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ABSTRACT

The physcochamicd characteridtics of water in rivers of middle Gama basn were monitored
a twelve gations during a period of two years. These dations were located a various points on
nver Shika, river Kubamni and river Gdma The parameter's messured were pH, dectrica
conductivity, temperature, totd dissolved 0lids, nitrates, phosphates sulphates dissolved
oxygen, COD and BOD. The daa collected wes subjected to multivariate datidica andyds
techniques (Principal component andlyss, Factor andyss Cluder andyss and Discriminant
andyss). Results obtained showed thet principa component and factor andlyd's were able to
isolate factors thet could be usad to effectivdy monitor the water qudity of the basin. Tatd
solids, Chemicd Oxygen Demand, Nitrate and Phogphetes (in that order), were Sgnificant in
the andyds, which proved that agriculturd activities ware a mgor source of pallution in the
area during the wet season and domedtic wadtes during the dry seeson periods. Clugter andys's
dealy ddinested the seasons and sampling dations. The daions on river Kubanni ad its
tributaries and a0 the dations on river Shika were near pafectly grouped. Cluder andyss
wes d0 goplied to the months, where they were dealy divided into rainy and dry months
Disriminant analys's was gpplied to these duders to extract daions that were mare useful in
terms of representative data as wel as months thet were ingppropriatdy dassfied. The output
results from Discriminant andyss were ade to predict dl these in a very convindng manner.,
Fram the overd results obtained, ssmpling could be limited to the identified sations S8 and
D which are Gaskiya Bridge and Tudun Werh Bridge for Kubanni River ad daion S10
which is located near the Zazzau gnnery on the River Shika: This could provide representetive
results far the rivers concarned. It therefore showed that multivariate satidical anayss can be
ussd for tempord and spatid data interpretation in the midde Gama baain.
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Chapter 1 INTRODUCTION

1.1. General

According to the global environment menitoring system (GEMS) survey conducted by United
Nations Environment Programme (UNEP) in 1992, which included about 344 water-monitoring
stations in 59 countries, il was reported that [0 percent of rivers monitored were polluted. The
principal pollutant is domestic sewage. This problem was mainly confincd to the developing
countries, where counts of bacteria associated with sewage were, in places, millions of times
higher than unpoliuted waters. Rosegrant et al (2002) stated that the challenges of growing water
scarcity are heightencd by the increasing costs ol developing new water sources, degradation of
soil in irrigated areas, depletion of groundwater, water pollution and degradation of water relaled
ecosystems and wasteful use of alrcady devcloped water supplies, oflen encouraged by the

sybsidies and distorted incentives that influence waler usc.

Bos and Bergkamp (2001) posited that in addition to human consumption, water is integrally
linked to the provision and quality of ccosystems. On one hand, water is vital to the survival of
ecosystems and the plants and animals that live in them; on the other hand, ecosystems regulate the
quantity and quality of water. Wetlands retain water during high rainfall and release it during dry
periods, purifying it of many contaminants while forests reduce erosion and sedimentation of

rivers and recharge groundwater,

Man’s first interest in the quality of the environment was provoked by hcalth and acsthetic
considerations. Pollution of the environment, especially water, affects the lives of a great number

of people throughout the world especially those living in developing countries. Each year,



hundreds of new chemicals and products are produced and, because many of these substances
differ significantly from natural substances, dctailed biochemical studies have to be designed to
discover any potentially harmful effects. Often when synthetic substances are introduced into the
environment, their movement through the ecosystem is difficult to track. Therefore, there is a need
to have established procedures to monitor what is in the environment at all times. Many of the
synthetic substances are not biodegradable and are of particular concetn especially il they can
accumulate in organisms including man. Such accumulation has effects which are long term in
nature and can causc diseases such as cancers, cardiac disorders and birth defects (Murdoch,

1975).

Wood (1995) stated that the quality of any water body is governed by physicochemical factors and
thus, the monitoring of the parameters is vital for both the long and short term analyses. Thus the
quality of surface waters is a very sensitive issue. Anthropogenic influences (urban, industrial and
apricultural activities), increasing exploitation of water resources, as well as natural processes
(changes in precipitation inputs, erosion and weathering of crustal materials), pollute surface
waters and impair their use for drinking, industrial and agricultural activities. These influences
determine the quality of surface water of a region {Carpenter ct al, 1998). According to Chapman
(1992), because of the spatial and temporal variation in waler quality, a monitoring programme
that will provide a represcntative and reliable estimation of the quality of surface waters is
necessary. Thus, monitoring programmes which include frequent water sampling at dilferent sites
and the measurement of a large number of biological and physicochemical parameters is usually

conducted.



Many chemicals are essential or, at least, beneficial to human health but can be toxic when taken in
excess through means such as food or water. An example is nitrate, a nutrient applied in largest
quantitics for lawn and garden care and crop production. In addition to fertilizer, nitrogen occurs
naturally in the soil in organic forms from decaying plant and animal residues. The presence of
nitrogen at high levels causes methemoglobinemia with an acute toxic response in sensitive
population — children of six months or less. Most humans over one year of age have the ability to
rapidly convert methemoglobin back (o oxyhemoglobin; hence, the total amount of
methemoglobin within the red blood cells remains low inspite of relatively high levels of
nitrate/nitrite uptake. In the soil, bacteria convert various forms of nitrogen to nitrate (NO,). This is
desirable as the majority of nitrogen used by plants is absorbed in the nitrate form. However,
nitrate is highly leachable and rcadily moves with water through the soil profile. If there is
excessive rainfall or over-irrigation, nitrate will be leached below the plants™ root zone and may

eventually reach ground water,

Eutrophication has dramatically increased due to excessive input loads of plant nutrients
phosphorus and nitrogen (Jolainkai, 1992). This is usually observed as the excessive growth of

phytoplankton that turns standing waters and sluggish streams into green (algae bloom).

The dissolved oxygen (DO) content of water is one of the most characteristic quality parameters of
surface water bodies. The DO is depleted by oxygen used for multiple chemical, biological and
biechemical processes that take place within the water body (deoxygenation). There are also other

natural, biological, chemical and physical reactions that that resull in increase in DO (reaeration).



In aquatic environment receiving substantial organic waste load the most important consumer of
oxygen is the biochemical decomposition of organic matter, that depletes the DO level of water by
the amount of oxygen utilized by microorganism for their metabolic activity when decomposing,
feeding on organic substances. The most widely used measure of the organic material content of
matter is the Biochemica! Oxygen demand (BOD), which is the amount of oxygen wtilized by
microorganisms in a unit volume of water for decomposing organic matter during a specificd

period of time.

Chemical Oxygen Demand (CQOD) is the amount of oxygen required to chemically oxidize waste
matter. It is complementary to the BOD test. Its only limitation is that it does not differentiate
unstable from stable organic matler. Because of its faster rate of determination than the BOD test,

it can scrve as a first line test for the dotection of pollution in waler.

Most aquatic organisms are poikilothermic (cold blooded) and so are unable to regulate their core
body temperature. Thercfore, temperature excrts a major influence on the biological activity and
growth of aquatic organisms. Up to a point, the higher the watcr temperature the greater the
biological activity. Fish, insects, zooplankton, phytoplankton and other aquatic species all have
preferred temperature ranges. As temperature gets oo far above or below this preferred range, the
number of individuals of the species decreases until finally there are too few or none. Change in
the growth rate of cold-blooded aquatic organisms and many biochemical reaction rate can often
be approximated by the Q10 rule which predicts that the growth rate will double if temperature
decrcases by [0 C (18" F) within their preferred range (Michaud, i991). Temperature is also

important because of its influcnce on water chemistry. The rate of chemical reactions generally



increases at higher temperature, which in turn affects biological activity. Warm water hold less

oxygen than cool water and some compounds are more toxic to aquatic life at higher temperatures.

The pH of a water sample is a measure of the concentration of hydrogen ions. The term pil was
derived from the manner in which the hydrogen ion concentration is calculated. It is the negative
logarithm of the hydrogen ion (H") concentration. Hence at higher pH there arc fewer frec
hydrogen ions. A change of one (1} pH unit reflects a tenfold change in the concentrations of
hydrogen ion. Factors that generally affect pll are photosynthesis which reduces carbon dioxide in
water and hence acidity and respiration of organic matter which produces carbon dioxide and
hence lowers pll. The pH scale ranges from 0 to 14. A pH of 7 is considered to be neutral.
Substances with pH of less than 7 are acidic, substances with pH greater than 7 are basic. Valucs
for pH are reported in standard units, usually to one or two decimal places depending on the

accuracy of the equipment used,

Total dissalved solids (TDS) comprise inorganic salts and small amounts of organic matter that arc
dissolved in water, The principal constituents are usually cations of calcium, magnesium, sodium
and potassium and the anions of carbonates, bicarbonales, chloride, sulphate and particularly in
groundwater, nitrate fro agricultural use. The TDS originates from natural sources, sewage, urban
and agricultural runoff and industrial wastewater. The concentration of TDS in water varies owing

to different mineral solubilities in different geological zones.



Sulphate is a substance that occurs naturally in water. The sources of sulphate are from the
decomposition of organic maiter, in wastes from industries from rock blasts and the burning of

fossil fuels. Sulphate fertilizers are a major source of sulphate in ambient waters.

Electrical conductivity indicates the degree of turbidity of a water sample. The major effect of
turbidity on humans is simply aesthetic. Furbidity also adds real cost to the treatment of surface
water supplies used for dinking water since the turbidity must be virtually eliminated for effective
disinfection to occur. Particulate matter also provide attachment sites for hcavy metals such as
cadmium, mercury and lead and many toxic organic contaminants such as polychlorinated
biphenyls (PCBs), polychlorinated aromatic hydrocarbons (PAHs), alkyl benzene sulphide (ABS)

and many pesticides.

A number of heavy metals are toxic to humans because of their reaction with substances that have
biochemical components such as enzymes and protein (Fergusson, 1990). The well reported Mina
Mata case in Japan is an example of heavy metal poisoning. Children were born with physical
abnormalities as a result of mercury poisoning. This occurred becausc the population consumed
water and fish highly contaminated with mercury. The discharge of such contaminated water was
over a long pertod of time and was not controlled until the effects were seen. Heavy metals such as

cadmium used in metals plating can cause kidney and bone mass diseases at high concentration,

Botkin and Keller (1998) observed in their work, that agriculture has both primary and secondary

environmental effects. The primary is also called on-site effect and allects an area where the



agricultural practice takes place. A secondary effect or off-site effect is that which affects an

environment away from the agricultural site, typically downstream and vpwind.

Hydrological processes are the decisive factors that affect the fate of pollutants in aquatic systems,
They provide the main transport pathways as well as thc media (water) for the most of the
chemical and biological processes. Therefore, the [ate of pollutants in water is greatly influenced
by the all the elements of the hydrological cycle; namely precipitation, infiltration, surface and

subsurface runoff, interception storage and cvapotranspiration.

1.2 Statement of the problem

In Nigeria the problem of non-availability of potable water in large cities is unprecedented. This is
mainly because of population explosion, migration [rom village to urban arcas and the lack of the
development of new water sources. The industries do not in most cases ¢onform to the effluent
discharge standards. Agricultural practices use fertilizers, pesticides and herbicides which end up
in receiving water bodies. The effect of these substances on man, animal and plants cannot be
overemphasized. Incidents of water borne diseases are rampant as water abstracted from polluted
sources is not properly treated. Water is not testcd at the point of abstraction and after ireatment to
establish its quality. In most cases because of the enormous amount of data that would be required,
the authorities would rather not take action and so make subjective rather than objective

interpretation of the water quality.



1.3 Justification of the study

In a river catchment and sub-catchment, all flows terminate at the water course. This is so because
the various discharges must be subjected to the forces of the hydrological cycle. However, when
the various other components of the cycle are satisficd, the rest Nows to a recciving water body as
surface flow. The sourccs of flow to the water body could be from known or unknown sources.
They can also be intermittent or continuous, accidental or dcliberate. The only way to know the
impact of these external subslances which in some cases may be harmful to man, is to know in
what amounts they are present and whether or not they pose any health or environmental hazard.
This can only be established it moniloring is carried out along the course of the river and at

different times.

River basin authorities in developing countries hardly, if ever, engage in monitoring of river water

quality; mainly because of the dilapidation of equipment and insufficient funding of the exercise.

Although there are scveral efforts to generate data in river basins, cconomic considerations and
manpower shortages have compounded the problem in developing countries. There is therefore the
need to develop a tool for easy identification of pollution sources and reduction in sampling time at

a relatively cheap time..

1.4 Rescarch objectives and research benefits:
This study generally aims to make significant contribution to knowledge on river pollution in

Nigeria. The main tasks of this study shall be:



{1) To generate a reliable river monitoring data for the upper Galma basin and compare them
with past data,
(2) To identify and test multivariate statistical analysis tools suitable for the interpretation of
upper Galma basin pollution data
(3) To provide a suitable framework for ohjective monitoring and analysis of surface water
quality in the upper Galma catchment
The research benefits include the following:
(i)  The popularization of the use of the multivariate statistical analysis tool for objective
water quality data interpretation
(ii) The improvement on the practices of data handling in water monitoring as would be
revealed by model results in view of the usual data scarcity for objective analysis.
(iif)  The probable identification of the most important data required for the classification of

the pollution status of the catchment.

1.5 Limitation of project

Initial thoughts were to include heavy metals in water quality monitering and analysis. However,
preliminary laboratory results and comparisons with carlier analysis (Adakole, 2000 and Oke,
2000) showed that the heavy metal presence in the flow was within the Federal Environmental

Protection Agency (FEPA) guideline values.

Comparative analysis between laboratory results on heavy metal analysis by Garba and Schoncick
(200!} showed that the results ¢annot be relicd upon and rather recommended the Center for

Energy Research and Training, Ahmadu Bello University, Zaria as the best laboratory with most



reliable research facilitics. [{owever, during the course of the project, their units broke down and

thus limited the scope of work. Hence the earlier intention of analyzing heavy metals was

discarded.

1.6 Description of 'roject Arca

1.6.1. Geography

The Kubanni sub-basin is bounded by Jatitudes 117 02° and 11° 12° and longitudes 7° 35" and 7°
45 north of the equator. Most of the area is at elevation 670 mcters above mean sea level. The
Kubanni River is tributary of the Galma River. The basin forms part of the Galma basin and has an
area of 118km®. The Galma basin is bounded by latitudes 10° 37’ and 11° 25° and longitudes 7° 31°
and 8° 45° north of the equator. The Galma basin has an area of 6781km’. The Galma basin is
sitvated mainly in Kaduna State with a small portion ol it extending to Kano and Katsina States.
The Galma River joins the Kaduna River near Kaduna town. Previous surveys conducted (Ismail,
1996) show that the climatic condition of the arca is of semi-arid type. The rainy season lasts from
May to October with August being the wettest month, The basin is under-lain by superficial

alluvial deposits and laterite {Eigbefo, 1978).

The Galma basin is part of the humid tropics marked by low amount of rainfall with a mean annual
rainfall of 1170 mm. Rainfall in the basin decreases northward and begins earlier in the southern
part of the basin in March and ends in October. In the Northern part, the rains start around April
and end carly to mid October. The duration of each storm event is usually short although with
moderately high intensity. The mean annual total rainfall depth is about 11 mm with a maximum

of 80 mm in August and a minimum of 2.5 mm in October. Though the amount of evaporation in

10



the areca varies greatly from one locality to another, the average value is in the range of 6.5 mm to

10.5 mm.

The wind and relative humidity are affected by the south westerly and north casterly wind patterns,
The south westerly wind blows during the wet season (April to Septecmber) and the North westerly
wind blows in the dry season (October to March). Temperature and sunshine are interwoven. The
mean temperatures in this area in the wet and dry seasons are 13°C and 35°C respectively. There is
a remarkable drop in temperature in thc harmattan season. The harmattan season starts in the
month of December and lasts till February. It comes with dust associated with low level anti-
cyclones which settles on the basin and other parts of northern Nigeria. The daily mean sunshine
values are 4.9 hours for the least in August and about 8 hours between November and February.
According to Ogunjobi (2000}, monthly mean humidity is lowest in January/February and could be

as low as 26%, while the highest is in August/September and could be up to 88%.

1.6.2. Geology

According to Ogunjobi (2000), the Galma basin is underlain by the crystalline rocks of the
Basement complex, made up mainly of gneissic complex, meta-sediments and clder granite.
Except at places where the basement complex outcrops, it is overlain by varied thickness of
weathered rocks, laterite soils, alluvium and clays. The southeast part of the basin is dotted in some
places with younger granites of Jurassic age which consists mainly of granite with occasional

interspersc of gabbros, rhyoalite and sycnite
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1.6.3. Vegetation

The vegetation of the Galma basin is of the northern Nigerian guinea savannah type, characterized
mainly by herbs and grasses with (ew deciduous widely scattered trees. The herbs and grasses
grow very lall in some places, although cvergreen trees exist mainly along the perennial rivers and
streams, mango trees dot the plains. Because of the seasonal character of rainfall, the colour of
vegetation of the basin varies. [t is green during the rainy season but becomes yellow or brown in

the dry season

1.6.4. Drainage basin

The Galma basin drains Zaria and some part of Kaduna, The Zaria sub-caichment is made up of
several small rivers, chief of which are the rivers Saye, Kubanni, Shika, Libarbu, Baki, Kinkiba,
Anchau, Danwata and Galma (fig, 1.1). They have other tributaries and natural drains that
contribute flows either seasonally or perennially to them. The three major rivers of interest, namely
Kubanni, Shika and Galma are used for domestic, industrial and agricultural purposes. These rivers
are the main sources of surface water in the Zaria area. River Kubanni has the Kubanni dam
located in Ahmadu Bello University, river Shika has the Shika dam and is used for down stream
irrigation farming, while river Galma has the Zaria dam on it. Rivers Kubanni and Shika drain into

the Galma after their course through Zaria town.

According to Oguejiofor (1994), the Samaru sub-catchment (Kubanni drainage basin) originates in
the precincts of Ahmadu Bello Main Campus, South West of its Teaching Hospital as a trench in
an undulating agricultural land. 1t is fed by four or five tributaries. The Kubanni river has a bank

width of aboul 5m and a bank depth of about 2Zm. The University dam is the main feature on the
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Kubanni and is situated on the Main Campus. The river drains the southern zones of the area and
receives effluent mainly from domestic activities. The A.B.U Tcaching Hospital is situated just
north of the river source and effluent from the hospital is expected to enter into it. The watercourse
is a sluggish meandering type impounded at the Kubanni dam. Downstream flow is maintained by
overflow from the dam, effluents from waste treatment plant, the abattoir and contribution from its
tributarics, The Kubanni River is joined at the dam by a highly polluted Samaru stream which
studies have shown is a major source of pollution to the dam because of the conveyance of

domestic waste water from the Samaru village (Adie, 2001()

River Shika originates at the upland area of Shika village. It is percnnial. [n it course, it crosses the
Sokoto road near NAPRI and is pounded at a downstream point where the Shika dam is located. It
meanders between Samaru and Basawa villages and crosses the old Kano road near NARICT and
flows into the River Galma. Flow in this river is torrential during the rainy season, but reduces
drastically during the dry periods. Bank width and depths are about 5 and 3 meters respectively.

However, there are pondages near culverts where man and animal use all year round.

River Galma has its origin from the Jos platcau highlands. It has a total length of about [ 100K m.
The distance from its source (0 Zaria is about 700Km. It emerges at Zaria through Hunkuyi, passes
behind the north-eastern part of Zaria and behind commercial college afler which it is joined by
river Shika. From there it passes through agricultural arcas as well as rcccives wastes from
industrial and domestic sources. Further downstream, it is joined by River Kubanni. It then flows
southwards towards the Zaria Dam and subsequently to join the Kaduna river at a distance of

70Km downstream.
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The Bindare stream is a tributary of river Galma which flows in the east-west direction and runs
into River Shika within the marshes that also include the confluence of the latter with River
Galma. The stream apart from being the major stream that drains Chikaji industrial complex in
Zaria, also traverses agricultural land as well as receive domestic wastewater. The Galma receives
a lot of industrial effluent before it reccives the Kubanni. The Zaria town water supply is
abstracted at the point of confluence. Agriculiural activities are the major anthropogenic activity in

the area and it goes on all year round relying on the river and wetlands for irrigation.

