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Abstract

The influx of effluents from industrial area into the Alaro River in Ibadan has made the investigation of the sediment quality
of the river an important environmental issue for discussion. The objective of this study was to determine the concentrations
of toxic heavy metals in surface sediment of the river in order to evaluate the impact of the effluent and spatial distribution of
the metals downstream. pH, total organic carbon and grain-sized particles of the sediment samples were determined according
to standard methods of analysis, while heavy metal concentrations were determined by AAS. Linear least square regression
(LLSR) model was employed to describe the distribution pattern of heavy metals along the river network. Hierarchical cluster
analysis was applied to locate the heavy metals contamination source and interpret the association between the metal con-
centrations upstream and downstream, which were found to be significantly different (p =0.05) The concentrations of Ni, Zn,
Cr, Co, Cu, Cd and Pb in downstream sediments were 7.74+0.97, 19.5+4.6,5.78 +0.47,9.6 +1.6. 7.36 +0.61, 0.47 +0.03
and 7.76 +0.80 mg/kg, respectively. The enrichment factor (EF > 1.5) and pollution load index (PLI> 1.0.) showed that the
sediment was contaminated with these heavy metals. The toxicity estimation carried out suggested that the sediment was
slightly toxic. Metal distribution as shown by LLSR was such that the concentration decreased with distance downstream
with R? ranging from 0.8810 to 0.9990. The LLSR models obtained are useful to predict the metal concentrations based on

the known distance of the river.
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Introduction

The incidence of surface water contamination with toxic
and persistent heavy metals is increasing worldwide because
of the ever increasing industrialization in most countries
(Ahmed and Ahmaruzzaman 2016; Tripathee et al. 2016;
Wu et al. 2016; Zhang et al. 2017). In most industrialized
areas of the developing countries such as Nigeria, surface
waters that receive industrial discharges directly have been
rendered unfit for beneficial purposes and aquatic organism
habitation (Chandran et al. 2016; du Plessis 2017; Khatri
et al. 2016). The main receptacles in surface waters for con-
taminants from industrial discharges are river sediment (He
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et al. 2016; Li et al. 2016; Nguyen et al. 2016; Peng et al.
2017). Several cases of fish death have been reported due to
invasion of river sediment with toxic metals released into
river systems. One of such is the case of the State of Minas
in Brazil when metal-rich effluent was released to the dam
breach in Mariana (Fernandes et al. 2016). Some industries
whose production processes are unregulated and engage in
improper discharge of untreated or partially treated efflu-
ent to river system due to inefficient or lack of wastewater
treatment plants have been reported. The industries include
oil refineries, paper manufacturing, textile, food and bever-
ages (Patra et al. 2016). The environmental conditions of
a river system particularly sediment change with the inva-
sion of uncontrolled contaminants such as heavy metals. It
is pertinent to investigate the distribution pattern of such
contaminant in the aquatic environment in order to ascertain
the extent of contamination. Several studies have focused
only on heavy metal contamination in river water, such as
the Pearl River in China (Zhen et al. 2016), Karnaphuli
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River in Bangladesh (Ali et al. 2016), Ona River and Olo-
sun River in Nigeria (Ipeaiyeda and Onianwa 2016). The
few attempts made on Nigerian rivers were to determine
only the heavy metal concentrations in major river water,
leaving out dearth of information on small river sediment
particularly the dispersion of heavy metals in river system
that is of importance to the country. Small and notable rivers
play a significant role in regional economy development and
ecological robustness.

