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Abstract

A study was carried out on the toxic and trace fretaumulation irClarias gariepinus
and Tilapia zlli from Alaro stream in Ibadan, from January 2002D&cember 2003.
Organs assessed were muscle, liver, bone, gifis,a@hd gut, while the facility used for
the assessment was the inductively coupled plasassrapectrometer (ICP-MS) for
accuracy of the results. Toxic and trace metalessesl were Sodium (Na), Magnesium
(Mg), Sodium (K), Calcium (Ca), Vanadium (V), Mamgese (Mn), Iron (Fe),Cobalt
(Co), Nickel (Ni), Copper (Cu), Zinc (Zn), Arsenfés), Selenium (Se), Molybdenum
(Mo), Silver (Ag), Cadmium (Cd) and Lead (Pb). Toxind trace metal levels in the
liver of both fishes were significantly higher thtre other tissues (P>0.05). Toxic and
trace metal accumulation in the organs was founetaependent on the concentration
in the water, duration of exposure and rate of kptaf the metals. The muscle that is
mainly consumed was found to be relatively low e accumulation of the toxic and
trace metals. Toxic metals such as As, Cd and Bbegbed the guideline limit set for
them by the World Health Organization (WHOA biomonitoring program is
recommended for Alaro stream due to the industiffaients discharged into it.

1. Introduction

Health authorities in many parts of the world hdnexzome increasingly concerned
about the presence of certain metal contaminarftsoah (WHO, 1972, Akaet al, 2012).

Monitoring of contaminant levels in fish and shsltfis normally undertaken for the
purposes of assessing possible hazards to humdth,hik@ existing level of aquatic
pollution for regional comparison and to test tiffe@iveness of measures taken for the
reduction of aquatic ecosystem perturbation (Balid Rowe, 1994). Pollution of the
ecosystems by trace metals from diverse sourcdd pase a public and environmental
health threats. This is due to the potential ofdametals even in traces to bioconcentrate
along the food chain to higher consumers such asaha (Tyokumbur, 2010). Some of
these trace elements are essential to the bodytiatum levels but become toxic when
they reach a harmful threshold, while some arect@ti low or high concentrations.
These pollution sources arise from industrial, @agtural, domestic and economic
activities at the local, community, national or lggd levels (Mason, 1992; Tyokumbur,
1998). The ever increasing influx of trace elemeénts the aquatic environment could
be detrimental to surface and groundwater qualitsh and shell fish quality.
Environmental health impact could arise from thetake of these pollutants that are
either toxic,carcinogenic,mutagenic or teratogémiepeatedly small doses or mega
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doses of exposure. Occasionally, smaller accunlldtses
of the pollutants are taken up without the thre&tan

immediate side effect but become gradually toxicttzey Tissue digestion was carried out by adding 2mietraetal
accumulate. Trace metals are not biodegradablareutasily grade HNQ to 0.5g of each sample in Teflon digestion tubes
assimilated and bioconcentrated in the tissuesoagans of | hich were heated at 198 for 1 hour in a heat block. the
living organisms. They have high densities and &om qjear solution was then allowed to cool down, fakal by
weights and include all transition elements in @®Ul and  ,44ition of 1mL HO,, after the simmering, boiled and left

V of the periodic table (Brady and Holum, 1988). overnight. The digestate was diluted to the 10mkkmesing
Previous regional studies were focused on the el MiliQ water for inductively coupled plasma mass

content in fish and shellfish in the Niger Deltaa(mluet.al, spectrometer (ICP-MS) analyses.
1987) and on the effects of tannery effluentsQiarias gangdard Reference Materials (SRM) comprising offim
gariepinus (Gbemet al, 2001). In this study, the tissue toXic jier from the National Institute of Standards arethnology

and trace metal accumulation @larias gariepinus and  (\;ST) were used to obtain accurate values for fiskue.
Tilapia zlli from Alaro stream in Ibadan will be assesse@rne NIST number for the bovine liver was 1577.

because they are commonly caught and constituteajarm
source of fish protein.

2.4. Toxic and Trace Metal Analyses

3. Results
2. Materials and Methods 100 fishes were caught in the sampling witharias
gariepinus making up 57 of the total whil@lapia zlli were
2.1. Study Area 43.

The results of the NIST SRM liver standard for thulity
assurance of the results is shown in Table 1.P&rgen
recoveries from the reference material were allvab®0%
with a range of 75.25% (Pb) to 104.54% (Ag). Thsules
were also corrected for errors using MilliQ watsrtlae blank.

The study area is the Alaro Stream which forms phthe
hydro-ecological system of the Oluyole Industriastdie
which receives effluents from diverse sources afdrmetal
pollution. Effluents from both natural and anthrgpaic
sources are discharged into it directly or indige¢hrough
run-off, leaching or seepage especially during they

. ) g Table 1. Results of liver standard (srm) for fish tissue analysis
season or as wind blown materials during the dasace.

