
Degree of freedom 528.00

Significant value 0.00
P-value p<0.05

Cluster analysis, Ward-Euclidean similarity and distance indices

Table 4 shows the similarity and dissimilarity as defined by the Euclidean distance and
the combination of cluster by the Ward method as shown by the dendrogram (Fig. 4), based on
the concentrations of all the parameters analysed from the surface water. According to the
combinations of the clusters, the physical and chemical characteristics of stations 1 and 4 were
similar. Furthermore, the Ward method indicated that the prevailing physical and chemical
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characteristics at stations 2 and 3 were similar. According to Euclidean distance, the physical
and chemical characteristics at stations 1 and 2 were most dissimilar while the same
characteristics at 4 and 3 came in between them figure 5. The indication of this is that there is a
possible auto-purification capacity of this aquatic body after the perturbation at stations 2 and 3
which were brought about most of the environmental variations in the ecosystem. This auto-
purification capacity of this aquatic body was further X-rayed by the state of no significant
differences recorded visually in all the parameters in stations 1 and 4. It can be established that
the designated stations were perturbed and considered unfit for domestic use and consumption.

Table 4. Euclidean similarity and distance indices across the stations

Stations 1 2 3 4
1 0.00
2 63.03 0.00
3 55.61 8.40 0.00
4 19.09 44.50 36.97 0.00

Ward-Euclidean: 0 and < 1; complete dissimilarity, > 1; complete similarity, critical level of significance (C) = 0.05.

Station 4

T
’7 Station 2

Station 1
Station 3

Distance
Ly
(=]
L

Fig. 5. Dendogram for cluster analysis based on distance indices on sampled stations

Conclusion

In this study, the characterization and assessment of the physical and chemical
components of Ossiomo surface water as well as the determination of the water quality via
source allotment of pollution were screened. The physical and chemical properties evaluated in
this ecosystem was highly influenced by lithogenic and anthropogenic activities. Aquatic
animals and plants may likely not thrive better in this ecosystem. The PCA analysis revealed
that the physical and chemical components in PC1-PC6, had strong influence in the ecosystem.
It can be established that the designated stations were perturbed and considered unfit for
domestic use and consumption. It is promising to use various envirometric models like
canonical correspondence analysis (CCA), ANS (artificial neural network), Kriging
interpolation and CERI (comprehensive environmental risk indices) to compare and predict the
possible impact of the water variables on both plant and animals.

http://www.ijcs.ro 583



O.A. ANANI et al.

Acknowledgements

We appreciate Macgill Engineering and Technical Services Limited (Division of Martlet
Environmental Research Laboratory Limited) Benin City, Nigeria for carrying out the
laboratory analysis of all samples collected free of charge.

References

[1] Banglapedia, National Encyclopedia of Bangladesh, Asiatic Society of Bangladesh, 5
Old Secretariat Road Nimtali Dhaka, 2004, p. 1000.

[2] E. Ngoye, J.F. Machiwa, The influence of land-use patterns in the Ruvu river watershed on
water quality in the river system, Physical and Chemistry of the Earth, 29(15-18), 2004,
pp. 1161-1166.

[3] I.M. Khadam, J.J. Kaluarachchi, Water quality modelling under hydrologic variability and
parameter uncertainty using erosion-scaled export coefficients, Journal of Hydrology,
330(1-2), 2006, pp. 354-367.

[4] A. Behbahaninia, S.A. Mirbagheri, N. Khorasani, J. Nouri, A.H. Javid, Heavy metal
contamination of municipal effluent in soil and plants, Journal of Food, Agriculture and
Environment, 7(3-4), 2009, pp. 851-856.

[5] H. Bu, X. Tan, S. Li, Q. Zhang, Temporal and spatial variations of water quality in the
Jinshui River of the South Qinling Mts., China, Ecotoxicology and Environmental
Safety, 73(5), 2010, pp. 907-913.

[6] K.S. Soner, S. Onut, A stochastic optimization approach for paper recycling reverse
logistics network design under uncertainty, International Journal of Environmental
Science Technology, 7(4), 2010, pp. 717-730.

[7] Md. Haque, Md. J. Ayenuddin, S. Abu, Mst. Sultana Papia, Assessment of physicochemical
and bacteriological parameters in surface water of Padma River, Bangladesh, Applied
Water Science, 9(10), 2019. https://doi.org/10.1007/s13201-018-0885-5.

