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Abstract

Background: The study evaluates the persistent organic pollutants and water quality characteristics in the
bailed-out waste water from Fish Farm Estate Ikorodu, Lagos.

Materials and Methods: The evaluation was carried out for twelve (12) weeks. The study sites were
divided into three phases (1, 2 and 3). The water samples were collected from each site into three amber glass
bottles for POPs and three plastic bottles for physicochemical parameters respectively for laboratory analyses.
Results: The results obtained were subjected to ANOVA. pH, Dissolved Oxygen (DO), Electrical Conductivity
(EC), Chemical Oxygen Demand (COD), Biological Oxygen Demand (BOD), Total Dissolved Solids (TDS),
Salinity in the bailed-out waste water are statistically significant at (p<0.05). However, Persistent Organic
Pollutants (POPs) are not detected in the sampled water.

Conclusion: The result shows that the bailed-out waste water from fish farm estate is highly polluted though not
with POPs and these pollutants are detrimental to aquatic life and lacustrine communities downstream. It is
therefore recommended that relevant agencies on environmental protection should embark on project work on
waste water treatment plant for fish farmers in the estate and also conduct an enlightenment campaign
programme on the sources and impact of POPs to the aquatic life and human as well as preventive measures
from future occurrences.
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I.  Introduction

Water quality characteristics are mostly frequently used by reference to a set of standards against which
compliance can be assessed. Physicochemical characteristics of water are the common criterions used to
evaluate water quality as it affects aquatic ecosystem and the health of human in contact with it *. According to
1.3 water quality parameters assess the condition of water in terms of the requirements of aguatic animals and
human purpose and water quality studies are necessary to continually assess and effectively management input
of pollutants to aquatic environment that serve as sources of both domestic and industrial effluent and runoff.

Persistent organic pollutants (POPs) are group of non-biodegradable lethal substances that are remains
in the environment for some years before breaking down®. Persistent organic pollutants are not natural products,
but they are produced by humans. The occurrence of Persistent organic pollutants is a global phenomenon via a
point source and dispersed globally through repeated process of evaporation and deposition. The process of
transportation POPs by wind and water, most POPs produced in one region can affect human being and animals
away from where they were generated and released. Persistent organic pollutants are toxic chemicals that can
cause ill-health in human and environmental degradation around the world. The biological and chemical
degradation of POPs are product of halogenations which is characterized by their source and application. POPs
can be divided into 3 smaller groups; Industrial and Technical Chemicals, Pesticide and Residue of thermally
processed chemicals such as; Aldrin, Chlordane, DDT, Dieldrin, Dioxins, Endrin, Furans, Heptachlor,
Hexachlorobenzene (HCB), Mirex, Polychlorinated Biphenyls (PCBs), Toxaphene etc. °.

The fish farm estate at Odogunyan, Ikorodu, Lagos State of Nigeria which was established on 4.65km?
area of land and the farm settlement covers 34 - hectare parcel of land. This farm estate is further divided into
phase 1 and phase 2 for ease of community administration. The fish farm estate has 300 fish production plots
which had been allocated to 250 prospective fish farmers making the estate fully subscribed with total
production capacity of over 12,000 tons of fresh fish per annum °. Aside from fish farming, other areas of
agriculture are also practiced such as arable farming, poultry, piggery, and cattle ranching which made the estate
an integrated farm estate
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The results of excess pollutants in the water have been identified as a major reason for impaired water
quality in the water bodies, unbalanced aquatic ecology and pollution of lacustrine communities’. However,
efforts have been geared towards considerations of downstream effects of water pollution by environmental
protection regulatory bodies by developing a set of guidance criteria for pollution monitoring in the aquatic
environment®,

The assessments of waste water samples from fish farm estate need to be conducted for index classification of
dowr;stream-based water body management and bio-assessments purposes according to regulatory standard
limit®,

Il.  Materials And Methods
The study site is located in the fish farm estate at Odogunyan, Ikorodu, Lagos State of Nigeria which was
established on 4.65km? area of land and the farm settlement covers 34 - hectare parcel of land.
Study Design: complete randomized design
Study Location: fish farm estate at Odogunyan, Ikorodu, Lagos State of Nigeria
Study Duration: twelve (12) weeks (July- September, 2017)
Sample size: 216 samples collected
Subjects & selection method: There are two major canals for discharging waste water from the fish farm estate
which form locations of the study. The study site was divided into three parts; the first part is a canal coming
from phase 1 of the fish farm estate and the second part from phase 2 while the third sampling station (phase 3)
is where phase 1 and phase 2 canals met and flow downstream to adjacent lacustrine communities of Alaketu,
Maya, and ljede then flow into Lagos Lagoon. Phase 1, 2 and their meeting point (phase 3) represent three
sampling stations.

