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ABSTRACT Water is a very important environmental resource to all organisms. Therefore, guiding against
the influx of pollutants into it is necessary. This study assesses the environmental and seaso-
nality impact of abattoir waste on water quality of Anwai River in Nigeria. Experimental de-
sign was adopted, while systematic sampling technique was employed to divide the river into
downstream (DS) and upstream (US) for samples collection. 24 samples were collected for
6 different months and analysed for physico-chemical properties (PCP) using standard labo-
ratory procedures. Statistical analyses of data involved graphs, mean (p), standard deviation
(S?), standard error of mean (SEM) and t-test statistics. Findings show that PCP of water va-
ried across months and seasons, as well as between the DS (with p, S2, SEM =16.21, 26.58,
+6.10; and 18.40, 26.80, +6.15 for rainy and dry seasons) and US (with p, S?>, SEM =10.69,
13.59,43.12; and 13.61, 18.39, +4.22 for rainy and dry seasons). In both rainy and dry months,
DS recorded higher temperature, acidity, electrical conductivity (EC), total dissolve solid
(TDS), total suspended solids (TSS), nitrate, phosphate, calcium (Ca), sodium (Na), magne-
sium (Mg), ammonia (NHj), potassium (K) and total coliform (TC). There is no significant
difference in the water quality between the rainy and dry seasons for both DS and US sections
at 5% confidence level. Therefore, abattoir waste should be properly treated before disposal
into rivers, while river waters should not be consumed directly without treatment.
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INTRODUCTION

Water pollution is becoming a continuous con-
cern within the developing regions of the world. As
a problem, it is becoming complex in the face of ra-
pidly increasing human population, poor implemen-
tation of environmental laws guiding human
existence, as well as understanding of the trends and
patterns of climatic change (Ukoji & Ndakara,
2021). Rivers, seas and oceans being major parts of

the environment may vary in their water qualities
and component characteristics because of the pre-
sence of foreign bodies in the water. Aside the pre-
sence of foreign bodies in the water, seasonality
may cause changes in the contents of water basic
components (Kosamu et al., 2011; Barakat et al.,
2016). For instance, water pH and turbidity can
vary and constantly change as the water body is ex-
posed to change in temperature due to time varia-
tion (Ohwo & Abotutu, 2014; Ndakara & Eyefia,
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2021) and varying solar radiation received by the
water body (Elemile et al., 2019).

Undoubtedly, abattoir waste (AW) represents an
important and direct source of both surface and
groundwater contamination in developing coun-
tries, especially in Nigeria since abattoirs are
mainly sited near river bodies, in attempts to have
near and close access to water for the processing ac-
tivities. Terrumun & Oliver (2015), Njoku-Tony et
al. (2018) reported that AWSs are dangerous because
they contain heavy metals, viruses, bacteria, organic
matter and several micro organisms and sediment.

All over the world, abattoirs are known to pol-
lute the environment either directly or indirectly
from their various processes (Adelegan, 2002; El-
emile et al., 2019). Direct pollution occurs when the
waste is emptied into water and land surfaces
without pre-treatment due to absence of facilities;
while indirectly, pollution occurs when the waste is
carried from the abattoirs” dumpsite by run off into
the water bodies or the neighbouring environment
(Ukoji & Ndakara, 2021). Like any other wastes,
AW, when not properly managed and disposed, can
pose environmental and human health hazards
(Ohwo & Ndakara, 2022).

At the rates meats are being processed in abat-
toir, several parts like blood, flesh, fat, etc are lost
as waste which are channelled into waste ground
within the abattoir, or directly flushed into river
(Bello & Oyedemi, 2009; Magaji & Chup, 2012;
Ojekunle & Lateef, 2017). The wastes are not trea-
ted and easily become toxic to the environment
(Ekpetere et al., 2019). The processes of adsorption
of waste and its contents into the soil through the
different particles attract the pathogenic organisms
which are detrimental to organisms (Ndakara,
2012a). However, if there is too high departure of
conditions from normalcy beyond the limit which
the natural process can hold, diversity of autochtho-
nous species could diminish while count of indivi-
dual species which can survive may increase with
possibility of grave consequences on groundwater
(Osemwota, 2010; Augustyn et al., 2016).