[8] T.A. Moore, S.R. Scaggs, M.R. Corbitt, R.E. Tapscott, D.S. Dierdorf, C.J. Kibert, The
development of CF3I as a Halon replacement, NMERI Report, 1994, /40/31790.

[9] A. Banner, W.H. MacKenzie, A classification framework for wetlands and related
ecosystems in British Columbia. B.C, Ministry of Forests, Research Branch, Victoria,
B.C. In preparation, p. 2000.

[10] A.H. Mtethiwa, A. Munyenyembe, W. Jere, E. Nyali, Efficiency of oxidation ponds in
wastewater treatment, International Journal of Environmental Research, 2(2), 2008,
pp. 149-152.

[11] R.B. Jha, H. Waidbacher, S. Sharma, M. Straif, Study of agricultural impacts through fish
base variables in different rivers, International Journal of Environmental Science and
Technology, 7(3), 2010, pp. 609-615.

[12] S. Rameshkumar, S. Kalidoss, Radhakrishnan, S. Aanand, R. Rajaram, Influence of
physicochemical water quality on aquatic macrophyte diversity in seasonal wetlands,
Applied Water Science, 9(12), 2019. https://doi.org/10.1007/s13201-018-0888-2.

[13] N. Mazlum, A. Ozer, S. Mazlum, Interpretation of water quality data by principal
components analysis, Turkish Journal of Engineering Environmental Science, 23,
1999, pp. 19-26.

[14] V. Simeonov, S. Stefanov, S. Tsakovski, Environmetrical treatment of water quality
survey data from Yantra River, Bulgaria, Mikrochim Acta, 134(1-2), 2000, pp. 15-22.

[15] V. Simeonov, J.W. Einax, I. Stanimirova, J. Kraft, Envirometric modelling and
interpretation of river water monitoring data, Analytic Bioanal Chemistry, 374(5), 2002,
pp. 898-905.

[16] H. Boyacioglu, O. Gunduz, Application of factor analysis in the assessment of surface
water quality in Buyuk Menderes River Basin, EWRA Symposium on Water Resources

584 INT J CONSERV SCI 11, 2, 2020: 571-588



LIMNOLOGICAL EVALUATION IN TERMS OF WATER QUALITY OF OSSIOMO RIVER, NIGERIA

Management Risks and Challenges for the 21%, Century 2. Izmir, Turkey, September,
2004, pp. 2-4.

[17] H. Juahir, S.M. Zain, M.K. Yusoff, T.I.T. Hanidza, A.S.M. Armi, M.E. Toriman, M.
Mokhtar, Spatial water quality assessment of Langat River Basin (Malaysia) using
environmetric techniques, Environmental Monitoring Assessment, 173(1-4), 2010, pp.
625-641.

[18] G.A. Zare, V. Sheikh, A. Sadoddin, Assessment of seasonal variations of chemical
characteristics in surface water using multivariate statistical methods, International
Journal of Environmental Science and Technology, 8(3), 2011, pp. 581-592.

[19] B. Helena, R. Pardo, M. Vega, E. Barrado, J.M. Fernandez, L. Fernandez, Temporal
evolution of groundwater composition in an alluvial aquifer (Pisuerga River, Spain) by
principal component analysis, Water Research, 34(93), 2000, pp. 807-816.

[20] S. Yu, J. Shang, J. Zhao, H. Guo, Factor analysis and dynamics of water quality of the
Songhua River Northeast China, Water Air Soil Pollution, 144(1-4), 2003, pp. 159-169.

[21] K.P. Singh, A. Malik, S. Sinha, Water quality assessment and apportionment of pollution
sources of Gomti river (India) using multivariate statistical techniques: A case study,
Analytic Chemistry Acta, 538(1-2), 2005, pp. 355-374.

[22] U.C. Panda, S.K. Sundaray, P, Rath, B.B. Nayak, D. Bhatta, Application of factor and
cluster analysis for characterization of river and estuarine water systems-a case study:
Mahanadi River (India), Journal of Hydrology, 331(3-4), 2006, pp. 434-445.

[23] H. Bu, X. Tan, S. Li, Q. Zhang, Water quality assessment of the Jinshui River (China)
using multivariate statistical techniques, Environmental Earth Science, 60(8), 2009, pp.
1631-1639.