1.6.5. Settlement Pattern

The Kubanni sub-catchment is located within the Galma river basin. The rivers to be studied are

either the main rivers or their tributary. Villages and other setilements abound in this area as Zaria

(s an urban arca. The major settlements in the study area are:

(1) Shika which has the National Animal Production and Research Institute (NAPRI), the Ahmadu
Belle University Teaching Hospital (ABUTH), a boarding secondary school, pouliry farm, fuel
stations and very large expanse of arable land.

(2) Samaru which is the location of the main campus of the famous Ahmadu Bello University and
its affiliate colleges and centers, several motor mechanic workshops, a medium sized market
and several other higher institutions and schools. The campus is more sparsely populated than
the densely populated Samaru village

(3) Basawa is a scmi-urban settlement which houses a military barracks, the adjoining village, a
chemical research institute, large expansc of cultivated land and a military range.

(4) Paladan is a densely populated settlement. Located within it are the famous Nigerian College of

Aviation and the Nigerian Institute for Transport Technology.{NITT). There are also in this
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arca several fuel stations, a market and food and entertainment area. This arca is adjoined by
Zango, Hanwa, Government Reservation Arca and Kwangila. This area contain most of the
hotels and motels in the town as well as a motor park

(5) Chikaji and Muchiya area are the location of some of the industries in Zaria. We have a
tobacco company, a sced company and scveral other industrial concerns. There is also the
adjoining nucleus village settlement close to the industries.

(6) Sabon Gari and all its appendage places is the central area of the city. [t is the commercial arca
of the city and the most densely populated.

{7) Tudun Wada, Gaskiya, Wusasa and all the adjoining areas are also highly populated. A lot of
commercial activitics are done here. Higher institutions and hospitals abound in this area.

(8) Zaria city, UPE and old Jos road are the oldest scttlement area of the city. The city is highly
populated and the scat of thc Zaria cmiratc council as well as a Local Government

headquarters. The Jos road area is the location for some additional industries,

The main anthropogenic activity in the area under study that affects the quality of surface water is
agriculture. Farming is practiced all year round. In the rainy season crops like maize, millet, guinea
corn, yam, potatoes and pepper arc cultivated. While in the dry scason, vegetables like carrot,
cabbage, tomatoes, okra are cultivated. Fertilizers are intensively applied to provide nutrients for
the crops. The fertilizers commonly in use include product names like urea, super-phosphate and
Nitrogen Phosphate Potassivm {NPK). The main components of these fertilizers arc nitrogenous,
phosphorus, calcium and potassium compounds. Manure is also used to provide nutrients for the
crops. Fishing is common, but on a small scale in the parts of the rivers where there is enough

water. Industrial activitics in the area are of low level. Refuse disposal is a visible problem. Large
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quantities of solid wastes (mainly organic) are produced and form enormous heaps near rivers that
pass through urban areas. These unplanned dumps cause flooding due to blockage of the poorly

built drainages.

Industries are located in two industrial areas — the Chikaji [ndustrial Area and the Jos road
Industrial estate. Whilc the Bindare stream, tributary of River Shika drains the Chikaji Industrial
Area, the Jos road Industrial estate is drained by the river Galma after it has received rivers Shika
and Kubanm. A notable feature of pollution causing activitics is that they operate all year round;
particularly the industries and farming operations, since irrigation resources are deployed in the

dry season.
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Chapter 2 LITERATURE REVIEW

2.1 Water Quality Monitoring

Water quality monitoring of a river can be used to define the existing conditions, detect trends,
and/or establish causes or sources of pollution (Mbarjiorgu, 2003). Singh et al (2004) stated that
surface waters are more vulnerable to pollution due to their easy accessibility for disposal of
wastewater. Anthropogenic activities introduce a range of inorganic substances, many of which are
at concentrations that can be detected in the environment. According to Keller and Wilson (1992)
the detection of these substances is enabled by improved sensitivity of analytical techniques and by
the increased releases of substances into the environment. Municipal and industrial wastcwatcr
discharges constitute a constant polluting source, whereas surface runoff is a seasonal phenomenen
that is influenced by the climate of the region under considcration. It is pertinent to prevent and/or
control river pollution. This can only be accomplished if there is reliable information on the quality
of the water. This data can then be used for effective watershed management and the prediction of

pollution potential.

By far the most important effects that pollutants have on the environment are on aquatic life.
Excessive nutrients from land used for crop production or waste disposal cause an imbalance in the
natural ecosystem and intensify cutrophication in streams and lakes. Pesticides arc accumulated in
aqualic organisms and cventually man through the focd chain. Such accumulation in man is
suspected to be the causc of cancers ((Kakulu and Osibanjo, 1992). Synthetic organic materials
such as industrial chemicals, detergents and other materials are toxic to man, plants and aquatic

life. The effects can be observed in the number of fish Kkills that occur with the release of such
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pollutants into the environment. The chemicals are resistant to ordinary waste treatment processes

and may have long-term effects (Vesiling, 1974).

Oluwande (1988) discussed the causes and effects of polfution. He stated that water is polluted
when its natural composition is altered. The alteration may produce physical, chemical or
biological effect. Physical pollutants include thermal (heat), inert solids and inert liquid chemical

and organic pollution components depending on their sources.

Inert liquid pollutants include oil. Oils do not react, dissolve or mix with water easily. The major
cause of oily water pollution is from the petrolcum industry (Osibanjo, 1988). The main sources
are well blow - outs, tanker traffic and refinery operations. Other sources are industrial machinery

oily wastes, discarded crankcase oil cte.

Iguisi and Madaki {2003) observed that inspite of the four world conferences on the deteriorating
environment and its consequences namely Stockholm - Sweden (1972), Berlin-Germany (1985),
Rio de Janeiro-Brazil (1992) and Beijing — China (2005), environmental degradation still persists,
especially in developing countries. Effluents from industrial activities are discharged untreated into
the rivers. In a study on the cffect of polluted water on irrigated crops, Okafor et al (2002)
observed that vegetables obtained from farms irrigated with polluted water were contaminated
with bacteria of faccal origin. The report concluded that though the pollution was all season, that
of the dry season contains more pathogens in number and kind than during the wet season.

Oguejiofor (1994) also concluded that the intensity of pollution was high during warm, sunny and
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low discharge periods and lower during cold high discharge periods. Adie (2001) found the impact

of non - conservative substances in stream pollution is reduced by dilution during flood periods.

Pollution sources are classified as point and non — points. Point sources are discharges at discrete
points, The origin of the wastes in the stream is either known or readily identified. Monitoring and
contro! of point source discharges is accomplished in the line of the waste strecam, be it pipe or
open channel. Unlike point sources, non-point source poliution is generated from various land use
areas. According to Cornwin and Wagenet (1996) and Salana et al (1999}, 30% to 50% of the
earths’ surface is believed to be affected by non-point pollution. Wang et al {1999) stated that
agricultural activities including the use of pesticides, is the single greatest contributor of non-point
source pollutants. Different human activities gencrate pollutants that accumulate on land. Rainfall
and runoffs convey them ultimately to receiving water bodics. Thus, according to Overton and
Meadows (1976), the non-point source is simply the storm runoff. Calamari and Chiaudani (1984)
stated that the number of possible contaminating substances in a water body is almost infinite;
therefore, it is usually difficult to have a unified approach in tackling the factors that affect the

fates of such contaminants in the water body.

Dix (1981) defined effluents as being turbid liquids which consist of 99.9% water containing
complex compounds ol organic and inorganic matters. They occur in the form of visible suspended
solids, very finely divided suspended solids, colloidal particles, dissolved compounds and
microorganisms such as protozoa, bacteria and viruses. Sixty six percent (66%) of organic matter
present in effluents causes objectionable odour and colour due to the anaerobic bacteria reactions

that take place within it. Wastewater is made up of both organic and inorganic matter. 1t is
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composed of paper, faeces, urine, soap, detergents, fats, oils, greases and food materials. The
inorganic substances present include sand, clay, ammonia gas, ammonium salts derived from the
decomposition ol urine, metallic salts, nitrates, phosphates etc. The precise composition of the
effluent varies according to its origin and its industrial output or input which in some cases can

contribute up to fifty percent (50%) by volume of total wastewater.

Kaduna Environmental Protection Agency (KEPA, 2000) stated that the Kaduna Refinery and
Petrochemical Company (KRPC) discharges solid, liquid and gaseous waste which includes slop
oil emulsions, heat cxchange bundle cleaning sludge, cooling tower and\or tank bottom sludge,
spent caustic, spent catalysts, miscellaneous process wastes, wastewater, maintenance and material
handling waste {rom its corrugated plate separator. The average rate of cffluent discharge from the
company into Romi River was cstimated at 3600 m® /day. This same river is used by the
inhabitants of Romi and other adjoining vitlages for domestic and agricultural activitics. Adakole
(2000) reported that between 1972 and 1981, Nigeria recorded 957 cases of oil spill incidents
resulting in a loss of 1,415,156 million barrels of oil. Chinonyere (2000} alsc reported that there
were certain cases of overload of the Kaduna Refincry waste treatment plant from where polluted

water ultimately ended in the Romi River.

James (1993) stated that water pollution monitoring models attempt to simulate the changes in the
concentration of pollutants as they move through the environment. The main controlling lactors
that determine the fate of pollutants are the nature of the pollutants, the nature of the environment
and the method of discharge. Egbo (2003) opined that sustainable water resources development is

linked with good environmental stewardship. Some of the contaminants are carcinogens (cancer
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causing), pentagenic (causing inheritable genetic diseases), tetratogenic (causing birth defects),
neurotoxic (destroying nerve tissues) or just plain toxic, with short and long term exposures that
may result in untimely death or deleterious health defects, Facts on death duc to pollution are
unavaiiable, but the experience from what is happening elsewhere can be used to conclude that the

impact could not be different here in Nigeria.

In a state of the art study, Jolankai (1992) stated that the basic objectives of studying the
hydrological, chemical and biological processes of contamination transformation and transport in
aquatic environment are:

(a) to identify and quantify the state of the aquatic environment in both qualitative and
quantitative terms and to reveal its spatial and temporal changes

(b) to quantify the cause and effects relationships. This is the response of various biotic
and abiotic components of the aguatic system to the external, natural and
anthropogenic inputs, with due regard to the interaction of these components within
the water body.

{c) to describe the process mathematically in order to be able to simulate and predict
the changes in the state of the aquatic environment resulting from natural processes
and man made interventions.

In the same report, he stated that the fate of contaminants in aquatic systems is defined by the
following factors:

(i) the type and kind of their external sources

(i1) the transport of the substances via various components of the hydrological cycle

(iii)  the chemical , biclogical and biochemical transformations of these substances from

one form to the other,
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For a stream with point source pollution, the oxygen sag equation (Streeter — Phelps, 1925) can be
used. Researchers have continued to study the effectiveness of this method; and has been observed
by O"Connor (1967) that the oxygen sag equation has the following limitations:

(1) The equation is set to evaluate a single point discharging into a river reach with constant
parameters (flow, depth and reaction rates), with other parameters assumed to be
constant over the river stretch. This assumption can be extended by applying the equation
to the system in a piecewise fashion by linking each piece with a mass balance method.

(2) The model assumes plug flow with constant velocity, but shear forces cause longitudinal
mixing (dispersion) of the flow constituents

(3) The system is characterized as one dimensional hence river is completely mixed laterally
and vertically, hence point sources are assumed to mix instantancously

(4) Zero order Kinetics was originally used to characterize plant activity and sediment
Oxygen demand.

Neither of these phenomena is actually that simple, because application of these principles to

practical works had always met with limited successes.

However, according to Okuofu (1990), the self-purifying capacities of water bodies are being
overtaxed as a result of discharges into them. The result is gross pollution with all its associated
problems. Many new organic and chemical substances are produced each year and some of them
are persistent and non-degradable. Adie (2001) observed that there were some substances in water
that could only transform from one form to another (conservative substances) that are usually

difficult to model using the self-purification model.



Some studies have been conducted on pollution in river Kaduna and other rivers within Kaduna
State { Beecroft (1985), Beecroft et al (1987), Oguejiofor (1994), Adakole (2000), Adic (2001),
Ekanem and Irckpita (2004)}, but not much has been done on the toxicity of the industrial
effluents from the various contributing industries in the study area. 1t is therefore difficult to say if

the industrial effluents are the main pollutants or if other sources exist.

In hot climates, Mara (1986) stated that conventional sewage {wastewater) treatment system is
recommended. However, Otun et al (2006) observed that less than 15% of industries in northem
Nigeria operate a conventional waste treatment plant. Apart from the non-availability, most of the

plants are in different states of decay.

Tebbut (1998) suggested that river water is best sampled at several points across a section and at
several depths. He modified the thought by the fact that industrial wastewater discharges are
intermittent, hence the necessity for an appropriate sampling programme to obtain a true picture of
the discharges. It was emphasized that the more polluted a sample, the shorter the time allowed
between sampling and analysis in order to avoid significant errors. He also stated that it was not
necessary to analyze fish contamination in stream water quality analysis as the measure of such
other constituents as Dissolved Oxygen (DO), Biclogical Oxygen Demand (BOD) and Ammonia

would indicate if water was toxic or non-toxic to fish.

Davis et al (2003) were able to prove that brown algae rcpresent an especially cfficient and

resilient class of bio-absorbents of heavy metals. Ackay et al (2003) hypothesized that trace

elements undergo numerous changes during their transport due to dissolutions, precipitation and
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absorption phenomena. The trace element concentrations in rivers depend not only on industrial
and houschold waste inputs, but also on the geochemical composition of the area. Wang et al
{2003) also stated that pH affects heavy metal uptake by sludge particulates. It was also reported
by Rudd et al (1984) that dissolved organic matter (DOM) could form complexes with heavy

metials. Hence the presence of DOM reduces the metal uptake.

Ekanem and Irekpita {2004) concluded that the result of their assessment of river systems in Zaria
shows that they were already polluted to the extent of major concern. Channels are fast silting up
and therc are obvious signs of nutrient enrichment, which requires the urgent attention of the

authorities concerned.

In view of the spatial and temporal variations in hydrochemistry of rivers, regular monitoring
programs are required for reliable estimates of water quality. This cesults in a huge and complex
data matrix comprised of a large number of physico-chemical parameters, which are often difficult
to interprete and draw meaningful conclusions (Dixon and Chiswel (1996); Simeonov et al (2003).

This large data matrix requires a reliable analysis and interpretation tool.

2,2 Multivariate Statistical Analysis
A good statistical tool can be used to study the temporal and spatial variation of the parameters of
pollution and hence aid in interpreting the data. One of such methods is multivariate statistical

analysis.

According to Abdi (2003), multivariate data analysis (MVDA) comprises of a set of techniques

dedicated to the analysis of data sets with more than one variable. Several of these techniques were
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developed only recently partly because they require the computational capabilities of modern
computers. When muitiple measurements are performed on several samples (observations),
MVDA considers multiple variables in combination. The relationships are formalized in a sct of
structural equations which are the Multivariate models. The observations that are substantially
different from the values estimated by the model are rejected. The techniques are not unified in
their presentation and so, the choice of the proper techniques for a given problem is often difficult.
The methods of multivariatc analysis include Principal Component Analysis (PCA), Factor
Analysis ([A) Correspondence Analysis (CA), Discriminant Analysis (DA), Cluster Analysis
(CA), Multi Linear Regression (MLR), Multivariate Analysis of Variance (MANOVA),
Multidimensional Scaling (MDS), Multiple Correspondence Analysis (MCA) and many other

variants of them.

Cluster analysis (CA), Factor Analysis (FA), Principal Component Analysis (PCA) and
Discriminant Analysis (DA) have widely been used as unbiased methods in analysis of water
quality data for drawing meaningful information (Vega et al, 1998; Reghunat el al, 2002;
Simeonov el al, 2003). Each researcher focused on not more than one method at a time. Helena et
al (2000) stated that the multivariate treatment of data is widely used to characterize and evaluate
surface and fresh water quality. It is uscful in evidencing temperal and spatial variations caused by
natural and anthropogenic factors linked (o seasonality. Simeonov et al {2003) stated that the
multivariate statistical analysis method is used in classification, modeling and interpretation of
large data sets from cnvironmental monitoring programmes; and allows the reduction of the
dimensionality of the data and the extraction of information that will be helpful for the water

quality assessment and management.
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Bates et al (1998) studied the climatic and physical factors that influenced the homogeneity of
floods in South Eastern Australia, They found that the question of what constitutes homogeneity in
terms of flood and basin characteristics and how it can best be defined is problematic. To be able
to establish the homogeneity of the flood data, it was subject to statistical analysis. In a further
analysis of their work by the application of multivariate statistical analysis methods of tree-based
modeliing, canonical variate analystis, cluster analysis and principal component analysis, they werc
able to establish the rclationship between climatic and physical factors by concluding that
differences in scasonal pattern of rainfall has little influence on the statistical distribution of flood

peaks.

Wengliang (2001) researched into the use of the multivariate analysis methods of linear regression
and classification, respectively. He was able to apply the two methods in a secure two party
computing (82C) environment where data were obscrved by two parties who were nol willing to
fully share their private obscrvations with others. This research departed significantly from the
usual norm of data being sent to a central processing facility. [le succcssfully integrated
multivartate techniques into the data treatment and analysis by developing a security mode) which

enabled them solve the problems of data sharing,.

Anderson (2003) stated that the general operation of multivariate analysis involves the following:
» The means and variances of the separate measurcment (for distributions and for

samples) have corresponding relevance

o The different variabies depend on each other
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o The dependence may involve the covariance (that is the average products of their
deviations from their respective means) between them

o  When the covariance is standardized by corresponding standard deviations, we
obtain the correlation coefficient, which scrves as a measure of the degree of

dependence

Abdi {2003), explained that the use of multivariate statistical analysis depends on the type of data
sets. With one data set, the data tables to be analyzed are made of several measurements collected
on a set of units, that is, subjects. In gencral, the units are placed in rows and the variables in
columns. With two data sets, two cases are considered: in the first case, one set of data plays the
role of predictors (independent) variables (1Vs) and the second set of data corresponds to
measurements or dependent variables (DVs). In the sccond case, the different scts of data

correspond to different sets of DVs.