The Alaro River is notable in Nigeria and is located on
the northeast part of Ibadan with water depth of less than 10
meters. The river originates from I[jokodo and flows south
east through Oluyole industrial estate (Fig. 1) into the Ona
River along Ibadan—Lagos expressway. Near the river chan-
nel particularly downstream of Oluyole industrial estate are
hotels, camping sites, restaurants, entertainment or events
centers and schools. Considering the ongoing activities
around the Alaro River, it indeed serves the dual purpose
of providing recreational facility that affects social life of
people and contributing to regional water supply to small-
scale industries. As important as the river is, it still receives
effluent discharges from industries, which result in pollutants
deposition in the sediment. The categories of industries con-
centrated in the estate include food and beverage, pulp and
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paper, chemical and pharmaceuticals and publishing indus-
tries, which lack efficient effluent treatment plants. Studies
have shown that these industries contribute to increased con-
centration of heavy metals in river sediment. For instance,
the heavy metal pollution derived from the Magdalena River
in Columbia was a clear consequence of direct discharges
from coal mining and oil transportation sources (Tejeda-
Benitez et al. 2016). Kumarkhali textile in Kushtia indus-
trial area of Bangladesh contaminated Goral River sediment
with toxic heavy metals (Islam et al. 2015). The presence of
heavy metals in Guadiamar River in Spain was adduced to
wastewater from pharmaceutical and textile industries (Gar-
rido et al. 2016).

Pollutant discharges from industries can lead to metal
bioaccumulation in fishes and prolonged release of heavy
metals from contaminated sediment into surface water (Bian
et al. 2016; Pourabadehei and Mulligan 2016). Considering
the relevance of the Alaro River as it feeds the Ona River,
which is the main source of water supply to the populace
in Ibadan, it is important to investigate the impact of heavy
metal pollution arising from the industries in the river sedi-
ment. The surface water quality of the Alaro River had been
previously reported (Ipeaiyeda and Onianwa 2011) leaving
out information on the sediment component of the river
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Fig. 1 A portion of Oluyole industrial estate showing Alaro River in Ibadan
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system. In this study, the objective was to investigate the
impact and distribution of some toxic heavy metals from
industrial discharges in Alaro River sediment. The pollution
status of the river was assessed through the enrichment fac-
tor and pollution load index.

Materials and methods
Study design and sediment sampling

The sampling locations were purposively selected. The
upstream, downstream and junction of the effluent channel
to the river were selected for sediment sampling. One loca-
tion, designated as JN (0 m), was selected at the junction
where the combined industrial effluent collectively flows
into the Alaro River. Two locations were selected upstream
to serve as controls and were denoted as U1 (150 m) and U2
(300 m). Five sampling points were located downstream of
the river channel and were depicted as D1 to D5 at about
150 m away from each other. There was no sampling point
selected along the combined effluent channel because the
floor is a concrete and contains no sediment. The sediment
samples were collected monthly within a year to cover both
wet and dry seasons. A total of seventy-eight sediment sam-
ples were collected with a stainless Van Veen grab sampler,
placed in polyethylene bags and stored in an ice chest.

Sediment analysis

In the laboratory, the samples were air-dried, ground into
fine powder, sieved through 0.5-mm screen and placed in
polyethylene bags until the analysis period. The analysis
methods were carried out according to the international
standard ISO procedures. Sediment samples were digested
with nitric acid based on protocols highlighted by Office
Fe’de’ral de la Protection de I’Environment (Hurlimann
1981). The nitric acid digestion of 5.0 g of sediment sam-
ples with 50 mL of 3 M HNOs in a covered glass bottle was
performed in a boiling water bath for 2 h. The analytical
procedure was monitored throughout the analysis using the
standard reference material (ST-SD-3) obtained from Can-
ada Centre for Mineral and Energy Technology (CANMET,
Canada). A blank and standard solutions were analyzed
periodically. The concentrations of Ni, Zn, Cr, Co, Cu, Cd
and Pb in the digests were determined by atomic absorption
spectrophotometry.

Particle size analysis was conducted using the pipet and
hydrometer method involving the dispersion of the samples
in 5% sodium hexametaphosphate after digestion of organic
matter content with 30% hydrogen peroxide (Loveland
et al. 2000). Total organic carbon (TOC) was determined
using Walkley and Black method (Pansu and Gautheyrou

2007). This method involves oxidation of organic mat-
ter with excess amount of dichromate (K,Cr,05) in acidic
medium and back titration of excess dichromate with stand-
ard Fe,SO, solution.