[24] * * *, Standard Methods for the Examination of Water and Wastewater. 21st ed.
American Public Health Association, (APHA), Washington DC, 2005, p. 120.

[25] J.O. Olomukoro, A.B.M. Egborge, Hydrobiological Studies on Warri River Nigeria, Part
Il: Seasonal trend in the physico—chemical Limnology, Tropical Freshwater Biology,
12(13), 2004, pp. 9-23.

[26] * * *, Guidelines and standards for environmental pollution control in Nigeria,
Federal Environmental Protection Agency, (FEPA)/(FMEnv),2003 p. 238.

[27] * * *, Guidelines for drinking water quality: incorporating first and second addenda,
Recommendations, 3rd edition, WHO Press, 2008, 1, p. 668.

[28] * * *, Nigerian Standard for Drinking Water Quality, NIS, 554, 2007, p. 30.

[29] A.E. Ogbeibu, R., Victor, Hydrological studies of water bodies in the Okomu forest
reserves (Sanctuary) in Southern Nigeria, Tropical Freshwater Biology, 4, 1995, pp. 83-
100.

[30] J.C. Akpan, F.l. Abdulrahman, V. Ogugbuaja, K.D. Reuben, Study of the Physico-chemical
pollutants in Kano Industrial areas, Kano State, Nigeria, Journal of Applied Science and
Environmental Sanitation, 4(2), 2009, pp. 89-102.

[31] A.R. Dirisu, J.0. Olomukoro, Investigation of Water Quality of two Rivers In Agbede —
Wetlands in Southern Nigeria, Global Nest Journal, 17(3), 2015, pp. 451-462.

[32] J.C. Martin, C. Hoggart, A. Matissa, Improvement priorities for sewage treatment in
Latvian small and medium sized towns, Water Science Technology, 37(8), 1998, pp. 137-
144,

[33] L.W.A. Izonfuo, A.P. Bariweni, The effect of urban runoff water and human activities on
some physico-chemical parameters of the Epie Creek in the Niger Delta, Journal of
Applied Science and Environmental Management, 5(1), 2001, pp. 47-55.

[34] F.K. Meme, F.O. Arimoro, F.O. Nwadukwe, Analyses of Physical and Chemical
Parameters in Surface Waters nearby a Cement Factory in North Central, Nigeria,
Journal of Environmental Protection, 5, 2014, pp. 828-836.
http://dx.doi.org/10.4236/jep.2014.510085.

http://www.ijcs.ro 585



O.A. ANANI et al.

[35] A.M. Taiwo, O.0. Olujimi, O. Bamgbose, T.A. Arowolo, Surface Water Quality
Monitoring in Nigeria: Situational Analysis and Future Management Strategy, Water
Quality Monitoring and Assessment, (Editor: K. Voudouris), InTech, 2012.

[36] L.T. Ajibade, Assessment of water quality near River Asa, llorin, Nigeria, The
Environmentalist 24(1), 2004, pp. 11-18. https//: doi:10.1023/B:ENVR.0000046342.
65791.07.

[37] O. Osibanjo, A.P. Daso, A.M. Gbadebo, The impact of industries on surface water quality
of River Ona and River Alaro in Oluyole Industrial Estate, Ibadan, Nigeria, African
Journal of Biotechnology 10(4), 2011, pp. 696-702.

[38] R.J. Wakawa, A. Uzairu, J.A. Kagbu, M.L. Balarabe, Impact assessment of effluent
discharge on physico-chemical parameters and some heavy metal concentrations in
surface water of River Challawa Kano, Nigeria, African Journal of Pure and Applied
Chemistry, 2(9), 2008, pp.

[39] S.O. Ikhuoriah, C.G. Oronsaye, Assessment of Physicochemical Characteristics and some
Heavy Metals of Ossiomo River, Ologho — A Tributary of Benin River, Southern Nigeria,
Journal of Applied Science and Environmental Management, 20(2), 2016, pp. 472-
481.

[40] F.O. Arimoro, R.B. Ikomi, E.C. Osalor, The impact of sawmill wood wastes on the water
quality and fish communities of Benin River, Niger Delta Area, Nigeria, International
Journal of Science and Technology, 2(1), 2007, pp. 1-12.

[41] O.E. Idise, F.J. Okoko, P. Aire, O. Ogor, A. Egbah, The effects of solid wood waste
discharge on the physico-chemical and microbial characteristics of the Warri river,
African Journal of Microbiological Research, 6(20), 2015, pp. 4302-4314. https://. doi:
10.5897/AJMR11.884.

