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Hydrocarbons and heavy metals (HM) present in automobile wastes get into water bodies close to automobile
mechanic villages. They deteriorate the physico-chemical qualities of such water bodies and exert toxic effects
on fish and other aquatic fauna. They also pose risks to humans that consume fish from streams near such auto-
mechanic villages. There is paucity of information on the HM contents of Agba stream, Ilorin and no
information on the bioaccumulation of HM in the tissues of Pellonula afzeliusiis currently available. The purpose
of this study was to assess the physico-chemical qualities of water and bioaccumulation of HM in the tissues of
Pellonula afzeliusi fish collected from Agba stream, Ilorin, Kwara State, Nigeria. Water and samples of Pellonula
afzelinsi were collected from the upstream (station A), midstream (station B) of Agba stream located close to an
auto-mechanic village and Oyun dam (control site, station C) located within the University of Ilorin. Standard
methods were used to analyse oil and grease (OG), total petroleum hydrocarbon (TPH) and HM in water
samples. The concentrations of TPH and HM were analysed in the skin, bone, muscle, gills, gastrointestinal
tract, liver and kidney of the fish. The order of water HM concentrations indicated Zn > Cd > Ba> Fe > Pb at
station A; Cd > Zn > Fe > Ba > Pb at station B, and Zn > Ba > Pb > Fe >Cd at station C. TPH and HM
bioaccumulated in the tissues of fish while lead was not detected in all tissues from station C. Bioaccumulation
factor varied with the highest values at station C. The result of this study indicated heavy pollution burden in
station B with lower pollution burden in station C (the control site). These call for attention of government in
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ABSTRACT

ensuring ecological restoration and prevention of further discharge of automobile wastes into the stream.

Keywords: Automobile wastes, Heavy metals, Hydrocarbons, Bioaccumulation, Pe/fonula afzelinsi

INTRODUCTION

In recent times, there is an increase in the
discharge of automobile wastes through motor
servicing centers popularly known as auto-
mechanic workshops. Petrol, diesel, solvents,
grease, and lubricants are accidentally or
deliberately discharged from the auto-mechanic
workshops on to the land (Adewoyin ez a/,, 2013).
The release of these fossil fuel products on the
land, leads to the accumulation of heavy metals in
the soil and leaching to nearby wells and streams,
thus bringing about biological threats and adverse
environmental impacts to the nearby ecosystem
(Adelekan and Abegunde, 2011; Utang ez al,
2013).

The large-scale spilling of petroleum products has
been recognized as a serious environmental
problem because used engine oil picks up a
number of additional compounds like heavy
metals from engine wear (Horsfall, 2011; Popoola
and Ayodele, 2016). These additives and
contaminants make used oil disposal to be more

environmentally damaging than crude oil (Abioye
et al., 2012). Due to the bioaccumulation and toxic
tendency of heavy metals (El-Nagger ¢ a/,, 2009),
they are considered to be the most hazardous
environmental pollutants (Al-Attar, 2005).

The increase in anthropogenic activities such as
the auto-mechanic servicing activities brings a
growing concern over the ecological effects of
accumulation of heavy metals in the environment
bringing about significant effects on the trophic
chain, plants, animals and man (Campbell ¢ 4/,
2005). Hence, deterioration of water quality and a
steep degradation of freshwater biodiversity
habitats are experienced (Nevoh ezal., 2015).

Streams and reservoirs are invaluable ecological
resources that serve many human needs
domestically, industrially and ecosystem wise
(Oladipo et al., 2018). Oyun and Agba reservoirs in
Ilorin were constructed to serve the purposes of
irrigation, domestic water supply and fish farming,
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Fishes are aquatic inhabitants that are unable to
get rid of the lethal effects of various pollutants in
natural waters (Olaifa ef 2/, 2004). They have been
recognized as suitable bio-indicator for the
assessment of heavy metal contamination in
aquatic systems due to the ease of accumulation
through uptake of metals in water and diet
(Papagiannis ez al., 2004; Izegaegbe and Oloye,
2017). These metals can bioaccumulate in the
tissues of fish. The beneficial effects of fish
consumption can be compromised by the
presence of toxic heavy metals in them (Bawuro ez
al., 2018).