2.2.1 Principal Component Analysis (PCA):

This is a useful technique for the reduction of the dimensionality of a data set consisting of large
numbers of interrelated variables, while retaining as much as possible the variability in the data set
(Singh et al, 2004). According to Hopke (1985), the PCA is a useful pattern recogaition technique
that attempts to explain the variance of a large data set and inter-correlated variables with smaller
sei of independent variables (principal componcents). Mathematically, the method operates from the
covariance matrix, which describes the dispersion of the multiple measured parameters, to obtain
the eigenvalues and eigenvectors (An eigenvalucs, also called a latent root or characteristic value is

a scalar quantity applied to square matrix. The corresponding solution to the given equation is the
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characteristic vector known as the eigenvector). According to Wunderlin et al (2001) and Sigh et al
{2004), the PCA finds the variables (components), which account for as much of the variance in
the multidimensional data as possible. Linear combinations of the original variables and
gigenvectors result in new variables, called the principal components (PCs). Wunderlin et al (2001)
explained that a further rotation of the axis defined by PCA produces new groups of variables
called the varifactors (VFs). The routine for calculation finds the eigenvalues and eigenvectors of
the variance —covariance matrix. Variance-covariance is chosen if all variables are measured in the
same units. Correlation (normalized variance - covariance) is used if data is measured in different
units. Normalization is by dividing all the variables by their standard deviations. The value
obtained is the cigenvalues, which gives a measure of the variance accounted for by the
corresponding eigenvectors. The percentages of variance accounted for by these components are
also given. If most of the variance is accounted for by the first one or two ¢components, then PCA
is successful, but if spread more or less evenly among the components, the PCA is not successful.
According o Wulder (2005), multi-collinearity (ill -conditioned correlation matrix}, is not a
problem in PCA as matrix inversion is not required. According 10 Anderson (2003), the principal
components are linear combinations ol random or statistical variables which have special
properties in terms of variances. They are the characteristic vectors of the covariance matrix, The
interpretation of the PCA is the usc of the deviations ol variables by discarding the linear
combinations which have small variances and interprete those that have large variances. Stroud
{1995) stated that the application of matrices to technelogical problems occurs in the form of
equation of cigenvalues and eigenvectors which can be interpreted as influence factors in

determinant applications.
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2.2.2 Correspondence Analysis (CA):

This is a gencralization of PCA to contingency tables. The factors of CA give an orthogonal
decomposition of the chi — square associated to the table. The rows and columns of the table play a
symmetric role and can be represented in the same plot. The routine finds the eigenvalues and
eigenvectors of a matrix containing the chi — squared distances between all data points. The
eigenvalues, giving a mcasure of the similarity accounted for by the corresponding eigenvectors,
are given for the first four most important eigenvectors (or fewer if there are fewer than four
variables). The percentages of similarity accounted for by these components are also given,
According to Greenacre (1984), the usefulness of correspondence analysis is that the gain in data

inter-probability far exceeds the Joss in information.

2.2.3 Discriminant Analysis (DA):
This provides a statistical classification of samples and it is performed with prior knowledge of
membership of objects (o particular group or clusters such as temporal or spatial grouping of a
sample., Wunderlin et al (2001) stated that the main use of DA is to obtain a group membership {or
a set of predictors. The method consists of finding a transform which gives the maximum ratic of
difference between a pair of group multivariate means to the multivariate variance within the two
groups. According to Wulder (20035) the underlying assumptions of DA are as {ollows:

N the observations are random samples

(1)  each group is normally distributed

(iii)  the variance and covariance matrix for each group is the same

(ivy  each of the observations in the initial classification is correctly classified
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Further, DA helps in grouping the samples sharing common properties. Wunderlin (2601) noted
that Discriminant analysis has been applied successfully to water quality analysis whilc Abdi
(2003) opined that the Discriminant analysis is mathematically equivalent o the multivariate
analysis of variance (MANOVA), and is used when a sct of independent variables arc used o
predict the group to which a given unit belongs (normal dependent variables). The tool combines
the independent variables in order to create the largest Factor (), when the groups are vsed as a

fixed factor in an analysis of variance (ANOVA).

2.2.4 Factor Analysis (FA):

Shuxia et al (2003) described factor analysis as an attempt to cxplain the correlations between
observations in terms of the underlying factors which are not directly observable. Factor analyses
reduce the attribute space from a large number of variables to a smaller number of factors. The
variables with similar characteristics are grouped while some redundant information is taken off.
The few factors produced, which might be a linear combination of the original variables is used to

explain the observed variance of the criginal number of variables.

Singh et al (2004) observed that the principal components analysis is a part of factor analysis.
According to Abdi (2003}, factor analyses arc of two types, known as the confirmatory factor
analysis (CFA) and the multiple factor analysis (MFA). The CFA allows a gencration of models of
an underlying cxplanatory structure, which oflen expressed as a graph. Then the correlations
between the DVs are fitted to this structure. Models are evaluated by comparing how well they fit

the data. Variations over CFA are called structurai equation modeling (SEM),
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In multiple factor analysis, several data tables are combined into one single analysis. The first step
is to perform a PCA for cach table. Then each data table is normalized by dividing all the entries of
the table by the first eigenvalue of its PCA. This transformation - akin to the univariate Z-score —
equalizes the weight of each table in the final solution and thercfore makes possible the
simultaneous analysis of several heterogeneous data tables. According to Wulder (2005) for most
forms of Factor analysis, singularity and multi-collinearity are a problem. The solution to this is

the deletion of singular multi-collinear variables as required.

2.2.5 Cluster Analysis

This method is used to detect the natural groupings in data. Classification is based on the placing
of objects into more or less homogenous groups in a manner that the relationship between groups
is revealed, It actually lacks an undetlying body of statistical theory and requires decision to be
made by the user relating to the calculation of clusters. These decisions have an influence on the
results of the classification. Clustering mecthod could be top-down and thus employ logical
decision; or bottom-up and thus, result in aggregation. The two key steps within cluster analysis
are the measurement of distances between obiects and grouping the objects based on the resuitant
distances. The distances provide for a measure of similarity between objects and may be measured
in a variely of ways such as the Euclidean and Manhattan metric distance. The ideal number of
groups to establish may be assessed graphically or numerically. Graphically the number of groups
is assesscd with a dendogram plet. Numerically the number of cases may be assessed on the
agglomeration schedule by counting up from the bottom to where a significant break in numbecrs

OCCUrs.
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Chapter 3 MATERIALS AND METHODS

3.1 Materials

3.1 (a) Period of Work

In order to monitor the pollution process in the river, the two distinct seasons of the year were taker,
into consideration. The rainy season in the project area lasts from May to October, while the dry
scason reaches its pcak between January and March. Monthly samples were collected during both ir.
the dry and rainy seasons. Sampling was done on the last Saturday of the month. The samples were
collected for a period of two years (January 2005 to December 2006); and the data matrix was

averaged to obtain a single set of data for the parameters.

3.1 (b) Sampling Locations

Twelve stations of varying distances ranging from 1 km to 3 km between them along the course o
the Kubanni, Shika and Galma rivers were selected as sampling points. Thesc stations correspond (¢
flow routes and inflow from discharge points {(fig. 2). The principle for their sclection is that they
represented the best point for gaining access to the rivers and also suitable for easy sampling of the
current water quality status and have a more progressive pollution load. Samples were collectec
from these points as stated in section 3.1 above. The samples were analyzed in the Environmenta
Engincering laboratorics of the Department of Water Resources and Environmental Engineering

Ahmadu Bello University, Zaria and National Research Institute for Chemical Technology, Zaria.
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The description of the locations of the selected sampling stations along the river courses are
enumerated below:
Station 1 — Area F
Situated behind Area ‘F° Senior Stalf quarters of A.B.U .The station is characterized by a rocky
substratum over which the river Kubanni flows. The site is located on a major tributary of the river

Kubanni. The area is highly cultivated and the station is located on a major cattle path. The situation

in this station as at January 2007 is shown in plate 1.

Plate I: Station lin area I as at January 2007

Station 2 — Area BZ
This station is situated behind Area BZ in the senior staff housing area of Ahmadu Bello University

main campus. Samples were collected at a bridge that serves as access route to villages behind the
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Campus. This station is on the main course of River Kubanni just before the impoundment at the
Kubanni dam. The area is highly cultivated and the soil is lateritic in nature even though it is covered
by deposited alluvial soil.

Station 3 — Hayin Dogo

This station is situated north of Samaru village. Samples were collected on the bridge linking
Samaru village to Basawa Village and near the Basawa barracks. The area is highly cultivated with
the site serving as a water hole for cattle. The station is one of the tributaries that drain into River

Shika. The situation on this station as at January 2007 is shown in plate 11

Plate II: Station 3 at Hayin Dogo as at January 2007

Station 4 — Basawa.
This station is situated on the bridge linking Palladan to Basawa village. The area is highly
cultivated with some small scale industrial activities close by such as a bakery, poultry and a ranch.

The army cantonment and several academic institutions are located in this vicinity.
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Station 3 - Zango

The station is sitvated downstream of the Zaria abattoir, The area is highly cuitivated and the station
is on River Kubanni downstream of the dam. Upstream, it receives effluent from the Ahmadu Bello
University waste stabilization pond and domestic drainages from houses in fama’a village and
offices within the area.

Station 6 — Kings Road

The station is situated on a bridge on Kings Road, Sabon Gari, Zaria leading to Commercial College
and is on Bindare Strcam, a tributary of River Shika and receives effluent [rom the contiguous
domestic arca and the Chikaji Industrial Area. The area is highly populated with some agricultural
activities. The station location serves as a refuse dump also and is located in a major irrigation area.
Station 7 — Fire Service

The station is situated on the bridge on Kaduna road .The station is on a tributary of River Kubanni.
This stream originates from the Kufena hills in Wusasa and drains the Zaria city setilement which is
a very densely populated enclave within the ancient walls, The area near the station is intensely
cultivated.

Station 8 — Gaskiva Bridge

The station is situated on the read linking Agoro to Gaskiya in Tudun Wada, Zaria, The station is
down stream of station 7 and located on a tributary of River Kubanni. The area around the station is
densely populated. Closc to the station are refuse dumps. The stream in this stretch receives effluent

from domestic and commercial activities (mechanic workshops and a slaughterhousc).
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Station 11 - Galma

This station is situated close to the bridge on old Jos road. The area is highly cultivated all year
round and contains the Zaria east industrial area. Samples were collected just before River Kubanni
joins the River Galma. This station receives effluent from all the industries in the industrial estate.

The confluence of the two rivers is shown in plate IV.

Station 12 — Kubanni

The station is situated at old Jos road just before draining into River Galma The area is highly
cultivated and populated with a refuse dump close to the bank of the river. Intake point for Zaria
water works is located at the immediate downstream section of the confluence of rivers Kubanni and

Galma.

Plate 1V: the confluence of Kubanni and Galma Rivers
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3.2 Methods

3.2 (a) Parameters Monitored

An electronic sampler was used to collect the sample from below the surface of the river. This was
discharged into a one and a half (1.5) liter polyethylene container. This operation was repeated from
the first to the last station mindful of the time of flow from one station to the other in some cases.

The list of the parameters menitored was influenced by the nature of the discharges from the major
pollution source. Listed in Table 3.1 are the parameters measured and the equipment for field and

laboratory analysis. The laboratory analysis was carried out as recommended in the Standard

Methods (APHA, 1985)

Table 3.1: List of paramecters measurcd and methods of determination

Method of determination

S/No | Water quality parameter
] Temperature
2 Dissolved Oxygen
3 pH
4 Electrical conductivity
5 Biochemical Oxygen Demand
6 Chemical Oxygen Demand
7 Nitrate Nitrogen
3 Phosphate
0 Sulphate
10 Total Dissolved Solids (TDS)

Thermometer

Modifted Wink{er method

Corning EEL digital pH meter

Beckam laboratory conductivity meter
BOD bottle mcthod

Acidificd dichromate method
Phenoldisulphonic acid method
Vanadomolybdophosphoric Acid method
Turbidmetric method,

Gravimetry using cvaporation
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3.2 (b) Laboratory Analysis:

Samples were collected monthly for 24 months. Temperature, pHl and Dissolved Oxygen were

measured immediately the samples got to the laboratory. Electrical Conductivity (EC), Total

Dissolved Solids (TDS), Nitrates, Phosphates, Sulphates, Chemical Oxygen Demand (COD) and

Biochemical Oxygen Demand (BOD) were analyzed thus:

(i) pII: The value was determined electronically using a pll meter with a glass electrode and a

buffer solution of pH 4 and 9 respectively.

(1) the pH meter was washed for 15 — 20 minutes. The electrode was removed from the distilled
water and wiped dry.

(2) the pH meter was standardized using the first buffer solution at the specified temperature (25°C)

(3) the pH meter was switched off and the electrode from the second buffer was removed and rinsed
thoroughly and wiped dry with a clean tissue paper.

(4) the electrode was reinserted into the sample and power restored on the meter, The ph reading was
then taken on the calibrated scale.

(5) the electrode was rinsed and was stored in distilled water,

The average values for pH arc shown in Appendix A. Also the 2005 values are shown in Appendix

A.l, while the 2006 values are shown in Appendix A.2

(i) Electrical Conductivity (EC): According to Tebbut (1998) and Standard Methods (APHA,
1985), the EC can be measured using the Bekam laboratory meter.

(1) the cell was rinsed with distilled water

(2) the sample was then poured into the conductivity cell with a constant valuc (k=1)

(3) the cell was then rinsed with the sample while ensuring that no air bubbles remains in the cell
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(4) the temperature of the sample in each cell was taken with a thermometer. The measured
temperature was used to adjust the electrolytic conductivity meter.
(5) an electrode was inserted into the cell and connected to he meter. The electrical conductivity of
the sample was then rcad off the meter
The average values for Electrical conductivity are shown in Appendix B. Also the 2005 values are

shown in Appendix B.1, while the 2006 values are shown in Appendix B.2

(iii) Temperature: The sample temperature was measurc in the field with a thermometer. The
average values for temperature are shown in Appendix C. Also the 2005 values are shown in

Appendix C.1, while the 2006 values arc shown in Appendix C.2

(iv) Total Dissolved Solids: Gravimetric method by the use of an oven evaporating dish was used.

(1) the evaporating dish was ignited at 105 “C and the cooled to room temperature in a dessicator.

(2) the evaporating dish was then weighed in a balance and recoded as Wy,

(3) 100 mL of the sample was measured and filtered using double filter paper. The filtratc was
poured into and evaporating dish. The dish was then placed in a water bath to dry at a
temperature of 105 °C.

(4) the dish was then cooled in a dessicator to room temperature and weighed as W,

The final weight of total dissolved solids (W) was calculated as in equation 1

W{mg/ L)y =(w —w,)x100 3.1

The average values for total dissolved solids are shown in Appendix D, Also the 2005 values are

shown in Appendix .1, while the 2006 values are shown in Appendix D.2
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{v) Nitrate-Nitrogen: 30ml of sample was evaporated to dryness and cooled. The residue

was dissolved with 2ml phenoldisulphonic acid reagent using a glass rod. The residue was diluted
and translerred to an Erlenmeyer flask. 10ml of 12mM KOH was added and the mixture made up to
100ml with distilled water. Absorbance was measured at 410nm and compared with the nitrate
standard. Distilled water was used as blank. Nitrate - N was calculated using:

Nitrate - N(mg/ L) = Mx1000 3.2
SumpleVolume(ml)

N = Concentration from standard curve.
The average valucs for Nitrates arc shown in Appendix E. Also the 2005 values are shown in

Appendix E.1, while the 2006 values are shown in Appendix E.2

{vi) Phosphate: 35ml of the sample was placed in 50ml volumetric flask and 10mi Vanadate —
Molybdate reagent added and made up to mark with distilled water. Absorbance was measured at
400nm using distilled water as blank and KIi; PO, as standard.

Phosphate was calculated as:

Phosphate — P(mg/ L) = 7x1000 33
SampleVolume(ml)

Where, P = concentration from standard curve.
The avecrage values for phosphates are shown in Appendix F. Also the 2005 values are shown in

Appendix F.1, while the 2006 values are shown in Appendix F.2

(vii) Sulphates: 100ml of sample was placed in a conical flask and 20mi buffer solution added and
stirred. A spoonful of BaCl; crystals was added and mixed. Absorbance is measured after 60 seconds

at 420nm using distilled water as blank and Na,S0, as standard.
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Sulphate was calculated as:

. Sx10
Sulphate(mg /L) = 51000 34
Sample Volume(ml)

S = concentration from standard curve.
The average values for sulphates are shown in Appendix G. Also the 2005 values are shown in

Appendix G.1, while the 2006 values are shown in Appendix G.2

{viii) Dissolved OQxygen (DO): The DO was measured in the laboratory. A 250 ml of sample was
dispensed in the BOD bottlc. 2ml of manganese Sulphate solution was added. 2 ml of alkali iodide-
azide reagent was also added. The bottle was stoppered to exclude air bubbles and then mixed by
inverting the bottle several times. When the precipitate had settled, a clear supernatant was left
above. The bottlc was then shaken again. When the final seutling produced 100 ml of clear
supernatant, 2 ml of Sulphuric acid (Hz80,) was added. The bottle was re-stoppered and mixed by
gentle inversion. A 200ml of the mixture was removed for titration. The extracted 200 ml was
titrated with 0.025N Sodium Sulphate (Na;5,03 .5H.0) to pale straw colour. 1 ml of starch solution

was then added. Titration was continued to the first disappearance of the blue color.

The DO content was calculated thus;

Titre Valiie{(miyx0.2x100
200

DO(mg! 1) = 3.5

The average values for Dissolved oxygen are shown in Appendix H. Also the 2005 values are shown

in Appendix H.1, while the 2006 values are shown in Appendix H.2
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(ix) Chemical Oxygen Demand (COD): 400 mg of Mercury Sulphate (HgS0,) was pipetted into a
reflux flask. 20 ml of sample was added and mixed. 10m! of standard potassium dichromate
(K:Cra07) selution was added. Glass beads heated for one (1) hour was added, The flask was then
attached 1o the reflux condenscr. 30 mi of concentrated H2504 containing Silver Sulphate (Ag;S04)
was added through the open end of the condenser and mixed thoraughly while adding the acid. The
mixture was cooled and the condenser washed with 25 ml of distilled water. The mixture was diluted
to 150 ml with distilled water and then cooled 10 a warm temperature. Three (3) drops of ferine
indicator was added. The mixture was then titrated with ferrous ammonium  Sulphate
(Fe(NH4)2(804);) by a sharp change from blue to green and then to reddish brown. A blank was

refluxed in the same manner. The blank consisted of 20 ml distilled water, with same reagents.

The COD was calculated as:

(-~ 6).Nx8000
miof sample

COD(mg/L) = 3.6

where,

a = ml of (Fe {(NH4):(S04)3) used for blank

b = mt of {(Fe {NH;)2(804):) used for sample

N = normality of ml of (Fe (NH4)2(SOs}) = 0.25
The average values for chemical Oxygen demand are shown in Appendix 1. Also the 2005 values are
shown in Appendix [.1, while the 2006 values are shown in Appendix 1.2
(x) Biochemical Oxygen Demand: [n this test, the BODs was determined, so as to be able to
remove the effect of the oxygen demand exerted by nitrification. The sample used for DO

measurement was incubated tor 5 days. The sample was treated as in the dissolved oxygen analysis
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above after the Fifth (5™) day. The difference between the DO measurement and the results after 5
days gave the BOD.

BOD, = DO{Initial) — DO(After.5 days) 37

The average values for biochemical oxygen demand are shown in Appendix J. Also the 2005 values

are shown in Appendix J.1, while the 2006 values are shown in Appendix 1.2

(xi} Heavy Metals Analysis: Methods for determining the concentrations of heavy mctals vary in

complexity according to the interfering substances that may be present (APHA, 1998). Metals are

determined typically by (i) flame atomic absorption (ii) electothermal atomic absorption (iii)

inductively coupled plasma (ICP) or mass spectrometry. The various classes of metals are:

(a) Dissolved metals which are present in unacidified samples that pass through a 0.45um membrane
filter

(b} Suspended metals which e present in unacidified samples that retain on a ¢.45pum membranc
filter

{c) Total metals which are a total of dissolved and suspended metals of concentration determined on
an unfiltered sample after digestion,

(d) Acid extractable metals which are metals in solution after an unliltered sample is (reated with hot

dilute acid
3.2 (¢) Statistical Analyses of Results

In this research, the four sclected methods of statistical analysis are principal component analysis,

factor analysis, cluster analysis and Discriminant analysis. These methods fit the spatial patterns of
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rainfall and stream flow mecasurements in the tropics. They are also amenable for use in the data

scarce conditions that are prevalent in third world countries.

