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Abstract 
A study was carried out on the assessment of heavy and trace metals in the sediments and 
fish (Hemisynodontis membranaceous) from Alaro stream in Ibadan, Nigeria from July 
to December. Twenty-five fish were collected using cast and gill nets. Fish organs 
assessed were muscle, liver, bone, gut, gills and fins, while the sediments were collected 
from five sites that comprised of a control, three effluent receivers and a recovery site. 
The facility used for the assessment of the heavy and trace metals was the inductively 
couple plasma-mass spectrometer (ICP-MS) for accuracy of the results while quality 
assurance was ensured using bovine liver and San Joaquin standard reference materials. 
Heavy and trace metals assessed were Na, Mg, K, Ca, V, Mn, Fe, Co, Ni, Cu, Zn, As, Se, 
Mo,Ag, Cd and Pb .Heavy and trace metal levels in the liver of both fishes were 
significantly higher than the other tissues (P>0.05). The fish muscle that is mainly and 
highly consumed was found to be relatively higher in the accumulation of the heavy and 
trace metals thereby making it unfit for consumption. The control site (site 1) and 
recovery site (site 5) were significantly lower in sediment heavy and trace metals while 
sites 2, 3 and 4 were higher due to industrial effluents discharged into them. Sediment 
heavy and trace metals from the effluent sites were found to exceed the limit guidelines 
given by the Federal Environmental Protection Agency. The study concludes that Alaro 
stream is polluted with its fisheries products. 

1. Introduction 

Pollution of the aquatic environment by heavy and trace metals has been considered a 
major threat to the aquatic organisms including fishes. The anthropogenic drainage water, 
runoffs and effluents from industrial activities in addition to sewage effluents supply the 
water bodies and sediment with huge quantities of inorganic anions and trace metals [1]. 
Heavy and trace metals can be incorporated into food chains and absorbed by aquatic 
organisms to a level that might affect their physiological state [2].Of the toxic pollutants 
are the heavy and trace metals which have drastic episodic impacts on all organisms. 
Heavy and trace metals such as vanadium (V), manganese (Mn), iron(Fe), cobalt(Co),  
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nickel(Ni), copper(Cu), zinc(Zn), selenium(Se) and 
molybdenum (Mo)  play a biochemical role in the physiology 
of all aquatic plants and animals. These useful trace metals 
are essential in the aquatic ecosystem in trace quantities. 
Many field studies of metal accumulation in fish living in 
polluted waters show that variable amounts may be 
accumulated in fish organs. The differences in uptake and 
accumulation result from varying affinity of metals to fish 
organs and excretion rates [3]. Sediments are the major 
repository of trace metals and in some cases hold about 99% 
of the total amount of a metal in an aquatic ecosystem. Since 
fish derive part of its food from these environmental 
compartments they are directly exposed to the trace metals 
derived from this source [4]. 

Alaro stream located in Oluyole Industrial Estate, Ibadan 
in Nigeria has been shown to be polluted by untreated 
industrial effluents discharged into it by various industries [5-

7]. Fishes such as Hemisynodontis membranaceous caught 
from the stream could be contaminated by heavy and trace 
metals from the water and sediments and therefore there is 
the need to study their level of accumulation in the fish 
organs and sediment. 

2. Materials and Methods 

2.1. Study Area 

The study area is located in the Alaro Stream Ecosystem in 
Oluyole Industrial Estate in Ibadan, Nigeria  between latitude 
7° 21″ N–7° 22′ and longitude 3° 50′ E–3° 52′ E. The stream 
is impacted by untreated industrial effluents that have been 
shown to contain trace metals. Table 1 shows the types of 
industries that discharge their untreated effluents in Alaro 
stream and their potential pollutants. 

