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ABSTRACT

This study was carried out along the Tano River (TR) and Asuotwe Stream (AS), and on
the industrial effluents (EFT) emanating from Ghana Nuts Limited (GNL) for a four-
month period from February to May 2012, to assess the impact of effluent from GNL on
the physico-chemical and microbiological qualities of the Tano River. Seven sampling
stations were selected along the Tano River, Asuotwe Stream and the GNL’s effluent to
give adequate spatial coverage and to represent the variety of conditions in the River, the
Stream and the Factory premises. The Effluent, Asuotwe Stream and Tano River samples
and in-situ data were collected from the stations on a monthly basis. The Effluent From
GNL, Asuotwe Stream(AS) and Tano River (TR) samples were analyzed in terms of
physico-chemical quality (temperature, pH, alkalinity, turbidity, total dissolved solids
(TDS), total soluble solids (TSS), biological oxygen demand (BOD), oil and grease,
chemical oxygen demand (COD), phosphorus and nitrate) and microbiological quality
(total coliforms (TC), faecal coliformisAF@), aad|Esdhérichid coli (E.coli)). The measured
parameters of the effluent were compared to EPA-Ghandjguideline value for its suitability
to be discharged into surface waters whereas Asudtwe stream (AS) and Tano River (TR)
were compared to WHO drinking water qualitypguideline value. Also, the reduction of the
pollutants as the Effluent (EFT) joins the Tano River (TR) at the discharge point (MS) and
as the river flows from upstream to the dewnstream were assessed to ascertain the extent of
dilution by the EFT, AS and TR as they run from a'particular source to a destination.
Comparing the physico-chemical parametersstosthe regulatory guideline values it was
observed that BOD, COD, TSS, Fe and oil and grease of the EFT recorded very high mean
values whilst generallythe.IR samplinglocations recorded a higher levels in BOD, COD,
Fe and turbidity. All the measurable-microbiological parameters-(TC, FC and E.coli) for
the Effluent (EFT), Asuotwe(AS) and Tano River (TR) were very much above EPA-
Ghana guideline value and the<WHO.drinking water guideline values. The percentage
reduction of the contaminants of the Tane River recorded as the river flows from upstream
to the discharge point of the effluent was very low as shown by the measured parameters.
However there was a dilutionwef the contaminant levels.as the river flows from the
discharge point to the.downstream of the river. Direct anthropogenic.activities and effluent
discharges from GNL'were'the cause of pollution ofithe TR and AS. Thus, polluted water
from river bodies should be treated before usage. Effluents from industries should not be
discharge directly into water bodies but should be treated before releasing into them. There
should be education on the impagt of water-pollution-on the health of humans as results of
their own activities. L
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CHAPTER ONE

1.0 INTRODUCTION

In the recent past, industrialization, increasing human population, intensive agricultural

practices and discharges of massive amounts of wastewater into rivers and streams have

resulted in deterioration of soil, biota and water qualities. The impact of these

anthropogenic activities has been so extensive that the water bodies have lost their self-

purification capacity to a large exten%é;:mjai. 2008). Ecﬁ.ble oil mills located in urban
u I N LS ¢

centers also contributes significantly t{}\;.rast; di::‘;charges into water bodies resulting in

stench, discoloration and a greasy and oily mature of such waters. These wastes pose

serious threat to associated environment, ineluding human health risk (Sood er al., 2008).

As urban and industrial devélepment in¢reases, the quantity of waste generated also
increases. These wastes pose a setious threat to public health when they are not readily
disposed off. When these wastes are removed by water carriage system, they are termed
wastewater. Wastewater.is the used water or liguid waste of a community, which includes
human and household waste l;p,gg&her with street washings. Industrial waste, ground and
B ‘may be mixew Nevertheless. it must be borne in mind that although
the sediment is an excellent adsorbent for most soluble pollutants, domestic wastewater
Es—tfbe treated before it can be discharged into water bodies to prevent the risk to both
public and the environment (Mohammed, 2006). In view of this, the research sought to

assess the impact of effluent from Ghana Nuts Limited on the physico- chemical and

microbiological qualities of the Tano River.

iiPRARHY
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121 PROBLEM STATEMENT

The pollution of water bodies through discharges from industries and domestic sources
have been a major concern in the country lately. Many water bodies are losing their
capacity to host aquatic fauna and flora because of the extent of pollution. Aside rendering
the extinction of some aquatic species, the effect of the water pollution on resident
downstream of the water bodies is enormous and poses a major health risk (Holdgates,
1979). In recognition of these probable [challenges, it becomes very necessary to take
inventory and evaluate the possible impacts ofithe wastewater discharges from the Ghana

Nuts Limited (GNL) on its environs and the residents within the Techiman catchment area.

To date very limited documented information exists with regards to the impact of the GNL
discharges although some media houses in.the country; the EPA of Ghana and some of the
Techiman residents have raised some. concern about. the situation. Also, during the
celebration of the World Water Day 201 1, at'Techiman, the Officer In-charge of Tanoso
Water Headwork’s of the-Ghana Water Company diselosed 1in an-interview that the Tano
river is polluted which ‘wassattributed to-the production discharges unto the surrounding
environment by the GNL at Tansua a-suburb-of-, Techiman. The company (GNL),
i [
promised to treat its waste in order not to pollute the Tano River (Boateng, 2012). The
disposal of industrial wastewater is a serious problem as it affects the freshwater resources,
human health and agricultural productivity. The problem is more critical in the urban and

industrial areas where rapid water quality deterioration has caused widespread water-borne

diseases and other irrecoverable damages to the environment (Paraveen ef al., 2010).



It is against this background that the present assessment was conducted into the quality of

the receiving water bodies within the catchment area of the GNL.

1.2 AIM AND OBJECTIVES

AIM

The research sought to assess the impact of effluent from Ghana Nuts Limited on the
physico- chemical and microbiological quality of the Tano River.
SPECIFIC OBJECTIVES
The research had the following speciﬁctobjﬁcﬁfﬁ'es:
1. To assess the physico-chemical qualitys(TDS, TSS, NO'; PO, SO™, Colour,
turbidity, Temp. alkalinity, conductivity, pH, eil and grease, total hardness, COD,
BOD) of Ghana Nuts Limiteds eftiuentypAsuotwe Stream discharges and water
samples from Tano-River.
2. To assess microbiolegical*quality (Faeeal Coliforms, Total Coliforms, E. coli) of
Ghana Nuts Limited effluent, Asuotwe Stream discharges, and water samples of

Tano River.



CHAPTER TWO

20 LITERATURE REVIEW

2.1 GHANA NUT LIMITED
The Ghana Nuts Limited (GNL) was established in 2001 and commenced operations as a
commodity trader in soya, groundnuts, cashew, shea butter and sesame seeds, Voacanga

" Africana, Griffoniaspp to Europe, UK Tadia agd Japan (GNLj; 2011).

The production of edible oil by the GNL leaves in its trail waste, both solid and liquid. The
waste water generated, very probable contain organic oil and waxes that_when discharged
untreated, could have a niimber of negative dmpacts on the aquatic life of receiving water
bodies. In the Techiman Municipality.-one'of the receiving waterbodies directly affected

includes the Tano River (Boateng, 2012).

The disposal of industrial wastewatersis a-serious problem as it affects the freshwater

resources, human health and-agriculfiiral productivity:-The problem is more critical in the

o

urban and industrial areas wiere rapid Water-quality deterioration has caused widespread
water borne diseases and other irrecoverable damages to the environment. Rapid
ool

development and growth in industrialization has adversely affected the environment and

the surrounding ecosystem (Paraveen ef al., 2010).



The discharged effluent may impact on soil, sediments, biota and water quality, besides its
socio-economic dimensions. It was against this background that necessitated the study into
the efficiency of mitigation measure adopted by a commercial edible oil factory for

treating its effluent in Ghana (Boateng, 2011).

Ghana Nut Limited has grown over the years to become the leading agro processor,
manufacturer and exporter of edible oils (including bleached and deodorized sqybean and
~ cotton seed cooking oils), animal feed nput materfaland sﬁea butter. Exports of these
products amount to over 30000 tons per annum. GNL employs a high infrastructure, state
of the art solvent extraction facility and refinery plant and operates in accordance with

good manufacturing practice (Boateng,2011).

2.2  Surface Water

Precipitation that does not evaporate or infiltrate into the ground runs as surface water,
which may accumulate to form Streams, and streams join.te:form rivers. Lakes are inland
depressions that hold'standing freshwater. Ponds are generally-eonsidered to be small
temporary or permanent bodies of water shallow enough fer'rooted plants to grow over and
at the bottom.—;ét’hile lakes comtain nearly as-muchas one hundred times water as all rivers

M&ams combined, they are still a major component of total world water supply

(Mallard, 1982).



2.3  Water Quality

Water quality is a term used here to express the suitability of water to sustain various uses
or processes. Water quality is affected by a wide range of natural and anthropological
(human) influences. The most important of the natural influences are geological,
hydrological and climatic, since these affect the quality and quantity of water available. It
is important to understand how the water upstream and downstream is being used because
the downstream use will often dictate the overall water quality. The utilization of water for
 a wide diversity of desirable purposas{affécts pvater guality aﬁd the wastewater generated

must be treated to save the environments from being polluted (Russell, 2006).

2.3.1 Water Quality Monitoring

The main elements ‘of water.quality-monitoringiare on-site measurements, the collection
and analysis of water samples, thé.study and evaluation of the analytical results and the
reporting of the findings. Some of the'common water qualities monitoring strategies are

Ambient Monitoring, Baseline Menitoring and Compliance or regulatory monitoring

(Igbinosa and Okoli, 2009).

-
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2.4  Some Parameters Used to Determine Effluent and Water Quality
LN
24.1 pH

By definition pH, is the negative logarithm of the hydrogen ion concentration of a solution
and it is thus a measure of whether the liquid is acid or alkaline. The pH scale (derived

from the ionization constant of water) ranges from 0 (very acid) to 14 (very alkaline). The



range of natural pH in fresh waters extends from around 4.5, for acid, peaty upland waters,
to over 10.0 in waters where there is intense photosynthetic activity by algae. However, the
most frequently encountered range is 6.5-8.0. In waters with low dissolved solids, which
consequently have a low buffering capacity (i.e. low internal resistance to pH change),
changes in pH induced by external causes may be quite dramatic. The effect of pH on fish
is also an important consideration and.values which depart increasingly from the normally
found levels will have a more and more marked effect on fish, leading ultimately to
~ mortality. The range of pH suitable faxfisheties i$ constdered tb be 5.0-9.0, though 6.5-8.5

is preferable (Ireland EPA, 2001).

Campbell and Stokes (1985) have deseribed two eontrasting responses of an organism to
metal toxicity with a,decrease in pH
1. If there is little-change in speciation and meétal binding 1s weak at the biological
surface, a decrease in pHrwill deercase toxicity due to competition for binding
sites from hydrogen 10ms.
2. Where there is.a marked effeet on-Speciation and strong binding of the metal at the
biological surface. the.dominant effect of a decrease in-pH will be to increase metal

availability. e

L
2.4.2 Temperature

Temperature is important because it not only influences the metabolic activity and
behavior of organisms, which may affect their exposure to a pollutant, but it may also alter

the physical and chemical state of the pollutant. In general, toxicity increases with



temperature, as is the case for metals (Felts and Heath, 1984; Khangarot and Ray, 1987).
There are, however, many exceptions to the increase in toxicity with temperature. The
effect of temperature, and especially changes in temperature, on living organisms can be
critical and the subject is a very wide and complex one. The temperature of surface waters
is influenced by latitude, altitude, and season, time of day, air circulation, cloud cover and
the flow and depth of the water body.l In turn, temperature affects physical, chemical and
biological processes in water bodies and, therefore, the concentration of ma.ny.va:riables.
~ As water temperature increases, the rate of chenical reagtions éenerally increases together
with the evaporation and volatilization of substances from the water. Increased temperature
also decreases the solubility of gases in water, such.as O,, CO,, N, CHy and others. The
metabolic rate of aquatic organisms is-also related to temperature, and in warm waters,
respiration rates increase leading te. increased - oxygen consumption and increased
decomposition of organic-matter. Growth rates alse inerease (this is most noticeable for
bacteria and phytoplankton whieh double-their populations in very short time periods)
leading to increased water turbidity. macrophyte growth and algal blooms, when nutrient
conditions are suitable..Surface waters are-usually-within the temperature range 0°C to
30°C, although “hot springs?.may reach 40°C or more: These temperatures fluctuate
seasonally with‘_"'}ninima GWMg winter‘or _wet periods, and maxima in the

S

summer or dry seasons, particularly in shallow waters. Abnormally high temperatures in

e
surface water can arise from thermal discharges, usually from power plants, metal

foundries and sewage treatment plants (Chapman, 1996).



2.4.3 Total suspended solids

The significance of suspended solids in water is great, on a number of grounds. The solids
may in fact consist of algal growths and hence be indicative of severely eutrophic
conditions; they may indicate the discharge of washings from sandpits, quarries or mines;
they will reduce light penetration in surface waters and interfere with aquatic plant life;
they will seriously damage fishery waters and may affect fish life; they may form deposits
on the bed of rivers and lakes which will in turn give rise to septic and offensive
~ conditions; and they may indicatd{thel présencef of, un§atisfactory sewage effluent

discharges (Ireland EPA, 2001).

Domestic wastewater usually contains large quantities of suspended solids that are organic
and inorganic in nature. These solids are ' measured-as Total Suspended Solids or TSS and
are expressed as mg TSS/ liter of water. Total Suspended Solids (TSS) are solids in water
that can be trapped by a filter. I8S. can include-a wide variety of material, such as silt,
decaying plant and animal matter, industrial wastes, and sewage. High concentrations of
suspended solids can ‘cause many problems for stream health and aquatic life (Mitchell and

Stapp, 1992).

I
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High TSS can block light from reaching submerged vegetation. As the amount of light
pm. through the water is reduced, photosynthesis slows down. Reduced rates of
photosynthesis causes less dissolved oxygen to be released into the water by plants. If light

is completely blocked from bottom dwelling plants, the plants will stop producing oxygen

and will die. As the plants are decomposed, bacteria will use up even more oxygen from



the water. Low dissolved oxygen can lead to fish kills. High TSS can also cause an
increase in surface water temperature, because the suspended particles absorb heat from
sunlight. This can cause dissolved oxygen levels to fall even further (because warmer

waters can hold less DO), and can harm aquatic life in many other ways (Mitchell and

Stapp, 1992).

The decrease in water clarity caused by TSS can affect the ability of fish to see and catch
food. Suspended sediment can also clag fisihgills, reduce _grumih rates, decrease resistance
to disease, and prevent egg and larval development. When suspended solids settle to the
bottom of a water body, they can smother the eggs of fish and aquatic insects, as well as
suffocate newly hatched insect larvae. Settling sediments can fill in spaces between rocks
which could have been used by aquaticerganisms tor homes (Mitchell and Stapp, 1992). |

High TSS in a water body can-often mean higher concentrations of bacteria, nutrients,
pesticides, and metals in the water. These pollutants-may.attach to sediment particles on
the land and be carried into water bodies with storm water. In the water, the pollutants may
be released from the sediment or travel farther downstream. High TSS can cause problems

for industrial use, because the solids may clog or scour pipes-and machinery (Mitchell and

i

Stapp, 1992).

—
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2.4.4 Nitrate
The nitrate ion (NO5’) is the common form of combined nitrogen found in natural waters.
It may be biochemically reduced to nitrite (NO;) by denitrification processes, usually

under anaerobic conditions. The nitrite ion is rapidly oxidised to nitrate. Natural sources of
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nitrate to surface waters include igneous rocks, land drainage and plant and animal debris.
Nitrate is an essential nutrient for aquatic plants and seasonal fluctuations can be caused by
plant growth and decay. Natural concentrations, which seldom exceed 0.1 mg/ L. NO3'N,
may be enhanced by municipal and industrial waste-waters, including leachates from waste
disposal sites and sanitary landfills. In rural and suburban areas, the use of inorganic nitrate
fertilizers can be a significant source. When influenced by human activities, surface waters
can have nitrate concentrations up to 5 mg/ L NO3'N, but often less than 1 mg/ L NO3'N.
Concentrations in excess of 5 mg/ L NO; N'ysually indicate pollution by human or animal
waste, or fertilizer run-off. In cases of extreme pollution, concentrations may reach 200
mg/ L NOs'N. In lakes, concentrations of mitrate in excess of 0.2 mg/ L NOs'N tend to

stimulate algal growth and indicate possibleeutrophic conditions (Chapman, 1996).

2.4.5 Phosphate

Phosphorus occurs widely in nature in plants, in micro-organisms, in animal wastes and so
on. It is widely used as an agricultusal fertilizer and as a.amajor constituent of detergents,
particularly those for'domestic use. Run-off and sewage discharges are thus important
contributors of phosphorus te_surfacéwaters. The significance of phosphorus is principally
in regard to the;phenomenanﬂf‘ﬁﬁfﬁﬁhicatien (over-enrichment) of lakes and, to a lesser
e@&r rivers. Phosphorus gaining access to such water bodies, along with nitrogen as
nitrate, promotes the growth of algae and other plants leading to blooms, littoral slimes,
diurnal dissolved oxygen variatigns of great magnitude and related problems (Ireland EPA,

2001). Natural sources of phosphorus are mainly the weathering of phosphorus-bearing

rocks and the decomposition of organic matter. Domestic waste-waters (particularly those

11



containing detergents), industrial effluents and fertilizer run-off contribute to elevated
levels in surface waters. Phosphorus associated with organic and mineral constituents of
sediments in water bodies can also be mobilized by bacteria and released to the water
column. Phosphorus is rarely found in high concentrations in freshwaters as it is actively
taken up by plants. As a result there can be considerable seasonal fluctuations in
concentrations in surface waters. In mbst natural surface waters, phosphorus ranges from
0.005 to 0.020 mg/ I. PO, P. Concentrations as low as 0.001 mg/ L PO4P may be found in
some pristine waters and as high a§€00 mg/ L POsR in [some enclosed saline waters

(Chapman, 1996).

2.4.6 Conductivity

Conductivity, or specific 'conductatice,.is ameasure of the ability of water to conduct an
electric current. It is sensitive t0 Variations.in dissolyed solids, mostly mineral salts. The
degrees to which these dissociate into 16ns, the amount of eleetrical charge on each 1on, ion
mobility and the temperature ofisthe solution all" have.an influence on conductivity.
Conductivity is expressed as microsiemens-per~centimeter (uS/em) (Igbinosa and Okoh
2009). The conductivity of-most fieshwaters ranges-fromi"10"to 1,000 uS/cm but may
exceed 1,000-1;@’ c¢m, especiatty ifi polluted-waters, or those receiving large quantities of
laﬂ_—off. In addition to being a rough indicator of mineral content when other methods
cannot easily be used, conductivity can be measured to establish a pollution zone, e.g.

around an effluent discharge, or the extent of influence of run-off waters. The ability of the

water o conduct a current is very temperature dependent (Chapman, 1996).
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2.4.7 Total dissolved solids

Total Dissolved Solids (TDS) refer to any minerals, metals, salts, cations or anions
dissolved in water. This includes anything present in water other than the pure water (H,0)
molecule and suspended solids (suspended solids are any particles / substances that are
neither dissolved nor settled in the water, such as wood pulp). In general, the total
dissolved solids concentration is the sum of the cations (positively charged)
and anions (negatively charged) ions in the water. Parts per million (ppm) is the weight-to-

weight ratio of any ion to water (APHA, 2008).

