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Abstract: The in vivo genotoxic effects of wastewaters from Agbara industrial estate, Ogun State, Nigeria was
investigated using the mouse sperm morphology assay. Two wastewater samples; before treatment (BT) and after
treatment (AT), were collected and characterized for some physico-chemical properties in accordance with standard
methods. Sperm of mice were examined for morphological abnormalities after 35 days from the first day of
exposure to the test samples. Genotoxicity in the mouse was investigated at 5 different concentrations of 1%, 5%,
10%, 20% and 50% of the effluent samples. Tap water and Cyclophosphamide (20 mg/kg bwt) served as negative
and positive controls respectively. The samples contained constituents above the permissible limit for the discharge
of effluents into the environment. There was concentration-dependent and statistically significant (p<0.05) induction
of abnormal sperm cells at tested concentrations. Abnormalities observed were believed to be due to the interaction
of the effluent constituents with the genetic material in the sperm cells. The results suggest that the tested industrial
wastewaters contained chemicals that are potential germ cell mutagens.
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Introduction cepa. From these observations, it was recommended
One of the major problems facing mankind that the potential genotoxic effects of the effluent
today is environmental pollution. In developing samples be evaluated in mammalian system. In this
nations, human population is suffering the effects of study, we investigated the genotoxicity of treated and
pollution caused by increasing urbanization and untreated effluents from Agbara industrial estate,
industrialization (Barberio et al., 2009). Pollution is a Ogun state, Nigeria using the mouse sperm
crucial threat to our environment because it can have morphology assay. We also analyzed some of the
an immediate effect on the environment or its physico-chemical properties of the effluent samples
interaction after release with moisture or other according to standard methods.
pollutants in the environment may pose a threat to the
survival of mankind. The most severe is related to the Materials and methods
disposal of untreated, contaminated and partially Agbara industrial estate water treatment plant is
treated toxic substances generated by industrial located in Agbara town, a border town between Ogun
activities. Many hydrological systems in developing State (longitude 2°30°E and 5 °6’°, latitude 6 °24°N
regions are getting close to being stressed beyond and 7 °58’) and Lagos State (longitude 2 °30” and 4
repair due to industrial wastewater discharges. °22’E, latitude 6 °20°N and 6°40”); in Ado-Odo local
Effluents from industrial processes are known to Government area of Ogun State, Nigeria. The estate
contain large amount of synthetic compounds, , most houses about 32 industries and a residential estate
of which are incompletely degradable and potentially occupying about 267 hectares of land. Effluents from
harmful (Laws, 1981,Prasad, 2000, Rank et al., 2002) the industries and the residential quarters empty into
The genotoxic effects of industrial wastes have been an aerated lagoon system sewage treatment plant that
examined in microbial (Mathur et al., 2006), higher is 250x 600m in size. Treated effluent from this plant
plants (Rank and Nielsen, 1998; Saleem et al., 2005), is discharged into River Owo, from where it is
animals (Yang ef al., 1999; Siddique et al., 2008) and washed into the Ologe lagoon. Residents around this
human cells in vitro (Bakare et al., 2007; Garaj- lagoon are dependent on the river for drinking and for
Vrhovac et al., 2009). Babatunde and Bakare (2006) economic activities (Sowunmi, 2001).
investigated the cytotoxic and genotoxic effect of Raw effluent (designated as BT) was collected at
wastewaters from Agbara Industrial estate using the the point of influence into the plant and treated
Allium cepa assay. The study indicated that the tested effluent (designated AT) at the point of discharge
effluent samples inhibited root growth and induced into the river using 10 litre plastic containers with
chromosomal aberration in the root tip cells of A. screw caps. Grabs of each sample were collected and
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pooled to form the stock for each designated sample.
The temperature and pH were measured immediately
before the samples were transported to the ecology
and environmental biology laboratory of the
Department of Zoology of the University of Ibadan
and stored at 4°c until use.