(i) Principal Componcnt Analysis (PCA):
Data obtained from water quality laboratory analysis be treated by computing factors such as means
and standard deviations for cach of the monitored parameters. The steps to solving PCA problems

are expressed thus:
N

A= (x,-X)(x, - %) 3.8
@=]

And an estimate of ¥ (the population covariance matrix) is expressed as

s=A 3.9
n
Where

§ =the sample covariance matrix

n=N-1

The sample data is converted to Z scores in other to remove the influence of measurements carricd
out in different units. With equation 3.10 it is possible to perform a linear combination of the

variables.

Z =4 " 3.10

where

j=12,....n is the columns

We use the iterative procedure to find the first principal component by com puting:
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AL Szi.H) 3.11
Each successive vector is compared by computing a variance coefficient given by equation (3.12):

) ZU}
)y _
’;' - Z.U_” 3]2

Each of the values of »'”? calculated is an approximation of the value of I;, which is the largest root
of S. The first set of values calculated is S and the matrix of values of S, is b"’. This is multiplied
by its transpose (b"'"),

Then $; is calculated by further iteration as follows:

N 3.13
$, =8, - 1,pOpur
The subsequent principal component is found from
S, =38, __glb{E)b(Z)" 3.14

Application of matrices to technological problems occur in the form of cquation 3.15

AX=2.X 3.15
For a non trivial solution, X # 0 the values of A are called the cigenvalues of matrix A and the
solution to equation (16) is called the cigenvectors.

Therefore,

l4X -1 |=0 3.16
The unit matrix | is introduced since we ¢an only subtract a matrix from another matrix. iA.X —Af ‘

is called the classic determinant, while |A.X - Al |~“~0 is called the characteristic equation.

Expanding the determinant of equation (3.16) gives a polynomial of degree A, while the solution of

the characteristic equation gives the values of the eigenvalues (A) of matrix A.
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These equattons have been written into a programme by STATISTICA, a programme that
incorporaies basic statistics and multivariate analysis. The FORTRAN programme listing of
principal component analysis is shown in appendix K. The flowchart {or principal component

analysis is shown in figure 3.2.

(ii) Discriminant Analysis (DA):

£(G)= kY Wij + P

=l

where;

[ is the number of groups (G)

ki is the constant inherent to each group

n is the set of parameters used to classify a set of data into a given group

Wij is the weight coefficient assigned by DA to a given selected parameter

Pij the analytical value of the selected parameter.

In this research work two groups for temporai (2 seasons) and twelve groups for spatial (twelve
sampling stations) were selected. The station (spatial) and the season {temporal) were the grouping
{dependent) variables, while all the measured parameters constituted the independent variables, A
FORTRAN programme listing of the Discriminant analysis is shown in appendix L. The flowchart is

shown in figure 3.3.

(iii) Factor Analysis (FA):
Factor analysis has no mathematical basis. It works in conjunciion with the principal component

analysis, The factor analysis reduces the contribution made by less significant variables in order to
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simplify even more of the data coming from principal component analysis, 'This is achicved by
rotating the axis defined by the principal component analysis according to such well defined rules as
transformation;. in which case data is rewritten with properties lacking in the original data. Uniike
the principal component analysis which assumes that all the variance is common, facio analysis
assumes there is some unique variance in the data. This is interpreted by the values of ¢igenvalues
obtained.

(iv) Cluster Analysis

The Euclidean distance (between) rows is a robust and widely applicable measure. Distance is

converted to similarity by changing the sign. The Euclidean distance is expressed as equation (2.18)

Euclidean Distance j - E‘:(X‘_; - Xm)

il

2 3.18

Where;

X b = Yariate

X, = Mcan of variates
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Figure 3.2: Flow chart of FORTRAN programme for Principal Component Analysis
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Figure 3.3: Flowchart of FORTRAN programme for Discriminant analysis
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3.2 (d) Operation of the STATISTICA programme

STATISTICA stores its data in a disk file optimized for quick access and storage efficiency. The
data are organized into cases and variables, where cases are equivalent to records in data base
management progtamme {or rows of spread shcets) and variables are the equivalent columns of a
spread sheet. Therefore each case consists of a set of values or variables. Case names are used as
labels only (and not text values), thus they can contain all printable characters (the samc as column
labels. The STATISTICA programme has its own peculiar operational menu. It also has a data file
manager, option for analysis type and a switch between analyses. Data is stored in spreadsheet only
and can be opened from the STATISTICA menu by a specific command. A dialoguc box appears on
the operation of any of the methods of analysis which require specific instructions for the required
analysis to be carried out. Result interpretations are based on the operators experience and

understanding of the multivariate analysis techniques.
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Chapter 4 RESULTS

4.0 GENERAL

The graphs of the values of the parameters obtained at each station and in each month was plotted to
show the time and space variants as well as to justify the averaging of this data for analysis. Figure
4.1(a) and 4.1 (b) shows the values for pH in 2005 and 2006 respectively, while figure 4.2 (a) and
4.2 (b) shows the plot for Electrical conductivity for 2005 and 2006 respectively. Figure 4.3(a) and
4.3(b) is for 2005 and 2006 temperature. Figure 4.4(a) and 4.4(b0 is for total dissolved solids in 2006
and 2007. Others are figures 4.5(a) and 4.5(b) for 2005 and 2006 Nitrates. 2005 and 2006
Phosphates are plotted in figure 4.6(a) and 4.6 (b). Similarly, the sulphate values are plotted in
figures 4.7(a) and 4.7(b) for 2005 and 2006. The plot of 2005 and 2006 dissolved oxygen is plotted
in figures 4.8(a) and 4.8(b), Chemical oxygen demand and biochemical oxygen demand are plotted

in figures 4.9(a) and 4.9(b); and figures 4.10(a) and 4.10(b) for 2005 and 2006 respectively.
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Figure 4.1(a): Plot of 2005 temperature data at each station
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Figure 4.2 (b): 2005 pH values at each station
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Table 4.1 which has average values for stations and table 4.1 which has average value for months
were used for Cluster analysis, Factor analysis and Principal components analysis respectively.
Discriminant analysis was based on the Clusters obtained. The values wee averaged on the basis that
for each year samples were taken progressively from station one to station twelve. The climatic
influence at each sampling run is the same at the time of sample collection and therefore any
extrancous effect would be uniform. Distances between successive station is not more than 3 km
which made it possible to conclude that uniform condition exist in them. The Clusters approximated
to rainy and dry season, in the case of monthly clustering. In the case of sampling stations, they
stations on River Shika and Kubanni were clearly identified. There were two stations located on
River Galma. Though these were not identified as a Cluster, Discriminant analysis pointed them out
as not belonging to any group. Table 4.1 contains the basic statistical data on the parameters. The
parameters obtained were compared with the World Health Organization (WHO, 1993) and Federal

environmental Protection Agency (FEPA, 1991) standards for river water.



Table 4.1: Mean values of Laboratory Results by Stations

STATIONS
PARAMETERS 1 2 3 4 5 o 7 8 9 10 1 12
pH 6.96 6.79 6.99 6.95 7.00 7.23 7.07 7.00 7.08 6.88 6.96 6.93
Conductivity (ps/m) 61.8 96.0 171.0 1235 1725 651.7 284.0 597.3 4423 629 83.8 205.8
Temperature (°C) 226 22.7 23.2 23.0 23.2 242 25.0 258 245 244 259 255
Total Solids (mg/L) 2926 3330 2850 [239.0 271.5 5633 3518 4618 4337 13330 |2097 2451
Nitrate (mg/L) 6.6 5.1 5.0 6.9 5.9 6.0 40 6.7 54 45 31 45
Phosphate (mg/L) 22 29 31 24 20 5.5 23 4.7 43 2.5 2.0 1.7
Sulphates (mg/1.) 78.7 178 66.5 100.8 82 78.3 122.0 76.5 79 132.4 82.4 356
Dissolved Oxygen (mg/l.) | 5.7 5.2 4.6 56 36 3.7 5.0 1.7 47 5.1 56 438
COD (mg/L) 358.3 3633 398.0 368.3 396.2 4853 3936 4707 519.0 440.7 (4147  [395.0
BOD (mg/1.) 10.4 10.8 20.5 13.5 138 61.2 257 521 27.7 12.6 16.0 270
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Table 4.2: Mean values of Laboratory Results by Months

T
MONTHS

PARAMETERS JAN FEB MAR APRIL MAY JUNE JULY AUG SEPT oCT NOV DEC
pH 6.74 7.06 6.78 6.63 7.4 7.04 74 7.05 7.07 6.92 6.95 6.74
Conductivity 1653 163.3 175.4 157.5 3279 25472 299.6 3.7 3163 350 3173 199
Temperature 262 263 26.0 213 18.2 20 20.7 23.0 26.5 265 28.5 25.8

Total Solids 2443 196.6 185.2 1453 194.3 260 330.0 3292 301.2 4973 784.7 0417
Nitrate PN 7.3 69 50 22 190 43 33 109 55 43 36
Phosphate 1.9 1.1 22 2.6 4.9 3.0 3.0 3.1 4.9 4.6 2.7 19
Sulphate 468 74.4 84.7 58.8 471 141.5 146.8 107.5 113.6 1873 50 54.1
Dissolved Oxygen 41 53 52 5.4 6.5 50 4.5 49 3.6 36 4.4 LRy

CcOoD 301.3 332.2 430.3 422 412 273.3 406.7 691.3 419.7 668 319.7 248.3

BCD 203 17.5 18.6 20 0.6 20 72 19.1 223 338 25.2 24.3
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Table 4.3: Summary of Basic Statistics of the Laboratory Results

Parameter Graph ‘ Mean Standard Minimum  |Maximum WHO FEPA
Symbols Deviation Standards Standards
pH Xy 6.99 0.24 6.32 7.41 6-9 69
Conductivity (us/cm) Xz 255.3 206 10 1100 - 1000
Temperature (°C) Xs 24.1 3.3 16 32.7 325-37 40
Total Dissolved Solids (mg/L) Xy 335 104.3 84 1050 - 2000
Nitrates (mg/L) Xs 53 12 0.8 23.6 10 20
Phosphates (mg/L) Xe 3.0 1.2 0.7 18.6 h) 5
Sulphates (mg/L}) X5 92.7 36.7 3.6 860 250 500
Dissolved Oxygen (mg/L) Xg 4.6 0.9 1.0 8.4 4 4
COD {mg/L) X 4169 51.4 88 1000 500 200
BOD (mg/L} X0 243 16.5 4.8 249.6 20 30
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4.1, Cluster Analysis:

4.1.1. Analysis of parameter average values in sampling Stations

(i) Input Data: ‘Table 4.1 contains the average values of laboratory results for each station of
survey. The table is the input data for the clustering analysis for station results,

»  Clustering Method: Variables as contained in each column

*  Amalgamation (linkage) rule: Single [inkage

. Distance measure: Euclidean distances

e  Missing data: Substituted by means

e  Selection of variables for analysis: Select all

Joining Results

*  Number of Variables 12

¢ Number of cases identified 847

+  Rectangular branches are used for joining

Result obtained from the clustering of data in Table 4.1 following the data analysis procedure listed

above is shown in Figure 4.11 below.
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Figure 4.11: Cluster value Plot for average Laboratory values for stations

Figure 4.11 shows the cluster groups obtained. The clusters could be taken as two separate and
distinct groups as follows:

s Cluster 1: S87.59. 88 and S6

e Cluster 2: S5. 82. S10. S12. 83. S11. S4 and S1
Table 4.4 below shows the Euclidean and linkage distance values as obtained by the analvsis.

Table 4.4 Plottine distances for cluster analvsis for sampling stations

Stations Linkage Distance Euclidean distances
T s7 206 h | 275
SO 167 2 348
R B 115 3 3.97 |
R e e —

A0




[ S6 260 1.9 6.07
s T T e . 5 T 719

S2 101 6 8.39

S10 102 - N 7 1 Tem o
S N . . —

SI2 } 70 5 9
T8y B 93 I 853 1124
| o . |

S 78 10 "
I~ sa o 81 10.56 11.97

Si 82 11.97 2
e LAl S R e

4.1.2, Analysis of Average values for months

(ii) Input Data:

survey. The table is the input data for the clustering analysis for monthly results.

Clustering Method:

. Variables used are as contained in each column

*  The amalgamation (linkage) rule used was Single linkage method

e Joining distance was measured as Euclidean distances

e Missing data were substituted by the mean of the data

. All the variables were selected for the analysis

Joining Results

e The number of variables outputted was 12

- The number of cases identified was 602

e  Rectangular branches were used for joining the identified value points
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Table 4.2 contains the average values of laboratory results for each month of



Result obtained from the clustering of data in Table 4.2 following the data analvsis procedure liste

above is shown in Figure 4.12 below.

)
8

Linkage Distance
3

:

=

th
o

DEC ocT SEPT JUNE APRIL FEB
NOV AUG JULY MAY MARCH JAN

Months

Figure 4.12: Cluster Value Plot for average Laboratory values for months

Table 4.5 below shows the Fuclidean and linkage distance values as obtained by the analvsis.
Figure 4.12 shows the cluster erouns obtained. The clusters could be taken as two separate anc
distinct groups as follows:

» Cluster 1: Dec, Nov. Oct.. Aug. Sent and July

e Chluster 2; June, Mayv. April, March. Feb and Jan.
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Table 4.5 Plotting distances for cluster analysis for months

~ Months _ !,i;kagﬁ)ista;cc_ i Euclidean distances B
e i e
I 214 i [ 197
- ——
Nov 323 1.46 5.36
Oct 138 3.03 3.98 =
Aug 264 353 7.24
- N | . \E——— . —
Sept 142 5 5.97
F July 171 T 552 9.03
June 111 7 11.05
May 72 8 9
_Ap_ri—l B . i 853 997 o
— - e ——— et T —
March 91 92 10.73
 Fe | o 10.16 _' 2
[ Jan i 100 12 -

4.2. Factor and Principal Component Analysis

4.2.1 Analysis of parameter average values for sampling stations

{i) Input data: The data in Table 4.1 represents average values for laboratory results obtained

according to the sampling stations. This result was used for the factor and principal component

analysis respectively.

.

Missing data were case wise deleted

847 cases were processed (selected). This represented the full array of data

847 valid cases were accepted for analysis

Correlation matrix was computed for 12 variables

The maximum number of factors that were expected is 4
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¢ The minimum acceptable eigenvalues is 1.000
Correlation matrix is ill-conditioned and the determinant of the correlation matrix is equal to zero.
The maximum number of principal components that can be extracted will be equal 1o the number of

positive eigenvalues for the matrix.

From the analysis of the data the following results were obtained:

¢ Only one eigenvalues was significant with a value of | and above, This is shown in Table 4.6.

Table 4.6: Eigenvalues obtained from station mean results analysis

109319 91.0975 | 109319 T 910995

T I I ]

Valye " Eigenvalue % total Variance | Cumulative value Cumulative % l
— |__ .

Table 4.7 shows the principal components extracted according to sampling stations and their
significance. Column | shows the stations, factor score coefficient, communalities and factor loading
describe the relationship between individual laboratory values. But because the analysis is basically
for the parameters of significance in the station sampling runs these values are all close. This

explains that there is a relationship between the stations.

Table 4.7: Principal Components for station mean laboratory results

"~ Swtions | Factor Score Coefficient |  Communalities [ Factor loading
__ Si S 0.08729 f 0.9106 0.9543
e e e — —
S2 0.08619 0.8878 0.9422
S3 0.0906 0.9812 0.9906
s o povons L 09692 - 09845
e e — e R e e o T A e N i e e




S5 0.09075 0.9841 0.9920
S6 0.08144 0.7926 0.8903
§7 0.08745 0.9143 0.9562
S8 0.08192 0.8019 0.8955
59 0.08851 0.9361 0.9675
s “oosedss | osesi | osaso
St 0.08624 0.8889 0.9428
Si2 0.0902 0.9721 0.9860

Because there is only one eigenvalue, only one set of factors is extracted [rom the analysis. This
basically explains the factors in the study that are significant, while the principal component shows
the stations that are significant. Table 4.8 shows the factors against the study parameters. The

highlighted factors and parameters are taken as the most significant.

Table 4.8: Factors extracted for station mean laboratory results

Parameters Factors
il - pH - s
Conductivity 0.7833
Temperature -0.6544
Total dissolved solids 16366
Nitrates -0.8027
Phosphates -0.8213
Sulphates -0.1572
Do -0.8057
BOD -0.6743
e e T S P
B Cop 2.2831
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4.2.2 Analysis of parameter average values for months
(i)  Input data: The data in Table 4.2 represents average values for laboratory results obtained
according to each sampling months. This result was used for the factor and principal component
analysis respectively.

e Missing data are casewise deleted

e 14 cases were processed (selected), 10 before weighting

o 10 valid cases were accepted

e Correlation matrix was computed for 12 variables

® Maximum number of factors that are expected is 4

¢ Minimum acceptable eigenvalues is 1.000

Correlation matrix is ill-conditioned and the determinant of the correlation matrix is equal to zero.
The maximum number of principal components that can be extracted will be equal 1o the number of

positive eigenvalues for the matrix.
From the analysis of the data the following results were obtained:
e Two eigenvalues are significant in terms of the above established criteria. This is shown in

Table 4.9.

Table 4.9: Eigenvalues obtained from monthly laboratory mean values results analysis

Value . _Eigcnvalués % total Variance I “Cumulative value | Cumulative %
10.7219 89.3494 10.7219 893494
2 i 1.0097 84138 11.7316 97,7632
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Table 4.10 shows the principal components extracted according to months and their significance. It

should be noted that unlike in Table 4.7 where only one eigenvalues was acceptable, in this case

there are two eigenvalues. Hence the principal component analysis gave values of factor score,

communalities and factor loadings according to each of the two eigenvalues.

Table 4.10: Principal Components for monthly mean values

Months Factor Score Coeflicient Communalities Factor loading
Factor] Factor2 Factol Factor2 Factor] Factor2
Jan 0.9136 0.7924 0.9596 0.9660 0.979 -0.0800
Feb 0.0926 0.1044 0 9864 09975 0.9932 0.1054
March 0.0889 0.2873 09082 0.9923 0.9530 0.2901
April 0.0877 03136 0.8843 0.9885 0.9404 03227

T May 0.0909 01859 0.9505 09857 09749 1 0877

June 0.0862 01195 0.8547 0.8693 09245 01207
July 0.9199 -0.7049 0.9729 0.9780 0.9864 00712
Aug 0.0904 02164 00513 0.9991 09754 0.2185
[ Sept 0.0925 0.0154 0.9844 0.9846 0.9922 0.01554
Oct 0.0926 0.1039 0.9876 0.9986 0.9938 0.1049
Nov 0.0740 05811 0.6300 09838 07938 | 05948
Dec 0.0753 -0.5743 06519 0.9881 08074 -0.5786

A further analysis of the principal components obtained in Table 4.10 reveals two sets of factors.,

These factors show the relative significance of each parameter measured according to months. The

significance is measured according to the numerical values obtained irrespective of whether positive

or negative. Table 4.11 shows the values of the factors extracted for the monthly laboratory results.
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Table 4.11: Factors extracted for monthly mean laboratory results

" Paramcters ' . Factors Analysis -
Factor | Factor 2
pH 0.6632 0.0709
Conductivity 0.8386 -0.2507
Temperature (L6081 (L0875
Total solids 1.232 -2.3823
Nitrates -0.7173 0.1202
- Phosphates | ess S emse
Sulphates 04950 0.2901
B DO 0.7337 0.1098
BOD -0.5624 0.0832
I Con 20098 17666

The Scree plot shown in Figure 4.13 shows that of the four eigenvalues selected only two are greater
than 1.000. Therefore, number of factors extracted is 2. The eigenvalues are 10.7219 and 1.0097.
This basically explains the factors in the study that are significant, while the principal component

shows the months that are significant.
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Figure 4.13: Scree plot for eigenvalues for mean values for months

4.3. Discriminant Analysis

When performing a multiple group Discriminant Analysis (Canonical Analysis) we do not have to
specify how to combine groups so as to form different Discriminant functions. The programme
automatically determines optimal combination of variables so that first function (root) provides the
most overall discrimination between groups, the second, second most and so on. Their contribution
to discrimination within groups will not overlap. The maximum number of roots computed is equal

to the number of groups minus 1.