Pellonula afzelinsi are small-toothed, herring-like
fishes belonging to the family Clupidae, and
distributed in West African rivers and man-made
lakes (Ikusemiju ef al, 1983). They are pelagic
(Froese and Pauly, 2019), and their diet include
crustaceans, Ephemeropteran nymphs,
chironomids, fishes, plant detritus and sand grains
(Ikusemiju ez al, 1983; Ezenwaji and Offiah,
2004). Pellonunla afzelinsi is the dominant fish in
Agba stream and residents around the stream
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collect and consume the fish. There is paucity of
information on the heavy metal contents of Agba
stream, Ilorin and no information on the
bioaccumulation of heavy metals in the tissues of
Pellonnla afzeliusi. 'Therefore, there is need to assess
the level of heavy metals in Agba stream, their
concentrations and bioaccumulation levels in
Pellonnla afzelinsiinhabiting the stream.

MATERIALS AND METHODS

Description of the Study Sites

Agba Stream (8°47'0” N, 4°56'0” E) located in
Ilorin South Local Government Area, Kwara
State, Nigeria (Figure 1) flows out from Agba dam.
It flows through the side of an auto-mechanic
village. The upstream with no influence of auto-
mechanic activities was designated as station A,
while the point where auto-mobile wastes are
directly dumped or sipped into the stream, located
about 500 m from station A was designated as
station B. Oyun dam (8"28'10” N, 4739'50” E)
located at the University of Ilorin, Kwara State
was taken as the control site (station C) because it
is apparently free from the influx of pollutants.
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Figure 1: Map of the Study Sites Showing Agba stream and Oyun (UNILORIN) Dam
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Water Sampling and Analysis

Water samples were collected in the early hours
between 7:00 am to 9:00 am in the month of
March 2018. The samples were analysed for
physico-chemical qualities such as oil and grease
(OG), total petroleum hydrocarbon (TPH) and
heavy metals (HM) such as iron (Fe), zinc (Zn),
cadmium (Cd), barium (Ba) and lead (Pb).

Water samples for the analysis of OG and TPH
were collected in one-litre amber glass bottles with
Teflon-lined screw caps. The samples were
immediately filtered and preserved with
concentrated HCl and held at 4 “C until extracted
within 14 days of collection. The water samples
for HM analysis were collected in 500 ml reagent
bottles and were immediately preserved with 0.75
ml of concentrated nitric acid (HNO,) prior to
digestion and further analysis (APHA, 2012). The
hexane extractable gravimetric method, (EPA
1664B extraction technique, 2010) was used for
the determination of OG and TPH while samples
for HM digestion and analysis were according to
the standard procedures of American Public
Health Association (APHA, 2012).

Preparation, Extraction and Analyses of OG
and TPH

In the laboratory, the samples were adjusted to a
pH < 2 with concentrated HCIL The samples were
brought out to room temperature. In a 500 ml
separating funnel, 350 ml of sample was added.
Five (5) boiling chips were added to 125 ml
distillation flask and the flask was weighed. For
extraction, 20 ml n-hexane was added to the
separating funnel; the stopper was put and
inverted. This was vigorously shaken for 2
minutes. It was left to stand for 10 minutes to
separate the lower water layer and the upper
solvent. The lower water layer was drained into a
500 ml volumetric flask for about 4 min. Ten
grams (10 g) of anhydrous sodium sulphate
(Na,SO,) was added to a folded filter paper in the
filtering funnel. The Na,SO, was rinsed with a
small amount of n-hexane and the n-hexane was
discarded. Through the funnel that contains filter
paper and 10 g Na,SO,, the solvent layer was drip-
drained into the pre-weighed boiling flask and the
water layer was returned to the separating funnel.
The extraction procedure was repeated two more
times.

