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ABSTRACT

In this preject. the qualin of water [rom 2 bercheles from |3 communities in the
Epsu-Juaben (E-J) and | 7 boreholes from 11 communilies m the Bosomitwi-Afwima-
Kwanwoma Districts (BAK) of the Ashunii Region of Ghana has been determined
within the period of November 2004 to June 2005

Water samples were analvsed for the following parameters: sampling temperature.
pH. colour . conductivity . total dissolved solids, turbidity. alkalinity. hardness some
selected anions (SO, CI'. PO, and NO;') and some heavy metals (Fe. Mn. Cu. Zn,
Cd. Pb. K and Na)

IFhe UV-Visible Specirophotometer was used to determine SO;™ by the barjum
precipitation method, PO by the ascorbic acid method. NO=" by sulphanilic acid
method and humic substances by direct determinarion

Atomic Absorption Spectrophotometer was used Lo determine Fe, Mn. Cy, Zn. Cd.
Pb. tritrimetry was emploved 1o measure alkahnity. hardness and chloride content.

Sodwm and Potassium Concenirations were determined with Flame Photomet n

The results were compared to WHO standards and were observed [hal determunations
were all within the limins with the exception of samples AC3. AC2 and AC| from
Achiase and PS of Paakoso all in the E-J district gave very low pH values of 3 05

4.25,4.26 and 4 63 respectively

There were some 150lated cases ol contamination by cadmium of 0.006me/L at
Bowohommoden and Brahabe bome
Further contamination by Lead ol 0.029mg/1. 1 simple ADI from Adumasa and

D.0215mg/LL from Bowohommoden (al] [rom the E-J district) were also obser ed

Vi



High levels of colour at 60 HU and 40 HU wers observed for samples OD] and OD2

from Kekodee and ASS 1 from Asisiri a4l the BAK disirie

In addition. ligh levels ol turbidity 0f 748 Iy samples TA] from Toamiiym and
44 95 NTLU for sample ASS1 from Asisiriwa wers obser ed Samples OD] and OD2
trom Kokodee alse gave high turbidities of 20 3 NTU and 12 68 NTU respectively

All these vocurred i1 the RAK distric

The results showed that water from the bog ehivies in the 1w distriets had acceptable

quality 1o allow 1ts application in househald uetivines
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CHAPTER ONF
LOINTRODUCTION

LD Backe round

O earth seems 10 be unique among the other known celestial bodies. This is because
i has water which covers three-fourths of is surface and constitules 60-70 w1 % oi

the living world [ACS. 1994]

Water regenerates and is redistributed through evaporation. making 1t seem endlessl
renewable

Actually. only 1% of the world's water is usable to us as fresh water About 97% 15
salty seawater, and 2% 1s frozen in glaciers and polar ice caps. Thus, onl 1% of the
world's water supph is a precious commodity necessary for our survival [Pestle er al.,
1997).

I.L.1 The hydrologic cvele

From the ime the earth was formed. terrestnal moisture is in constant motion and all
near-surface walter participates in whal is called the hydrologic cyele The term
‘ovcle suggests that water comes from a source and ultimately returmns 1o a source.
Groundwater is part of this continuous evcle as water evaporates, forms clouds and

refums 1o the earth as precipriates [Fetter, 1994)

. The hydrologic cycle poes through a process of evaporation. condensation,
precipitation, deposition. runoft infiltration. sublimation. Iranspiralion. meliing and
ground water flow

The process 1s powered by solar energy



Themmwhmsmfaccwamriswapommﬁnmﬂmamthmr&mby
ﬂmmgyﬁummem.ﬁcwisﬁfbdwby convection, orographic and
cyelonic mechanism into the sky resulting in cooling and formation of clouds it the
sky. Depending on the temperature and weather conditions, the water vapour
condenses and falls to the earth as different types of precipitates.

- Lhdy ST, :
. HI-"‘..-..‘I'; .---. . L \.k i L
W"‘ ( }'. _ ,
f_:'s ;H.H .
.n | 5uil Moisture

Fig. 1.1 Schematic diagram of the hydroelogic eycle
Source: Martin Chaplain, February 2004, http://www.Isbu.ac.uk/water/data. html.

1.i.2 How does water get into the ground?

When rain falls to the ground, the water does 1ot slop moving. Some of it flows along
the land surface to streams or lakes, some is used by plants, some evaporates and
Tetums to the atmosphere, and some seeps into the ground. Water seeps into the

ground much like a glass of water poured onto a pile of sand [Clark ef al., 19'?3

! b &l
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A= water seeps nto the cround. some o1 il chings 10 particles of soil or 1o roots of
plants just below the land surtace. This moeisture provides plants with the water they
need Lo grow. Water nol used by plants moves deeper into the ground, The water
moves downward through empty spaces or cracks in the soil. sand. or rocks uatil i
reaches a laver of rock through which water canna casily move. The water then fills
the empiy spaces and cracks above that laver. The top of the water in the soil. sand. or
rocks is called the water table and the water that fills the emply spaces and cracks is
called groundwater [Clark ef af., 1993]
I.1.3 What is an aguifer?
Groundwaler oceurs in many seological formations. Almost all rocks in the upper part
ol the earth’s crust. whatever their IVpe. origin or age possesses openings called pores
or voids,
Aguufer is the name given (o underground soil or rock 1hrough which groundwaler can
easihv move, The amount of groundwater that can [low through soil or rock depends
on the size of the spaces in the soil or rock and how well the spaces are connected.
The amount of spaces or pores n a given volume of rock particle 15 the porosin
Permeability 15 a measure of how well the spaces are connecled.
Aquifers typieally consist of gravel sand. sandstone or fractured rock such as
limestone. These types of materials are permeable because they have large connecied
spaces that allow water 10 flow through. The spaces in a gravel aguifer are ealled
Jpores. The spaces in a fractured rock aguiter are called fractures. If a material
containg pores that are not connected. groundwater cannot move from ong space to
another, These materials are said (o be impermeable Matenals such as clay or shale
have many small pores, but the pores are not well connected. Therefore. clay or shale

usually restricts the flow of groundwater [Birdie et o/ 2002,



I.L4 Groundwater flow and permeahility

Some geological matermls such as clay have high porosity and low specific visld
meaning that little of the water m their peres can move The abihiv of rock or
ediment 1o transmil water through its pores 1s ealled its permeability [Merritis ef af .
1998,

High permeable materials include well soried coarse sand and gravel as wall as
crystalline rocks such as granite. with exiensive fraclures while those with low
permeability include crystalline recks with few: or ne Iractures and verv poorly sorted

sediments [Merritis et al | 298],

Since permeabilily determines the rate at which water and pollutants flow through
rocks and sediments it is a major concern in the setting of facihines for hazardous and
radioactive wastes,

The greates! danger involved in st oring radivactive or hazardous wastes underground
is the risk of the contamination leaking into the surrounding host rock or sediment and
ullimately into the underground water [Mernitis er al . 1998

1.1.5 Can groundwater be finished or overexploited?

We can run out of ground water if more waler 15 discharged than recharged. For
example. during periods of dn weather. recharge 1o the aquifers decreases. If too
ruch ground waler is pumped during these umes the water table can fall and wells
may go dry [Merritis et al,, 1998],

L.1.6 Groundwater levels

Changes in water levels in wells reflec| changes in recharge 10, and discharge from an
aquifer. Rechurge rates vany in response lo precipilation, evaporation, transpiration by
plants and surface-water infiltration into an agnter, Discharge occurs as natural low

from an aquifer 1o streams or Springs, as evaporation and transpiration from the



shallow warer lable. us leakage 10 vertically adjacent aquilers, and as withdrawal from
wells, Where water-level changes are due o wilhdras als. they also may reflect
changes in groundwater {low direction

1.2 Statement of the Problem

According lo the global environment nutlook. about 30% of the world's population
lack uccess to safe drnking water, while 50% has no access 1o safe sanitation system,
Globally. one-third of the water available consists of groundwater that is more or less
accessible, Tl is on record that in 1995, consumption of water reached 23000cm’.
mast of which went to agniculiure. indusin and domssiic use [UNEP, 2000]
Additionally, the demand for fresh water as of now has more than doubled relative Lo
that of immediate past yvears, This fact notwithstanding the proportion of available but
polluted water continueushy increases particularly because of changes in the modes of

industrial and agricultural production and inereasing urbanization |Pestle et al . 1997].

The image of Africa is sharply focused in the centre of this waler crisis. A world
population report on “Population Growth and Water Supplies: an emerging crisis™
stipulates that currently, over 200 million Alnicans live in waler-stressed or water-

searce countries and Ghana 1s no exception [UNEP. 2001 |

By the vear 2025, the number will rise 10 about 700 million of whom over half will
live in countries that face severe water shortage for most pari of the year [Pestle er ol

1997],

Notwithstanding this gloomy picture about global water supply, 1t is sad to note that
the rather scarce water avalable s also polluted 1n one way or the other.
On a global scale, 25000 people die each day as a result of poor water quality. Water-

related diseases. such as cholera, diarrhoea. Guinea worm, filanasis, malania, river

y . ,.E,H':"'H
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blindness. bitharzias, sleeping sickness and typhoid sull represent the single Jargest
cause of human morbidity and monality, Al the begimning of the 21si century sume
L1 billion people around the world lacked access to clean drinking water and 2.4
billton had no sanitation.

These figures are outrageous especiallyv in Africa and Asia and life expectancy is very

low [Myers, 2004,

Unul the 1970s. many of Bangladesh's people became sick from drinking polluted
water drawn from surface rivers. Aid agencies such as the United Nations Children's
Emergency Fund (UNICEF) built shallow wells throughout the country that provided
a4 seenungly safe source of water for Bangladesh's poor In the 1990°s, however. it
was discovered that many of these wells were contaminated by arsenic. a poison thal

ocecurs naturally in Bangladesh's alluvial soils | Lepkowski. 1998].

In the United States of America  where ground water is important in all climatic
conditions. it accounts for about 50% of livesiock and irrigation water use and just
37% ol public water supplies. In the rural areas how ever, 90% of pubhic water is
supplied from ground water where people supply therr own drinking water from

domestic wells [UNESCO, WHO & UNEP. 1906 |

In Latin America many of the continent s largest cities Mexico City, Lima. Buenos
Arres and Santiago obtam a significan proportion of therr municipal water supply

from groundwater [UNESCO, WHO & UNEFP. 1996

According 1o a survey conducted by UNEP in 1989 most of the countries in Europe

depend on groundwater, Groundwater forms O8%. 94%. R9% and 88% of drinking



waler supphes for Denmark. Portugal. Germany, Taly and Switzerland respechivel

among others [Praire. 2000

In Afnica and Asia most of the major citres rely on surfuce water but many millions of

people mn the rural areas are dependent on ground waler | Praine, 2000].

In Ghana. improper handling of pesticides. fertilizers and other chemicals used in
farmung. mdustny and household activities close (o waler sources are known to

mfuence the levels of contaminants i the water (able

The people of Ejisu-Juaben District who are predonunantly farmers use a wide range
ol chemicals in their activities, Activities like washing also oceur around the pumps
which are a hikely source of contamination as a resull ol ions hike phosphate, sodium,

potassium eic, thal might be found in soap.

The situation ar Bosomiwi-Atwima-Ksianw oma 1 not any different from that of
Ejisu-Juaben

Even though groundwaler is generally less conlamunated than surface waters.
pollution of this major water supply has become an INCreasing concern in
ndustrialized nations. Manv thousands of wells have been closed since the late 20th

century because of contamination by various toxie subsiances [Lepkowski. 1998].

The overall goal of a ground water assessmen programme is to obtain g
comprehensive picture of the spatial distnbution of groundwater quality and of the

changes in time that oceur either natural or under the mfluence of man,

Cround waler seems the best source free from conlamination but could be unsafe,



1.3 Research Questions

bl

e

4.

Is water from boreholes in the Epsu-Juaben and the Bosomiwi-Atwimi-
Kwanwoma districts of Ashani of 2ood qualiiy 7

What are the levels of trace mefals and nutrients in the borehole water froem
the districts?

Is the organic acid content of borshole water of uny relevance in determining
s quality?

Are there any correlations between the indicators of quality?

1.4 Ohbjectives

The vverall ohjective of this project was fo assess the quality of water from
boreholes in the Ejjsu-Juaben und Bosomiwi-Aiwima-Kwanwoma districts of

the Ashanti Region of Ghana,

The determunation of the following parameters as mdices of quality constitured the

specific objectives of the study;

oH. total dissolved solids. conductivity, alkalinilv. hardness, sulphate, nitrite,
phesphate. coluur. turbidity. chloride. sodium potassum. lead. manganese,
ron, zine. cadmium, copper and ergamic acid concentration.