Table 1. Industrial activities and their potential pollutants in Alaro stream from Oluyole industrial estate, Ibadan 

Industry Number of industries Potential pollutants and pertubations 

Food processing   

i. carbonated beverages 2 
Alkalis, phenols, suspended solids, detergents, fermented starches, pathogens, 
nitrates, trace elements from oiling machine parts and organic wastes 

ii. confectionery and biscuit 2 Organic wastes(solids and suspended), macronutrients, pathogens, total 

iii. animal husbandry and meat processing 1 
suspended solids (TSS), biochemical oxygen demand (BOD), PH Organic wastes, 
heavy and trace elements 

Iron and fabrication   

i. steel 2 Trace elements, cyanide, fluorides, chromates, thiocyanates, naphthalenes 

ii. metal foundry 2 Diverse trace metals 

iii. crown corks 1 Metal filings, heavy and trace metals 

Wood processing 1 
Waste lignin, organic sulphur, mercury, magnesium, sulphide, terpenes, 
mercaptans, macronutrients 

 
2.2. Sampling Sites 

Sampling site 1 
This is located before Oke Alaro Bridge I just before it 

enters the industrial estate. This is the control site. 
Sampling site 2 
Sampling site 2 is downstream of Oke Alaro bridge II.It is 

located about 500metres downstream of sampling station 1.It 
receives run-off water from Alaro settlements and parts of 
Oluyole residential area. There is a shopping arcade that 
discharges effluents into the gutter that drains into the stream 
at this point. 

Sampling site 3 
This site receives effluents discharged from the carbonated 

beverages, crown cork factory and the confectionery and 
biscuit factories. 

Sampling site 4 
This site receives effluents from an animal husbandry 

factory. 
Sampling site 5 
This sampling site was located just before the meeting 

points of Ona River and Alaro stream behind the south east 
end of the meat processing factory. It represents the recovery 
site. 

2.3. Sediment Collection and Analyses 

Bottom sediments were collected from the 5 sampling sites 
by scooping the shore and in the middle of the flowing 
stream with an iron mesh shovel of dimension 30cm X 20cm. 
The labelled sediment samples were spread on polythene 
sheets in a room and air dried .It was then grinded into a fine 
powder and some quantity of each placed in a labelled 
sample sachet for further processing and analysis using the 
Inductively Coupled Plasma-Mass Spectrometer (ICP-MS) 

2.4. Fish Collection and Processing for 

Analyses 

Fishes were collected from the sampling stations using cast 
nets with mesh sizes ranging between 30-50mm with varying 
dimensional sizes .These nets were left for about three 
minutes before retrieving with a drawing string to check for 
any entangled fish. Gill nets with mesh sizes of 30-50mm 
with varying dimensions were tied to stakes with a lead 
weight on the stream bed and maintained vertically in water 
with the aid of floats overnight. Fish collected were identified 
using textbooks [8, 9]. A total of 25 fish (Hemisynodontis 
membraneceous) were caught at various sampling sites in 
Alaro stream. Fish dissections were carried out using 
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dissecting set to remove the fins, gills, gut, liver, bone and 
muscle. These tissues were oven dried at 1050C for 6hours. 
Each organ or pooled organs were pulverized separately by 
means of a porcelain mortar and pestle. The pulverized 
samples were kept in sample sachets and sealed prior to 
analyses. 

2.5. Heavy and Trace Metal Analyses 

Tissue digestion of fish was carried out by adding 2ml 
trace metal grade HNO3 to 0.5g of each sample in Teflon 
digestion tubes which were heated at 105 0C for 1 hour in a 
heat block, the clear solution was then allowed to cool down, 
followed by addition of 1ml H2O2 , after the simmering, 
boiled and left overnight. The digestate was diluted to the 
10ml mark using MilliQ water for inductively coupled 
plasma mass spectrometer (ICP-MS) analyses. Standard 
Reference Materials (SRM) comprising of bovine liver from 
the National Institute of Standards and Technology (NIST) 
were used to obtain accurate values for fish tissue. The NIST 
number for the bovine liver was 1577. 

0.5g of each sediment sample was digested using 2ml 
technical grade HNO3 in beakers at 950C for 1hour after 
which 2ml H2O2 was added. After cooling, the samples were 
decanted and diluted with milliQ water to the 10ml mark for 
analyses. Standard Reference Materials (SRM) comprising of 
San Joaquin soil standards from the National Institute of 
Standards and Technology (NIST-2709) were used to obtain 
accurate values for sediment samples. 