Total dissolved solids (TDS) are naturallyjpresent in water or are the result of mining or
some industrial treatment of water. TDS contain minerals and organic molecules that
provide_beneﬁt such_as nutrients or.eontaminants such as toxic metals and organic
pollutants. Current regulations-reduire the periodic monitoring of TDS, which is a
measurement of inorganic salts, organic-matfer -and-other dissolved materials in water.
Measurements of TDS do not. differentiate among ions. The amount of TDS in a water
sample is measured by filtering the'sample through-a 2.0 nm pere.size filter, evaporating
the remaining filtrate and then“dcying what is left to_a~Constant weight at 180°C. The
concentration and composition of-TDS. in natural waters is determined by the geology of
108 =3

e

the drainage, atmospheric precipitation and the water balance (evaporation-precipitation).
__.-——-_—-_ - - L - ]
Changes in TDS concentration in natural waters often result from industrial effluent,

changes to the water balance (by limiting inflow, by increased water use or increased

precipitation), or by salt-water intrusion (APHA, 2005).
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2.4.8 Colour

Colour in water may result from the presence of natural metallic ions (irons and
manganese), humus and peats materials, plankton, weeds and industrial waste. In some
highly coloured industrial waste water, colour is contributed principally by colloidal or
suspended materials. In general, colour is removed to make water suitable for domestic and
industrial application (APHA, 2005). The colour of water is the result of the different
wavelengths that is not absorbed by the water itself or the results of particulate and
dissolved substances present (Chapmad and Kimstach, ¥992)! The colour of the waste is an
indication that it contains contaminants of different materials and in varying
concentrations. Some of these materials arei¢chemical in nature. These are mostly industrial
effluents discharged from factories. In such cases, the metallic ions present in these
effluents impart different colours andiin different"hues depending on the strength and

polluting potential (Runion, 2010).

2.4.9 Alkalinity

Alkalinity of natural ‘water.is generally due tosthe" presence of -bicarbonates formed in
reactions in the soils through which the water percolatés. It'is ameasure of the capacity of
the water to neutralize acids—amd it teflects—its-so-called buffer capacity (its inherent
resij_a_?fe to pH change). Poorly-buffered water will have a low or very low alkalinity and
will be susceptible to pH reduction by atmospheric, acid deposition (Chapman, 1996). At
times, however, river alkalinity values of up to 400 mg/l CaCO3; may be found; they are

without significance in the context of the quality of the water. There is little known

sanitary significance attaching to alkalinity (even up to 400 mg/l CaCOs), though
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unpalatability may result in highly alkaline waters. Alkalinity is involved in the

consequential effects of eutrophication [over-enrichment] of waters (Ireland EPA, 2001).

2.4.10 Turbidity

Water turbidity, although due primarily to the presence of suspended material with its
concomitant scattering, it is also affected by absorption. The measurement of turbidity by
image extinction methods such as the g:anc_l_,lel turbidimeter recognizes the effects of
scattering'(paﬂicularl}, forward scatﬁerin@ m;d]aabafi):?tibn. Most of the presently used
nephelometric techniques for assessing turbiditysin water quality work ignore the effect of
absorption and make a turbidity detemmination proportional to the volume scattering
function at some large angle (or range of ‘angles) from the direction of propagation. In
addition, these instruments-are calibrated im umits of little physical significance (WTS,
2012). According to WHO+2011)high level of the turbidity Canrprotect microorganisms
from the effects of disinfection, stimulate the growth of bacteria and exerts a significant
chlorine demand. In all processesim.which disinfection is practised, therefore, the turbidity
must always be low, preferably below JNTU foreffective disinfeetion (WHO, 2011).

o e //’_ -
2.4.11 Total hardness

Hasdness of water is caused principally by the elements: calcium and Magnesium and
sometimes by Iron and Aluminum. It must be noted that iron and aluminum are seldom
present in sufficient amounts that can impact significantly in the hardness determination.

Hence, it is most of the Calcium and Magnesium is present in natural waters as
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bicarbonates, carbonate, and sulphate and sometimes as chlorides and nitrates(APHA,

2005).

Hardness-producing substances react with soaps forming insoluble compounds before
lather is produced. They are thus a measure of the soap-consuming power of water. They
also deposit scales in boilers and watér-heating systems. Hardness can be classified as
temporary or permanent. Temporary hardness is caused by the presence of bicarbonates of
Calcium and Magnesium and can bedemoved by boiliag. Permanent hardness 1s caused
primarily by calcium sulphate and remains even after boiling. Compounds causing
permanent hardness are often termed “incrustants®(APHA, 2005).

Hardness can also be grouped under- carbonate or non-carbonate hardness. Carbonate
hardness is due to the presence of Caleium and Magnesium carbonates and bicarbonates.
Non-carbonate hardness.includes the Calcium and Magnesium sulphates, chlorides and

nitrates. Sulphates are often the only.non=earbonate hardness compound present.

2.4.12 Calcium

Calcium dissolves out from*practicallyall rocks, and4s.consequently detected in all waters.
Waters associa;tefdﬁwith granite-er siliceous-may-eontain less than 10mg of calcium per litre
an_El_ElEf_e associated with gypsiferious shale may contain several hundred mg of calcium

per litre. Appreciable calcium salts precipitate on heating to form scales in boilers, pipes

and cooking utensils. Calcium also contributes to the hardness of water (APHA, 2005).
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2.4.13 Iron

Iron, one of the most abundant metals on earth, is essential to most life forms and to
normal human physiology. Iron is an integral part of many proteins and enzymes that
maintain good health. In humans, iron is an essential component of proteins involved in
oxygen transport. It is also essential for the regulation of cell growth and differentiation. A
deficiency of iron limits oxygen delivery to cells, resulting in fatigue, poor work
performance, and decreased immunity. On the other hand, excess amounts of iron in man

can result in toxicity and even death (Ram gk, 2011).

2.4.14 Biological oxygen demand

The biochemical oxygen demand (BOD)is‘an apgroximah: measure of the amount of
biochemically degradablé“esganic matter present. in a water sample. It is defined by the
amount of oxygen required for thet.aerobic. micro-organisms»present in the sample
deoxidize the organic matter tofa stablé inorganic-form. Theumethod is subject to various
complicating factors such as thelexygen demand resulting from the respiration of algae in
the sample and the possiblewoxidation.ef ammoma (if nitrifying baeteria are also present).
The presence of toxic substances ui-a sample may-affect.-microbial activity leading to a

reduction in the measured BOB-(Kanu and-Aehi;-2011).
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2.4.15 Chemical oxygen demand
The chemical oxygen demand (COD) is a measure of the oxygen equivalent of the organic

matter in a water sample that is susceptible to oxidation by a strong chemical oxidant, such

as dichromate. The COD is widely used as a measure of the susceptibility to oxidation of
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the organic and inorganic materials present in water bodies and in the effluents from
sewage and industrial plants. The test for COD is non-specific, in that it does not identify
the oxidisable material or differentiate between the organic and inorganic material present.
Similarly, it does not indicate the total organic carbon present since some organic
compounds are not oxidised by the dichromate method whereas some inorganic
compounds are oxidised. Nevertheless; COD is a useful, rapidly measured, variable for

many industrial wastes and has been in use for several decades (Kanu and Achi, 2011).

2.4.16 Pathogens

Pathogens are disease-causing organisms.that grow and multiply within the host. They are
divided into categories with the most commoenygroups associated with water pollution
being bacteria, viruses, pretozoa, helminthes (imtestinal worms) and algae. Wastewater
often contains representatives of ‘the “different. pathogen: catégories and colonization of
water by pathogens generally oceurs through faeces: The usage of contaminated water
therefore results in transmissiongef pathogens to animals’and man. Measurement of
coliforms have been identified that they.areeasy+to monitor and cerrelate with populations
of pathogenic organisms. The Colifoifarbacteria groupris oné of the most common indicator
organisms. Cohfams are frequentty momtoered-as-total or faecal coliforms. Total coliform
(TC) is defined as a large group of anaerobic, non-spore forming, rod-shaped bacteria that

e

ferment lactose with gas formation within 48 hours at 35°C (Chapra, 1997). They originate
most often in the intestinal tract of warm-blooded animals, including humans, but also

exist in soils. E. coli is a common member of this group. Some pathogens enter the human

body through the skin but more commonly they are ingested with drinking water. Faecal



coliform (FC) is a subset of TC that comes from the intestines of warm-blooded animals.
However, since they do not include soil organisms, they are preferable to TC as an
indicator organism. They are measured by running the standard total coliform test at an

elevated temperature (44°C) (Chapra, 1997).

Loading concentrations of coliforms de.pend on the extent of use of water use in a region.
For instance, in the United States, where per capita water use is high, the coliform
concentration of raw sewage is appraXimately 20x10%IC per 100 ml in a country like
Brazil, however, where water consumption is lower, concentrations of 200x10° TC per 100
ml have been measured (Chapra, 1997). The concentration standards for water use in the
United States may give a general idea of accepfable coliform counts. Drinking water has a
zero-tolerance limit form both TC and"EC. Contact reereation has a TC limit of 1000-5000

per 100 ml and a FC limit.of 100-1000 ml (Chapra, 1997)
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CHAPTER THREE
3.0 METHODOLOGY

3.1 Study Location

Ghana Nuts Limited (GNL) as shown in plate 1 is an edible oil refinery in the Techiman
Municipality, which is one of the administrative districts in the Brong Ahafo region of
Ghana. It is located at geographical codrdinates latitude 7° 34> 60N, longitude 1° 55> 60W.
[t shares common boundaries with Wenchi district to the north and west, Kintampo south
district to the north east, Nkoranza sopth disttict to the seuth éast and Offinso district in the
Ashanti region to the south (Fig 3.1). Techiman, the municipal capital is the second largest
town in the region. It is 126km North West of Kumasi and 392km from Accra (Kortatsi

and Quansah, 2004)

The municipality is home to-the-fameus Techiman market, the largest food crop market in
Ghana. Its strategic location as a eemmiercial-eentre-and a major transit point attracts a
large number of people in and out of the municipality daily for business (Kortatsi and

Quansah, 2004)
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Site Map Showing the Study Area
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Fig. 3.1: The study area showing the sampling locations

3.1.1 Climate and vegetation

The municipality has two main seasons, that is, the,rainy and dry seasons. The major rains
start from April to July and the mineffrom Novembet.and lasts till March. The highest
rainfall is 1650 mm recorded in-thesouth west-and-declines northwards to about 1250 mm

and the temperature ranges between 26 C and 30 C. The municipality has three main

e
vegetation zones namely; the guinea savannah woodland located in the north-west, semi
deciduous zone located in the south and the transitional zone which stretches from the

south east and west up to the north of the municipality (Kortatsi and Quansah, 2004).
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3.1.2 Geology of the Techiman Area

Sandstones of the Upper Voltain underlie Techiman. Due to the moderately high rainfall
the rocks are largely weathered into a mixture of sand and clay. Other rock types of the
area include rocks of the upper Birimian formation (Metamorphosed lavas, pyroclastic

rocks and hypabyssal basic intrusives) (Kortatsi and Quansah, 2004).

3.2 Sampling Design and Sample Collection

A total of seven sampling stations Wwere fselgcted alonghthé Tano River (TR), Asuotwe
stream (AS) as shown in plate 4 and industridlyeffluent (EFT) from Ghana Nut Limited
(GNL) to give adequate spatial coverage and to represent the variety of conditions in the
River, the stream and the factory premi'se_. Three replicates of effluent and water samples
and in-situ data were colleeted from-the stations.on a monthly basis-for month’s period.
The River was divided ‘into five«(5). sampling locations as illustrated in Figure 3.2;
upstream (UP1 and UP2), midstream (MS) and downstream (DS1 and DS2). The upstream
portion of the river (UP1) refers,to the portion of the River entering the Techiman
Township called Techiman Site whichis situated-away from the eatry point of the industry
effluent. The area is charaeterized by the inadequate_ prevision of social infrastructure,
unsanitary cond;itions at the—famous - Teehiman market, unplanned buildings and
overcmfded living conditions. The other sampling locations along the river are relatively
unaffected by anthropogenic activities and is located away from the human settlements.
The effluent and stream samples were also collected from the premises of the Ghana Nuts

[Limited and the Asuotwe stream
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Fig. 3.2: Sketched map of the study,area of the different sampling'points during the study.

At each sampling location, three samples were-collected into sterile 1.5L plastic bottles for
analysis on monthly basis for.a 4 monthsistudy period from February to May 2012. Samples

were labeled and placed under jeein antice chest and transporied to laboratory for analysis

within 24 hours. — o samup
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‘Plate 2: The researcher sa'mpling water from the Discharge point of the Tano River
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Plate 3:The researcher sampling effluent discharge linking the Asuotwe stream

from GNL.

Plate 4: Asoutwe stream: receptacle for untreated effluent discharge at AS

sampling location.
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33 Physico-chemical and microbiological Analysis

The industrial effluents (EFT) from the industrial productions of Ghana Nuts Limited,
Asuotwe stream (AS) and Tano river (TR) samples were analysed in terms of physico-
chemical quality (temperature, pH, alkalinity, turbidity, total dissolved solids, total
soluble solids, biological oxygen démand, oil and grease, COD, phosphorus and nitrate)

and microbiological quality (total and faecal coliforms) using appropriate standard

‘methods (APHA, 2005). The ldboratory analysesywefe done at Water Supply and

Sanitation laboratory at the Civil Engineering Department of the Kwame Nkrumah
University of Science and Technology, (KNUST), the Faculty of Renewable and
Natural Resources Laboratory (Plate 5)“and the Microbiology Laboratory at the

Department of Biological Science, KNUST
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Plate 5:The researcher conducting laboratory Analyses of Physico-Chemical
Parameters at Faculty of Renewable Natural Resources (FRNR) Laboratory of

Kwame Nkrumah University of Science and Technology (KNUST)

3.4.1 Determination of Alkalinity

Titrimetric analysis was employed in«the determination of alkahnity with reference to
(APHA, 2005). A volum¢ of J00.ml of the sample was-measured into a volumetric flask.
Three drops of phenolphthalein indicatorwere added. Sample was titrated with 0.1 N HCIl

until a red colour appeared indicating the endpoint, and the volume was recorded.

—

(VxN) x 1000

sample volume, mL x 2

x 100

Alkalinity as mg/ L. CaCO3 =

V = titration volume in mL
N = normality of the HCI

100 = molecular mass of CaCO;
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34.1 Turbidity

Photometric method was employed to determine the turbidity of samples. A 25mL of the
sample was measured with a measuring cylinder and poured into a clean cell; the cell
was carefully cleaned with tissue paper before placed into the instrument light cabinet
and covered with the light shield. The stable turbidity reading was recorded in f

Nephelometric Turbidity Units (APHA, 2005).

34.3. pH

The pH was measured with a pHumetet\immediately after collecting the water sample
into the plastic container. Enough samples, were collected so that the tip of the probe
could be submerged. The probe was rinsed withudistilled water before placing it in the

sample to take the readings (APHA, 2005):
344 BOD

Principle

The dilution method was employed in the determination of the BOD. An airtight BOD
bottle of size 300ml was filled with the Sample till it ovetflowed. The sample was
corked and incubated’at 20°C for five days. The dissolved oxygen concentration was

meﬁsured before and after-the”incubation. BOD_was calculated from the difference
] - /r,,-—-—"_"’_

S

between the initial and final DO (APHA, 2005).

s
Procedure

Dilution water was prepared by adding 1ml each of phosphate buffer; MgSO4 CaCly,
FeCl; reagents into 1 L volumetric flask and topping it up to the mark. A10 ml of the
sample was made up to 1 litre with the dilution water. The mixed dilution was siphoned

into two BOD (300) bottles excluding air bubbles. One of the BOD (300ml) bottle was
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corked and incubated for five days at 20°C. To the other BOD bottle, 2ml of
Manganous sulphate (MnSOy), followed by 2ml by 35 alkaline-iodide azide were added
and bottle corked carefully to exclude air bubbles. The content was then mixed
thoroughly by shaken and inverting several times and allowing the precipitate to settle
at the bottom. After the precipitate has settled, 2ml concentrated sulphuric acid (H;SOy)
was added, corked and inverted several times to dissolve the precipitate, an intense
yellow colour was obtained. 100 ml of the solution was taken and titrated with Sodium
thiosulphate to a pale yellow golgus, with | lmlﬁ Whuﬁ an indicator. The titration
continued tilled the first dlsammué um GJOUI: The above procedure was
followed for the incubate samples at the end'of the 5 days to determine the difference in
DO for the computation of BOD as follows:

BODs mg/l= (D1-D2)/P

DI1= DO of dilued samplemmdialclyﬂ'pmpamuon mg/]

D2= DO of diluted sample af'ter S'days wicnbation at 20°C, mg/1

P= decimal volumetric fraction of sample used (lfdi]ution factor)

345 COD (Open Mu Method)

The sample, 10 be meahumd pwas-oxadized under rcﬂux with a known amount of
potassmm_dtchmmate instrong sulphuric acid with silver suiphate as a catalyst.
__(_zr__mmi'c matter reduced part of the dichromate and the remainder was determined by
titration with iron (II) ammonium sulphate (FAS) using ferroin as indicator.
Interferences from chloride were suppressed by the addition of mercuric sulphate to the
reaction mixture. The chcml;al oxygen demand (COD) was expressed as milligrams of

oxygen absorbed from standard dichromate per litre of sample (APHA, 2005).
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CALCULATION,

(A-B)x Mx 8000

sample volume, mL

COD (mg/ L) =

Where,

A =ml 1ron (IT) ammonium sulphatt_a (FAS) used for blank
B= ml FAS used for sample

M = molarity of FAS and

8000 = milli-equivalent of Oxygen x 1000°'ml/ L

3.4.6 Nitrate
Photometric method was employed in the determination of the nitrate. The Nitratest
Tube was filled with-the sample to the 20 ml.mark. One level spoonful of Nitratest
Powder and one Nitratest tablet was added: The-serew eap was replaced and the tube
was shaken for one minute. The tube was allowed to stand for about one minute and
gently inverted three times to aid floeeulation. Tube was allowed to stand for 5 minutes
to ensure complete settlement,“The serew cap was removed-and a clean tissue was used
to wipe around the top of the tube, The clear solution was carefully decanted into a
round test'ti‘irbe, ﬁlling te-the 10 ml mark. One Nitricol tablet was crushed and added
~_and mixed to dissolve. The mixture was allowed to stand for 10 minutes to allow full

colour development. Wavelength of 570 nm on the Photometer was selected and the

photometer reading was taken (APHA, 2005).
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3.4.7 Colour
By visual comparison method

Apparatus BDH Lovibond Nesslerizer, colour disk, matched Nessler tubes 50 ml, tall

form

Principle of Colour determination
Colour is determined by visual camiparison of a sample with special glass colour disks,

which fhave been calibrated.