In Nigeria contest, AWs are more indiscrimina-
tely dumped thereby leading to both health and en-
vironmental problems. Akanni et al. (2019)
emphasized that facilities for waste recovery treat-
ment and reuse are either inadequate or non existent
in most Nigerian abattoirs. Leachates from abattoirs
pollute nearby land and water and even contaminate
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underground water and wells. The non-scientific
ways of disposing the AW have led to high environ-
mental hazards which have affected both aquatic
and humans globally. This problem started long
back but intensified during the last few decades, and
now the situation has become alarming in Nigeria
(Akanni et al., 2019; Ekpetere et al., 2019). In the
study of a natural ecosystem, many variables simul-
taneously changed with time and location with little
opportunity to control them all systematically or
otherwise (Ndakara, 2016). By measuring as many
parameters as possible that define the system, it
may be possible to understand their interactions and
to assess the sustainability of the environment (At-
uanyaet al., 2012; Ndakara, 2012a; 2016). AW is
quite detrimental to the environment. Studies by
Nwanta et al. (2011); Odoemalan & Ajunwa (2008)
revealed that abattoir activities contaminate both
surface and underground water, reduce air quality
and health of inhabitant organisms in the environ-
ment.

Several studies investigated how AW affect
water quality (Masse & Masse, 2000; Omole &
Longe, 2008; Abebe, 2009; Kosamu et al., 2011;
Fearon et al., 2014; Augustyn et al., 2016; Ojekunle
& Lateef, 2017; Njoku-Tony et al., 2018; Akanni et
al., 2019; Bakume et al., 2019; Ekpetere et al.,
2019; Elemile et al., 2019; Ukoji & Ndakara, 2021).
However, from the studies, the aspect of seasonal
variations in water quality in response to AW has
not been adequately documented. Therefore, this
study is focused on seasonality assessment of how
AW affects water quality of the Anwai River. This
is with a view to ascertain the period and season
where AW impact more the river’s water quality,
and as well aid sustainability in the approaches
towards managing the river water for human, agri-
culture and aquatic lives.

MATERIAL AND METHODS

This research took place at Anwai River (AR),
a fresh water ecosystem within southern Nigeria.
This region falls within the humid equatorial cli-
mate, with mean annual temperature and rainfall of
31 °C and >3500 mm respectively (Ndakara,
2012b; Ndakara & Eyefia, 2021; Ukoji & Ndakara,
2021). The relief of the environment is a plain with
gentle slope, and well drained by the AR into the



Seasonality Assessment of Abattoir Waste Impact on Water Quality of Anwai River in Nigeria

river Niger. Experimental design approach was
adopted in the course of this study, while systematic
sampling technique was employed in the collection
of water samples. The sampling points were esta-
blished at 5 m distance from where AW enters the
river (downstream), while 50 m away was establi-
shed as control (upstream).

Two water samples each were collected with
plastic containers (washed with de-ionized water)
from the DS and US sections respectively for 6 dif-
ferent months (February to July, 2021), being parts
of drier and rainy months within the study area.
The samples were collected on only days that ani-
mals were slaughtered in the abattoirs, and at the
time that AW were already in contact with the river
water. Standard methods (APHA, 2005) were
adopted in laboratory analysis of the samples for
temperature, pH, nitrate, electrical conductivity
(EC), total dissolve solid (TDS), phosphate, dis-
solve oxygen (DO), sodium (Na), iron (Fe), ammo-
nia (NHj3), calcium (Ca), sulphate, magnesium
(Mg), chloride, biochemical oxygen demand
(BOD), potassium (K), turbidity, total suspended
solids (TSS) and total coliform (TC). Analysis of
data generated involved the use of graph, p, S2,
SEM and t-test statistics.