The input data for discriminate analysis was obtained from the indicated clusters shown in

Figures.4.11 and 4.12 respectively. For both the analysis of mean laboratory results for stations and
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months, two distinct clusters were indicated. Discriminant analysis was thus performed on the basis

of these groups of clusters as follows:

4.3.1Analysis of mean laboratory results for sampling stations:

Cluster 1: 87, 89, S8 and S6

e Input is variables as indicated by the cluster 1 above while cases are the various parameters.

* Missing data are mean substituted.

* Variables are chosen as {ollows: First list 87, S9, Second list S8, 82

Output

Table 4.12: Chi-Square test with successive roots removed for cluster 1 (stations)

Canonical R H[‘anor-lical R. Sqr. Chi.Sqr. | Df P ILambda Prime
0 | 097188 | 09581 201643 | 4| 00003 00385
| 0.2818 0.0794 0.5378 I 0.4633 0.9206
= ————— e —
Table 4.13: Summary of canonical input performance for cluster | (stations)
Left side Right Side
No. of Variables 2 2
~ Variance Extracted 100% _- 100%,
Total redundancy 91.3691% 94.9425%
S " Variables | 57 - _—| s o
——— e — P - SRS e —
Variable 2 59 S6
sl
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Table 4.14: Canonical Roots for cluster | (stations)

Set ~ Variables Root | Root2
Right side S8 -1.6265 12.2805
s2 0.6298 123717 ]
Left side s7 0.1333 -3.5664
$9 -1.1272 o 3.3862
Table 4.15: Eigenvalues for cluster | (stations)
“Root | Root 2
Variance Extracted 0.9582 0.07941
e e = e e e . e - = o

Cluster 2: 85,82, S10, 812, 83, S11, S4 and S1

Input

e Variables as indicated by the cluster 2 above while cases are the various parameters.

+ Missing data are mean substituted,

* Variables are chosen as follows: First list S5, S2. S10, S12 and second list S3, 811,54, S1

Output

Table 4.16: Chi-Square test with successive roots removed for cluster 2 (stations)

Canonical R ‘anonical R. Chi. Sqr. Df P Lambda Prime
Sqr.
0 0.9999 0.9999 123.14 16 0.0000 0.000
i 0.9995 0.9989 66.7981 9 3.006 0.000
2 0.9939 0.9878 36.02 1 0.0000 0.0003
3 0.986) 0.9725 16.16 I 0.0006 0.0275
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Table 4.17: Summary of canonical input performance for cluster 2 (stations)

-

_—

Left side

e

S

Right Side
No. of Variables 4 4
Variance Extracted 100% 100%
Total Redundancy 99.628 99979
Variables 1 S5 53
Variable 2 S2 St
Variable 3w S10 S4
Variable 4 SI12 S1
Table 4.18: Canonical Roots for cluster 2 (stations)
Set Variables Root | Root 2 Root 3 Root 4
Right side S3 0.4124 1.5185 34154 12.115
Shl -0.1760 39828 2.8495 -1.6950
Y 0.0148 86129 | 31481 o343y
S1 -0.437 3.1845 -3.0887 3.0663
Lefl side S5 -0.4745 27931 32101 T-1.3456
S2 0.4638 -4.7518 -2.4010 -3.9670
S10 -0.9645 7.1589 -0.6759 4.3507
S12 -0.0461 0.4721 -0.4278 1.6567
Table 4.19: Eigenvalues for cluster 2 (stations)
Root 1 Root 2 Root 3 Root 4
™ Variance Extracted 0.9999 0.9989 0.9879 0.9725




4.3.2 Analysis of parameter average values for Months

Cluster 1: Dee, Nov, Oct., Aug, Sept and July

Input

e Variables as indicated by the cluster | above while cases are the various parameters.

e Missing data are mean substituted.

e Variables are chosen as follows: First list M8, M9, M7 and Second list M2, M1, M10

Output

Table 4.20: Chi-Square test with successive roots removed for cluster 1 (months)

Canonical R Canonical R. Chi. Sqr. Df P Lambda Prime |
o . Sgr o - i - N ——
0 0.9998 0.9997 68.5199 9 0.0000 ’k 0.00004
B BT T TE 09827 | 223519 | 4 feest7 | o2
2 0.0812 0.0066 0.0364 ! 0.8488 0.9934
Table 4.21: Summary of canonical input performance for cluster | (months)
[ Left side N ~ Right Side
No. of Variables 3 3 B
© Variance Extracted | 100% 100% ]
L T Total Rcdu_n_ci;'lncy o 9321% | TA7963% ]
Variables | Mi2 M8
Variable 2 Ml M9
|' Variable 3w Mi0 B |
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Table 4.22: Canonical Roots for cluster 1 {(months)

Set Variables Root | Root 2 Root 3 Root 4
Right side M8 0.4762 3.9656 22141 12.115
M9 -0.8457 1.3966 0.2496 -1.6950
M7 0.5457 4.6818 13729 134353
Left side Mi2 -2.8231 7.1394 32101 -16.4879
Ml 2.4785 5.6354 -2.4010 -16.5936
MIi0 0.6735 1.4377 0.6759 02774

‘Table 4.23: Eigenvalues for cluster 1 (months)

Root | Root 2 Root 3

Variance Extracted [ 0.9998 0.9827 0.0065

14 - . -

104 O B

08

07}

06}

Value

05}

04}

02} 1

01} 1

0.0 - -
1 2 3

Number of Canonical Roots

Figure 4.14: Plot of eigenvalues for cluster -1 for months
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Cluster 2: June, May, April, March, Feb and Jan.

luput

e Variables as indicated by the cluster 1 above while cases are the various parameters.

e Missing data are mean substituted.

e Variables are chosen as follows: First list M6, M3, M4 and Second list M4, M2 MI

Output

Table 4.24: Chi-Square test with successive roots removed for cluster 2 (months)

Canoncal R Canonical R. Sqr. Chi. Sqr. Df P Lamda Prime |
0 0.9999 0.9998 65 8248 0 0.0000 0.0001
1 09825 0.9652 191138 ] 0.0008 0.0310
2 03315 0.1099 0.6401 1 64237 08501
Table 4.25: Summary of canonical input performance for cluster 2 (months)
Left side Right Side
No. of Varables 3 3
T Variance Extracted i 100% T wes
Total Redundancy 97.7686 97,1600
Variables 1 M6 M3
Variable 2 Ms M2
Variable 3w M4 Mi
Table 4.26: Canonical Roots for cluster 2 (months)
Set Vunables Root | Root 2 Root 3 |
Right side M3 12376 62739 40496
M2 0 2564 71537 6 6998
M1 00161 41 RHE 313

84




sy

————

087157

1 8924

01539

35350

-6.9506

-1.1237

-4.1782

53380

Table 4 27: Figenvalues for cluster 2 (months)

—

Root |

Root 2

Root 3

Variance Extracted

0.9998

0.9652

0.1099

1.1
10
09
08
0.7}
06

0.5

Valve

04}
03}
02}

0.1

0.0

The basic statistic values contained in Table 4.3 was obtained on the analvsis of the entire data set.
This was automatically pictoriallv reoresented bv the box and whisker plot as shown in Figure 4.16
below. The top and down arrows indicate the maximum and minimum values for the parameter.

The mid box shows the mean value. while the rectanele shows the height of the 25" and 75"

percentile values.

RS

Number of Canonical Roots
Figure 4.15: Plot of Eigenvalues for cluster 2 for months
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Chapter 5 DISCUSSIONS

5.1 Summary values

Table 4.3 shows a comparison of the laboratory results obtained with the WHO and FEPA
standards. The result shows that in terms of the average values only Dissolved Oxygen and
Chemical Oxygen Demand were exceeded. However, in terms of maximum values obtained
Nitrates, Phosphates, Sulphates, Chemical Oxygen Demand had values above the ones
recommended. Figure 4,16 show the box and whisker plot of these values. This is a pictorial

expression of the average values in Table 4.3.

5.2 Cluster Analysis

Cluster analysis was applied to the data to detect similarity of groups between sampling stations
and months. Euclidean squared distance method of analysis was applied. From the results, two
statistically significant cluster sets were formed for the sampling station and months respectively

{Figure 4.11 and 4.12).

For the sampling stations, the two cluster groups obtained was interpreted as approximating to the
stations located on each arm of the two major rivers studied ; River Kubanni (85, $2, S10, $12, §3,

S11, $4 and S1) and Shika (87, §9, S8 and 86).

Similarly for months, the two cluster groups approximated to the two distinct season of the year;
Wet (Dec, Nov, October, Scptember, August and July) and Dry (June, May. April, March, Feb and
Jan.} respectively. The apparent overlap is based on the non-isclation of the usuval dry spell that

exists within the wet months.
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From the analysis above it can be deduced that Cluster analysis makes it possible to design a future
spatial sampling stralegy in an oplimal way. It convincingly offers a reliable grouping of surface
waters in the upper Galma basin into flow paths of similar characteristics. It is also possible to
determine the sampling station that can be used for rapid water quality assessment studics by
selccting 2 representative sampling station from each cluster bearing in mingd the peculiar on-site

conditicns,

5.3 Factor Analysis and Principal Component Analysis

Factor and principal component analysis was performed on the mean values of the station (Table
4.1) and months (Table 4.2) respectively. This analysis was performed so as to compare the
compositional patterns between the analyzed water samples and thus identify factors that influence

gach principal component of the data set.

The first analysis was performed on the data obtained based on sampling stations. Only one (1)
cigenvalue was obtained representing a value of 91.1% of the total variance (Table 4.3). From the
factor loading, all the stations are significant as they have a value ranging from 0.89 to 0.9 (Table
4.4). But in terms of factors extracted, total solids and chemical oxygen demand are highest. This
is followed by dissolved Oxygen, Nitrates and Phosphates. The third most significant factors are

pH and electrical conductivity.

In the second analysis based on months, twe (2) eigenvalucs are identified. The first eigenvalues

accounts for 89.3% of the variance, while the second eigenvalues accounts for 8.45. The two
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together account for 97.8% Of the total variance (Table 4.6). Because of this, two factor loadings
were calculated according to the significance imposed by the two eigenvalues. The results show
that the loadings imposed by eigenvalues number one (1) is significant and that all months have
high factor scores on the first principal components (Table 4.7), however results based on factor
score shows that for the two eigenvalues, total solids and chemical oxygen demand still ranked

highest, followed by conductivity ,then nitrates and phosphates in that order,

The result suggests that pollution in the upper Galma basin is mainly from crosive forces which
accounts for high total solids and conductivity. The upper catchment being mainly agrarian and the
use ol chemical and organic fertilizer being rampant suggest the high values of Chemical Oxygen
Demand, Nitrates and Phosphates. Thetefore pollution can conclusively be said to arisc from non-

point sources, especially as most of the existing industries are non- functional.

5.4 Discriminant Analysis
Discriminant analysis was carried out based on the sample parameter Clustered groups for months
and station. The analysis was used 50 as to maintain a standard step approach rather than a step-

wise approach.

The interpretations of the data in Discriminant analysis were based on the following criteria:

» Wilks’ Lambda is a reflcclance of a variables importance. The smaller the value the more

important the variable.
¢ FEigenvalues greater than one (1) are significant

¢ Percentage of variance greater than 5 is significant
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¢ (Cumulative percenlage to approximately 75% is significant
¢ A corrclation value of greater than 0.6 is significant

¢ The fand p values also provide a measure of importance ol a variable

Discriminant analysis for paramcter cluster values for sampling stations
(A) Cluster 1;

From Table 4.12, root 1 is identified as important. The stations exhibited similar redundancy with
stations §7 and S9 having a value of 91.94% and 38 and §6 with value of 94.94%. Using root | as
a pivot, we identify the most significant sampling stations in this cluster as S8 and S9 with a

eigenvaluc of 0.9582 (Table 4.15).

These two stations arc thercfore identified as being rcpljescmative of the sampling stations in this

cluster. They arc therefore regarded as the most po!luted sampling points.

(B) Cluster 2

From Table 4.16, roots | and 2 are most significant, followed by root 3. Root 1 identified S10 as
significant, while root 2 identified S12 as significant. From the values obtained in the root analysis,
stations 83, S11, S84 and S1 agree significantly, hence they have the highest redundancy. In the
eigenvalue analysis, roots 1, 2 and 3 have close values and thus confirm our earlier judgment of

their significance (Table 4.19).

This analysis indicates that station 12 and 1 were inappropriately classificd. Station 10 was
identified as constituting a major pollution point, hence its significance. The result supports the

classification of stations 83, 84, §S10 and S11 because they lie on the same river stretch.
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Discriminant analysis for parameter cluster values for months

(A)Cluster 1:

From Table 4.20, root | is significant because it has the lowest lambda value. The redundancies for
left and right sides of analysis are 93.21% and 47.95% respectively (Table 4.21). Root 1 in

Table 4.22 shows that M11 and M12 stand out and hence arc considered inappropriate in the

cluster. (Tablc 4.23)

The interpretation of this analysis means that month M1l and M2 were wrongly classified as

rainy months while in actual tact they are dry months.

(B) Cluster 2

From Table 4.24, roots | and 2 arc significant. However, because root [ has the lowest lambda
prime value, it was used for the interpretation of the result. Table 4.25 shows the redundancies on
the left side as 97.77% and on the right side as97.16%, Table 4.26 identifics using root 1 identifies

M3 in the lefi side and M4 in the right sidc as significant.

This analysis shows that M3 and M4 were wrongly classificd as dry months while in actual fact

they are wet months.
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Chapter 6 CONCLUSION AND RECOMMENDATION

6.1 CONCLUSIONS

The multivariate statistical analysis tools of Cluster analysis, factor analysis, principal component
analysis and Discriminant analysis were applicd to twelve water sampling point in the upper
Galma basin. Samples were collected over a period of twenty four months and systematically
prepared to fit into excel packages that would form the input data for the multivariate statistical

analysis. Alf statistical calculations were done using STATISTICA package.

Cluster analysis was able to sort out the data into dry and wet season on month basis, as well as

according to sampling stations along rivers Kubanni and Shika respectively.

The clusters obtained provided a basis for the factor and principal component analyses. The factor
and principal component analyses were applied to clustered groups to find out the parameters of
interest in the basin. Factor analysis identified Total Solids, Chemical Oxygen Demand, Electrical
Conductivity, Nitrates and Phasphates as the significant parameters. This means that thesc
paramcters excrt a noticeable influence on the water quality and consistently excecded desired
limits. Therefore, it was easy 10 conclude that most of the pollution was identified as from non-

point sources of which leaching from agricultural land could be fingered,

Discriminant analysis was used as a confirmatoty test for the deliberate overlap allowed in the

cluster groups. This is because it was possibie to isolate a third cluster which would have made a
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distinctive seasonal demarcation. Discriminant analysis was able to isolate thcse non-conformal

months and stations from the cluster. This has confirmed the success of the data analysis.

From the overall results obtained, sampling could be limited to the identified stations S8 and 89
which are Gaskiya Bridge and Tudun Wada Bridge for Kubanni River and station S10 which is
[ocated near the Zazzau ginnery on the River Shika. This could provide representative results for

the rivers concerned.

6.2 RECOMMENDATIONS

Among the prerequisites for decision-making, the following arc important:

» political willingness
4 cultural attitudes and
. administrative capacity

Consequently there is nced to create public awarencss on the deleterious effects of pollution.

Based on the result obtained from the cluster, factor and principal component analysis and

discriminant analysis, the following recommendations are made:

(1) That automatic sampler should be installed at Gaskiya Bridge, Tudun Wada Bridge and at the
bridge before the Zazzau ginnery {or constant water quality sample collection. Otherwise, aside
from specific sampling studics, daia collected at these stations could indicate the degree of
river pollution

(2) That a data bank on water quality bc urgently set up by either the government or a
conglomerate of the industrial concerns in the area, so that these data will be available to

rescarchers.
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{3) That adequate extension education be given to farmers on how to protect their farms from
leaching and soil erosive forces,

{4) Though this research points to non-point sources as sources of pollution, it still important that
effluent discharges from the few industries still in operation be intensified to prevent any
csealation in the untreated cifluent discharges into the river.

(3) That farming activities be restricted from the river banks from where the impact of the leached
chemical fertilizers and detached soil mass reaches the rivers quickly.

(6) That this research should be use as a basis for embarking of mass pollution studics in the
various river basing in Nigeria to asccriain their state of pollution and idenmify representative
stations for continuous sampling

(7) That muitivariate statistical analysis techniquc should be incorporated into the syllabus of our
undergraduate and postgraduate applied statistics courses. At the moment this course is not

being taught. It is a compulsory course in universities in most developed countries.
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APPENDIX



Appendix A: Average Laboratory Results for pH

MONTHS

STN | Jan  Feb Mar |April | May Ijune July |Awg |Sept | Oct | Nov | Dec MN sD

1 685 f’?.oz 693 (663 735 |[725 |73 7.1 719 692 636 658 | 696 031
7 Test 693 633 64 1742 H':'E.n 1719 706 (698 [7.06 642 638 6.97 0.37

3 |7.03 ?L.zs 682 | 66 | 748 |6.99 703|700 1705 731 684 1636 | 699 ~ |03i

4 6.66 Tr.zz f|6.93 | 6.63 729 694 7.55 6.95 682 | 6.66 | 6.9 6.80 6.95 0.28
! S A , B I S SR

5 |6 725 712 (672 732 |72 |697 |69 684 (670 |7.14 |68 7.00 | 0.20

6 692 -;*7.24 imo ,Ls.ss 7.6 | 737 |1.65 [725 (739 (7.1  |7.69 (7.2 i 723 027

7 |6.84 ‘7.23 666 674 |7.75 689 |7.23 |7.12 |7.17 685 |7.16 |7.14 | 7.07 1029

8 6.8 i:.oz %"62 :6.6‘? 721 169 | 74 |7.05 |7.06 697 |7.08 |72 | 7.00 |02 |
9 168 689 ih.ﬁs T67a 779 |68 |75 727 |7.53 |708 [7.13 |67 708 | 0.37

10 [657 ‘r.sg !6.7 ; 6.51 ! 709 703 (793 [697 (697 [694 659 |633 688 | 0.41
o632 b 76.9 |F6.96 : 7.27 : 72 |7.52  |706 687 673 719 667 | 69  |032

12 [658 68 663 671 | 7.04 [7.04 738 | 69 |688 |674 |68 669 | 693 035
MN 674 f;:r.m'. fp.-m Tﬁ.es T'r 41 ;7.04 740 705 (707 (692 (695 [674 | 699

SD o.z:“"*’l_n.n 7&[21 0.14 [n.zs 019 (026 012 (022 049 037 031 0.24

| |




Appendix Al: 2005 Laboratory Results for pH

Months . o o
STN | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec | MN | SD |
Sl 7.1 7| 69| 66| 732| 728| 73| 71| 717| 66| 538 64668508 0.54761J
| S2 | 67] 7.06) 64| 644| 744 682| 71| 722| 685 698| 552| 65667575 0.50026;
S3 726 735| 674 68| 75| 69| 706| 723| 706| 7.85| 633 634| 7.035)0.44824 |
sS4 676 724 708| 67| 726| 7.02| 668| 7.14| 654| 671 658| 7.016.8933 0.25889_;
$5 716 742] 734| 68| 728] 703] 693 69| 678] 672 7] 7.04|7.0333 022701 |
$6 694| 722| 672| 69| 722| 738| 766| 728 739| 73| 8.a8] 707|72717] 03815
s7 674| 1735| 674| 677 79| 701 726| 7.14| 75| 648| 767, 7.21)7.1183 0.4074
S8 684| 701| 663| 672| 727| 691| 762| 72| 71| 651| 673 7.18)69767 0.3155_;J
9 682 67, 666| 674 781 68| 761 756| 765| 1.79| 681| 669 7.1367|0.49009 |
S10 66| 669 681| 662, 7.1, 691, 82! 701, 701! 708! 605! 62368592 0.535153;’
Sil | 654! 688! 701| 703 73| 676| 741 68| 684 655, 729 66569217 (029291 |
S12 | 674, 692| 642) 69| 743 69| 75| 701| 686 629 697! 6.69 | 6.8858 | 0.34768 |
MN 685 | 7.0716.7875 | 6.752 | 7.4025 | 6977 | 7.361 | 7.133 | 7.0333 | 6.905 | 6.7092 | 6.7608 |
'sD 02234 | 0.2485 | 0.2678 | 0.156 | 0.2375 | 0.187 | 0.401 | 0.196 | 0.2945 | 0.5112 | 0.8181 | 0.3337 |