Sperm morphology assay

This test was carried out according to standards
(Wyrobek et al., 1983; Bakare et al., 2009). Male
Swiss albino mice (10-12 weeks old) obtained from
the animal breeding unit of the Nigeria Institute of
Medical research (NIMR) Lagos, were used for this
study. They were kept in a pathogen —free, well
ventilated environment of the animal house of the
Department of Zoology, University of Ibadan,
Nigeria for 2 weeks in order for them to acclimatise.
Supply of food and water was uninterrupted since
under nourishment is known to affect sperm quality
(Krzanowska, 1981). Prior to animal exposure, the
wastewater samples were filtered using 2.5-um filter
(Whatman® No. 42) in order to remove sediments,
then the supernatant was used in preparing the
various test concentrations, however, no tests were
conducted for microbial presence. Mice were allotted
to 2 test groups (a group correspond to a sample) at
random, each group being made up of 5 different
concentrations of 1%, 5%, 10%, 20% and 50 % (v/v;
effluent: tap water) of the sample. Test animals (6
mice /concentration) were exposed via single
intraperitoneal injections of 0.5ml/day/mouse of each
concentration for 5 consecutive days. Six mice each
injected IP with tap water and cyclophosphamide
(Bristol-Myer Squibb® (20 mg/ kg body weight)
served as negative and positive controls respectively.
The 5-week exposure period from the first day of
exposure was considered since it takes 34.5 days for
spermatogenesis to complete in mice (Bartke et al.,
1974). At 35-day post treatment period, the mice
from each group were sacrificed by cervical
dislocation and their caudal epididymes were
surgically removed and minced in an isotonic
medium of normal physiological saline. Sperm
smears were prepared on clean grease-free
microscope slides after staining with 1% Eosin Y
stain for 45 minutes. Slides were air-dried and coded
for subsequent microscopic examination at x1000.
Six slides were prepared per mouse out of which four
were randomly selected for scoring and a total of 600
sperm cells per mouse were assessed for spermhead
abnormalities according to the criteria of Wyrobek et
al. (1983).

Physico-chemical characterization:
The physico- chemical properties of the
effluent samples were determined in accordance with
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standard analytical methods (USEPA, 1996; APHA,
1998). The concentrations of heavy metals namely
copper (Cu), Lead (Pb), Manganese (Mn), Chromium
(Cr), Magnesium (Mg) and Nickel (Ni) in the effluent
sample were estimated after digestion of the effluents
with concentrated nitric acid using Buck Scientific®
Atomic Absorption Spectrophotometer 205.

The SPSS11.0® statistical package was used
to analyse the data. All data are presented as the
mean * standard error. The levels of statistical
significance between the negative control and the
treated groups was estimated at p<0.05 using the
student’s t-test.

Results:

Table 1 presents the physical and chemical
properties of the effluents. BT was acidic while AT
was slightly neutral. The values of some of the
parameters in the samples were higher when
compared with the maximum allowable level for
drinking water and that of standard guidelines for
uniform effluent discharge limit in Nigeria (FEPA,
1991).

Table 1. Some physico-chemical characteristics of
the influent and effluent samples from Agbara

industrial estate, Lagos Nigeria
T

Parameters* B AT FEPA USEPA
pH 4.52 6.70 6-9 6.5-8.5
Colour Milky white Brown
BOD* 6.94 5.5 50 -
CcoD® 9.4 7.3 - 410
Turbidity 27 23
Nitrate 4.60 3.68 - 10
Sulphate 7 5 20 250
Phosphate 209.0 200.0
Ammonia 2.35 33.0 0.01 0.02
Magnesium 1.90 1.72 30
Manganese 2.00 2.20 0.05 0.05
Copper 2.79 2.60 0.3 1.0
Lead 1.90 1.70 0.01 0.015
Chromium 1.95 1.67 0.05 0.10
Nickel 2.55 2.42 0.05 -

* All values are in mg/l except temperature which is in °c and
turbidity in fiu

*Biochemical oxygen demand

® Chemical oxygen demand

¢ Federal Environmental Protection Agency (1991) permissible
limits for drinking water (Nigeria)

¢ (www.epa.gov/safe/mcl.html)

BT- Effluent before treatment

AT- Effluent after treatment

Table 2 shows the effects of the two effluent
samples on mouse sperm morphology. The
proportion of sperm abnormalities in the positive
control was 33% while the negative control value
was 3.13%. Tested concentrations of 1%, 5%, 10%
20% and 50%, the mean abnormalities are 14.80 (+
4.39), 22.8 (x£1.93), 26.6(+ 4.60), 26.4 (+ 7.63) and
25.6 (£ 5.91) for the effects of BT and AT effluent
samples on sperm head morphology.
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Table 2: Effects of BT and AT effluent samples on
sperm head morphology