Procedure

The Nessler tube was filled to the'50m! mark with the sample. The sample was placed
in the right hand compartment of the Nesslerizer lighted cabinet. Nessler tube filled
with distilled water was placed in the left hand compartment for reference. The colour
disk was placed in the compartment. - The Nesslerizer light was switched on. The disk
rotated until a colourmatch was obtained and the colour was read.from the disk. Since
turbidity was not removed;.it was recorded as-apparent colour. When the colour
exceeded 70 units, the sample was dituted-and-the coleur was calculated as:

"

Colour (TCU) = (A x 50)/B
[ Bsniash

Where A = estimated colour of diluted

B = ml of sample taken for dilution
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3.4.8 Conductivity
Method
Electrometric method with aid of Multi-parameter conductivity cell (probe) Type

PCM/141 was employed in the determination of the conductivity.

Principle of Conductivity determination

At constant temperature, the electrical conduetivity of a given water sample is a
function of its concentration of ions. The pmbe was sensitive to the ionic charges in the
solution. A factor that.controlsythe current'earrying of the water sample helps the meter
provide a direct reading of thesconductivity.of the test sample.

Procedure

The conductivity cell was'@ennected to the conductivity meter and the cell was rinsed
thoroughly with a portion of the sample: The cell was inserted into the well shaken
water samples Tano river.thatwere collected from.the Jocations of the and the

conductivity value read on the display afterithe'value has stabilized.

__—-l""-'_-.-._

3.4.9 Phosphate (POsP)

By stannous chloride method

Molybdophosphoric acid is formed and reduced by stannous chloride to intensely

coloured molybdenum blue. The absorbance of the molybdenum blue at a wavelength

of 690 nm was proportional to the concentration of the phosphate in sample.
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Procedure

Standard phosphate solutions (KH;PO4) of known concentrations were prepared and
absorbance read on the spectrophotometer for a calibration curve. 100 ml sample free of
colour and turbidity was taken and 0.01 (1 drop) phenolphthalein indicators added. When
the sample turned pink, strong acid soiution (mixture of conc. and HNO3) is added drop
wise to discharge the colour. A smallervolume of the sampless taken if more than 0.25 ml
(5 drops) is required, and the sample 13-then'diltted te=100 il with de-ionised water and
then a drop of phenolphthalein indicator is add. The pink colour is discharged with strong
acid. With thorough mixing 4.0 ml ammonia molybdate reagent 1[(NH;)6MO70,4.4H,0)]
is added and 0.5 ml (10 drops) stannous chloride reagent 1 (SnCl,.H,0) is also added with
thorough mixing. Arblank solution is-prepared using de-ionised water.’ After 10 minutes,
but before 12 minutes, the absorbance at a wayvelength  of 690 nm is measured on the
spectrophotometer using lcm light path. - The absorbance of the blank solution is
determined by switching the s‘pecﬁaphutomei;.e_r to zero. The calibration graph was used to

determine the concentration.of (PO4-BYin the.unknown sample.

3.4.10 Oiland Grease Determination (Partition- Gravimetric Method)

A 200 ml of sample was measured into a flask and acidified with Hydrochloric acid to
i il

pH 2 and transferred into a separatory funnel. The sampling bottle was carefully rinsed

with 30 ml petroleum ether and solvent washings were added into a separatory funnel.

The separatory funnel was shaken vigorously for 2 minutes and corked. The separating

funnel was inverted and the pressure is released through the bottom. The shaking was
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repeated and the pressure released until there was no more pressure built up in the
separatory funnel. The separatory funnel was opened and hung upright to allow solvent
to separate from the water sample.

The solvent layer was drained through a funnel containing solvent moistened filter
paper into a clean-tarred evaporating dish when the layer separates. The extraction was
repeated twice more with 30 ml solvent each. The extracts were combined in a tarred
flask and the filter paper washed with additional 20 ml solvent. The solvent was
distilled from a distilling flask og asvater bath at 702Ctidl-the flask was mainly due to

oil and grease

CALCULATION

(A<B)= 1000

sample velume, ml

Oil & Grease (mg/ L) =

Where A = total gain in thesweight of the flask in grams

B = Solvent blank.

e /___,_.-—-""'_'_
3.4.11 Total Suspended Solids (TSS)

—Procedure
The gravimetric method was employed in the analysis of total suspended solids. A
50mL of a well-mixed sample was filtered through a weighed standard glass-fiber filter

paper. The residue retained on the filter was then dried in an oven at 105°C for 1 hour.
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It was then cooled in dessicator and weighed. The increase in weight of the filter
represents the total suspended solids (APHA, 2005).
Calculation

The T.S.S was computed for using the formula below:

(A -B) x 1000

mg total suspended solids/L =
- P Sligs) sample volume, mL

A = weight of filter + dried residue, mg, and

B = weight of filter, mg

3.4.12 Determination Iron and Calcium
Atomic Absorption Spectrophometer.(AAS 220Model) was used in determining the
total concentrations of Iron and Zine 1in the previously digested samples. The acetylene
gas and compressor-were-fixed and compressor turnedson and the liquid trap blown to
rid off any liquid trapped. The Extractor was turned on and the AAS 220 power turned

on (AOAC, 2006). The capillary tube and nebulizer block were cleaned with cleansing

The worksheet of the “AAS) software on the attached)computer was opened and the

hollow cathede lamp inserted in the-lamp-holder. The lamp was turned on ray from
E— "’,.-—-""—-_r__ ¥

cathode aligned to hit target area of the alignment card for optimal light throughput, and

“then the machine was ignited. The capillary was placed in a 10 ml graduated cylinder

containing deionized water and aspiration rate measured, and set to 6 ml per minute.
The analytical blank was prepared, and a series of calibration solutions of known

amounts of analyte element (standards) were made. The blank and standards were
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atomized in turn and their responses measured. A calibration graph was plotted for cach
of the solutions, after which the sample solutions were atomized and measured. Metal
on the absorbance obtained for the unknown (AOAC, 2006).

35  Microbiological parameters

3.5.1° Total and faecal coliforms

R e o DS e

coliforms in the sample. Serial dilutions ofid 0"’ were prepared by picking 1 ml of the

sample into 9 ml sterile distilled watgr. Oﬂmucr aliquots from cach of the dilutions

Broth and incubated at 35°C for total
=X s

coliforms and 43°C faccal coh.[orm fu.rﬁkuhurs Tubes showing colour change

were inoculated into Sml of

from purple to yellow posiﬂtg for bolh mal -ﬂfml goliforms. Counts per 100ml
-

were from Most Probable Namber¢MPN) tiblg (Obin-Danso ef al , 2005).

"'-*f

y ¥ "
i g, - i {-.

|

B

352 E. coli (Thermoto ‘ n
The most probablt mcﬂ\od waam ui the dc.lcnmpllﬁof E. coli in the water
and effluent samples. rr the position Wﬁcﬂ a drop was transferred

*‘J"'H‘l.';,rl_
hloISu!lfeslmbcoflryplo and incubated at 44°C for 24 hours. A drop of

calculated from Most Probable Number (MPN) tables (Obiri-Danso er al.. 2005).




Qeﬁ - Statistical analysis
- Data were presented in tables as means + SD. All descriptive statistics were executed
using the Graph Pad Prism 5 Software Version 5.00 (2007). In all cases, differences

were considered significant at p< 0.05%.
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CHAPTER FOUR
40 RESULTS

4.1 Physico-chemical and microbiological parameters of the Tano River
sampling locations.

The physico-chemical and microbiological parameters used to assess the quality of the
Tano river (TR) samples were tot@ﬁol@&k iﬂscﬂjidsl (?&Q), gurbidity, colour, temperature,
alkalinit};, pH, total dissolved solids (TDS),Rconc‘iactiﬁy, hardness, calcium, iron, oil and
grease, biological oxygen demand, (BOD) ehemical oxygen demand (COD), sulphate,
phosphate, nitrates, total coliform. feacal coliform, and Escherichia Coli. The mean
values of three replicates at each sampling focations with standard deviations and their
corresponding WHQ drinking water guideline for the Tano River samples, and the
percentage reductions of the Contarminants levels of the Tano River from the upstream,

midstream and downstream sampling Joeations are shown in Tables 4.1 and 4.2

respectively.
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Table 4.2 shows the percentage reductions, indicating the various attributes from a
particular source to its destination. This indicates the dilution of the contaminants levels
of the Tano River as it receives the GNL effluents and discharges from non-point sources

of pollutants from the riparian settlements.

4.1.1 Total Soluble Solids (TSS)

The mean values of TSS of the Tand River samples ranged from 11.67 mg/1 to 37.00 mg/I
(Tabl-e 4.1). The highest meangvatug, ofg37.00y meg#l was recorded at UP1whereas the
lowest value of 11.67 mg/l was fecorded at DS4'1oeation! The other mean values of 20.17
mg/l, 24.58 mg/l and 16.25 mg/l were regorded for UP1, MS, and DS2 respectively. All
the mean values of the various sampling locations were below the WHO drinking water
guideline of 200 mg/l. The highest percentage re.c_luction of the TSS from UP1-UP2 was
45.49% whereas the lowest of 28.18% was. recorded at DS1-DS2 indicating that the
amount of total solublé'solids(TSS) reduced.as UPl-reaches'UP2 and DS1 reaches DS2

were 45.49% and 28.18%tespectively as shown in the Table 4.2.

4.1.2 Turbidify

The highest mean. value.was 65.08 NTU for ‘UP1, whereas the lowest mean value
recorded was 23.33NTU forDS1 (Fable 4.1)-Fhe other mean values of 36.67NTU, 43.08

NTU and--.’;4.7'5 NTU were—tecorded for UP2, MS, and DS2 sampling locations

respectively. All the mean values recorded at the TR sampling locations exceeded the
o

WHO drinking water quality guidelines of 5 NTU. The highest percentage reduction of

turbidity recorded at UP1-UP2 was 43.65% whereas the lowest recorded at DS1-DS2 was

5.74 % (Table 4.2). Thus, percentage reductions recorded as UP1 reaches UP2 and DSI

reaches DS2 were 43.65% and 5.74% as depicted in Table 4.2.
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4.1.3 Colour

The mean colour values ranged from 226.0 to 475.1 Pt/Co along the Tano River sampling
locations (Table 4.1). The highest mean value of 475.1 Pt/Co was recorded at the
UPlsampling locations whilst the lowest recorded mean was at the DS2 sampling
locations. The other mean values were 329 Pt/Co, 361.7Pt/Co and 258.8 Pt/Co were
recorded for UP2, MS and DS1 sampling locations (Table 4.1).The highest percentage
reduction observed at MS-DS1 was 37.49% whilst the lowest percentage change was
observed at UP1-UP2 was 30.55%. This shows thaththe colour level reduced as the river

flowed from MS to DS1 and from UP1 to UP2 as shown in Table 4.2

4.14 Temperature

The mean temperature values ranged from 27.21°C to 24.68°C along the TR sampling
locations. The shighest-secordeéd-mean value was 27.21°C at UP1 sampling location
whereas the lowest mean of 24.68°C recorded at the DS1 sampling location. The other
mean values were 25.03°C, 26.19°C and 24.98°C were tecorded for UP2, MS, and DS2
respectively. All the mean values were -I:;elaw the. WHO drinking water guideline of
40°C. The highestpereentage reduction,of 8.01% was observed at UP1-UP2 whereas the

lowest of 5.77°C was recorded-atMS-DSI (Table4.2).
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4.1.5 Alkalinity

The mean alkalinity values ranged from 88.33 mg/I to 30.26 mg/l along the TR sampling
locations. The highest mean of 88.33 mg/l was recorded at the MS sampling location
whereas the lowest of 30.26 mg/l was recorded at the DS2sampling location. The other
mean values of 85.74 mg/l, 78.08mg/1 and 56.31 mg/l were recorded for UP1, UP2, DS1
sampling locations respectively. All the mean values of the various sampling locations
were below the WHO guideline of 500 mg/l(Table 4.1). The highest percentage reduction
of alkalinity observed along th&, TR sampling loCation were at DS1-DS2 which was
recorded as 46.26% whilst the lowest percentage reduction of 8.93% was observed at

UP1-UP2 as shown in ( table 4.2).

4.1.6 pH

The mean pH walues“sampling-locations aleng the TR ranged from 7.21 to 6.44. The
highest mean value of 7.21%was; recerded at the UP)- and"the lowest mean pH was
recorded at MS samplingdocation. The othermean pH values of 6.65, 6.46 and 6.62 were
recorded for UP1. DS1, andsDS2 sampling locations.Apart from MS and DS1 mean pH
values that were\slightly below the WHO guideline range0£:6.5-8.5. All the other mean
pH of the UP1, UP2 and DS2.Sampling locations wezé within the WHO guideline range
of 6.5-8.5 as shown in table 4.1_.The highest percentage reduction of 10.68% was

= /—'_——
recorded at the UP1-UP2 whilst the lowest percentage reduction of 2.42% was recorded

—47 the DS1-DS2. This indicates that the pH level of the river reduced at 10.68% and

2.42% respectively (Table 4.2).
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4.1.7 Total Dissolved Solids (TDS)

The mean TDS values ranged from 96.92 mg/l to 44.17 mg/l along TR sampling
locations. The highest recorded mean was 96.92 mg/l at UP1 sampling location whilst the
lowest recorded mean of 44.17 mg/l was at the DS2 sampling location. The other mean
pH of 77.00 mg/l, 87.42 mg/l and 71.83 mg/l were recorded for UP2, MS and DSI
sampling locations (Table 4.1). All the mean values of the various sampling locations
were: below the WHO guideline values of 1000 mg/l(Table 4.1). The percentage
reductipns for TDS ranged fromi W/.88%t0 38.51 %." Thellowest reduction of 17.83% was
recorded as the TR flows from MS to DS with the highest recording of 38.51% as TR
flows from DS1 to DS2 as shown in Table 4.24This indicates that more dissolved solids

were removed from the river as it flows downstream.

4.1.8 Conductivity

The mean conductivity'ranged.from 27-21 uS/em to 24.68 uS/cm along the TR sampling
locations. The highest value of 27.21uS/cm.was recorded at the UP1 sampling location
whereas the lowest value ‘was recorded at DS2.sampling location. The other mean
conductivity values of'25.03 mg/i;26.19,mg/l and 24.98 mg/l.were recorded for UP2, MS
and DS1 sampling locations. Alithe mean valuesiof the various sampling locations were
below the WHO guideline values~of-4 500mg/l (Table 4.1). The highest percentage

B ’/_’
reduction recorded for conductivity was 8.01% at UP1-UP2 and the lowest reduction of

"5.77% was recorded at MS-DS1 (Table 4.2).

4.1.9 Hardness

The water hardness revealed a decreasing trend throughout the study period. The mean

values recorded ranged from 38.83 mg/l to 84.33 mg/l. The highest mean value of 84.33
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mg/l was recorded at UP1 sampling location whereas DS2 sampling location recorded the
lowest value of 38.83 mg/l. UP2, MS and DSI recorded mean values of 79.17mg/l,

67.75mg/l and 48.83mg/l respectively. All the mean values of the various sampling

locations were below the WHO drinking water quality guideline of 500 mg/I.

From Table 4.2 the highest percentage reduction of hardness was 27.93% at MS-DS1
whereas the lowest of 6.12% was recorded at UP1-UP2 indicating that the hardness

reduéed as UP1 reaches UP2 and MSmeaches DS 1.

4.1.10 Calcium

The mean values of calcium along TR,sampling locations ranged from 10.00 mg/1 to 4.06
mg/l. The highest mean value of 10.06mg/l was recorded at DS1 whereas the lowest
mean value of 4.00 mg/l was récorded at PS2 loeation. The other mean values of 9.23
mg/l, 7.22 mg/l and 9:13.mg/l.were wecorded for;UP1, UP2;-and"MS sampling locations
respectively. The highest petcentage reduction recorded for calcium was 60.24% at DSI1-

DS2 and the lowest reduction of 2 1.78% was recorded at MS-DS1 (Table 4.2).

4.1.11 Iron

The mean values oPironrredueed from UPT to UP2 but slightly showed an increase in MS
and gently reduced again at-DSl-andaDS2. The mean values of iron ranged from 4.42

mg/l to 6.15mg/l. The MS sampling location recorded the highest mean value of 6.15mg/1

__whereas the lowest value of 4.42 mg/l was recorded at DS2 sampling location. The other

mean values of 6.00 mg/l, 4.98 mg/l and 4.58 mg/l were recorded for UP1, UP2, and DS1
respectively. All the mean values recorded at the various sampling locations were above

the WHO drinking water guideline of 0.3 mg/l as shown in Table 4.1. The iron level
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along river Tano recorded the lowest value of 3.49% reduction at DS1-DS2 whilst the

highest value of 25.53% reduction was recorded at MS-DS1 (Table 4.2).

4.1.12 Oil and Grease

Mean values of 0.00mg/l were recorded for both UP1 and UP2 sampling locations along
the TR. However, the highest mean values of 0.13mg/l was recorded at MS sampling
location whereas 0.09mg/l was recorded at DS1 sampling location with the lowest mean
value of 0.06mg/l recorded atyDS2p(Table 4.1).MNo=values were recorded for oil and
grease at UP1-UP2 and UP2-MS."HéweVer;»tht lewestpercentage reduction of 30.77%
was recorded at MS-DS1 while 33.33%;sreduction was recorded as the highest level at

DS1-DS2 (Table 4.2).

4.1.13 BOD

The BOD levels'along the TR at the various sampling locations generally decreased from
UP1 to MS but increased slightly«fiom DS1 to-DS2» The-mean values of BOD recorded
ranged between 24.93mg/l and 83.15mg/l (Table 4.1). The highest mean value of
83.15mg/l was recorded-at UP1 whilst.the lowest mean value.of 24.93mg/l was observed
at MS. However,"UP2, DS 1yand DS2- recorded mean.values of 25.33mg/1, 35.91mg/l,
and 38.43mg/| respectively’ BOD-levels.aleng. the river revealed the lowest level in
percéntageiéduction to be L-58%-at UP2-MS whiles UP1-UP2 recorded the highest level

to be 69.58% reduction (Table 4.2).

_....—-"""-—-.-'_

4.1.14 COD

The mean values of COD of the Tano river samples ranged from 65.75 mg/l to 129.50

mg/l. The highest mean value of 129.50 mg/l was recorded at UP1 whereas the lowest
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mean value of 65.75 mg/l was recorded at UP2 sampling location. However, mean COD
values showed considerable increase of 75.83mg/l, 107.90mg/l, and 120.00 mg/l at MS,

DS1, and DS2 respectively (Table 4.1). The COD level showed a percentage reduction of

49.32% only at UP1-UP2 (Table 4.2).

4.1.15 Sulphate

The mean sulphate values ranged from 7.35 mg/l to 10.83 mg/l along the TR sampling
locations. The highest recorded gngamyvalpegof 10,83-mg#=was observed at UP2 whereas
the lowest mean value of 7.35 mghl was‘recosded-at DS2 sampling locations. The other
mean values of 10.25 mg/l, 10.68 mg/l and 9.48 mg/l were recorded for UP1, MS, and
DS1 respectively. All the mean values recorded were far below the WHO drinking water
guidelin;: value of 250 mg/1 (Table 4.1). The highest percentage reduction of 22.47% was
observed at DS1-DS2-whereas-the lowest walue of,1.39% was recorded at UP2-MS

(Table 4.2).