RESULTS AND DISCUSSION

Variations in Monthly Concentrations of
Physico-Chemical Properties (PCP) of Water
between the DS and US Sections of Anwai
River

Variations in the characteristics of seasons can
have influence on environmental components
(Ndakara, 2012a, b). Rivers, seas and oceans being
major environmental components, vary in their qua-
lities and component characteristics because of fo-
reign bodies introduced into the water. The amount
of PCP of water in the AR varied across months and
seasons, as well as between the DS and US sections
(Table 1).

Aside the presence of foreign bodies in the
water, seasonality may cause changes in the water
basic components. For instance, water pH and tur-
bidity can vary and constantly change as the water
body is exposed to changes in temperature due to
time variation and varying solar radiation received
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by the water body. Figures 1 to 19, present the
amount of PCP of water in the AR between the DS
and US sections across months.

Within rainy months the DS section recorded hi-
gher temperature, EC, TDS, TSS, nitrate, pho-
sphate, Ca, Na, Mg, NH3 K and TC than the US
section; while pH, sulphaté, DO, turbidity, chloride,
Fe and BOD were higher within the US section than
the DS section within the rainy months. Conversely,
within the dry months, temperature, EC, TDS, TSS,
nitrate, phosphate, Ca, Na, Mg, NH3, K and TC
were higher within the DS section; while pH,
sulphate, DO, turbidity, chloride, Fe and BOD were
higher within the US section. Studies by Ojekunle
& Lateef (2017) and Ekpetere et al. (2019) reported
variations in the amount of PCP of water in re-
sponse to season.

Seasonal Variation in Water Quality between
the DS and US Sections of Anwai River

Water qualities within the DS and US sections
of AR varied in response to the seasons (rainy and
dry) of the year. While some PCP parameters va-
ried between the DS and US sections respectively,
the seasonality influence shows that within each
of the sections of the AR as defined by this study,
the amount of many parameters varied between
the rainy and dry months. Within rainy months,
the DS section recorded higher temperature (28
°C), EC (112.00 us/cm), TDS (46.25 mg/l), TSS
(22.48 mg/l), nitrate (2.20 mg/1), phosphate (1.98
mg/l), Ca (16.16 ppm), Na (7.00 ppm), Mg (10.24
ppm), ammonia (4.63 mg/l), K (6.29 ppm) and TC
(34.16 count/100) than the US section; while pH
(6.40), sulphate (3.16 mg/l), DO (6.98 mg.l), tur-
bidity (12.11NTU), chloride (5.08 mg/1), Fe (1.96
ppm) and BOD (5.68 mg/l) are higher within the
US section than the DS section during rainy
months.

On the other hand, within the dry months, tem-
perature (29.86 °C), EC (112.48 us/cm), TDS
(46.29 mg/1), TSS (32.54 mg/l), nitrate (2.28 mg/l),
phosphate (2.74 mg/1), Ca (16.24 ppm), Na (11.04
ppm), Mg (12.28 ppm), NH3 (4.67 mg/l), K (10.35
ppm) and TC (42.20count/100) were higher within
the DS section; while pH (6.46), sulphate (5.26
mg/l), DO (7.04 mg/l), turbidity (12.15NTU), chlo-
ride (11.18 mg/l), Fe (4.06 ppm) and BOD (5.74
mg/l) were higher within the US section.
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However, in both rainy and dry months, the DS
section recorded higher concentrations of tempera-
ture, acidity, EC, TDS, TSS, nitrate, phosphate, Ca,
Na, Mg, NH3, K and TC respectively. This finding
is in line with Ukoji and Ndakara (2021) which re-
ported higher concentrations of PCP in the DS sec-
tion of river. This is a reflection of how AW affects
water quality as earlier reported by Kosamu et al.
(2011), Magaji & Chup (2012), and Deborah et al.
(2017).