Procedure methodology

The samples were collected into three plastic bottles in 3 replicates per sampling station for water
chemistry analyses and three amber bottles in 3 replicates per sampling station for Persistent organic pollutants.
Samplings are taken early in the morning by 7:00hrs on Monday and Wednesday during the collective
discharging of pond water by fish farmers in the estate and done twice in a week for 12 weeks and weekly mean
values are computed.

The samples for physicochemical parameters such as pH, Temperature, Dissolved Oxygen (DO),
Electrical Conductivity (EC), Salinity were taken in-situ using hand-held digital water test kit (Ezodo Model
PCT-407and Tracer Pocketer DO meter Model. Code 1761, USA).

The ex-situ of Chemical Oxygen Demand (COD), Biological Oxygen Demand (BOD), Total Dissolved
Solids (TDS), Ammonia (NHg), Nitrate (NO,), Nitrite (NOs), Sulphate(SO..,) and Chloride (CL") were measured
using standard laboratory procedure for physicochemical analyses of water. Persistent Organic Pollutants
(POPs) such as Aldrin, Chlordane, DDT, Dieldrin, Dioxins, Endrin, Furans, Heptachlor, Hexachlorobenzene
(HCB),Mirex, Polychlorinated Biphenyls (PCBs), Toxaphene were determined by extracting, evaporating and
weighing of the samples using gas chromatography in the laboratory.

All the ex-situ analyses of the samples were carried out in the central laboratory of Nigerian Institute
for Oceanography and Marine Research, Lagos.

Statistical analysis
All data were analyzed and calculated by the use of one-way analysis of variance. The level P < 0.05 was
considered as the cutoff value or significance.

I11.  Results
The analytical data (in-situ and ex-situ) on water quality in the bailed-out waste water from Fish Farm Estate,
Ikorodu, Lagos are presented in Table 1. The results are analyzed using one-way ANOVA.
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Table no 1: Water quality characteristics in the wastewater from fish farm estate, Ikorodu, Lagos
Temp DO BOD CcOD Salinity E.Cond. pH TDS NH; NO: NO; S04, cl

Site Month (9€) (mg/l) (mg/1) (mgl) (%e0) (pnS/cm) (mg/l) (mg/) (mgl) (mgl) (mgl) (mg/l)
July 2146 386 190 423 195 385 632 485 031 0.09 032 20.52 275
August 2315 336 2.60 5.60 1.85 3.75 6.21 1.85 0.33 0.24 049 2299 25

1 Sept. 2458 328 230 515 198 368 638 1.83 023 037 0.55 2393 275
Mean 2306  3.50 227 4.99 1.9% 3.74 6.30 2.84 0.30 0.23 045 2248 2.58
(£SD) *1.56 =031 =0.35 =070 =0.06 =1.02 =009 =107 =087 =014 =012 =176 =0.14
July 2231 380 1.28 448 145 2.86 6.15 2.54 0.17 0.06 0.27 2446 175

2 August 1909 330 2.05 585 143 2.89 6.06 217 0.40 017 048 2235 2.00
Sept. 2345 320 1.88 5.38 1.53 2.88 5.96 2.16 0.25 0.22 0.49 2230 15
Mean 2162 343 1.73 524 149 2.88 6.06 229 0.27 0.15 041 2304 175
(£SD) =226 =032 =041 =070 =005 =0.02 =010 =205 =082 =008 =012 =123 =025
July 2300 382 1.75 4.68 148 2.94 6.29 1.95 0.38 0.07 0.32 2551 3.00

