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ABSTRACT
This study aimed at determining the effect of Kaduna Refinery on water quality of River
Romi, Kaduna, Nigeria. The study was conducted for a period of six months, February to
July, 2015. Water samples and plankton samples were collected from five different
selected sites along River Romi.Some physicochemical parameterssuch as temperature,
pH, TDS and EC were measured with HANNA instruments. Other physicochemical
parameters measured include: DO, BOD, COD, PO,4, NOs, SOy, total phosphorous, total
nitrogen, hardness, alkalinity, oil and grease based on American Public Health
Association (APHA) method; concentrations of each selected metal ion were read against
the standards on a Buck Scientific model 200A Atomic Absorption Spectrophotometer
(AAS).Analysis of Variance (ANOVA) and correlation analysis were used to analyse the
data generated. The study revealed the following: temperature (27.78°C), pH (7.71),
electrical conductivity (123.29uS/cm), TDS (61.99mg/L), DO (4.05mg/L), BOD
(2.32mg/L), COD (419.07mg/L), PO, (0.13mg/L), NO3 (2.31mg/L), SO, (6.94mg/L),
total phosphorous (1.85mg/L), total nitrogen (20.98mg/L), hardness (186.87mg/L),
alkalinity (54.80mg/L) and oil and grease (0.15mg/L). The concentration of heavy metals
increased in this order: Nickel (0.15mg/L) < Lead (0.19mg/L) < Zinc (0.24mg/L) <
Manganese (0.44mg/L) < Chromium (0.52mg/L). Phytoplankton species composition
was higher than the zooplankton species.The highest number of species encountered was
inStigonema sp. (752) and the lowest was observed in Closterium sp. and Pleurogaster
sp. with one each, while, zooplankton had highest and lowest number in Paramaecium
sp. (49) and Heliodiaptomus sp. (6). Some surface water parameters had influence on the

distribution of plankton species. These findings suggested that most of the
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physicochemical parameters were above the acceptable limit of the portable water for
domestic use which may be due to industrial effluent, house waste discharges and

agricultural activities that are taking place in the vicinity of River Romi.
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CHAPTER ONE
1.0 INTRODUCTION
1.1  Background of the Study
Pollution maybe considered as analogous to contamination.It can be defined as the
presence of elevated concentrations of a substance in the air, water, soil resulting in a
deleterious effect (Burgis and Symeons, 1987;Aderogba, 2011). As a result, there is
growing appreciation nationally, regionally, and globally, that the management and
utilization of natural resources need to be improved and that the amount of waste and
pollutant generated by human activities need to be reduced on a large scale (Burgis and

Symeons, 1987; Ugya and Umar, 2015).

One of the resources that is highly required to drive the world industrial revolution is
crude oil.Nigeria joined the league of oil producing nations on August 3", 1956 when oil
was discovered in commercial quantities at Oloibiri in Bayelsa state. Nigeria today is
ranked as the leading oil and grease producer in Africa and the sixth largest exporter in

the world (Cynthia, 2006).

Efforts to improve the standard of living of man through the control of nature and the
development of new products have resulted in the pollution or contamination of the
environment. Most of the world’s air, water and land are now partially poisoned by
chemical wastes from industrial processes, including those of crude oil and grease
(Cynthia, 2006).The pollution exposes people to new risks,many species of plants and

animals have become endangered or are at the verge of extinction;as a result of this



development, governments have passed laws to limit or reverse the threat of

environmental pollution (Vivanet al., 2012).

Wastes may be classified into solids, effluent treatment Solids and gaseous waste. Waste
products from the Refinery are generally consist of oils, organic and inorganic chemicals
(particularly acids), alkalis, hydrocarbons, sulphides, phenols and other sulfur-bearing
compounds with suspended Solids (Al-amin, 2013). He further stressed that inhabitants
of the surrounding Kaduna refinery and its environment are at the risk of exposure to the

toxic wastes emitted into both water and air.

Environmental problems began to surface during and after the industrial revolution
because of increase in human population hence placing a greater demand on resources,
thus several environmental harmful technologies were used which began to overload the
environment’s ability to clean itself due to high pollution of air, water and land (Sharad
and Mashal, 2005).Crude oil has had profound impact on the world than any single
natural resource in recorded history and has become a very decisive element in defining

the politics, rhetoric and diplomacy of states (ASTM, 2005).

The oil companies operating in Nigeria maintained that their activities are conducted to
the highest environmental standards; but the Nigeria environmental laws, in most respects
comparable to their international equivalents, are ineffectively enforced (Cynthia, 2006).
Furthermore, due to rapid population growth, urbanization, industrialization and
exploitation of natural resources, there has been a steady increase in the quantity, quality

and diversity of discharge into the aquatic environment (FAO, 1991).These discharges



contain huge amount of heavy metals and organic metals which adversely affect the

physicochemical properties of the receiving water bodies and consequently its biota.

Potential contaminants in refinery waste water originate from crude oil, the intake water,
storm water, ballast water from the oil tankers sanitary water, process chemicals and
catalyst, reaction products and chemical additives (John, 2002). Waste waters released
from crude oil processing and petrochemical industries are characterized by the presence
of large quantities of crude oil, polycyclic and aromatic hydrocarbons, phenols, metal
derivatives, surface-active substances, sulfides, naphythylenic acids and other chemical
(Suleimanov, 1995).0wing to ineffectiveness of purification systems, waste water may
become seriously dangerous, leading to accumulation of toxic products in receiving water

bodies with potentially serious consequences on the ecosystem (Beg et al., 2001).

Accumulation of heavy metals with accompanying histopathology was observed in
Oreochromis niloticus exposed to treated petroleum refinery effluent from the Nigerian
National Petroleum Corporation, Kaduna (Onwumere and Oladimeji, 1990).Vivanet al.
(2012) carried out a study on River Romi and reported that Kaduna refinery did not
adhere to the minimum permissible levels for effluents discharge into the receiving water
body. Almost all the physicochemical parameters measured were above the World Health
Organisation (WHO) acceptable limits.In addition, it has been demonstrated that phenol
is one of the major pollutants found in the refinery effluentsand was much higher than the
0.5mg/l minimum recommended for refinery effluent (Otokunefor and Obiukwu, 2004;

Vivanet al., 2012).



A major epidemic of water pollution was the “itai-itai disease” which affected a Japanese
population that consumed fish and other foods harvested from coastal waters into which
cadmium containing industrial effluent was being discharged. The disease was
characterized by brittleness of bones, muscular weakness and loss of appetite (Hugh and
Maduka, 2006).Sprague et al. (1978) conducted a two year study to examine the effect of
sublethal concentrations of oil refinery effluent on aquatic organisms; and to determine
whether a relatively rapid and simple test of sublethal effects could be developed for
monitoring or assessing toxicity of oil refinery effluents.Testing showed that there was no
acute effect, but chronic or sublethal effects to fish and invertebrates as the effluent

concentration increased from 1 to 10%.

One of the most critical problems of developing countries is improper management of
vast amount of wastes generated by various human activities. More challenging is the
unsafe disposal of these wastes into the ambient environment, unfortunately,water bodies
especially freshwater reservoirs are the most affected.Such activities have rendered these
natural resources unsuitable for both primary andor secondary usage (Fakayode,
2005).Industrial effluent contamination of natural water bodies has emerged as a major
challenge in developing and densely populated countries like Nigeria, whereestuaries and
inland water bodies, which are the major sources of drinking water, are often
contaminated by the activities of the adjoining populations and industrial establishments
(Sangodoyin, 1995). These effluents can alter the physical, chemical and biological

nature of the receiving water body (Sangodoyin, 1991).



Plankton communities are sensitive to changes in their environment and therefore
plankton total biomass and many phytoplankton and zooplankton species are used as
indicators of water quality (Reynolds etal., 2002; Brettum and Andersen 2005).
Phytoplankton communities give more information on changes in water quality than mere
nutrient concentrations or chlorophyll-a concentration. Water quality is an ensemble of
physical, chemical and biological characteristics of the given water. Eutrophication of
freshwater is regarded as a water quality issue which results in the deterioration of the
aquatic environment and impacts on water usage. Cyanobacteria have been recognised as
a major symptom of eutrophication in fresh water as their blooms are prevalent in waters

affected by cultural nutrient enrichment (Reynolds etal., 2002).

With competing demands on limited water resources, industrial pollution remains one of
the major problems facing Nigerian cities(Dejoux et al., 1981). As societies throughout
the world and Nigeria in particular become more aware of the issues involved in water
pollution, public debate about environmental effects of effluents discharged into aquatic
environments are on the increase (Calamari, 1985). Furthermore, the Federal
Environmental Protection Agency (FEPA) and their state counter parts established to
check environmental abuses,have little or no impact on pollution control in our cities over

the years(Vivanet al., 2012).

1.2 Statement of the Research Problem
Wastewaters released by crude oil-processing and petrochemical industries are
characterized by the presence of large quantities of crude oil products, polycyclic and

aromatic hydrocarbons, phenols, metal derivatives, surface-active substances, sulfides,
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naphthylenic acids, heavy metals and other chemicals (Suleimanov,1995;Vivanet al.,
2012). Due to the ineffectiveness of purification systems, wastewaters may become
seriously dangerous, leading to the accumulation of toxic products in receiving water
bodies with potentially serious consequences on the ecosystem (Beg et al., 2001; Beg et
al., 2003). The effect of Kaduna Refinery on the water quality of River Romi, needs to be

reassessed.

1.3 Justification

Kaduna Petrochemical Refinery was established in 1974 to produce various petroleum
by-products required by the country and particularly to supply the need of Northern
Nigeria. Kaduna town has expanded in size and population, hence the extension to the
Refinery area.As such, River Romi, which was of littleconsequence now serves the
populace and Kaduna refinery in several ways.The effluents discharged by the
Petrochemical Industry into this river could be one of the sources of pollution to the river

(Romi).

1.4 Aim and Objectives
The aim of this study was to assess the impact of effluents from Kaduna Refinery on the

physicochemical properties and planktons of River Romi, Kaduna State.

The specific objectives are:
I.  To determine the physicochemical parameters of River Romi
ii.  To determine the phytoplankton and zooplankton species composition of River

Romi.



1.5

To determine the relationship between surface water physicochemical
characteristics and planktons density of River Romi.

Hypotheses

There is no significant difference in the physiochemical parameters of River

Romi.

. There is no significant difference in the composition of phytoplankton and

zooplankton species of River Romi in all the sampling stations.
There is no significant relationship between surface water physicochemical

characteristics and planktons density of River Romi.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Pollution of Water Bodies
According to Gore (1993) human beings are made up of water, in roughly the same
percentage as water in the surface of the earth. Our tissues and membranes, brains, and
hearts, our sweat and tears, all reflect the same recipe for life. Water is essential for the
development and maintenance of the dynamics of every ramification of the society

(UNDP, 2006).

Water is indeed life and thus is the most important natural resource, without which life
would be non-existent. Availability of safe and reliable source of water is an essential
prerequisite for sustained development (Asonye et al.,, 2007). Common man-made
pollutants include pesticides, chemical fertilizers, heavy metals, detergents, oil, sewage,
plastics and other Solids (UNEP, 2011). Many of these pollutants accumulate in the deep
oceans and sediments (Jacobsen et al.,2010; Zarfl and Matthies, 2010), where they are
consumed by small marine organisms and may be reintroduced to the global food chain.
Some 20 per cent of marine pollution originates from direct disposal into the oceans;
regular discharges of oily wastes from ships, accidental oil spills and untreated sewage
disposal in enclosed areas such as the Mediterranean are threats to marine ecosystems

(UNDP, 2011).

Increased industrial activities have led to pollution stress on surface waters both from
industrial, agricultural and domestic sources (Ajayi and Osibanji, 1981; Al-Amin, 2013).

Wastes entering these water bodies are both in solids and liquid forms. These are mostly

8



derived from Industrial, agricultural and domestic activities. As a result, water bodies
which are major receptacles of treated and untreated or partially treated industrial wastes
have become highly polluted. The resultant effects of this on public health and the

environment are usually great in magnitude (Osibanjo et al., 2011).

Over the last years, in many African countries a considerable population growth has
taken place, accompanied by a steep increase in urbanization, industrial and agricultural
land use. This has entailed a tremendous increase in discharge of a wide diversity of
pollutants to receiving water bodies and has caused undesirable effects on the different

components of the aquatic environment and on fisheries (Saad et al., 1984).

Industries are the major sources of pollution in all environments. Based on the type of
industry, various levels of pollutants can be discharged into the environment directly or
indirectly through public sewer lines. Wastewater from industries include employees’
sanitary waste, process wastes from manufacturing, wash waters and relatively
uncontaminated water from heating and cooling operations (Glyn and Gary, 1996). High
levels of pollutants in river water systems causes an increase in biological oxygen
demand (BOD), chemical oxygen demand (COD), total dissolvedSolids (TDS), total
suspended Solids (TSS), toxic metals such as Cadmium (Cd), Chromium (Cr), Nickel
(Ni) and Lead (Pb) and fecal coliform and hence make such water unsuitable for
drinking, irrigation and aquatic life. Industrial wastewaters range from high biochemical
oxygen demand (BOD) from biodegradable wastes such as those from human sewage,
pulp and paper industries, slaughter houses, tanneries and chemical industry. Others

include those from plating shops and textiles, which may be toxic and require on-site
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physicochemical pre-treatment before discharge into municipal sewage system

(Otokunefor and Obiukwu, 2005).

Organic pollution of inland water systems in Africa, in contrast to the situation in
developed countries of the world, is often the result of extreme poverty, economic and
social underdevelopment. According to Tolba (1982) and Lekwotet al. (2014)state that
countries that the quality of water, and often the quantity, is lowest, sanitation and

nutrition the worst and disease most prevalent.

Kuehn et al. (1995) observed that refinery effluent contaminated with aromatic
hydrocarbon produces poor health and lethal toxicity in fishes. Onwumere and Oladimeji
(1990) reported accumulation of heavy metals has adverse effect on the histopathology
ofO. niloticus exposed to treated petroleum refinery effluent from the Kaduna refining
and petrochemical company. Drinking contaminated water can cause various diseases
such as typhoid fever, dysentery, cholera and other intestinal diseases (Udoh, 1987,

Adeyemi, 2004).

Industrial effluent characteristics provide basic information about the integrity of the
aquatic habitat within such rivers and streams into which they are discharged. Most of
these effluents pose inestimable harm to which the microbial entity is the most adversely
affected. In Nigeria, there are many small to large cottage industrial establishments that

discharge such harmful waste water effluents (Kanu and Achi, 2011).
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2.2 PhysicochemicalParameters

The physicochemicalindices ofeffluents from industries indicate that most of these
industries  partiallyconform to  the recommended guidelines of FEPA
(1991)guidelines.For instance,the total dissolvedSolids (TDS) and Nitrate (NO3)
contents, are found to be very high in most of the effluents sampledin urban rivers of
River Romiand may have adverse effect on humans and the aquatic habitat (Lekwotet al.,
2013).The pH analyses from food and beverage effluents from the industries tend to be
abnormally very acidic (Agedengbe et al., 2003).

2.2.1 Determination of Oxygen

An important pollution index of industrial wastewaters is the oxygen function measured
in terms of COD and BOD, while the nutrient status of wastewater is measured in terms
of nitrogen and phosphorus. In addition, other important quality parameters include pH,
temperature and total suspended Solids (Ezenobi and Okpokwasili, 2004; Phiri et al.,

2005).

Industrial effluents are characterized by abnormal turbidity, conductivity, COD; TSS and
total hardness. The effluent total hardness concentrations of a chemical-biological
treatment plant were found greater than the influents. The results is presented in terms of
the relative flux as a function of time related to hydrodynamic conditions and pollution
characteristics of wastewater (Ogunfowokan and Fakankun, 1998). Mean values of
Phosphate phophorous at most sampling sites were higher than 0.1 mg L™ for subject to
eutrophication and the characteristics of rivers and the nearby soils near them affect the

equilibrium concentrations of N and P between the soil and the overlying water industrial
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effluents are also known to exhibit toxicity toward different aquatic organisms. The
coastal residential environment in any industrial effluent site is always under
considerable stress due to the prevailing harsh environmental conditions, especially high
temperature and salinity, restricted benthic fauna diversity and overall development of a
fragile intertidal ecosystem. The fauna inhabiting the intertidal zone is most likely
dominated by a few species probably living at their limit of tolerance (Awomeso et
al.,2010).