4.1.16 Phosphate

The mean values-tecorded for phosphate ranged from 2.64mg/l to 4.41mg/l. The highest
and lowest mean va]ues of 441 mg/l and 264mg,/l were recorded at MS and DSI
samplmg locations reqpectwely Mean. values-of4.07 mg/l 3.97 mg/l, and 3.65 mg/l were
recorded fmﬁJ P-l',"UPZ, and DS2-sampling locations respectively. The highest percentage
reduction of 40.14% was recorded at MS-DS1 whereas the lowest value of 2.66% was

_-.——_.___,_,.-.-

recorded at UP1-UP2 (Table 4.2).
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4.1.17 Nitrate

The mean nitrate values ranged from 1.02 mg/l to 1.23mg/l. The highest mean value of
1.23 mg/l was recorded at UP1 whereas sampling location DS2 recorded the lowest mean
value of 1.02 mg/l. the sampling locations UP2, MS, and DS1 recorded mean nitrate
values of 1.12mg/l, 1.19 mg/l, and 1.18mg/] respectively. All the mean values recorded
for nitrate at the various sampling locations were below the WHO drinking water
guideline value of 50 mg/l. The percentage reduction for nitrate ranged from 0.84% to
13.56“@. The highest percentagefredugtion!(13.56% ) Wasobserved at DS1-DS2 whiles the

lowest (0.84%) reduction was observed at MS-DS1 (Table 4.2).

4.1.18 Total Coliforms (TC), Faeeal Coliforms (FC) and Escherichia Coli (E. coli)
The mean TC was found to vary from 12590x10* to-14.0x10%counts/100ml at the TR
sampling locations. The highest recorded.mean value was'12590x10°counts/100m! UP1

sampling location whilst the lowest mean of 14.0x10%counts/100mI at the UP2 sampling

location.

A similar trend of resulttwasebserved for FC with.m€anvalues ranging from 110x10° to
2.38x10°counts/100ml. The “highest value of 110%10°count/100 ml was recorded at
theUP1 and the lowest mm 10° count/100ml was recorded at the UP2 sampling

__locations. The other mean FC’s of 4.70'><105, 4.34x10° and 3.86x10°count/100 ml were

recorded for MS, DS1 and DS2 respectively(Table 4.1)

Escherichia coli (E. coli) determined along the TR was observed to vary from 1 19x10° to

0.30x10°counts/100ml. The highest mean value of 119% 10°counts/100ml was recorded at
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the DS1 sampling locations whilst the lowest mean value of 0.30x10°counts/100 ml was
recorded at MS sampling location. The other values of 6.20x10°, 0.75x10° and
0.51x10°counts/100mlwere recorded for UP1, UP2 and DS2 sampling locations
respectively. The mean results obtained for TC, FC, and E. coli concentrations as
indicated above were excessively higher compare to WHO water quality guideline of 0
counts/100ml. The total coliform in the TR recorded high percentage reduction of 99.6%
at UP1-UP2 whereas a lower percentage reduction of 71.70% was recorded at DS1-DS2
(Table 4.2). The highest percenfage teductions of 9%88% and 99.57% were recorded at
UP1-UP2 and DS1-DS2 for faecal coliform and E. coli respectively while the lowest
percentage reductions of 7.66% and 60.00% were recorded at MS-DS1 and UP2-MS for

faecal coliform and E. coli respectively (Table 4.2).
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4.2  Physico-chemical and microbiological parameters of the effluent from Ghana
Nut Limited (GNL) and Asuotwe stream (AS) sampling locations
The physico-chemical and microbiological parameters used to assess the quality of the
EFT from GNL and AS samples were total soluble solids (TSS), turbidity, colour,
temperature, alkalinity, pH, total dissolved solids (TDS), conductivity, hardness, calcium,
iron, oil and grease, biological oxygen demand (BOD),chemical oxygen demand (COD),
sulphate, phosphate, nitrates, total coliform (TC), faecal coliform (FC), and Escherichia
coli. The mean values with their standard deviations with the corresponding WHO
drinking water guideline for the TR samples and the assimilative capacity of the TR from
the upstream (UP1&UP2) midstream (MS)yand downstream (DS1&DS2) sampling

locations are shown in Tables 4.3 and 4.4 respectively.
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The measured parameters of the EFT were compared to EPA of Ghana standards for
effluent discharge into surface waters as well as WHO drinking water quality standard to
ascertain their wholesomeness (Tables 4.3 and 4.1). The extent of dilution of the Asuotwe
stream (AS) was assessed as the Effluent (EFT) moves from its source to the discharge
point (MS) along the Tano River (TR) (Table 4.4). Comparing the measured parameters

of AS to the WHO (2011) standards for drinking water and the EFT discharge to the EPA

(2007) standards the results illustrated below were obtained.

4.2.1 Total Suspended Solids (TSS)

The mean TSS levels of the AS and EFT sampling stations were found to be 36.33 mg/l
and 1242.00 mg/I respectively compared to-the WHO (2011) standards for drinking water
and EPA (2007)-effluent-discharge guidéline values 0£200 mg/l-and 50 mg/] respectively.
The highest mean TSStlevel ‘of the EFT sampling location, was over 500 times higher
than the effluent discharge guideling indicating high pollution levels of the effluents. The
TSS mean level of the AS Stream was, however, found.terbe lower than the WHO (2011)
guideline for drinKing ‘water (Table 4.3). The.highest percentage reduction of 97.07% was

recorded at EFT-AS ‘wheteas Medowest value 0£32:34% was recorded at AS-MS (Table

4.4). |
== ¥ - aaal

4.2.2 Turbidity

_..—--'""_-‘F

The mean turbidity level recorded at AS sampling location was 63.75 NTU which was
above the WHO (2011) drinking water quality guidelines value of 5 NTU. However, the

mean turbidity value recorded for EFT was 605.50 NTU and higher than the EPA (2007)

mean value of 5 NTU. The highest mean turbidity value of 605 NTU was over 120 times

53



p— - -

higher than the regulatory guideline value of the EPA (2007). The highest percentage
reduction of 89.49% was recorded at EFT-AS whereas the lowest value of 32.42% was

recorded at AS-MS.

4.2.3 Colour
The mean colour levels recorded at both AS and EFT sampling locations were 80.61 mg/l

and 151.71mg/l respectively. The mean value of the EFT was found to be above EPA
standard of 200mg/l. The percertage gedugtion for EFT=AS was 74.79%. However, there

was percentage increment at AS*MS.

4.2.4 Temperature

The temperature levels recorded at both AS and EFT sampling locations were 26.72°C
and 34.73°C respectively. However, the mean value of the AS was below WHO (2011)
drinking water guideline of 40°C whereas the mean value of EFT was also within EPA of

Ghana standard of less than 3°C above ambient temperature.

4.2.5 Alkalinity

The alkalinity levels recorc—ied at both the AS and EFT sampling locations were 80.61
mg/l and 151.70mg/}.respectively. The mean value-for-AS was found to be below the
WHO (2011) drinking water quality guidelines value-of 500 mg/l whereas the mean value

e | ”//_/_ - . -
for EFT was observed to be a slightly above the EPA (2007) effluent discharge guideline

_vatue of 150 mg/l. A percentage reduction of 46.86% was observed at EFT-AS (Table

4.4).
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4.2.6 pH
The mean pH value of 5.68 recorded at the EFT sampling location was generally acidic
and fell below the 6.5-8.5 range of the EPA (2007). However, a mean value of 6.18

which was within the acceptable range 0f6-9 of the WHO (2011) drinking water quality

guidelines was recorded for the AS sampling location.

4.2.7 TDS

The rﬁean TDS levels of the ASgand BET gamplihgrStations were found to be 64.17 mg/l
and 145.40 mg/l respectively compared to the"WH® (2011) and EPA (2007) guideline
values of 1000 mg/l each (Table 4.3). A percentage reduction of 55.87% was observed at

EFT-AS (Table 4.4).

4.2.8 Conductivity

The conductivity'levels recorded at beth the A'S and EFT sampling locations were 26.72
uS/cm and 34.73 uS/cm respectively which were below the WHO (2011) drinking water
quality guidelines and EPA (2007) .effluent discharge guideline value of 1500 uS/cm

respectively. There.was however, a pereentage reduction of 23.06% and 1.98% at the

EFT-AS and AS-MS respectively (Table 4.4).

4.2.9 Hard_ness

The hardness levels recomboth the AS and EFT sampling locations were 101.20

_mg/-and 90.92 mg/l respectively (Table 4.3). The mean value of AS recorded was

observed to be below the WHO (2011) drinking water quality guidelines value of 500

mg/l. A percentage reduction of 33.05% was observed at AS-MS (Table 4.4).
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4.2.10 Calcium

The calcium levels recorded at both AS and EFT sampling locations were 11.60mg/l and
13.08mg/l respectively. The mean value of AS recorded was observed to be below the
WHO drinking water guideline of 50 mg/l. Although the EPA of Ghana standard for Ca
was not found, the 13.08mg/l recorded was still on the high side. The highest the

percentage of reduction of 21.29% was recorded at AS-MS whereas the lowest

percentage was recorded at EFT-AS (Table 4.4).

4.2.11 Iron

[ron concentrations at the EFT sampling location recorded a mean value 13.38 mg/l
whereas that of the AS samplingiloeation recorded mean value of 9.22 mg/l. The iron
concentrations at both sampling docations-vere several times above the EPA (2007) of
Ghana standards-of 2mg/l.for éffluent/discharge as well as the"WHO (2011) drinking

water quality guideling values of 0:3mg/l respectively (Table 4:3). The highest percentage

reduction of 33.30% was/recorded at AS-MS whereas the lowest value of 31.09% was

recorded at EF1-AS (Table 4:4).

" 4.2.12 Oil & Grease

The oil and grease ch-’ulf;- éet.‘qrded at both the AS.and EFT sampling locations were
} 0.15mg/l and 6.31 mg/l respeetively. The mean level recorded at the EFT sampling
location was found to be slightly above the EPA (2007) standards for effluent discharge

[ ] ____..--—'-"_

of 5 mg/l. A percentage reduction of 97.62% and 13.33% were observed at EFT-AS and

AS-MS respectively (Table 4.4).
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4.2.13 BOD

The BOD levels recorded at the AS and EFT sampling locations were 33.53 mg/l and
1292.00 mg/l respectively. The mean level recorded at the EFT sampling location was
found to be several folds above the EPA (2007) standards for effluent discharge of 50

mg/l(Table 4.3). A percentage reduction of 97.40% and 25.65% were observed at EFT-

AS and AS-MS respectively (Table 4.4).

4.2.14 COD | o~

The COD levels recorded at both the® AS®and® ﬂEJ'iFTI-sz‘-imp]ing locations were 95.42 mg/l
and 3156.00 mg/l respectively. The mean level recorded at the EFT sampling location
was found to be several folds aboye the EPA (2007) standards for effluent discharge of
250 mg/1 (Table 4.3). However, apercentage reduction of 96.98% was recorded for EFT-

AS whereas 20'93% wassecorded-for AS-MS.(Table 44).

4.2.15 Sulphate

The sulphate levels reconded at both the AS and EFT sampling locations were 10.85mg/1
and 29.83mg/| espectively whieh Wercbelow the WHO (2011) drinking water quality
guidelines value of 250mg/| apd the"EPA(2007) sumda[ds_fgl_-‘t éfﬂuent discharge of 200
mg/l respectively ('l'uhiuli-i..!')'g A percentage reductir;f)rf*l' of 63.63% and 1.57% were

observed at EFT-AS and AS-MSrespectively (Table 4.4).

~4.2:16 Phosphate

The phosphate levels recorded at both the AS and EFT sampling locations were 3.47 mg/I
and 5.97 mg/] respectively. The mean value recorded at the EFT sampling location was

however, found to be approximately three folds higher than the EPA (2007) standard for
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effluent discharge guidelines value of 2 mg/l. There was however, a percentage reduction

of 41.88% recorded at the EFT-AS (Table 4.4).

4.2.17 Nitrate

The nitrate levels recorded at both the AS and EFT sampling locations were 1.85 mg/I
and 2.60 mg/l respectively which were below the WHO (2011) drinking water quality
guidelines value and the EPA (2007) standards for effluent discharge of 50 mg/l. A
percehtage reduction of 28.85% afidh35.68% wer€ obsetved at EFT-AS and AS-MS

respectively (Table 4.4).

4.2.18 Total Coliform, Faecal Coliform and Escherichia coli (E. coli)

The TC levels recorded at both the AS and EFT sampling locations were 112 x10°
counts/100ml and 3330 x10° counts/100ml" respectively which were above the WHO
(2011) drinking Water-quality guidelines value of 0 counts/100ml and the EPA (2007)
standards for effluent diseharge~of 400 count/100ml respectively (Table 4.3). A

percentage reduction of 99.66% and. 74.11% were observed at EFT-AS and AS-MS

respectively (Table4.4).

The FC and E coli levels.téverded at both the AS and-EETsampling locations were 8.13
«10° . counts/100ml. 0.79 %105 *counts(l00mIz+and 333 x10° counts/100m1,81.3 x10°
counts/100ml respectivelmean values recorded at AS sampling location for FC
_and-E coli were above the WHO (2011) drinking water quality guidelines value of 0

counts/100ml whereas the mean value of E. coli recorded for the EFT sampling location

was higher than the EPA (2007) standards for effluent discharge value of 10 count/100ml

respectively(Table 4.4). There was a percentage reduction of 97.56% and 42.19%
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observed at EFT-ASFC respectively and 99.03% and62.03% observed at EFT-AS and

AS-MS for E.coli respectively (Table 4.4).

4.3 Spatial Variations in the Physico-chemical and Microbial Parameters

The mean physico-chemical and microbiological parameters were generally similar
among all the sampling stations with the EFT sampling station recording significantly
different concentrations and levelg fram,the other éﬁlpliﬂ,g locations. Although the EFT
location recorded higher temperature and colour levels compared to the other sampling
locations, there were no significant spatial vagiations (p>0.05) among all the sampling
locations. There were however significant différences (p<0.05) between the total
suspended solids and turbidity values rccorded at the EFT sampling location and the

other locations.

Alkalinity levels recorded’ Gver #he~ sampling*peried  exhibited significant spatial
variations (p<0.05) between the EF¥ sampling location and the other sampling locations.
The pH recorded at the various sampling locations exhibited a similar spatial trend as the
alkalinity, howeverythedl/P2.and TS recorded pH levels that were significantly different
(p<0.05). The mean TDS_ and ‘condiictivity levels_measured at the various sampling
stations were fairly similar with significant variations recorded only between TS and

EFT, and between DS2 and EFT. Calcium levels at the various sampling stations also

exhibited a similar trend over the sampling period.

Hardness and Iron and levels recorded at the sampling locations did not vary over a wide

range with no significant spatial variations (p>0.05) among them. There were significant
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differences (p<0.05) in the mean oil and grease concentrations recorded at the EFT

sampling location and the other locations, with only the EFT sampling location recording

measurable oil and grease concentrations over the four-month period.

With the exception of the EFT sampling location which recorded relatively very high
levels of BOD and COD, the levels recorded at the other sampling stations were fairly
similar among the other sampling stations. There were highly significant variations
(p*:U.OS) between the levels of CODrapd BOD regopd@d-agthe EFT location and the other

sampling locations over the four-month period:

Although the EFT sampling location comparatively recorded higher sulphate and nitrate
concentrations. there were no significant variations (p>0.05) among the sampling
locations over the sampling peried. Mean"sulphate concentrations on the other hand
exhibited significant spatial vasiation-between the - EFT sampling location and the other

sampling stations.

Although there were obseryed differences in the studied microbiological loads of the
different samplingsocations over the study period, there werc-no statistical differences
(p>0.05) in the mean.counts recorded at the different stations: Spatially, however the EFT

sampling location generally recorded: the highest total coliform, faecal coliform and E.

coli. loads over the samplmg/p;’ri;:d.

———

Tables 4.5 and 4.6 show the summary of the statistical analysis showing the results of the

Tukey’s Multiple Comparison Tests to test for the spatial variations in the physico-

chemical and microbiological parameters.
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Physico-chemical and microbiological parameters of Tano River

Over the last years, in many African countries a considerable population growth has
taken place, accompanied by a steep increase in urbanization, industrial and agricultural
land use. This has entailed a tréfmen@ous|increasesin discharge of a wide diversity of
pollutaﬁts to receiving water bodies and has caused undesirable effects (such as stench,
outgrowth of algae and colouration)fon the different components of the aquatic
environment (Saad ef al., 1984). The effects of the untreated effluents from the Ghana
Nuts Limited (GNL) appear to have had an adverse effect on the water quality of the
adjoining stream"(AS)-and downstream sampling: locations (DS1&DS2). The physico-
chemical and microbiological parameters.used to assess.the quality of the Tano river

(TR) are discussed in this section:

5.1.1 Total Suspended Sohids (TSS)

Total Suspended Solids#(1SS).1s a common measuie of water quality and refers to all
suspended particulate matter-in. waterseolumn. Domestic wastewater usually contains

large quaﬁfi_{ies of suspmms that are organic and inorganic in nature. Total

__Suspended Solid (TSS) is a solid in water that can be trapped by a filter. TSS includes a

wide variety of material, such as silt, decaying plant and animal matter, industrial wastes,
and sewage. The mean values of TSS of the TR samples ranged from 11.67 mg/l

(lowest) to 37.00 mg/l (highest). High TSS i1s indicative of poor water quality (Shaw,
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2000), thus, all factors being equal, low TSS can be said as an indication of good water
quality. The TSS levels were higher than regulatory limits at the UP1 sampling locations
due to the adverse impacts of the anthropogenic activities which introduce solid matter at

this location. This in turn poses threat on human, animal and aquatic life.

According to LVEMP (2002), the discharge of industrial and domestic wastewater with a
high TSS level could have adverse impact on aquatic life. This is because the high TSS
can cﬁuse an increase in surface wafer t@niperdtur€aS"#ell as reduction in dissolved
oxygen- levels (Mitchell and Stapp,”1992).“Fhis™eould reduce the aquatic animals’
population. The highest percentage reduetion of the TSS from UP1-UP2 was 45.49%
whereas the lowest of 28.18% was,reeorded at DS1-DS2, which implies that, the highest
clean up of TSS occurred from UPI to UP2 which is.attributed to differences in the level
of anthropogenie activities.along these‘sampling locations whereas.the lowest clean up

recorded from D1to D2 was due to the faet that-there was not much difference in the

anthropogenic activities along the D1.and. D2 sampling locations.