Assessment of sediment pollution load

The pollution level of sediment with heavy metals was deter-
mined using the enrichment factor (EF) and pollution load
index (PLI). The enrichment factor was calculated using
the equation, C,/C,, being the ratio of the concentration
of the metal of interest in the analyzed sediment (C,,) to
the corresponding background concentration (C,) of the
metal (Hakanson 1980). The metal in the sediment is pre-
dominantly of natural origin if EF value of 1.0 is obtained.
If EF > 1.5 indicates enrichment by anthropogenic impacts
(Hakima et al. 2017; Xu et al. 2016). The pollution index
(PLI) was calculated using the expression PLI=(EF,; XEF,
X EF;... XEF,)!"" where n is the number of elements deter-
mined in the samples. PLI value > I indicates pollution of
the sediment quality, while PLI value < 1 implies that the
pollution is not occurring (Tomlinson et al. 1980).

The percent recovery capacity (RC) of the river sediment
from metal pollution load was calculated using the expres-
sion RC=[(C,—- C,)/C,]1x 100 (Knox et al. 2016), with C,
as the concentration of metal at the last downstream reach
of the river and C, as the corresponding concentration
upstream where there is no effluent discharge.

Estimation of toxicity

The environmental toxicity of downstream sediment was
evaluated using the mean effects range-medium expression
quotient (mERMq)=1/N Y Ci/ERMi (Long 2006). The
variable N is the amount of toxic metals considered in the
evaluation, Ci is the main concentration of the toxic metal
in the sediment sample, and ERMi is the concentration
estimated for a particular metal above which toxic effect is
expected.

Data analysis

The relationship between the studied metals was determined
using Pearson correlation (p =0.01 and 0.05). The cluster
analysis was adopted to identify the pollution source that
might be either anthropogenic or natural. The average metal
concentrations of upstream and downstream were compared
using Waller—Duncan test. The distribution pattern along
the river network was explained using a stepwise regres-
sion procedure, which relates the metal concentrations with
distances along the river channel (Nour 1972).

pisllase ol ay .
Ay &) Springer



161 Page4of10

Applied Water Science (2018) 8:161

Results and discussion
Sediment quality of Alaro River

Contamination of sediments with toxic metals is commonly
related to particle grain size. The sediment samples of Alaro
River were majorly composed of fine grained sand with
average contents varying from 86.1 +9.5% to 92.9 +1.6%
(Table 1). This implies that the hydromorphic distribution
patterns of contaminants are supported in the fine sandy
fraction of the river sediment (El Azhari et al. 2016). In
rivers, sandy fraction often offers a favorable condition for
remobilization of accumulated metals. Toxic metals accu-
mulated in sand readily travel long distance as suspended
sediments remobilize particularly with little disturbance of
the bottom sediment (Salomons and Forstner 2012).

The pH values of the sediments ranged from 6.8 to 7.5
(Table 1). The effluent discharges received by the river at
the junction only raised the background pH of the sediment
by 7.6%. Sediment pH values at upstream were not signifi-
cantly different from those of downstream. This indicates
the fact that the effluent has not significantly impacted the
sediment pH. When pH value increases, most heavy met-
als are removed from solution by precipitation process and
adsorbed on the bottom sediment because of the produc-
tion of hydroxide (Li et al. 2016). The pH downstream was
7.3 +0.1, which was higher than 6.6 + 1.2 for downstream
pH. This is an indication that the concentrations of metals
would possibly be more pronounced in downstream sedi-
ment than upstream sediment.