065

The separating funnel was rinsed with three
different 5 ml aliquots of fresh n-hexane to
remove oil film that stayed on the funnel walls.
Each aliquot was drained into the distillation flask
through the funnel that contains Na,SO,. After
this, distillation process was carried out and
completed within 28 min. A vacuum connector
was attached and vacuum applied for 2 min to
remove the remaining n-hexane solvent vapors
from the distillation flask. The distillation flask
was put in a desiccator until the flask temperature
decreases to room temperature and subsequently
the flask was weighed.

OG was calculated using the formula:
A—-F
Sample valume

A —Weight (mg) of residue
B —Weight (mg) of flask with boiling chips

¥ 100 =mg/LO&G

TPH Analysis

The residue was dissolved with 25 ml of fresh n-
hexane and heated slightly. The dissolved residue
was poured into 100 ml volumetric flask and made
up to volume with n-hexane and properly mixed.
Silica gel (3 g) was added and the solution was
stirred on a magnetic stirrer for 5 min. A funnel
was put on a clean dry distillation flask with 5
boiling chips. A filter paper was pre-moistened
with fresh n-hexane, placed in the funnel and the
solution was filtered. The volumetric flask with
the remaining silica gel was rinsed with 5 ml
aliquots of fresh n-hexane and the aliquots was
poured into the distillation flask, then the
distillation process was carried out. The remaining
product at the bottom of the flask was weighed
and TPH was calculated using the formula:

A—F

Sample volume

=mg/L TPH

A —Weight (mg) of residue
B — Weight (mg) of flask with boiling chips

Heavy Metals Analysis

Ten millilitres (10 ml) concentrated nitric acid and
5 ml concentrated perchloric acid were added to
20 ml of water sample in a 100 ml Erlenmeyer
flask. This was allowed to mix thoroughly and the
mixture was evaporated to 2 to 5 ml on a hot plate
until a clear solution was obtained. It was made up
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to volume with double distilled water. Each heavy
metal was analysed with graphite furnace Atomic
Absorption Spectrophotometer (AAS Model
Agilent Aa55).

Fish Sampling and Analysis

Fish samples (n = 30; average length =12.03£0.32
cm; average weight = 16.320.5 g) were collected in
the eatly hours between 7:00 am to 9:00 am in the
month of March, 2018. Fish samples were
collected using hook and line, and cast net (3/8
inches mesh size) with the help of local fishermen.
All the specimens of Pellonula afzelinsi were kept in
a water container and transported to the
laboratory of the Department of Zoology,
University of Ilorin, Nigeria. Specimens were
identified following the identification keys
provided by Olaosebikan and Raji (1998) and
Idodo-Umeh (2003). Five fish were randomly
picked for analysis. The length of the fish selected
ranged from 10 — 15 cm while their weights
measured between 13.90—-20.10 g.

In the laboratory, the fish was dissected and the
skins, bones, muscles, gills, gastrointestinal tract,
liver and kidney removed. They were then
transferred into different bottles containing 0.25
ml sucrose solution (1:5 wt/vol) and then
homogenized with mortar and pestle. After
homogenization, they were transferred back into
the bottles containing sucrose solution.

Fish TPH Analysis

TPH concentrations were determined following
the method of Ikpe e al (2016). TPH extracting
solvent (1:1 v/v of acetone and dichloromethane)
was prepared. Twenty-five millilitres (25 ml) each
of acetone and dichloromethane were measured
into 100 ml volumetric flask and mixed properly.
Then, 0.5 g of each homogenized tissue sample
was weighed into a 50 ml beaker and 30 ml of the
extracting solvent was added. The fish TPH
content was extracted by shaking method
according to Schwab ez a/. (1999). The beaker with
the content was placed on a magnetic stirrer and
shaken for about 10 min at 70 "C. The extract was
decanted into a clean round bottom flask, 10 ml of
fresh solvent was added, and the process repeated.
The extracts were combined, and 1 g of anhydrous
sodium sulphate was added to remove water. The
extract was concentrated to 3 ml with rotary
evaporator maintained at 20 “C (Webster e/ 4/,
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1997).