3 August 2420 325 2.85 6.10 1.52 3.01 6.16 1.91 0.29 0.16 0.36 2352 1.50
Sept. 2423 322 2.80 5.60 1.57 277 6.19 1.84 0.17 0.23 0.48 2270 2,00
Mean 2380 344 247 546 1.52 291 6.21 1.90 0.28 0.15 0.39 2391 217
(£SD) =070 =034 =062 =072 =005 =1.09 =007 =006 =084 =008 =008 =145 =076

WHO

Standard(1996) 20-32 5-6 <10 <50 0-1 1.0 6-8.5 50 0.2 10 0.1 250 1.0

Table 1 shows monthly and the mean standard deviation values of all the water quality parameters
taken from the 3 sampling locations during the study periods. The highest temperature reading was recorded in
September in all the 3 locations; the mean range of the temperature taken is 23.80+0.70°C - 21.62+2.26°
whereas Dissolved Oxygen concentration recorded in September in all the 3 phases with mean range of
3.50+0.31mg/L - 3.43+£0.32mg/L. There is negative correlation between dissolved oxygen and temperature and
both are significant (P<0.05). Biological Oxygen Demand mean range is 2.47£0.62mg/L - 1.73+0.41mg/L and
Chemical Oxygen Demand mean range is 5.46+0.72mg/L - 4.99+0.70mg/L with highest concentration in
location 2 in August and lowest in location 1 in July. There is positive correlation between Biological Oxygen
Demand and Chemical Oxygen Demand at significant level of 5%.

Salinity, Electrical Conductivity and Total Dissolved Solids concentrations are positively correlated
and all are significant at P<0.05. Salinity had the highest mean value of 1.99+0.06mg/L in phase 1 while
Electrical Conductivity and Total Dissolved Solids had the highest mean concentration values of 3.74+1.02mg/L
and 2.84+1.07mg/L respectively in the sampling station 1( phase 1).

Concentrations of Ammonia, Nitrite, pH and Chloride are also positively correlated in all the 3 phases
as well as significant at P<0.05. They all have the highest mean concentrations in phase 1 which are
0.30£0.87mg/L, 0.45+0.12mg/L, 6.30+0.09mg/L and 2.58+0.14mg/L correspondingly with the exception of
Nitrate (0.23+£0.14mg/L). The concentrations of Sulphate in the samples were recorded and ranged between
23.91+1.45mg/L - 22.48+1.76mg/L in all the phases and significant at 5% level of probability.

Table no 2: Persistent organic pollutants in the waste water from fish farm estate

Site  Month  Aldrin  Chlordan DDT Dieldri Endrin Heptachlor Hexachlor Mirex Toxaphene PCB PCDD PCDF
(mg/T) e (ng/T) n(mg/) (mg/1) (mg/1) obenzene (mg/1) (mg/1) (mg/T) (mg/T) (mg/T)
(mg/T) (mg/l)

July ND ND ND ND ND ND ND ND ND ND ND ND
August ND ND ND ND ND ND ND ND ND ND ND ND

1 Sept. ND ND ND ND ND ND ND ND ND ND ND ND
Mean ND ND ND ND ND ND ND ND ND ND ND ND
(*sSD) ND ND ND ND ND ND ND ND ND ND ND ND
July ND ND ND ND ND ND ND ND ND ND ND ND
August ND ND ND ND ND ND ND ND ND ND ND ND

2 Sept. ND ND ND ND ND ND ND ND ND ND ND ND
Mean ND ND ND ND ND ND ND ND ND ND ND ND
(SD) ND ND ND ND ND ND ND ND ND ND ND ND
July ND ND ND ND ND ND ND ND ND ND ND ND

3 August ND ND ND ND ND ND ND ND ND ND ND ND
Sept. ND ND ND ND ND ND ND ND ND ND ND ND
Mean ND ND ND ND ND ND ND ND ND ND ND ND
(*sSD) ND ND ND ND ND ND ND ND ND ND ND ND

Guideline values for chemicals that are of health significance in water

UNEP 19 N/s 1.0 N/s NS N/s 0.13 N/s N/S NS N/S N/s

Standard 0.01 0.01 1.0 0.01 0.6 <0.1 0.5 1.0 1.0 0015 1.0 0.03

WHO

Standard

*ND (Not Detected) ** N/S (Not Stated)

Table 2 shows all the selected Persistent Organic Pollutants (POPs). However, these were not detected
in the sampled waste water; hence no values were recorded against the months. The computed values from the
data collected from the study area are compared with international regulatory agencies on environmental
protection on aquatic environment for adequate evaluation and recommendations.
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IV.  Discussion

One of the global challenges in agricultural waste water management is the determination of relative
point source discharges of loads of organic waste and persistent organic pollutants and their concentrations in
the water for water quality assessment and effluent critical limits.