Organic pollution is always evident and the pollution is made worse by land-based
sources such as the occasional discharge of raw sewage through storm water outlets, and
industrial effluents from refineries, oil terminals and petrochemical plants (Adekunle and

Eniola, 2008).

2.3 Toxic Effects of Pollutants on Planktons

2.3.1 Phytoplankton

Phytoplankton organisms of which their growth is facilitated by the presence of waste
can result in decreased oxygen contents in the water. Oxygen deprivation promotes
premature or unnatural aquatic species migration, which creates an imbalance in the
aquatic ecosystem (Tanimu et al., 2011). When the ecosystem loses its balance, a chain
reaction of undesired effects, such as insufficient diet for some species and increased
procreation of other species occur, inhibition of methionine production in some species
by mercury may occur. It is important, therefore, whentesting for effects of some
pollutants that total volume or weight of living matterbe measured, and not only cell

numbers (Beg et al., 2001).
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Algal growth may be inhibited or stimulated by pollutants that affect nutrient
relationships (Mohammad and Saminu, 2012). The mechanisms that affect the chemical
state of a nutrient or its uptake and utilization of nutrient’s physical and chemical
conditions in water and algal species showed decrease in the phosphate concentration in
the growth medium. The increase in copper concentration causes toxicity to
Chlamydomonas sp. as measured by oxygen production and an increase in cell numbers
(Meijer, 1972).Steeman-Nielsen et al. (1969) reported similar results and suggested that
the toxic effect of copper could be due to binding to the cytoplasmic membrane, thus
arresting cell division. Zarnowski (1972) demonstrated this to be true with iron and
Chlorella pyrenoidosa and stated that phosphorus compounds cause oxidation and
precipitation of iron from water. Sheih and Barber (1973) showed that mercury in low
concentration (0.03 mM HgC1,) as mercuric chloride stimulated the rate of potassium
turnover in C. pyrenoidosa but did not affect the concentration of internal potassium. At
higher concentrations (0.5 mM HgC1,) mercury caused changes in permeability of the
cell membrane that resulted in a net efflux of potassium. The stimulatory effect of low
concentrations of heavy metals on algae is well known. DeFilippis and Pallaghy (1976)
hypothesized that 1ImM ZnC1l,, 1 pM HgC1l,, or 0.1 pM phenylmercuric acetate
stimulated growth by preventing loss of carbon compounds from Chlorella sp. They
suggested that heavy metals either interfere with production of glycollate or inhibit its
secretory mechanism (Aneni and Hassan, 2003).Such actions by heavy metals are often
related to ionic state. In sediments at low redox potential, Hg2+ is reduced to HgO with

the formation of dimethylmercury by methyl radical addition.
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Organic mercurial compounds are sometimes more toxic than inorganic compounds.
Harriss et al. (1970) showed that 0.1 ppb (pg/l) of methylmercury reduced photosynthesis
(as 14 C uptake) and growth of the marine diatom Nitzschia delicatissima. However,
dimethylmercury was less toxic; 1 ppb was required for an effect. The authors stated that
the alga was sensitive to much lower concentrations of mercurial compounds than fishes.
Davies and Gasse (1988) suggested that some algae detoxify mercury by reduction of
Hg?* to Hg" in the outer layers of the cell. Zingmark and Miller (1975) noted that net
photosynthesis by Amphidinium carteri decreased to 92% by 100 ppb mercury. However,
Hg**was reduced to HgO during the test. A very important aspect of uptake and toxicity
of heavy metals to phytoplankton is the role of chelating agents. Plum and Lee (1973)
showed that up to 20% of the iron content in a lake was associated with organic matter.
Andren (1973) found that mercury in the water of three estuaries was associated with
dissolved organic matter. Dissolved mercury was associated with dissolved organic
matter of the humic and fulvic types. In a Norwegian lake, Benes et al. (1976) reported
that sodium, calcium, aluminium, chromium, iron, zinc, manganese, mercury, and other

elements were bound strongly to humus.

Perdue et al. (1976) described competition between metals for binding sites on dissolved
organic matter asfree colloidal particles of iron hydroxide, possibly associated with
colloidal organic matter, anddissolved complexes of iron with naturally occurring organic
substances, and that aluminium competes with iron for sites on molecules of dissolved
organic matter. Hendrickson et al. (1974) demonstrated the high affinity of cadmium for

dissolved organic matter from a lake in Wisconsin.
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Formation of chelates implies that the amount of dissolved matter may, in some cases,
regulate toxicity of metals because chelation decreases toxicity to a very great extent.
Lomonosov (1969) showed that copper dichloride pyridinate inhibited growth of
Scenedesmus quadricauda at 0.4 mg Cull. Copper chelates were much less toxic. Walsh
et al. (1971) have found that when the marine unicellular alga Dunaliella tertiolecta is
exposed to nickel in the presence of the chelator ethylenediaminetetraacetic acid (EDTA)

its ECs 0 was 9.1 ppm. When EDTA was excluded from growth media the ECs 0 was 2.4

ppm.

The species that is most susceptible to the influence of pollution will be eliminated in
competition with a species of lesser susceptibility. Dominance is determined by many
factors and for any given species, may be related to temperature, salinity, irradiation and
pollution among others. Mandelli (1969) reported that the growth of selected species of

dinoflagellates and diatoms was inhibited by copper.

Walsh andGrow (1971) demonstrated a direct correlation between carbohydrate
concentrationin algal cells and concentration of urea herbicides growth medium.If it is
assumed that the coefficients of increase of different species are affectedin different ways
by pollutants in relation to environmental conditions, thenchanges in species composition
of a community are to be expected. Hollister and Walsh (1973) reported the responsesof
18 species of marine unicellular algae among four compounds that inhibit the
Hillreaction. Bowes (1972) reported that DDT had no effect on growth of themarine alga

Dunaliella tertiolecta, had slight effect on growth of Cyeclotella nana, Thalassiosira
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fluvilltilis, Amphidinium carteri, Coccolithus huxleyi, and Porphyridium sp., but caused a

lag of nine days in growth of Skeletonema costatum.

Fisher et al. (1973) showed that estuarine clones of the algae Thamssiosira pseudonana,
Fragilarill pinnata, and Bellerochia spp were more resistant to PCBs
(polychlorinatedbiphenyls) than were oceanic clones. Dunstan et al. (1975) demonstrated
effects ofoil on marine phytoplankton and concluded that a significant effect of oil could
bethe stimulation of some species by aromatic compounds of low molecular
weight,resulting in the alteration of natural phytoplankton community structure and
itstrophic  relationships. These works suggest that, in mixed culture; the
competitiveexclusion principle of Gause (1934) would operate, causing species best

adapted tothe polluted condition to dominate.

Changes in structure of a marine algal community under stress from PCBs andDDT were
demonstrated by Mosser et al. (1972) and Fisher et al. (1974). Inuntreated mixed
cultures, T. pseudonana was dominant in number over D. tertiolecta. When treated with 1
ppb of PCBsor 10 ppb of DDT, the competitivesuccess of T. pseudonana decreased while
that of D. tertiolecta increased, eventhough the pollutant concentration had no effect on
T. pseudonana in pure culture.Another important aspect of pollution is the fact that algae
accumulate many compounds and heavy metals by absorption or by adsorption to the cell
wall. Ingeneral, pollutants such as pesticides are not degraded to a large extent by
algaeButler et al. (1975) and are passed on to herbivores when eaten. Hollister et al.
(1975) showed that four species of marine phytoplankton, when exposed to only10 pptr

(parts per trillion) of the insecticidemirex, concentrated it to over 100 ppbon cells.
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Numerous other publications report uptake ofpollutants by phytoplankton (Falchuk et al.,
1975; Stokes, 1975; DeFilippis andPallaghy, 1976; Glooschenko and LoU, 1976).Uptake
and accumulation of substances may prove to be the most important aspect of
phytoplankton pollution dynamics. Since they are grazed upon by many animals, the
phytoplankton may be a vital link in the transfer of pollutants from water to higher

trophic levels, including man.

2.3.2 Zooplankton

Zooplankton comprises a very dynamic portion of the total plankton. There is greater
species diversity among the zooplankton than phytoplankton, and composition varies
strongly with seasonal production of meroplankton such as medusae, eggs, larvae, and
juveniles of the benthos and nekton (Emongor et al., 2005). Functionally, the
zooplankton includes detritivores, herbivores, carnivores and omnivores, all of which
excrete dissolved and particulate organic and inorganic materials that can serve as
nutrients for saprovores, phytoplankton and coprovores. Organic and inorganic materials
are lost from the water column when organisms die and settle to the bottom, where they
enter geochemical cycles involving sediments (Anetor, 2003). Zooplankton population
production is a function of the intrinsic rate of increase, natural mortality, mortality due

to pollution, and rate of predation (Egborge and Fagade, 1999).

2.3.3 Effects of Pollution on Zooplankton
It is difficult to measure an effect of pollution on the rate of predation, but such an effect
is theoretically probable. For example, if a compound such as chlorinated hydrocarbon

insecticide weas present, it could affect the efficiency of a prey arthropod in avoiding a
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predatory fish. Since arthropods are generally more sensitive to the direct influence of
such pollutants than fishes, their rates of population increase could be expected to decline
because of increased predation and direct mortality due to insecticide (Imoobe and
Adeyinka, 2010). Hansen (1974) studied the effect of 'Aroclor' 1254, a polychlorinated
biphenyl (PCB), on settling of planktonic larvae (meroplankton). He used the
composition of estuarine animal communities that developed while meroplankton was
subjected to three concentrations of the pollutant for four months. Arthropods constituted
over 75% of the organismsin untreated aquaria and aquaria that received 0.1 J/g/l of PCB.
Two other aquaria that received 1.0 and 10 J/g/1were dominated by chordates, primarily
tunicates. Just as important, however, is the fact that species diversity, as measured by the
Shannon-Weaverindex (Shannon and Weaver, 1963), was not affected, indicating that

such an index cannot always measure pollution effects on planktonic larvae.

Conversely, temporal changes in zooplankton community composition may be modified
if benthic and nektonic contributions to the meroplankton are affected by pollution.
Numerous reports show that zooplanktonic species and meroplanktonic larvae are often
much more sensitive to pollutants than adults (Ikomi and Anyanwu, 2010). Armstrong
and Millemann (1974) showed that, for the mussel, Mytilus edulis, the developmental
stage most sensitive to the insecticide 'Sevin' occurred shortly after fertilization, at the

time of appearance of the first polar body and sensitivity decreased to insecticide.

CHAPTER THREE
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3.0 MATERIALS AND METHODS

3.1  Study Area

River Romi is one of the tributaries of River Kaduna in Chikun Local Government
Area.Kaduna Refinery and Petrochemical Company discharges its waste water into this
river(River Romi). River Romiis located on latitude 10°45' and longitude 7°37' (Figure
3.1). The inhabitants of Angwan Romi village and its environs use water from River

Romi to supplement their daily water demand (Emeaso, 2011).

3.2  Field Sampling Stations

Five sampling stations were chosen for the purpose of this study (Figure 3.1). Water
samples and plankton samples were collected from five different selected sites along
River Romi. The distance between one stationand another was about 300 to 400mexcept
the distance of station one from refinery outlet. Station 1 was 2m to the refinery
outlet,station 2 was 400m away from station 1 and it was the meeting between refinery
effluent and River Romi, stations 3, 4 and 5 were approximately 300 apart along the river

course. Collection of samples was done twice a month from February to July, 2015.
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Figure 3.1: Kaduna Town showing NNPC Refinery Complex and Sampling Stations
(ST1-ST5) along River Romi
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3.2.1 Stationl

Station 1 (ST1) is 2m away after Nigeria National Petroleum Corporation (NNPC)
Refinery (Figure 3.2). It is a station in which waste water from Refinery empties into the
concrete drainage system that flows into River Romi. Common features of the station
include grasses, trees such as Parkia biglobosa providing shade to the station. An

obvious bio-activity at station 1 is little calves roaming about within a Fulani settlement.

3.2.2 Station 2

This is a meeting station between Refinery drainage and the River Romi that is 400m
away from the first sampling station (Figure 3.3). The area is covered by climbers: John’s
wort  (Hypericumtomosum), pea (Melilotusalba), tall grasses; Rock mountain
maple(Acerglabrum), western juniper (Juniperusoccidentalis) and the bottom is rocky.
Water flows all day and throughout the year at this station. Human activity at this station
is mainly watering of farm crops using pumping machine (irrigation) during dry season
and continues with the farming activities during wet season. Herdsmen use the river as a

source of water for their animals.
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Figure 3.2: Station 1 of the Sampling Station
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Figure 3.3: Station 2 of the Sampling Station

23



3.2.3 Station 3

Station 3 is down the River Romi and it is about 400m away from station 2. The station is
also characterized by climbers; pea (Melilotusalba), covering the station half-way,
grasses; Rock mountain maple (Acerglabrum), and some tree species; desert
parsley(Lomatiumdissectum), mountain alder (Alnusincana)(Figure 3.4). Irrigation
farming was the common human activity seen around this station. Garden egg, sugar

cane, okra, pepper among otherswere crops that were farmed at this station.

3.2.4 Station 4

At this station, the water level of the River has increased to the brim. It is characterized
by tall grasses; elephant grass (Aegilopscylindrical) some macrophytes such
asMelilotusalba floating on the surface of the water. It is about 400m away from station 3
(Figure 3.5). This station is mostly predominated by activities such as loading the sand
into trucks that has been gathered by mainly women and young male children from the

nearby village.

3.2.5 Station 5

The width and depth of the water in River Romi has increased as the tributaries increases
(Figure 3.6). The station is muddy and is also 400m away from station 4; some species of
big trees; desert parsley (Lomatiumdissectum), mountain alder (Alnusincana) also
covered the station half-way. The station is characterized by irrigation activities where
farmers used the water during drying season. The most common farm produced here
include: Garden egg (Solanummarcrocarpon),Sugarcane (Saccharumoffinarum), maize

(Zeemaize), okra(Abelmoschusesculentus), yam (Deoscorearotundata) among others.
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Figure 3.4: Station 3 of the Sampling Station

25



Figure 3.5: Station 4 of the Sampling Station
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Figure 3.6: Station 5 of the Sampling Station
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3.3  Determination of Physicochemical Parameters

The physicochemical parameters of River Romi that were taken on the field
include;surface water temperature, pH, Total DissolvedSolids (TDS) and Electrical
Conductivity(EC) using HANNA instrument(model: HI9932). Water samples were taken

to the Hydrobiology Unit of Department of Biological Sciences for further analysis.

3.4  Laboratory Analyses of Water Samples

All water samples were analyzed for levels of pH, temperature, Total DissolvedSolids
(TDS), Electrical Conductivity (EC), Biochemical oxygen demand (BOD), Chemical
Oxygen Demand (COD), Dissolved Oxygen (DO), Phosphates, Nitrates, Sulphates, Total

phosphorous, Total nitrogen, alkalinity, Hardness, and oil and grease.

The pH, TDS,EC and temperature were determined using HANNA Instrument
microprocessor conductivity meter (model HI98129) at the station of sample
collection.Physicochemical properties such as Nitrates, Phosphate and Sulphates were
determined with the aid of an HACH DR/5000 spectrophotometer. Other parameters such
as Biochemical Oxygen Demand and Chemical Oxygen Demand were determined using
the following procedures given by the American Society for Testing and Materials
(ASTM, 1995). Heavy metal samples were digested using Nitric acid in Hydrobiology
Laboratory, Department of Biological Sciences, A. B. U., Zaria. It was further analysed
to determine some selected heavymetals(Pb, Mn, Cr, Ni and Zn) using Atomic
Absorption Spectrometry (AAS) at the Multipurpose Research Laboratory, Department

of Chemistry, ABU, Zaria.
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3.4.1 Temperature

Temperature of the water at each sampling station was measured in degree centigrade
(°C). It was determined by dipping a Hanna instrument model HI98129 into the water for
at least 1-2 minutes, the reading was recorded after stabilizing (APHA, 2005).

342 pH

The pH was determined using a pH meter(HANNA combo pH/EC meter HI 98129. The
meter was calibrated usingtwo buffers (pH 7 and 10) according to the manufacturer’s
directions. The pH was taken directly from the meter by dipping the HANNA instrument
into water at each sampling station.