Analysis of Heavy Metals

The concentrations of heavy metals in the tissues
were digested and analysed following the method
described by Du Preez and Steyn (1992). Briefly,
0.1 g of each fish tissue sample was weighed into
100 ml Erlemenyer flask into which 10 ml
concentrated nitric acid and 5 ml perchloric acid
were added. Digestion was done on a hotplate
(200 to 250 °C) for about 4 hours during which
there was total digestion and clear samples
obtained. Fach digested sample was filtered
through filter paper. The filter system was rinsed
with double distilled water to remove traces of the
dissolved metal. Each sample was then made up to
volume with the distilled water. An analytical
blank was also prepared in a similar manner. Each
heavy metal was analysed using a graphite furnace
Atomic Absorption Spectrophotometer (AAS
Model Agilent AA55).

Calculation of bioaccumulation factor (BAF):

[X] organism

AF =
[X:lwr.zra*r

(USEPA, 2003)

Where

[X]organism 1s the concentration of the metal Xin
the tissue ot the organism

[X],vaeeris the concentration of the metal X in the
water

BAF values less than 250 were scored 1 (low
concern), values from 250 - 1000 were assigned 2
(medium concern) and 3 (high concern) was
assigned to values greater than 1000 (waste
minimization prioritization tool (WMPT)
(USEPA, 2003).

Statistical Analysis

All statistical analysis was carried out using IBM
SPSS version 21. The means and standard error of
the means of the physico-chemical parameters of
water were calculated. The bioaccumulation of
TPH and HM in the fish tissues were also
computed. ANOVA (Analysis of variance) and
Duncan's multiple range tests were used to test for
statistical (P<0.05) differences of physico-
chemical parameters of water, TPH and HM
bioaccumulation in fish samples of the stations.
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RESULTS AND DISCUSSION

The assessment of TPH, OG and HM in this
study showed high contributions of auto-
mechanic wastes to the environment.
Concentrations of heavy metals in the water
samples from Agba stream at station A and station
B, and the reference site (station C) reflected the
order of metal concentration as follows: Zn > Cd
> Ba> Fe >Pb at station A, Cd > Zn > Fe > Ba
>Pb at station B, and Zn > Ba >Pb> Fe >Cd at
station C. All the heavy metal contents of the
station C were significantly (P < 0.05) different
from stations A and B, except that of zinc of
station A. The TPH and OG contents of water
samples from stations A and B exceeded the
standard permissible limits of 10 mg/L and 0.1
mg/L by Environmental Guidelines and

067

Standards for the Petroleum Industry in Nigeria
(EGASPIN, 2002) and National Environmental
Standards and Regulatory Enforcement Agency
(NESREA, 2011) respectively. All the HM
concentrations of the water samples from station
B exceeded the NESREA (2011) allowable limits
(Table 1). Out of all the metals measured in the
three stations, Zn concentrations were mostly
clevated and Cd concentration obtained from
station B. The increase in mean concentration of
heavy metals in the samples could be attributed to
metal concentration from the auto-mechanic
wastes together with reduction in water volume
during the period of sampling which coincided
with the peak period of dry season. Similar
observation in Bradford Beck catchment, West
Yokshire was reported by Goodwin e a/. (2003).