The exposure of aquatic life to persistent organic pollutants has been correlated with their population
decline in the aquatic ecosystem® and may cause potential immune toxicity, dermal effects, impairment of
reproductive performance and carcinogenicity in human as reported by'®.The investigated Persistent Organic
Pollutants (POPs) are not detected in the sampled water. This shows that the companies that are into
manufacturing of Industrial and Technical Chemicals, Pesticide, By-products of high-temperature process are
not within the vicinity of the fish farm estate as proposed in the publication of ° on the dangers of indiscriminate
discharge of POPs to the environment by the manufacturing companies. Likewise, the farmers are not indulged
in the use of any of these chemicals in their farms as a preservatives and or pest control. This also suggest that
the adjunct arable, animal husbandry and horticultural farmers in the fish farm estate are not using synthetic
fertilizers, herbicides and pesticides in their farms and also, the electric transformer in estate are constantly
maintained to curtail leakages of electric transformer oil which contain PCB as one of the persistent organic
pollutants as specified by**

The source of Ammonia concentrations in the bailed-out water from fish farm estate could be from fish
urea, fecal materials and rotten uneaten food and dead fish in the pond. The effect of this in the natural body of
water is fish “kill” and high concentration of it in waste water could cause ambient foul smells around farm
estate and irritation of the eyes, nose and throat as well as burning the skin where there is direct contact to the
waste water from fish farm estate and this could also be experienced by the downstream communities as
reiterated by 2.

The effect of high concentration of nitrate in the downstream water body could cause alga bloom which
can clog the gills of aquatic animals thereby leading to anoxia and low dissolved oxygen*®. Navigation on such
water body could pose a challenge because of water hyacinth proliferations on the surface of water body. This
agreed with publication of ** on eutrophication challenges and solutions.

In the same vein, high nitrate and nitrite concentrations in downstream water could in addition obstruct
the effectiveness of red blood cell in transporting oxygen in human that depend on that water for drinking and
can cause “blue baby syndrome” in the infant otherwise called methemoglobin where hemoglobin lacks oxygen-
carrying capacity to the cells in the body. This was observed and reported by'* as cited by*®.

The occurrence of Sulphate in the discharged waste water from fish pond could be as a result of
oxidation and reduction potential (REDOX) action on organic matter present in the waste water as emphasized
by'’. Sulphate is important in the physiology of the aquatic animals®® but at elevated concentrations, it could
cause methylation of mercury and some metal species that can bio-accumulate in the tissues of fishes
downstream and make it unsafe for consumption by riparian communities as reported by'® on heavy metal
pollution in Porto-Novo Lagoon ecosystem. Similarly, at higher concentrations sulphate are toxic to both land
and aquatic animals and may also cause diarrhea and possible dehydration for the host communities that used it
for domestic purposes?’.

The source of Chloride in the pond waste water could be from table salt and vitamin premix which
form part of the ingredients in fish feed formulation. High chloride concentrations in freshwater aquatic habitat
can harm aquatic organisms by interfering with osmoregulation and hinders their survival, growth, and
reproduction as emphasized by?* and reported %. Also, the effect of this long-term exposure of chlorinated water
to the downstream communities that depends on it for their domestic use is that it could lead to the production of
free radicals within the body which is carcinogenic and can cause serious damages to human cells with the risk
factor of 93% in people who drink or exposed to chlorinated water as explained by* on the potential health
hazard of chlorinated water to both children and adults.