5.1.2 Turbidity

Turbidity is caused by suspended-‘and, eolloidal-particulate matter such as clay, silts,
finely divided organic anmé matter, plankton and other microscopic organisms. It
_is-another factor use to indicate the water quality of natural waters with respect to
colloidal and residual suspended matter (Lamb, 1985). The high value of turbidity
recorded at the sampling locations, especially at the UP1 sampling location agrees to a

work done by Lamb (1985) which was attributed to factors such as the presence of clay,
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silt, organic matter, algae and other microorganisms as the causes of high turbidity
recorded. All the mean values recorded at the TR sampling locations exceeded the WHO
drinking water quality guidelines of 5 NTU. The highest percentage reduction of turbidity
recorded at UP1-UP2 whereas the lowest recorded at DS1-DS2.This was attributed to the
differences in the anthropogenic activities along the sampling locations which resulted in

the efficient clean-up as the river flows from UP1 to UP2, and a poor clean-up as it flows

from DS1 to DS2.

5.1.3 Colour
Colour in natural waters can originate/from decomposition of organic matter and
discharge of certain waste with contaminants of different materials and in varying
concentrations. Colour interfere with penetration of light and affects photosynthesis. It
may also hamper oxygen-absorption from the atmosphere (Walakira,2011). All the mean
values were above WHO (2011)-drinking. water quality guidcline of 200 Pt/Co. The
higher mean values recorded might.be due to the contaminants of both domestic and
industrial waste which caqgﬁtute decomp;o-sed organie matter. The highest percentage
reduction of colourrecorded at MSI-DS1 (37.49 PvCo) whems the lowest percentage
was recorded at UP1-UP2 (30.55:Pt/Co). The differeneein élour reduction is as a result
of varying rate of pollution at the various samphng location as more organic waste from

L= /
many non-points sources are discharged into the river as it travels from UP1 to UP2 than

—_-—l-"'-—--—_

as it travels from MS to DS1.

5.1.4 Temperature

The temperature of surface waters is influenced by latitude, altitude, and season, time of

day, air circulation, cloud cover and the flow and depth of the water body. In tumn,
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temperature affects physical, chemical and biological processes in water bodies and,
therefore, the concentration of many variables. As water temperature increases, the rate
of chemical reactions generally increases together with the evaporation and volatilization
of substances from the water (Chapman, 1996). All the mean values were below the
WHO drinking water guideline of 40°C. This might be due to the loss of heat by
convection to the atmosphere. The highest percentage reduction of 8.01% was observed
at UP1-UP2 whereas the lowest of 5.77°C was recorded at MS-DSI. The differences in
the reduction rate were due to thevgbundaat eloud cover, shade and air circulation along

the UP1-UP2 sampling locations as compared to MS-DSI.

5.1.5 Alkalinity

The alkalinity of natural water'is the mecasurement of the capacity of the water to
neutralize acidsswhich reflects its-buffer capacity (inherent resistance to pH change). It is
also noted that alkalinity of water has direct relation to the presence of bicarbonates
formed in reaction in the soils through which the water percolates (Chapman, 1996).
According to Ireland EPA §2ﬂ01), alkalmlty is involved in the consequential effect of
eutrophication ofiwaters. Though,the mean value range from 88:33mg/l to 30.26mg/l, all
the recorded mean values weresbelow the WH@ drinking -water guideline of 500mg/l
which might be attributed to the effluent.discharge and pH reduction by atmospheric and

— //—F
other acidic depositions (Chapman, 1996). A percentage reduction of 46.26% was

__-—-""'———.-_

tecorded as the river flows from D1 to D2. Thus, it is attributed to the high dilution rate

of the river as the water flows from a point of high acidic content to a point with low

S o

acidic content.
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5.1.6 pH

The pH of an aquatic ecosystem is important because it is closely linked to
biological productivity. Although the tolerance of individual species varies, pH values
between 6.5 and 8.5 usually indicate good water quality and this range is typical of
most major drainage basins of the world. The general pH levels recorded from TR
sampling locations were. however, slightly acidic at most of the sampling stations, except
for the UP2 sampling station which was relatively undisturbed by anthropogenic
activities. The other sampling loditions had relatively“different levels of human influence
with the UP1 sampling locations showing the most noticeable human impacts. According
to Agedengbe (2003), the pH of food processingindustries effluents shows that effluents
from food usually tend to be acidic. The low pH levels at the point of discharge (MS) and
the downstreama¢S1 and DS 1) sampling locations'is probable due to.effluent discharges
from food processing industries 6f which the raw matenials are made of acidic enzymes,
lactic acid, benzoic acid and Yeasis that aré discharge into the stream close to the Tano
river (Chennakrishnan, 2008). According to Matovu, (2010), the pH of surface water
bodies receiving cffluent dischargeds can be decreased by thecarbon dioxide released by
the bacteria breaking, down the organic wastes: Carboh dioxide dissolves in water to form
carbonic acid. Although this-is'a weak acid, large amounts of it will lower the pH and

when waters with low pﬁ’m;come into contact with certain chemicals and metals,

this often makes them more lethal than normal (Matovu, 2010).
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5.1.7 Total Dissolved Solids (TDS)

All the mean values of the various sampling locations were below the WHO guideline
values of 1000 mg/l. The low TDS levels at all the sampling stations recorded was similar
to the work done by Igbinosa and Okoh (2009) and Walakira (2011) who studied the
impacts of industrial effluents on receiving streams in South Africa and Uganda
respectively. Walakiri (2011) attributed the low TDS levels at his sampling stations to the
dilution effect and other natural processes along the stream.TDS cause toxicity through
increases in salinity, changes inl “the ioni¢ ¢omposition of the water, and Toxicity of
individual ions. The lowest reduction of 17:83% was recorded as the TR flows from MS
to DS1 with the highest recording of 38.51% as TR flows from DS1 to DS2 as shown in
Table 4.2. This indicates that more dissolved solids were removed from the river as it

flows downstream:.

5.1.8 Conductivity
All the mean values.of the various sampling locations were below the WHO guideline
values of 1500mg/l“1The_lowsicsults tecorded an all the sampling locations may be

attributed to the river being’a lotic_system and for-that matter; there is continuous

recharge into the river either-in-the form of precipitation or from the adjoining Asuotwe

stream. It could also be as a result of low concentrations of dissolved ions present in the
e

water and the effluent. Municipal, agricultural, and industrial discharges can contribute

ions to receiving waters or can contain substances that are poor conductors (organic

compounds) changing the conductivity (Stoddard et al., 1999) of the Tano river. The

highest percentage reduction recorded for conductivity was at UP1-UP2 and the lowest
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reduction was recorded at MS-DS1 (Table 4.2).The difference in conductivity reduction
is as a result of varying rate of pollution at the various sampling location as more
municipal, agricultural and domestic waste from many non-points sources are discharged

into the river as 1t travels from at the UP1 to UP2 than as it travels from MS to DS1.

5.1.9 Hardness

Hardness of water is the measurg{0of théys@ap-constming jpower of the water. Very hard
water can cause household pipes choking, scaling, and incrustations on cooking utensils
(APHA, 2005).The hardness of the water revealed a decreasing trend throughout the
sampling locations from 84.33mg/l to 38.83mg/l. " Though all the mean values were
below the WHO guideline of 500mg/l. The-mghest value of 85.33mg/l recorded at UP1
might be due to the fact that UP1 being the major recipient of domestic effluents whereas
38.83mg/l recorded as the DS2 was. due to the low tecipient of domestic effluent at the
sampling location. The highest percentage reduction of 27.93% at MS-D1 is accounted
for by the high.dilution rate and the low discharge of domestic effluent at that point

whereas the lower, percentage, reduction of 6:12% is due to the high and continuous
discharge of domestic effltent at the-point.

—_— "_’_,--—""'.—_7
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5.1.10 Calcium

Waters associated with granite or siliceous may contain less than 10mg/l of calcium
whereas those with gypsiferious shale may contain 100mg (APHA, 2005). The mean

values of calcium ranged from 10.0mg/l to 4.06mg/l, though the WHO drinking water
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quality was not found. The value indicates that the water sample of TR at the Techiman
portion is associated with granite and siliceous. High level of calcium can result in
hardness of water leading to scales of cooking utensils (APHA, 2005).The highest
percentage reduction of 60.24% at DS1-DS2 and the lowest reduction of 21.78% at MS-
DS1 were recorded. This might be attributed to the high amount of calcium contained in
the EFT that joins MS and the differences in the geochemical properties of the sediments

beneath the water.

5.1.11 Iron

According to Ram et al., (2011), the Indus'basin aquifers have been evidenced to be iron
contaminated, thus high amount,of.iron content on surface waters were linked to
geochemical properties of the sediment beneath the,surface waters. The mean value of
iron ranged from-4.42mg/l to 6. 15mg/l: The increase.in the iron concentrations of the
sampling locations along the Tane. river are attributed to factors such as discharge of
industrial and domestic waste and the geochemical properties of the sediments beneath
the surface water. The high@-st_ percentage Of reduction was recorded at AS-MS sampling

locations might have-been influenged by-the eonstant flushing of the stream and the clear

water samples

B OilahdGrease ——

Oil and grease are general terms used to describe crude or refined petroleum products, as

——--—.-..-—-_F_

well as biological lipids and hydrocarbons (US EPA. 1999). No values for oil and grease

were recorded at both upstream (UP1 and UP2) locations. This is obvious for the fact that

these two locations are located far away from the point of discharge where effluent from

the Nut industry enters the river. However, the values of the Tano River (TR) from the
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midstream (MS) through downstream (DS) showed the following trend: MS > DS1 >
DS2. The trend was as a result of the clean-up by the Tano River as it runs from the
effluent discharge point (midstream) to the downstream of the river. Oil and grease have
several effects on aquatic organisms in a number of ways. These include killing directly
through coating and asphyxiation, contact poisoning, or through exposure to water-
soluble components, destruction of more sensitive juvenile life-stages or through the
reduction of prey species (Carr and Neary, 2008). Wake, (2005) reported that reductions
in diversity and abundance of aqiiatic fatna have beehy as§ociated with oil-laden refinery

effluents.

5.1.13 BOD

The BOD levelsalong the. IR af the various sampling lecations generally decreased from
UP1 to MS but increased slightly from DS1 to' DS2. The:mean values of BOD recorded
ranged between 24.93mg/l and 83.15mg/| (Table 4.1).The high levels recorded at the
UP1, DS2 sampling locationssis indicative of a heavysload of organic and inorganic
pollution that require more oxygen.to oxidise, under increased thermal conditions as was
observed by Koushik and Sakséna: (1999). The inereased BOD levels could be attributed
to domestic sewage and industrial efflueni-from-the activities of GNL as well as organic

e f,.--"""'f
contaminant entering the systems from the environment.BOD levels along the river

“Tevealed the lowest level in percentage reduction at UP2-MS whiles UP1-UP2 recorded

the highest level(Table 4.2). The difterences might be attributed to the fact that more

organic and inorganic wastes are discharged at UP1 than UP2 to MS

%, 1 ARY
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5.1.14 COD

The high COD levels recorded at the UP1, DS2 sampling locations is indicative of a
heavy load of organic and inorganic pollution that require more oxygen to oxidise under
increased thermal conditions as was observed by Koushik and Saksena, (1999). The
increased COD levels could be attributed to domestic sewage as well as the industrial
effluent emanates from the activities of GNL as well as organic contaminant entering the
systems from the environment. The COD recorded a percentage reduction of 49.32%
only at UP1-UP2 which can be dtfsibutedyto diffgrences ia anthropogenic activities along

UP1 and UP2 sampling locations.

5.1.15 Sulphate

The sulphate level in the various Sampling locationswaried from upstream (UP1) through
the midstream @MS) (0 downstream (DS). However,-higher value recorded at the MS
could be as a result of the.diresi entry of the, Asuotwe stream which carries effluent from
the Nut industry. This might imply higher dissolved sulphate solutes in the effluent than
the stream samples. These high values of sulphate in MS did not influence the value of
the downstream prabably due to matrat-ability (22.47% reduction) of the river to recover

from the impact of pollation:

5.1.16 Nitrate and Phosphate—

The nitrate and phosphate levels in the water samples from the River is likely to be a

| e
direct consequence of agricultural activities, wastewater disposal and oxidation of

nitrogenous waste products in human and animal excreta, including septic tanks. The

observed agricultural activities around the River are however, usually limited to small

scale holdings and subsistence agriculture, with very little agrochemical use thus possibly

72



explaining the low nitrate and phosphate levels in the water. According to WHO (2011),
surface water nitrate concentrations can also change rapidly owing to uptake by
phytoplankton and denitrification by bacteria. The nitrate recorded highest reduction rate
(8.94) at UP1-UP2 whereas the phosphate recorded the highest reduction at (40.14%) at
MS-DS1. The reduction of nitrate pollutant might be as a result of differences in
anthropogenic activities along UP1 and UP2 sampling locations as heavy load of
domestic and sewage waste are released into the river at UP1 than UP2. The phosphate
reduction from MS to DSI is as a%estlt ‘of the rivers'natural ability to recover from the

EFT which joins the river at MS.

5.1.17 Total Coliforms (TC), Faeeal Coliforms (FC) and Escherichia Coli (E. coli)

Measurement of coliforms+thavé-been - identificd *that they are easy to monitor and
correlate with populations of pathogenic organisms. The coliform bacteria group is one of
the most common.indicator erganrsms.. Coliforms are frequently monitored as total or
faecal coliforms. Total.coliforum(TC)isdefined as-a large/group of anaerobic, non-spore
forming, rod-shaped bacténasthat-ferment lactose with gas formation within 48 hours at
35°C .(Chapra, 1997). E. coli-is-e-common member of this group. Some pathogens enter

the human body through the skin but more commonly they are ingested with drinking

_—--'-"-——_.-

water. Faecal coliform (FC) is a subset of TC that comes from the intestines of warm-

blooded animals (Chapra, 1997).
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The extremely high levels of TC, FC and E.coli loads recorded at the UP1 sampling
location which has the highest human population density lends credence to the fact that
there are high numbers in human and animal faeces, sewage and water subject to recent
faecal pollution. The lack of basic sanitary conditions of some of the riparian settlements
and the absence of GNL’s waste treatment plant, have led to sewage outfalls which are
evidenced by the highly measurably microbiological loads in the TR. According to WHO
(2011), most waterborne pathogens are introduced into drinking-water supplies in human
or animal faeces. FC and E. coli’ae preSent in very Bigh humbers in human and animal
faeces and are rarely found in the absence,of faecal pollution, although there is some
evidence for growth in tropical soils (WHO, 2011). E. coli and FC are considered the
most suitable indicators of faecal ‘contamination in surface waters (WHO, 2011). The
relatively higherdeads in the effluént Samples could be as a result of the EFT serving as a -
very suitable media-for the growth of bacteria populations since the raw material for the
manufacturing process are made of organi¢ and inorganic substances such as enzymes

and yeast which serves as a good substrate for microbial growth.

52  Physico-chemical Mrobiolngical parameters of the Ghana Nut effluent

__— and the Asuotwe stream.

2.1 TSS

Total Suspended Solids (TSS) are solids in water that can be trapped by a filter which

include a wide variety of material, such as silt, decaying plant and animal matter,
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industrial wastes, and sewage. High concentrations of suspended solids can cause many

problems for stream health and aquatic life (Mitchell and Stapp, 1992).

The high level of TSS may be due to the adverse impacts of the domestic and industrial
activities at the EFT and AS sampling locations. According to LVEMP (2002), the
discharge of industrial and domestic wastewater with a high TSS level could have
adverse impact on aquatic life. The lower level of TSS recorded at AS may be as result of
the hiéh assimilative capacity offthe"streari dissalvafig" @St of the solids. The industrial
effluents entering the TR and its feedef stream}=AS, 'were observed to be in both solid and
liquid forms chiefly derived from the indusfrial activities of the GNL and agricultural
activities. As a result, the TR which-is a major teceptacle of the untreated industrial
wastes has become relatively polluted with respect 10 total soluble solids. The highest
reduction of TSSipotlutant-was récorded at (EFT-AS) whereas the lowest was recorded at
AS-MS (32.34%). The teduction in.the level of the TSS.mightbe due to the dilution by
the fresh water stream that receives-the effluent discharges as it travels from the GNL
premises to join the Asuotwe Stream (ASj.ﬁe lowest-reduction could be attributed to

high nutrients and/orsoils debris frem the.nearby farmlands,

522 Turbidity

__.--"'"'-—.--._

Turbidity indicates water quality of effluent and natural water with respect to colloidal

and residual suspended matter. The high value of turbidity 605.50 mg/l at the EFT

sampling locations 1s probablyﬁdue to the presence organic particulate matter in the EFT

from GNL. Turbidity affects aquatic life by ‘nterference with sunlight penetration. Water
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plants need light for photosynthesis. If suspended particles block out light, photosynthesis

and the production of oxygen, aquatic life will be reduced (Smith and Davies-Colley,

2001).

5.2.3 Colour

Colour in wastewater 1s an indicatioﬁ that it contains contaminants of different materials
and in- varying concentration. @oleufy interfere jwith* pefietration of light and affects
photosynthesis. It may also hamper*oXygen absorption from the atmosphere (Walakira,
2011). The mean value of the EFT colour'was found to be above EPA standard of 200
Pt/Co whereas the mean value of\the<AS (344.6'Pt/Co) was higher than WHO (2011)
guideline value of 15 Pt/Co. The higher mean valuesuecorded for EFT and AS might be
due to the contaminants of.industrial waste emanating.from Ghana Nuts Limited (GNL)
which constitute decomposed organic matter. . The percentage reduction for colour was
recorded at EFT-AS was 74.79%. The reduction in the level of the colour might be due to
the interference of light rays with colour of 'tljle effluent.discharges and the dilution effect

by the fresh water, fromithe stream'as the,effluent travels from the GNL premises to join

the Asuotwe Stream (AS).

524 Temperature _——

The temperature of the EFT was 34.73°C whilst the AS was recorded as 26.72°C.

__._--'-"'_'-_-._

Although the temperature of effluent was higher than the River water temperature

(24.68°C - 27.21°C), it does not appear to posc any threat to the homeostatic balance of

the receiving water body in conformity with the reports of Jaji et al.,(2007) and Igbinosa

and Okoh (2009). The high temperature of EFT 1s probably due to the heating process
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associated with processing of nut and refining of edible oil by their solvent extraction
facilities and refinery plants. The highest percentage reduction of temperature was

recorded at EFT-AS (23.06%) which can also attributed to the high heating associated

manufacturing process that releases the effluent.