An additional objeciive was to make recommendations to all siakeholders

L5 Justification of the Project

Many African governmens ncluding thal of Ghana have anticipated some of the

problems outlined above and have adopted a number of policies 1o be implemsnt ed

over a penod of lime to help address the imbalance in the waler economy

Among them is the vision 2020 docurnent. which outhines strategies to improve water

supply 1o the rural communities by the vear 2020 Also support lo this move s the



Ghana Poverty Reduction Strategy (GPRS) for the period 2002-2004, which stipulates
that 34% of the rural population and 78% of urban population should have access to

safe water by Lhe year 2004 [GPRS ,2002-2004].

However, the atiention on water supply had been chemical treatment of rivers and
streams until the demand for fresh water increased rapidly as population exploded and
became more urban. It became increasingly difficult to draw on these sources for
optimum supply. This is because the cost of water per capita increased with increasing
prices of chemicals, power and technology.

It is in this repard that there was an urgent need to look for an alternative, reliable and
safe source of water supply that will be accessible and relatively affordable to support

the hitherto traditional sources,

The government of Ghana has therefore resorted to borehole water as one of the
alternatives. Through the work of the World Vision, Rural Water Project of the
Community Water and Sanitation Agency, the Water Resources Institute (CSIR) and

many other institutions hundreds of boreholes are constructed annually [Issah, 2000].

The Community Water and Sanitation Agency in collaboration with Ghana and donor
agencies has been involved in the construction of boreholes in mostly rural areas in
Ghana. The Ejisu-Juaben and Bosomtwi-Atwima-Kwanwoma districts have enjoyed
this facility. The people believe this new source of water is better in quality than the

traditional rivers and streams they know.
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Iis theretore imperative 1o assess the qualiiv of borehule water. which 1s a readil
avanlable source and virtually [ree 1o the people ol the two distriets

This work seeks 1o use basically physicochemical parameters as the indices of waler
guality

Appropriate  recommendations of suilable punfication methods will be made
depending on the outcome of the assessment

Seientific explanation must be offered te the piles of data of analy zed water samples
N order (o zain insight into the mechamisme of the milows and outflows of water i
the catchments areas of boreholes,

The need for scientific analysis motivates the rational for this analysis.



CHAPTER TWO

20 LITERATURE REVIEW

2.1.00 Determinants or indicators of water quality

The mdicators of waler quality are generally catevonised ino Physico-chemucal and
biological factors.

2.1.1 Physico-chemical Parameters

Some of the Physico-chemical parameters of interes| are:

2.1.2 pH

The pH of a solution is a measure of the acidic nature of that solution. The
concentration of the hydrogen ion [H] activity in a selution determines the pH.
Mathematically this is expressed as:

pH =-log |[H'|

Pure water a1 25°C contains equal amounis of hvdroxyl and hydroxonium ions
Natural waters often have a pH ol 4 10 9 and most are shightly basic as a result of the
presence of bicarbonates and carbonates of the alkali and alkaline earth metals.
Principle: The determination of pH involves the activin of hydrogen ions by
potentiomeltric measurement using a standard hvdrogen electrode and a reference
electrode. This is the underlyng principle of electrometric pH measurement

The hydrogen electrode consists of a platinum electrode across which hydrogen gas 1s
bubbled at a pressure of 101 Kpa. Due 1o the difficuliy in the use of this method, the
glass electrode is usually used in pH measurements. The pH meter is normally
calibrated potentiomet ncally with an indicator plass electrode and a reference

electrode using buffers,



Measurements of pH are influenced by temperature in two ways: mechanical effects.
caused by changes in the propenies of the elecirode and chemical effects caused by
equihibrum changes

In the former. the Nemstian slope increases with increasimg lemperature and takes
lot of time [or electrodes (o attain thermal stability, This can cause a long term drift in
the pH, Due 1o the effect of chemical equilibrium on pH. standard pH buffers have a

specific pH al a speerfied temperatura IAPHA. 1983

1.1.3 Conductivity

Conductivity is defined as the ability of a solution 1o carry electric current. This 15
normally dependent on the presence of jons. their total concentration, mobility,
valence. relalive concentration and lemperature ol measurement Compounds which
dissociate easily in solution are good conductors while those which do not dissociate
eastly are poer conductors Inorganic acids. hases and salts are good conduciors while
orgamic compounds are poor conductors. In o laboratory determination. conductivi v
Is measured as resislance measured in ohms. The conductivity of fresh distilled water
1510 the range of 0.5 -2 Opmhos/cm The conductivity of portable water is generally in
the range of 50-13500pumhos/cm. The conductiy iy of indusinal waste is

10.000umhes/em
Principle: (Laboratory conductivity experiments are used {o):

a) Establish degree of mineralization. 10 assess the effect of the total
conceniration of ions on chemical equilibria. phy siological effects on living
things and the rate of corrosion.

b} To assess the degree of mineralization of distilled ater and deionised waler
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¢) To check the results of a chemical analysis and estimate the sample size (o be

used for simple chemical determinations.

d) Determine the amount of ionic reagent needed m the precipitation and

neutralisation reactions. The end pomnt of such reactions is normally
determined by plotting a graph of conductivity versus burette readings.

€) When conductivity is multiplied by a factor. total dissolved solids of water can

be determined. This factor may vary from 0.55 to 0.9 depending on the soluble

components of the water and on the temperature of measurement.

[) To assess the changes in dissolved muneral concentration of raw or waste

waster as far as seasonal variations are concerned

Electrolytic conductivity unlike metallic conductivity increases with lemperature at a

rate ot about 1.9%/C

Inaccurate temperature readings can lead 1o errors. Polassium chlonde has a lower

[emperature coellicient of conductivity than typical potable water. Sodium chloride

however has a temperature coefficient that 1s very close to that of most ground and

surface waters [APHA. 1985 ]

2.1.4 Total dissolved solids (TDS)

Source - Total Dissolved Solids (IDS) consist mainly of carbonates. bicarbonates.

chlondes. sulphates. phosphates, nitrates. calcium. magnesium, sodium, potassium.

Iron. manganese and a few others, They do not include gases. colloids or sediment

The TDS can be estimated by measuring the specific cond uctance of the water.

Dissolved solids in natural waters range [rom less than 10 mg/l for rain to more than

100,000 mg/I for brines. Since TDS is (he sum ol all materials dissolved in the water.

It has many different mineral sources. Below 1s an indication of the TDS from various
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Sources: Distilled Water-0, Two-column Deoniser Water-% Rain and Snow-10

Brine Well-125_000 and Dead Sea-250.000,

High fevels of total dissolved solids can adversely alfec mdustrial applications
requiring the use of water such as cooling tower operations. beiler feed water. food
and beverage industries and elecironics manufaciurers. Hi gh levels of chloride and
sulphate will accelerate corrosion of metals. The USEPA has a suggested level ol 500

mg/l isted in the Secondary Drinking Water Standards

Principle: Gravimetrically. a well mixed volume of sample is evaporated in a
weighed dish and dried 1o consiant weight in an oven al 103 -105°C, The increase in
weight over that of the empry dish is the 1olal sohds. The value may not necessarily
represent the actual suspended and dissolved solids. This 15 due to imterference from
highly minerahised water with significant concentrations of eal cium. magnesium elc
which may be hyv groscopic and Fequire excessive. proper desiceation and rapid
weighing,

A standard glass fibre filter is used 10 filter a well nuxed sample and the filirate is
evaporated 1o dryness in a weighed dish 1o constant welght at 180°C

Total dissolved sohds can also be determined in using an electrome probe which also

measures lemperature and conduchivity |APHA. 1993)
2.1.5 Temperature

Temperature is the measure of how hol or cold water 1s. This is measured with a

thermometer in either degree Celsius or degree Fahrenheit [APHA, 1985]

2.1.6 Hardness

The hardness of a water supply is determined by the content of calcium and

14



magnesium salts. Calerum and magnesium combine with bicarbonates. sulphates.
chiondes and nitrates (o form these salis. The standard domestic measurement for
hardness 1s grams per gallon (gpg) as CaCO:. Water ha mg a hardness content less
than 0.6; gpg 15 considered commercially sofi. The calcium and magnesium salis
which form hardness are divided into two categones: Temporan Hardness
(contawming carbonates) and Permanent Hardness (contaming non-carbonates). A
more elaborate definition of the forms of hardness is given below,

Temporary Hardness Salts

Calewm Carbonate (CaC0s) - Known as limestone. rare in water supplies causes
alkalinity 1n water. Caleium Bicarbonate [{Ca (HCO:);| forms when water contaning
C0; comes in contact with limestone which also causes alkalinity in water. When
heated CO. is released and the caleium bicarbonate reverts back to caleium carbonate,
forming scales.

Magnesium Carbonate (MgCO3) Known as magnetite with properties similar 1o
calcium carbonate, Magnesium Bicarbonare [Mg (HCO;).] is alse similar to calcium

bicarbonate in nis properties,

Permanent Hardness Salts
Caleium Sulphate (CaS0.) - Know as gypsum. used to make plaster of Paris. Will
precipitate and form scale in boilers when concentrated. Calerum Chloride (CaCly)

reacts i boiler water (o produce a low pH as follows:

CaCl; - 2HOH => Ca (OH), + 2HCI
Magnesium Sulphate (MgS04) - Commonly known as Epsom salts. may have laxative
effect if great enough quantity is in the water Magnesium Chloride (MgCly) is similar

I properties 1o calcium chloride.
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Sodium salts are also found in household water supplies. but they are considered

harmless as long as they do not exist in large quantities [Casiday ¢t al.. [G98].

Principle: Fihy lenediamineretrancetic acid and its sodium salt form a chelate soluble
complex in selution of certain metal ions: The addition of small ampunts of dyve such
a8 Frichrome Black-T or calmagite to an agueous solution contaming calcium and
magnesium at pH |0+ 1wall result in a red wine coloured solution indicating the end
pont. When EDTA 15 used as the titrant. caleium and magnesium ons will he
cemplexed and the red wine colour appears afier all such jons have been complexed.

Magnesium ion must be present to vield a satisfacton end point [APHA. [992].

2.1.7 Alkalinity

Alkalinity may be defined as the ability of water to neutralise an acid. and is
determined by titration against a known standard acid (usually 0.02 N sulfuric acid),
Alkaliniry has traditionally been reported m terms of me/L as CaCOs. This is
somewhal a confusing nomenclafure since (he chemical species responsible for
virtually all the alkalinity of natural waters is the bicarbonate ion (HCO:).

The optimal amount ol alkalinity for a given water is a function ol several factors
including pH. hardness and the concentrations ol dissolved oxyeen and earbon
dioxide that may be present, As a general rule. 30 to 100 mg/L as CaCO: is desirable
although up to 500 mg/L may be acceplable

Alkalinity is apparently unrelated to public health (at least directly), but is Very
imporiant in pH control. Alum, gaseous chlorine and other chemicals occasionally
used In water treatment acl as acids and therefore tend to depress pH. Alkalinity

resists this change and thereby provides buffer capacity. Many waters are deficient in



natural alkalinity and must be supplemented with lime (Ca0 or Ca (OH)zor some

uther chemical te mainiain (he pH in the desirahls rangc (usually 6.5 to 8.5)

Alkalinity values can change sigmilicantly for groundwaler between sumples taken af

the wellkead and samples taken from olher spots [USEPA. 1994],

Principle (Titration Method): Hydroxyl 1ons are present in a sample as a result of
disseciation.