Nickel concentration in the downstream sediment was
elevated by effluent inputs. This was reasoned from the

high concentration of nickel in the downstream sediment
in comparison with the upstream sediment. Nickel level at
the discharge point was 8.5 + 6.9 mg/kg, which was much
higher than the upstream nickel level of 7.74 +0.97 mg/
kg (Table 1). Concentrations of nickel in sediment sam-
ples after the discharge point generally increased as dis-
tance increased downstream (Fig. 2). There were high
levels of other potentially toxic metals (Zn, Cr, Co, Cd
and Pb) in downstream sediments. The increased concen-
tration is traceable to the combined industrial wastewa-
ter that flows into the Alaro River with evidence of high
metal concentrations at the discharge point as shown in
Table 1. Regarding the metal concentrations at down-
stream location, 19.5 +4.6 mg/kg (Zn), 5.78 +£0.47 mg/

26—
24 Il Wet Season (Upstream)

1 I Wet Season (Downstream)
22 Il Dry Season (Upstream)
20+ I Dry Season (Downstream)

Metal concentration (mg/kg)

Metal

Fig.2 Seasonal variations of metal concentrations in upstream and
downstream

Table 1 Sediment quality of

. . . Parameter ~ Upstream Junction (discharge Downstream EF  %RC

Alaro River with enrichment point)

factor (EF) and recovery

capacity (RC) for heavy metal Mean Range Mean Range Mean Range

contamination
pH 6.6+1.2" 6.8-7.4 7.1+£0.2% 6.9-7.4 7.3+0.1* 72-75 - -
TOC (%) 2.8+0.5" 1.9-33 2.8+0.5" 1.8-3.3 3.2+0.5% 2.1-35 - -
TOM (%) 3.8+3.3% 3.2-5.7 4.8+0.9" 3.1-5.7 5.6+0.8" 3.6-56 - -
Sand (%) 929+1.6* 90.1-94.7 86.1+9.5* 69.7-95.7 89.8+3.3" 88.2-934 - -
Clay (%) 41x+1.2° 2.3-59 9.0+7.8% 23-223  55+25% 2.7-82 - -
Silt (%) 3.0+£0.6 2.0-4.0 49+29" 2.0-9.0 4.6+1.4" 3.6-54 - -
Ni (mg/kg) 3.79+0.19° 0.224.13  85+6.9° 242-159 7.74+0.97° 4.0-18.1 2.04 587
Zn (mg/kg) 14.3+£07%° 10.8-193 144+1.7%° 11.6-163 19.5+4.6° 11.7-223 1.36 43.5
Cr (mg/kg) 35+1.0° 0.27-7.9 6.5+£54° 0.51-125 5.78+047° 0.51-10.1 1.65 34.0
Co (mg/kg) 5.02+0.96* 4.39-57 12.1+4.4> 7.85-184 9.6+1.6° 5.0-13.7 191 438
Cu (mg/kg) 3.50+0.14* 2.4-397 6.7+23% 3.06-844 7.36+0.61° 3.8-11.6 2.10 55.7
Cd (mg/kg) 0.31+0.05* 0.24-042 0.51+0.10° 0.41-0.68 0.47+0.03° 0.35-0.62 1.52 3I1.1
Pb (mg/kg) 4.45+0.79* 2.89-5.2 74+22° 556-11.6 7.76+0.80° 5.5-11.3 1.74 47.0

Within a row, average concentration with different superscripts (a, b) differs significantly
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kg (Cr), 9.6 + 1.6 mg/kg (Co), 7.36 +0.61 mg/kg (Cu),
0.47 +£0.03 mg/kg (Cd) and 7.76 +0.80 mg/kg (Pb) were
obtained (Table 1). These concentrations were signifi-
cantly higher than the corresponding concentrations in
upstream sediments.

The majority of the metals (Crt/Ni, Co/Ni, Cu/Co, Cd/
Co, Cd/Cu and Pb/Cd) showed significant correlations
indicating similar origin of the metals (Table 2). The
uptake of toxic metals by sediments is influenced by total
organic matter (TOM) which potentially binds with the
metals (Xu et al. 2016). The organic matter as well as
sand-sized particle acts as an efficient scavenger for toxic
metals in sediments (Venkatramanan et al. 2015). It seems
the concentrations of all toxic metals were not solely
controlled by organic matter considering the correlation
values of TOM with metal concentrations. The associa-
tion of organic matter with copper was much compared
with other metals analyzed in the samples. The organic
matter content is strongly correlated with Cu (r=0.521,
p=0.01; Table 2). Poor correlation of organic matter with
other metals is an indication that sediment is not the major
heavy metals transporter in the Alaro River ecosystem.