Concentration(%) BT AT

Total % ¥£SE Total % *=SE

abnormal abnormal

sperm sperm
1 73 24 14.8+4.39 111 3.7 22.2+3.37
5 111334 3.8 22.8+1.93 126 42 25.2+3.14
10 132 4.4 26.6+4.60 114 3.8 22.8+0.80
20 132 4.4 26.4+7.63 182 6.1 36.4+9.06
50 128 4.3 25.6+5.91 199 6.6 39.8+3.25
Total 580 39 732 4.8

This induction was concentration —

dependent and statistically significant (p<0.05) at
tested concentrations when compared to the negative
control. Sperm abnormalities scored included sperm
with amorphous head, banana-shaped head, nubbed
hook, no hook, two tails, pin tail and wrong tail
attachment, but no specific abnormality type was
observed to be predominant.

Fig 1 shows a comparison of the effects of
treated effluents (AT) and untreated effluents on
sperm head morphology.

0 10 20 30 40 50 60

Effluent concentration (%)

Fig. 1: Effect of influent and effluent from Agbara
Industrial Estate, Nigeria on mouse spermhead shape

Discussion:

Investigations into the genetic consequences
of chemically induced sperm changes have focused
mainly on understanding the genetic basis of induced
shape abnormalities in mouse spermatozoa with the
belief that such morphological changes may reflect
genetic damage in the male germ cell. Results from
extensive studies on the genetics of mammalian
gametes reveal that the variations in the DNA content
of spermatozoa and the gross morphological defects
are often polygenetically controlled in a series of
complicated  synchronized morphological and
biochemical steps which, result in nuclei that are
normally stable with marked strain-specific structural
definitions (Beatty, 1970, Wyrobek et al., 1983).
Thus, the abnormalities observed in sperm heads
probably occur during spermatogenesis. In this study,
untreated and treated effluent samples from Agbara
industrial estate Nigeria, induced concentration —
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dependent and statistically significant increase in
abnormal sperm cells in mice.

The total percentage abnormalities in the
raw effluent (BT) almost approximate that of the
treated effluents (AT) (Table 2) but AT at the higher
concentrations of 20 and 50 % induced more
anomalies than BT, this observation is a paradox as
treatment is supposed to reduce toxicity and
contamination level, this suggests that some of the
effluent’s constituents may have acted synergistically
with the treatment negatively thereby increasing the
effluents’ toxicity or that the treatment protocol is
generally ineffective. The results indicatesthat the
effluent’s constituents (had a negative effect on the
sperm  which had arisen in the exposed
spermatogonia. The damage may have taken place at
the pre-meiotic stages of spermatogenesis before
DNA synthesis (Monesi, 1962). It may also be due to
chromosomal aberrations or point mutation that
occurs during spermatogenesis. Once sperm head
develops completely, its shape and genetic make up
is extremely stable. The implication of this is that
sperm with an abnormal shape may contain abnormal
genetic material (Bruce ef al., 1974). Although some
mistakes do occur naturally in the process of
spermatogenesis, the incidence of abnormal sperm
heads in unexposed (negative controls) mice is low
and ranges between 2-5% depending on age and
strain  (Krzanowska, 1981). The percentage
abnormalities observed in the negative controls
herein falls within the stipulated range ( Krzanowska,
1981; Wyrobek et al.,1983). The constituents of the
effluent may have acted singly, additively or
synergistically to increase the frequency of naturally
occurring mistakes during spermatogenesis. For
instance, heavy metals such as Cu, Cr and Mn have
been associated with poor semen quality in rodents
and man (Telisman ef al., 2000; Masanyi et al., 2004;
Kumar ef al., 2005; Yuyan et al., 2008; Wirth et al.,
2007). This result is consistent with previous reports
on induction of genetic damage in the male sex cell
of mouse by industrial effluents (Friedman and Staub,
1976; Zhao et al., 2007; Bakare et al., 2009; Zhang et
al., 2010). Toxic effects of treated wastewaters on
organismal and reproductive health have also been

documented (Colborn and Clement, 1992;
Schoenfuss et al., 2009).
This  finding  corroborates  previous