Oluyole industrial estate is located between ldéti#® 21'N - Average Blanks PPM  Theory ‘é’ecover
7° 22'N and longitude 3 50°-3° 52’E.Alaro stream flows : Y
into Oluyole in a west —south east direction frasnsource at Sedium (Na) 100004 2 2000 2420 83
Agaloke near Apata in Ibadan.It joins river Onghe south  pagnesium(Mg) 2759 1 552 601 92

east end of a meat processing factory as its nmddotary. b um (K) 44056 A 8810 9940 89
The stream receives effluents from diverse indestri otassium (K)

) i Calcium (Ca) 599 25 115 116 99
2.2. Collection of Fishes

Vanadium (V) 47469  0.00 009 0.2 77.19

Fishes were collected from the sampling statiomsguthe

following techniques:

1. Cast nets with mesh sizes ranging between 30-50rr Iron (Fe) 868.6 0.9 1735 1840 943
with varying dimensional sizes. These nets were le
for about three minutes before retrieving with ¢
drawing string to check for any entangled fish. Nickel (Ni) 1679.65 000 022 025  86.50

2. Gill nets with mesh sizes of 30-50mm of varying Copper(Cu) 733993.80 119.48 146.77 160.00 91.73
dimensions were tied to stakes with a lead weight ¢

Manganese (Mn) 487319 0.0 9.7 10.5 92.8

Cobalt(Co) 1071.46 0.00 0.21 0.25 85.72

the stream bed and maintained vertically in watigh w 2"¢ @M 4718730 1517.8 941 1270 741

the aid of floats overnight and retrieved the faflog  Arsenic (As) 214.8 0.0 0.0 0.1 85.9
morning. Selenium (Se) 2773.89 0.00 055 0.73 76.00

2.3. Fish Processing for Analyses (MMO;))/bdenum 15591.08 000 312 350 89.09
Fish dissections were carried out using dissecs@igto siver (Ag) 203.85 000 004 004 104.54

remove the gills,gut,liver kidneys and muscle .Endssues

were oven dried at 166 for 6hours .Each organ or pooled cadmium (Cd)  2207.431 0.000 0441 0.500  88.29

organs were pulverized separately by means of aefgin  Lead (Pb) 664.30 178.93 0.10  0.13 75.25
mortar and pestle .The pulverized samples were kept
sample satchets and sealed prior to analyses . The results of the mean organ toxic and trace metal

concentration (parts per million, ppm) @larias gariepinus
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andTilapia zlli are shown in tables 2 and 3 respectively.

Table 2. Mean toxic and trace metal concentration in Clarias gariepinus
(ppm)

Muscle Liver Bone Gills Fins Gut
Na 15168 980 652 1098 125 956
Mg 9087 457 1097 168 525 334
K 21346 3456 586 12086 2168 10253
Ca 25789 6257 1289 9821 5637 8076
\Y% 0.01 12.32 10.86 7.97 5.32 6.52
Mn 2.6 1.9 56.7 6.3 3.7 2.2
Fe 56.8 1092.8 278.6 21.9 109.9 73.5
Co 0.08 7.95 2.88 6.01 2.90 4.12
Ni 5.09 5.81 4.36 1.95 0.19 2.33
Cu 0.36 173.22 57.08 79.19 5.14 33.9
Zn 1.4 34.8 12.9 76.8 0.9 7.2
As 0.943 0.856 0.612 0.753 0.121 0.532
Se 0.07 1.27 4.98 2.19 0.12 2.10
Mo 1.07 0.57 1.72 0.97 1.03 1.01
Ag 2.01 2.33 1.09 1.02 0.97 2.22
Cd 0.095 0.179 0.816 3.071 2.082 1.642
Pb 12.22 10.91 5.89 2.86 4.29 8.06

Table 3. Mean toxic and trace metal concentration in Tilapia zilli (ppm)

Muscle Liver Bone Gills Fins Gut
Na 14209 15007 880 986 12009 10382
Mg 8906 437 10269 7615 8901 9012
K 21658 329 5148 12926 19123 12014
Ca 120928 56189 214278 643 7829 40218
\Y% 0.66 12.08 14.08 7.78 2.56 577
Mn 1.9 6172.9 526.7 8.9 102.6 1006
Fe 9.6 10092.8 267.9 6278.7 10.2 493.7
Co 8.23 8.54 0.07 6.74 2.19 5.33
Ni 5.61 2.87 0.98 0.61 3.94 4.21
Cu 167.45 154.98 0.97 7.89 5.23 122.98
Zn 252.9 272.8 12.4 9.5 6.9 178.23
As 0.854 0.923 0.128 0.716 0.078 0.762
Se 0.08 11.60 3.87 6.97 1.07 5.44
Mo 1.63 1.73 0.09 1.26 0.19 1.34
Ag 1.09 2.30 0.56 1.27 0.92 2.11
Cd 0.812 3.209 2.065 1.092 0.313 3.002
Pb 1.98 10.86 7.05 6.09 0.05 9.33
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(0.36ppm).Zn was highest in the gills (76.8ppm)hwihe
least in the fins (0.9ppm).As was highest in theschel
(0.963ppm) while the least value was 0.121ppm @ fths.
Se was highest in the bone (4.98ppm) while thet leas
0.07ppm in the muscle. Mo was highest in the bone
(1.72ppm) with the least 0.57ppm in the liver. Agdhthe
highest concentration in the liver at 2.33ppm w#té least in
the fins (0.97ppm).Cd had the highest level of 3fpm in
the gills with the least value of 0.095ppm in thasale. Pb
had the highest value of 12.22ppm in the muscldenthie
least was in the gills (2.86ppm).