Comparison of metal concentrations with sediment
quality guidelines

The comparison of metal concentrations in river sediments
with sediment quality guidelines (SQGs) is important for
determining the likelihood that such sediments would be
toxic to aquatic and sediment-dwelling organisms. Each
country is encouraged to develop SQGs by SETAC Sedi-
ment Advisory Groups for managing contaminated sedi-
ments. SETAC is a Society of Environmental Toxicology
and Chemistry, whose mission is not implemented in Nige-
ria as SQGs have not yet been developed. This necessitated
the comparison of data from this study with the Canadian
and Ontario SQGs, and toxicity reference value set by US
EPA (Table 3). The levels of Ni, Cr, Zn, Co Cu, Cd and
Pb in downstream sediments were below the sediment
quality guidelines. To have metal concentrations in the
sediment not exceeding SQG does not suggest non-toxic
effect to benthic and other sediment-dwelling organisms.
The actual SQGs are formulated from locations where
mixtures of toxic contaminants exist. Therefore, biologi-
cal responses at these locations are certainly affected by
multiple toxicants which were not considered in this study.
The occurrence of SQGs does not take into considera-
tion the bioavailable fraction of the toxic heavy metals.
This has been identified as one of the limitations of SQGs
(Burton 2002). Hence, other approaches of assessing the
sediment contamination such as EF, PLI and mERMq are
important and can be explored.

Table 2 Correlation coefficients for heavy metals and other sediment quality parameters

Sand (%) Clay (%)  Silt (%)

Ni (mg/kg) Zn (mg/kg) Cr(mg/kg) Co(mg/kg) Cu(mg/kg) Cd(mg/kg) Pb(mg/kg)

TOM (%)

TOC (%)

pH

1

0.427

TOC (%)

1

0.990°
0.176
0.059

0.441

TOM (%)

1

0.178
0.044

0.287

Ni (mg/kg)
Zn (mg/kg)
Cr (mg/kg)
Co (mg/kg)
Cu (mg/kg)
Cd (mg/kg)
Pb (mg/kg)

Sand (%)
Clay (%)
Silt (%)

1

—0.243
0.732°
0.508%
0.449

-0.178
-0.220
0.221

0.018

-0.236
0.327

-0.22
0.327
0.519*

0.109
0.050

0.074

1

0.858b
0.642b

0.251

0.521*

0.255
0.62

1

0.450

1

—0.958°
—0.688"

1

1

—-0.406
0.378
0.285

0.531*
—0.467
0.147
0.151

0.595°
-0.416

0.515
0.392
0.300

-0.514
—0.690
0.704°
0.344

—0.004
0.366
-0.537
0.344
0.783

0.100
0.400
—0.063
—0.040
—-0.103

0.317
—0.682°
0.512°
0.823°

0.205
correlation is significant at the 0.05 level

—0.198
-0.141
—0.087
—-0.096
0.032

—-0.207
-0.136
—0.096
0.104
0.040

0.274
-0.182

0.115
0.266
correlation is significant at the 0.01 level; b

a
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Table 3 Comparison of metal concentrations of Alaro River sediment with the sediment quality standards (+) and other studies

Ni Zn Cr Co Cu Cd Pb References
Alaro River, Nigeria 7.74+0.97 19.5+4.6 5.78+0.47 9.6+1.6 7.36+0.61 0.47+0.03 7.76+0.80 This study
*SQG(ERL) 20.9 150 81 - 34 1.2 46.7 Long et al. (1995)
+*TRV 110 26 16 - 31 US EPA (1999); Shika-

zono et al. (2012)
*Ontario MOE (LEL) 16 120 26 50 16 - 31 Persaud et al. (1992)
Red River, Viet 3817 127+£50 85.7+23.8 - 83+55 0.35+0.27 66+28 Nguyen et al. (2016)
Buriganga River, Bangla- - 68-210  47.0-2050 9.0-11.5 35.0413 - 13.0-16.7 Tamim et al. (2016)
desh