observations on the tested effluents wherein there
was induction of chromosomal aberration and
inhibition of root growth in Allium cepa at different
concentrations of both the influent and effluent
samples (Babatunde and Bakare, 2006). With these
observations, Agbara Industrial estate effluent could
be considered to be toxic and potentially genotoxic. It
may also mean that the effluent treatment is not very
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effective. This is of immense significance in Nigeria,
considering that domestic and industrial wastewaters
are discharged into the Nigerian environment without
adequate treatment in spite of existing regulations
guarding the discharge of effluents into the
environment.The fact that the effluent samples
induced abnormality in mouse sperm cells suggests
that the same could happen in other male animal
species  especially mammals exposed to it
Spermatozoa with abnormal morphology contain
abnormal genetic material and the viability of such
sperm cells may be impaired with respect to
infertility and fetal congenital abnormality. There
should be further health effect studies on the fauna of
the water body receiving the effluent from the
treatment plant; likewise on man in the surrounding
environment since they depend on this water for their
domestic and economic activities.

Acknowledgements:

The Authors are grateful to the Department
of Zoology, University of Ibadan Nigeria where the
research was carried out.

Corresponding Author:

Tolulope Oyeniyi

Department of Biological Sciences

College of Science, Engineering and Technology
Osun State University

P.M.B 4494, Osogbo, Osun State, Nigeria
E-mail: totalege@yahoo.com

References
1. American Public Health Association (APHA).
1998. Standard Methods for the Examination of

Water and Wastewater, 20th ed. Washington, DC:

American Public Health Association (APHA,
AWWA, WPCF).

2. Babatunde BB, Bakare AA.. Genotoxicity
screening of waste waters from Agbara
industrial estate, Nigeria, evaluated with the
Allium test. Poll. Res. 2006, 25(2): 227-234.

3. Bakare AA, Pandey AK, Bajpayee M, Bhargav
D, Chowdhuri DK, Singh KP, Murthy RC,
Dhawan A.. DNA damage induced in human
peripheral blood lymphocytes by industrial solid
waste and municipal sludge leachates. Environ.
Mol. Mutagen, 2007 48: 30 -37.

4. Bakare AA, Okunola AA, Adetunji OA, Jenmi
HB. Genotoxicity ~ assessment of a
pharmaceutical effluent using four bioassays.
Gen. Mol. Biol., 2009 32(2): 373-381.

5. Barbério A, Barros L, Voltolini JC, Mello MLS.
Evaluation of the cytotoxic and genotoxic
potential of water from the River Paraiba do Sul,

63

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

in Brazil, with the Allium cepa L. test. Braz. J.
Biol. 2009. 69(3): 837-842.

Bartke AJ, Weir A, Mathison P, Roberson C,
Dalterio S,. Testicular function in mouse strains
with different age of sexual maturation. J. Hered.,
1974 65: 204-208.

Bruce WR, Fumer R, Wyrobek AlJ.
Abnormalities in the shape of murine sperm after
acute x-irradiation. Mutat. Res., 1974 23: 381-
386.

Beatty RA. The genetics of the mammalian
gamete. Biol. Rev., 1970. 45: 73-119.

Colborn T, Clement C.. Chemically induced
alterations in sexual and functional development;
The Wildlife/Human connection eds, Princeton
and Princeton Scientific publications. 1992.
Federal Environmental Protection Agency. SLB
National environmental protection (effluent
limitations) regulations 1991 as cited by Odiete
in: Environmental physiology of animals and
pollution. Published by Diversified resources Ltd,
Lagos, Nigerial999. Pp. 157-219.

Friedman MA, Staub J. Inhibition of mouse
testicular DNA synthesis by mutagens and
carcinogens as a potential simple mammalian
assay for mutagenesis. Mutat. Res. 1976,
37(1):67-76.

Garaj-Vrhovac V, Orescanin V, Ruk D, Gajski G.
In vitro assessment of genotoxic effects of
electric arc furnace dust on human lymphocytes
using the alkaline comet assay. J. Environ. Sci.
Health (4), 2009 44: 279-287.

Krzanowska, H.. Sperm head abnormalities in
relation to age and strain of mice. J. Reprod. Fert.
1981; 62: 385-392.

Kumar S, Sathwara NG, Guatam AK, Agarwal K,
Shah B, Kulkarni PK.. Semen quality in
industrial workers occupationally exposed to
Chromium. J. Occup. Health, 2005 47: 424-430.
Laws EA.. ‘Aquatic pollution’, John Wiley and
sons, New York, 1981 pp 301-369.
Prasad S.N. Environmental Biology,
edn) .New Age international(p) India 2000.
Masanyi P, Trandzik J, Nad P, Korenekova B,
Skalicka M, Toman R. Concentration of copper,
iron, zinc, cadmium, lead and nickel in bull and
ram semen and relation to the occurrence of
pathological spermatozoa. J. Environ. Sci.
Health A Tox. Hazard. Subst. Environ. Eng.
2004 39:3005-3014.