3. Results and Discussion 

3.1. Quality Assurance 

Results of quality assurance from the National Institute of 
Standards and Technology (NIST)’s standard reference 
materials (SRMs) of bovine liver and San Joaquin soil are 
shown in tables 2 and 3. In the bovine liver, the percentage 
recoveries were 74.1% (Zn) to 104.54% (Ag), while it was   
38.07 %(Cr) to 124.77%( Na) for San Joaquin soil. 

Table 2. Bovine liver standard for fish tissue analysis 

Metal Average Blanks PPM Theory % Recovery 

Sodium (Na) 100004 2 2000 2420 83 

Magnesium(Mg) 2759 1 552 601 92 

Potassium (K) 44055 4 8810 9940 89 

Calcium (Ca) 599 25 115 116 99 

Vanadium (V) 474.69 0.00 0.09 0.12 77.19 

Manganese (Mn) 48731.9 0.0 9.7 10.5 92.8 

Iron (Fe) 868.6 0.9 173.5 184.0 94.3 

Cobalt(Co) 1071.46 0.00 0.21 0.25 85.72 

Nickel (Ni) 1679.65 0.00 0.22 0.25 86.50 

Copper(Cu) 733993.80 119.48 146.77 160.00 91.73 

Zinc (Zn) 471873.0 1517.8 94.1 127.0 74.1 

Arsenic (As) 214.8 0.0 0.0 0.1 85.9 

Selenium (Se) 2773.89 0.00 0.55 0.73 76.00 

Molybdenum (Mo) 15591.08 0.00 3.12 3.50 89.09 

Silver (Ag) 203.85 0.00 0.04 0.04 104.54 

Cadmium (Cd) 2207.431 0.000 0.441 0.500 88.297 

Lead (Pb) 664.30 178.93 0.10 0.13 75.25 

Table 3. San Joaquin soil standard (leachable values) for sediment analysis 

Metal Average Blank PPM Theory %Recovery 

Sodium(Na) 4254.212 12.059 848.43 680 124.77 

Magnesium (Mg) 47384.33 0 9476.87 14000 67.69 

Aluminium (Al) 42149524 7209.92 8428.463 2600 324.17 

Potassium (K) 8835.216 6.676548 1765.708 3200 55.19 

Calcium (Ca) 44879.61 0 8975.923 15000 59.84 

Vanadium (V) 183549.9 0 36.70999 62 59.21 

Chromium (Cr) 150415.2 25.8167 30.07788 79 38.07 

Manganese (Mn) 1903428 301.9522 380.6252 470 80.98 

Iron (Fe) 100117.1639 4.402321 20022.55232 300000 66.74 

Cobalt (Co) 40795.486 11.052018 8.156886855 12 67.97 

Nickel (Ni) 250285.8 884.282 49.88031 78 63.95 

Copper (Cu) 111696.2 211.3855 22.29697 32 69.68 

Zinc (Zn) 355651.2 3391.551 70.45193 100 70.45 

Barium (Ba) 1591613 60.71074 318.3105 398 79.98 

Lead (Pb) 69699.34 1155.632 13.70874 13 105.45 
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3.2. Mean Heavy and Trace Metal Levels in 

Fish Organs and Sediments 

Results of the mean heavy and trace metal levels in the 
fish organs are shown in table 4 

Table 4. Mean heavy and trace metals (ppm) in fish organs (Hemisynodontis membraneceous, n =25) 