Ganga River, India - 137-201 127-196  30.1-102 12.7-84.0 - 149-211  Pandey et al. (2014)
Korotoa River, Bangladesh ~— — 55-183 - 0.26-2.80 - 36-83
Severn River, UK - 107232 - 19.9-31.8 14.4-245 1.6-2.8 33.2-291  Zhao and Marriott (2013)
Zhejiang River, China - 117+18 86+11 - 339+9.2 90+30 335+5.0 Xuetal (2016)
Pear River, China - 109 - - 0.29 40.5 Ye et al. (2012)

SOG(ERL) sediment quality guidelines; ERL effect range low (concentration above which harmful effects are likely to be observed); TRL toxic-
ity reference value (US EPA); MOE Ministry of Environment, LEL lowest effect level

Quantification of sediment contamination

The highest EF value of 2.04 was observed for Nickel,
and the lowest EF of 1.36 for Zn (Table 1). The pollution
load index (PLI) for the sediment was 1.74, which indi-
cates that the Alaro River sediment is impacted with Ni,
Zn Cr, Co, Cu and Pb whose EF values > 1. This implies
that a significant level of each heavy metal is obtained
from non-crustal materials portraying anthropogenic
discharges into the river (Zhang et al. 2017). Upon con-
tamination by these metals, recovery capacities ranging
from 34.0 to 58.7% from metal pollution load of effluent
discharges were obtained (Table 1).

The mERMq is an index that takes into consideration
not only the concentration of target toxic metal in the
sediment sample, but also toxicological data realized in
the laboratory using model organisms under controlled
experimental conditions as mentioned in the literature
(Long and Morgan 1990). Regarding values of ERMi,
the only available data for Ni, Zn, Cr, Cu and Cd are 16,
110, 26, 16, 0.6 and 31, respectively (US EPA 1999). The
range of 0-0.1, 0.1-0.5, 0.5-1.5 and > 1.5 is stipulated
as mERMq values indicating categories of non-toxic,
slightly toxic, moderately toxic and highly toxic, respec-
tively. Each range of values of mERMq shows a corre-
sponding probability of being toxic by 9%, 21%, 49% and
76%, respectively (Rodriguez-Barranco et al. 2013). The
mERMq value for the sediments collected in this study
was evaluated using the concentrations of Ni, Z, Cr, Cu,
Cd and Pb since Co has no toxicity reference value. The
mERMq of 0.40 was obtained for the sediment of Alaro
River indicating that the sediment is slightly toxic.
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Seasonal variation and distribution pattern
of heavy metals in sediment

The high input of heavy metals was observed in dry season
compared to wet season (Fig. 2). The seasonal variations of
heavy metal contamination of the Alaro River particularly
for Cd, Cr, Cu and Zn were similar to that of Liaohe River of
Northeast China (Wang et al. 2017) and Subarnarekha River
of India (Banerjee et al. 2016). Hierarchical cluster analysis
was employed to describe the difference in metal concentra-
tion at different sampling locations. Figure 3 reveals three
main groups of sediment samples. The grouping derived

- o © < w0 = o~
o [=] a a a =) =)
0 -
14
2
©
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£
n
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T T T T T T T 1
1 2 3 4 5 6 7 8

Fig. 3 Hierarchical cluster analysis showing the association among
metal concentrations of upstream (U) and downstream (D) sampling
locations
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from the cluster analysis is based on the varying degree of
influence of industrial discharges on the Alaro River sedi-
ment. The sediments collected (UI and U2) upstream are
grouped together as Cluster 1, and sediment samples col-
lected downstream are divided into two groups (Clusters
2 and 3). The reason for this separation is that locations
D1, D2 and D3 which make up Cluster 2 contain signifi-
cant input of Ni, Zn, Cr, Co, Cu, Cd and Pb from industrial
discharges such that the sediment got enriched to high lev-
els. Cluster 3 reflects relatively lower concentrations of the
heavy metals than for Cluster 2.