Alkalmity is generally expressed as phenolphthalein alkaliniy corresponding to
titration with acid 1o the pH at which HCO: s the predominant carbonate species (pH
8.3) or total alkalinity, corresponding to Uitration with acid 1o the methy] orange end
point (pH 4 3) where both carbonate species have been converted to (07%

Alkalimty is generally expressed in mg/L of CaCO; based upon the following
neutralizsing reaction:

CaCO; 1 2H™ —— Ca¥ + €O, + Hs0

Each CO. 1on neutralises two H' 1ons [Manahan. 1004],

1.1.8 Chloride

Source - Chioride (CI) is one of the major anions found mn water and is generally
combined with caleium, magnesium or sodium Since almost all chloride salts are
highly soluble in water, the chloride content ranges from 10 o 100 mg/l. Sea water
contamns over 30.000 mg/1 as NaCl. Chlonde is associaled with the comrosion of piping
because of the compounds formed with it. For example, magnesium chloride can
generate hvdrochloric acid when heated. Corrosion rates and the iron dissolved into
the water from piping increases as the sodium chlonde content of the water is
increased The chloride ion is instrumental n breaking down passivating films which

protect ferrous metals and al loys from corrosion and is one of the main causes for the
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pitling corrosion of stamless steel. The SMCL (suggesied maximum contaminant
level) for chloride 15 230 me/l which is due stricthy to the objectionable saliy raste

produced 1n drinking water [USEPA. 1994]

2.1.9 Sulphate

Source-Sulphate (SO4) occurs in almos! all natural waler. Most sulphate compounds
originate from the oxidation of sulphite ores. the presence of shale and the exisience

of industrial wastes. Sulphate is one of the major dissolved constituents in rain,

As waler moves through soil and rock formations that conlam sulphate minerals.
some of the sulphate dissolves into the groundwater Mincrals tha contam sulphate
include magnesium sulphate (Epsom salt). sodium sulphate (Glauber's salt) and

calcium sulphate (gvpsum),

High concentrations of sulphate in drinking water cause 1 laxative effect when
combined with calcium and magnesium. the rwo most Common cemponents of
hardness. Bacteria which attack and reduce sulphates cause hydrogen sulphide 2as
(Hi81 1o [orm. Sulphate has a suggested level of 250 me/ 1 the secondan Drinking

Waler Standards published by the USEPA.

Principle: Sulphate (S0, 1on 13 precipitated m an acetic acid medium with barium
chloride to form barium sulphate, Light absorbance of barium sulphate suspension by
a UV- visible spectrophotometer at 420nm is used to determine the sulphate
conceniration This was done by comparison with the calibration curve | APHA.

1085)



2.1.10 Phosphate

Phosphorus 1s one of the key elemenis necessary for growth of plants and animals,
Phosphorus m elemental form is very loxie and s subject 1o ieaccumulation
Phosphates PO, ™ are formed from this element Phosphates exist in three forms:
orthophosphate. metaphosphate (or paly phosphate) and oreanical Iv bound phosphate.
Fach compound contans phosphorous in a difleren chemical formula. Ortho forms
are produced by natural processes and are found in sewage. Poly forms are used for
treating boiler waters and n detergenis. In waj er. they change into the orthe form
Organic phosphates are impoertant in nature. Their occurrence may result from the
breakdown of organic pesticides which contain phosphates. They may exist in
solution as particles. loose frapments or in the bodies ol agualic organisme.

Ranfall can cause varving amounts 0f phosphates to wash from farm soils into nearby
waterway s, Phosphate will stimulate the growth ol plankton and aquatic plants which

privide food for fish,

Phosphate also leaches into underground water. It may not be toxic to people or
animals unless they are present in very high levels, Digestive problems could oceur

from extremely high levels of phosphate [USGS. 1970]

2.1.11 Colour

Source - Colour in warter is almost always due to organic material which is usually
extracted from decay ing vegetation. Colour i1s common in surface water supplies.
while 1t is virtually nen-existent in spring water and deep wells. Colour in water may
also be the result of natural metallic ions (iron and manganese). A yellow tint 1o the

water mdicales that humie acids are present, referred (o ag tanmins”. A reddish colour



would mdieate the presence of precipitaled 1on Stuns on bathroom fixtures and on
lawmndry are vfien associated with colour also. Reddish-brovin is ferric hydroxide
(iron) will precipitale when the water is exposed toour Dark brown to black staims are

created by manganese Fxcess copper can create blue stains,

Principle: The observed colour of water is the result of light back scattered upward
Irom the water afler it has passed through to various depths and undergone selective
absorption. Colour and turbidity determine the depth to which light penetrates in
water systems. In water. the light intensity or irradiance at a particular depth (1,) is a
function of the intensity at the surface (1,) 1o (he exponent of the negative extinction
coefficient at the depth distance z which is called the Beer-Lambert's Law. L=T,e™

[Freifelder. 1985

The visible colour in a water sample 15 the light that 1s refracted. rellected or re-
emitted by substances in water because il has not been absorbed 1o produce heat or

chemical reactions.

True colour 1s due to natural minerals such as terric hy droxide and dissolved organic

substances such as humic or fulvie acids.

Colour measured in waler contamming suspended maiter 1s defined as apparent colour
[APHA, 1992]

The Colour of water measured by Colorimeinc methods is based on the calibration of
absorbance of the waler sample al a vanety ol single w uvelengths. usually against the
Pi-Co standard

Standard measurement comparisons can be made with sealed contamers.



Natural waters range from <3 mg/L Pt in very clear waters (o 1200 mg/L. Pt i dark

peuty waters {Keyvser. 1907

Z2.1.12 Nitrite

Source - Nitrites are not usually found in drink; ng water supplies al concentrations
above | or 2 mg/l {(ppm). Nitrates are reduced o nitrites in the saliva of the mouth and
upper gastro intestinal (Gl) tract. This occurs 10 a much greater degree in infants than
in adults because of the higher alkaline conditions in their GI (ract. The nitnite then
oxidises haemoglobin in the blood stream 1q methemoglobin, thus limiting the ability
ot the blood 1o carry exyzen throughout (he body. Anoxia (an insufficiency of
bxygen) and death can occur, The US EPA has established (he MCL (maximum

contammant level) for nitrite at | mg/l [Alloway et af. 1997].

Principle; Nilrite ion in a suitable medium is diazotised with sulphanilamide resulting
into a diazo compound . This in tum is coupled with N {-1-naphiyl) ethylene-diamine

to form a highly coloured azo dyve |APHA. 1985].
2.1.13 Nitrate

Souree - Nitrate (NO;) comes into water supplies through the nitrogen cycle rather
than via dissolved minerals, It is one of the major ions in natural waters. Most nitrates
that veeur in drinking water are as a resull of contamination of groundwater supplies
by septic sysiems. feed lots and agricultural fertilizers. Nitrate is reduced to mitrite 1n

the bod,

Treatment - Reverse Osmosis will remove 92 - 03 % of the nitrates and or niriss,

Anion exchange resin will also remove both as will distillation [Alloway er al | 1997],

(¥
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2.1.14 Turbidiry
Source -Turbidity 1s the term siven 1o anything that 1s suspended in a water supphy I
s lound i mos! surface waters. but usually doesn't exist in sroundwaler except In
shallow wells and springs after hemvy rains Turbidity grves the water a cloudy
appearance or shows up as dirty sediment. Undissolved matenials such as sand, clay,
silt or suspended iron contnibute to turbidiry Turbidity can cause the staining of sinks
and fixtures us well as the discolounng of fabnics. Usually turbidity 1s measured in
NTUs (nephelometric turbidity umits). Typical drnking water will have a tarbidiny
level of 010 | NTU. Turbidity can also be measured in ppm (parts per mullion) and iis
size 1s measured in microns: Turbidiny can be particles in the water consisting of
finely divided solids, larger than molecules. bul not visible by the naked eve, ranging

in size from 0.001 10 0.150 mm (1 fo 150 microns).

Treatment-Typically turbidity can be reduced 1y 75 microns with a eyclone separator,
then reduced down 10 20 micron with standard back washable filter, however flow
rates of 3 gpm / 5q. 1. are recommended maximun. Turbidity can be redueed to 10
micron with a multimedia filter while providing flow rates of 15 gpmisq. f1. Cartridge
lilters of various sizes are also avalable down 1nto the submicron range [USEPA.

1994].

Principle; Turbidity of water is caused by suspended matter such as Clay, silis, finelv
Liivi_ded organic and inorgarme matter, soluble eoloured organic compounds and
plankton and other microscopic Urganisms.

Turbidity expresses the optical property thal causes light to be scattered and absorbed
rather than transmitted in straight lines through the samples Correlation of turbidify

with weight concentration of suspended matter is difficult because the size. shape and



refractive index of the particulates also affect the light scattenng properties of the

suspension | APHA. 1955
2.1.15 Iron

[ran 15 one of the most troublesome elements in water supplies. Making up at least 5
percent of the earth’s crust. iron is one of the earth’s most plentiful resources.
Rammwater as it infiltrates the soil and underlying geologic formations dissolves iron.
causing it 1o seep into aquifers that serve as sources of groundwaler for wells,
Although present in drinking water. iron is seldom found al concentrations greaier
than 10 milligrams per liter (mg/) or |0 parts per mullion. However, as little as 0.3

mg/l can cause waler 1o turn a reddish brown colour

Iron 1s mainly present in water in two forms eilher the soluble ferrous iron or the
insoluble ferric iron. Water containing ferrous iron is clear and colourless because the
tron 1s completely dissolved, When exposed 1o air in the pressure tank or atmosphere.
the water tums cloudy and a reddish brown substance begins to form. This sediment is
the oxidized or ferric form of iron that will not dissolve in waler.

Iron is not hazardous to health. but it is considered a secondary or aesthetic
contaminani, Essential for eood health. iron helps transpor oxvgen in the blood.
Comeemtrations of iron &s low as 0.3 mgd wall leave raddish brown stains on fintures,
tableware and laundry that are very hard (o remove. When these deposits break loose
J‘mml waler piping, rusty water will Mow through 1he faucet.

Since iron combines with different naturally occurring organie materials. it may alsp
EXI51 as an organic complex. The combination of naturally oecurring organic material

and 1ron can be found in shallow wells and surface water. This lype of iron is usually

vellow or brown buy may be colourless [Ilinats Depariment of Public Health, 1999].
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2.1.16 Manganese

Manganese (Mn® ) is present in manv soils and sediments as well as in rocks whose
structures have been changed by heal and pressure. It 15 used in the manufacture of
steel 10 improve corrosion resistance and hardness Manganese 1s considered essential
te plant and animal life and can be derived from such loods as com, spimnach and
whole wheat products. It is known 1o be tmportant in building strong bones and may
be beneficial 1o the cardiovascular system. Manganese may be found in deep well
walers al concentrations as high as 2 - 3 mg/]. It is hard 10 ireal because of the
complexes 1t can form which are dependent on the oxidation siate. pH. bicarbonate-
carbonate-OH rafios and the presence of other munerals, particularly iron,
Concentrations higher than 0.05 mg/l cause manganese deposits and staining of
clothing and plumbing fixtures. The stains are dark brown 1o black in nalure. The use
of chlorine bleach in the laundry will cause the stains o set, The chemistry of
manganese in water 1s similar 1o that of iron A high level of manganese in the water
produces an unpleasant odour and taste, Organic materials can tie Up manganese in
the same manner as they do iron: therefore destruction of the organic matler is a

necessary part of manganese removal [USEPA. 1964,
2.1.17 Copper

Because copper exhibits some harmiil health eflects and because drinking water
may be a significant route of exposure to copper, 11 1s important {0 know how much
copper is in drinking water. A metallic (aste 15 usually found in drinking waler
before copper levels are hj gh enough to cause adverse health effects, Blue or blue

green stains around sinks and plumbing fixtures are also noticed,



Cin the average. dnnking water aceounts for lass than 3% of our daily copper intake
The UL.S. Environmental Protection Agency (USEPA) has determined that copper
levels in drinking water should not exceed 300 ug/d No adverse health effects
would be expecied if this level 1s not exceaded Measures should be 1aken 10 reduce

exposure lo copper 1l this level is exceeded

Copper rarely occurs naturally in water. Most copper contamination in drinking water
happens i the water delivery system, as a resull ol corrosion of the copper pipes or

fittings. Copper piping and fittlings are widely used in household plumbing.

Because the physical and chemical characierisiics of water vary. the corrosive
properties of water vary as well. Factors Causing corrosion include acidity (low pH),
high temperaiure. low total dissolved solids (TDS) content and high amounts of
dissolved oxyveen or carbon dioxide, Generally. naturally soff water is more COITosive
than hard water because it is more acidic and has low TDS. Observations have shown
mereased copper levels in water softened with ion exchange water softeners. If the
water 1s not corrosive, hard water minerals are slowly deposited on the interior of
plumbing. These hard water deposits form a calcium carbonate lining inside pipes and
fittings which protects agams copper contamumation. however, it may take up to five
yvears for an effective calerum earbonate lming to form and sofiening hard water with
an 10n exchange umi can either prevent or dissolve the calcium carbonate scale.

reducing or eliminating is protective effect

The eastest and most effective methad for reducing expuosure to copper is (o avoid
drinking or cooking with water thal has been in contact with house plumbing for more

than six hours
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I an elevaled level of copper n drinking waler 1s observed. 1t may be likely that lead
levels are also elevated. This 1s especially true 11 the plumbing svstem contains lead
solder jomis. lead service lines, or brass fixtures. Since lead and copper enter dnnking

water under similar conditions, it 1s advisable (o test for lead when testing for copper

|WHO, 19946].
2.1.18 Zinc

Zmne veeurs in small amounts in almost all lzneous rocks. The principal zinc ores are
sulphides. such as sphalerite and wurzite The natural zinc content of soils s estimated
to be [-300 mg/ke.