5.2.5 Alkalinity

The alkalinity is the measurementof theéycapacity ofithe liquids to neutralize acids which
reflects its buffer capacity (inherent resistance to pH change). According to Ireland EPA
(2001), alkalinity is involved in the consequential effect of eutrophication of waters and
wastewaters. The mean value for AS (80.61 mg/l) was found to be below the WHO
(2011) drinking water quality guidelines value of 500 mg/l whereas the mean value for
EFT ( 151.70 mg/l)was observed to beva slightly above the:EPA(2007) effluent discharge
guideline value of 150 mg/l The low alkalinity levels-tecorded at AS was as a result of
the stream been a receptacle of the GNL industrial discharges which serves as a acidic
disposition whereas-the slightly high alkalinity can be attributed to the presence of 1ons
such as bicarbonate. which. might have been resulted from-thereaction from organic and
inorganic substances used in’ the manufacturing. processcs. A percentage reduction of
46.86":'/6 was_observed at EET-ASThis might be due to the interferences with the other

acidic conditions with the effluent alkaline conditions as it travels from the GNL
|

premises to join the Asuotwe Stream (AS).
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52.6 pH

The pH of an aquatic ecosystem is important because it is closely linked to
biological productivity. The mean pH value of the EFT of 5.68 in this study was fairly
similar to the mean level recorded by Kayima and Kyakula, 2008 (5.07+0.14) in their
study of the effects of oil mill effluent on the Nakivubo Channel in Uganda. According to
Agedengbe er al, (2003), the pH of food processing industries effluents shows that
effluents from food usually tend to be acidic. The low pH levels in effluent from food
processing industries could be duégjo theéyyaw materials such acidic enzymes, lactic acid,
benzoic acid and yeasts that are mainly used by food industry (Chennakrishnan ef al.,
2008). The slightly acidic pH levels of 6.18 atdAS sampling location observed in this
study is probably due to the effluents from Ghana Nuts Limited containing organic waste
which is discharged.into the stieam. Also the high pH of AS compared;to the EFT may be

as a result of dilutioneffect ftom the AS water.

According to Matovu, (2010), the pH of surface water bodies receiving effluent
discharged, can be decreaseduby the carbél__:l dioxide released by the bacteria breaking
down the organic -wastes. Carbon. dioxidedissolves in water to form carbonic acid.
Although this is a weak-acid latge amounts of it-will lower the pH and when waters with
low pH values come into contact with-certain chemicals and metals, this often makes

them more lethal than normal.

_.__---""-——-'

5.2.7 TDS
The mean TDS levels of the AS and EFT sampling stations were found to be 64.17 mg/l

and 145.40 mg/] respectively compared to the WHO (2011) and EPA (2007) guideline

values of 1000 mg/l each. The total dissolved solids (TDS) levels at AS and EFT
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sampling locations were generally within permissible limits. similar to the findings of
Igbinosa and Okoh (2009) and Walakira (2011) who studied the impacts of industrial
effluents on receiving streams in South Africa and Uganda respectively. Walakiri (2011)
attributed the low TDS levels at his sampling stations to the dilution effect and other
natural processes along the stream; hence the low TDS recorded can be attributed to his
findings. A percentage reduction of 55.87% was observed at EFT-AS. This indicates that
more dissolved solids were removed from the effluent as it flows from the GNL’s

premise to Asuotwe stream (AS).

5.2.8 Conductivity

Conductivity is a measure of the ability of*water to conduct an electric current. It is
sensitive to variation in dissolve solids mostly mineral salts. The degrees to which these
dissociate into ion. the amount of-electrical chargé on each ion, ion mobility and the
temperature of the system all have an influence on conductivity (Igbinosa and Okoh,
2009).Municipaly-agricultural, and industrial discharges can contribute ions to receiving
waters or can contain substances that are poor conductors (organie compounds) changing
the conductivity (Stoddard et'ak, 1999).of water bodies. The low conductivity values of

AS and EF"-L(éﬁmpared to WHO-and EPA limit of 1500mg/L each) could be attributed to

low concentrations of dissolved ions present in the stream and the effluent. The highest

_-—-"""-——-_

percentage reduction of conductivity was recorded at EFT-AS (23.06 mg/l).This indicates

that more dissolved solids were removed from the effluent as it flows from the GNL’s

premise to Asuotwe stream (AS).
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5.2.9 Hardness

Hardness of water is the measure of the soap- consuming power of the water. Very hard
water can cause household pipes choking, scaling, incrustations on cooking utensils
(APHA, 2005).The hardness levels recorded at both the AS and EFT sampling locations
were 101.20 mg/l and 90.92 mg/l respectively. The low levels of hardness recorded for
both AS and EFT might be attributed to low levels of bicarbonates and carbonates of
calcium and magnesium and probably boiling that is associated with the refinery
facilities. A percentage reductionfof 33.05% was obsérved at AS-MS is accounted for by

the high dilution rate and the low discharge of domestic effluent at that point.

5.2.10 Calcium

Waters associated with granite or siliceous may eentain less than 10mg/l of calcium
whereas those with gypsiferious shale may contain 100mg/l. The mean value recorded at
AS (11.60 mg/]) was observedito be below the WHO drinking water quality guideline of
50 mg/l. Although the EPA guidelings values for calcium were not found the mean value
recorded at EFT (13.08 mg/l).can be said tahbe on low side. The low level of calcium in
AS and EFT mightbe, attributedso the [ow amount of calcium contained in the raw
materials for the manufacturing processes and-the difference in the geochemical
properties (granite and siliceous materials) of-the sediments beneath the water. The

highest percentage reduction of calcium was recorded at AS-MS (AS-MS). This can be

mted to a dilution effect as the effluent joints the Tano River at the discharge point,

MS.

80



5.2.11 Iron

According to Ram et al., (2011), the Indus basin aquifers have been evidenced to be iron
contaminated, thus high amount of iron content on surface waters were linked to
geochemical properties of the sediment beneath the surface waters. Iron concentrations at
the EFT sampling location recorded a mean value 13.38 mg/l whereas that of the AS
sampling location recorded mean value of 9.22 mg/l. The iron concentrations at EFT and
AS sampling locations were several times above the EPA (2007) standards for effluent
discharge as well as the WHO (201 1)/drinkiag water*guality guideline values of 2 mg/l
respectively. This might be attributed to the presence of a layout of cast iron tubes that
carry the industrial discharges from the refinerytube to the drainage system that carries
the effluents to the Asuotwe stream. The highest percentage reduction of 33.30% was
recorded at AS=MS.whereas the lowest walue-of 31.09% was recorded at AS. These
differences in the reduction of iron pollutant level as the effluent travels to join the stream

at AS are attributed to factors Such as discharge ofindustrial and domestic wastes and the

geochemical properties of the sediments beneath the water.

5.2.12 Oil and Grease

Oil and grease have severabeffeets on aquatic organisms which include killing directly

through coating and asphyxiatiofl, -eentact poisoning, or through exposure to watet-
—— /_
soluble components, destruction of more sensitive juvenile life-stages or through the

mon of prey species (Carr and Neary, 2008). Wake (2005) reported that reductions

in diversity and abundance of aquatic fauna have been associated with oil-laden refinery

effluents, but the effects on aquatic plants are less clear. 0Oil and grease are general terms

used to describe crude or refined petroleum products, as well as biological lipids and
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hydrocarbons (US EPA, 1999). The mean level recorded at the EFT sampling location
was found to be slightly above the EPA (2007) standards for effluent discharge of 5 mg/l.
The highest reduction of pollutants recorded at EFT-AS (97.62%) is as a result of
degradation of the oily components of the effluents by sunlight and dilution of the
effluent as the effluent joins the stream at AS. However the lowest reduction of pollutant

recorded at AS-MS (13.33%) might be as a result of shaded cover surrounding AS and

MS sampling locations.

5.2.13 BOD

Biological Oxygen Demand (BOD) is one of the most important parameters use to
examine effluent quality since ity reflect organi¢ load in effluent. The BOD levels
recorded at the AS and EFT sampling locations were 33.53 mg/l and 1292.00 mg/l
respectively. The-meani level recorded.at the EFT sampling location was found to be
several folds above the EPA%(2007) standards for_ effluent discharge of 50 mg/l. A
Biochemical oxygen demand was found. to_be excessively high at the EFT sampling
station. The increased BOD lgwel could be a-.l“.I:Iibuted to an increase in the addition of both
organic and inorganic substance from the activities of Ghana Nuts Limited, as well as
organic contaminant entering the systems from the environment. It therefore affects the
quality of Tano River. A hi ghest percentage reduction of BOD (97.40%) was observed at

B I o

EFT-AS. This can be attributed to a dilution effect as the effluent joins the stream at AS
“Which is influenced by constant flushing of the fresh water oozing out from a rock that

serves as the source of the Asuotwe stream (AS).
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5.2.14 COD

The chemical oxygen demand (COD) is a measure of the oxygen equivalent of the
organic matter in a water sample that is susceptible to oxidation by a strong chemical
oxidant, such as dichromate. The COD is widely used as a measure of the susceptibility
to oxidation of the organic and inorganic materials present in water bodies and in the

effluents from sewage and industrial plants.

The study showed that the mearg lgvelof the ERT ;%as3156.00mg/l with AS recorded
95.42 mg/l. High values of COD of*the effluént irdi€atethe recalcitrance of chemicals
that have escaped biodegradation. These chemicals may be persistent in nature and may
cause severe environmental problems-like bio-accumulation of aquatic organisms. The
high COD levels recorded at the AS and EFTs sampling locations is indicative of a heavy
load of organicwand-inorganic. poHution that requireymore oxygen to oxidise under
increased thermal conditions Which. agrees with a-work done,by Koushik and Saksena,
(1999). Highest reduction of €OD recorded-at EFT-AS (96.98 %) was as a result of

degradation of the organic andiinorganic wastes of the effluents by sunlight and dilution

of the effluent as it joinsithe streamat AS:

5.2.15 Phosphate and Nitrate

The nitrate jon (NO5") is the-eommion form of combined nitrogen found in natural waters.

It may be biochemically reduced to nitrite (NO7") by denitrification processes, usually
e =

under anaerobic conditions; the nitrite ion is rapidly oxidised to nitrate (Chapman, 1996).

Why phosphate are not toxic and do not represent a direct health threat to human or other

organisms, they do not represent a serious threat to water quality. The significance of
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We is principally in regard to the eutrophication of lakes and, to a lesser extent,
rivers (Ireland EPA, 2001).

The nitrate levels at the AS and EFT sampling locations were significantly low compared
to WHO (2011) and EPA (2007) limits. However, phosphate level in the samples from
the EFT was above the regulatory limit of EPA of 2mg/l. Though, no WHO drinking
water guideline of phosphate was found for the AS. The presence of nitrate and
phosph.;ne is likely to be a direct gopsaquence of agrreularal activities, from wastewater
disposal and from oxidation of nifrogenous waste preducts in human and animal excreta,
including septic tanks. The observed agrieultural activities around the Asuotwe stream
are, however, usually limited to small scale holdings and subsistence agriculture, with
very little agrochemical use thus possibly expmg the low nitrate and phosphate levels
in the water. Ac‘mg'ding to-WHO (2011), surface water nitrate coneentrations can also
change rapidly owing to-uptake.by-phytoplankton and denitrification by bacteria. The
highest percentage reduction of phosphate was recorded at EFT-AS (41.88%).This was as
a result of dilution of the industrial etﬂuenlaslhs effluent joins the stream at AS which
was influenced b}l tﬂE;;GfDnstant oozing outof fresh water fropt agock that serves as source
of the Asuotwe stream (AS).-However, that of themitrate was recorded at AS-MS
(35.68%) whl_gh could be W ditution effect influenced by the fresh water that

runs from UP2 to join the discharge point (MS) of the effluent and the Tano River.

am——

5.2.16 Total Coliform, Faecal Coliform and Escherichia coli (E. coli)
Measurement of coliforms have been identified that they are €asy to monitor and
correlate with populations of pathogenic organisms. The coliform bacteria group is one of

' ! or
the most common indicator organisms. Coliforms are frequently monitored as total
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faecal coliforms. Total coliform (TC) is defined as a large group of anaerobic, non-spore
forming, rod-shaped bacteria that ferment lactose with gas formation within 48 hours at
35°C. E. coli is a common member of this group. Some pathogens enter the human body
through the skin but more commonly they are ingested with drinking water. Faecal
coliform (FC) is a subset of TC that comes from the intestines of warm-blooded animals

(Chapra, 1997).

The lack of basic sanitary conditions of some of the riparian settlements and the
breakdown off Industry’s waste treatment planty have led to sewage outfalls which are
evidenced by the measurably microbiological loads in the AS and EFT. According to
WHO (2011), most waterborne pathogens are"atroduced into drinking-water supplies in
human or animal fAecesFaecal¢otiforms and Eséherichia coli-are’present in very high

numbers in human and animal faeees and. are rarély found in the absence of faecal

pollution, although there is some cvidence for growth in tropical soils. Escherichia coli
and faecal coliforms-are considered the most suitable indicator of faecal contamination in
surface waters (W, 2011). Their relatively higher loads in the effluent samples could
be as 4 result of the effluentssérving-as-a very-suitable-media for the orowth of bacteria
! populations. S'rhce the raw._material for the manufacturing process arc made of organic

and inorganic substances such as enzymes and yeast which serves as a good substrate for
———

microbial growth. The highest percentage reduction of the microbial loads (TC, FC and

E.coli.) were all recorded at EFT-AS as 99.66%, 97.56% and 99.03% respectively. These

reductions could be attributed to factors such as settlement of the bacteria which are
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CHAPTER SIX

0 eoncwsmns AND RECOMMENDATIONS

4 Conclmiom

*."“l ;—r- - — — -
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d on the study conducted to assess the i impact of Ghana Nut Limited (GNL) effluent

f

dﬁcharges on River Tano (TR) in Techiman Municipality, the following
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lu havebeenmade

. . g the assayed parameters o TtojthegE, standards, most were
to be excessively higher than d U . activities of GNL appear to

e impacted negatively on the receiving natugal surface water (TR) in the study areas.
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Mmmendatlons

i teuommended that:

'}fMamtonngprogramsshouldbesetuptotmckchangesmthewmquahtyofm

v

' I?“ The organization of educational programs to provide information to people of the

md to monitor the progress for remedial measures.

' riparian communities in and around the Techiman portion of the Tano watershed

1
basm about the benefits ol@:N ta-s} Sn-aFment and waste disposal

e A need for GNL to install a waste treatment plant with a view to treat wastes
before being discharged into tk e oeiving GVIFonments.

"Ghana should closely monitor the

" j— -—.| — -‘_"—:ql'l“h—- B ;‘- : ,..’1 :-‘ .

y.are within the general

Influence of seasonal variations ©

on the Tano River at the Techiman Municipality.
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Appendix Ia: Analysis of variance for pH.

APPENDICES

APPENDIX I: ANALYSIS OF VARIANCE

[ Table Analyzed pH |
"One-way analysis of variance
" Pvalue 0.0020
P value summary a
—Are means signif. different? (P < 0.05) | Yes
" Number of groups 7R
WE 5.228
" Rsquared | 0.5990
"ANOVA Table G SS df MS
~Treatment (between columns) 5.223 6 0.8705
[ Residual (within columns) i [ 3.497 21 0.1665
~ Total 8.720 27
“Tukey's Multiple Comparison Test Mean Diff. | g Significant? P < 0.05? | Summary 95% Cl of diff
~ UP1vs UP2 . | -0:5633 2.761 No % | ns [ -1.50210 0.3753
UP1vs MS = 0.2025 09925 | No T ns 20.7361 to 1.141
UP1vs TS $40.4633 2.271 No s -0.4753 to 1.402
UP1vs DS1 0.03000 0.1470 | No ns -0.9086 to 0.9686
UP1vs DS2 0.1908 0.9353 [ No ns -0.7478 to 1.129
UP1vs EFT 0.9658 4734 Yes = 0.02724 to 1.904
UP2vs MS 0.7658 3.754 No ns -0.1728 to 1.704
UP2vs TS 1.027 5.032 Yes 5 0.08808 to 1.965
UP2 vs DS1 0.5933 2.908 I No ns -0.3453 to 1.532
UP2 vs DS2 j 0.7542 3.696 No ns -0.1844 to 1.693
UP2vs EFT 1.529 7.495 | Yes 0.5906 to 2.468
MSvs TS 0.2608 1.278 No ns -0.6778 to 1.199
MS vs DS1 | 01725 0.8455.....|..NO ns -1.111 to 0.76611
MS vs DS2 001167 | 005718~| No ns -0.9503 to 0.9269
MSvs EFT —1°D.7633 3.741 No ns 201753 to 1.702
TS vs DS1 -0.4333 2.124 No ns -1.372 to 0.5053
| TSvs DS2 02725 1336 No ns -1.211 10 0.6661
TSvs EFT — | 0.5025 2.463 No ns - -0.4361 to 1.441
DS1 vs DS2 0.1608 0.7883 | No ns -0.7778 t0 1.099
DS1vs EFT 0.9358 4.587 No ns -0.002757 to 1.874
|_DS2vs EFT 2 0.7750 3.798 | No ns -0.1636 to 1.714
e /’
B
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Appendix Ib: Analysis of variance for TDS.

Table Analyzed TDS
One-way analysis of variance
- Pvalue 0.0174
~ P value summary £
— Are means signif. different? (P < 0.05) Yes
~ Number of groups 7
g 3.368
- Rsquared 104904 |- &
_ : s |
'ANOVA Table ' 1'ss | V.l VS =
~Treatment (between columns) | 24510 '€ | 4085
" Residual (within columns) Bl 55 e 1213
" Total 1 149980 | 27
Tukey's Muitiple Comparison Test ‘ Mean Diff. | g Significant? P < 0.05?| Summary | 95% CI of diff
UP1vs UP2 802 1.144 | No ns -60.19 to 100.0
UP1vs MS 9.500 0.5456 | No ns -70.60 to 89.60
UP1vs TS 32.75 1.881 | No ns -47.35t0 112.9
UP1vs DS1 i 2508 | 1440 |"No ns -55.02 to 105.2
UP1vs DS2 — 5275 EEERY- 1o | ns -27.35t0 1329
UP1vs EFT | -48 50 e | 2785 4o ns -128.6 to 31.60
UP2vs MS -10:42 0.5982 | No ns -90.52 t0 69.69
UP2vs TS 12.83 0.7370/| No ns -67.27 t0 92.94
UP2vs DS1 5.167 0.2967-| No ns -74.94 to 85.27
UP2vs DS2 32.83 1.886 - | ‘No ns -47.27 to 112.9
- UP2vs EFT -63.42 3929 | No ns -148.5to0 11.69
MSvs TS 23.25 1.335.4 («NO ns -56.85 to 103.4
MSvs DS1 - | 16,58 0 8949 | No ) [ ps -64.52 t0 95.69 |
MSvs DS2 4325 2484 | No | ns -36.85to 123.4
MSvs EFT -58.00 3.334"] Ne ns -138.1t0 22.10
TS vs DS1 -7.667 0.4403 | No ns -87.77 to 72.44
| TSvsDS2 20.00 1149 | No ns 60.10 to 100.1
TSvsEFT #81.25 4666 | Yes : 161.4to-1.146
 DS1vs DS2 271.67 1589 | No ns 524410 107.8
DS1vs EFT -73.68 4.226|-No ns -153.7 t0 6.521
| DS2vs EFT — | -10123 5815 | Yes g -181.4t0-21.15
f,ﬂf"
——— — /’_—
e —
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Appendix Ic: Analysis of variance for Temperature.