Table 1: Total Petroleum Hydrocarbon, Oil and Grease and Heavy Metals Concentrations (mg/L) of
Water Samples from Agba stream and Oyun dam, Ilorin, Nigeria

Parametetrs Station A Station B Station C NESREA Limit

TPH 138.6000+0.0577" | 153.4000+0.0577¢ 9.0820%0.0006* -

Qil and G 350.0000£0.5774° | 1000.0000+0.0000° | 0.0070£0.5774" 0.1

Iron (Fe) 0.1300£0.0000" 0.8067x0.0088¢ 0.0227£0.0001* 0.5

Zinc (Zn) 0.6700£0.0056™ 1.0000£0.0000" 0.1200£0.0058* 0.2

Cadmium (Cd) 0.0900£0.0056" 1.2000%0.0577¢ 0.0130%£0.0000* 0.01
Barium (Ba) 0.3000£0.0056" 0.5200%0.0058¢ 0.1000%£0.0000* -

Lead (Pb) 0.0800£0.0006" 0.3900%0.0058¢ 0.0260x0.0006* 0.1

Mcans with different superscript along same row are significantly different at P<0.05
NESREA — National Environmental Standards and Regulatory Enforcement Agency

Fish meat is an important protein source to man
(Buikema ef al., 1982). The accumulation of heavy
metals in fish tissues is dependent upon
physicochemical and biological variables such as
pH, temperature, hardness, salinity, exposure
duration, feeding habits of species and habitat
complexity (Zeitoun and Mehana, 2014; Putshaka
¢t al., 2015). The result of the concentrations of
TPH and HM in all the fish organs collected from
the sampling stations are presented in table 2.
Through bioaccumulation and bio-magnification,
large volumes of HM get concentrated in the body
of fish since they live primarily in water (Velez and
Montoro, 1998) and they are at higher trophic
level. The concentrations of all the metals
investigated in all the organs of fish at station B
were significantly (P < 0.05) higher compared to
stations A and C. TPH was notaccumulated in the
bone of fish samples from station C while it had

the highest and lowest concentrations in the gills
and kidney of samples from stations B and C,
respectively. The TPH was higher in the muscle
than in the skin and bone. This is similar to the
reports of Enuneku ez al. (2015) and Al-Ali e# al.
(2016) who observed higher values of TPH in fish
muscles. Samples from station B showed that the
liver had the highest concentrations of Fe and Zn
while the lowest were recorded in the muscle and
kidney, respectively; Cd had highest concentration
in the kidney while the liver recorded the lowest
concentration. However, Cd was not
bioaccumulated in the gills, GIT and liver of fish
sampled from stations A and C. Fish samples from
station C did not have any trace of Ba in the gill,
GIT and liver while Pb was not detected in all the
organs except a very trace amount in the liver. The
tish were able to regulate the bioaccumulation of
these metals because of the chronically elevated
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levels of Zn (USEPA, 2003). This is due to the fact
that there are no known disorders associated with
the excessive accumulation of zinc (Vallee and
Falchuk, 1993) and its general stable association
with macromolecules and coordination flexibility
makes it highly adaptable to meet with the needs
of proteins and enzymes that carry out various
biological functions (Vallee and Auld, 1989, 1990a
and 1990b).

The accumulation of the metals in the liver is likely
linked to the role of liver in metabolism (Zhao e#
al., 2012). The physiological role of the liver in
blood cells and hemoglobin synthesis gives iron
the tendency of accumulating in hepatic tissues
(Korkmaz et al, 2012). The pattern of
bioaccumulation in the liver has also been
observed in a number of other reports on fish
species (Rashed, 2001; Dural e a/., 20006; Pyle ez al.,
2005; Storelli ez al., 20006; Ploetz ez al., 2007; Agah et
al, 2009). The resultant effects of these
accumulated TPH and HM in humans consuming
this fish from Agba stream over time could result
into vomiting and diarrhea (Dudkar and Miller,
1999). Similarly, pollutants in fish can severely
reduce some vital nutrients in the body of
consumers and this may be accountable for
declining immune defense, growth delay, reduced
physiological abilities, incapacities related with
malnutrition and greater occurrence of upper
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gastro-intestinal cancer (Iyengar and Nair, 2000;
Arora et al., 2008).