The DS section recorded higher temperature,
EC, TDS, TSS, nitrate, chloride, phosphate, Fe,
sulphate, DO, turbidity, Ca, Na, Mg, BOD, NH3, K
and TC during the dry season than in the rainy sea-
son. Only pH concentrations increased during the
rainy season, which implies a marked decrease in
acid content within the DS section during the rainy
season (Table 2).

From Table 2, the observed seasonal variation
could be seen from the p, S?, and SEM values of
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16.21,26.58,£6.10; and 18.40, 26.80, £6.15 for the
rainy and dry seasons respectively. The difference
in water quality of the DS section between the rainy
and dry season months was tested with the T-Test
statistics at the 5% level of significance.

From Table 3, t=-0.252, F= 0 023 with signifi-
cant value of 0.880; the mean difference is therefore
not significant at the 5% level. Therefore, there is
no significant difference in water quality in the DS
section of AR between the rainy and dry seasons.
This further confirms the significant effect of the
AW on the Anwai River’s water quality at the DS
section. But in terms of seasonality, the differences
in the mean values of the effect of the discharge are
not significant between the rainy and dry seasons
respectively. This means that AW has marked ef-
fects on water quality of AR at the DS section irre-
spective of seasons.

The upstream section recorded higher concen-
trations of all the parameters which are the tem-

February March April May June July

Parameters DS Us DS Us DS us DS Us DS us DS Us
Temperature 30.04  28.02 29.68 27.34 29.12  27.12 29.00 27.01 27.76  22.08 27.64 18.19
pH 498 642 494 6.50 5.07 646 507 647 5.09 642 5.09 6.26
EC 112.64 78.54 11232 7844 11228 7538 112.01 74.06 111.99 46.00 111.72 38.20
TDS 46.64 3330 4594  33.10 4598 31.12 46.00 30.18 4654 1624 4848 14.78
TSS 32.68 16.80 3240 16.76 28.02 16.78 22.14 16.76 20.18 16.72 19.58 16.70
Nitrate 227 120 226 1:12. 225 1.04 224 1.00 220 078 2.17 0.70
Phosphate 2.86 1.02 262 090 2.10 091 204 094 219 082 159 0.77
Sulphate 1.92 541 1.88 512 1.87 488 187 462 185 201 1.85 1:13
DO 5.10 7.10 5.02 699 1.12 699 1.04 698 090 698 0.86 6.97
Turbidity 9.62 12.18 9.42 12.12 6.14 12.12 6.04 12.11 5.16 12.10 442 12.10
Chloride 1.27 11.28 1.25 11.08 1.24 10.86 122  9.60 122 0.16 1.20 0.10
Fe 0.46 410 0.46 4.02 041 3.14 039 296 036 1.00 036 0.74
Ca 1630 480 16.18 470 1618 470 1616 470 16.16 470 16.14 4.70
Na 11.06 630 11.02 624 1082 624 946 623 486 6.18 286 6.11
Mg 1236 520 1220 516 1164 516 1054 515 981 514 897 5.11
BOD 3.48 598 330 574  2.66 572 200 570 0.36 520 0.30 5.10
NH;3 4.70 092 4.64 0.88 4.64 0.88 464 087 4.62 088 4.62 0.81
K 1038 406 1032 400 8.14 400 6.82 399 550 399 470 3.98
TC 4240 2748 42.00 2724 38.60 2562 3464 2430 32.00 1021 3140 9.23

Table 1. Monthly Concentration of Physico-Chemical Parameters of DS and US Sections of Anwai River.
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Figure 1. Monthly temperature for DS and US. Figure 2. Monthly pH for DS and US.
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Figure 3. Monthly EC for DS and US. Figure 4. Monthly TDS for DS and US.

EDownstream EDownstream
I Upstream I Upstream

@ : @»n 3

v - v

= = 2

e I

o Hllll 5 MLLLL

. = . L]
F M A M J J F M A M J J
Months Months

Figure 5. Monthly TSS for DS and US. Figure 6. Monthly nitrate for DS and US.