In Tilapia zlli, the highest Na level was recorded in the liver
(15007ppm) while the least was in the bone (880pfime)
highest Mg was in the bone (10269ppm) with thetleashe
liver (437ppm).The highest K was in the muscle &Bpm)
and the least in the liver (329ppm).Ca was highetiie bone
(214278ppm) with the least in the gills(643ppm).Vasw
highest in the bone (14.08ppm) while the least thhasmuscle
(0.66ppm).Mn was highest in the liver (6172.9ppnhjlevthe
least was in the muscle (1.9ppm).Fe was highetttiariver
(10092.8ppm) while the least was in the musclep{n).Co
was highest in the liver (8.54ppm) with the leasthie bone
(0.07ppm). Ni was highest in the muscle (5.61pprhilerthe
least was in the gills (0.61ppm).Cu was higheshéaxmuscle
(167.45ppm) with the least in the bone (0.97ppme.Mighest
Zn was recorded in the liver (272.8ppm) with thastein the
fins (6.9ppm).As was highest in the liver (0.963ppmth the
least in the fins (0.078ppm).Se was highest in likier
(11.60ppm) with the least in the muscle (0.08pp¥). was
highest in the liver (1.73ppm) while the least washe bone
(0.09ppm).Ag was highest in the liver (2.30ppmvitie least
in the bone (0.56ppm).Cd was highest in the [ige2{9ppm)
while the least was in the fins (0.313ppm). Pb highest in
the liver (10.86ppm) with the least in the fins0&ppm).

Comparatively,Clarias gariepinus had the highest tissue
concentration of Na (15168), Ni (5.81), Cu (173,225
(0.943), Ag (2.33) and Pb (12.22) whillapia zlli had
higher levels of Mg (10269),K (21658),Ca (1 209%8),
(14.08),Mn (6172.9),Fe (10092.8),Co (8.54),Zn (25%Be
(11.60),Mo (1.73) and Cd (3.209).Toxic metals sashAs,
Pb and Cd exceeded the World Health Organizatighetine

In Clarias gariepinus, Na was highest in the muscle limits set for them (WHO,1972).
(15168ppm) with the least as 125ppm in the finse Th

muscles showed highest Mg concentration of 9087pjitim
the least in the gills (168ppm).The least K levEbB86ppm
was recorded in the bone while the highest was @dj34h in
the muscle. The highest Ca level was 25789ppm @
muscle while the bone was the least with 1289ppmas
least in the muscle with 0.01ppm, while the livexdhthe
highest value of 12.32ppm.The bone had the highst
(56.7ppm) while the liver had the least value &ppm.The
least value of Fe was 21.9ppm in the gills while Highest

4. Discussion

Trace metal accumulation in the tissues and whotky of
iffish has been observed to be directly related te th
concentration in water and the duration of expog@iem,
1983; Oladimeji and Ologunmeta, 1987; Agboola, 1998
Akanet al, 2012).
This study found the liver to have accumulated maard
trace metals significantly higher than other tissue

was 1092.8ppm in the liver. The highest Co levels wa(P<0.05).High accumulation of metals in the liveancbe

recorded in the liver (7.95ppm) with the least &8ppm in
the muscle. Ni was highest in the liver (5.81ppnithwhe
least in the fins (0.19ppm).The liver had the high€u
concentration of 173.22ppm while the least wasiarhuscle

attributed to its role in storage and detoxificatitn addition,
fishes are known to have the metal-binding protein
metallothionein; a sequestering agent that deexifnetals

in fish (Friberget al, 1971).Hence, elimination by excretion
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is not a critical method of detoxification. It isowthy of note Acknowledgement

that the fish’s ability to produce this metal bimgliprotein is
limited ,hence when its abilities to excrete metalsopious

This work benefited from a staff development felétip

solution and binding the toxic metals are exceede@ the University of Ibadan in 2004.

detoxification by calcification in the scales astli®e case of

Tilapia Zlli may be explored. Exceedingly high levels ofReferences
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