The self-purification capacity of the Alaro River sediment
is reflected with the decreasing trend of metal concentrations
downstream. The distribution patterns observed for heavy
metals in sediments of Alaro River were similar such that the
concentrations of Ni, Zn, Cr, Co, Cu, Cd and Pb decreased
downstream from the discharge point (Fig. 4). Regarding
the reduction in metal concentrations in sediments as at the
last sampling point, the concentrations decreased by 27.2%
(Pb), 35.2% (Zn), 18.5% (Cr), 28.8% (Co), 15.2% (Cu),
11.8% (Cd) and 23.3% (Pb). Accumulation of heavy metals
in sediments is usually a long-term pollution source. Toxic
metals deposition on it can remain stored for many years

(a)

9.5

[—m—Observed
|—A— Predicted

unless remobilized by flooding and input of industrial dis-
charges. Storage depends on the magnitude and frequency
of the input (Zhao and Marriott 2013). The distribution pat-
tern of toxic metals in sediments of Alaro River with dis-
tance downstream is similar to that of Severn River. For both
rivers, the sand-sized particles are predominant and their
association with heavy metals is such that remobilization of
heavy metals can readily occur to possibly become second-
ary source of diffuse pollution. This possibility explains how
heavy metals released into the Alaro River water system
from the sediment particles by remobilization can be trans-
ported to pollute the adjoining Ona River. Dilution by the
influx of upstream water flow is another possible mechanism
by which concentrations of metals decrease downstream
(Ipeaiyeda and Onianwa 2016).

Different studies have been published on data analysis
using the least square model to explain the relation between
heavy metal concentrations and distance of the river from
the point of receiving polluted wastewater (Islam et al. 2015;
Swietlik and Trojanowska 2016). Appropriate fitting of the
experimental data using the regression model procedure car-
ried out at 95% confidence limit produced a set of quadratic
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Table 4 Regression models for distribution pattern of heavy metals in
Alaro River sediment

Metal Regression R? value
Ni Yyi=8.401+0.15X —7.895¢°X* +8.506e °X* 0.9780
Zn  Y,,=31.46—0.39X+5.873¢0X*+2.716e*X* 0.8810
Cr Yo, =7.08—0.04X +2.504¢70X* — 1.0e*X* 0.9980
Co  Yo,=18.34-0.05X+8.381e™ X*—4.4de x> 0.9990
Cu  Y5,=6.46+0.015X—4.190e75X*+2.963e*X° 0.9690

Cd  Y=0.536+0.0001X—3.492¢"X*+4.939¢'°%> 0.9980
Pb Ypp=8.760+0.0001X —3.175¢ X2+ 1.03e7 x>  0.9920

equations with R* values ranging from 0.8810 to 0.9990
(Table 4).

Comparison of metal concentration in Alaro River
sediment with other studies

The concentrations of metals in Alaro River sediment
were lower than those found in sediments of Buriganga,
Ganga and Korotoa Rivers. The only exception was that
of copper whose concentration at downstream location
(0.47 +£0.03 mg/kg) was above the concentration range of
copper (0.26-2.80 mg/kg) found in Korotoa River sedi-
ment. It seems the levels of heavy metals found in sedi-
ment of Alaro River would result in less adverse effect
on the aquatic organisms compared to what the impact of
the metals would be in the rivers of other countries. The
Severn River was contaminated with Pb (33.2-291 mg/
kg), Zn (108-232 mg/kg), Cu (14.4-24.5 mg/kg), Co
(19.7-818 mg/kg) and Cd (1.6-2.8 mg/kg), resulting from
the nonferrous metal process. In the sediment of the Sev-
ern River, sand-sized particles were predominant and their
association with the heavy metals encouraged remobiliza-
tion of metals in the river system. Sediments of Zhejiang
coastal mud of China were enriched with potentially toxic
metals (Cu, Pb, Zn, Cr and Cd) traceable to human activi-
ties. The concentrations of metals in this area as shown in
Table 2 were more than the corresponding levels of metals
in sediments of Alaro River which sourced from industrial
discharges. Arising from industrialization, a large amount
of wastewater containing heavy metals is discharged into
the Red River in Vietnam. The discharge was such that the
concentration of metals was higher in comparison to that
of River Alaro sediment. The only exception was cobalt
concentration (0.35+0.27 mg/kg) which was lower than
0.47 +0.03 mg/kg obtained in this study (Table 2).