E Downstream EDownstream
B Upstream B Upstream
g g5
5 EHF P
- | d
= . l l L L L > o Il (Al =
F M A M J J F M A M J J
Months Months

Figure 7. Monthly phophate for DS and US. Figure 8. Monthly sulphate for DS and US.
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Figure 9. Monthly DO for DS and US. Figure 10. Monthly turbidity for DS and US.
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Figure 11. Monthly chloride for DS and US.

Figure 12. Monthly Fe for DS and US.
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Figure 13. Monthly Ca for DS and US.

Figure 14. Monthly Na for DS and US.
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Figure 15. Monthly Mg for DS and US.

Figure 16 Monthly BOD for DS and US.
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Figure 17. Monthly Ammonia for DS and US.

Figure 18. Monthly K for DS and US.
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Figure 19. Monthly TC for DS and US.
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Parameters Rainy Season Dry Season
Downstream Upstream Downstream Upstream
Temperature (°C) 28.38 23.60 29.86 27.68
pH 5.08 6.40 4.96 6.46
E.C (us/cm) 112.00 58.41 112.48 78.49
TDS (mg/1) 46.25 23.08 46.29 33.20
TSS (mg/1) 22.48 16.74 32.54 16.78
Nitrate (mg/1) 2.20 0.88 2.28 1.16
Phosphate (mg/1) 1.98 0.86 2.74 0.96
Sulphate (mg/1) 1.86 3.16 1.90 5.26
DO (mg/) 0.98 6.98 5.06 7.04
Turbidity (NTU) 5.44 12.11 9.52 12.15
Chloride (mg/1) 1.22 5.08 1.26 11.18
Fe (PPM) 0.38 1.96 0.46 4.06
Ca (PPM) 16.16 4.70 16.24 4.76
Na (PPM) 7.00 6.19 11.04 6.27
Mg (PPM) 10.24 5.14 12.28 5.18
BOD (mg/1) 1.33 5.68 3:39 5.74
NHs (mg/l) 4.63 0.86 4.67 0.90
K (PPM) 6.29 3.99 10.35 4.03
TC (count/100) 34.16 17.34 42.20 27.36

Table 2. Seasonal Variation in PCP of water in the DS and US sections of Anwai River.

perature, EC, TDS, TSS, nitrate, Fe, phosphate,
DO, sulphate, turbidity, chloride, Ca, Na, Mg,
BOD, NH3, K and TC during the dry season than
during the rainy season. The observed seasonal
variation could be seen from the p, S*? and SEM
values of 10.69, 13.59, £3.12; and 13.61, 18.39,
+4.22 for the rainy and dry seasons respectively.
The difference in water quality of the US section
between the rainy and dry season months was
tested with the T-test statistics at the 5% level of
significance.

From Table 4, t = -0.55, F= 0.607, while signi-
ficant value =0.441; the observed mean difference
is therefore not significant at the 5% level of confi-
dence. Therefore, there is no significant difference
in water quality between the rainy and dry seasons
in the US at the 5% level of confidence. This shows
that the observed differences in the PCP at the US
are not significant at the 5% level between the rainy
and dry seasons.

CONCLUSIONS

Water quality in AR varied at both DS and US
sections in response to the seasons. While some of
the parameters varied between the DS and US sec-
tions respectively, the seasonality influence shows
that within each of the sections as defined by this
study, the amount of many parameters differed
between rainy season and dry season. The observed
mean difference in amount of the different parame-
ters during the two seasons could be accounted for
by seasonality influence.

Within the DS section, the seasonal variation in
water quality is not significant at the 5% level of
confidence. Thus, there is no significant difference
in the quality of water in the DS section of AR
between the rainy and dry seasons. Within the US
section, concentrations of all the parameters were
higher during the dry season than during the rainy
season. However, the observed seasonal variation
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was also not significant at the 5% level of confi-
dence. Therefore, there is no significant difference
in the quality of water within the US section of AR
between the rainy and dry seasons. The findings
show that AW affects water quality in AR; the PCPs
are higher within the DS section than the US sec-
tion; while seasonality did not have significant im-
pact on the water quality.
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