* Organoleptic properties
Zine imparts an undesirable astringent 1aste tc waler, Tesis indicate (hat 5% of 2
population could distinguish between inc-free water and water containing zine al u
level of 4 mg/liter as zine sulphate [WHO. 1996

« Water
In natural surface waters. the concentration ol Anc is usually below 10ugdditre. and in

groundwaier. [0-40 po/liter. In lap waler. the zinc concentration can be much higher
as a result of the leaching of zine from piping and fittings. The most corrosive walers
are those of low pH. high carbon dioxide content and low mineral salts content. In g
Finmsh survey of 67% of public waler supplies. the median zine content in water
samples taken upstream and downsiream of 1he waterworks was below 20 ug/liter:
muchl higher concentrations were found in 1ap water. the highest being 1.1 me/liter,
Even higher 2inc concentrations (up to 24 mg/liter) were reported m a Finnigh survey

af water from almoest 6000 wells [Lahermo. 1990],



2119 Cadmium

Cadmium 15 a natural, usually mmor Comstiuen! of surface and groundwater [t man
exist i water as the hydrated 1on, as morganic complexes such as carbonates,

hvdrosides. chlorides o; sulphates, or us orgamc complexes with hunue acids.

Cadmium may enter aquatic systems through w eathering and erosion of soils and
bedrock, atmospheric deposition direct disch arge trom industrial operations. leakage
from landfills and contammated sites and the dispersive use of sludge and fertilisers in
agricitlture, Much of the cadmijum enlering fresh waters from industral SCUNCEes i
be rapidly adsorbed by particulate matter and thus sediment mav be a significant sink

tor cadmium emitted 10 the aquatic environment |WH(). 1992]

Some data shows thal recent sediments in lakes and streams range from .2 ta 0.9
pPpm in contrast 1o the levels of generally less than 0, | ppm cited above for fresh
waters, Partitioning of cadmium between the adsorbed-m-sediment stare and
dissolved-in-water state is therefore an important (actor in whether cadmium emitied

1o waters is or is not available (o enter the food chain and affect human health.

Rivers containing excess cadmium can contanunale surrounding land. either through
irrigation for agncultural purposes, dumping ot dredgeed sediments or fleodmg. 1t has
also been demonstrated that rivers can lransport cadmium for considerable distances

up 1o 50 km from the source [WHO. [992].

2.1.20 Lead
Source - Lead (Pb”') found in fresh water usually indicales contamination from
metallurgical wastes or from lead-containing industral poisons. Lead in drinking

water is primanly from the corrosion of the lead solder used to put together the copper
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piping. Lead in the body can eause senous damage 10 the brain. kidnevs. nervous

svslemn and red blood cells

Except in 1solated cases lead is probably not a major problem in drninking water.

although the potential exisis in cases where old lead pipe is still in use

lreatment - Lead can he reduced consideralily with 4 wiler softener, Activated carbon
filtration can alse reduce lead to a cerain extenl. Reverse Osmuosis can remove 94 lo

98 % of the lead in drinking water af the pomni-ol-use | Manahan, 1694
2.1.21 Sodium

Sodium levels in drinking water (hat are less than 20 mg/L are considered safe for
most people. In the scacoast area however elevated lavels of sodium and chloride
occur nalurally due to the ProxXImily (o seawatar, Substantially higher levels of sudium
and chloride may also be due 1o contamuination by activities of man including: the use
of road de-icing salis, discharges from water sofleners. human or animal waste

disposal, leachate from landfills and mamy other activities

Al present there are no health standards for sodium and chloride in drinking waler,
A review by EPA in the mid-1980s showed thal elevated levels of sodium in drinking
water did not cause high blood pressure or neart disease, rather only that sodium
should be avoided by those people who already had such medical conditions.

It is important to note that sodium is an essential nutrient, The Food and Nutrition
Board of the National Research Council recommends that most healthy adults need to
consume at least 500 mg of sodium per day. and that sodium ntake be limited to no

more than 2400 mg/day. A Food and Drug Administration publication states that most



American adults tend 1o aay between 4000 and 6000 mg ol sodium per day |[USEPA,

1964,
2.1.22 Potassium

Source - Polassium (K is an alkaline metal closely related 1o sodium. 1 15 seldom
thal one sees il anakhy sed separately on a water analvsis, Porassium is not a Major
component in public or indus!rial water supphes, Potassium is. however. essential in a

well balanced diet and can be found in fruits such as bananas |[USEPA, 1994],

The potassium content of drinking water varjes greatly depending on its source. I
tends (o be larzer in mineral waters than oidinan, lap water. However, on average. the
daily water consumption by adults supplies less than 0.1% of their potassium inlake,
But tap water 15 also used to make beverages like tea. coflee. beer and winss. The
average tofal potassium intake in beverages can supply about 13% of the {otal daily

intake of adults [USEPA. 1994,

2.1.23 The atomic absorption Spectrophotometer (AAS)

Technique: The sample solution is aspirated nto a lame and the sample element 1s
converted (o atomic vapour. The flame then contains aloms of the elements. Some are
thermally excited by the flame but most remain in the ground state. These ground
state atoms can absorb radiation given off by 4 special source (1.e hollow cathode
lamp or electrodeless discharge lamp) made from that element.

The wavelengths of radiation given off by the source are the same as those absorbed
by the atoms in the flame.

The absorption follows the Beer's law ie absorption 1s directly proportienal 1o the

path length in the lame and 10 the concentration of alonue vapour in the lame.



Both of these variables are difficyl to determine. but the path length can be held
censtant and the concentrution of atomie vapour is directly proportional to the
concentration of the analyte in the solution being aspirated | Christian, |994].

* Analysis for metals

Total metals mclude all the metals. morganically and organically bound and both
dissolved and particulate Analysis for total metals involves digestion of samples
without prelimimnary filtration. Nitric acid adequately digests many metals. Nitrate is
an acceplable matnx {or lume and electrothermal atormc absorption. Some samples
may require the addition of perchloric or sulphuric acids for complete digestion

[Christian, 1904)

2.1.24 Taste

Source - Generally, individuals have a more acule sense of smell than taste. Taste
problems in water come from total dissols ed solids (TDS) and the presence of such
metals as won. copper. manganese or zine Magnesium chlonide and magnesium
bicarbonate are sigmificant in terms of aste Fluonde may also cause a distinet taste
Taste and odour problems of many different tvpes can be encountered in drnking
water. Troublesome compounds may result from brological growth or industrial
activities. The tastes and odours may be produced in the water supply. in the water
treatment plant from reactions with treatment chemicals. in the distnbution system,
and or in the plumbing of consumers. Tastes and odours can be caused by mineral
conlamunants in the water. such as the "salts" taste of water w hen chlondes are 500
mg/l or above Decaying vegeration is probably the most common cause for taste and
odour in surface waler supplies. In treated water supphies chlonne can react wath

organics and cause taste and odour problems
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Treatment - Taste and odour can be removed by oxidation-reduction or by activated
carbon adserpiion Aeration can be ufilised 1 the comaminant is in the form of a oas,
such as HoS (hvdrogen sulphide). Chlonne 1s the masl commuon oxidant used in water
treatment. but i€ only partially effeciive on taste and odour Potassium permanganate
and oxygen are alse only partjally elfective. Chloramines are not at all effective {or
the treatment ol aste and odour. The mos| eifective unidisers [or (reating taste and
odour are chiorme dionide and ozone. Activated carbon has an excellent hisiony of
SUCCess in freating taste and edow problems. The life of the carbon depends on the
presence of organies competng for sites and (he concentration of the taste and odour

causing compound [Kevser. 1997]
2.1.25 Organic Acids (Humie Substances)

Humic substances: The term refers 1o g series of relatively high-molecular-weight.
brown 1o black coloured substances formed by secondany svnthesis reaclions. The
lerm s used as a generic name to describe coloured material or its fractioms obtamed

on the basis ol solubilitv characteristics |Crang. 1990

Humie acids - the fraction of humic substances that is nol soluble in water under

acidic conditions (pH < 2) but 18 seluble al higher pH values. They can be extracted
from soil by various reagents and which 15 msoluble i dilute acid. umic actds are
the major exiractable components of soil humic substances. They are dark brown to

black in colour
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Figure 2.1 Model Structure of Humic Acid

Humic acids are a complex mixture of partially "decomposed” and otherwise
transformed organic materials. The chemistry of their formation 1s quite complex and
freshwater humic acids can come from a varieny of sources. most of which are on land
(decomposing (errestnal vegetation). These substances wash into lakes and rivers.
undergoing [urther transformations along the wan and ultimar ely mio the ocean.
There are several subclasses of hurlrzic acids. (tanmins. lignins. fulvic acids) which are

partially "resolvable” bused on some fairly simple phyvsicochemical eriteria. but the

critenna for these separations is primarily the convenience ol the methods used. and to

yme degree elucidaling then origins. as opposed to their functional impact on aguatic

2ms. They all tint the water vellow and bind all cations.

e characterisiics:

tion of the mass of the humic acids is in carboxy lic acid functional
v these molecules with the ability 1o chelate positively charged
: .;-_; F‘e‘n and most other “trace elements" of value to plants,

no positive biological role. such as Cd” and Pb*") This



chelation of 1ons 15 probably the most important role of hunsc acids with respect 1o
Iving svstems By chelating the 1ons. they facilnate the upiake of these 1ons
several mechamsms. one of which is preventing their precipiiation. another seems 1o

be a direct and posinve influence on their bioavailabiliny

Many organisms can explon dissolved organics 1o some degree if they are present and
humic acids may be taken up by this mechanism Another paradoxical effect of hunic
acids 1s the detoxification of heavy metals One might expect them 1o be made more.

not less toxic by humic acids. but siudies seem to indicate a detoxifving effect.

Humic acids also have a smaller fraction of phenolic functional groups, which can be
detected vanous chemical methods. They are denved (rom peptide. lipid and
carbohy drate precursors. Their formation and diagensis 15 partially mediated by

aquatic bacteria and ensvmes.

They are all complex chemically. polydisperse (having dilferent composition and
molecular weights) and eventually hit a diagenic state where it is difficult 1o change

them further [Crang. 1996,

Terrestrial humie acids tend te be more "aromatic” in nature (having more benzene-
and phenol-like components) while marine humic acids tend to be more aliphatic in
nature. The distributions seem to be overlapping. so there 15 a difference in degree.
There are certainly aliphatic-like (grease. mil. fa) components in lerrestnal humic

acids. as there are aromatic components in marine humic acids.

Fulvic acids - the fraction of humic substances that 15 soluble in water under all pH
conditions. They remain in solution after removal of humic acid by acidification
Fulvie acids are light vellow 10 vellow-brown in eolour
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Figure 2.2 Model Structure of Fulvic Acid

Humins. The fraction of humic substances that is not soluble in water at amy pH value

and 1n alkali. Humins are black in color

2.1.26 Aesthetic Property of Humic Acids

I Colour in drinking water may be due 10 the presence of coloured organic
substances. the presence of metals such as iron. manganese and copper or the
presence of highly coloured industrial wastes, the most common of which are pulp
and paper and 1extile wastes.

Although the presence of colour in drinking water may be indirectly linked 1o health,
" priman importance in drinking water is aesthetic Expenence has shown that
consumers whose drinking water contains aesthetically displeasing levels of colour
may seek allemative possibly unsafe sources

2 Levels of colour above | SHU can be detecied in a glass of water by most people

3. The aesthetic objective for colour has therefore been set a1 | SHU The provisions of
treated water at or below this limit will ensure rapid notification by consumers should
problems leading to the formation of colour anse in the distribution system. In
addition, interferences by colour in water treaiment processes and analytical

procedures will be diminished | Black er a/ . 1963].
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.20 Groundwater (‘hpmis-u':.'