3.4.3 Total dissolvedSolids

Total DissolvedSolids (TDS) of the water measured in milligramme per litre (mg/L) was
alsodetermined by dipping a HANNA instrument (model H198129) into the water at each
sampling station for some minutes (at least 1-2 minutes). The reading wastaken
immediately.

3.4.4 Electrical Conductivity (EC)

The electrical conductivity was determined using (Hanna combo pH/EC meter HI 98129
by placing a conductivity probe into the water at every samplingstation. The electrical
conductance obtained in micro second per centimetre (us/cm) was recorded directly from
the meter after 3 minutes.

3.4.5 Hardness

Twenty-five (25) ml of the water sample was measured and 25ml of distilled water was

added. Then 2ml of buffer solution of pH 10.4 was added, followed by 0.1g of
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errochrome black T dye and titrated with EDTA (0.01M). The titrevalues were multiplied

by 40 as CaCOs L™. Hardness is measured in milligramme per litre (mg/L).

3.4.6 Alkalinity

Fifty millilitre(50 ml) of water sample was measured into clean conical flask. Two(2)
drops of methyl orange were added. It wasshaken vigorously and titrated with 0.02M
H,SO,4 until the colour change from yellow to orange.Alkalinity is measured in
milligramme per litre (mg/L).

Where,

V1 (ml) = Volume of acid used for titration,

M =Molarity of the acid.

Vr x M x 100,000
volume of sample

Total Alkalinity as mg/l CaCO3=

3.4.7 Nitrate

Cadmium reduction method was used to analyze samples of nitrate (NO3’) content.
Cadmium metal reduces nitrates in the sample to nitrites. Nitrite ion reacts in an acidic
medium with sulfanilic acid to form an intermediate diazonium salt. The salt complex
with gentisic acid to form amber coloured solution. Test result was measured at 430nm
using HACH DR 2400 spectrophotometer (APHA, 2005). Nitrate is measured in
milligramme per litre (mg/L).

3.4.8 Total nitrogen

One hundred milliliter (100 ml) of water sample from each sampling station was poured
into a dry metallic crucible and kept in an oven at 100°C till dryness.It was removed and

allowed to cool after which 2ml of phenol disulphonic acid was added and swirled round
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uniformly in the crucible and left to stand for 10 minutes. Ten(10) ml of distilled water
was added, followed by 5ml of strong ammonia solution, then allowed to cool. Change
in graduation was taken at 430nmwavelength. Total nitrogen is measured in milligramme

per litre (mg/L).

3.4.9 Phosphate

One hundred (100) ml of water sample was transferred into a conical flask, 1ml of
ammonium molybdate reagent and 1 drop of stannous chloride was added andallowed to
stand for 12 minutes. The colour changes were determined at 600nm.Phosphate is
measured in milligramme per litre (mg/L).

3.4.10 Sulphate

Five series of standard solutions with concentration that ranged from 1-5mg/L were
prepared and analysed with water samples (measured in mg/L). To each 10ml of
standard, 1ml of BaCl, gelatin was added. The mixtures were allowed to stand for 45
minutes. The respective absorbance of the solutions at 420nm was determined. A blank

without sample was prepared and read at the same wavelength (APHA, 2005).

3.4.11 Determination ofDissolved Oxygen and Biological Oxygen Demand (BOD)

i. Preparation of diluents water (aerated water): Distilled water was placed into a
Winchester bottle and aerated for Lhour then followed by addition of 1ml of each of
the following solutions: Phosphate buffer solution,Magnesium sulphate solution,
Calcium chloride solution and Ferric chloride solution.The aerated water was used for

the determination of dissolved oxygen (mg/L) before incubation.
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ii. Dissolved Oxygen before incubation: The BOD—bottle was half filled with the aerated

Vi.

water;2mls of the water sample was added and made up to the mark with aerated
water. Also 2mls of Manganous sulphate, 2mls of alkaline iodide-sodium azide
solution were added simultaneously well below the surface of the liquid. The stopper
of the bottle was thenreplaced to exclude air bubbles and the solution mixed by
inverting the bottle several times. After achieving a clear solution, 2mls of conc.
Sulphuric acid was added and mixed with the solution (ASTM, 1995).

Dissolved Oxygen (DO) after incubation: Half of the aerated water was placed into
BOD bottle and 2mls of the sample was added made up to the brim with the aerated
water. The cap of the bottle was replaced without leaving air bubbles and stored in the
thermostatic chamber (incubator) at controlled temperature of 20°C for 5 days.
Procedure for the analysis (titremetric method): A 50ml burette was filled with
0.025N Sodium thiosulphate solution and titrated against 200ml of the sample, until a
colour change of golden yellow to pale yellow was obtained. Then 2mls of starch
indicator wereadded and the titration process continued until the colour changed from
blue to colourless. The same process was repeated for the incubated samples.

Calculation of the result for Biological Oxygen Demand

One ml of 0.025N of Sodium thiosulphate is equivalent to 0.2mg of oxygen

DO in parts per million (ppm) was calculated as:

DO =T x 0.2 x 1000/\VV

BOD in ppm = (D1-D2) x T/V
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Where,

T = Titre Value of 0.025N Sodium thiosulphate required for titration of sample.

V = volume of sample

D1 = Dissolved OSxygen of diluted water sample before incubation.

D2= Dissolved Oxygen of diluted water after incubation

3.4.12 Determination of Chemical Oxygen Demand

Procedure for the analysis of Chemical Oxygen Demand (COD) measure in mg/L.:
50ml of distilled water was measured into a reflux flask as blank. Ten millitre of the
sample was measured into a reflux flask and made up to 50ml with distilled water.
The reflux flask was kept in an ice bath. One gramme Mercuric sulphate was added
with 5mls of Sulphuric acid and many boiling stones were then placed in each of
the flask. 25mls of 0.25N Potassium dichromate was added to the sample and the
blank. These were refluxed for 2hrs. The 300ml of distilled water was then added to
each flask and allowed to cool to room temperature. Ten drops of Phenolphthalein
indicator were added and titrated with 0.25N ferrous ammonium solution to a
colour change of bluish green till reddish colour was obtined at end station (ASTM,
1995).

Calculation of COD:

The COD in the sample was calculated in milligrams per liter as follows;

COD mg/I = (A-B) x N X 8000/S
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Where, A=Ferrous ammonium sulphate required for titration of blank solution.

B=Ferrous ammonium sulphate solution required for the titration of sample

N = normality of the Ferrous ammonium solution

S = Volume (ml) of sample used for test.

3.4.13 Determination of Oil and Grease

Oil and grease was determined using the following procedure:

One hundred millitre (100ml) of water sample was measured into separating funnel. It
was followed by the addition of 5ml of concentrated H,SO,4. The mixture was agitated for
2 minutes and allowed the water to drain off. Two hundred millitre (20ml) of petroleum
ether wasadded to the solution and agitated for 3min. It was placed ina water bath and
allowed to evaporate to dryness. Further elimination of water in the sample was done by
placing it in an oven for 30 minutes. It was then transferredto a desiccator and allowed to

cool; the weight of sample was measured.

3.5  Determination of Heavy Metals

Water samples previously acid-treated with a 1:3:1 mixture of Hydrogen tetra-
oxochlorate acid(HC10,4), Nitric acid (HNOs3) and sulphuric acid (H,SO4) pre-
concentrated were used to determine selected cations in water. Serially diluted mixed
standard solutions containing 1.00mg of the metal ion in 1 ml of the solution were
prepared by pipetting volumes of commercially purchased stock solutions (BDH
Chemicals), into a single 250ml standard flask. The concentrations of each metal ion,
such as; Lead(Pb), Manganese(Mn), Chromium(Cr), Nickel (Ni) ,and Zinc(Zn) were
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read against the standards on a Buck Scientific model 200A Atomic Absorption

Spectrophotometer (AAS) Model 200A equipped with air-acetylene.

3.6  Plankton Sampling

Planktons were collected using hand trawling method. This involved trawling
horizontally55 um mesh size plankton netfor 2 minutesfor a distance of 1meter in the
littoral zone (i.e. at the shore). The net content of the plankton net was emptied into a
120ml plastic bottle, containing 4% formalin and Lugol solution. The sample was then
taken to the Laboratory for identification and enumerationof phytoplanktons and

zooplanktons.

A drop of water sample was placed onto the glass slide and covered with cover slip. The
sample was viewed under the binocular microscope for identification and enumeration.
The numbers of planktons were enumerated by counting the same species encountered
per slide. Planktons were identified at magnifications of x10, x40 and x100 using keys by
Perry (2003). Enumeration of plankton was carried out following the drop count method
(counting same species per slide) and was reported as units or organisms per drop. The
identification of plankton was carried out by the use of keys and identification guides as

described by Palmer(1969), Sournia(1978), and, Verlencar and Desai (2004).

3.7 Data Analyses
Data generated were analysed using Analysis of Variance (ANOVA) to compare the
differences between means of physicochemical parameters and heavy metals using SPSS

version 20. Duncan Multiple Range Test was used to separatemeans that differed.
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Pearson correlation analysis was used to established the relationship between
physicochemical parameters as well as species number in the sampling stations. Principal
Component Analysis (PCA) was used to establish the relationship between
physicochemical parameters. Canonical Correspondence Analysis (CCA)was used to find
the relationship between physicochemical parameters and planktons. All data analyses

were tested at 0.05 level of significant.
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CHAPTER FOUR

4.0 RESULTS

4.1 Monthly Variation of Physicochemical Parameters of River Romi, 2015

The monthly variation in physicochemical parameters of River Romi is shown in Figure
4.1-4.4. There was significant difference in all the physicochemical parameters in
sampling months except sulphate. Temperature (°C) was significantly highest (p<0.05) in
the month of April (31.91); February (30.97) and March (30.66) did not differ
significantly (p<0.05) but were significantly higher than May (29.84), June (29.00) and
July (27.50) (Figure 4.1). The pH in the months of April (8.87) and May (8.80) did not
differ significantly (p>0.05) but were significantly higher than pH in the months of
February (8.38), March (8.13), July (7.97) and June (29.00). Total dissolved solids
(mg/L) differed significantly among the months of February (282.77), March (117.80)
and April (217.73); on the contrary, May (70.10), June (59.63) and July (56.23) did not
differ significantly (Figure 4.2). Similar trend was observed in the level of EC (uS/cm),
February (664.54), March (354.57), and April (417.17) differ significantly; while May
(139.07), June (117.50) and July (113.30) did not show significant decrease in EC level
(Figure 4.1. The concentration of DO (mg/L) February (5.77) was significantly highest;
there was no significant different between March (5.00) and June (4.93); similarly, April
(2.70) and July (3.72) did show significant variation (Figure 4.2). Month of July (3.06)
had the highest BOD (mg/L), while March (1.51) and April (1.34) had the least (Figure
4.2). There was no significant different in COD (mg/L) between June (437.30) and
February (438.97); similarly, COD in April (417.00) and July (427.33) did not differ

significantly (Figure 4.2).
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Phosphate (mg/L) concentration was significantly highest in March (0.18) but was
comparable to April (0.13), May (0.14), June (0.16), while July had the least PO, level
(Figure 4.2). There was no significant different in NO3 (mg/L) concentration among the
months of February (2.33), May (2.35), June (2.44) and April (2.30) but were
significantly higher than March (2.12) and July (2.13). There was no significant
difference in SO, level among the sampling months (Figure 4.3). Total phosphorous
(mg/L) did not differ significantly (p<0.05) in the months of May (2.01) and June (3.02);
similarly, February (1.10), March (1.06) and April (1.31) did not exhibit significant
different. There was no significant difference in total nitrogen (mg/L) in February
(22.36), March (20.36), May (21.36), June (20.89) and July (20.68), while April (17.28)
had the least. There was no significant variation in hardness between May (210.10) and
June (209.50) but were significantly higher than February (177.40) (Figure 4.3); hardness
in March (144.60), April (148.60) and July (141.00) did not differ significantly. There
was no significant reduction in alkalinity (mg/L) level from February (131.23) to March
(128.50) but decreased significantly in April (86.70), May (71.43), June (49.77) and July
(43.20) (Figure 4.4). Oil and grease (mg/L) was significantly highest in March (128.25),
while February (0.39), April (0.23), May (0.23), June (0.04) and July (0.18) did not differ

significantly (Figure 4.4).
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4.2 Physicochemical Parameters across Sampling Stations for February to July,
2015

The results of physicochemical parameters from the month of February to July are shown
in Table 4.1. There was significant (p<0.05) difference in temperature across the stations
which ranged from 29.00°C at ST2 to 31.98°C at ST1. There was no significant (p>0.05)
difference between ST1 (31.98°C) and ST3 (31.65°C) as well as ST4 (30.27°C) but they
differed from ST5 (31.07°C) and ST2 (29.00°C). In the same way, ST4 and ST5 did not
differ significantly (p>0.05); also the temperature at ST5 and ST2 did not differ from
each other. The pH of the sampling stations ranged from 7.80 at ST4 to 8.98 at ST3.
There was no significant (p>0.05) difference in pH at stationsST2 (8.81), ST3 (8.89); but
pH values differed significantly from ST1 (7.91) toST4 (7.80). While,ST5 (8.41) was
comparable to both groups. The TDS leveldid not differ significantly (p>0.05) between
ST1 (306.00mg/L) and ST2 (307.83mg/L); but differed from ST3 (266.00mg/L) and ST4
(257.00mg/L). Electrical conductivity did not differ significantly (p>0.05) across all the
stations except at ST5 (611.33uS/cm) (Table 4.1). Dissolved Oxygen (DO) did not differ
significantly (p>0.05) across all the sampling stations. Biological Oxygen Demand
(BOD) at ST1 (2.55mg/L) was significantly (p>0.05) higher than the other stations. In the
same vein, Chemical Oxygen Demand (COD) was significantly highest at ST1 (465.00).
There was no significant difference in COD between ST2 (440.00mg/L) and ST3
(441.00mg/L) but differed from ST4 (431.00mg/L) and ST5 (417.17mg/L). The level of
phosphate across the stations were slightly more in ST4 (0.13mg/L) and P (0.14mg/L)
than the others. Parameters such as Phosphate, Sulphate as well oil and grease did not

differ significantly (p>0.05) within the sampling stations for the month of March.
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Table 4.1: Physicochemical values of River Romi in February, 2015

Parameters ST1 (MeantSE) ST2 ST3 ST4 ST5 Average
Tempt. 31.98%+0.06 29.00°40.06  31.65°+0.69 30.27"+0.29  31.07"+0.35 30.97+0.21
pH 7.91°+0.19 8.81%+0.27 8.98+0.38 7.80°+0.08 8.41°°+0.14 8.380.13
EC 696.33°+2.88 665.50°+20.95 680.00°+10.36  669.67°+8.61  611.33°+18.23  664.57+7.84
TDS 306.00°+1.52 307.83°+11.10 266.00°+19.85  257.00°+8.81  277.00°°+12.85 282.77+6.41
DO 5.38%+0.53 6.18°+0.40 5.45%+0.61 5.73%+0.21 6.12°+0.37 5.77+0.19
BOD 2.55%+0.06 2.34%+0.12 2.03°40.12 2.18"+0.05 1.99°+0.12 2.22+0.06
coD 465.00°+4.28 440.00"+6.83  441.67°+5.43  431.00°+1.00 417.17°48.21  438.97+3.75
Phosphate ~ 0.11%+0.02 0.13%+0.03 0.11°°40.01 0.10°#0.01 0.14%+0.02 0.12+0.23
Nitrate 2.25°+0.04 2.36"+0.05 2.76°+0.04 1.93°+0.02 2.35°+0.16 2.330.06
Sulphate 9.47%+0.43 9.17*+0.21 9.67°£0.72 8.39°+0.11 8.43%°+0.12 9.030.19
TP 0.95"+0.03 0.92°+0.04 0.92°+0.02 0.92°+0.09 1.78°+0.19 1.100.07
TN 20.97°+0.50 23.64°+0.59  19.39°+0.04 20.60°40.07  27.22°+0.17 22.36+0.54
Hardness  168.33%+7.15 185.83°+10.21 165.67°#3.97  178.00°+10.20 189.17°+2.86  177.40+3.57
Alkalinity ~ 153.33%+21.41  126.50°+3.90  123.50%2.61  125.17°+3.19  127.67°+251  131.23+4.63
Oil and 0.27°+0.08 0.07°+0.04 0.45%+0.15 0.42°°+0.20 0.72°+0.14 0.39 £0.07
grease

Key:

Temp. = Temperature, TDS = Total DissolvedSolids,EC = Electrical Conductivity, DO =

Dissolved Oxygen, BOD = Biological Oxygen Demand, COD = Chemical Oxygen

Demand, TP = Total phosphorous, TN = Total nitrogen.
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The nitrate level was significantly (p<0.05mg/L) higher at ST3 (2.76mg/L); while ST1
(2.25mg/L), ST2 (2.36mg/L) and ST5 (2.35mg/L) did not differ significantly (p>0.05)
but differed from ST4 (1.93mg/L). Sulphate was slightly more in ST3 (9.67mg/L)
compared to other stations but differed significantly (p<0.05) from ST4 (8.39mg/L).
Total Phosphorous (TP) at ST5 (1.78mg/L) was the only station that showed significant
(p<0.05) difference. The Total Nitrogen (TN) across the sampling stations differed
significantly (p<0.05) in this increasing order ST5: (27.22mg/L) >ST2 (23.64mg/L) >ST1
(20.97mg/L) >ST3 (19.36mg/L). Hardness and alkalinity did not differ significantly
(p>0.05) across all the sampling stations. The level of oil and grease increased slightly
among the sampling stations with ST5 (0.72mg/L) significantly (P<0.05) higher than ST1

(0.27mg/L) and ST2 (0.07mg/L) (Table 4.1).