Metal Muscle Liver Bone Gills Fins Range 

Na 12095 15481 7201 789 10927 789-12095 

Mg 8092 726 7618 6120 6521 726-8092 

K 4169 30197 6897 4132 430 430-30197 

Ca 61729 120982 5128 8129 10926 5128-120982 

V 0.07 13.38 12.98 11.08 6.12 0.07-13.38 

Mn 1.9 575.7 612.9 61.9 0.1 0.1-575.7 

Fe 9.9 1888.6 43.8 1267.9 12.7 9.9-1888.6 

Co 7.76 8.55 0.08 1.29 0.57 0.08-8.55 

Ni 5.12 5.82 0.89 3.13 0.56 0.56-5.82 

Cu 170.57 0.43 16.09 13.85 1.09 0.43-170.57 

Zn 1.8 235.9 129.0 10.2 5.0 1.8-235.9 

As 0.864 0.185 0.916 0.963 0.197 0.185-0.963 

Se 0.07 10.68 1.67 5.89 4.01 0.07-10.68 

Mo 0.06 1.52 1.09 1.93 0.56 0.06-1.93 

Ag 0.09 2.30 1.98 2.00 2.11 0.09-2.30 

Cd 0.007 3.100 2.019 0.815 1.324 0.007-3.100 

Pb 0.05 1.42 3.87 8.07 4.99 0.05-8.07 

 
In Hemisynodontis membraneceous, Na was highest in the 

liver (15481ppm), while the least was in the gills 
(7201ppm).The highest Mg was recorded in the muscle 
(8092ppm) with the liver as the least (726ppm). The highest 
K was in the liver (30197ppm) with the least in the fins 
(430ppm).Ca was highest in the liver (120982ppm) with the 
least in the bones (5128ppm). V was least in the muscle 
(0.07ppm) with the highest in the liver (13.38ppm). Mn was 
highest in the bone (612.9ppm) with the least in the fins 
(0.1ppm).Fe was highest in the liver (1888.6ppm) with the 
least in the muscle (9.9ppm). Co was highest in the liver 
(8.55ppm) while the least was in the fins (0.57ppm). Ni was 
highest in the liver (5.82ppm) with the least in the fins 
(0.56ppm). Cu was highest in the muscle (170.57ppm) while 
the least was in the liver (0.43ppm). The liver had the highest 
Zn concentration of 235.9ppm while the least was in the 
muscle with 1.8ppm.As was highest in the gills (0.963ppm) 
with the least in the liver (0.185ppm). Se was highest in the 
liver (10.68ppm) while the least was in the muscle (0.07ppm). 
The highest Mo level was 1.93ppm in the gills with the least 
in the muscle (0.06ppm). The highest Ag level was in the 
liver (2.30ppm) while the least was in the muscle (0.09ppm). 
Cd level was highest in the liver whereas the least was 
recorded in the muscle (0.007ppm). The highest Pb level was 
in the gills (8.07ppm) while the least was in the muscle 
(0.05ppm). 

The range of the metals in the fish organs was Na(789-
12095ppm), Mg(726-8092ppm), K(430-30197), Ca(5128-
120982ppm), V(0.07-13.38ppm), Mn(0.1-575.7ppm), Fe(9.9-

1888.6ppm), Co(0.08-8.55ppm), Ni(0.56-5.82ppm), Cu(0.43-
170.57ppm), Zn(1.8-235.9ppm), As(0.185-0.963ppm), 
Se(0.07-10.68ppm), Mo(0.06-1.93ppm), Ag(0.09-2.30ppm), 
Cd(0.007-3.100ppm) and Pb(0.05-8.07ppm). This results 
indicate that As, Cd and Pb that are of toxic health 
consequences exceeded the set limits of 0.5-1.0ppm set by 
the World Health Organization[10,11] in the liver, bone, gills 
and fins of the fish, while other required metals like Ni, Zn, 
Cu, Mn, Se, Co and V exceeded 1ppm in some of the organs. 
This study corroborate findings from other research studies 
such as studies of heavy metal contamination of 
Sarotherodon melanotheron in Lagos Lagoon [12],heavy 
metals in fish of the lower Ikpoba River in Benin [13],review 
of trace metals as a potential threat to the Nigerian Fishing 
Industries [14], measurement of heavy metals in fish from the 
Tajan River [15],heavy metal levels in fish species from 
Saudi Arabian Markets [16], heavy metals concentration in 
edible fish from South East coast of India [17], heavy metals 
in fish from Pakistan[18], heavy metals in Tilapia fish from 
Malaysia [19] and bioaccumulation of heavy metals in fish 
from River Benue [2]. 

In addition , heavy and trace metals such as 
Na,Mg,K,Ca,V,Mn,Fe,Co,Ni,Cu,Mo and Zn were high in the 
organs of the fish due to their physiological requirement as 
corroborated by Opaluwa and colleagues [20] and Kousar 
and Tawed [21]. 