The major sources of ground water are ran and snow and they contain very little
dissolved material This is because the atmosphere acts as a siant still that removes
impurities from the system

Human aclivities such as burnimg of fossil fuels or wood and geological events such
as voleanic gasss emit compuunds into 1he atmosphere that later are dissolved in
falling ram.

Generally rainwater contamns less that 1040 20 mg of dissolved substances per litre of
solution.

By the time precipitation has percolated through soil. sediments and rocks to replenish
the pround waler 1t has aceumulated many hundreds of times those amounts of
dissolved substances.

The minerals in rocks are goluble in water and cach mineral has a dilferent solubiliy:
in pure water. The solubility varies with the acidity of the water and the amoun| of
oxveen dissolved i

Ground waler readily dissolves the most soluble minerals i rocks. With necreasing
depth, the amount and 1y pes of materials dissolved in ground water vary with deeper
waters generallv having higher concentrations of salis and less OX3y gEn.

AS 500N as rain warter infiltrates the soil and become ground waler. its composition
begins to change,

Microbes use oxyeen to decompose plant and animal matter With increasing depth.
ground water 15 depleted of oxy gen

Nitrogen generated from soil forming processes dissolves in water to form nitrogen
compounds (NO; and NO ). Nitrogen 1s essential for plant growth and its present in

large quantities in manure and artificial fertilizers which larmers oflen use in their

U



preduction. The level of niirate in groundwater has mcreased rapidly in farming areas
in the recent decades.

As water moves through soil rich in organic matter much (0 gas is dissolved and the
reaction of the CO), and H:0 forms carbonic acid H.CO+ . 4 weak aeid of pH 5.7,
which in lum dissolves rocks i the form of CaCOs.

Magnesium und potassium are also common in groundwater from the dissolution of

rocks sulphide 1ons released in the weathering. Sulphide minerals are also present in

minute quantity.

Caleum and Magnesium ions together contribuie to waler hardness. Hard water
contains 50 1o 100mg or more of dissolved calcium and magnesium ton per litre of
Waler. These 10ns can ey stallize 1o form mineral deposits that leave rings in bathtubs
and scaly deposits in water pipes.

There is continuous dissolution of solids as water moves deep into the subsurfuce.
The total amount of dissolved solids rises byl there 1s much exchange of 10ns between
water and mineral surfuces

m m found in rocks and sedimenis are generally associated with large
wﬁm during deposition in offshore manne environments

munerals result in water nich in sodium bicarbonate.

becaus o their small size This nukes clay
-l!.lr A




The trend of groundw ater evolution with depth and age 15 a transformaton from
ecarbonate-rich water 1o sulphate (SO ) nch water then Iinalh 1o bone. a water
solubion nch in sodm chlonde

The cuculation of water at great depths is usuallh much more restncied than at
shallow levels Sodium chlonde which 1s ven soluble i water 1s not flashed out from
ground wates

Mamy hydrologists in the earliest fimes thought the brine pumped from deep wells
were ancient marine water trapped in sediments as they were luid down

1115 now clear that groundwater can evolve 1o become more saline with depth and age

|[Merniis ¢t a/.. 1998]

2.3.0 Groundwater contamination factors

There are a number of important factors that determine whether a chemical is likelv 10

reach and become a groundwater contaminant The major factors are.

¢ Properties of the chemical
¢ Properties ol the soil
¢ Existing conditions at the site

*  Human actions or practices

2.3.1 Properties of the chemical

Each chemical that comes mnto contact with soil moisture has the charactenistics of

solubility. udsorption. volatihiny and degradation



Solubility 15 0 measure of how readily a chemical dissolves in water Water moving
down through soil carries water-soluble chemicals with it This leaching vceurs

continuously as water moves from the surface down 1o the groundwater agquifers.

Adsorption is the ability of a chemical to be held on the surface of soil particles or scil
organic matter, A chemical that is held tighth by soil 15 less likely to be carried

downward by leaching,

- Volatility determines the ability of a chemical to be lost to the atmosphere. A highly

volatile chemical may escape to the atmosphere before i becomes dissolved in waier,

This may not be true of chemicals that are also highly water-soluble.

Degradation is the chemical breakdown ol substance in soil or water, The
degradation of & chemical may be due to sunlight. soil n"ﬁsrncr:gmli_sm;an_t_i ether

:r-:ﬁﬁn]iﬁal and physical properties. A chemical that degrades slowly is more likel YLD

be moved downward by ]ﬁﬁ‘ﬂﬂﬁg
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2.3.2 Properties of the soil

The imponant characlenstics of the sorl w hich help determine groundw ater

contamination are lexiure. permeabilinv and organie matter content.

Soil texture 15 the relative proportions of sand. silt and clay, Cowrse. sandy soils allow
mare water movemen) by percolation and have less capability to adsorb chemicals
than clay. The coarser the texture of a soil the greater the chance of a chemical

reaching groundwater,

Soil permeability 15 o messure of how fast water moves downward through a soil
Highly permeabie soils have a greater capabihity 1o lose chemicals to leaching.
éﬁpﬁlﬁ:iqg-p@sljaidﬁs o fertilizers to highly permeable soils should be done in such a

way that leaching is kept 1o A minimum.

Soil erganic matter influences soil capability 1o hold water and to adsorb chericals.




proteciion against percolation or leaching. A laser of clin does crente an effective
lilter for many chemicals A steep slope increases the potential for surface runolt and

Ihe subsequent muvement of chemicals to ofher vilnerable areas

Climate 15 another consideration at every location. Excessive ramnfall increases
percolation and leaching. Cold soils slow the rate of degradation and increase the time

the chemical is available for leaching [Vandre, 1993
2.3.4 Human actions or practices

The application of a pesticide. fertilizer or any other chemical is regulated by the
landowner or applicator. Application methods and dosage can influence the leaching
af the chemical, Soil incorporation or mjection of a pesticide poses a greater
eroundwater harard than foliage or surlace application. Decreasing the amount of
pesticide applied through the use of effective allernatives will also protect
groundwater resources This can be accomplished v using pesticides which are lass

susceptible to leaching and surface runofi

The timing of pesticide application can be important in punimising groundwater risk,
Application prior t¢ a heavy rain or irmtgation may result i leachmg rather than
effective use [Vandre, | 993,

2.4.0 Sources of Ground water contamination

Ground water is contaminated by the following

2.4.1 Agricultural sources of Ground water contamination

Pesticides. fernlizers, herbicides and animal waste are agricultural sources of ground
water contamination, The means of agricultural contamination are varied and

numerous. bul some examples are:

Y
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Spillage of fertilizers and pesticides duning handling runofT from the loading and
washing of pesticade sprasers or other apphcation ecuipment using chemicals uphill
from or within o few hundred feet of o well

Agricultural land that lacks sufficient drainage 15 considered by many farmers (o be
lost income land. So they may install drain 11les or dramage wells to make the land
more productive. The drainage well then serves as o direct conduit to zround water {or
ugriculiural wastes which are washed down wilh the runoif storage of agricultural
chermicals near conduits 10 ground water. such as open and abandoned wells, sink
holes or surface depressions where water is Iik elv to accumulate. Contaminalion may
also occur when chemicals are stored in uncovered areus. unprotected from wind and
rain or are slored m locations where the ground water flows from the direction of the

chemica! storage 1o the well,

Mixing and distributing pesticides and (ert:lizers wilh Irrigalion waler can cause
ground water contamination if more chemicals are applied than CrOps can use,

Fields with over-applied or misapp];.ed lertilizers, herbicides. msecticides and
fungicides could introduce these contaminants into the ground waler;

Organic compounds. excess cadmium. Chloride. Mercury and Selenium,

Feediols are polential contarunation sources Animal wasle is ollen collected m
impoundments from which the wastes nuy infilirare 1he ground water. RunofT could
also enter an aquifer through a poorly sealed well casimg, Livestock waste is a source
of Nitrate. Coliform Bacteria, total dissolved Solids and sulphales .

Within the parage or farm equipment shed. chemicals that are improperly stored or
dispesed off that could potentially contanunate ground water include Pant containing

lead and barium. Gusoline and oils containing volatile organic compounds.



Many sources of ground u'.mer contaminalion can orginale in the house or other farm
residences such as (railers or dormitories. Leaks spills. everloading or poor
mamienance of septie svslems can resull in the following contaminunis enierng
ground water. Coliform Racteria Nitrate. ‘Total Chionde. Sodium, Sulphates.
defergents and Chromium |

Both aboveground and underground sto rage tanhs (LSTs) are al nsk of leaking and
releasing pasoline which contains benzone,

Abandoned wells that have not been plugeed or dismantled provide a potential
pathway {(direct route) fir water to fow directhy from the surface to the aquifer,
caAIrVIng whalever contammants which are on the surface into the ground water,

Open wells can become contaminated by the working [lwds, such as grease and oils
Irom the pump or from contaminanis from the surface if the well eap 1s not tight or if
the casing lming the well is cracked or corroded. In addition. many older farm wells
were merely shallow heles dug inlo the ground These wells can easily be
contamunated and are also a safely hazard 1o children and animals [USEPA, 1997
2.4.2 Industrial sources of Ground water contamination

Modem ecenomie acliviiy requires Iransportabon and storage of matenal used in
manufacturing, processing and construction. Along the way. some of this material can
be lost through spillage. leakage or improper handling. Even the cleanup of spills may
pose a threat to ground water when the spills are Mushed with water rather than
cleaned up with absorbent substances.

The disposal of wastes associated with the above aclivilies contributes another source
of ground water contamination. Some businesses. usually without access to sewer
systems. rely on shallow underground disposal. They: use cesspools or dry holes, or

send the wastewater into septic 1anks. Any of these forms of disposal can lead to
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contarmmition ol undereroumd sources ol drinkmo wiler 1% holss gnd o gespools
mtroduce wastes directhy into the ground Septic syvstems cannot treat industrial
wastes Wastewater dizposal practices of certam types of businesses. such as

automo bile service stations, dry cleaners. electirical compoenent or machine
manulacturers. photo processors and metal platters or fabricators are of particular
toncem because the waste they generate is likely 1o contain toxic chemicals,

Cther indusinal sources of contamination include cleanmg oIl holding tanks or
SPraving equipment on the open ground. disposing of waste in seplie systems or dn
wells, and stening hazardous materials in uncovered areas or in areas that do not have
pads with drains or catchments basins.

Although businesses may run a "clean shop'. small amounts of waste flwids can end
up on the shop floor and be washed down floor dras. These drains may be connecled
to shallow injection well svstems. which are nod designed to handle the industrial
chemicals typically used by businesses such as those listed above Even low
concentrations of certain contaminants can accumulae through time,

Underground and above ground storage tanks holding petroleum products, acids.
solvenls and chenueals can deveiop leaks from corrosion. defects. improper
instaltlation or mechanical fatlure ol the pipes and [ttings,

Mining of fuel and non-fuel minerals can ereate mamn opportunities for ground water
contammation. The problems stem from the mining process itself, disposal of wastes.
and processing of the ores and the wastes il creates [USEPA. 1997].

2.4.3 Residential sources of Ground water contamination

A major cause of ground water contamination is effluent (outflow) from septic tanks
and cesspoo’s, Misuse of these systems for disposal of amything other than domestic

O samitary wWaste can pose a substantial threal (o ground water.



Residential wastewater sy stems can be 4 source of miany categonies of contaminants.
mcluding bactena, viruses. nitrates from human waste and organic compounds.
Imection wells used for domestic wastewater disposal (septic systems, cesspools.
dramage wells [or storm water runof, ground water recharge wells). are of particular
concem 10 ground water quahty if located close to and up zradient of drinking water
wells.

Improper storing or disposing of household chemicals such us paints. svathatic
detergents. solvents, oils, medicines. di:ﬁm!'emmts_ poul chemicals, pesticides,
batlenies, gasoline and diesel fuel can lead to eround water contamination. When
stored in garages or basements with foor drams, spills and flooding may introduce
such contaminants inte the ground water When thrown in the household trash. the
products will eventually be carried nto the eround water because community landfills
are nol equipped to handle hazardous materials Similarly, wastes dumped or buried in
the ground can contaminate the soil and leach inlo the ground walter.

As urban areas grow. there is an increase in rain water nunoll eaused by the addition
of paved surfaces. Some municipalities use siorm water drainage wells to dispose of
this additional runofT. particularly if the area 15 not served by storm sewers nor has a
limited sewer system. These low-cost, low-lech wells can serve as a conduif to ground
willer for runoff from streels, roofs, construction siles and landscaped areas. Storm
water drainage wells that communilies use to control waler durmg storm events pose a
threat 1o ground water particularly in karsts areas or areas with a hugh water table,
Fertilizers. herbicides. msecticides, fungicides and pesticides applied to the lawn and
garden contain hazardous chemicals that can 1ravel through the soil and contamimate

ground water.