Table4.2 shows the physicochemical parameters of RiverRomi, Kaduna State for the
month of March. Temperature, pH and Electrical conductivity did not differ significantly
(p>0.05) across all the sampling stations of the river. Dissolved oxygen varied slightly
within the sampling stations with ST2 (4.17mg/L) having the least and the highest was
5.95mg/L at ST3. The DO did not differ significantly (P>0.05) across the sampling
stations except atST2 and ST3. Biological Oxygen Demand differed significantly
(p<0.05) across all the sampling stations in this order: ST1 (2.00mg/L) >ST3 (1.60mg/L)
>ST5 (1.45mg/L) >ST2 (1.27mg/L) >ST4 (1.22mg/L). The COD did not differ
significantly (p>0.05) from one station to another;ST5 (371.67mg/L) from ST1

(325.83mg/L), ST2 (342.50mg/L) and ST4 (326.67mg/L) except at ST3 (300.00mg/L).
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Table 4.2: Physicochemical values of River Romi in March, 2015

Parameters Station 1 Station 2 Station 3 Station 4 Station 5 Average
Temperature  31.56°+0.77 30.82%+0.69 30.82°+0.72 30.78%+0.69 29.33%+1.13 30.66+0.37
PH 8.18%+0.43 8.25%+0.41 8.07°£0.39 8.06*+£0.40 8.08+0.38 8.130.17
EC 400.67°£96.31  355.17°+76.41  338.33°+69.17  336.00°#67.41  342.33%£69.05  354.57+32.05
TDS 200.50%47.94  177.83%£39.01  171.83%#35.72  169.50%#33.71  169.33%#34.37  177.80+16.14
DO 4.78%+0.20 4.17°+0.61 5.95%0.77 5.04"+0.32 5.08"+0.34 5.00+0.23
BOD 2.00°+0.06 1.27°°+0.09 1.60°+0.06 1.22°+0.06 1.45"°+0.09 1.51+0.06
COD 325.83"+523  342.50ab+17.12  300.00°+13.17  326.67*°+25.78  371.67°#10.22  333.33x7.91
Phosphate 0.10*+£0.00 0.10*+0.00 0.26%#0.15 0.26%#0.15 0.18%#0.01 0.1820.04
Nitrate 2.18%+0.09 2.07%+0.11 2.19%+0.08 1.75°+0.37 2.40°+0.11 2.12+0.09
Sulphate 8.98°+0.16 8.38+0.13 8.51°+0.10 8.97°+0.37 8.40°+0.11 8.65+0.10
T/phosphate ~ 0.92°+0.03 0.95"+0.02 0.83"+0.05 0.95"+0.2 1.63%+0.07 1.06+0.06
T/nitrate 19.66°+0.23 19.50°+0.26 20.01°+0.13 20.21°+0.30 22.41%+0.25 20.36+0.22
Hardness 128.83°+3.21  139.50"°+2.78 132.33"42.60  141.50°+4.24 180.00°+4.34  144.60+3.77
Alkalinity 140.83%+4.65  127.33"+4.19 122.00°43.06 ~ 135.17%+1.96  117.17°+4.21  128.50+2.23
Oil and 23.75°+10.44  21.87°+9.78 21.52°+9.40 19.18%+8.74 24.91°+11.04  22.25+4.13
grease

Key:

Temp. = Temperature, TDS = Total DissolvedSolids,EC = Electrical Conductivity, DO =

Dissolved Oxygen, BOD = Biological Oxygen Demand, COD = Chemical Oxygen

Demand, TP = Total phosphorous, TN = Total nitrogen.
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There was no significant difference between nitrogen content of ST1 (2.18) and ST5
(2.40); also it did not differ significantlybetweenST2 (2.07) and ST3 (2.19) except at ST4
(1.75) which was significantly (p<0.05) lower than the other stations. Total phosphorous
in station 5 (1.63) was significantly (p<0.05) higher than all the other sampling stations
(ST1-0.92, ST2-0.95, ST3-0.83 and ST4-0.95). Similarly, Total Nitrogen (TN) showed
significant (p<0.05) level of increase at ST5 (22.41),while sampling stations 4, 3, 2 and 1
did not differ significantly. The hardness of water was significantly (p<0.05) highest at
ST5 (180.00); while ST4 (141.50) did not differ from ST2 (139.50) and ST3 (132.33) but
differed significantly (p<0.05) from ST1 (128.83) which did not differ from the last two
stations. The alkalinity contents of ST4 (135.17) and ST1 (140.83) were similar (p>0.05);

likewise those ofST3 (122.00) and ST5 (117.17).

The physicochemical indices of River Romi for the month of April are shown in
Table4.3. Some physicochemical parameters of the river did not vary significantly
(p>0.05) across the sampling stations, while others varied. Parameters such as
Temperature, total dissolvedSolids, electrical conductivity,dissolved oxygen, chemical
oxygen demand, phosphate, nitrtate, sulphate, total nitrogen, hardness and alkalinity did
not differ significantly (p>0.05) across the sampling stations even though there was slight
increase in concentration for each afore-mentioned parameter. The pH at ST1 (8.85), ST2
(9.16), ST3 (9.06) and ST4 (8.91) did not differ significantly (p>0.05) from each other

but they were significantly (p<0.05) higher than ST5 (8.33).

Table 4.3: Physicochemical Values of River Romi in April, 2015
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Parameters Station 1 Station 2 Station 3 Station 4 Station 5 Average
Temperature  31.95a+0.10 32.30a+0.29 31.91a+0.45 32.20a+0.28 31.20a+0.73 31.91+0.19
PH 8.85a+0.20 9.16a+0.06 9.09a+0.03 8.91a+0.15 8.33b+0.18 8.87+0.08
EC 401.50a+23.19 424.00a+18.41 431.17a+19.07  427.50a+29.90 401.17a+5.31  417.17+8.13
TDS 200.33a+8.26 212.00a+10.21 214.83a+10.60  231.50a+21.20 230.00a+20.62 217.73+6.69
DO 3.40a+042 2.45bc+0.16 3.18ab+0.43 2.06¢+0.10 2.38bc+0.14 2.70+0.15
BOD 1.68ab+0.10 0.96¢c+0.14 1.80a+0.41 1.08bc+0.08 1.18bc+0.08 1.34+0.11
COD 425.00a£17.65 405.00a+11.76 423.33a+14.53  431.67a+13.27 400.00a+7.30  417.00+5.99
Phosphate 0.13a+0.01 0.13a+0.01 0.13a+0.01 0.14a+0.04 0.14a+0.02 0.14+0.05
Nitrate 2.14a+0.09 2.14a+0.09 2.34a+0.19 2.41a+0.06 2.47a+0.16 2.30+0.06
Sulphate 5.96a+0.15 5.92a+0.93 5.52a+0.16 1.38b+0.17 6.21a+0.78 5.00+0.41
TP 0.77b%0.16 0.85b+0.14 0.80b+0.17 3.21a+0.84 0.90b%0.19 1.31+0.24
T/nitrate 17.87a+3.41 15.90a+2.65 17.49a+4.07 15.53a+2.78 19.62a+3.77 17.28+1.43
Hardness 143.33a+9.81 144.67a+6.48 135.00a+7.57 161.00a+9.74 159.00a+6.98 148.60+3.88
Alkalinity 84.50a+18.56 109.50a+14.43 84.17a+15.42 73.00a+9.14 82.33a+11.21  86.70+6.29
Oil and 0.33%+0.09 0.00b+0.00 0.42a+0.07 0.42a+0.00 0.42a+0.06 0.23+0.04
grease

Key:

Temp. = Temperature, TDS = Total DissolvedSolids, EC = Electrical Conductivity,DO =

Dissolved Oxygen, BOD = Biological Oxygen Demand, COD = Chemical Oxygen

Demand, TP = Total phosphorous, TN = Total nitrogen.

On the other hand, ST2 (2.45) differed significantly from there two groups. Biological

oxygen demand varied significantly from ST3 (1.80) to ST2 (0.96) and ST1 (1.68). The
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BOD level at ST4 (1.08) and ST5 (1.18) did not differ significantly (p>0.05) from each
other and from ST1 and ST2. Total phosphate at ST4 (3.21) was significantly (p<0.05)
higher than those at ST1 (0.77), ST2 (0.85), ST3 (0.80) and ST5 (0.90). The Oil and
grease level varied slightly along the different stations in River Romi. There was no
significant (p>0.05) difference among ST1 (0.33), ST3 (0.42), ST5 (0.42) and ST5 (0.42)

but differed significantly (p<0.05) from ST2 (0.00).

Table 4.4 shows the physicochemical indices of River Romi for the month of May. There
was slight increase in values of parameters such as temperature, dissolved oxygen,
biological oxygen demand, sulphate, and alkalinity but they did not differ significantly
(p>0.05) in the corresponding sampling stations. At ST1(8.22), pH was significantly
(P<0.05) higher than the ones observed at ST2 (7.85), ST3(7.70), ST4 (7.61) and ST5
(7.62). Total dissolvedsolids did not differ significantly (p>0.05) at ST1, ST2, ST3 and
ST4 but differed significantly (p<0.05) fromST5. The electrical conductivity at ST1
(145.50), ST2 (146.22), ST3 (143.00) and ST4 (141.17) were significantly (p<0.05)
different from ST5 (119.00).The COD at ST2(521.67) was significantly highest, followed
by ST5 (410.00) while ST3 (369.33) did not differ significantly (p>0.05) from both ST5
and ST1 (280.17). Also,ST1 did not differ significantly (p>0.05) from ST4 (201.67).
Phosphate level of the sampling stations recorded significant (p<0.05) concentration at

ST1 (0.20) but did not differ significantly at ST4 (0.14) and ST3 (0.14).

Table 4.4: Physicochemical Values of River Romi in May, 2015
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Parameters Station 1 Station 2 Station 3 Station 4 Station 5 Average
Temperature  30.28a+0.42 29.90a+0.68 29.90a+0.71 30.14a+0.77 28.97a+0.97 29.84+0.32
PH 8.22a+0.14 7.85b+0.01 7.70b+0.07 7.61b£0.15 7.62b+0.13 7.80+0.06
EC 145.50a+4.11 146.22a+2.01 143.33a+1.76 141.17a+1.60 119.00b+11.75 139.07+3.04
TDS 73.67a+1.86 72.00a+0.68 72.00a+1.13 72.50a+1.26 60.33b+5.99 70.10+1.52
DO 3.64a+0.09 3.47a+0.10 3.33a+0.30 3.47a+0.19 3.63a+0.21 3.51+0.08
BOD 1.68a+0.20 1.50a+0.10 1.87a+0.07 1.90a+0.07 1.88a+0.21 1.77+0.07
COD 280.17cd+2.76  521.67a+4.77 369.33bc+5.58 201.67d+4.66  410.00b+82.22  356.57+25.51
Phosphate 0.20a+0.01 0.10c+0.01 0.08c+0.00 0.14bc+0.01 0.16b+0.04 0.14+0.01
Nitrate 2.53a+0.07 2.33bc+0.09 2.16¢c+0.06 2.40b+0.03 2.35b+0.02 2.35+0.0.03
Sulphate 4.62a+1.40 3.61a+0.93 4.97a+1.13 2.67a+0.32 3.55a+0.62 3.88+0.43
T/phosphate  1.60b+0.23 4.35abx1.66 0.62b+0.15 1.13b+0.10 2.35ab+0.65 2.01+0.41
T/nitrate 23.57a+0.09 20.46b+0.21 20.46b+0.59 21.15b+0.06 20.96b+0.41 21.36+0.25
Hardness 220.00ab+3.65 234.67a+16.28 189.00b+2.94  201.00ab+6.79 205.83ab+18.01 210.10+5.59
Alkalinity 70.67a+3.93 77.17a+2.59 68.67a+3.52 73.17a+4.51 67.50a+5.20 71.43+1.80
Oil and 0.33a+0.05 0.00b%0.00 0.45a+0.04 0.05b%0.23 0.03a+0.11 0.23+0.04
grease

Key:

Temp. = Temperature, TDS = Total DissolvedSolids, EC = Electrical Conductivity, DO =

Dissolved Oxygen, BOD = Biological Oxygen Demand, COD = Chemical Oxygen

Demand, TP = Total phosphorous, TN = Total nitrogen.

50



The phosphate levels at ST2(0.10), ST3 (0.08) and ST4 did not vary significantly.
Nitrates were observed to be highest at ST1 (2.53) and differed statistically from other
sampling stations; ST4 (2.40), ST5 (2.35) and ST2 (2.33) had similar levels of
concentration (p>0.05) while ST3 (2.16) was significantly least. There was no significant
(p>0.05) difference in total phosphorous levels among the sampling stations except at
ST5(2.35). The same trend was maintained for the total nitrogen in which the significant
(p<0.05) difference was observed at ST5 (0.62). Oil and grease were recorded in the
samples at different proportions except at ST2 and ST3. There was no significant
(p>0.05) difference among ST1 (0.33), ST3 (0.45) and ST5 (0.03); similarly, there was

no significant (p>0.05) difference between ST2 (0.00) and ST4 (0.00).