The relatively low pH concentrations (pH< 7) during the sampling periods could perhaps due the
diffusion of acid sulfate soil (acidic alum soil and acidic soil) into the water which could be from point source
(bore hole) and non-point source (catchment area).This findings agreed with the publication of * on water
chemistry. Naturally, Lagos State water table is known to be below pH of 7. The pH of natural water is greatly
influenced by the concentration of carbon dioxide which is an acidic gas®. The harmful effect of low pH in the
waste water to aquatic ecosystem downstream is that it could aid some metal pollutants transformations into
lethal compounds and the bioaccumulation of such metal pollutants are detrimental to the health of both the
aquatic organisms and the coaster community that consumes such aquatic organisms as reported by?® on
pollution effect on water quality characteristics.

The effect of salinity, electrical conductivity and total dissolved solids in the aquatic ecosystem are
strongly correlated. The elevated value of salinity in the waste water may not be unconnected with the addition
of salts in the fish feed formula and residual effect of administered medications in the water, from precipitations.
(Lagos State being an industrial state) and the influence of Atlantic Ocean on the Lagos State water table could
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be responsible for the elevated salinity’” while elevated concentrations of total dissolved solids is due primarily
to ionic properties of saline water rather than osmotic effects” and electrical conductivity which is above
standard limit of W.H.O could be from conductive ions that came from dissolved salts and inorganic materials
such as alkalis, chlorides, sulfides and carbonate compounds in waste water . The importance of Total
Dissolved Solids to aquatic life is the effect on osmoregulation where cell density are kept balanced but the
excess of Total Dissolved Solids in water can produce toxic effects on fish and fish eggs downstream as
enumerated in the work of .

Similarly, the high concentrations of Salinity, Electrical Conductivity and Total Dissolved Solids in
wastewater from fish farm estate could defeat the purpose of the freshness of the river and affect the aesthetic
taste of the water to Alaketu, Maya, and ljede host communities where the water are being used for their
domestic household tasks. This could as well expose them to some food and water borne related diseases.
Furthermore, the salinity concentration in water affects Dissolved Oxygen solubility (Henry’s Law) 2° thus
causing asphyxiation in aquatic organisms downstream?.

Biological and Chemical Oxygen Demands in the bailed-out water from fish farm estate are above
W.H.O standard of <10 and <50 respectively. The two parameters serve as pollution indicators in the aquatic
environment®:. BOD measures the putrescible and hygienic conditions of the water while the COD measures
oxidative capacity of soluble and particulate organic matters in water®. The sources of these pollution indicators
could be traced to high organic matters and bacteria loads from uneaten and decayed food, and fish metabolites
in the waste water. The high concentrations of these might result to low Dissolved Oxygen concentration in the
water and could cause asphyxiation and high toxicity levels of some metal pollutants downstream which could
adversely affect the physiology of the aquatic organism and fish population dynamics®. This could lead to
destruction of the means of livelihood of the three communities that engages in the fishing activities

Dissolved Oxygen concentration in the waste water from fish farm estate is expected to be below the
W.H.O standard limit of 5-6mg/L, due to presence of microbes and organic matters load that use up the oxygen
in water for oxidative processes. The level of concentration of dissolved oxygen in water is also a pollution
indicator®. The observable low D.O in the waste water could affect the aquatic plants and animals downstream
by distorting their metabolic activities. Moreover, this could as well alter the aesthetic value of water for the
downstream communities by discourage the use of the water for commercial and domestic purposes especially
for those that are using the water for local gin and beverage refinery.

Water temperature is the driving force behind water quality characteristics. It is either positively or
negatively correlated with other water parameters. The mean value of temperature falls within the acceptable
range of W.H.O standard of 20°% -32° for aquatic environment. This will assist the aquatic organisms
downstream in their metabolic rate and photosynthesis process in the case of aquatic plants provided if the
temperature range is maintained. The effect of ambient temperature and the flow rate of the discharged water
help in maintaining the temperature range **

V.  Conclusion
It is obvious that discharged waste water from fish farm estate have a negative impact on downstream
aquatic organisms and human life. Therefore, waste water treatment plant need to be constructed in the fish farm
estate for adequate water treatment and re-use to conserve water and reduce the pollution downstream for
healthy aquatic ecosystem and host communities. In addition, there should be adequate enlightenment
campaigns on the danger associated with concentrations of persistent organic pollutants in the environment in
order to prevent future occurrence of it.
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