In the garage. items that are improperly used. stored or disposed of may potentially
contaminate ground water. especially if there 15 u drain to the ground i the [loor of
the garage Sources include. batleries thal coniqin tead. cadmium or mercury . Pamt
contaning lead and bariunt Gaseline and oil confaning compounds. barium from
diesel fuel combustion |

Water used in the home and ENIETING & SeNtIc Syslem or sewer system may contain
detergents from d shwashing and laundny. oreanic compounds from the garbage.
disposal Bacteria. nitrates. sulphates from sewage. greases and oils. Cleaning agenis.
aerosol spray s, coolants and solvents which al! contain carbon tetrachlonde househaold
peshicides |

Water percolating through landfills is known as leachale, Leachale from land{ills that
contain household and other waste may pick up dissolved solids and Volatile organic
compounds,

Lawns with over applied or misapplied fertilizers. herbicides. insecticides and
fungicides might introduce 1hese confaminants tetrachloride and heavy metals such as
manganesc into groundwater |USEPA. 1997]

2.4.4 Natural sources of Ground water contamination

Ground water contains some impurities. even if il is inafTected by human activities.
The Iypes and concentrations of natural impuril ies depend on the nature of the
geological malenial through which the groundwater moves and the quahty of the
recharge waler,

Ground water moving through sedimentany rocks and soils may pick up a wide range
of compounds such as magnesium, calcium and chlorides. Some agquiters have high

natural concentration of dissolved constiluenis such ds arsenuc. boron and selenium,

in



The eflect of these nutural sources of contanumation on ground watar quality depends
o1 the [y pe ol contarminant and its concentralion

Some ol the contanunants 1hal oecut maturalls e

Alummitm Arsenic. Barury Chloride. Chromium. Colilorm Bacteriy, € npper.
Fluonide, Hardness. Iron. Lead, Manganese. Mercury. Nitrate. Selenium, Silver,
Sodium Sulfate. Zinc [USEPA, [997|,

2.5.0 Speciation of merals

Legislation governing the maximum permissible levels ol g polluting element m an
environmental sample such as surface or groundwater refers to total concentrations
rather than the chemical form of the element.

This total concentration however provides no mfbrmation concerning the fate of the
elements in terms of its mteraction with sediments. ils ability 1o cross biological
membranes (bioactiviiy ) or its resultant Toxicity

Changes may dramatically affect the toxicity of'a metal. For example, inorganic
mercuny species are generally unable to cross biological membranes and thus have
low texiciny

ﬂhﬁm&;mimmﬁﬁdtmluble and hence extremely toxic lo aquatic

5 11 1s therelore imperative 1o have mformation concerning the chemical

n order (0 assess its environmental impact [Fifield 7
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1t s reponed ihat m the HIRIBC crusade prisoners in Eg pt constructed a Well
excavaied out of bedrock which they called the Joseph s Weil 10 ensure the citadels
supph of water |Ossakwan 2002|

The Hoh Bible makes references to groundw ater. first in the ston of Moses sinking
Im-l:knﬂhlmmd-ﬂhrmrunhnrmmn!'umerﬂhﬂlhhﬁcmj. 1971}
ﬂnulhﬂmnmmlheﬂibhiswhmmmclunlrlnrdwedequmﬂ:

wilderness and direcied her 1o a Well [The Bible Socien, 1971].

The dniling nstead of the usual digging of Wells began in the 12* century, with the

successiul dulling of a well at Artois. France i 1220

The term Artesian usually used for drilled Wells comes from the name of this village

An artesian Well completed in 1841 at Grenelle near Pans was for many vears the

deepest Well in the world

Another well known Well 1s the one a1 St Augustine Florida m the United States of

Amenca | Osiahwan, 2002|

2.7.0 History of Borehole construction in Ghana

The genesis of groundwater development in Ghana can be traced from the 19

century where communities dwelled on hand dug wells for their water supply

The colonial governmenis in 1920-1945 imitated a national hand-dug well program

under the patronage of the Rural Water Division a wing ol the then Gold Coasi

Survey Department |Osiakwan, 2002,

m.a;:mumian.nfﬂnmm. in Ghana began in the 19405, This was to increase the

water supply to rural and urban communities. Since then il is believed that thousands
Dug wells and boreholes have been constructed both by local and external




The Ghana wualer Company by the vear 20001 had consiructed 2500 borehples all over
the counin
The world Vision miernatonal belweesn 1983 lo June 2000 had drilled 1523 boreholes

throughoul the country [World Vision. 2000].

Through the help of the German government. another 3000 boreholes have bean

drilled in southern Ghana between 978 and 1983 |Issah. 2000]

The govemment of Ghana through collaboration with bodies like Community water
and saniation Agency, World Visien International Cathulic Reliel Agency and many
other non-govemmental organisations currenth have been drilling thousands of
boreholes annually mn the countny,

This has made borehole water an indispensable ally i most Ghanatan communities.
2.8.0 The quality of eround water in Ghana

Ground water needs (o be assessad globally since 1t does nol respec! national
boundares. It has to be started on local, national regional and finally nternational
levels,

Generally. sroundwater in Ghana can be said 1o be of good quality for all purpose use,
The average pH lies in the range of 3.5-6.0 with high levels of fluoride. manganese
and Iron in certain locahnies, There is also high mineralization resulting in TDS in the
range of 1438-2000mg/l. m some coastal aquilers especially in the gredler Accra
Rezion,

Groundwater with low pH is normally found in the forest regions of the southemn belt
ol the country

About 30% of boreholes in Ghana have a problem with its Tron content, | -64 mg/1. of

Iron 1s present in almost all geelogical formations.



Fhe high mon coment onom ez from the corrosion ul barehole pumps wiih water and
partly from the aquifers The exact contribution trom the aquifers s however not
known [ MOWH, 100%

Water i shallow hand dug wells is normally furbid and polluted as they contain high

levels of mirate in the range 0l 30-60mg/L and abundant Coliform |[MOWIL 1998].

According 1o a work by Issah on the qualiny of ground water in some borehole wells
sampled from the Upper East and the Northam regrons of Ghana, he discovered igh
levels of NO3 PO, M Pb, Feand F in some of the wells sampled. These values
were compared to W.H O and G W.8 C swdelines |Tssah. 2000

[n the Ashanti Region, the World Vision and the Commumiy Water and Sanitation
Agency (CWSA) have been myvalved in the censtruction of boreholes and analysis of
115 water.

The CWSA's werk i, Sekvere Fast. Ahalo-Ano South. Ahafo-Ane Norh and
Bosomiwi-Atwima-Kwanwoma districts in the Ashanti region revealed that the levels
0f NO;. Mn and Fe were high among most of the districts while NO: level was high
‘m parts of the Sekyere-East District, The levels of (he determined parameters [or the

Aimunsie West district were all below the WH() guidelines |[CWSD, 1999],



CHAPTER THREE

SOMETHODOLOGY

F1LOSTUDY AREA

The reseurch was conducted in the Bosomiwi-Atwimu-Kwanwoma and the Ejisu-
Juaben Districts of the Ashanti Region of Ghana, The Ashanti region is situated in the
southern belt ol Ghang [Figure 3, 1],

Ensu-Juaben (E-J) and Bosemtwi-Atwima-Kwanwomg (BAK) are among the 2|
administiative districts in the Ashanti Region of Ghana. The 1w districts are in close
proximity,

E-Istreiches over an area ol 637.2Kkm’ while BAK has an area of 681 799K m”,

E-J has a population of 124.176 and BAK has 145.524 mhabiiants according to the
2000 Population and Housing Census [Osiakwan. 2002|

3. 1.1 Lecation

The E-J district 15 localed i the central part of the Ashanti region, It lies within
latitudes  1"15"N and 1"45"N and Longitudss ¢°15'W and 7°00'W. It shares
boundaries with six {6) other Districis of the rezion IFigure 3.2).

To the North East and North Wes: of the Districi are Sckyere East and Kwabere
Districts, to the south are Bosomiwi-Alwima-Kwanwoma and Asanie-Akim South
Districts, to the East is the Ashanti - Akim North Disirict and to the West is the
Kumasi Melropohs

The BAK on the other hand hies within latiiudes °28' N to 6°4'N and longitudes
1"20'W te 130" W |Figure 3.3],

The district shares boundares with five olher districs namely. Ejisu-Juaben. Alwima
and humast Melropolitan Assembly (o the north, Asante-Akyem distriel (o the East

and Amansie-East district to the south,
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3.1.2 Geology

The wmo disincts have quite an niersecting ceologs Whereas E-J 15 predomnanthy
Binmian. BAK is embedded by four geological formations These are the Tarkwaan,
Voltasan. Granitic and Birimian rocks |Figure 3 4|

3.1.3 Climate

Both disiricts experiences tropical ramnfall. 1 ¢ bi-modal ramfall pattern and wet semi-
equatonal climate.

It 1s characterised by double maxima ramntall lasting from March to Julv and again
from September and normally ends in the latter pari of November The mean annual
ramnfall 1s 1200mm for E-J and 1625mm for BAK.

The average monthly temperate is the same for both districts a1 26°C [Ejisu-Juaben

q

District Assembly |
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3.2.0 Description of Sa mpling Sites

A total of thiriy-eight b

oreholes were sampled, twenty -one from the Ejisu-Juaben and

seventeen from the Bosomiwi- Atwima-Kwanwoma disinets of the Ashanti Region

[Figure 3.2, 3 3|, The humnan activities around the boreholes that were sampled were

taken into consideration al the time of sampling and are shown in Tables 3 | and 3.4,

Table 3.1 Samples from the Ejisu-Juaben District of Ashanti

?ﬂ-mmunity_ i Bureﬁﬂlt #/ Sampﬂ: Name Mature of 1l
Location Catchments within
s : | Shm
Adarko Jachie Bl All Farming
I J_ == B2 AlZ Road and selllements
| Achigse | B0 ACS Settlements. Pump very
24 ) lose to a rubbish heap
¢ B2 ACY Settlements
¢ B03 | AC2 Setltlement
B ' B0 AC . Settlements . gutier ver
I e _closeto pump
Peminase B | PAI Settlements
Tdumu:su B0 AD3 Church. settlements.
i . Road
J B3 AD2 School. Bush
r o Bijd  ADI Setllements
‘ Kubease R()] ) KA Settlemenis =1
I A BO2 [KAZ Settlements. pquri
| _ plantation
J By road side | kA3 Street, Setllements
Ofpase 0602/H/075-2 Al Settlements
| Brahabebome By roud side | BBM Farming
Hand-dug well | _ _ )
Odovele | 602B3005- OF Seltlements
Bovwohommaoden ONO2/R3R-071-1  BM Street, Seltlements )
|




| Krofolrom
Ejtsu

|

| Paakoso

| Akokoamon

By road side

| EpsuSec Sch-

TKF

ﬁ road side

&

Ps

| Sénler_:a:s

iSEhuui.

|
i Sireet. Selflements |

| OB ARe036- | AM

' Farming ‘Washing J

Table 3.2 Samples from the Bosomtwi-A twima -Kwanwoma District of Ashanti

i_lf'nm_muﬁl'y_ Borehole &/ Sa;n;:le_ N':;lurenf (Tﬁlulunr.nts |
-~ lLocation _ Name within 30m | |
‘ Adwafo (G0ZB3/AC/0T3-3 Al Washing, Farming ,.Building
. I e _ g construction
Toamfom  OR0D2ZB3/GI083- ] TA Seillements
| 7 0602B3/GI083-2 | TA2 Washing .Selllements. |
Kokodee | 0602B3/Gi023-7  ODI ~ Seitlements
e 0602B3/G1/023-6 OD2 Farming
New Kokobriko | 0602A4/1/003-3 NKK I Plantain farmung, Seitlements
”I{ukahrikamldj-' 0602 A4/T/035- ] OKK] UOnton farming, settlements
/ NO02AHT/035-2 Ok K2 settlements
Alobease DGO2A4FI0TT-2 | ATI settlements
i' / OGOZA4IFI0TT-1  AT2 " settlements
|7*._huam_ s Close o Schoal ABI | School J"l_f:!d, Setilements
park _ _ .
J Behind school ABZ School. Sattlements
butlding '
Konkoma Al School KKM School
" Brodekwano 0602B3/HN038-1  BKAI | settlements
J 0602B3/11/038-2 | BKA? Seltlements
|
"le:mvinkv.'arﬂ.a 0602B3/H/033- | NN | : Setllements
Asisiriwa 0602B3/H/033-2 | ASSI Settlements

l

-



The nature of activities i close proximuiy 1o boreholes or within the immediate
emirons ol the pumps has a high rendency o contributing 1o the levels of
contaminanis in the water

All the nineteen boreholes that were sampled in the Ejisu-Juaben district were vers
close 1o human setilements. The human activities in Sm viciity were mamnhy the
fetching of water. Through a personal interaction. it was observed that the local
people were very caubious of the health imphications that might associe their

washing around the pumps.