The result of the bioaccumulation factors (BAF)
of total petroleum hydrocarbon and heavy metals
in all the fish organs collected from the sampling
stations are presented in table 3. The BAF
computed in the organs of fish samples collected
from station A ranged from 0 for Cd in the gills,
GIT and liver to 687.69 for iron observed in the
kidney. For station B, the BAF ranged from 0.01
for TPH in the bone and kidney to 219.4 for Zn in
the liver. The BAF for station C ranged from 0 for
TPH in the bone; Cd and Ba in the gills, GIT and
liver; and Pb in all the organs to 2832.6 for iron in
the liver. The highest BAF values were gotten for
tissues from station C (Table 3) which is the
control station that had the lowest concentrations
of TPH and HM (Table 2). The values obtained at
the control site confirmed that BAF values were
highest at the lowest exposure concentrations and
decreased as concentrations increased (McGeer ef
al., 2003). Similar reports of inverse relationship
of metal concentrations and BAFs were given by
different authors (Yehia and Sebaee, 2012; Asante
etal., 2014; Muir et al., 2017). Body burdens tend to
increase (i.e., bioaccumulation occurs) as metal
exposure concentration increases, but at a
relatively slower rate (USEPA, 2003).
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Table 2: Concentration of Heavy Metals and Total Petroleum Hydrocarbon in the Tissues of Pe/lonula
afzelinsitrom the Agba Stream and Oyun Dam

Sampling Locations

Parameters Tissues Station A Station B Station C
Skin 0.0063+0.00012 0.0079+0.0001¢ 0.0042+0.0002P
Bone 0.0011+0.0017b 0.0015+0.000b 0.0000£0.00002
Muscle 0.0107%0.0020P 0.0123+0.00051¢ 0.0092+0.00042
TPH (mg/g) Gills 0.012210.0007> 0.0145%0.0003¢ 0.0099+0.0005
GIT 0.0113+0.00092> 0.0128+0.0004b 0.0107£0.00022
Liver 0.0069%0.0006P 0.0071%0.0006P 0.0049+0.00012
Kidney 0.00080.0001P 0.00080.0001b 0.0006+0.00002
Skin 0.0798+0.0034P 0.0906+0.0004¢ 0.0337£0.00042
Bone 0.0325+0.00092> 0.0649+0.0001b 0.0213+0.00012
Fe (mg/g) Mauscle 0.0273+0.0029b 0.04080.0003¢ 0.0139+0.00012
Gills 0.0435+0.0007> 0.0926+0.0004¢ 0.0280+0.00022
GIT 0.0352+0.0016P 0.0918+0.0012¢ 0.0231£0.00122
Liver 0.0841+0.00212 0.1532%+0.0006¢ 0.0643+0.0003P
Kidney 0.0894+0.0015P 0.0966+0.0002¢ 0.0425+0.00052
Skin 0.0835+0.0018P 0.1443+0.0004¢ 0.0718+0.00032
Bone 0.0883+0.0021P 0.1495+0.0021¢ 0.0668+0.00022
Muscle 0.0882+0.0026¢ 0.1460+0.0028b 0.0875+0.00042
Zn (mg/g) Gills 0.0977+0.00272 0.1418+0.0004b 0.0967+0.00032
GIT 0.0937+0.00462 0.14160.0008b 0.0847+0.00252
Liver 0.0773+0.00952 0.21940.0020P 0.0709+0.00082
Kidney 0.0687+0.00134 0.1224+0.0004b 0.0685+0.00052
Skin 0.0005+0.00052 0.0088%0.0006° 0.0001£0.00094
Bone 0.0005+0.00034 0.0119%0.0002b 0.0001£0.00022
Muscle 0.0003+0.00074 0.00980.0006 0.0001£0.00034
Cd (mg/g) Gills 0.0000£0.00002 0.0007+0.00012 0.0000£0.0000¢
GIT 0.0000£0.00002 0.00060.00002 0.0000£0.00002
Liver 0.00000.00002 0.0005+0.00002 0.0000£0.00002
Kidney 0.00020.00002 0.01310.0007° 0.0001£0.00002
Skin 0.0006+0.0002b 0.01000.0003¢ 0.0001£0.00022
Bone 0.0009+0.00022 0.0280+0.0007b 0.0001£0.00072
Muscle 0.0004+0.00092 0.0090%0.0006P 0.0001£0.00072
Ba (mg/g) Gills 0.0002£0.00002 0.0091£0.0002b 0.0000%0.00007
GIT 0.0001+0.00002 0.001120.0000P 0.0000£0.00004
Liver 0.0001£0.00002 0.0034%0.0003b 0.0000£0.00002
Kidney 0.0005+0.00002 0.0109%0.0009b 0.0001£0.00002
Skin 0.00020.00062 0.0009%0.0003b 0.0000£0.00002
Bone 0.0007£0.00022 0.00870.0002b 0.0000£0.0000¢
Muscle 0.0001£0.0003¢ 0.0001+0.00022 0.0000£0.0000¢
Pb (mg/g) Gills 0.000320.0000> 0.001320.0000¢ 0.0000%0.00002
GIT 0.0002%0.0002b 0.000920.0000¢ 0.0000£0.00002
Liver 0.00010.00002 0.0059%0.0007° 0.0001£0.00002
Kidney 0.0000£0.00002 0.000820.0000P 0.0000£0.0000¢