Mathur N, Bhatnagar P, Verma H. Genotoxicity
of vegetables irrigated by industrial wastewater.
J. Environ. Sci 2006. 18(5): 964-968.

Monesi V. Autoradiographic study of DNA
synthesis and the cell cycle in spermatogonia and

(1St



New York Science Journal 2012;5(6)

http://www.sciencepub.net/newyork

20.

21.

22.

23.

24.

25.

26.

27.

spermatocytes of mouse testes using tritiated
thymidine. J. Cell Biol. 1962.14: 1-18.

Rank J, Lopez LC, Nielsen NH, Morretan J.
Genotoxicity of Maleic hydrochloride, Acridine
and DEPH in Allium cepa performed by two
different laboratories. Herbicides, 2002;136:13-
18.

Rank J, Nielsen MH.. Genotoxicity testing of
wastewater sludge using the Allium cepa
anaphase-telophase =~ chromosome  aberration
assay. Mutat. Res. 1998 418(2-3): 113-119.
Saleem MS, Midraul S, Memon KS. Heavy
metals contamination through industrial effluents
to irrigation water and soil in Korangi area of
Karachi, Pakistan. Inter. J. Agric. Biol. 2005, 4:
461-648.

Schoenfuss HL, Levitt JT, Rai R, Julius ML,
Martinovic D. Treated waste water effluents

reduces sperm motility along osmolality gradient.

Arch.  Environ. Contam. Toxicol. 2009;
56(3):397-407.

Siddique HR, Sharma A, Gupta SC, Murthy RC,
Dhawan A, Saxena DK, Chowdhuri DK. DNA
damage induced by industrial solid waste
leachates in Drosophila melanogaster: A
mechanistic approach. Environ. Mol. Mutagen,
2008 49: 206-216.

Sowunmi AA.. Hydrobiology of Ologe and
adjacent river Owo, southwest Nigeria, M. Phil
thesis. Department of Zoology, University of
Ibadan, Ibadan, Nigeria. 185pp. 2001.

Telisman S, Cvitkovic P, Jurassovic J, Pizent A,
Gavella M.. Semen quality and reproductive
endocrine function in relation to biomarkers of
Lead, cadmium, Zinc and Copper in men.
Environ. Health Perspect. 2000 128: 45-53.
United States Environmental Protection Agency

(USEPA). Acid digestion of sediments sludges

5/2/2012

64

28.

29.

30.

31.

32.

33.

and soils, Method-3050B.USEPA: Washington,
DC. 1996.

Wirth JJ, Rosanno MG, Paneth N, Puscheck E,
Potter RC.. Ambient manganese exposure is
negatively associated with human sperm motility
and concentration. Epidemiology, 2007 18: 270-
273.

Wyrobek AJ, Gordon JA, Burkhart JG, Francis
MW, Kapp RW, Letz G, Malling HG, Topham
JC, Whorton MD. An evaluation of the mouse
sperm morphology test and other sperm tests in
non-human mammals. A report of the United
States Environmental Protection Agency Gene —
Tox Programme. Mutat. Res. 1983, 115: p. 1-72.

Yang R, Richard J, Omotani K.. Assessment of
industrial effluents toxicity using flow-through
fish. Bull. Environ. Contam. Toxicol., 1999 62:
440-447.

Yuyan L, Junqing W, Wei Y, Weijin Z and
Ersheng G. Are serum zinc and copper levels
related to semen quality? Fert Steril 2008; 89(4):
1008-1011.

Zhao D, Zhu C, Sun S, Yu H, Zhang L, Pan W,
Zhang X, Yu H, Gu J, Cheng S.. Toxicity of
pharmaceutical wastewater on male reproductive
system of Mus musculus. Toxicol. Ind. Health,
2007 23(1): 47-54.

Zhang X, Sun S, Zhang Y, Wu B, Zhang Z, Liu
B, Yang L, Cheng S.. Toxicity of purified
terephthalic acid manufacturing wastewater on
reproductive system of male mice (Mus
musculus). J. Hazard. Mat. 2010 176 (1-3): 300-
305