The physicochemical values of River Romi for the month of June are shown in Table 4.5.
The level of dissolved oxygen and oil and grease did vary along the sampling stations.
Temperature at ST1 (30.10) and ST3 (29.10) did not differ significantly (p>0.05) from
each other; also at ST2 (28.82), ST4 (28.87) and ST5 (28.10) they did not differ
significantly (p>0.05). The pH was lowest at ST3 (7.24) and ST4 (7.24) and did not differ
significantly (p>0.05); similarly, ST2 (97.39) and ST5 (7.340) did not differ significantly
(p>0.05), while ST1 (7.61) was significantly (p<0.05) highest. The total dissolvedsolids
did not differ significantly (p>0.05) among ST2 (57.00), ST3 (61.50) and ST4 (62.50);
but there was significant (p<0.05) increase and decrease at ST1 (96.17) and ST5 (21.00),
respectively. Electrical conductivity at ST2 (115.17), ST3 (122.83) and ST4 (122.83) did
not differ significantly (p>0.05); while ST1 (185.50) was significantly (p<0.05) highest

and ST5 (42.00) was the lowest.
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Table 4.5: Physicochemical Values of River Romi in June, 2015

Parameters Station 2 Station 3 Station 4 Station 5 Average
Temperature 30.10a+0.14 28.82b+0.44 29.10a+0.26 28.87b+0.22 28.10b+0.45 29.00+0.18
PH 7.39b+0.02 7.24c+0.02 7.24c+0.04 7.34ab+0.03 7.36+0.03
EC 185.50a+22.33 115.17b+4.37  122.00b+1.88 122.83b+0.95 42.00c+4.07 117.50+9.50
TDS 96.17a+11.57  57.00b+2.25 61.50b+1.29  62.50b+1.06 21.00c+2.48 59.63+4.97
DO 5.10a+0.41 4.95a+0.56 5.02a+0.56 4.85a+0.44 4.93+0.20
BOD 1.78ab+0.28 2.60a+0.23 2.40ab+0.27 2.23ab+0.39 1.63b+0.07 2.1340.13
COoD 436.00c+3.18  637.17a+2.32  330.00d+6.83 470.00b+23.20  493.33b+5.58  473.30+19.00
Phosphate 0.15b+0.01 0.15b+0.01 0.16b+0.01 0.22a+0.01 0.16+0.01
Nitrate 2.51b+0.03 2.20c+0.05 2.58ab+0.03 2.24c+0.02 2.44+0.04
Sulphate 14.57a+5.38 3.00b+0.07 3.57b£0.05 2.88b%0.06 14.29a+5.39 7.66£1.75
TP 1.37b+0.02 1.27b+0.04 1.35b+0.03 1.51b+0.02 3.02+0.63
TN 22.08a+0.22 19.69¢+0.36 20.63b+0.22  21.60a+0.10 20.47b+0.18 20.89+0.19
Hardness 189.50bc+3.05 231.33ab+6.04 170.00d+8.13 208.83bc+17.28 247.83a+10.18 209.50a+6.68
Alkalinity 79.00a+1.69 53.50b+1.54 43.83c+2.36 28.50d+1.26 44.00c+2.30 49.77+£3.19
Oil and grease 0.00a+0.00 0.00a+0.00 0.10a+0.05 0.10a+0.05 0.04+0.02

Key:

Temp. = Temperature, TDS = Total DissolvedSolids, EC = Electrical Conductivity, DO =

Dissolved Oxygen, BOD = Biological Oxygen Demand, COD = Chemical Oxygen

Demand, TP = Total phosphorous, TN = Total nitrogen.
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There was significant (p>0.05) difference of BOD across all the sampling stations except
ST5 (1.63) in which there was slight decrease in value. The COD for the sampling
stations increased significantly (p<0.05) in this order: ST2 (637.17) >ST5 (493.33) >ST4
(470.00) >ST1 (436.00) >ST3 (330.00). The phosphate level was significantly (p<0.05)
highest at ST5 (0.22) but did not differ significantly (p>0.05) among ST2 (0.15), ST3
(0.15) and ST4 (0.16) and reduced significantly (p<0.05) at ST1 (0.12). At ST1 (2.69)
and ST4 (2.58), the concentration of nitrate did not differ significantly (p>0.05); similar
trend was obtained at ST2 (2.51) and ST4 but differed significantly (P<0.05) fromST3
(2.20) and ST5 (2.24). There was no significant (p>0.05) difference in the amount of
sulphate at ST1 (14.57) and ST5 (14.29); the same level of significant (p>0.05) difference
was observed among ST2 (3.00), ST3 (3.57) and ST4 (2.88). Total phosphorous did not
vary significantly (p>0.05) at all the sampling stations except at ST1 (9.60) that was
significantly (p<0.05) highest. Total nitrogen did not vary significantly (p>0.05) between
ST1 (22.08) and ST4 (21.60) but they differed significantly (p<0.05) from ST3 (20.63)

and ST5 (20.47) in which the later was significantly (p<0.05) higher than ST2 (19.69).

The hardness of water varied significantly (p<0.05) across all the sampling stations in this
order from highest to the lowest: ST5 (209.50) >ST2 (231.33) >ST4 (208.83) >ST1
(189.50) ST3> (170.00). Alkalinity was highest at ST1 (79.00), followed by ST2 (53.50).
At ST3 and ST5 the level of alkalinity did not differ significantly (p<0.05) but it differed

from ST4 (28.50).
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The physicochemical parameter for the month of July at various sampling stations is
shown in Table 4.6. Some parameters such as temperature, phosphate and sulphate did
not differ significantly (p>0.05) across all the sampling stations. The pH was
significantly highest at ST1 (8.31) and ST5 (8.66) followed by ST2 (7.74) and ST4 (7.65)
while ST3 (7.47) was significantly (p<0.05) least. Station 1 had significantlyhigher TDS
than ST2, ST3, ST4 and ST5. At ST1 (164.17), the electrical conductivity was
significantly (p<0.05) higher than the other sampling stations; while ST2 9112.83), ST3
(119.33) and ST4 (116.50) were significantly (p>0.05) the same but differed significantly

(p<0.05) from ST5 (53.67).

The DO (mg/L) differed significantly in this order across the sampling stations: ST1
(4.03) >ST3 (3.93) >ST2 (3.73) >ST5 (3.53) >ST4 (3.35). Biological oxygen demand
was highest at ST5 (3.40) in which it did not differ significantly from ST4 (3.05) and ST1
(3.15). In the same way, ST2 (2.93) and ST3 (2.77) did not differ statistically (p>0.05)
from each other as well as from ST1 and ST5. The COD at ST1, ST2, ST3 and ST5 did
not differ significantly but differed from ST4 (403.33). Nitrate level at all the sampling
stations did not differ statistically from each other except at ST4 (1.40). Total phosphate
differed significantly between ST2 (0.69) and ST4 (0.41) only; while other stations did
not differ statistically from each other and other stations. The total nitrogen level of ST1
(21.75), ST2 (21.03) and ST5 (21.13) did not differ significantly (p>0.05) from each
other; while ST4 (19.99) did not differ significantly (p>0.05) from ST3 (19.50). The
hardness of water at ST1 (178.00) was significantly (p<0.05) higher than ST2 (129.50)

and ST3 (115.00) but not at ST4 (142.00) and ST5 (140.50).
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Table 4.6: Physicochemical Values of River Romi in July, 2015

Parameters Station 1 Station 2 Station 3 Station 4 Station 5 Average
Temperature  28.50°+0.08 2733051  27.13%+0.29 26.97°+0.22 27.55%1.14 27.50+0.26
PH 8.31%0.01 7.74°40.02  7.47°40.02 7.65"+0.08 8.66+0.56 7.9740.13
EC 164.17°+13.97 112.83°+8.77 119.33°+6.25  116.50°+4.65 53.67°+11.49  113.30+7.66
TDS 80.83%+7.46 55.67°+4.06  59.50°+3.40 58.00"+2.73 27.17°45.78 56.23+3.79
DO 4.03%+0.11 3.73"+0.07  3.93*+0.09 3.35%+0.13 3.53%+0.07 3.72+0.06
BOD 3.15%+0.09 2.93"+0.26 2.77°+0.06 3.05%°+0.13 3.40°+0.10 3.060.07
coD 438.33%+4.77  433.33%7.15 430.00°+5.77  403.33°+5.58 431.67°+8.33  427.333.52
Phosphate 0.11°+0.01 0.08%+0.01 0.08%+0.00 0.07°+0.02 0.09°+0.02 0.09+0.01
Nitrate 2.40°+0.08 2.21°+0.04 2.10°+0.02 1.40°+0.33 2.51°+0.09 2.1340.10
Sulphate 5.04°+1.56 2.36°+0.56 29.86°+25.65  4.37°+1.21 4.66°+1.46 9.2645.16
T/phosphate  0.53%°+0.08 0.69°+0.06 0.53*+0.09 0.41°+0.07 0.51*+0.10 0.54+0.04
T/nitrate 21.75°0.78 21.03"+0.35  19.50°+0.22 19.99"+0.33 21.13°+0.16  20.68+0.23
Hardness 178.00%5.27  129.50°+5.18  115.00°+14.95 142.00°+25.06  140.50°+7.28  141.00+6.93
Alkalinity 59.00°+10.31  42.83"°+9.08  44.17"+8.24  39.50"+8.30 30.50%+2.14 43.20+3.78
Oil and 0.28°+0.06 0.10°+0.05 0.35%+0.08 0.10°+0.05 0.07°+0.03 0.18+0.03
grease

Key:

Temp. = Temperature, TDS = Total DissolvedSolids, EC = Electrical Conductivity,DO =

Dissolved Oxygen, BOD = Biological Oxygen Demand, COD = Chemical Oxygen

Demand, TP = Total phosphorous, TN = Total nitrogen.
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Alkalinity at ST1 (59.00) was significantly higher than ST5 (30.50) but did not differ
significantly (p>0.05) from ST2 (42.83), ST3 (44.17) and ST4 (39.50). The level of oil
and grease at ST1 (0.28) and ST3 (0.35) did not differ significantly (p>0.05); similarly,

ST2 (0.10), ST4 (0.10) and ST5 (0.07) similar levels (p>0.05).

4.3  Comparison ofPhysicochemical Parameters in the Dry and Wet Seasons

The physicochemical parameters for the dry and wet seasonsin River Romi are shown in
Table 4.7. There was variation in physicochemical indices in the two seasons but not
significant (p>0.05) except for alkalinity concentration. Temperature was slightly higher
in the dry season (31.18°C) than the wet season(28.78°C); similar trend was observed in
pH of 8.46 and 8.04 for dry and wet seasons respectively.Total dissolved solids
(206.10mg/L and 61.99mg/L), EC (478.76mg/L and 123.29mg/L) and DO (4.49mg/L and
4.05mg/L), were higher in dry season than wet. On the contrary, BOD was higher in wet

season (2.32mg/L) than the dry season (1.69mg/L).

Chemical oxygen demand (mg/L) and PO4 (mg/L) in dry season (396.43 and 0.14) was
higher than that of wet season (55.74 and 0.13). Nitrate (mg/L), total phosphorous
(mg/L), total nitrogen (mg/L) and hardness (mg/L) were higher in wet season (2.31, 1.85,
20.98 and 186.87) than dry season (2.25, 1.16, 20.00 and 156.87), respectively. Sulphate
(mg/L) was higher in dry season (7.56) than wet season (6.93). Alkalinity in dry season
(115.87) was significantly (p<0.05) higher than dry season (54.80). Oil and grease was

higher in dry season (7.62mg/L) than wet season (0.15mg/L).
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Table 4.7: Comparison of Mean Physicochemical Parameters of River Romi in Dry and

Wet Seasons (2015)

Parameters Dry Season (MeanzSE)  Wet Season (Mean+SE) P-value
Temperature 31.18+0.65 28.78+1.19 0.142
pH 8.46+0.38 8.04+0.72 0.426
TDS 206.10+83.10 61.99+7.23 0.087
EC 478.76x£163.91 123.29+13.83 0.055
DO 4.49+1.60 4.05+0.77 0.695
BOD 1.69+0.47 2.32+0.67 0.420
COD 396.43+ 55.74 0.759
PO, 0.14+0.03 0.13+0.04 0.529
NO; 2.25+0.11 2.31+0.16 0.730
SOy 7.56+2.23 6.93+2.76 0.839
Total phosphorous 1.16+0.13 1.85+1.25 0.475
Total nitrogen 20.00+2.56 20.98+0.35 0.528
Hardness 156.87+17.89 186.87+39.72 0.289
Alkalinity 115.87+24.96 54.80+£14.77 0.027
Oil and grease 7.62+12.67 0.15+0.10 0.417




4.4  Principal Component Analysis (PCA) of Physicochemical Parameters

The relationships among physicochemical parameters of River Romi are shown in Figure
4.5.There was positive correlation between TP, BOD, pH, DO, SO4, NO3; and OG; but
higher relationships were estabilished between TP, BOD, DO, pH and SO,. Similarly,
there were positive correlation between Alkalinity, temperature, TDS,EC, andCOD.
Conversely, TP, BOD, pH, DO, SO4, NO3 and Oil and grease correlated negatively with
TN, PO, and hardness. Similarly, COD, EC, TDS, temperature and alkalinity correlated

negatively with TN, PO, and hardness.

45 The Canonical Correspondence Analysis(CCA) of Physicochemical
Parameters and Phytopankton

Physicochemical parameters and phytoplankton interaction in various ways is shown in
Figure 4.6. There was positive correlation among TDS, EC, TP, temperature, hardness,
alkalinity, BOD, PO, and TN. The relationship among hardness, EC, alkalinity was
strongly positive. Cyanophyta (13 species) correlate positively with hardness, EC, TDS
alkalinity, tempenperature, TP, BOD, TN, and PO,. The following parameters: oil and
grease, NO3, SO4, DO and pH correlated positively with each other. They also correlated
positively with Bacillariophyta (20 species). There was negative correlation among
COD, Euglenophyta (1 species) and Cynophyta (13 species). There was positive
correlation of TDS, EC, TP, temperature, hardness, alkalinity, BOD, PO, and TN with

Oil and grease, NO3, SO4, DO and pH.
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Figure 4.5: PCA biplotof the relationship between physicochemical parameters of River
Romi

Key:

Temp = Temperature, TDS = Total dissolvedsolids, EC = Electrical conductivity, DO =
Dissolved oxygen, BOD = Biological oxygen demand, COD = Chemical oxygen
demand, PO4 = Phosphate, NO3 = Nitrate, SO4 = Sulphate, TP = Total phosphorous, TN
= Total nitrogen, Hard = Hardness, Alk. =Alkalinity, OG = Oil and grease.
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Figure 4.6: CCA analysis of the relationship between Physicochemical Parameters and
Phytoplankton of River Romi, Kaduna, Nigeria

Key:

Temp = Temperature, TDS = Total dissolved solids,EC = Electrical conductivity, DO =
Dissolved oxygen, BOD = Biological oxygen demand, COD = Chemical oxygen
demand, PO4 = Phosphate, NO3 = Nitrate, SO4 = Sulphate, TP = Total phosphorous, TN
= Total nitrogen, Hard = Hardness, Alk. = Alkalinity, OG = Oil and grease, Bac. =
Bacillariophyta, Chl. = Chlorophyta, Cya. = Cyanophyta, Eug. = Euglenophyta.
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Total DissolvedSolids, EC, TP, temperature, hardness, alkalinity, BOD, PO, and TN
correlated negatively with COD. Similarly, Oil and grease, NOs;, SO4, DO and pH

correlated negatively with COD.

4.6  The Canonical Correspondence Analysis(CCA) of Physicochemical
Parameters and Zooplankton

Figure 4.7 shows the relationship among physicochemical parameters and zooplankton.
There was correlation between physicochemical parameters and Zooplanktons. There was
positive correlation among alkalinity, TP, pH, TDS, EC, temperature, NO3, TN, OG,
BOD, DO andSO,. The correlation among TN, EC, OG, DO and SO, was positively
strong. Rotifers (11 species) correlated positively with alkalinity, TP, pH, TDS, EC,
temperature, NO3, TN, OG, BOD, DO and SO, but it was strongly positive with TN.
There was positive correlation between Copepoda (6 species) and PO4. While, COD and
hardness correlated negatively. Alkalinity, TP, pH, TDS, EC, temperature, NO3, TN, OG,
BOD, DO andSO, correlated positively with Copepoda and PO, but the former
correlated negatively with COD and hardness. In the same way, Copepoda and PO,
correlated negatively with COD and hardness. Protozoans correlated negatively with

Alkalinity, TP, pH, TDS, EC, temperature, NO3, TN, OG, BOD, DO andSQ,.
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Figure 4.7: CCA analysisof the relationship between Physicochemical Parametersand
Zooplankton of River Romi, Kaduna, Nigeria

Key:

Temp = Temperature, TDS = Total dissolvedsolids,EC = Electrical conductivity, DO =
Dissolved oxygen, BOD = Biological oxygen demand, COD = Chemical oxygen
demand, PO4 = Phosphate, NO3 = Nitrate, SO4 = Sulphate, TP = Total phosphorous, TN
= Total nitrogen, Hard = Hardness, Alk. =Alkalinity, OG = Qil and grease, Prot. =
Protozoan, Clad. = Cladoceran, Cop. = Copepoda, Rot. = Rotifers.
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4.7  The Canonical Correspondence Analysis(CCA) of Physicochemical
Parameters, Phytoplankton and Zooplankton

The physicochemical parameters, phytoplankton and zooplankton interacted in different
ways. Alkalinity, TP, TDS, EC, TN, temperature, NO3;, OG, BOD, DO and SO,
correlated positively with each other. There was strong and positive correlation among
TN, EC and OG. There was positive correlation among PO,, Bacillariophyta, Copepods
and Chlorophyta. Protozoan, Cyanophyta and Euglenohyta correlated negatively. In the
same way, COD, hardness and Cladocera also correlated negatively. Alkalinity, TP, TDS,
EC, TN, temperature, NO3;, OG, BOD, DO and SO, correlated positively with POy,
Bacillariophyta, Copepods and Chlorophyta. The following parameters Alkalinity, TP,
TDS, EC, TN, temperature, NO3, OG, BOD, DO and SO, correlated negatively with
Protozoan, Cyanophyta and Euglenohyta. Similarly, PO,, Bacillariophyta, Copepods and
Chlorophyta correlated negatively with Protozoan, Cyanophyta and Euglenohyta. It also
correlated negatively with COD, hardness and Cladocera. Alkalinity, TP, TDS, EC, TN,
temperature, NO3, OG, BOD, DO and SO, correlated negatively with COD, hardness and