[42] W. Rast, J.A. Thornton, Trends in eutrophication research and control, Hydrological
Process, 10(2), 1996, pp. 295-313.

[43] S.1. Ovie, The ecology and culture of zooplankton of Jebba Lake, Nigeria, Ph.D Thesis,
University of Benin, Benin City, 1997, p. 162.

[44] A.O. Ogunfowokan, E.K. Okoh, A.A. Adenuga, O.l. Asubiojo, An assessment of the
impact of point source pollution from a university sewage treatment oxidation pond on a
receiving stream — a preliminary study, Journal of Applied Science, 5, 1, 2005, 36-43.
https:// doi: 10.3923/jas.2005.36.43.

[45] A.M. Taiwo, Environmental impact of poultry farm operations on Alakata Stream at Isolu
in Abeokuta, Nigeria, Master’s Thesis, University of Agriculture, Abeokuta, 2010, p. 108.

[46] MO. Kadiri, Seasonal trend in the chemical limnology of a shallow Nigeria man—-made
lake, Acta hydrobology, 42(2), 2000, pp. 29-40.

[47] F.O. Ehaise, C.C. Anyasi. Influence of breweries effluent discharge on the microbiological
and physico-chemical quality of Ikpoba River, Nigeria, Biotechnology, 4(1), 2005, pp.
1062-1065.

[48] J.O. Olomukoro, O. Igbinosun, Acute toxicity of Brewery effluent on Chironomus
travalesis (Dipteran larvae), Journal of Aquatic Science, 19(1), 2004, pp. 23-26.

[49] A.E. Ogbeibu, LO. Edutie, Impact of Brewery effluent on the water quality and Rotifers of
Ikpoba Rivers southern Nigeria, African Journal of Environmental Pollution Health,
1(1), 2002, pp. 1-12.

[50] M.A.l. Chukwujindu, E.N. Godwin, O.A. Francis, Assessment of contamination by heavy
metals in sediments of Ase River, Niger Delta, Nigeria, Research Journal of
Environment, 1(5), 2007, pp. 220-228.

[51] Y.T. Puyate. A. Rim-Rukeh, J.K. Awatefe, Metal pollution assessment and particle size
distribution of bottom sediment of Orogodo River, Agbor, Delta State, Nigeria Journal of
Applied Science Research, 3(12), 2007, pp. 2056-2061.

586 INT J CONSERV SCI 11, 2, 2020: 571-588



LIMNOLOGICAL EVALUATION IN TERMS OF WATER QUALITY OF OSSIOMO RIVER, NIGERIA

[52] B.J. Oribhabor, A.E. Ogbeibu, Concentration of heavy metals in a Niger Delta mangrove
creek, Nigeria, Global Journal of Environmental Science, 8(2), 2009, pp. 1-10.

[53] M.D. Wogu, C.E. Okaka, Pollution studies on Nigerian rivers: heavy metals in surface
water of Warri River, Delta State, Journal of Biodiversity and Environmental Science,
1(3), 2011, pp. 7-12.

[54] O.E. Offiong, A. Edet, Environmental Pollution: Water, Land, Air and Noise in Cross
River State, Technical Report submitted to Cross River Environmental Protection
Agency, Calabar, 1996.

[55] M.O. Jaji, O. Bamgbose, O.0. Odukaoya, T.A. Arowolo, Water quality assessment of Ogun
River, South West Nigeria, Environmental Monitoring Assessment, 33(1-3), 2007, pp.
473-482. https://doi: 10.1007/s10661-006-9602-1.

[56] A.A. Enuneku, L.l. Ezemonye, M.O. Ainerua, Human health risk assessment of metal
contamination through consumption of Sesarmaangolense and Macrobrachium
macrobrachion from Benin River Nigeria, European International Journal of Science
and Technology, 3, 2014, p. 6.

[57] O. Ekhator, O.C. Akoma, E. Ogie-Odia, A Comparative Limnological and water Quality
assessment of some Rivers in Benin City and Peri-Urban areas, of Edo State, Nigeria,
Global Research Journal, 2(1), 2011, p. 090.