[Table Analyzed Temp
One-way analysis of variance
~ P value 0.0694
P value summary ns
“Are means signif. different? (P < 0.05) No
Number of groups 7
§F 7 2335 g I
R squared 0.4002 I
"ANOVA Table SS df MS
Treatment (between columns) 2951 | 6 4919
| Residual (within columns) i7 442 .3 21 21.06
Total 7375 27
Tukey's Multiple Comparison Test Mean Diff. | q Significant? P < 0.05?| Summary | 95% ClI of diff
UP1vs UP2 2.183 0.9514 !"No ns 837310 12.74
UP1vs MS i 49 1 I 0.4430 | No ns -9.540 to 11.57
UP1vs TS : 0.4917 0.2143 | No ns -10.06 to 11.05
UP1vs DS1 2 525 1.100 | No ns -8.032to 13.08
UP1vs DS2 2:233 0.9732 | No ns -8.323t0 12.79
UP1vs EFT =751 3:276 No ns -18.07 to 3.040
UP2vs MS 1,467 | 0.5084-| No ns -11.72 10 9.390
UP2vs TS 1602 PO%3r2 4B ns -12.25 to 8.865
UP2vs DS1 0.3417 04489 | No ns -10.21 t0 10.90
UP2vs DS2 0.05000 | 0:02178. No ns -10.51 to 10.61
UP2vs EFT 9700 4227 | No ns -20.26 to 0.8566 |
MSvs TS -0.5250 | 0.2288 | No ns -11.08 to 10.03
MSvs DS1 1.508 0.6573 | No ns -9.048 to 12.06
MSvs DS2 1.247 0.5302_ | No ns -9.340 to 11.77
- MSvs EFT +£.533 = 1-3719"No ns -19.09 to 2.023
TS vs DS1 2.033 [ 0.8861 | NO ns -8.523 to 12.59
TS vs DS2 1.742 0.7590 | No ns -8.815 to 12.30
TSvsEFT -8.008 3.490 | No ns -18.56 to 2.548
DS1vs DS2 202917 101271 "'No ns -10.85 to 10.26
- DS1vs EFT -10.04 4376 | No ns -20.60 to 0.5149
| DS2vs EFT 9750 [4249 | No ns -20.31 to 0.8066
/”/_
e —
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Appendix Id: Analysis of variance for Conductivity.

Conductivity
| One-way analysis of variance
- Pvalue 0.0190
"'_'_P yalue summary =
~ Are means signif. different? (P < 0.05) Yes
~ Number of groups 7
F 3.303
| R squared 0.4855
| ANOVA Table SS df MS
Treatment (between columns) 98950 6 16490
Residual (within columns) 104900 |21 [4993
Total 203800 27 | 1 B
Tukey's Multiple Comparison Test Mean Diff. g SighifieantaP < 005?| Summary | 95% Cl of diff
- UP1vs UP2 39.67 1.123 | No ) ns 122910 202.2
UP1vs MS 26.00 0.7359 | Ne - ns -136.5t0 188.5
UP1vs TS 65.25 1.847 4 No ns -97.28 to 227.8
| UP1vs DS1 50.92 1.447 | No ns 1116 to 213.4
UP1vs DS2 105.9 2998 | No ns -56.62 to 268.4
UP1vs EFT -97.83 2.769 | No ns -260.4 to 64.70
UP2vs MS -13.67 0.3868 | No ns -176.2 to 148.9
UP2vs TS 25.58 0.7241 | No ] ns -136.9 to 188.1
- UP2vs DS1 11.25 0:3184 [4No | ns -151.3t0 173.8
UP2vs DS2 66.25 1.875" | No B ns -96.28 to 228.8
UP2vs EFT 1375 3.892 | No |'ns -300.0 to 25.03
MSvs TS 3925 1% §No ns -123.3t0 201.8
MSvs DS1 24.92 0.7052 | No ns -137.6to 187.4
MSvs DS2 79.92 2262 | No ns 82.62 to 242.4
MSvs EFT -123.8 3.505 | No ns -286.4 to 38.70
TS vs DS1 -14.33 0.4057 | No ns -176.9to 148.2
TS vs DS2 40.67 1.1 No ns -121.9 to 203.2
TSvs EFT -1631 4616 | Yes " -325.6 to -0.5512
DS1vs DS2 55.00 1557 | No__- - ns -107.510217.5
DS1vsEFT 1488  n4.210- | Neo ns -311.31t0 13.78
DS2vs EFT -203.8 5767 | Yes = -366.3 to -41.22
-
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Appendix Ie: Analysis of variance for Alkalinity.
able Analyzed l Alka:—_"linity
-way analysis of variance l
P value | 0.0002
P value summary be
Are means signif. different? (P <0.05)] Yes
Number of groups | 7
r I 7.781
R squared | 0.6897
ANOVA Table | Ss df MS
Treatment (between columns) 33060 6 5510 1
" Residual (within coiumns) 14870 082 |
: 47930 7
_u"' s Multiple Comparison Test Mean Diff. | q Significant? P < 0.05?| Summary | 95% CI of diff
UP1vs UP2 7.658 0.5756 | ns ) -53.55t0 68.87
‘UP1vs MS -2.583 0.1941 |.No 3 el -63.79 t0 58.63
| UP1vs TS < 0.3858 | No ns -é&ﬂﬂ to 66.34
'UP1vs DS1 29.43 221 : ns -31.78 to 90.64
“UP1vs DS2 55.48 A7C ns .5.72810 116.7
UP1vs EFT -65.96 * | -127.210-4.747
“UP2vs MS -10.24 ns | -71.451050.97
- UP2vs TS % -2.525 N 'ns | -63.741058.69
h“ vs DS1 {: — 7 5 3 - ns — _ | -39.44 0 82.99
'UP2vs DS2 w5 785 3564 PINO — Ba = | -13.391t0 109.0
“UP2Vvs EFT g - 5533 | Yes F —— -134810-12.41
- MSvs TS 5799 | NOpie — g = ns -53.491068.93
~ MSvs DS1 52.088% e ns -29.191093.23
MSvs DS2 58, 4 “No At ns [ -3145t01193
~MSvs EFT 6338 [ 47687| = | 124.610-2.164
“TSvs DS .30 =i s -36.9110 85.51
| TSvsDS2 50 3 ] ns -1086t0 1116
 TSVSEFT A \| 7708 343 | €5~ -13231t0-9.880
~ DS1vsDS2 .= |126.05 1.958—|, Ne _- -35.16 10 87.26
DS1vs EFT - Degow et Vee——a 5~ S -156.6 10 -34.18
_ DS2vsEFT__ . 9.127 | Yes < -182.7 10 -60.23
Y OSANE v
e /—-"—
} :
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Appendix If: Analysis of variance for Turbidity.

| Table Analyzed JL Turbidity —I
I
JEE@ ne-way analysis of variance
| Pvalue 0.0004
- P value summary e {
~ Are means signif. different? (P < 0.05) Yes
- Number of groups T
6.703
‘R squared i 0.6570
| ANOVA Table A SS 1oF I\ VB =
| Treatment (bétween columns) | 1092000 & | \'20d ~ | _—
| Residual (within columns) 570400 B 2% 1 V26D wt | =2
~ Total 1663000 | 27
1 ;
| Tukey's Multiple Comparison Test | Mean Diff. | g Significant? P < 0.057| Summary | 95% CI of diff
P1vs UP2 28.42 0.3448 | No | ns 1 -350.7 to 407.5
| UP1vs MS 22.00 0.2670 | No ns -357.1t0 401.1
| UP1vsTS 1.333 0.01618 | No ns -377.7 to 380.4
| UP1vs DS1 B 40.33 0.4895 | No ns -338.7t0 419.4
| UP1vsDS2 41.75 0.5066 | No B ns | -337.3t0420.8
| UP1vsEFT -540.4 6.558 | Yes = 1-91951t0-161.3
| UP2vs MS 6.417 0.07787 | No. . ns— 4 | -385.5t0372.7
| UP2vsTS -27.08 0.3287 | No ns 406.2 to 352.0
["UP2vs DST 1702+ |.0.1446 [ \No | ns 367.2 0 391.0
| UP2vs DS2 TS 0:1618 | No s -365.7 to 392 .4
~ UP2vsEFT 5688  « | 6.903 | ¥es i -947.9t0-189.8
MSvs TS -20.67 0.2508 _| No ns -399.7 to 358.4 |
. MSvs DS1 1833 "0.2225 | No ns | -360.7to 397-“L|
- MSvs DS2 19.75. 0.2397 | No ns -359.3 to 398.8
MSvs EFT 5624 |'6825 | Yes " 941 5to0 -183.3|
TS vs DS1 30.00 | 04733 _|.NO ns -340.1to 418.1
| TSvsDS2 4042 104905 | Ne ns 338710 419.5
| TSvsEFT Jj-541.8 w1 6:574 | Yes > -920.8t0 -162.7
DS1vs DS2 a7 0.01719 | No ns -377.7 to 380.5
DS1VvsEFT 580.87 4.7.048 | Yes | -959.810-201.7
DS2vs EFT | 5822 ¥ 30808 s sl i T -961.2 to -203.1
/’/—’.
e —
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Appendix Ig: Analysis of variance for Colour.

Colour
| One-way analysis of variance
| Pvalue 0.6014
| P value summary ns
| Are means signif. different? (P < 0.05)] No
| Number of groups 7
F 0.7708
| R squared 0.1805
' ANOVA Table SS df MS
~ Treatment (between columns) 3823000 | 6 637200
| Residual (within columns) ~ | 17360000 jj 23 826700
PTatal : | 21180000 [}&7 5
“Tukey's Multiple Comparison TE:%E : Mean Diff. | g Significant? P < 0.05?| Summary | 95% ClI of diff
 UP1vsUP2 r s 148.1 0.3257 | No ns -1943 to 2239
FUP1 vs MS J 116.3 0.2559 |¢No ns -1975 to 2208
- UP1vs TS 133.4 0.2935. | No ns -1958 to 2225
UP1vs DS1 2519 0.5541 | No ns -1839 to 2343
| UP1vs DS2 219.3 0.4823 | No ns -1872 to 2311
| UP1vsEFT -889.4 1.956 No... ns -2981 to 1202
| UP2vs MS 3175 [ 0.06984 | NoO T 2123 to 2060 |
UP2vs TS . 1467  ['0403226 | No ns -2106 to 2077
UP2vs DS1 103.8 1.0.22844| No ns -1987 to 2195
UP2vs DS2 1147 0.1565 | No = B -2020 to 2162
UP2vs EFT -1038 2.282 No ns -3129 to 1054
MSvs TS ' 17.08 0.03758 | No ns -2074 to 2108
- MSvs DS1 ' 1356 .| 0.2982 | No ns 1956 to 2227
- MSvs DS2 102.9 0.2264 | No ns -1988 to 2194
- MSvs EFT -1006 2212 No ns -3097 to 1086 |
- TSvs DS1 118.56 0.2607 | No ns -1973 to 2210
- TSvs DS2 ' 85.83 0.1888 | No | ns -2005 to 2177
TSvs EFT -1023 2.250°__|NO ns -3114 to 1068
| DS1vsDS2 3267 0.07186.| No ns -2124 to 2059
DS1vs EFT 1 -1141 —2-541 No | ns -3233 to 950.0
[ DS2vs EFT | 109 ™ . 2.439 No ns -3200 to 982.6
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Appendix Ih: Analysis of variance for Sulphate.

e Analyzed Sulphate — e —
One-way analysis of variance
~ Pvalue 0.1009
P value summary ns —
| Are means signif. different? (P < 0.05) No
Number of groups 7
' 2.069
- R squared 0.3715
| ANOVA Table SS df MS
| Treatment (between columns) 1398 G 233.0
" Residual (within columns) 2366 21y m |g1WR-6 r
|_Total — | 3764 (I I\ |
| Tukey's Multiple Comparison Test Mean Diff. [q — Signtficant?P < 0.057| Summary | 95% Cl of diff
| _UP1vs UP2 ~ | -05858 [0.1104 | No ns -25.00 to 23.83
| UP1vsMS - -0.4275 | 0.08056 j#No ns -24.84 to 23.99
- UP1vs TS -0.6025 | 0.1135 4| No ns -25.02 to 23.81
-ljum vs DS1 0.7642 0.1440 | No |ns -23.65t0 25.18
- UP1vs DS2 2.898 0.5460 | No ns -21.52 to 27.31
| UP1vs EFT -19.59 3691 No ns -44.00 to 4.827
| UP2vs MS 0.1583 0.02984 ! No ns -24.25 to 24.57
| UP2vs TS -0.01667 [70.003141 | No | ns -24.43 t0 24.40
| UP2vs DS1 1350 | 0-2644 dNo ns - | -23.06 to 25.76
| UP2vs DS2 -3.483 0.6564 | No ns -20.93 to 27.90
| UP2vs EFT -19.00 3.580] | 'No ns -43.41 10 5.413
| MSvsTS 20.1750 % | 0:03298."| No ns -24.59 to 24.24
| MSvs DS1 1.192 0:2246 - |.No ns -23.22t0 25.60
| MSvs DS2 3.326 0.6266 [No ns -21.09 to 27.74|
- MSvs EFT -19.16 3.610 No \ ns -43.57 to0 5.254 |
- TSvs DS1 1.367 0.2575 | No | ns | -23.05t02578
| TSvsDS2 3,500} 0.6595 "1 No ns -20.91 to 27.91
| TSvsEFT | -18.98 3577 .~ No ns -43.40 t0 5.429
- DS1vs DS2 = %2133 0.4020|"No ns -22.28 to 26.55
I DS1vs EFT ) 2035 5 10:885 No ns 4476 to 4.063
| DS2vsEFT -22.48 +4.237 No | ns -46.90 to 1.929
Tt /"'/,
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Appendix Ii: Analysis of variance for Phosphate.

| Table Analyzed Phosphate
|
One-way analysis of variance
- P value 0.0002
P value summary o
| Are means signif. different? (P < 0.05] Yes
Number of groups 7
g 7.628
R squared 0.6855
| ANOVA Table SS df MS
- Treatment (between columns) 25.21 6 4.202
| Residual (within columns) i TteT 21 05509
Total 36.78 (2 11
Tukey's Multiple Comparison Test | Mean Diff. |"q =" Stgnificant? P= 0.057 | Summary | 95% ClI of diff
UP1vs UP2 | 0.1025 02762 | N ns -1.605 to 1.810
UP1vs MS -0.3375 | 0.9094 | No ns -2.045 to 1.370
UP1vs TS 0.6017 1.621 . |¢No ns -1.106 to 2.309
UP1vs DS1 1.431 3.856 ' | No ns -0.2762 to 3.138
UP1vs DS2 0.4181 1.127 | No ns -1.289 10 2.125
UP1vs EFT -1.900 5118 | Yes Y -3.607 to -0.1923
UP2vs MS -0.4400 1.186 | No ns -2.147 to 1.267
UP2vs TS 0.4992 1.345 | No | ns -1.208 to 2.206
UP2vs DS1 1.329 3580 | No. al ns -0.3787 to 3.036
UP2vs DS2 0.3156 0.8503 | No ns -1.392 to 2.023
-~ UP2vs EFT -2.002 5.395 | Yes x -3.709 to -0.2948
MSvs TS 0.9392 2:531 % 'No ns -0.7681 to 2.646
MS vs DS1 1.769 4,766, | Yes 2 0.06133 to 3.476
MS vs DS2 0.7556 2.036 | No ns -0.9517 to 2.463
MSvs EFT -1.562 4209 |/No ns -3.269 to 0.1452
{ TSvsDS1 0.8294 2235 | No ns -0.8778 to 2.537
- TSvs DS2 -0.1836 0.4947 | ‘No ns -1.891101.524
TSvs EFT -2:501 6740 | Yes ey -4.209 to -0.7940
DS1vs DS2 -1.013 2 730—1-No F ns -2.720 to 0.6943
| DS1vsEFT ®.331 J 8.975...\es i~ -5.038 to -1.623
DS2 vs EFT 22318, " | 6:245 | Yes - -4.025 to -0.6104
/
111G
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Appendix Ij: Analysis of variance for Nitrate.

104

[Table Analyzed Nitrate
T
[ One-way analysis of variance
| Pvalue 0.3728
| P value summary ns
[ Are means signif. different? (P < 0.05] No
| Number of groups 7
LF 1.143
| Rsquared 0.2461
ANOVA Table SS df MS
Treatment (between columns) 7.839 6 1.306
| Residual (within columns) 2801 [t 1.143 -
Total 31.85 o7
I—Tukey’s Multiple Comparison Test | Mean Diff. | q Significant? P < 0.05?| Summary | 95% CI of diff
UP1vs UP2 4§ 0.1142 0.2135 | No ns -2.345t0 2.574
UP1vs MS ~| 0.04167 | 0.07794 | No I'ns -2.418 10 2.501
UP1vs TS (5 06192 | 1.158 .4 No | ns -3.079 to 1.840
| UP1vs DS1 ~ | 0.05500 | 0.1029" | No | ns -2.404 t0 2.514
UP1vs DS2 102192 | 04100 | No ns -2.240 to 2.679
| UP1vs EFT R 2547 | No ns -3.82110 1.098
UP2vs MS -0.07250 |,0.1356 |"No ns -2.532 to 2.387
BUP2vsTS — | 07333 [ Np ns | -3.1931t01.726
[ OP2vsDST =] -0.05017] 01907 gNo_ “Tns 4| -2519102.400
UP2vs DS2 0.1050 0.1964 | No ns -2.354 to 2.564
UP2vs EFT -1.476 2.7617 | No ns -3.935 to 0.9835
| MSvsTS 206608 | %236 .| No ns -3.120 to 1.799
| MSvs DS1 0.01383_ 10.02494 | No ns -2.446 t0 2.473
MS vs DS2 0.1775 |0.3320 | No ns -2.282 to 2.637
| MSvs EFT -1.403 2:625 No ns -3.863 to 1.056
| TSvsDS1 06742 1.261 | No ns -1.785t0 3.134
| TSvsDS2 0.8388, 1.568 No ns -1.621 to0 3.298
TSvs EFT & 5 -0.7425 | 9:389__.1"No ns -3.202 to 1.717
% DS1vs DS2 Y 0.1642 0.3071 |"No ns -2.295 to 2.624
| DS1vsEFT o 31417 i BB0.siinNO ns -3.876 to 1.043
I DS2vs EFT i 1,584, | 2.957 | NO ns -4.040 to 0.8785
R




Appendix Ik: Analysis of variance for Hardness.