Cladocera.
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Figure 4.8: CCA analysis of the association of Physicochemical Parameters with
Phytoplankton and Zooplankton of River Romi, Kaduna, Nigeria

Temp = Temperature, TDS = Total dissolvedsolids, EC = Electrical conductivity, DO =
Dissolved oxygen, BOD = Biological oxygen demand, COD = Chemical oxygen
demand, PO, = Phosphate, NO3z = Nitrate, SO, = Sulphate, TP = Total phosphorous, TN
= Total nitrogen, Hard = Hardness, Alk. =Alkalinity, OG = Oil and grease,Bac.
Bacillariophyta, Chl. = Chlorophyta, Cya. = Cyanophyta, Eug. = Euglenophyta, Prot.
Protozoan, Clad. = Cladoceran, Cop. = Copepoda, Rot. = Rotifers.
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4.8 Heavy Metals Concentrations in River Romi

The pooled concentration of heavy metals of River Romi is shown in Figure 4.9. There
were variations in concentrations of heavy metals per sampling month. Zinc (0.53mg/L)
had the highest concentration in the month of February, followed by Cr (0.37mg/L), Ni
(0.36mg/L), Pb (0.24mg/L) and Mn (0.22mg/L). All the heavy metals investigated were
present in March. The highest and the lowest heavy metals were found in Cr (0.26mg/L)
and Ni (0.14mg/L), respectively. Zinc (0.23mg/L) was higher than Pb (0.18mg/L) and
Mn (0.18mg/L). In the month of April, Mn (0.32mg/L) had the highest followed by Zn
(0.27mg/L), Cr (0.25mg/L), Pb (0.15mg/L), while Ni (0.12mg/L) was the least. The
concentration of the sampled heavy metals was significantly (p<0.05) highest in Ni
(5.85mg/L). It was followed by Cr (0.50mg/L), Mn (0.3mg/L), Pb (0.28mg/L) and Zn
(0.19mg/L) was the least. Manganese (0.77mg/L) had the highest concentration while Ni
(0.13mg/L) recorded the least. Chromium (0.37mg/L) and Pb (0.31mg/L) were almost of
the same value, while Zn had 0.21mg/L. The level of Pb in the month of July was very
minimal. Manganese (0.79mg/L) had the highest concentration followed by Cr

(0.40mg/L), Ni (0.16mg/L) and Zn (0.01mg/L).
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Figure4.9: Concentration of heavy metals in River Romi
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4.9 Distribution and Composition of Plankton Species in River Romi

4.9.1 Phytoplankton Species

The distribution and composition of phytoplankton species in River Romi are shown in
Table 4.8. Fifty three (53) species of phytoplankton were observed in this study at
different sampling stations in various quantities. Stigonemasp. was the most abundant
during the sampling period and was found in all the sampling stations. The variations in
the abundantmost species were found to be 165, 14, 257, 207 and 121 in ST1, ST2, ST3,
ST4 and ST5, respectively. The most second abundant species was Aphanothece sp. with
a total of 428 distributed in all the sampling stations and the months. Species such as
Oscillatoria (309), Eunotia (272), Diadesmis (210), Coelosphaerina (143) and Pseudo-
Nitzschia (124) species were found to be in decreasing order of abundance. There was
one species of Closterium and Pleurogaster in ST4 and ST2, respectively. Also species
of Desmidium (2)was found in ST3, while Pleurogaster (1) was observed ST2. In the
same way, Opicytlum, Pleurogaster, Protococcus and Staurastrum species were recorded
to be three each. A total of four were found for the species of Anabaena, Tetraedon and
Zygnema, while Stitococcus and Microcystis were recorded to be seven and eight
respectively. The following species were found to be > 10: Centropyxis (10),
Chroococcus (11), Ctenophora (12), Aulacoseira (13), Dactylococcus (14),
Cylindrotheca and Oedogonium were 15 each. Other species ranged between 16 and 125
that were distributed in various amounts among the sampling stations (ST1, ST2, ST3,

ST4 and ST5) along the River Romi.
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Table 4.8: Distribution and Composition of Phytoplankton Species in River Romi, 2015

SIN Taxon ST1 ST2 ST3 ST4 ST5 Total SD Diversity index
Bacillariophyta
1 Amphora sp. 12 29 19 4 4 68 10.64 1.34
2 Melosira sp. 3 1 45 2 0 50 19.49 0.48
3 Gomphonema sp. 6 1 1 4 22 34 8.76 1.05
4 Nitzschia sp. 8 5 14 3 3 33 4.62 143
5 Tabellaria sp. 8 6 8 20 4 31 6.26 1.45
6 Acanthidium sp. 0 3 0 8 46 57 19.62 0.60
7 Navicula sp. 5 4 6 4 10 21 2.49 1.54
8 Eunotia sp. 45 35 64 70 58 272 14.26 1.58
9 Synedra sp. 0 0 0 0 2 2 0.89 0.00
10 Ctenophora sp. 0 9 0 1 2 12 3.78 0.72
11 Mastogloia sp. 10 5 3 0 1 18 3.96 1.14
12 Pseudo-nitzschia sp. 28 38 26 11 21 124 9.88 154
13 Cylindrotheca sp. 0 0 9 3 3 15 3.67 0.95
14 Diadesmis sp. 1 102 74 1 33 210 4491 1.06
15 Tryblionella sp. 0 1 0 0 1 2 0.55 0.69
16 Stauroseiralla sp. 20 4 47 13 3 86 17.95 121
17 Pleurogaster sp. 0 1 0 0 0 1 0.45 0.00
18 Pleurosigma sp. 0 1 2 0 0 3 0.89 0.64
19 Centropyxis sp. 0 1 3 4 2 10 1.58 1.28
20 Aulacoseira sp. 9 3 2 2 2 13 3.05 1.38
Cyanophyta
1 Stigonema sp. 165 14 257 207 121 752 92.49 142
2 Aphanothece sp. 58 55 41 100 173 428 53.70 1.47
3 Oscillatoria sp. 39 15 110 59 74 309 35.92 1.45
4 Calothrix sp. 1 12 1 2 1 16 4.83 1.00
5 Nostoc sp. 13 15 8 1 9 40 5.40 1.43
6 Chroococcus sp. 0 7 1 1 2 11 2.78 1.03
7 Anabaena sp. 0 0 0 1 3 4 1.30 0.56
8 Protococcus sp. 0 0 0 2 1 3 0.89 0.64
9 Stichococcus sp. 1 2 2 1 1 7 0.55 1.55
10 Microcystis sp. 0 0 0 1 7 8 3.05 0.38
11 Gloeocapsa sp. 16 8 0 0 45 69 18.66 0.87
12 Phormidium sp. 4 5 8 30 8 53 10.77 1.30
13 Coelosphaerium sp. 0 13 34 96 43 143 36.98 1.18
Euglenophyta
1 Phacus sp. 2 1 8 11 0 22 4.83 121
Chlorophyta
1 Trentepholia sp. 21 3 2 7 3 36 7.95 1.21
2 Sphaerocystis sp. 6 1 3 0 3 13 2.30 1.23
3 Oocystis sp. 2 0 0 10 5 17 4.22 0.92
4 Scenedesmus sp. 3 9 2 1 27 41 10.85 1.04
5 Closterium sp. 0 0 0 1 0 1 0.45 0.00
6 Oedogonium sp. 0 1 9 5 0 15 3.94 0.85
7 Zygnema sp. 0 0 4 0 0 4 1.79 0.00
8 Ulothrix sp. 4 10 8 3 12 31 3.85 1.49
9 Tetraedon sp. 0 0 4 0 0 4 1.79 0.00
10 Mougeotia sp. 14 9 20 1 12 50 6.98 141
11 Cladophora sp. 1 0 2 2 49 54 21.37 0.41
12 Chaetophora sp. 0 0 1 0 18 19 7.95 0.21
13 Ophiocytium sp. 1 2 0 0 0 3 0.89 0.64
14 Coelastrum sp. 20 4 47 13 3 86 8.76 121
15 Coenocystis sp. 4 0 0 16 0 20 6.93 0.50
16 Geminella sp. 5 2 15 0 1 23 6.11 0.96
17 Desmidium sp. 0 0 2 0 0 2 0.89 0.00
18 Dactylococcus sp. 0 3 1 4 6 14 2.39 1.24
15 Staurastrum sp. 1 2 0 0 0 3 0.89 0.64
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Phytoplankton species diversity was highest in Navicula and Pseudo-nitzschia with 1.54
each; Synedra, Pleurogaster, Zygnema and Desmidium had 0.00 species diversity.

4.9.2 Zooplankton Species

The distribution and composition of zooplankton in River Romi is shown in Table 4.9.
Zooplanktons were not recorded in large quantity compared to phytoplanktons in all the
sampling stations and months. = Microcystis (58)was the dominant zooplankton species
that was distributed in all the sampling stations. Paramecium (49) was the second most
dominant; followed by Paracyclops (36). The following species were found in the order:
Simocephallus (34) >Daphnia (33) = Ceriohapnia (33). The least predominant of the
species was Heliodiatomus (6) of which 2 and 4 were recorded in ST1 and ST5,
respectively. Macrothrixs (8) was found equally distributed in all the sampling stations
except ST2with more. Similarly, Bosnia species was found to be 2 each in ST1, ST3, ST4
and ST5. Diaphnosoma (12) was among the species that was recorded in few number
which was distributed between ST1 (4), ST2 (2) and ST3 (6). In the same way,
Eubranchipus recorded a total of 14 that was distributed within the three sampling
stations namely;ST1 (4), ST2 (2) and ST4 (8). Other species were Cyclops and
Euryceruswhich were found to be 18 each, Nauplus (22), Diaptomus and Onuchocamptus
were also 24 each, Thecamoeba (25) and Polyphemus (31). The highest zooplankton

species diversity was found inDiatomus (2.00), while Spirotomum (0.36) had the least.
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Table 4.9: The Distribution and Composition of Zooplankton Species in River Romi,

2015
S/IN  Taxon S ST2 ST3 ST4 ST5  Total SD Diversity inde
T
1
Protozoan
1 Parameciumsp. 6 18 7 6 12 49 16.67 0.75
2 Spirotomum sp. 2 44 0 8 2 16 16.73 0.36
Cladocera
3 Daphnia sp. 5 10 1 11 6 33 11.37 1.43
4 Simocephallus 2 16 0 4 12 34 12.69 1.14
sp.
5 Ceriodhapniasp. 5 2 6 12 8 33 11.28 1.48
6 Bosmina sp. 2 0 2 2 2 8 2.73 1.39
7 Diaphnosoma 4 2 6 0 0 12 4.56 1.01
sp.
8 Macrothrixssp. 2 4 2 0 0 8 3.01 1.04
9 Eurycercus sp. 6 2 0 2 8 18 6.57 1.22
10  Microcyclopssp. 2 10 14 8 24 58 20.30 1.40
11 Onychocamptus 4 2 2 6 10 24 8.39 1.42
sp.
12 Heliodiaptomus 2 0 0 0 4 6 2.53 0.64
sp.
13 Polyphemusspp 4 5 4 6 12 31 10.56 151
Copepoda
14 Diaptomus sp. 2 4 0 12 6 24 8.85 2.00
15  Eubranchipus 4 2 0 8 0 14 5.47 0.96
sp.
16  Cyclops sp. 7 0 0 7 4 18 6.66 1.07
17 Nauplus sp. 1 2 4 0 6 22 7.97 1.24
0
18  Paracyclopssp. 6 O 0 2 28 36 15.84 0.66
19  Thecamoebasp. 4 1 0 8 12 25 9.31 1.14
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4.10 Correlation between Phytoplankton and Zooplankton Species Composition

The correlation between the phytoplankton and zooplankton species composition are
shown in Table 4.10. There was weak correlation (r = 0.260) between station 2 and
station 1. Station 3 was positively correlated (r = 0.895) with station 1 and moderately
correlated (r = 0.369) with station 2. Station 4 was also correlated (r =0.878) with station
1 and station 3 (0.852). Station 5 exhibited positive correlation (r = 0.716) with station 1,
station 2 (r = 0.486), station 3(r = 0.635) and station 4 (r = 0.784).The zooplankton
species composition did not correlate significantly across all the sampling stations. The
correlation(r = -0.125)  between station 2 and station 1 was low and negatively
correlated. There was no correlation (r = 0.007), between station 3 and station 1, while
station 3 and station 2 (r = 0.349) were positively and moderately correlated. Station 4
and 1 were negatively correlated (r = -0.123), while station 4 and station 2 (r = 0.248) as
well as station 3 (r = 0.100) were positively but weakly correlated. Station 5 correlated
positively with station 1 (0.115), 2 (0.282) and 3 (0.382), while stations 4 (0.084) did not

correlate with station 1 (0.115), 2 (0.282) and 3 (0.382).
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Table 4.10: The Correlation of Phytoplankton and Zooplankton Species Composition

Stations Station 1 Station 2 Station 3 Station 4 Station 5
Station 1 1

Station 2 0.260 1

Station3  0.895 0.369" 1

Station4  0.878" 0.269 0.852" 1

Station5  0.716 0.486" 0.635" 0.784" 1
Station Station 1 Station 2 Station 3 Station 4 Station 5
Station 1 1

Station 2 -0.125 1

Station 3 0.007 0.349 1

Station 4 -0.123 0.248 0.100 1

Station 5 0.115 0.282 0.382 0.084 1

= Significant at p < 0.01
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CHAPTER FIVE

5.0 DISCUSSION

The physicochemical parameters and plankton diversity of River Romi changed
throughout the sampling station along the river’s course within the months of study.
These variations are related to various effluents regularly released into the aquatic
environment as observed in dry and wet seasons. For instance, temperature of water at
sampling station 1 to 5 varied, particularly atstation 1 when the river received effluent in
February. This might be as a result of low waterlevel at that station leading to heating up

of water.

The temperature of River Romi from February to April differed significantly (p<0.05)
across the sampling stations. There was decrease in temperature along the sampling
stations fromMay to July. The change in the temperature observed across the sampling
stations for the separate seasons might be due to differences in the depth of water as the
wet season is characterized by rainfall, thus, could lead to decrease in temperature. High
temperature recorded in this study agreed with the findings of Lekwotet al. (2014) who
noted slightly higher temperatures in the dry season in all the stations than in the rainy
season in River Romi,Kaduna State Nigeria. The pH level of water in February to April
was slightly alkaline(8.46)in all the sampling stations, but in May to July (wet season) the
pH reduced to 7.71. The pH of River Romi is within the WHO recommendation of 6.5 to
8.5, but some sampling stations that had higher pH was associated withrelatively still

nature of water as well as industrial waste, sewage, waste dumping through leaching into
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the soil which ultimately increased the soil alkalinity and consequently the pH increase

(WHO, 1997, 1999).

The Total DissolvedSolids (TDS) was high during the first three months of this study,
which corresponded to the dry season, while the last three months (wet/rainy season) was
low. The difference might be due to evaporation during the dry season which led to
concentration of dissolved substances in water, while the low level during the rainy
season of TDS could be due to increase in volume of water as a result of rainfall, thereby,
leading to dilution and and subsequent reduction in TDS. Similar observation was made
by Oniye et al. (2007) in River Galma and Kubanni, Zaria, Augustus (2011) in Iffie River

Delta State and Ewa et al. (2011) Omoku Creek, Rivers State of Nigeria.

The average Electrical Conductivity (EC) of water in the River exhibited an increase
from February, decrease in March and then slightly increases in April. In contrast, the
average EC during the rainy season was lower than the dry season. The high value of EC
recorded in dry season(February to April) might be due to high accumulation of organic
matter and elemental materials in water which could have led to more ions responsible
for high EC values. On the other hand, the low level of EC recorded in the wet
season(May to July) could be due to increased volume of water from rainfall, which
invariably reduced the contribution of ions (via dilution) in the sampling stations. This
result is in contrast with the report of Agustus (2011) where water samples analyzed in

Ubeji River in June to September (wet season), showed higher conductivity.
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Dissolved Oxygen (DO) was very high at the beginning of the dry season (February and
March) and decreased abruptly in April. This decrease might be attributed to the
microbialactivities whichare often associated with utilization of oxygen and production of
gases such asNHj;, NO, etc. in rivers which is often associated with the increase in
temperature as experienced in April. Marcus and Ekpete (2014) reported that, in
organically rich waters where there depletion of dissolved oxygen typically occurs in the
bottom layer because there is little or no photosynthetic activity or little or no mixing
with oxygen— rich surface layer. In the wet months, the DO level was averagely 4.05
mg/L which was far less than the one recorded in the first two months of dry season. The
reduction in the DO level might be linked to the volume of water during the wet season
which might have led to reduction in microbial activity and the amount of oxygen in the

body of the water body.