Appendix A.2: 2006 Laboratory Results for pH

——

—

——— e

MONTHS [L
STN | Jan | Feb | Mar | Apr 1_!\4_z\z‘_q__l_u_n:l__lu_lﬂ | Aug | Sept | Oct | Nov | Dec { MN SD i
S| 66| 702| 69| 663| 738| 722| 73| 172 72| 724 734 6.7 | 7.0658 | 0.2817
S2 638, 68, 626 642 74| 662| 728| 69| 71| 714 737 64| 684 0.41807 |
S3 6.8 7.15 6.9 6.4 7.46 | 7.08 721 6.79 704 | 6.77 7.35 6.38 | 6.9433 0.338!1}
S4 656/ 72| 678 66| 732| 68| 72| 6.76 71| 661 726 6.594l 6.9033 | 0.29345 |
S5 682) 708| 663 663| 736 701 701 69| _6_.21__ *6_.6_8_4___?._28_1!_ ﬁ_gﬁ_i:*r 6.9133 | 0.24655 |
S6 69| 726, 676 6.76 7.0 732| 758| 7.22 719 692 72| 721 I 7.1183 | 0.24282
87 694 | 713 671| 671 76| 677| 72| 71| 7.13| 722| 6.65 ' 7.07 | 7.0192 | 0.27632 |
| S8 | 78| 703| 662| 662 7.18| 701 7.18| 69| 7.02| 743 735 Lr 7.26 r?.l 183 0.336347
S9 678| 708| 674| 674| 777| 69| 739| 698 | 741| 727 7.45; 6.9 | 7.1175 | 0.33483
SI0 | 654 7.09 64) 64| 708) 7.15| 766 705| 693 68| 7.13 I 6.43 | 6.8883 | 0.38657
S11 61| 684, 689 689 724 732 74| 7.0l 69, 691 '»".0‘}‘1:f 6.69 | 6.94 | 0.3383]
| S12 | 652| 682 69| 69| 651| 7.18| 746 72| 69| 7.19| 681/ 6.6?j 6.9217 | 0.28989 |
MN 6.73 | 7.0417 | 6.7125 | 6.642 | 7.2833 | 7.037 | 7.322 | 7.001 | 7.0692 | 7.015| 7.19 :_6.7467 " |
SD 0.418 | 0.1497 | 0.2107 | 0.172 | 0.3139 | 0.219 | 0.185 | 0.158 | 0.1545 | _g.z_egl_!_o;gios 1 0.3022 | __I'




Appendix B: Laboratory Results for Electrical Conductivity (p.slcmz)

[ MONTHS

STN [Jan [Feb Mar April May June |July Aug Sept Oct Nov Dec MN SD

I 150 |0 165 |45 |40 |50 | 65 100 105 110 10 2 Je18 298

2 |72 180 |55 |50 |50 |80 | 120 170 200 200 20 55 9% 619
3 77 o5 170 |80 150 130|160 | 220 | 225 | 300 | 170 135 |11 |62 |
s 142 100 (90 |60 [i165 |70 | 70 70 160 320 135 100 [1235 |72

s [320 200 (105 (120|140 |i45 | 155 163 185 205 255 175 1725 432
6 [410 (430 (4990 460 [550 [900 [ 700 700 470 1100 1050|560 (6517 2427
7 (110|100 |75 |50 (290 (300 |370 | 400 390 480 435 410 284 1573

8 402 [370 490 (400 600 [590 | 610 | 690 750 | 1000 725 540 (5973 1794 |
9 1173 190 210 (2200 200 [365 | 800 | 900 1000 700 | 450 100 4423 3214
10 |43 |55 |70 |65 |60 |95 70 50 | 70 70 47 60 629 139

1 20 |75 |40 |50 |60 145 | 175 130 | 105 95 | 50 60 83.8 47
12 (165 2000 [245 290 [130 180 | 300 145 15 [ 100 | 460 ”(Tso 2058 1037 |
MN 653 [638 (754 (575 279 1542 (2996 31L7 | 3163 390 3173 199 2553

SD (282 (228 (602 [49.1 Jlio.c;' 1559 | 263 Jzem.s 292 3587 322.1 191.1 I 206




Appendix B.1: 2003 Laboratory Results for Electrical Conductivity (uS/cm’)

MONTHS 1 -
STN Jan Feb Mar | Apr | May | Jun | Jul | Aug | Sept Oct Nov Dec MN IL SD
S1 51 30 67 46 38 41 65 40 50 30 13 44 4?..917i 14.9512
$2 4| 77 32 46 48 76| 135] 168 202 199 27 52 96.333‘ 62.6902
S3 185 107 180 81 150/ 140 ] 160| 240 250 310 179 130 1764]_ 64.5009
S4 144 100 78 65 170 85 75| 162 162 370 209 148 147.33_; 83.8194
S5 240 200 10| 130 165 165| 170 200 220 310 449 270 | 219.08 | 91.9392_-]
S6 380 400 410 | 420 510 510 530| 550 640 780 800 400 | 527.5 I 145.047
S7 100 80 80 50 340 | 350 400 420 380 760 370 390 310|T 203.961
S8 444 370 410 . 400 600 | 570 600 | 700 800 700 299 110 | 500.25 .' 196.685
S9 146 180 200! 220 200 500| 700 ( 800 500 500 740 110 | 399.67 | 253.164
S10 46 60 70 70 60 | 100 70 50 65 99 54 55 | 66.583 Il 17.2756
S 20 100 40 55 65 95| 160| 110 60 139 79 59 | 81.833 | 40.7405
S12 190 200 250 | 300 60 60/ 300| 150 110 100 ,____S_IBH 200 | 203.25 |[ 129.346
MN 168.33 | 158.67 | 162.25 | 156.9 | 200.5 | 224.3 | 280.4 | 299.2 | 286.58 | 358.08 | 311.5 164 |
| SD 132.14 | 118.89 | 132.62 | 142 | 187.59 | 199.5 | 223.7 | 256.8 | 244.73 | 269.01 | 270.73 | 126.63 | ]




Appendix B.2: 2006 Laboratory Results for Electrical Conductivity (uS/cm’)

MONTHS
STN | Jan Feb Mar | Apr | May Jun Jul Aug Sept Oct i Nov Dec MN SD
S 49 33 631 44 2| sol 6| 60 ss| 80| 27 40 | 111.42 | 217.18
s2 70 83 5§ 54 sl sa| tos| 2| e8| 2000 13 58 | 95.667 | 61.61
$3 69| 103 150! 79| 1s0! 120! 160 200| 200 29075 16| 14014808 | 68.24
s4 140 | 100 92[ ss| 160 55| 65| 88| 158 270 609 52| 10799 | e48]
$5 200 200 1001_T noL s 12| 40| 1300 150 100L60.8 80| 1259 | 42.47
6 40| 460 570! 500  s90| 1290 870 | 850 300 (320 1300 720 | 73417 410.38 |
57 120 120 70_[L 20| 240| 250| 340! 380! 300 2000 s00| 43026583 | 130.83
58 360 | 370 570!_ moi 600 610! 1000 1100| 1200 700J 601 90 | 650.08 | 319.30
s9 | 200 2000 220 200 200 230| 900 1200| 900| 900 160 90| 450 | 397.15
510 40 50 70L mL 60| 90 70| 50 65 a1 40 65 | 58.417 | 15.02
| si1 20 50 90 45| 55| 95| 280 250 150 51L 21| 61 101.5| 9249
S12 50| 200 240 280 200| 300| 300 140, 100| 250 401| 10021258 | 103.66
MN | 12067 | 164.08 | 186.92 188.9 20533 2843579 38531467 | _@gg.szlzss.n 160.5
SD | 95715 | 126.95 | 181.71  180.2 | 185.33 | 337.1 339.5'400.1 34257 | 388.32 | 370.19 | 196.21




Appendix C: Field data for Temperature (°C)

po—

MONTHS
STN [Jan  [Feb |Mar |April  |May |June | July  |Aug |Sept |Oct |Nov |Dec MN SD
1 24 J_20“ 127 20 17 |19 19 22 25 26 27 24 22.6 35
2 127 |26 126 |20 |17 |19 | 16 23 25 28 |25 |24 |27 | 36 |
3 (25 (25 [25 20 16 19 20 23 25 26 29 [25 232 37
l4 235 |25 —l"ﬁ" 20 "Lls 19 20 2 25 25 27 25 23 3.0
5 (26 (27 (26 20 17 19 20 |21 26 25 27 (25 | 232 37 |
6 |29 |30 |26 20 17 20 20 22 26 26 29 |27 242 4.4
77 % [BZ 1z (1 (2 [ % T T3 32 3% 25 3.6
8§ |26 |27 |26 22 20 22 20 25 28 30 33 28 25.8 3.6
9 |25 |26 |27 |22 19 21 22 23 26 28 29 |29 245 3.3
10 |28 |29 |27 23 19 19 20 23 |28 27 27 |25 244 3.7
1 28 29 27 25 20 22 24 26 28 27 29 l( 28 25.9 2.8
2 (37 (% (% 2 20 23 25 25 | 28 28 31 35 255 ] 30
MN 262 [263 |26 (215 (182 |20 207 |23 (265 (265 [288 (258 | 24.1
SD 1.6 25 (07 |15 |14 |15 22 (16 (16 |17 |21 w1 | | 33

L L B




Appendix C.1: 2005 Field Results for Temperature (“C)

|

'MONTHS |
STN | Jan Feb :_Mar Apr | May | Jun | Jul | Aug | Sept Oct Nov Dec i MN SD |
st_| 235 19| 245 205| 16| 19| 19| 23| 26 20| 34| 2422375 468132
s2 | 27 25.;_:_ 25| 20| 16| 19| 15| 23] 26| 16| 30| 2422208 490574
$3 | 2s5| 25| 2] oo 1s| sl ] 24| 25| 24| 30| 25/23425|38933)
sS4 26| 25| 24| 18| 18] 19| 20| 21| 26| 20| 25| 2422167 3.1285
ss | 27 271;l 26| 19l | 19 2| 21| 26| 19| 26| 2522833361395
s6 | 31| 31] 28| 200 18| 20 20| 2| 27{ 21| 35 29| 25.083 | 5.69622
s7 | 24| 26| 26| 22| 21| 21| 20| 26| 27{ 37| 39| 30|2658 609707
s | 27 27L | 22| | 21| 21| 25| 28| 30| 7] 29 26167470654
s9 | 25| 28| 27] 2| 9] 2| 23| 23| 26| 200 37| 29 25.75 | 4.78872
s10 | 26| 270 27 23| a8l 19] 20] 24| 27| 25| 36| 2424667 | 4.75458
s | 29| 29 21| 2| 20| 2| 2| 25| 30| 25| 31 __;9; 27 | 445176
si2 | 27| 28| 26| 22| 20| 22| 23| 24| 28[ 26| 34| 2525417 3.70401
MN | 26526458 25958 (212118333 | 202058 | 23.33 26833 |24.333 33333 | 265

sn  |2056| 2919 11766 | 2.105 | 1.9695 | 1348 | 2314 | 1.67| 13371 | 5.7577 | 45594 | 26112 |




Appendix C.2: 2006 Field Results for Temperature (°C)

_— - MONTHS VRIS SRS S

STN Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept Oct Nov Dec MN SD
S1 24.5 21 295( 195 18] 19| 19| 21 24| 32 20| 2422625 439072
s2 27| 265| 27| 20 19/ 19| 17| 23| 24| 32 20 24 | 23.208 | 4.39761 |
| 83 | 245 25 25| 20| 17| 20| 19| 22 25 28 28 25 | 23.208 3.55_1_3_j
| S4 | 24 25 26| 22 18/ 19| 20| 23 24 30 29 26| 23.833 | 3.7132
| S5 | 25 27 26| 21 16 19 19| 21 26 31 23 25| 23.25 | 4.20227 |
S6 27 29 24, 20 16, 20 20| 23 25 30 20 25| 23.25 4.zozzd
| 87 | 2 26 24| 2 17, 19] 20| 26 27 29 19 26 | 23.25 | 3.79294 |
S8 25 27 2 22 19/ 19 19| 25 28 30 19 26 | 23.75 | 3.98006 |
$9 25 24| 2| » 19| 21| 21| 23 26 28 19 29 | 23.667 3.3934:
L 810 1 281 2B) af) 31 193 20) 20) 21 A8 9] 18] 6] 241 4099}
Sii 27 29 21| 2 20{ 22| 24| 26 26, 29 21| 2625083 293748
S12 27 28 26| 23 200 21| 24| 24 zsl_ 30 22 25 | 24.833 3.06989i
MN | 25.667 | 26.292 | 26.208 | 21.54 | 18.167 | 19.83 | 20.17 | 23.25 25.9:7[29.333 21.5 | 25.583 |
D | 14196 | 23008 | 14994 | 1437 14035 | 103 [ 2008 [ 172 [ 15603 [ 133 [sssas [hanal [




Appendix D: Laboratory results for Total Dissolved Solids (mg/L)

MONTHS

STN Jan Feb llMar April fMa.\-' June | July Aug [ Sep Oct [Nov  [Dec MN SD

1 380 156 | 128 66 114 176 148 176 | 168 153 |1050 |79 2926 | 308.5
2 | a02 198 82 |86 | 132 145 200 218 : 398 469 928 [140 333 T‘ 269
3 226 198 177 % 126 1179 186 274 [ 230 295 I953 ~ 480 85 | 2338

4 240 126|126 |90 | 134 1% 145 228 ré’i?t 391|606 394 239 | 152 |
s | 142 [3200 [126 (114|170 | 245 564 — 366 | 170 175 (388 378 (2715 | 1503

6 336 204 304 (266|392 | 593 | 690 | 630 |L 392 1030 (1004 (918  [563.3 | 2945
7 |163 225 225 [188 | 212 262 354 340 | 266 666 578 742 (3518 | 1981
3 444 308 | 244 (266 | 304 f_m 363 | 404 438 655  [822 (906 | 461.8 | 217

9 164 326|226 |19 | 234 322 438 570 : 910 644 ]732 548 (4337 | 2454

B | S _;_ —

10 138 92 232|108 242 | 303 521 | 366 | 152 178 996 668 333 | 2715;4
LT 102|102 | 124 |94 FLns | 166 | 174 ] 188 134 [148 (640 ]526 20971786
}’1: 194 [204 [228 [186 | 154 T:‘ﬁ Ps 190 | 142 84 614 W"J’H—W |
SNz 965 1852 h4s3 1943 260 [ 30 3292 "':‘371'1.2 4073 7847 l:s |'
f SD 1166 713 j_(n 711 863 l 130 Fsv.s 1493 220 291 197.9 I “T




Appendix D.1: 2005 Laboratory Results for Total Dissolved Solids (mg/1.)

MONTHS
STN Jan Feb Mar Apr | May Jun Jul | Aug | Sept Oct Nov Dec MN SD
St 420 246 156 62 110 156 128 150 164 106 100 192 | 165.83 | 93.1293
52 424 230 59 78 131 109! 210, 170 270 530 796 82 1 257.42 | 222.233
83 252 176 200 80 102 148] 175] 2%0 196 290 616 260 | 232.08 | 138.542
S4 240 170 162 90 130 1527 110] 200 190 492 412 300 | 220.67 | 123.041
SS 204 480 100 110 180 | 2181 3528 400 140 190 326 356126933 | 14493
S6 400 | 288 408 | 323 444 | 678 680 700| 374 940 { 1000 B30 | 588.75 | 247.866
S7 216 260 240 126 164 | 214 2381 400 230 032 699 501 1351.67 | 243.863
S8 387 316 248 1 216 268 | 4761 386 ] 408 400 580 [ 1004 1110 ] 483.25 | 286958
59 218 246 2261 200 248 ] 340 S30) 7227 928 358 814 496 | 443.83 | 254,506
S10 155 94 2041 100 2700 252% 2701 322 104 116 862 804 | 296.08 | 262.715
§11 94 98 146 98 i28 ] 162 168 174 186 136 570 452 201 | 150.143
S12 196 200 220 172 158 | 168 176 190 144 138 588 498 ; 236.33 | 146.337
MN 266.67 | 233.67 | 197.42 ] 137.9 1 194.42 | 256.1 | 299.4 | 343.8 | 277.17 | 400.67 | 648.92 490‘08%
SD 112.2 ) 103.51 87.5?2_! 76.47 ] 98.626 | 167.2 | 187.1 | 196.5 | 224.05 | 300.87 | 272.84 | 2958




Appendix D.2: 2006 Laboratory Results for Total Dissolved Solids (mg/L)

e MONTHS
STN Jan Feb Mar | Apr | May | Jun Jul | Aug ept , Oct Nov Dec MN SD J
S] 340 66 100 70 118 196 168 202 1?2T 200 20007 1400 41933 ! 616.126
S2 380 ] 166 105 94 133) 181 ] 190] 266 526 | 408 | 1060 198 | 308.92 | 271.346
S3 2001 220 254 100 1509 210( 197 218 264 300 | 1300 700 | 342.75 | 336.535
54 240 82 50 90( 138 200| 80| 256 238 290 800 496 | 258.33 | 205.256
85 80! 160 150 | 108 1581 272 600 332 207 160 650 400 { 273.08 | 188.629
S6 172|T 120 200 220 3401 5087 700 560 4107 1120 1008 | 1006 ] 530.33 | 354.863 |
S7 | 1ol 190 2107 250 260 310 470] 280 302 400 457 635] 3245 148.714
S8 l 5011 300 240 316 3401 300( 340 400 | 476 730 640 702 | 44042 | 168.936
59 110 206 226 | 180 220 304 346| 418 | 8§92 930 6501 600 4235 280.277
S10 121 90 260 116 214 ] 3341 772 400 ! ?.Oﬂ 240 1130 532 1 369.08 | 309.508
811 1101 106 102 90 108) 170 180 l?-d 190_'1 160 750 600 | 228.33 ) 213.977
Si2 (98 { 208 236 200 (501 1581{ 11801 190 : 140 30| 640 710 | 253.33 | 204.093 ]
MN 213.5 | 1595 { 181.08 | 152.8 [ 194.08 | 263.6 { 360.3 | 308 ’ 334.75 414 | 923.75 | 666.58 ‘
SD 130.64 | 69.34 | 66.826 | 78.58 | 81.609 | 100.6 | 222.6 | 1]6.6 ( 214.9 | 336.52 | 420.21 | 302.15 ]




Appendix E: Laboratory results for Nitrates (mg/L.)

MONTHS |

STN  [Jan [Feb [Mar [Aprl |May |[June Jul Aug Sept Oct Nov Dec MN |SD
1 146 (197 |62 [93 33 23 1.8 26 76 33 7.2 1 6.6 57
7 136 oA (92 |52 112 |08 |22 33 2 6 62 23 |51 |38 :
3 33 176 116 |36 |14 |12 24 36 128 | 45 34 32 50 (38 |
3 |25 102 113 |62 |68 |42 |134 | 34 108 |56 3 52 |69 |37 _':
5 29 |66 [28 |21 |08 1 Y 36 125|142 | 166 3 59 54
6 184 |48 3.6 5.8 1.2 1.8 4 38 136 84 | 26 l_4 6.0 |51 ‘|

7 24 (47 60 7 |06 |16 |24 3 76 | 6.1 4 |16 40 |22 ?'