Means with different superscript along same row are significantly different at P<0.05.
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Table 3: Bioaccumulation Factors of Total Petroleum Hydrocarbon and Heavy Metals in the Tissues of
Pellonnla afzelinsi Collected from the Agba Stream and Oyun Dam

Parameters
Tissues Stations TPH Fe Zn Cd Ba Pb
Skin ‘3 0.05 613.85 2463 5.56 2 25
C 0.05 112.31 1443 7.33 10.92 2.31
0.46 1484.58 598 33 7.69 1 0
Bone A 0.01 250 131.79 5.56 3 8.75
B 0.01 80.45 149.5 9.92 53.85 22.31
C 0 938.33 556.67 7.69 1 0
Muscle A 0.08 210 131.64 3.33 1.33 1.25
B 0.08 50.58 146 8.17 17.31 0.26
C 1.01 612.34 729.17 7.69 1 0
Gills A 0.09 334.62 145.82 0 0.67 3.75
B 0.09 114.79 141.8 0.58 17.5 3.33
C 1.09 1233.48 805.83 0 0 0
GIT A 0.08 270.77 139.85 0 0.33 2.5
B 0.08 113.8 141.6 0.5 212 2.31
C 1.18 1017.62 705.83 0 0 0
Liver A 0.05 646.92 115.37 0 0.33 1.25
B 0.05 189.91 219.4 0.42 6.54 15.13
C 0.54 2832.6 590.83 0 0 3.85
Kidney A 0.01 687.69 102.54 2.22 1.67 0
B 0.01 119.75 122.4 10.92 20.96 2.05
C 0.07 1872.25 570.83 7.69 1 0

According to waste minimization prioritization
tool (WMPT) scoring (USEPA, 2003), the BAF
values obtained from this study indicated that total
petroleum hydrocarbon, cadmium, barium and
lead were of low concern, zinc ranged from low to
medium concern, and iron ranged from low,
medium to high concern.

CONCLUSION

The environmental quality assessment of the
stream indicated heavy pollution burden in station
Basa result of auto-mechanic workshop along the
stream with lower pollution burden in station C
(the control site). This calls for attention in
ensuring ecological restoration and prevention of
further discharge of auto-mobile wastes into the
stream through management. This will ensure
preservation and sustainability of the ecosystem,
and fish in this stream will pose less health risk to
humans consuming them.
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