The level of Biological Oxygen Demand was very low in the dry season except in
February that was slightly higher. The low level of BOD could be linked to microbial
activities and limited run offs during dry season. In the wet season, the level of BOD
increased. Increase in BOD level might be associated with influx of water due to rainfall
and low activities of microbes. Kaduna refinery industry that discharges liquid effluents
into the River Romi as regards to organic waste disposal migt be responsible for the high
BOD recorded in this study. This is in agreement with the reports of Davieset al. (2008)

in River Omoku Creek, Rivers State that obtained similar range of BOD.
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The levels of COD are within the limits of WHO recommended values with few stations
exceeding the value in all the months which could be attributed to organic contamination
entering the system from municipal and industrial effluents due to urban life and
industrial establishments. These organic materials eventually get broken down by
bacteria, which require oxygen for the decomposition process, leading to depletion of
DO, hence the low DO content of the water. Quinby-Hunt et al. (1986) reported that a
low DOindicates high COD values. The decomposition of organic substances as well as
the self-purification capacity of the water body might have led to low DO recorded. Low
dissolved oxygen level in this study agrees with the findings of Sa’eed and Mahmoud
(2014), who reported an average DO of 3.73 mg/L in Fagge Local Government of Kano

State.

The water analyses during the two seasons were found to have similar phosphate (PO,)
level throughout the study with the exception of the least valueof PO,>recorded in
July.Farming activities around River Romi might be responsible for the introduction of
phosphate through fertilizers applied by farmers. The slight decrease in PO,* level in July
might be due to increase in volume of water in the river that could dilute the leached
phosphate from the farming activities. Total phosphorous also showed variation in this
study. Sources of phosphates include septic tanks overflow, runoff from feedlots, run-off
from agriculture and waste water treatment plants (Ezemoronye and Amogu, 1998). In
addition, detergents with phosphates were a prime source before manufacturers

developed phosphate-free alternatives. Phosphorus gets into water in both urban and
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agricultural settings (Ezemoronye and Amogu, 1998). Phosphorus tends to attach to soil
particles and, thus, moves into surface-water bodies from runoff. A United State
Geological Survey (USGS)study on Cape Cod, Massachusetts showed that phosphorus
could also migrate with ground-water flows. Since groundwater often discharges into
surface water, such as through streambanks into rivers, there is a concern about
phosphorus concentrations in groundwater affecting the water quality of surface water

(Agatha, 2011).

The nitrate (NO3") level of River Romi did not differ significantly (p>0.05) across all the
sampling stations and the months for the two seasons. This implies that the microbial
activities were limited throughout during the sampling period, hence, resulted in reduced
decomposition in the river. Nitrate is a by-product of the aerobic decomposition of
organic nitrogenous matter. Total nitrogen reduced slightly from February to April in the
dry season and then increased in May. Normally only little amounts are found naturally,
but an increase in nitrate levels can come from many man-made sources such as septic
systems, fertilizer runoff and improperly treated wastewater (EPA, 1976; EPA, 1994,
WHO, 1997).As nitrates increase, they act as a plant (algae and macrophytes) nutrient
and cause an increase in plant growth. Upon the deathand decomposition of micro and
macrophytes, dissolved oxygen will be depleted. Water hardness, alkalinity, pH
(associated with buffering capacity) and nutrients such as nitrates, carbonates, and

phosphates, are some of the other important chemical characteristics governing the nature
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and quantity of wastes in the different phases of a natural aquatic system (EPA,1976;

EPA, 1994).

The concentrationsof sulphate in all the sampling stations in all the sampled months were
within theacceptable limit except in February and Julywhere high values sulphate was
recorded. The deviation of the values from the trend might be due of wastes from
industrial and the farming activitiesthatwhich at wereat their peack in July. Sulphate
doses of 1000 to 2000 mg have a cathartic effect on humans, resulting in purgation of the
alimentary canal (Sa’eed and Mahmoud, 2014). Water containing magnesium sulphate at
a concentration of 1000 mg/L acts as a purgative in normal humans, but concentrations
below this are apparently physiologically harmless to the general population (Health

Canada, 1993).

Water hardness was very high throughout the sampling months. This could be attributed
to high level of calcium and magnesium present in the river which might have found its
way into the River Romi from homes and industries. During the dry season, River Romi
is in influent condition, so the river flow is maintained by groundwater discharge.
Usually, there is a direct hydraulic connection between the river system and the upper
portion of the shallow aquifers.This makes the water inappropriate for washing as it
requires large amount of detergent to obtain maximum foam. Based on classification of
water conducted by Roxanne and Tom (2012), softness and hardness water were
measured as follows in mg/L: 0-60 soft, 60 — 120 moderately soft, and 121 — 180

moderately hard and above 180 are hard. Thus, considering this classification, it can be
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deduced that almost all the water samples analyzed in their study in Kano were hard, but

safe for drinking and other domestic purposes (Sa’eed and Mahmoud, 2014).

Alkalinity level decreased progressively from February to July. The reduction might be
due to the decrease in mineral salts contents with increase in rainfall. The Alkalinity
value in water provides an idea of natural mineral salts present in the water. The main
compounds that could have contributed to alkalinity levels include bicarbonates,
hydroxides, phosphates and borates (Wania, 2002). The alkalinity levels assessed in the
water samples of Fagge River in Kano by Sa’eed and Mahmoud (2014) in dry season
were all higher than those recorded in this study. The oil/grease level was generally low
in all the months except in March that had the highest value. The higher value of oil and
grease recorded might haveresulted from industrial effluents of Kaduna refinery that
always end up in River Romi. The values obtained for oil and grease were within WHO
acceptable limit of not more than 10.00mg/L, except for the month of March (Beg et al,

2003).

Electrical conductivity was positively correlated with temperature. Increase in
temperature could have been responsible for high EC recorded in this study.This is
because heat will activate the ionswhich will in turn tend to collide faster (Zabel, 1993).
The same reason might go for the effect of temperature on TDS. In the same way, TDS
was positively correlated with EC. Electrical conductivity is mostly dependent on
quantity of TDS in water. Sulphate concentration was strongly and positively correlated

with DO. This implies that DO is a principal determining factor for the concentration of
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sulphate which might have resulted from the oxidation of sulphur element. This finding is
in contrast to the study of Uzoekwe and Oghosanine (2011) who reported negative

correlation in the physicochemical parameters of Ubeji Creek, Warri, Southern Nigeria.

There was positive correlation betweenBacillariophyta species composition and PO,
concentration. This could insinuate that PO4concentration plays a role in the growth of
Bacillariophyta organism (Stokes, 1975). Chlorophyta was negatively correlated with
both TDS and alkalinity. Excess dissolvedsolids could have lead to decrease in
chlorophyta species composition and vice versa. The species composition of cyanophyta
was negatively quantified by pH level; high or low pH might stress the species
composition. The composition of protozoans and cladocerans were negatively correlated
with temperature, EC, TDS and BOD. Presence of the mentioned physicochemical
parameters could reduce the composition of the protozoans and cladocerans. Copepod
observed in this study was negatively correlated with alkalinity. High or low alkaline has
a drastic effect on copepods abundance. This study is in contrast with the findings of
lloba and Ruejoma (2014) who reported that alkalinity and pH favoured zooplankton
growth and abundance in the river as seen from the positive correlation with pH. The
positive significant influence of conductivity on the abundance of protozoa and
Cladocera could be due to ionic and nutrient enrichment of the river from the surrounding

environment (lloba and Ruejoma, 2014).

The heavy metals were found to be in various concentrations in all the sampling stations

except in July where Pb was not recorded.The absence of Pb in the month of July could
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be attributed to the volume of water in the river that would have led to dilution of the
heavy metal concentration beyond detectable level. The absence of Pb in this study is in
agreement with Mohamedet al. (2010) who worked on some surface water bodies of Nile
Delta in Egypt during wet season in Egypt and recorded low level of lead.The level of Pb
decreased progressively from February to April in the dry season. There was increase in
Pb contents from May to June,while in July no Pb was recorded. The average
concentration of Pb in the two seasons was low(0.19mg/L). This finding is in agreement
with the report of Emeaso (2011) who reported that heavy metal concentration decreased

downstream for Pb.

The average concentration of Mn was high in April during dry season while lower value
was recorded in June. On the average, dry months had lower levels of Mn compared to
that of rainy season. The high level of Mn in the rainy season on average might be
associated with chemical and metal discharges in the municipal waste and industrial
effluents that enters the river. The Cr level was slightly higher in February during the dry
season, while during the rainy season higher value was obtained in July. The higher level
of Cr metal concentration in rainy season than in dry seasonon the average might be
associated with generated domestic wastes and washing off of the earth’s crust by rain.
There was a decrease in quantity of Ni from the first month of dry season to rainy season
except in July where higher value was recorded.High level of Ni in July might be
attributed to other relevant occupational activities like steel making, welding, cutting,

glass and ceramic production etc. as rainfall was high during that sampling month (Vilia-
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Elena, 2006). Likewise Zn level decreased the same way Ni from February to July when
very low value was obtained. The mean concentration of Ni in the dry month was lower
than the one observed in rainy season, the reverse was the case for Zn. The high level of
Zn in the dry season might be associated with evaporation that could result in the
concentration of the metal. The concentration of heavy metals such as Pb and Zn in all the
sampling stations and within the sampling months were all within the permissible limit
recommended by Food and Agriculture Organization (1985). Similarly, Mn was within
the FAO (1985) limit in March and June; also Ni concentration,except in February that
was observed to be above the FAO limit of 0.2mg/L. In contrast, the concentrations of Cr
in all the sampling stations were far above the FAO limit of heavy metals (0.5mg/L). This
might have originated from corrosion of brass fittings of submersible pumps used in
ground water wells as reported by FAO (1997). It could also be due to passage of effluent
from Refinery Channel into River Romi, or from sewage and other industrial wastes or
refuse which may include lead battery that could ultimately leach into the ground thereby
contaminating the water.The presence or absence of Pb, Ni, V and Cd in the refinery
wastewater is an indication that the process of wastewater quantity, quality and
composition may change with changing logistics during the routine shifts run by the

refinery (UNEP, 1992).
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6.0

6.1

CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The receiving water body and wastewater from the Kaduna Refinery have shown to result

in appreciable concentrations of chemical contaminants (including trace metals) in the

water. It can therefore be concluded that

6.2

All the physicochemical parameters were within the WHO permissible limits of
petrochemical effluent parameters except EC in February (664.54 pscm™) and
April (417.17 pscm™), TDS in February (282.77g/mL) COD in all the sampling
months and oil and grease in March (22.25g/mL). All the heavy metals were
above the WHO acceptable limits making the water unfit for drinking.

The highest number of phytoplankton was found in Stigonemasp. (752) and the
lowest was observed in Closteriumsp. and Pleurogastersp. with one each, while,
zooplankton had highest and lowest number in Paramaeciumsp. (49) and
Heliodiaptomussp. (6)

The plankton distribution and abundance were influenced by some
physicochemical parameters of the River.

Recommendations

The state of River Romi is under pollution that needs to be addressed. Based on the

findings of this study, it is recommended that:
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Kaduna Refinery and other companies along the catchment area of River Romi
need to maximize purification of their effluents as some heavy metals were found
to be above WHO acceptable limits.

Environmental protection agency need to intensify monitoring and mitigation of
River Romi as it serves as source of water supply to the community along the
river course.

Further studies need to carry out to ascertain the level of heavy metals in the

benthic stratum as well as the effects on benthic organisms.
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CONTRIBUTION TO KNOWLEDGE

Title: Effect of Kaduna Petrochemical Refinery Effluents on Water Quality and

Planktons of River Romi, Kaduna, Nigeria

Name: Olofinbiyi, Stella Bola

Registration Number: M.Sc./SCIE/ 43988/2012/2013

Programme: MSc. Biology

The study has contributed to the scientific knowledge as follows:

I.  Almost all the physicochemical parameters of River Romi were within the WHO
limits except EC (664.54uS/cm) in February, COD (438.97mg/L) in February and
oil/grease (128.25mg/L), while Ni (5.85mg/L) was the highest heavy metal
recorded in May.

ii.  The most dominant species of phytoplankton was Stigonema sp. (752), while
Microcyclops sp. (58) was the highest zooplankton.

ii.  Phosphate, Bacillariophyta, Copepods and Chlorophyta correlated negatively with

Protozoan, Cyanophyta and Euglenohyta.
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APPENDICES

Appendix I: The Physicochemical parameters of River Romi in February

Temp PH EC TDS DO BOD COD PO4 NO3 SO4 TP TN Hard Alk. OG
319 832 702 302 43 23 450 011 223 85 096 22.07 152 119 01
319 835 704 304 41 27 460 0.13 243 84 0.88 2209 148 120 0.14
318 832 702 302 42 25 470 0.1 223 86 1.06 2205 158 118 0.08
322 749 689 309 6.7 26 470 0.1 219 1044 094 198 184 121 04
321 747 689 309 64 25 480 013 2.2 10.42 0.92 19.6 186 219 0.6
32 751 692 310 6.6 27 460 0.1 221 1046 096 20.2 182 223 0.3
299 921 615 307 45 19 330 0.097 239 864 0.842 19.803 124 139 0.2
299 928 618 306 42 2 340 0.098 241 862 0.863 20.1 130 138 0.1
298 886 615 310 44 21 315 0.099 233 86 0.851 20 122 136 0.9
334 72 180 90 54 18 320 0.097 1961 928 0959 18.954 136 126 47
336 7.3 186 98 5 2 340 0.089 2.032 932 0986 18921 140 146 471
328 721 190 92 52 22 310 0.109 1982 94 0.992 20.184 121 160 47.2
32 8.87 427 214 45 2 430 011 2386 564 095 2471 120 125 0.2
323 878 430 219 42 1.8 460 0.18 2402 564 092 26.8 118 118 0.12
321 792 490 222 43 19 490 0.1 2.181 5.7 1.4 24.9 128 134 0.18
318 91 37 180 23 15 390 013 198 636 049 1028 164 48 0.7
319 92 358 189 25 15 380 016 206 642 032 1036 172 42 0.3
316 92 347 1718 26 14 400 012 184 6 056 10.16 158 40 05
294 8.07 138 69 36 1.3 280 015 238 776 201 2376 212 60 0.4
296 8.07 140 69 333 11 287 018 24 7.8 2 2372 214 64 0.5
291 89 132 71 35 14 288 0.2 236 769 23 23.78 210 62 0.2
311 8 154 76 3.7 21 270 021 265 148 107 2331 228 79 0.2
313 8 156 78 38 19 2716 026 269 153 109 234 226 78 0.4
312 83 153 79 39 23 280 0.2 2.7 146 11 2342 230 81 0.3
305 753 236 122 41 1.2 440 0.1 268 252 1135 2254 180 80 O
305 756 238 122 37 1 430 012 27 256 114 227 186 86 0
302 75 232 122 39 13 450 011 272 254 1131 2248 183 80 O
298 7.67 133 68 55 25 430 012 267 264 784 2159 19 76 O
298 769 133 70 57 23 434 014 287 268 788 2163 194 78 0
298 7.7 141 73 54 24 432 0.1 247 266 782 2156 198 74 0
283 832 130 65 36 31 430 011 223 156 036 1999 168 36 0.2
283 835 136 68 41 29 430 013 243 158 034 2001 172 34 01
286 832 133 60 39 3 430 014 223 154 038 20 164 38 0.3
284 826 193 97 44 31 440 0.08 237 856 0.7 2348 188 82 0.2
28,6 828 197 99 4 3.5 440 009 239 848 0.8 235 198 84 04
288 832 196 96 42 33 460 008 275 852 0.6 2349 178 80 0.5
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Appendix Il: The Physicochemical parameters of River Romi in March