8 236 |11 82 24 |08 14 46 5 12 44 22 48 (67 |64 |
“T)_Iﬁ 3 10.8 4.6 2.8 1 2.1 28 18 5.3 2.4 4 54 48 :
0 62 |26 3 |36 |16 1.8 5.1 16 8.8 3.6 7.6 5 45 |22 1|
TR 3.6 j4.2 28 1 2 Lz.s 1.8 74 2.9 28 26 |31 |16 |
12 45 |28 |62 7.9 1.8 4 68 238 8 2.2 2 5 |45 |23 |
MN (77 73 169 50 (12 19 | 43 33 10.9 55 48 36 53 :
LsD [72 156' 132 23 (17 |11 ji 32 0.9 3.2 32 43 1.4 12 |

1 . 1 N [P




Appendix E.1: 2005 Laboratory Results for Nitrates (mg/L)

~ MONTHS
STN Jan Feb Mar | Apr | May | Jun | Jul | Aug | Sept Oct Nov_r_Dec . MN SD__[
sl 126 189 s| 88| 22| 21| o8| 2 7 3| 24| 12| 55551444
| o 3 98 6| 45 1] o8] 16/ 21| 10 6 54, 2243667 3.17786
s3 | 3| s2| 12| 17 1l 12] 2| 23[ 106 5| 42| 46| a5 2.3929;}2
s | 25| 124]| 66| 58| 9| al 174| 37| ss| ss| 33] 48|e7083]437m
ss | 2 sl 26| 2| o6 o1, a2 3| 75 124] 162, 22|56 494861
$6 17l s 3| 6| 14| 16| 38| aa| 720 12| 35| 44| 45294896
§7 28 3| se| 72| o4l 1| 12) 3| 74| 53| 09 11|32417]250999
s8 | 209! 152! 83| 2| os| 1| 4| 48| 10| 54| 29 5| 6.6667 | 6.10712
59 82| 32| 135] s 3] 12| 2] 32| 20| 58 3| 0557167 572186
S10 s9| 25| 29| 34| 15| 19| 48| 38| 84, 43| 61 55| 425|200295
s | 2s| 34| 38| 28| 09| 21| 28] 17 i__?g_ | 32| 31| 2830333 155525 |
si2 | 43| 24| 59| 84l 17| 4s| es| 29! 87 3| 24| 58|  47|236528
MN | 5.7833 | 74167 | 58667 | 5.3 | 1.9333 | 1.833 r4.z:s_g 3,075 9,133 | __530@_3;3_*43_&;3._1:7
[SD | 57206 55335 | 3.0046 | 2418 | 23484 | 1207 | 4.462 | 0968 | 3.7293 | 3.1295 | 3.9463 | 18798




Appendix E2: 2006 Laboratory Results for Nitrates (mg/L)

1 MONTHS -
. STN | Jan_ | Feb | Mar ___.&_EIL_L_ \‘!__d)_—; Jun | Jul —1[ Aug | Sept | Oct | Nov Dec MN | SD |
Sl C166| 205| 74| 98 __4.6T 25| 28| 3282 | 36 12 0.8 | 7.6182 | 641324
s2 | 42 11| 124 5.91 14, 08| 28 24 14 6 7. 2458583 | 445512 |
| s3 | 36 10 16 10.2_L_ 18, 16/ 28 49 15 4| 26| 3863583 5.11423
W4 T 25 8 16| 66 46| 44/ 94 31| 161 6 2.74-| 5.6 | 7.0833 | 4.67174
| S5 28 5.2 3] 22) 1) 13| 46 42| 175] 16 7] 38 6.55 | 633224 |
S6 198 46| 42| 56| 1| 2] 42| 32 20| 1.8 1.7 36| 5975 | 6.64532
ST |20 64| 64 68 08 1.2]' 36| 36| 18, 69 1.7 2.1 5.6083 | 5.17397
S§ | 26 68| 81( 28| 11| 18! 52| 352 14| 34 15 46| 6.7083 | 7.03995
S9 | 7 38| 85| 42| 26) 08 22| 24 16| 48 1.8 0.3 4.5333 | 43389
| S0 | 65| 27| 32| 38| 17 17 54 54 92| 29| 91| 45| 4.675| 256129
SI1 | 35 38 46, 28/ 1a] 19 28] 19 75| 2'.6T 2.6 24| 3.125| 1.65975
| S12 4.7 320 65| 74! 19 37 | 71|27 23| 14| 16 4.2 | 4.3083 | 2.27734
MN | 9.7667 | 7.1667 | 8.025 | 5.675  1.9667 | 1.975 L4408 | 3.517 | 13.127 | 4.95'5.1033[ 3.175 ; |
SD__ | 83624 | 4961 | 4.541 | 2645 1.3289 | 1.096  2.126 | 1.165 4i4§§l2§29i2191ﬂ_1£2§3_i__ i |




Appendix F: Laboratory results for Phosphates (mg/L)

——— ——

" MONTIIS
STN Jan [Feb Mar | April May June July Aug Sept Oct Nov | Dec MN SD |
T 24 (11 |35 110 | 38 1.0 | 21 27 | 25 18 21 18 |22 1|
5 L |
"3 34 09 (3.1 J 1.6 4.6 29 3.1 1.6 | 63 4.4 1816 2.9 1.6
3 26 10 |18 | 98 5 16 16 32 | 3 33 21 |18 |31 4
*—— —— J——-—- e —— ———
4 16 (10 [16 1.6 38 1.9 1.9 26 | 3.1 46 27 (L7 24 0
_i | Y [
s Lr (10 (15 18 37 22 22 25 1210 1.90 8 |17 2.0 0.7 |
i !
6 1.6 [12 (1.8 |37 8.7 8.7 8.7 6.9 53 10.6 6.5 |24 55 33
- 4 b | |
7 16 (10 (1.7 | 1.5 3.9 2.1 2.1 24 |2l 6.9 2.2 12.1 25 1.6 |
! ! e
8 1.7 1 19 |28 7.3 15 45 56 | 97 1 54 |21 47 3.2 ;
1 | | —
9 1.7 (1.2 2 n 1.9 3.7 12 4.2 4.9 18.6 5.4 3 |2z 43 47 |
q |
10 .5 (1.3 (1.6 | 2 4.7 28 2.8 21 |25 3 22 il.s 25 1.2
| . |
11 2 14 (3.1 |22 6.3 1.8 1.8 1.1 L 09 0.7 i2 |18 2.0 1.5
| } 1 o S (— | IGu—— — —
12 1.4 1 5 [18 36 1.5 1.5 1.1 2.7 1 2.1 1.9 7 0.8 r
|
I I SR S B B
MN 1.9 L1 (22 2.6 4.9 | 3.0 3.0 1 49 1.6 27 |19 3.0
] | | SSRGS (R —
I D 06 02 09 24 1.7 ; 2.1 2.0 .8 49 3.4 L6 0.2 1.2
1 i i




Appendix F.1: 2005 Laboratory Results for Phosphates (mg/1.)

Months
|_STN | Jan - Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec | MN SO
Sl 25| 12 43| 11| 42 1] 21| 33| 28 3] 37 2|  26]1.15758 |
$2 3.6 1] 35| 15| 41| 24| 25| 22| 89| 36| 25| 1.8)3.1333]2.04421 ]
S3 2.9 1] 12 14l 49| 14f 13| 29| 52| 41 3. 1934333 '2.890L2._1_:
s4 240 ot 14| 14| 43| 28| 15| 27| 31| 55| 17| 18| 245132699
S5 1 1| 14| 19| 42| 21| 22| 24| 23| 2.l 2| 1620167 083539
S6 18] 12| 18| 41| 134 136] 122 96 6| 151 88| 26]|75167 5.2263:
57 7] ) 17) 6] 46| 2] 21| 25| 23] 104] 87] 2.5|34333 | 3.00464
s8 | 15 ___gio_r__ 18] 331 08| 41 43| 45| i3] 158| 58|  3|57333 | 482613
59 14| 12| 22| 22| 32| 39| 41| 47| 212 6| 39 2246833 539121
S10 7] 12]  1a] 1] 56| 27| 28| 22| 23| 41| 23| 18| 2475] 125017
SI1 20| 15) 29) 12| 67| 17| 15 1al 09 14l 12| 17 1.9917Ll.5739lj
S12 15 L1 14 21 3] 12) 11 24l 1e| 27 19 1.75 | 0.67082 |
E\TIN 1.9833 | 1.125 | 2.0833 2.783E 575 3.242 | 3.142 | 3.258 | 5.8667 | 6.0583 | 3.8583 | 2.0667 :
SD | 0.7209 | 0.1545 | 0.9796 | 2.853 | 3.1722 | 3.404 | 3.028 | 2.288 | 5.9358 | 5.0103 | 2.5794 | 0.425 L {




Appendix F.2: 2006 Laboratory Results for Phosphates (mg/L.)

S ———.
Months

_STN | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec | MN SD |
| st | 23| 12| 47| 09| 34 1| 21| 33| 28 3 37 22,5333 | 1.16801
) |
s2 32 090 27| 17| 5.1 30 37 1| 37 32 1.1 1.4 | 2.5583 | 1.33107

l L1
83 | 23] 09 2] 82) 51 18] 19) 35) 38| 26] 16]| 16)29417)2.02101
4 LUp 12] 18] 18] 32| 2] 23] 25| 31| 37] 27| 16 225 og;g_'
| S5 13 1.1 1.6 1.6 3.2 2.3 22] 26| 1.9 1.7 1.6 1.8 | 1.9083 | 0.58381

_ ] |
S6 1.4 1.2 16 17 s| 38| 52| 42| a6 61| 4 22| 3.35) 1.65557
1 _4 A1 %61 ol} 42; 221 22511600071
87 | 15 I 1L7) 1.5) 32 22| 21} 23 1.9 3.4 43 2.3 | 2.2833 | 0.93209 |
T 18 34y 43 2512285 ) |
S8 ’_‘ I.9) 1.1 2.1 2.3 38 5 4.8 6.7 6.4 6.2 5.1 1.2 | 3.8833 | 2.08407 |
59 3l 12 18| 16| 42| 45| 43| 5.1 11 43| 21 1.8 | 3.6583 | 2.69965
——"|""—"———"—"'—'—'—""|"——""——"""“""—‘—“‘—'—'———‘“—"‘*-*4&"‘"_—‘*“[_“‘—"‘""""“""“"'“*—"‘ ‘—"_"_""—"_"‘—_-—'_+
S1I0 | 14| 14| 18| 24| 38| 29| 28 2| 28 2| 21 1.8 | 3.3167 | 3.42632 |
Sil 1.9 1.3 33 : s 5.9 1.9 2:1 ' 1.2 0.9 | 0.5 1.3 | 1.9 | 2.1167 1.455291
) T 1
si2 | 13| 09 16| 19] 2| 19 1-*:'11-_2_#_-_3_1{__9‘3 | LS| 14 17667 09948
MN | 285 11167 2225 24| 40017 2.6'.a>2jL 2.95 @67 3825 | 3.0917 | 26083 | 175 |

1 “J[‘“"“*‘"“"“ UV I ST P Y S R A

SD 135595 | 0.1642 | 0.9324 | 1912 | 0.8723 1197 | 1.215 | 1.712 | 2.6629 | 1.8584 | 1.3675 | 0.3289 | |



Appendix G: Laboratory results for Sulphate (mg/L)

MONTHS

STN UAN FEB [MAR (APRIL MAY rUNE JULY [AUG |SEPT [OCT NOV  |[DEC ;MN S
T J62 130 “" 1z | 31 | 72 ]m 100 s6 | 75 101 28 60 787 333
| 2 150 185 ’ 79 100 87 }114‘““’ 112 36 398 | 810 20 5 178 2224
I3 3 (8 1160 47 24 | 50 75 75 58 112 53 50 665 392

4 35 |40 | 100 51 55 125 95 180 110 148 140 130 1008 47
s 30 (40 | 60 52 [ 17 1350 (10 110 | 90 l[ 80 36 | 30 : 82 Tsnﬁ?‘h1
6 (50 [40 10 25 35 165 | 150 95 75 180 |4 0 783 59

7 120 (118 115 12 99 86 70 | 40 | 72 %436 18 80 ‘1122 106.5
8 |25 |50 40 20 200 120 |12 105 125 168 70 50 :76._5 :50.1

9 20 |80 80 50 15 152 | 64 77 152 474 'L?E' 79 433
i 10 34 140 | 0 |18 106 4_4'326 144 445 124 | 12 70 70 1324 1266
[Lﬁ ]2 T T 70 18 || a4 |ssa ]33 N 2 mE 20 824 ?so.s
12 [20 [20 | 100 19 17 | 49 62 | B | |4 |l 35 |36 (356 281
T U R TV (7 (T (G TS0 s 27
| R R R | IS N BN
SD 419 482 363 36.6 J[ 35.1 Tmo 1326 1144 '96.3 'zz.m l3.5.1 324 367 j




Appendix G1: 2005 Laboratory Results for Sulphates (mg/L)

Months
STN Jan Feb Mar Apr—[_ May Jun I Jul Aug | Sept Oct Nov Dec MN SD l
SI 59 17 112 28 67 94| 119 39 90 160 20 50 | 74.583 | 35.3591 |
S2 120 170 40 95 78 104 110 128 119 730 20 50 147 | 188.283
S3 6 76 §{ 54 34 47 68 7l 48 80 50 45 | 59.583 | 26.562
S4 37 39 98 53 59 131 102 170 110 151 132 137 | 101.58 | 45.2397
S5 20 40 63 60 141 410 180 | 165 84 92 22 30 | 98.333 | 112.153
S6 58 40 38 20 391 205 170 | 120 81 240 41 50 | 91.833 | 74.343
S7 131 139 142 | 144 1081 101 196 42 74 496 | 21 78 | 139.33 | 122.281
S8 | 34 53 51 20 20 162 169 1 141 100 166 70 40 85.5 | 59.0724
59 20 76 84 50 15 205 61 104 120 176 84 78 | 89.417 | 56.4808
S10 30 42 47 70 111 440 187 36 81 72 86 | 74 | 106.33 | 113.175
SIl 23 107 100 70 I 18 54| 838 588 29 22 22 | 24 1 157.92 | 266.499
S12 20 21 115 18 18 40 65 65 52 8 33 34| 40.75 29.9‘?.45_|
MN 47.333 | 76.667 | 83.833 | 56.83 { 48.417 | 166.1 | 188.8 | 139.1 | 82.333 | 195.25 { 50.083 57.5
SD 39.232 ( 46.819 | 35.079 [ 36.35( 35.745 | 133.1 { 210.5 | 149.3 { 28474 { 211.63 | 35.872 { 30.888




Appendix G.2: 2006 Laboratory Results for Sulphates (mg/L)

| ‘Months ) _

STN | Jan Feb Mar | A May | Jun | Jul | Aug | Sept Oct Nov Dec MN SD

Sl 65 143 114 34 76 | 140 115| 72.8 60 102 36 70 | 85.65 | 36.7989
S2 180 200 118 105 9 126 | 118 96 5.7 390 20 40 | 124.56 | 101.595 |
S3 13 84| 200 40 25 53 83 79 70 124 56 55 73.5 | 49.5425 |
S4 33 41 102 49 51 119 68 189 111 145 148 124 | 98.333 | 49.7947 |
- 20 40 57 44 20| 290 | 40 65 77 68 30 30 | 65.083 | 73.2573 |

S6 42 40 42 30 31 125( 130 70 72 120 47 30 | 64.917 | 38.7731

S7 109 97 88 80 90 97 | 145 38 70 410 15 72 109.25 | 100.27

S8 16 48 29 20 21 78 81 69 150 170 70 60 | 67.667 | 49.1775
. S9 20 84 76 50 15 99 69 50 128 74 64 62 | 65917 | 31.1578

S10 18 38 33 186 110 212] 101 30 167 76 54 67 91 | 65.5716
st1 | 21 69 80 71 19 38| 270| 303 19 22 22 18 | 79.333 | 99.6743
Si2 20 19 85 20 17 58 [| 59 59 66 37 37 38 | 42917 22.2321_1
MN 146417 | 7525 85.333 | 60.75 | 47.583 ll9.6l 106.6 | 93.4 | 82.975 | 144.83 | 49917 | 555 1
SD | 50.358 | 52.023 | 46.74 [ 46.78 | 35.58 | 71.1|60.13 [ 77.35 | 48.372 | 126.6 | 35.592 | 27.998 |




Appendix H: Laboratory results for Dissolved Oxygen (mg/L)

MONTHS ]
STN JAN FEB MAR APRIL J MAY IUNE JULY TAUG *"|§Eﬁr OCT |NOV DEC TMN SD 1
[ 50 |68 |48 80 | 80 |64 J‘ 60 | 48 44 |28 |68 |44 ;37— e
2 50 (60 160 | 60 7.2 64 40 | 40 ~ a4 |54 |40 |44 52 11
3 o Ted 6o 58 |72 138 T30 T 32 28 (40 a0 [4a L&s 18
4 54 68 |68 72 7.6 60 164 | 52 |28 38 | 40 i3 56 |15
5 40 (64 [0z | 44 56 |60 |24 26 |26 (30 (32 |36 136 |18
6 12 [56 |48 | 28 44 43 T[4z a2 38 |40 (30 (20 37 12
7 40 |46 |48 |56 | 80 3.6 ‘ 64 a4 52 (40 |60 |44 [s0 (13
8 8 (28 |20 I8 I8 ERNEE | 6~ |16 (12 |10 [08 |17 [0S
T 9 130 |52 |48 |48 48 |48 | 32 aa ]4..3'—‘“'16 a8 |56 i4.7 03
10 3.2 Js.o 60 | 60 7.2 44 I4.s 5.6 40 |54 |40 |36 51 |12
1 /Y R T Y R b Y e R i 36 |28 |56 |56 f'5.6 1.5 -
T2 "Lj.r 68 |40 |52 |72 |56 |52 32 "Lffz_ m]s.ﬁﬁ r@.‘o*ﬁug L-is_* (14
MN 41 58 52 | 54 65 R Y i;;.e. 36 44 39 46
o | I S
SD 1.6 l: 13 | 1.8 1.9 15 | 1.7 1.2 1.0 lu 1.6 14 0.9 ]




Appendix H.1: 2005 Laboratory Results for Dissolved Oxygen (mg/1.)