Three of the sampled borsholes from Ejisu-Juaben were found far from settlements
but close 1o farm lands or sireets. These were the pumps at Adarke Jarchie (AJl),
Brahabeboms (BBM) and Akokoamon (AM] [Table 3.1

The bereholes were free ol washing with the exception of that al Akokoamon (AM)
| Table 3 1]

Ihis was an indicalion thal. the consumers of water from these areas were trving their

best 1o elimmale contamination thal could come [Tom ‘hewr activifies.

Ln
e o]



3.3.0 CHEMICALS AN D EQUIPMENT

3.3.1 Chemicals

The materials used in the prioject were

Analar grade Nine acid manulaciured by BDH Laboratory Supplies. Poole,
Britan
Analar grade Hydrochloric acid. manufactured by BEDH Laboratory Supplies.
Poole. Britam,
Analar grade Ammonium chloride. manufactured by BDH Laboratory
Suppligs. Poole. Britain,
Analar grade Concentrated Ammonia Solution manufactured by BDH
Laboratory Supplies. Poole. Britam
Analar grade disodium salt of Ethylenediamineteiracetic acid. manufactured
by BDH Laboratory Supplies. Poole. Britam

Analar grade Magnesium sulphale hepruhy drate. manufactured by BDH
Laboralery Supplies. Poole, Britam,

Analar grade Erichrome black T indicator. manufactured by BDH Laboratory
Supplies, Poole, Britain,

Analar Silver Nutrate. manufactured by BDH Laboratory Supples, Poole,
Brilain,

Analar grade Sodium Hydroxide. manufactured by BDH Laboratory Supplics,
Poole. Brtam
Analar grade Sulphuric acid. manufaciured by BDH Laboratory, Supplies.
Poale. Britain,
Analar grade anhydrous Sodium sulphate. manufactured by BDH Laboraton

supplies. Poole. Britain,
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Analar grade Glyeerol, manufaciured by BDH Luboratory Supphes, Paole,
Britain,
Anaiar grade Orthophosphoric seid, mumufacired b BDH Laboratory
Supphes. Poole. Briam.
Analar grade Sodium Chlornde. manufactured by BDH Laboratory Supplies.
Pocle Britain
Analar grade Potussium dihvdrogen orthophosphate. manufactured by RDH
Laboratory Supplies. Poole. Britain.
Analur grade Barium Chloride. manufactured bv BDH Laboratory Supplies.
Poole. Britan
Analar grade Chloro form. manufactured by BDH Laboratory Supplies. Poole.
Britamn.
Analar grade Ascorbic acid. manutactured by BDH Laboratory Supplies.
Poole, Britain
Analar grade potassium anhmony | tartrate, manufactured by BDH Laboraton
Supplies. Poole. Britain,
Analar grade Sulphanilamide. manufactured v BDH Laboratory Supplies.
Poole, Britam
Analar grade N (-1-naphty ) ethy lene-diamine. manufactured bv BDH
Laboratory Supplies, Poole, Britan
Analar grade Sodium Nitrite, manufactured v BDH Laboratory Supplies,
Poole, Britan.
Analar grade Potassium Chloride manulactured bv BDH Laboratory Supplies,
Poole. Britam and

wEanm ¢
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Analar grade Potassium hydrogen phthalate from BDH Laboratory Supplies.
Poole, Britain.
¢ Analur grade Methy| orange mdicator. manufaciured by Fisons Scientific
Equipment. Bishop Meadow road. Loughborough.
*  Analar grade Phenolphthalein indicator. manufactured by Fisons Scientific
Equipment, Bishop Meadow road. Loughborough.
* Analar grade Potassium dichromate. manufactured by Fisons Scientific
Equpment. Bishop Meadow road. Loughborough
* Analar grade Sodium Carbonate manufactured by Fisons Scientific
Equipment, Bishop Meadow road, Loughborough
* Analar grade Ammonium moly bdate, also manufactured by Fisons Scientific
Equipment. Bishop Meadow road, Loughborough and
*  Multi-element standard was also obtaned from the Environmental Proteciion
Agency . Accra. Ghana
3.3.2 Equipment
The equipment used in the project are as follows
* Alomic Absorption Spectrophotometer by UNICAM. Model 969
manufactured in Offenbach. Germam
*  Suntex SP-707 pH meter manufaciure in Greal Loke Technology Indusinal
Park in Hsichih eny . Tarwan
*  WTW conductivity meter manulfactured in Wobum, USA. Cecil 8000 Senes
UV-Visible Spectrometer manufaciured by Cecil Instruments. Cambnridge UK
¢ Lovibond Nesslenser Colour Dige manufactured in Rue de Neverlée |1 S020
Suarlée, Belgium

® Nephlo-EU. Dr - Lange Turbidimeter mnufactured in Dasseldorf Germam

6l



* Jenway - PFP7 Flame Photometer manufaciured in Essex. UK
340 EXPERIMENTAL METHODS
I'he procedures that were used in the project are given below
3.4.1 Treatment of Sample Containers
Samphing was done with 1L plastic containers These were cleaned by w ashing with
soap and tap water The containers were lefi in I=1 HNO; over night and finally
nnsed with double distilled water.
The glass containers were washed by soaking mn Aqua Regia (3 parts conc. HCI + |
Part conc. HNO.) and followed by 2 thorough wash with tap water and finally with
distilled water
3.4.2 Sampling
Water was pumped out of the boreholes at a very fast rate to cool the metal pipe in
order to ehminate the influence of the water temperature with that of the metal pipe.
The pumping was continued {or the next 5 minutes The sample conlainer was rinsed
with some of the water and then filled 1o capacity and covered immediately with the
lid. The cover of the container was then sealed with 2 masking tape.
The environmental sanitation conditions around the pumps were investigated taking
into consideration the human activities around the pump area
On-site determinations such as temperature and pH were recorded together with
proper sample description (1.e. labelling) to avoid am MIX-Up.
Conecentrated nitric acid was added 1o (he samples meant for heavy metal analysis

making the pH < 2.0. The human activities around the sample site were recorded.
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3.4.3 Storage of Samples

All the samples were temporanly stored in a cold box at the point of samphng until
they were finally transferred into a reingerator. Samples were stored at a lemperalure
below 4°C

344 pH determination

The pH meter was calibrated with 4.0. 7 0rand 10.0 pH buffers and ensured that a plot
of mV versus pH followed the Nerstian relation

A 100ml aliquot of each sample was measured inte a beaker and the pH determined
using a pH meter. This was done on site and at the time of the analysis in the
laboratory,

3.4.5 Conductivity determination

The conductivity meter was standardised with 001N KCT solution, The conductivity
ol this soluiien was found 10 be 1415 al 25°C with 1 cell constant of 1.

A100ml sample of water was measured into a beaker and iis conductivity determined
with the WT'W conductivity meter within two hours of samplng. The determinations
were made afier refrigerated samples had been allowed to attain room temperature,
3.4.6 Total Dissolved Solids (TDS) Determination

A SOml well-nuxed sample was measured into a beaker.

The WTW TDS / Conductivity meter probe was immersed in sample and s
conductivity recorded.

3.4.7 Temperature determination

This was determined on site and at the time oFanalysis. An aliquot of 30ml of sample
was measured mto a 100ml beaker and a 0 - 60°C thermometer immersed in {he

solution. The readmg on the thermometer was then recorded.
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348 Preparation of Reagents
Iy Ammonium Chlonde buifer
The builer colunon was prepared bn dissolvng 16 Ug of ammonum chlonde (INHCT)

m 143ml of conc ammonum  droxide solution (NHLOH). This was dilwed 1o
250ml with disulled warer
2) 0.01M Sodium salt of EDTA
A O.0IM solution of disodium salt of EDTA (Analar grade) was prepared by
dissolving 3 7224g of the salt in distilled water and diluting 10 1000ml. To this 780mg
of magnesium sulphate heptahydrate (MgSO, H,0) was added.
3) 0.IM HCI
A 2 Iml solution of 12M concenirated HCT was added to 200ml of distilled water in a
1000ml volumetnc Mask The content of the Nask was diluted with distilled water 1o
the 1000ml mark
4) DOSN Na;COs Solution
A litre of the carbonate solution was prepared by dissolving a 4 5g of dried Na,CO; in
double distilled water and transferred into a | L volumeinc flask The solution was
made 1o the mark with double distilled water
5) Standard HC|
The approximate 0 IM HC1 prepared was fitrated aganst 40ml of 0.05N Na,CO,
diluted with 60ml of water The acid was added until a pH of 5 was reached The
solution was borled for 3 minutes and cooled in a desiceator at room temperalure. The
tiration was then continued to the pH inflection point.

N= AxB

AixcC

A = weight in grams of sodium carbonate



B =ml ol sodium carbonate selution 1aken lor titration

C =ml ol acid used

0 3% KaCrO).

This was prepared by weighing Sg of KaCrOy powder It was dissolved in a beaker of
double distilled water and poured mto a 100ml volumetric Nask. The mixture was
then diluted to the mark with double distilled water,

7) 0.01M AgNO;

A one litre solution of silver nitrate was prepared by weighing 1.69% of solid silver
nitrate. It was then dissolved with double distilled water in a beaker and then
transferred into a 1000m! volumetnic Aask. T was diluted 1o the mark.

8) Stock Sulphate Solution

A 1.479g of anhydrous sodium sulphate salt was dissolved m double distilled water
and dilured 1o 1000ml. This stock solulion contains 1000we ¢ ml of sulphate,

9) Conditioning reagent

A 30ml aliguot of glveerol was mixed with a solut won  contamning 30ml of
concentrated HCI. 30ml of distilled water. 100ml 93% ethanol and 7.5z of NaCl.

L) Stock Orthophosphate solution (phosphorous solution)

Potassium dihyvdrogen orthophosphate was dried a1 |10°C. A 0.4393¢ of the sall was
weighed and dissoived in |L of double distilled water. The stock was preserved with
sml of chloroform and stored in a glass stoppered lask, The strength of this stock
solutton 1s 100ug orithophosphate-phosphorus per litre

[0 3.:';.‘\«1 Concentrated H.S0,

An aliguot of 70ml of Analar grade concentrated H,S 0, was slowly added 1o 30ml of
double distilled water in 500ml volumetric flask. The flask was cooled under running

lap and the solution made to the mark with distilled water,



12) Ammomum molvbdate solution (4%)

A weighed 40g of Analar vrade ammonium mol bdate was dissolved i 300ml ol
dishlled water w1 a 60UM| beaker, Altel coolmg. the solunon was translerred into a 11
volumetric flask and made 1o the mark with double tisnlled water. The solution was
kept in u plastic bottle and stored 1 a refrigeralor,

13} Ascorbic Acid (0.01M)

A1 .8g of Analar grade ascorbic acid was dissolved in LOOmI of distilled water, This
solution was prepared freshly before use However it could be stored in a refrigerator
for one weelk

F4) Antimony Solution (0. 3%)

A 0.3g of Analar grade polassium antimons! tartraie was dissolved in S0ml of
distilled water and made up to 100ml. This solution was stored in a glass stoppered
battle

I5) Single combined Reageni

This was prepared by pouring 50ml of 2.5M H,80,. Sml potassium tartrate. 15ml
ammonium molvbdate and 30ml ascorbie acid solution

16 Standard sodwm minite solution

A mass of 1.232g of sodium nitrite was welghed from a previoushy dried amount al
IO0°C for 2 hours. dissolved in double distilled water and diluted 1o the 1000ml mark
The concentration of the siandard prepared 1s 230pg LN azminle

17) 0. 1M NaOH

An amount of 4g of sodium Hyvdroxide pellets was weighed. 1t was dissolved n a
small volume of disnlled water before transferning 1o a 100ml volumetric Nask where

it was diluted 10 the mark

I8) Colour developing reagent

by



A 300ml distilled water, Spal cencentraled phosphoric acid. and 7.3z 0l
sulphamilamide (HN-CLH t$SCWNH ) and 11 3730 uf° naphthyl- 1. | -amide were mixed
together and diluted (o $00m1.