“Table Analyzed Hardness
| One-way analysis of variance
P value 0.3261
| P value summary ns
| Are means signif. different? (P <0.05] No
Number of groups 7
F ] 1.240
B Risquared’ |l 0.2616
ANOVA Table W SS dF _MS
Treatment (between columns) 12240 B 2040
Residual (within columns) 34540  |M21 1845 _
Total 11 46780 27
Tukey's Multiple Comparison Test Mean Diff. | g Significant? P < 0.05?| Summary | 95% CI of diff
UP1vs UP2 5.167 0.2548 | No 3 ns -88.12 t0 98.45
UP1vs MS 2 | 16.58 0.8178 | No ns 76.70 to 109.9
UP1vs TS | -16.83 | 0-8304"1No ns -110.1to 76.45
UP1vs DS1 i | 3550 1751 | No ns 577810 128.8
UP1vs DS2 45.50 2244 | No ns | -47.781t0 138.8
UP1vs EFT —t -6.583 0.3247 |.No ns | -99.87 to 86.70
UP2vs MS 11.42 0.5630 | No ns -81.87 to 104.7
UP2vs TS 2 {-2200 1.085 ['N© ns -115.3t071.28
UP2vs DS1 30.33 1496 | No ns 6295t0 1236
| UP2vs DS2 5 14033 12989 | No ns ~52.95 to 133.6
| UP2vsEFT iR 11.75 0.5795 | No ns -105.0to 81.53
MSvs TS i [ -33.42 1648 | No" ns 126.7 to 59.87
MS vs DS1 18.92 0.9329 | No ns -74.37 to 1122
| MSvsDS2 . 28.92 1.426 | No ns -64.37 to 122.2
MSvs EFT — 7547 11424 No ns -116.4 t0 70.12
TS vs DS1 1.52.33 2 5811 No ns’ -40.95t0 145.6
TS vs DS2 . 62,33 __u 3:.074|"No ns -30.95 to 155.6
TSvsEFT 10.25 0.5055 | No : W, -83.03to 103.5
DS1vs DS2 10.00 0.4931 | No ns -83.28t0 103.3
- DS1vsEFT — | -4208 7075 —|-No-— ns 135.4t0 51.20
DS2vs EFT — | -5208 2.568 | No ns -145.4 t0 41.20
S ///—-_
Lt
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Appendix Il: Analysis of variance for Calcium.

~Table Analyzed Caloium
One-way analysis of variance
P value 0.0063
P value summary Wk
Are means signif. different? (P < 0.05)] Yes
Number of groups .
F 4197
R squared 0.5453
ANOVA Table SS df MS
Treatment (between columns) 2009 6 3499
| Residual (within columns) [P TS | 24 8.338
| Total 3850 | &7
Tukey's Multiple Comparison Test | Mean Diff. | § " | Significant? P<0.05?| Summary | 95% Cl of diff
UP1vs UP2 ~ | 2006 [1.389 | No ns -4.636 to 8.647
|jUP1vs MS - ~ | 0.09917 | 0.06869 | No ns -6.542 to 6.741
UP1vs TS { 2371 | 1.642 |iNm ns -9.012 to 4.271
UP1vs DS1 ' | -08325 | 0.5766) | No© ns -7.474 to 5.809
UP1vs DS2 5225 | 3649 [INo ns -1.417 to 11.87
UP1vs EFT ' | -3.853 2.669 No ns -10.49 t0 2.788
UP2vs MS — | -1907 | e No ns -8.548 t0 4.735
UP2vs TS 4377 | 4 No ns -11.02 t0 2.265
UP2vs DS1 —l -2 838 gl 1.960" | 4B ns -9.480 to 3.803
UP2vs DS2 —1-3.219 2230 No ns -3.422 to 9.861
| UP2vsEFT -5.859 4.058° | No ns -12.50 to 0.7824
| MSvsTS 2470w 15711 \[\No | ns -9.112t0 4.172
MSvs DS1 | 1-09317 106453 | No ns -7573t05.710
MS vs DS2 — | 91126 " 3,550 No NS 1516 to 11.77
MSvs EFT ‘ -3.952 2.738 No ns -10.59 to 2.689
| TSvs DS1 1.588 1.066 | No ns -5.103 to 8.180
| TSvsDS2 k] 7.598 M, 5-261_*YES ; 0.9542 to 14.24 |
| TSvsEFT - -1.483 1.027 _J'No_ ns -8.124 t0 5.159
| DS1vsDS2 . 6.058 14 196~~-Nb | 'ns. -0.5841 t0 12.70
| DS1vsEFT g 3021 L[ED92 o ns -9.662 to 3.621
| DS2vs EFT 0,078, 6288 | Yes 2 -15.72 to -2.437
e ,_/"—'_’1—-
DAL
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Appendix Im: Analysis of vanance for Iron.

— r---'r:"""'l': "

1023 | 04917 | Ng | 'ns
(07458 007012 | NON 2000 | ns
3217 | 1.547 L NBA | e
11424 | 0684851 NO 0,
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~ Appendix In: Analysis of variance for TSS.
_‘lﬂs_L_ MRS, (0~
One-way analysis of variance | i
P value 0.0171 |
P value summary . |
| Are means signif. different? (P < 0.05] Yes |
| Number of groups 7
N F 3.382
| R squared | 0.4915
ANOVA Table SS |
Treatment (between columns) 5086000
Residual (within columns) 5263000 | 21, _
Total B 10350000 | 27’ i1 1
Tukey's Multiple Comparison Test Mean Diff. %E;ﬁtﬁém P'< 0057 Summary | 95% ClI of diff
UP1vs UP2 16.83 0.06725 | No | ns -1135to 1168
UP1vs MS 12.42 0.04961 | No ns -1139t0 1164 |
UP1vsTS 0.6667 0.002663/ No ] ns -1151to 1152
UP1vs DS1 20.75 | 0.08290 | No ns -1131t0 1172
UP1vs DS2 25.33 01012 | No ns 1126 to 1177
UP1vs EFT -1205 4814 | Yes ' -2356 to -53.57
UP2vs MS -4.417 01765 | No ns -1156 to 1147
UP2vs TS -16.17 .06 7 ns -1168to 1135
UP2vs DS1 1 3917 b ns -1148 to 1155
UP2vs DS2 | 8.500 ns__ 114310 1160 |
UP2vs EFT Jr-12§:§..-_ > -2373t0-70.40
MSvs TS “1.75 - *_ns -1163 to 1140
MS vs DS1 8.333%_ ~F| ns -1143 to 1160
MSvs DS2 12.92¢ ns -1139t0 1164
MSvs EFT 1247 ) | 4888 /| Yes B |\ 2369 to -65.98 |
TS vs DS1 2008 08024 | No BIE -113110 1172 |
TS vs DS2 24.60 . 0.09855 | No — ¥ |/ns 112710 1176 |
| TSvsEFT | -1206°%_ 4817 __1"Yes -2357 to -54.23 |
| DS1vsDS2 %4583 14,0183~ tljo—< = ns -1147 to 1156
[ DstTwsEFT L ADS et YER 1 7 1=/ -2377 to -74.32|
DS2vs EFT PIGIE. [ Ves 7 .~ als p 238210 -78.90|
. g-'“’#'.
:
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Appendix Io: Analysis of variance for O&G
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L Table Analyzed 0&G
One-way analysis of variance
P value P<0.0001
P value summary s
Are means signif. different? (P < 0.05) | Yes
Number of groups 7
= 17.31
R squared 0.8318
ANOVA Table SS df MS
Treatment (between columns) 133.4 6 22.24
Residual (within columns) | 26.97 21 1,284
_Total ~ | 1604 74
Tukey's Multiple Comparison Test Mean Diff. | q Signifieant?P*< 0.057| Summary 95% CI of diff
UP1 vs UP2 2 q 0.0000 0.0000 | No | ns -2.607 to 2.607
UP1 vs MS 0250 0.2206 | No ns 273210 2.482
UP1vs TS -0.1583 0.2794. | No ns -2.765 to 2.448
UP1 vs DS1 1 10.09167 | 0.1618 | No ns -2.698 to 2.515
UP1vs DS2 2 | -0.05833 | 01029 | No ns -2.665 to 2.548
UPIVSEFT T 6.308 11.13 Yes -8.915 to -3.702
UP2 vs MS -0.1250 0.2206 | No ns -2.732102.482
UP2vs TS -0.1583 | 0.2794 | No I'ns . -2.765 to 2.448
UP2 vs DS1 1 _0.091675] 0.1618 |4No ns .« | -2.698 to 2.515
UP2 vs DS2 2 -0.05833-+ 0.1029"| No ns -2.665 to 2.548
UP2vsEFT T -6.308 14:13) |BYes -8.915 to -3.702
| MSvs TS 2003333+ | 0.05883.] No ns -2.640to 2.573

MSvs DS1 1 0.03333 | 0.05883-| No ns 257310 2.640
MSvs DS2 2 0.06667 | 0.1177 | No ns -2.540 to 2.673
MSvs EFT T -6.183 10.91 Yes -8.790 to -3.577
TSvs DS1 1 0.06667 | 0.1177 | No ns 254010 2.673
TSvs DS2 2 0.1000 0.1765 ["No ns -2.507 to 2.707
TSvsEFT T -6:150 1085 .| Yes o 8.757 to -3.543
DS1vs DS2 2 0.03333 170.05883{"No ns 2573 t0 2.640
DS1vsEFT T B217 4097 Yes -8.823 t0 -3.610
DS2vEFT T 35050, 11103 Yes ;4 -8.857 to -3.643

LU
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Appendix Ip: Analysis of variance for BOD.

able Analyzed = JL
“One-way analysis of variance I
? value | 0.0017 l
P value summary o
Are means signif. different? (P < 0.05} Yes
Number of groups 7 |
F | 5.347
R squared r0.6044 |
ANOVA Table | SS —i
Treatment (between columns) 5378000
Residual (within columns) | 3521000 s %
otal | 8899000
1
ukey's Multiple Comparison Test | Mean Diff. Summary | 95% CI of diff
UP1vs UP2 1 15782 02824 | No ns -884.0 to 999.6
UP1vs MS 58.23 0.2844 1 ns -883.6 to 1000
UP1vs TS ~ | 49.63 0.2424 | Y ns 892210 991.4|
UP1vs DS1 f 47.24 0.2308 | 171 ns -894.5 to 989.0 |
UP1vs DS2 44.73 0.2 ns -897.1 t0 986.5 |
UP1vsEFT -1208 5903 g -2150 to -266.7
UP2vs MS 0.4083 - ns 9414109422
UP2vs TS L [ B1e2 __ Tns | -950.0to 933.6
UP2vs DS1 - 0.05165 ns 952410 931.2
UP2vs DS2 1.0.06395 -954.9 to 928.7 |
UP2vs EFT 2208 to -324.5
MSvs TS -950.4 to 933.2
MSvs DS1 - -952 8 to 930.8
Svs DS2 9553109283 |
MSvs EFT -2208 to -324.9
TS vs DS1 944210 939.4 |
TSvs DS2 -946.7 to 936.%
TSvs EFT 2200 to -316.3
DS1vs DS2 944 310 939.3
DS1vs EFT 2197 t0-313.9
DS2 vs EFT i -2195 to -311.4]
em—
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Appendix Iq: Analysis of variance for COD.

~Table Analyzed COD

One-way analysis of variance
P value 0.0007
P value summary s
Are means signif. different? (P < 0.05) Yes
Number of groups &
F 6.181
R squared 0.6385

ANOVA Table SS df MS
Treatment (between columns) 32060000 | 6 5343000
Residual (within columns) | 18150000 | @21 864400 ,
Total | 50210000 | 27 § d

Tukey's Multiple Comparison Test | Mean Diff. | q Signifitant?P < 0.05?| Summary | 95% Cl of diff
UP1vs UP2 ~ 6375 | 01371 | No ns -2075 to 2202
UP1vs MS 53.67 0.1154 | _No ns 2085 to 2192
UP1vs TS % 34.08 0.07332] No ns 2104 t0 2173
UP1vs DS1 | 21.58 0.04643 | No ns 2117 to 2160
UP1vs DS2 9.250 0.01990 | No ns -2129 to 2148
UP1vs EFT -3027 6.511 ! Yes ma -5165 to -888.3
UP2vs MS -10.08 0.02169 | No ns -2149 to 2128
UP2vs TS 2967 | 0106382 | No ns -2168 to 2109
UP2vs DS1 =42.17 ..0.0907 1,/ No ns -2181 to 2096
UP2vs DS2 5450 —1-0.1172 "|ANO ns -2193 to 2084
UP2vs EFT -3091 6.648 Yes e -5229 to -952.1
MSvs TS -19.58 0:04213-{ No ns -2158 to 2119
MSvs DS1 3208 | 0106902 | No ns 2171 t0 2106
MSvs DS2 | 4442 0.09555 | No ns 218310 2094 |
MSvs EFT -3081 6.627 Yes ™ -5219 t0 -942.0
TS vs DS1 -12:60 ' 0.02689 | No ns -2151 to 2126
TS vs DS2 -24.83 0.05342 | No ns -2163 to 2114
TSvsEFT -3061 B 585+ Yo — -5199 to -922.4
DS1 vs DS2 -12.33 0.02653 | No ns 2151 to 2126
DS1vs EFT B, VT ~ o - e =~ -5187 to -909.9
DS2vs EFT 1 -3036 5531 | Yes > 5175 to -897.6

. —
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Appendix Ir: Analysis of variance for Total Coliforms.

~Table Analyzed Total Coliforms
One-way analysis of variance
P value 0.0759
P value summary ns
Are means signif. different? (P <0.05) | No
Number of groups 7
F 2.272
R squared 0.3936
—ANOVA Table SS df MS
Treatment (between columns) 37120000000000000000 | 6 6187000000000000000
" Residual (within columns) 57200000000000000000 | 21 2724000000000000000
| Total 94320000000000000000 | 27
Tukey's Multiple Comparison Test Mean Diff. F v “Signifigant? B < 0.057 TSummary | 95% Cl of diff
UP1vs UP2 ' 257300000 g% | 1 wd | i ns ~3539000000 to 4053000000
UP1vs MS 255800000 0.309 Ne| ns ~3540000000 to 4052000000
UP1vs TS 247500000 0.2999 No ns ~3549000000 to 4044000000
UP1vs DS1 227600000 0.2758 No ns ~3568000000 to 4024000000
UP1vs DS2 249900000 3 | 0.3028 No' ns 3546000000 to 4046000000
UP1vs EFT -3075000000 [ 3.726 No ns ~6871000000 to 721100000
UP2vs MS -1499000 0.001817 | No ns 3798000000 to 3795000000
UP2vs TS -9764000 ~ ] 0.01183 No ns 3806000000 to 3786000000
UP2vs DS1 -29650000 0.03593 | No ns ~3826000000 to 3766000000
. UP2vs DS2 -7384000 0.00B948 | No ns ~3803000000 to 3789000000
UP2vs EFT 3332000000 | 4.038 No ns ~7128000000 to 463800000 |
MSvs TS 8265000 ( 0.01002 No. ns ~3804000000 to 3788000000
MSvs DS1 -28150000 0.03411 |.No ns 3824000000 to 3768000000
MSvs DS2 -5885000 — 1 0.007132"| No ns -3802000000 to 3790000000
MSvs EFT -3331000000 4.036 No ns- 7127000000 to 465300000
TSvs DS1 -19890000- 0:02410 | "'No ns ~3816000000 to 3776000000
TSvs DS2 2380000 0.002884 | No ns. ~3794000000 to 3798000000 |
TSvs EFT -3322000000 4026 " No ns ~7119000000 to 473600000
DS1vs DS2 22270000 0.02698 No ns -3774000000 to 3818000000
DS1vs EFT -3303000000 4.002 No ns ~7099000000 to 493500000
[ DS2vs EFT -3325000000 4.029 No ne 7121000000 to 471200000
L l_/—/’l
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Appendix Is: Analysis of variance for Faecal coliforms.

M—ZZI:——I

One-way analysis of vanance :‘
P value 0.1385 1
P value summary ns
Are means signil. different? (P < 0 No i
"~ Number of groups
CF 1846
R squared 03453 l
\NOVA Table df MS
reatment (between columns) 3676000000000000 | 6 612700000000000
Jual (within columns) §971000000000000 | 21 331900000000000 |
otal | 10650000000000000 L s i3 4
Ukey's Multiple Comparison Test Mean Diff. nificant? P %0057 || Summary 95% CI of aiff
UP1 vs UP2 10770000 83 ' ns 31130000 to 52680000
P1 vs MS | 10540000 1.1 ns ~31360000 to 52450000 |
P1vs T 10200000 1.120 No ns -31710000 to 52110000
UP1 vs DS1 10580000 1.161 ns -31330000 wW‘I
P1 vs DS2 10630000 1.167 ns ~31280000 to 52530000
UP1vs EFT -22260000 2.444 ns ~64170000 to 19650000 |
UP2 vs MS 231700 ns 42140000 to 41670000
UP2vs TS 574100 0. ns ~47480000 to 41330000 |
UP2 vs DS1 195800 0 ns ~42100000 to 41710000
UP2 vs DS2 -147400 N ns ~42050000 to 41760000
UP2 vs EFT ~-33030000 ns 74940000 to 8872000
VS vs TS - 0.03759 ns |-42250000 to 41560000
MS vs DS1 | 0. | a1 __|ns 1870000 to 41940000
VS vs D52 | 000924 I P ~41820000 to 41990000
MS vs EFT -328 2 3,601 = — ~74710000 to 9104000
TSvs DS1 378300 0 ) o = ~41530000 to 42280000
Svs DS2 426700 C .._.-n.:r:"_* _ ns -41480000 to 42330000
SVsEFT -32460000 ‘4 No = W ns 74370000 to 9446000
DS1 vs DS2 48330 1.0 : ns 41860000 to 41950000
551 vs EFT ~_74740000 to 9068000 |
DS2 vs EFT -74790000 to 9020000
——
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Appendix It: Analysis of variance for E coli.

~Table Analyzed coli } I'
~One-way analysis of variance
P value 0.1429
[ P value summary |‘ ns
Are means signit. different? (P < 0.05) | No
Number of groups L7
F 1.824
R squared 1713425
raTGVA Table SS df MS
Treatment (between columns) 1957000000000 | 6 326100000000
Residual (within columns) — | 3755000000000 | 21 178800000000
| Total 5712000000000 _@g’* N 11 1
s 1AL i " .
i Tukey's Multiple Comparison Test Mean Diff. =‘q _ﬁh s_i:pnuﬂgin: 7P < 0,057 § Summary | 95% Cl of diff
L UP1 vs UP2 254200 1.202 No = | ns ~.718500 to 1227000
UP1 vs MS 231500 1.095 No. “ns | -741200 to 1204000
UP1vs TS 182400 0.8627 No ns "-790200 to 1155000
UP1 vs DS1 143200 0.6771 No ns -829500 to 1116000
UP1 vs DS2 210800 0.9968 | No ns 761900 to 1183000
UP1 vs EFT -551800 2610 No ns 1524000 to 420900
UP2 vs MS -22670 0.1072 | No ns -995300 to 950000
UP2vs TS -71750 03393 | No ns ' -1044000 to 900900
UP2 vs DS1 2 111000 05250 | No ns -1084000 to 861700
UP2 vs DS2 43420 0.2053 |/No ns 1016000 to 929200
[ UP2 vs EFT ~ | -805200 3.812 No ns -1779000 to 166700
MS vs TS -49080 ~0.2321 | No ns -1022000 to 923600
— MS vs DS1 -88330 04178 | No ns 1061000 to 884300
MS vs DS2 -20750 009814 | No. ons 2993400 to 951900
MS vs EFT -783300 3.704 No ns ~1756000 to 189400
TS vs DS1 -39250 01856 | No ns -1012000 to 933400
TS vs DS2 28330 0.1340 | No & ns _944300 to 1001000
| TSvsEFT 734200 3472 | No ns 1707000 to 238500
DS1 vs DS2 67580 03196 .1 No ns 2905100 to 1040000
DS1vs EFT o ~694900 "3.287 No ns -1668000 to 277700
|_ DS2 vs EFT | 762500 3.606 No B ns 1735000 to 210200
J,..--"‘
—
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