The distributions of heavy metals in sediment of the
Pearl River in China (Zhen et al. 2016) were similar to the

Pielase clla)l auan .
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dispersion pattern of metals downstream observed in this
study. The enrichment to toxic metals in these sediments
was largely controlled by anthropogenic pollution.

Validation of analytical procedure

The standard reference material (SRM) which was analyzed
along with the sediment samples for quality assurance pur-
pose yielded satisfactory metal concentrations. The concen-
trations of Pb (40.0+2.5 mg/kg), Cd (1.27 +0.30 mg/kg), Cu
(32+11 mg/kg), Co (17.5+3.5 mg/kg), Cr (28.9+5.1 mg/
kg), Ni (23.5 +2.3 mg/kg), and Zn (202 + 86 mg/kg) were
not significantly different from the corresponding reference
values of 39, 1.0, 38, 14, 34, 25 and 192, respectively, using
student’s 7-test at 95.0% confidence limit. The correspond-
ing recovery values of replicate analysis of SRM were 103%
(Pb), 127% (Cd), 84.0% (Cu), 125% (Co), 85.0% (Cr), 94.0%
(Ni) and 105% (Zn).

Control of pollution sources

Sediments from the Alaro River are evidently burdened with
toxic metals as manifested by a characteristic proportion of
the heavy metals, EF and PLI. Disposal of inadequately
treated effluents from the array of industries from Oluyole
industrial estate can deplete dissolved oxygen and cause
severe problems to aquatic life of the river. Hence, better
control of industrial sources is needed to minimize or desist
from discharging grossly contaminated wastewater into
the river. In particular, heavy metals could be adequately
removed by secondary effluent treatment process if all indus-
tries in the estate were to install efficient wastewater treat-
ment plants (EWTP). Therefore, the local environmental
protection agency should mandate and enforce all industries
in the estate to comply with the installation of EWTP. This
enforcement should subsequently be accompanied by proper
monitoring of the industries.

In addition, the treated effluents could be channeled and
employed by the government for irrigation by those farmers
engaging in small-scale farming around the vacant plots of
land in the estate. The treated effluent could be recycled to
the water system used by the industries. Sludge produced as
a product of inadequate treatment process in some industries
around the estate is another major disposal problem that pro-
motes the formation of contaminated sediment in the river.
This sludge contains essential metals such as zinc which can
enrich the plant if the sludge is spread out on the vacant land
used for farming.
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Conclusion

Investigation of heavy metals in downstream sediments
of the Alaro River with respect to the upstream sediment
revealed contamination with Ni, Zn, Cu, Co, Cr, Cd and
Pb traceable to industrial discharges from Oluyole indus-
trial area. The enrichment factors and pollution load cor-
roborated the fact that the sediments contained heavy metal
concentration above the background levels. The sediment
was considered to be slightly toxic based on the toxicity
estimation carried out. The study showed a decreasing trend
of heavy metal contamination from the discharge point to the
last downstream reach of the river. Regarding the marked
increase in heavy metal released during industrial activities
in areas such as Oluyole industrial estate that support the
economic growth of the city, regular compliance monitoring
of the river system and enforcement is required by the con-
cerned board. This is because toxic metals are released dur-
ing industrial activities. Therefore, water pollution control
board of major cities worldwide should pay more attention
to the risks associated with heavy metals in river system that
plays an important role in social life of the people.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
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Creative Commons license, and indicate if changes were made.
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