[58] A.K. Bhattacharya, S.N. Mandal, S.K. Das, Heavy metals accumulation in water, sediment
and tissues of different edible fishes in upper stretch of gangetic West Bengal, Trends
Applied Science Research, 3, 2008, pp. 61-68.

[59] M.J. Hammer, M.J. Hammer, Water Quality. In: Water and Wastewater Technology.
5th edition, Prentice-Hall, New Jersey, 2004, p. 139-159.

[60] M.T. Bakare-Odunola, Determination of some metallic impurities present in soft drinks
marketed in Nigeria, The Nigerian Journal of Pharmacology, 4(1), 2005, pp. 51-54.

[70] K.N. Ibemenuga, Bioaccumulation and toxic effects of some heavy metals in freshwater
fishes, Animal Research International, 10(3), 2013, pp. 1792-1798.

[71] M.Z. Naveedullah,. Hashmi, C. Chunna, H. Yu, D. Shen, C. Duan, L. Shen, Y. Lou,.
Chen, Concentrations and Human Health Risk Assessment of Selected Heavy Metals in
Surface Water of the Siling Reservoir Watershed in Zhejiang Province, China, Polish
Journal of Environmental Studies, 23(3), 2014, pp. 801-811.

[72] Naveedullah, MZ. Hashmi, Chunna, C. Yu, H. Shen, D. Duan, C. Shen, L. Lou, Y. Chen,
Risk Assessment of Heavy Metals Pollution in Agricultural Soils of Siling Reservoir
Watershed in Zhejiang Province, China, BioMed Research International (Hindawi
Publishing Corporation), 10, 2013, Article Number: 590306.
http://dx.doi.org/10.1155/2013/590306.

.[73] EN. Ezekiel, Al. Hart, JFN. Abowei, The Sediment physical and chemical characteristics
in Sombreiro River, Niger Delta, Nigeria, Research Journal of Environmental Earth
and Science, 3(4), 2011, pp. 341-349.

[74] M. Vega, R.E. Pardo, Barrado L. Deban, “Assessment of seasonal and polluting effects on
the qualizy of river water by exploratory data analysis.” \Water Research, 32(12), 1998,
pp. 3581-3592.

[75] M.E. Borsuk, C.A. Stow, Bayesian parameter estimation in a mixed-order model of BOD
decay, Water Research, 34(6), 2000, pp. 1830-1836,

[76] V. Simeonov, J.A. Stratis, C. Samara, G. Zachariadis, D. Voutsa, A. Anthemidis, M.
Sofoniou, T. Kouimtzis, “Assessment of the surface water quality in Northern Greece”
Water Research, 37(17), 2003, pp. 4119- 4124,

[77] Y.P. Liu, J.G. Li, Y.F. Zhao, S. Wen, F.F. Huang, Y.N. Wu, Polybrominated diphenyl
ethers (PBDES) and indicator polychlorinated biphenyls (PCBs) in marine fish from four
areas of China, Chemosphere, 83, 2011, pp. 168-174.

http://www.ijcs.ro 587



O.A. ANANI et al.

[78] D.H. Wang. Y. Wang, Z. Lin, The control and damage of organic pollutant in Songhua
River to the ecological environment, Environmental Science Management, 32(6), 2007,
pp. 67-69.

[79] S. Shrestha, F. Kazama, Assessment of surface water quality using multivariate statistical
techniques: A case study of the Fuji river basin, Japan, Environmental Modelling and
Software, 22(4), 2007, pp. 464-475.

[80] I.V. Nair. K. Singh, M. Arumugam, K. Gangadhar, D. Clarson, Trace metal quality of
Meenachil River at Kottayam, Kerala (India) by principal component analysis, World
Applied Science Journal, 9(10), 2010, pp. 1100-1107.

[81] L.G. Grimm, P.R. Yarnold, Introduction to Multivariate Statistics, Reading and
Understanding More Multivariate Statistics, (Editors: L.G. Grimm, and P.R. Yarnold),
American Psychological Association, Washington, 2000, p. 3-21

[82] R. Bhardwaj, A. Gupta, J.K. Garg, Evaluation of trace metal contamination using
environmetrics and indexing approach for River Yamuna, Delhi stretch, India, Water
Science, 31(1), 2017, pp. 52-66. http://dx.doi.org/10.1016/j.wsj.2017.02.002.

Received: January 25, 2019
Accepted: May 21, 2020

588 INT J CONSERV SCI 11, 2, 2020: 571-588