Temp PH EC TDS DO BOD COD PO4 NO3 SO4 TP TN Hard Alk. OG
26.4 776 94 46 3.6 2.3 420 0.1 214 112 055 2009 116 22 0
26 7.8 9% 42 4 2.6 440 0.1 212 114 057 208 118 26 0
26.2 7.76 90 54 3.8 2.2 410 011 216 11 056 20 120 20 0
28.6 7.7 131 63 3.5 3.5 440 006 224 36 082 21.78 140 62 0.1
28.6 7.7 132 65 3.7 3.7 430 0.07 234 34 084 2138 142 66 0.3
28.2 7.73 134 64 3.8 3.3 460 006 231 38 081 2168 141 61 0.2
29.7 732 122 61 4.2 2.1 630 014 246 284 131 2018 244 50 0
29.7 7.36 128 64 4 2 630 016 248 286 135 21 242 52 0
30 7.34 124 60 4.4 2.2 640 012 241 283 133 2014 248 51 0
27.8 744 106 52 5.9 3 640 016 256 316 142 1895 216 56 0
27.8 746 103 55 6 3.1 640 014 258 318 138 1838 218 60 0
27.9 7.4 108 50 6.1 3.2 643 018 254 312 144 19.05 220 52 0
28.6 783 141 70 3.5 1.2 520 01 211 558 065 2018 19 71 0
28.6 788 150 70 3.2 13 540 014 215 578 0.7 2016 1% 78 0
28 7.8 140 73 3.2 14 510 0.09 213 572 058 202 203 68 0
31.5 785 146 74 3.5 1.6 520 008 252 18 807 2104 270 80 0
31.5 785 149 73 3.6 18 510 009 258 16 8.17 2117 272 82 0
31.2 786 152 72 3.8 1.7 530 0.1 248 1.2 7.9 21.09 271 84 0
325 9.08 463 231 27 1.3 420 012 2282 428 102 2169 130 138 O
32.5 9.08 470 233 29 11 430 016 2296 43 122 22 124 160 O
32.8 9.4 462 240 2.8 1.4 350 0.09 24 4.4 118 218 150 121 O
31 9.02 382 190 21 062 420 0.1 189 484 05 9.9 156 76 0
32 9.2 388 190 2 0.64 400 012 202 89 0.72 9.82 142 82 0
33 918 379 188 2.2 0.7 410 016 192 882 048 10.2 166 80 0
29.2 916 524 260 2.7 1 350 0.097 2287 8.001 0.924 18954 136 119 O
29.4 9.18 528 270 29 1.2 35  0.098 229 81 1.002 18865 130 120 O
29.3 9.14 526 265 28 11 260 0091 231 844 094 18984 142 121 O
32.3 7.3 186 93 5.4 14 350 0.101 1896 8.32 0.913 19.897 144 124 439
32.8 7.3 179 90 5.8 1.6 360 0.099 1.706 8.9 0.943 19.968 136 136 43.9
31.9 7.4 188 89 5.3 13 380 0091 1922 85 0.992 20.345 149 144 434
29.9 9.4 618 325 5.2 2.3 420 0.09 245 872 083 2461 164 133 O
29.8 9.4 618 352 54 2.7 430 0.1 247 868 085 228 172 143 0
30.2 943 620 312 53 2.6 440 011 246 87 081 2619 155 123 O
29.8 8.2 712 286 7.2 191 440 015 227 964 099 2273 208 119 0.1
29.8 8.2 714 287 7 2.3 440 017 23 966 101 2275 204 121 0.2
29.9 823 711 285 7 222 470 014 222 962 1 2274 212 120 0.14
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Appendix I11: The Physicochemical parameters of River Romi in April

Temp PH EC TDS DO BOD COD PO4 NO3 S04 TP TN Hard Alk. OG
331 81 708 310 392 24 430 011 266 112 0.92 1933 157 123 0.1
333 81 700 320 43 21 450 012 268 115 0.84 1943 156 133 0.16
332 82 701 300 4.08 23 420 0.1 267 111 098 19.23 158 113  0.12
301 983 656 221 6.89 1.7 450 0.09 284 804 093 1943 172 123 0.8
302 986 656 223 6.7 1.8 450 011 282 814 09 19.45 178 125 0.6
30 98 659 222 68 19 450 0.1 286 8.03 096 19.44 173 124 0.9
29.1 894 495 248 4 15 330 0.1 202 846 0.938 19.808 132 126 0.5
29.12 89 495 251 43 14 340 0101 212 842 0.921 19.906 130 128 0.7
294 898 490 256 44 16 310 0998 192 826 0.948 19.707 140 130 0.3
323 72 184 091 75 18 260 0.107 2.409 8.72 0.702 20.557 138 110 42
324 74 186 93 78 16 270 0.123 2.3 83 0.781 19.889 132 118 425
326 7 182 92 7.7 17 290 0.104 2376 8.89 0.709 20.201 122 120 431
332 913 477 236 4 2.7 430 013 2791 508 115 265 128 117 04
3289 918 480 232 43 26 420 018 286 518 1.2 26.89 130 118 0.6
326 912 462 246 41 28 490 0.12 2599 53 118 264 118 120 0.2
308 9.08 389 194 22 098 400 011 19 588 035 8.39 148 50 0.4
309 908 379 195 21 077 39 01 192 598 042 849 120 58 0.6
31.09 898 400 18 24 092 410 014 194 57 052 828 166 42 0.3
283 765 141 70 28 1.8 370 0.07 206 748 027 19.14 184 76 0.6
286 764 141 76 25 16 376 008 208 752 04 19.12 183 74 0.5
281 74 140 70 27 19 390 0.09 21 746 0.2 19.16 187 79 0.4
314 782 141 70 4 2 360 0.089 223 244 094 2178 196 60 0.3
318 786 146 71 4 2.1 370 0.078 241 248 096 2138 200 63 05
312 78 151 75 4 18 350 0.092 208 242 095 21.78 184 60 0.4
299 721 125 63 3.7 19 330 014 23 348 119 1999 156 41 0
299 73 126 63 36 17 340 012 233 346 12 20.08 148 40 0
29 7.2 127 66 38 1.8 350 016 23 344 118 214 152 42 0
285 722 118 58 6.2 293 310 015 203 368 135 20.65 188 45 0
286 722 116 58 6.1 3 310 017 214 37 14 21.05 190 40 0
287 728 120 61 6.3 307 340 013 208 366 131 206 186 55 0
265 748 105 52 41 26 420 0.08 207 148 034 1895 148 27 0.4
267 74 110 53 4 2.9 430 007 208 138 032 19.05 139 20 0.5
263 75 102 ©51 42 28 410 0.09 204 158 036 19 157 32 0.3
277 747 130 65 36 29 430 008 212 6 0.7 1999 84 60 0.6
277 747 133 67 38 26 440 009 214 62 076 2001 80 58 0.1
279 75 136 69 39 28 450 007 216 61 07 20 82 68 0.2
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Appendix IV: The Physicochemical parameters of River Romi in May

Temp PH EC TDS DO BOD COD PO4 NO3 SO4 TP TN Hard Alk. OG
26,5 758 105 52 34 29 380 009 097 168 056 1895 196 21 0.1
26.7 758 106 52 28 25 400 011 0.2 1.7 0.58 19.08 198 20 0.2
263 7.78 108 52 36 34 410 0.1 093 166 054 2001 200 22 0.3
275 748 127 64 36 3 400 0.03 208 7.08 025 2065 88 58 0
275 748 130 66 35 3.2 410 005 212 712 027 208 86 56 0
273 8 123 62 3.2 33 420 002 21 7 026 2045 84 60 O
29.2 716 121 60 36 15 410 015 26 276 129 2131 168 26 O
293 718 120 67 38 12 415 017 263 274 131 2163 173 28 O
295 714 122 62 39 14 435 013 266 278 128 213 170 24 O
284 732 123 61 6 3.1 500 015 25 3 1.4 21.78 248 31 0.3
286 7.36 125 61 6.5 3 540 019 246 308 142 2168 242 30 0.1
282 73 126 64 6.3 3.2 520 014 258 292 138 2188 252 32 0.2
283 72 140 70 29 16 190 014 23 336 136 2103 188 83 O
283 7.8 140 78 31 18 192 016 245 346 14 2106 179 86 O
287 71 138 74 35 2 198 012 23 332 128 2101 193 80 O
3192 7.86 140 70 33 2 200 0.1 242 196 092 2122 216 62 0.1
3182 7.89 140 72 38 21 210 018 248 198 094 214 220 66  0.08
318 7.82 149 71 42 19 220 012 24 194 09 2118 210 62 0.12
32.7 912 471 234 2 1.2 400 0.097 2434 096 101 215 140 94 O
328 911 490 23 17 1 400 0.11 2463 0.8 122 2238 150 9% O
328 913 463 330 198 14 480 011 266 1.7 1.82 209 132 89 0
311 897 381 191 21 09 420 0.1 221 16 503 934 180 51 0
318 896 362 198 22 098 430 032 241 18 518 9.2 172 48 0
32 82 398 200 24 1 460 008 23 14 5 9.46 192 60 O
29 892 490 245 42 12 270 0.098 256 824 0889 1952 148 132 O
29 8.7 480 248 442 11 260 0.099 246 822 092 19628 152 136 O
298 9.2 490 241 44 13 280 099 268 8.081 0.889 195 150 131 O
323 716 186 94 56 14 380 0.094 00987 1004 1.001 2056 128 131 314
323 718 180 96 6 1 370 0.099 0863 9.88 1.001 2108 141 143 439
323 7.2 190 92 56 13 400 0.154 0966 9.37 0988 2096 130 138 39.8
308 758 689 276 6.2 23 430 009 198 812 092 2065 155 118 O
309 758 680 276 61 21 430 011 196 822 09 2085 159 120 O
31.02 768 69 278 63 22 430 0.1 194 817 09 2035 154 119 O
296 797 650 238 51 2 430 0.09 1.9 8.6 091 2056 200 130 0.7
29.7 797 653 238 54 23 430 011 189 84 092 2058 210 138 0.6
296 8 650 236 53 2.2 436 0.1 191 838 0.9 20.6 190 126 1.2
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Appendix V: The Physicochemical parameters of River Romi in June

Temp PH EC TDS DO BOD COD PO4 NO3 SO4 TP N Hard Alk. OG

302 8 568 298 56 196 400 014 27 816 212 2735 188 131 0.38
30.2 8.2 568 320 5 1.6 410 012 272 82 216 28 176 136 0.4
305 815 576 296 54 18 390 016 271 817 211 2715 190 132 0.52
31.8 87 651 249 7 2 440 014 198 868 1.2 2697 192 122 1
318 873 652 251 6.6 24 433 016 201 87 189 27 196 124 1.2
319 87 653 248 7.1 22 430 012 2 869 121 2687 193 121 0.8
26.7 892 495 245 418 14 390 0165 249 84 1556 21878 172 111 0.2
268 892 505 245 438 13 385 0175 259 848 1.721 22008 181 110 04
269 892 490 249 45 12 395 0165 269 83 15 21.761 176 114 0.1
317 726 188 93 6.2 1.6 340 0.158 2423 8.44 1685 2273 188 127 49.6
319 7.3 186 93 54 1.8 340 0.208 2.004 7.98 1.882 2292 198 133 498
32 714 190 92 58 14 380 0.2 2204 88 1428 2317 170 108 494
326 793 401 200 27 1 410 012 2763 792 123 2801 160 106 0.3
327 1.8 410 300 25 11 430 018 2781 78 131 2792 180 120 05
331 84 422 290 28 1.2 390 0.2 2901 8.08 142 2824 130 92 0.4
296 885 386 193 23 1 390 012 21 448 049 1113 152 58 0.6
292 878 391 197 19 13 400 014 212 432 061 1142 170 56 0.2
30 822 400 200 21 15 380 0.1 216 463 035 11.01 162 62 0.5
26.7 7.1 147 73 31 14 490 025 232 496 376 2188 164 77 0.8
267 79 150 76 32 13 480 028 24 48 386 21.78 162 79 0.2
27 7.4 138 72 33 16 520 019 23 5.04 38 2198 171 81 0.2
312 777 93 46 4 2.2 480 0.07 235 216 087 1999 244 58 04
312 7.7 95 47 38 23 490 008 242 22 089 2001 246 56 01
31 786 91 48 44 25 460 006 228 214 09 20.1 248 54 01
29 722 50 25 4 15 490 021 225 224 158 1999 268 43 0.2
29 722 51 25 3.7 15 510 025 23 23 154 1989 273 40 01
293 7.26 52 29 39 16 480 023 224 222 152 204 266 40 0.3
27 745 31 15 6 15 480 0.2 224 26 147 2084 228 47 0
27.3 748 33 15 56 19 490 023 226 259 149 2082 240 40
27 7.4 35 17 59 18 510 0.2 214 271 145 2088 212 54
25 7.4 27 14 35 36 420 014 27 14 074 2084 156 26
249 74 27 16 33 35 410 012 272 138 076 2064 160 24
251 743 30 13 34 3 430 016 271 142 072 2092 154 28 O
301 991 79 40 36 32 430 003 231 792 027 2141 124 35 0.2
302 99 79 42 38 36 430 004 232 782 03 21.6 126 37 0.1
30 9.92 80 38 36 35 470 005 23 802 028 2139 123 33 01

O O O o
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Appendix VI: The Physicochemical parameters of River Romi in July

Temp PH EC TDS DO BOD COD PO4 NO3 SO4 TP TN Hard Alk. OG
30.20 8 568 298 5.6 196 400 0.14 27 816 212 2735 188 131 0.38
3050 8.73 652 251 66 24 435 016 201 87 189 27 196 124 1.2
3190 87 653 248 7.1 22 438 012 2 8.69 121 2687 193 121 038
30.90 87 651 249 7 2 440 014 198 868 1.2 2697 192 122 1
3180 873 652 251 66 24 433 016 201 87 189 27 196 124 1.2
3140 87 653 248 7.1 22 430 012 2 8.69 121 2687 193 121 038
26.70 892 495 245 418 14 390 0165 249 84 1556 21878 172 111 0.2
26.50 8.92 505 245 438 1.3 385 0175 259 848 1.721 22.008 181 110 04
26.90 892 490 249 45 1.2 395 0165 269 83 15 21.761 176 114 0.1
31.70 7.26 188 93 6.2 1.6 340 0.158 2423 8.44 1685 2273 188 127 49.6
3190 7.3 186 93 54 18 340 0.208 2.004 798 1.882 2292 198 133 49.8
3240 7.14 190 92 58 14 380 0.2 2204 88 1428 23.17 170 108 494
3260 793 401 200 27 1 410 012 2763 7.92 123 2801 160 106 0.3
3270 78 410 300 25 11 430 018 2781 78 131 2792 180 120 0.5
3350 84 422 290 28 1.2 390 0.2 2901 808 142 2824 130 92 04
2960 885 386 193 23 1 390 012 21 448 049 1113 152 58 0.6
2920 878 391 197 19 13 400 014 212 432 061 1142 170 56 0.2
39.50 822 400 200 21 15 380 0.1 216 463 035 1101 162 62 05
2690 7.1 147 73 31 14 490 025 232 49 376 2188 164 77 08
26.70 79 150 76 32 13 480 0.28 24 48 386 2178 162 79 0.2
2750 74 138 72 33 16 520 019 23 5.04 38 2198 171 81 0.2
31.20 7.77 93 46 4 2.2 480 0.07 235 216 087 1999 244 58 04
3120 7.7 95 47 38 23 490 0.08 242 22 089 2001 246 56 01
3120 786 91 48 44 25 460 006 228 214 09 20.1 248 54 0.1
20.10 722 50 25 4 1.5 490 021 225 224 158 1999 268 43 0.2
2980 7.22 51 25 3.7 15 510 025 23 23 154 1989 273 40 0.1
2030 7.26 52 29 39 16 480 023 224 222 152 204 266 40 0.3
2765 745 31 15 6 15 480 0.2 224 26 147 2084 228 47 O
2703 7.48 33 15 56 19 490 023 226 259 149 2082 240 40 O
2730 74 35 17 59 18 510 0.2 214 271 145 2088 212 54 O
2450 74 27 14 35 36 420 014 27 14 074 2084 156 26 O
2409 74 27 16 33 35 410 012 272 138 076 2064 160 24 O
2501 743 30 13 34 3 430 016 271 142 072 2092 154 28 O
30.10 991 79 40 36 3.2 430 003 231 792 027 2141 124 35 0.2
3020 99 79 42 38 36 430 0.04 232 782 03 21.6 126 37 0.1
3010 992 80 38 36 35 470 0.05 23 802 028 2139 123 32 0.2
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