Results of the mean heavy and trace metals in the 
sediments of Alaro stream over a period of six months from 
July to December are shown in table 5. 
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Table 5. Mean heavy and trace metals in the sediments of Alaro stream (ppm) 

Metal Site 1 Site 2 Site 3 Site 4 Site 5 Range 

Na 10286 15481 5727 4120 704 704-15481 

Mg 399 6278 7827 10269 5426 399-10269 

K 156 31253 5178 10278 231 156-31253 

Ca 526 484 289389 21097 6179 484-289389 

V 0.01 14.08 12.97 10.54 6.01 0.01-14.08 

Mn 1.60 7506 45.89 5712 754.97 1.60-7506 

Fe 9.2 637.8 10959.3 536.8 65.8 9.2-10959.3 

Co 0.01 8.56 7.00 5.11 1.09 0.01-8.56 

Ni 0.01 0.00 5.82 4.21 2.01 0.00-5.82 

Cu 0.39 0.89 175.78 125.55 100.06 0.39-175.78 

Zn 1.70 274.6 129.0 89.7 12.9 1.70-274.6 

As 0.000 0.963 0.275 0.912 0.018 0.000-0.963 

Se 0.06 11.80 10.20 2.18 1.55 0.06-11.80 

Mo 0.02 0.01 0.00 1.73 0.51 0.00-1.73 

Ag 1.07 0.00 2.23 2.10 0.85 0.00-2.23 

Cd 0.056 0.000 3.010 3.217 2.006 0.000-3.217 

Pb 0.05 0.03 14.12 10.27 0.00 0.00-14.12 

 
The results of the mean heavy and trace metals in the 

sediments indicate the following .Na was least at site 5 due to 
natural recovery and highest at site 2 that receives effluents. 
Mg was lowest at site 1 (control site) and highest at site 4 due 
to partial recovery. K was highest at site 2 and lowest at site 1, 
while Ca was lowest at site 2 and highest at site 3.V and Mn 
were highest at site 2 and lowest at site 1 while Fe was 
highest at site 3 and lowest at site 1.Co was highest at site 2 
and lowest at site 1 while Ni was highest at site 3 and lowest 
at site 2.Cu was highest at site 3 and lowest at site 1 while Zn 
was highest at site 2 and lowest at site 1.As and Se were 
highest at site 2 and lowest at site 1 while Mo was highest at 
site 4 and lowest at site 3.Ag was lowest at site 2 and highest 
at site 3 while Cd was highest at site 4 and lowest at site 2.Pb 
was not detected at site 5 (least value) but was highest at site 
3. The low values of mean heavy and trace metals in site 1 
can be attributed to its status as a control site that is not 
receiving industrial effluents. Sites 2,3 and 4 had  
comparatively higher values because they received industrial 
effluents while site 5 that serves as the natural recovery point 
had lower metal values(ppm).Most of the metals exceeded 
the 0.5ppm set for Cd,1.0ppm for Pb and other metals fixed 
by the Federal Environmental Protection Agency, FEPA 
[22].Variation in the mean metal levels in sediment of this 
study in relation to the findings of Akinyeye and Okorie [23] 
can be attributed to differences in sites of the two studies, 
seasonality and industrial activities that discharge the 
effluents. Comparatively, the two studies however show that 
Alaro stream sediment is polluted by heavy and trace metals 
from the industrial effluents discharged into it. 

4. Conclusion 

The study shows that the fish (Hemisynodontis 
membraneceous) caught in Alaro stream is contaminated by 
heavy and trace metals that are of public health concern when 

consumed. The sediments are also grossly polluted by heavy 
and trace metals since they serve as a reservoir of 
contaminants in the aquatic ecosystem. There is therefore the 
need for the provision of industrial effluent treatment plants 
in order to treat the industrial effluents prior to their 
discharge into the Alaro stream water. There should also be 
strict enforcement of laws that prohibit the discharge of 
untreated industrial effluents and wastes into the Alaro 
Stream by industries. 
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