Months
STN Jan Feb Marﬁ’_Apr_ Jun | Jul | Aug | “S_::pt_| ~ Oct Nov SD
S| 48| 72| 45| 108 67| 63| 51| 46| 32| 82 237185
s2 | 52| 48| 49| 46 | 77| 48| 46| 51| 51| 44 133576
s3 14| 61| 63| 44 35| 21| 3| 31| 54| 56 2.02836
4 5.1 7.1 75| 82 63| 67 4| 25| 5.1 5.7 62833 | 1.68082 |
$5 38| 67| 54| 42 63| 23| | 25| 30| 38| 3841917 1.53946
S6 13| 59| 51| 25 42| 44 4| 67| 28 1.56329
s7 | 44| 48| 38| 53| 36 6. 47| 57| 56 159115
s8 | 19 29| 21| 19 1.7 1.7 1| 09 0.50355 |
9 | 42| 47| 49| 58 5| a7 46| a3 51 058205
S10 44| 69| 54| 57 53| 58 48| 68 B 5.5 0.854
SI1 48| 64| 11| 11 73] 79 42| 32| 84 1.55095 |
| S12 | 36| 71| 48] 49 _ 6| 6l 36| 48] 65 152323 |
MN | 42417 58833 | 5.15| 545 53 | 4917 3.7833 | 4.5333 | 5.2083
SD | 1.5681 | 1.3265 | 1.4324 | 2.414 | 1.774 | 1.96 10994 | 1.6735 | 2.0987 | ]




Appendix H.2: 2006 Laboratory Results for Dissolved Oxygen (mg/L)

Months
~ STN Jan Feb Mar | Apr | May | Jun | Jul | Aug | Sept Oct ] Nov Dec MN SD ?
81| 52| 64| 51| 52| 56| 61| 57| 46 4.2 24 54 35| 495 113016
82 4.8 1.2 7.1 74 58| 51| 32| 34 3.7 5.7 4 4.2 |5.1333 | 1.51077
| 83 6.7 6.7 57| 6.8 61| 37| 19| 34 2.5 2.6 24 4.6 | 4425 1.89599 |
S4 5. 6.5 61| 62 64| 57| 6.l 4.9 2.7 2.5 23 4.7 | 49833 | 1.59478 |
S5 4.2 6.1 5.6 4.8 53 5.4 25 2.7 23 29 2.6 34| 4025 1.41236
§6 1.1 53 46| 3.1 49 46 44 438 3.6 1.7 1.2 1.9 3.4333 | 1.56921 |
S§7 3.6 4.8 5.8 59 6.4 36| 67 4.1 5.7 2.3 24 48| 4.675| 1.48882 |
S8 1.7 2.7 19| 1.7 19/ 19 2| 21 2.1 1 1.1 1.6 | 1.8083 | 0.45218
| 89 3.8 57 47| 38 38| 46| 37| 53 4.2 4.9 45 53| 4525 0.68241
| S1I0 | 4] 51| 66| 63| 86| 35| 38| 49 32 4| 25 32| 4.6417 | 176092
~S11 4.4 48 49| 65 67| 65| 49| 49 3| 24 2.8 4546917 143112 |
SI2 3.2 6.5 32| 535 58| 52| 44| 25| 28| 24 2. 3.2 | 3.9167 !.48_6_§_l_lI
MN 4.0333 5.65 | 5.1083 | 5.267 | 5.6083 | 4.683 | 4.108 | 3.967 3.35 29| 2.7917 | 3.7417
SD 1.5663 | 1.2169 | 14349 | 1.668 | 1.6329 | 1.318 | 1.567 | 1.103 | 1.0014 | 1.3301 | 1.2609 | 1.1572




Appendix I: Laboratory Results for Chemical Oxygen Demand (mg/L)

MONTHS ’
STN JAN |FEB MAR RIL MAY |JUNE DJULY | AUG |SEPT |OCT |NOV |DEC |MN |SD |
1 172 (248 260 408 360 304 380 | 580 416 680 | 296 196 353.3_"@
|
2 192|272 | 380 344 320 240 400 720 328 840 | 156 168 363.3 2118
3 (256 260 408 448 748 29 392 776 340 300 | 368 184|398 1852 ‘
4 240 280 | 440 428 428 180 368 604 416  |704 | 244 88 3683 1749
5 |29 1260 480 560 340 292 536 380 390 4200 | 276 424 3962 | 96
6 |46 (320 |48 348|488 | 304 488 800 644  |[768 | 440  |308 pes3  §72.7 ‘
7 |40 [330 37 344 20 | 280 343 700 420 552|384 184 3938 1301
8 456 424 660 420 488 304 476 736 420 816 | 336 152 4707  186.1
9 460 320 | 620 444 308 300 400 992 784 1000 | 280 320 |519 267.6
10 |208 5428 612 572 360 340 400 624 336 656 | 376|376 4407 1409
1 [252 416 lszs 356|400 | 244 [ 400 624 352 620 | 260 433 W47 @292 |
12 [268 ;408 1380 392 324 196 296 | 760 480 660 42 156 395 1757
MN 3013 3322 4303 | 422 (412 (2733 4067 | 6913 | 4197 668 13197 2483 rm.@ J\
SD 104 706 1709 | 77.4 1199 | 482 653 | 1486 | 1885 83 (93 1159 | isu |




Appendix L.1: 2005 Laboratory Results for Chemical Oxygen Demand (mg/L)

[ - Months - -

Station Jan Feb Mar ( Apr May Jun Jul Aug [ Sept Oct Nov Dec MN SD
SI 163 198 286 | 489 | 378 319 361 | 696| 441 | 860 | 242 | 200 | 386.08 | 211.06
S2 253 313 456 | 415 384 | 254 380 | 1008 | 367 1120 112| 202 | 43867 | 308.64 |
S3 205 219 428 493 678 | 310 372 931 306 | 260 176 182 ) 380 ) 227.57

| S4 | 252| 204] }3;:_ 538 342 162| 386 726| 42| 818| 258 106| 382.5) 217.22
S5 311 320 520| 412 272| 306| 643| 437| 407 340 282| 367 | 384.75 | 10836
| S6 | a78| 32| sio| 27| swof 274| si2| 1000| 721 916 | 320 372| 51767 | 243.13
| S7 | _as0| _ 368 365 | 361 357 294| 386 | 805| 601 | 584| 208| 162 | 41425 179.09
S8 | 308 509 429 | 357 30| 258| 452 824 S04| 1112|352 170 | 472.08 | 258.74
S9 400 340 496 355 310 | 354 380 1141 1098 1490 290 352 | 583.83 | 411.06 |
| S10 | 198| 336| 524 4s8 374 | 374| 372| 749| 330| 852| 292| 250 42575 196.10
S11 239 500 556 | 409 480 209 480 700| 474 650| 230 | 318 | 437.08 | 16145
S12 281 316 300 | 431 389 | 210 310 798| 384 | 1__@'0_ 600 148 | 399.75 | 188.67
MN 297.33 | 33042 43517 4163 | 40533 | 277 | 419.5| 817.9 | 504.92 | B02.67 | 280.17 | 235.75 |
s 10487 | 97.304| 9139 | 7245| 107.36 | 622 89.7| 184421999 34339 | 119.88 | 93.36 ]




Appendix L.2: 2006 Laboratory Results for Chemical Oxygen Demand (mg/L)

Months
STN Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec MN SD
Si 181 298 234 327 342 289 399 464 391 500 350 192 330.58 | 99.57
s2 230 |23 304 276|256 226 320 432 289 560 200 134 288.17 | 112.45
| 83 | 307 301 388 403 890 281 412 621 374 340 560 186 421.92 | 188.72
S4 | 228 336 538 343 514 198 350 482 406 590 230 70 357.08 | 156.91
S5 | 281 200 440 708 408 278 429 323 373 500 270 | 276 373.83 | 137.22
S6 | 354 318 451 419 466 267 464 600 567 600 560 575 470.08 | 114.06
| ST 1320 333 331 335 483 266 302 595 239 520 560 206 374.17 | 130.69
S8 604 339 |891 483 |58 |350 500 | 648 | 336 520 320|134 | 47592 |197.35 |
§9 | 520 300 744 533 306 246 420 843 470 510 270 | 288 454.17 | 190.90
SI10 | 218 335 700 686 346 306 428 499 342 430 460 502 437.67 | 14545
| SI1 | 265 332 501 303 320 279 320 548 429 590 290 530 392.25 | 11948
SI12 | 255 500 460 353 259 182 281 722 576 690 240 164 390.17 | 194.77
MN 313.58 | 318.58 1 498.5 4308 |[431.33 | 264 3854 |564.8 | 399.33 |529.17 |359.17 | 271.42
SD 126.69 | 72.049 | 19346 | 1446 17821 | 46.08 | 69.27  138.8 | 100.83 88.98 | 138.07 | 170.63 e



Appendix J: Laboratory results for Biochemical Oxygen Demand (mg/L)

MONTHS
SIN  UJAN |[FEB MAR |APRIL MAY [JUNE JULY |AUG SEPT |OCT NOV DEC |MN |[SD
1 96 |48 9.6 96 |14 |96 [192 |96 9.6 48 9.6 144 (104 |40
2 144 |96 |144 4.8 4.8 9.6 19.2 48 144 9.6 144 |96 (108 |46
3 168 [144 |144 144 48 9.6 9 14.4 9.2 144 (192 [192 (205 241
4 174 96 |96 9.6 | 48 9.6 19.2 9.6 14.4 336 |96 [144 [135 |75
5 144 [96 144 24 |48 144 38.4 8.8 8.9 9.2 9.6 96 138 |91
6 288 |296 384 38 34 432 2496 | 624 384 768 | 816 |144 612 |625
7 (20 [22 |22 19.2 4.8 14.4 9 14.4 14.4 576 | 144 96 (257 (257
8 206 |24 |284 48 24 48 153.6 | 432 432 816 |768 |24 |[521 |37.4
9 288 [288 |24 24 438 28 19.2 384 | 144 84 T 288 (96 (277 |20
10 [17.2 [i44 192 14.4 4.8 144 19.2 9.6 9.6 9.6 96 56 126 (4.5
1 172 [216 [144 144 48 24 38.4 48 14.4 144 9.6 144 |16 | 9.1
12 [288 (216 144 19.2 438 14.2 9% 9.6 76.8 9.6 144 [144 [27 [287
MN 203 175 186 20 9.6 20 72 191 | 223 (338 252 (136 243
SD |70 |82 8.3 12.4 9.8 134 71 18.5 206 319 258 (45 16.5




Appendix J.1: 2005 Laboratory Results for Biochemical Oxygen Demand (mg/L)

Months

STN | Jan Feb Mar | Apr | May | Jun Jul | Aug | Sept Oct Nov Dec MN SD
Sl 10.1 58| 11.04| 10.6 161} 106 221 | 115 9.1 5.5 10.1 15.1 | 11.47 | 4.53743
S2 16.6 10.1 12| 54 5.3 84 21.1 38] 202 15.4 23 15.4 | 13.058 | 6.5654
S3 17.64 13 119 157 5.8 8.6 11744 | l16.1 12.9 22.5 30.1 30.7 | 29.945 | 46.1334
S4 18 8.6 10.6 | 10.8 5.5 791 21.5 9.1 17.3 55.1 6.1 21.6 | 16.008 | 13.5799
S5 16.2 11.5 15.6 | 19.7 591 13.2] 507 7 10.7 11.6 14 15.4 | 15.958 | 11.6028
S6 389 | 33.7| 453 41 40.8 5412699 | 99.8 653 1324 | 1426 | 21.3 | 82.083 | 71.0307
S7 24| 264 264 | 209 57 1151529 176 21.6 326 221 16.3 31.5| 38.8892
58 34| 204) 31.24] 504 192 | 6342733 | 484} 679 91.8 1229 38.4 | 71.778 [ 70.2612
59 33.1 32 248 | 269 62| 256 204 | 419 173 137.8] 46.1 15.4 | 35.625 | 34.0383
S10 18.9 17.3 225 16.6 531 167| 154 | 7.7 12 15.4 15.5 11.5 | 14.567 | 4.75917
S11 206 227 16.6 | 17.3 5[ 326 60.7 5.8 18.7 234 [ 132.44 18.7 [ 31.212 | 34.9255
S12 314 259 159 | 228 54| 1561644 ] 108 | 1342 13.1 22.5 17.3139.942 | 51.9516

MN | 23287 | 18.95]20.323 | 21.51 | 10517 | 22.34 | 103.9 { 23.29 | 33.933 { 46.383 | 48.953 | 19.758

SD 1 8.9255[19.3412 | 10.363 | 12.85| 10.64| 18.62 | 98.68 12797 | 37.413|47.761 | 51.657 | 7.6218




Appendix J.2: 2006 Laboratory Results for Biochemical Oxygen Demand (mg/L.)

o ____Months B

STN | Jan Feb Mar | Apr May Jun Jul Aug Sept Oct Nov Dec | MN SD
S1 7.9 3.8 8.2 | 86| 119 i 86| 163 3 10.1 4.1 8.6 13.7| 9.125 | 3.56603
S2 12.2 9.1 168 43 3.3 84| 173 5.8 8.6 3.8 5.8 3.8| 8.2667 | 4.89143
S3 16 15.8 129 | 13.1 3.8 ‘ 10.8 17.6 12.7 5.5 6.3 8.3 7.9 10.892 | 4.50746
S4 16.8 106 | 8.6 8.4 4| 106 16.9 10.1 11.5 12.1 13.1 7.2 | 10.825| 3.70555
S5 8.6 7.7 13.2| 28.3 37| 11.2] 26.1 10.6 7.1 6.8 20.6 3.8 12308 | 8.30438
Se | 187 25.5 31.5 ' 35 27.2 156 | 293 25 11.5 21.2 6.3 7.5 21.192 | 9.40246
S7T | 16 17.6 17.6 | 17.5 39| 324 39.1 12.2 7.2 234 30.7 29| 18375 | 11.3738
S8 252 27.6 256 | 456 288 | 17.3| 339 38 18.5 20.6 11.5 9.6 | 25.183 | 10.5919
S9 245 25.6 192 | 21.1 34 | 32.6 18 349 11.5 30.2 3.7 58| 19.208 | 11.0778
S10 15.6 11.5 15.9 12.2 4.3 | 224 23 11.5 1.2 3.8 5.8 7.7 11.742 | 649174

| S11 13.8 20.5 12.2_15_ 11.5 46| 12.1 16.1 38 10.1 54 3.3 10.1 | 10.292 | 5.27472
S12 26.2 17.3 13| 156 42| 128| 278 8.4 19.4 6.1 6.3 11.5| 14.05 | 7.62561

 MN | 16.792| 16.05| 16225 1843 | 85917 | 1623 | 2345 | 1506 10683 | 11983 | 10.333| 7.625

SD 6.0389 | 7.7238 | 6.7537 ‘ 122 | 9.3623 | 8549 | 7.771 | 11.28 | 43493 | 93157 | 7.997 | 3.2633




APPENDIX K: FORTRAN PROGRAMME FOR PRINCIPAL COMPONENT
ANALYSIS

The programme caleulates the covariance matrix or the correlation matrix. from the

set ol data. The characteristic roots and vectors are then calculated from them. The

principal component is extracted from the calculations of the eigenvalues and

gigenvectors.

The number of stations or months and variables are entered and the required steps
listed below are followed for the identification of principal components. The principal
components arc identilied in a range of selected values. The components arc not
sorted in order of magnitude by the programme. The first and subsequent principal

components arc determined by visual inspection.

C MEAN, COVARIANCE AND CHAR NEEDED

DIMENSION X (10,100),XBAR (10}, $(10,10), R(10,10)

1 VEC(10.10), OOT(10),Y(100)
READ (5, 5)M, N, MOD

5 FORMAT (313)
DO 10 1=1, M

10 READ (5,15) (X(X,)), J=1,N)

15 FORMAT (8F10.0)

CALL MEAN (M, N, X, XBAR)
IF (MOD) 25, 25, 20
20 DO 22 I=1, M
DO 22J=1,N
22 X(L,J)=9X91,H=XBAR(I)/SQRT (S(L,1 YVFLOAT(N=1))
CALL CORR (M, S, R)
WRITI (6, 24)
24 FORMAT (*COMPONLNTS EXTRACTED FROM CORRELATION
MATRIX")
GO TO 40
25 DO 351-1, M
DO 35 J=1,N
R(LJ) = S(I,])/FLOAT (N=1)
35 R(I,J) =R(J))
WRITE (6, 37)
37 FORMAT (‘COMPONENTS EXTRACTED FROM COVARIANCE
MATRIX)
40 CALL CHAR (R,M,VEC,ROOT)
DO 70 K=1, M
DO 50 I=1, N
Y(1)=0.0
DO 50 J=1,M
50 Y(I) = Y(D+X(J,D*VEC(.K)



33

65

68
70
75

WRITE (6, 55) ROOT (K)

FORMAT (/,/,"CHARACTERISTIC ROOT=",
F10.4,/,/”CHARACTERISTIC VECTOR’))
WRITE (6, 65)(VEC(L,K).J=1.M)
FORMAT(10F8.4)

WRITE {6, 68)

FORMAT (‘VALUE OF COMPONENT?)
WRITE(6,75) (Y(I),]=1.N)

FORMAT (5E15.7)

CALL EXIT

END



APPENDIX L: FORTRAN POGRAMME FOR DISCRIMINANT ANALYSIS

The programme calculates the coefficicnts of the discrimination function. It evaluatcs
the value of function which enables variables to be ¢lassified into groups. An item is
in group one (1) if the value function is greater than or equal to zero. The value of

funetion belongs to group two (2) if the value of function is less than or equal zero.

C MEAN, COVARIANCE AND INVERSE NEEDED
DIMENSION AND DECIMAL PLACES SELECTED
RIEAD DATA FROM DATA FILE

5 FORMAT (313, F.10.0)
DO10I=1,m
10 READ (5,15)X 9LJ), J=1,N1
15 Format (8F10.0)
DO 20 [=1.M
20 READ (5,15)(X1(1,J}, J-1, N2)

CALL MEAN (M, N1,X , XBAR)
CALL COVAR (M, N1, X, S, XBAR)
DO 30I=1,M
XBD (I) = XBAR (1)
XBP (I) = XBAR (I)
DO 30 J-1.M
30 A (L) = 5911

CALL MEAN (M, N2, X1, XBAR)
CALL COVAR (M, N2, X1,S, XBAR)
DO 40 I=1,M
XBD (I) = XBD (1) = XBAR (1)
XBP (1) =XBP (1) = XBAR (I)
DO 40 J=I.M

40 A(LD) = (A(LJ) = S(IL1)/FLOAT (N1+N2=2)
CALL INVS (A.M)
DO 60 I=1 M
XBAR (1) = 0.0
DO 60 J=1,M

60 XBAR (I) = XBAR 9I)+A (I,)* XBD{J)
CON =0.0
D=0.0
DO 70 I=1.M
D=D*XBD (I*XBAR(I)

70 CON=CON+XBP (1)*XBAR()
CON=0.5*CON
I1=1
WRITE (6,75) I1

75 FORMAT (*GROUP’.12,/, ITEM VALUE OF CLASIFICATION, /,’
NUMBER IR FUNCTION”)
$1=0.0
DO 90 I=I.N
CL=0.0



78

79
80

90
95

98

100
110

115

120

125
130

135

140

DO 78 J=1,M
CL=CI+XBAR ()*X({.I)

CL=CL-CON

IF (CL) 80, 85, 85

NC=2

GO TO 90

85  NC=I

S1=S1+1

WRITE (6, 95) I, CL, NC

FOMAT (15, E15.7, 7X, 11)

-2

Write (6,75)11

$2-0.0

DO 110 1=1,N2

CL=0.0

Do 98 J-1.M

CL = CL=XBAR ()*X1 (1.1)

CL = CL-CON

{F (CL) 100, 105, 105

NC=1

WTITE (6,95)1, CL,NC

SS1=NI1-N2

§S2 =N2.82

WRITE (6,1115) 1,581, 82,882
FORMAT (*SUMAY OF ERORS’, /, 9X’ COECT ONCORRECT’ /"
GROUP 1°, 3X, F4.0, 6X,F4.0 /,GROUP 2’ 3X,F4.0, 6X, F'4,0)
WRITE (6,120)

FORMAT (COEFICIENTS"/, VARIABLE'/, 4X, ‘SLOPE’ )
DO 125 I=1,M

WRITE (6,130) I, XBAR (1)

FORMAT (4X, 12, 3X, E15, 7)

WRITE (, 135) CON
FORMAT (3X, ‘Y=STAR, E15, 7)
XBAR (10 = DSFLOAT (N1*N20 / FLAOT (N1*N2)
XBAR (2) = FLOAT (N1+N2=2) *M/ FLAOT 9N1+N2=M1=10
WRITE (6, 140) XBAR (1), XBAR (2)

FORMAT (‘T=SQR, ACTUAL =*, [£15, 7, 3X, ‘T=SQR, CRITICAL
=+, E15,7)

CALL EXIT

END