19) 1000mg/L Stock Sodium solution

A stock soluhion of Sodium Chloride was prepared by dissolving 2 5420 of NaCl m
double distilled water in o 250ml beaker. The solution was then transferred mto a |
litre volumetric flask and lopped lo the mark.

20y 1000mg/L Stock Potassium Solution

A stock solution of Potassium Chloride was prepared by dissolving 1.907g Potassium
Chloride in double distilled water in a 250ml beaker. The solution was then

transferred 1o a 1 litre volumetric Mask and topped (o the mark,

211 0-IM stock solution of potassium hydrogen phihalate was prepared in a 100ml
volumetrie Mask by dissclving 2.04g of the salt with distilled water,

Standard solutions ol concentrations of Ix 107, 1x]17 2x| 07, 3x10™ and 6x107'M
were prepared using the M,V = M2V, relation,

3.4.9 Digestion of samples for Fe, Cd, Pb, Cu, Zn, Mn, K and Na determination
An aliquol of Sml of concentrated nitric acid was added 1o S0ml of sample of water in
a 100ml beaker. This was heated on a hotplate to boil until the colour of solution
became pale and clear. The solution was heated uniil its volume got 1o about 20ml.
Another 3nil of concentrated nitric acid was added and the beaker was covered w ith a
walch glass and the heating continued for about 10 more minutes. A final Sml acid
was used to nnse the sides of the beaker. The solution was poured mto a 30ml
volumetne flask and 1opped with distilled water o the mark. A blank solution WS

similarly prepared. The absorbance of the blank was taken before all the analysis
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3.4.10 Toral Hardness determination
A SOml sample was measured into a comcal Nask To this was added | ml portion of
ammomum chlonde buffer solution and was then followed by the addiion of 30mg
erichrome black T imdicator cnstals. The resulting solution was titrated with 0.01M
EDTA solution with continuous stumng unul the end point was reached. The end
point 1s when the last reddish linge disappears
Calculation (Total hardness) mg /L. CaCO: = AX B X 1000

ml of sample
Where A = ml of titrant and B = mg CaCOs equivalent to Iml EDTA titramt.
A reagent blank without amv amount of the sample was performed.
3.4.11 Alkalinity Determination
A 50ml sample was measured ino a comeal flask. Two drops of methyl orange
indicator was added and the resulting mixture ttrated against the standard 0.1M HCI
solution to the first permanent pink colour af pH 4.5
The following equation was used in the calculation

Alkalinity mg (CaCO3) /L = A X N X 50,000

ml sample
Where A = ml of acid used
N = Normality of standard acid used
A reagent blank tiration was performed without the sample.
3.4.12 Chloride determination by Argentometric Titration
An-aliquot of 50ml of sample was measured into a comcal flask The pH was then
adjusted 1o a range of 7-10 with H,80, for high pH samples and NaOH for low pH

samples. Two drops of KuCrQy indicator was added
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Standard AgNO: solution of O.01M was tirated agamst the resulting mixture above 1o
a pinkish yellow end pomi.
A blank titration with only the reagents and no water sample was also performed

Chlonde (my chlonde perlitre) = X x N x 1000k 35.5

ml of sample
X = end point volume
N = Normality of AgNO,
3.4.13 Sulphate Determination
Soluttons ol coneentration lg/ml. Eng..-*mlk Jpgiml and 4pgiml were prepared. To
each of these was added 10m] of conditioning reagent and 0.3g of barium chloride.
The standards were allowed (o stand for 43 minules. The respective absorbances of
the solutions at 420nm were determined. From this data a graph of absorbance versus

concentralion was plotled,

A Wml volume of conditioning reagent was added 1o 25ml ol sample. Tt was followed
by the addition of 0.3g of BaCly. The muxture was then diluted to 100ml with doybled
distilled water. Prepared samples were allowed 1o stand {or 45 minutes. The
concentrations were determined using the UV-Visible spectrophotometer at 420nm. A
blank without BaCl, was prepared and run al the same wavelength.

3.4.14 Phosphate Determination by the Indirect method

Ascorbie Aerd Method (Orthophosphate-Phosphorus)

Standard solutions of [, 2. 3 and Hg [ ml were prepared. To these were added 2ml of
combined reagenl. The absorbance of the solutions afier 10 minutes was laken at
635nm against a blank solution. A curve of absorbance versus concentralion was

plotied,
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To 50ml of sample was added 2m! of combined reagent The mixture was allowed to
stand for 10 mimutes afler which the absorbance ol sample was laken against a reagent
blank. The concentration was obtained b comparing values with a calibration curve

A blank analysis was performed with all the reagents without sample for all the
analyvsis

3.4.15 Colour Determination

Colour was determined within 2 hours of samphing. This was done afier samples had
been allowed 1o rest on bench 1o attain room temperature. An aliquot of 30ml of
sample was measured nto a special test tube used for colour analysis. The colour disc
was rotated until a standard colour match was found for the samples.

3.4.16 Nitrite Determination

Aliquots o'0 1, 0.2, 03 and 0.4 ml of the stock solution were measured inte different
100ml volumetric flasks. To these 2ml of 0. 1M NaOH was added followed by the
addition of 1, 2, 3 and 4ml of colour developing reagent respectively. The mixtures
were diluted to 100ml mark forming 0,25 Hg /ml0.50ug / ml, 0.75ug /ml and

| 00pg/mi respectively

A straight line graph of absorbance ai $43nm Vversus concentration passing through
the ongin was obtained for the prepared standard solutions.

An ahiquot of 2ml of 0. 1M NaOH solution gnd 1ml of colour developing reagent was
added 1o a S0ml sample. The mixture was allowed 1o stand for 13 to 20 minutes. The
nitrite concentration was determined at wave length 5343 nm of absorbance.

A blank analysis was performed with all the reagents without sample for all the

analvsis
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3.4.17 Turbidity Determination

A 30ml abiquot of each sumple was measured inlo the einverte of the Nephla - EU

turbidimeter and the raspective tubidins reading taken, This was done three limes and

the mean value takern.

3.4.18 Total Metal determination using A tomic Absorption Spectrophotometer
{AAS)

The eoncentrations in me/L. of six metals wore determmed i all the samples. namely.

Cu. Zn. Cd, Fe. Mn wnd PB with UINTCAM 969 Atonuc Absorplion

Spectrophotemeter. The [lame used for the analysis was Air — Acetylene mixture,

A TD0me/l. stock solution of multi-element solution was obtained from the

Environmental Laboratory of the Environmental Prolection Agency in  Accra.

Standard solutions ranging from 0.2 to 5.0mg/L were prepared lor calibration curves

! the various metals.

A blank analvsis was performed with distilled water treated similar 1o the sample

treatment,

The following concentrations of melal solutions were prepared 1o determine the

Buseline Absorbance value at 4.0,

Pb: 9 4me/L, Zn: |.2mg/L. Cu: 3. 7mg/l, Cd: 3 Omg L, Fe: 3.5 mg/L and Mn:

2 img/L

The metal concentrations were determined one after the oiher using their respective

hollow cathode lamps (HCL) and calibration curves

Alr — Acetylene flame was used for all the araly s1s,

The respective wave lengths employved for the metal determinations. were Fe al

248 7am. PHAL G, 1700w Cd at ». desnm. SNl g Aoy Mnoat g, 2 5amand Cu at 7. 324 Mang



3.4.19 Na and K Determination Using Flame Emission Spectroscopy (FES)
Standard solutions ) 2 o480 6.0 80 amd L0 abmg 1 were prepared from NaCl and
KOl respectively.

The emussions of these standards were determined by aspiration mto a flame
photomeler

Acurve of enussion versus coneentration wis plotied and 1ts equation determined tor
each element,

The same principle was applied (o all the digesied water samples to determine their

enussions for sodium and potassiun,

A blank analysis was performed with double distilled water and (reated the same way
as samples were trealed.

The corresponding conceniration values were deternmned with Lthe help of the
calibration curve.

The emussion speetra for sodium and Polassium were determined ai . sxu inm and .

w0 Snm FESPECiively.

3.4.20 Drganit Acid content Determination

Potassium hydrogen phihalate was used as a standard to determine the presence of all
organic acids which give a similar absorbance n the UV-Visible spectropholometric
analysis,

The presence of an organic acid is characterised by an ‘end’ absorption within the

UV -Visible region.

The standard phthalate solutions prepared were seanned on (he UV-Visible
spectromeler between 200-700nm, {‘unsislv:-nr sharp end absorption was observed for

all the solutions at or very close to 280nm.



A cabibration curve of abzorbance VEISUS concentralion af 280nm was plotted.

The erganic acid eoneent ririon OF the water samples ware determined by determining
their absorbance al 280nm The correspending concentrations was determined using
the calibration curve plotted
3.4.21 E4/E6 Determination for Samples ASS1 and OD1 all from the BAK
District

* E4is the absorbance taken at 465nm,

* E61s the absorbance taken at 6635nm,
Different volumes of 0 /M HCI and 1 IM NaOH were added to specimen from
samples ASS| and ODI which gave considerably high concentrations of organic acid,
The essence was to obiwn different pH values of water specimen from these samples
in the acid as well as basic range
The absorbance values of these specimen were determined al wave lengths 465nm
(E4) and 665nmn (E6) respectively

A graph of absorbance ratio of E4/E6 was plotied against pH of the various solutions.

T3



CHAPTER FOUR
4.0 RESULTS AND DISCUSSTON
4.1 Results of water analysis
A total of thirty-eight borsholes were sampled. 21 from the Ejisu-Juaben and 17 from
the Bosomiwi- Atwima-Kwanwoma districts ol the Ashanti Region,
The samples were subject 10 a purely chemucal analysis. The parameters that were
determined were grouped under physicochenucal. Anien, Cation or Trace metal and
organic acid concentrations,
The physic parameters that were determined are pH. Conductivity, TDS, temperature.
Colour. turbiditv. hardness and alkabmty and the resulis have been presented in the
following pages
The amons that were determined are chloride. sulphate. phosphate and nitrite and the

results have been indicated in tables 4.3 and 4 4

The levels of Fe. Mn, Cu. Zn. Cd. Ph. Na and K i water from the two districts have
been recorded in tables 4.8. 49 4 16 and 4 17
Organic matter content of samples has been given in table 4.20 and 4.21 for both

disiricts,

74



] £l 820 s TIg or ts| st WY
WS ) e o 950 - __bog] ¥t ~_Tlol 39'¢ £V |
ﬁ st | 0l T0 & 0'0g 3 rrr CEOF | Sd
LT S ¥ 0 § 01g L0] £ €51 01's Ira
,_.r 01€ 6 880 $ 00€ tLl OPT LI M
| 0%t op 9€ 0 2 oog| 86 COPI| 05§ e
— | LI 09 1 5 ___EEl g R L 6L 40
_ -3 | | M— | | e R 3 MY - ) S,  ; < ) ) s~ ]
i | aLl or 0 £ | £67 31 gl eY VO

oo | ol  seol ol  eoel s | ove|

+ o &, o] s | foel  m| 0 | oen| ivw
oot | €91 o] goe] isee| . I8r 99 ay

.ﬁ ot | 0T1 o § €1¢ €6l Rtt £09 tay
001 | rol 0z 0 g £ 0¢ o <01 %9 fav
T o | g2l €0£| €65 mm| ot Ivd
of | ® 60 o .Y O ) el €] ®ry 1Y

o |  ue] _foe}  wi] " o} ory| eow

| = 0! b, R 1| W Y ) £lEl  #r . £01 Pls FIV
(4 6| 1o $ Tt €T 1z¢ $6 € IOV
. LA iy oy $-| T 98 102 619 uv
L *ﬂ m..H (0 g 99T Lt i R0 | L m..w B Iy
1w _H 18w IN AW ), 2amesadu | . 1/ 3w W soyund ey
Ny | ssaupaey * iprgang anojo ) dunduey _ SaL | Amupnpue) He | dueg

PILUSIP [~ s woy sapdures jo S11uesey [EIRuPOS KU 1 Y |




9L

0L 0t S6't or 90T 6LL LI 489 ISSY

y s € 91 0 &> Ggle|  06s B £rg €9°9 INN
oLl 9T Lo < 1€ 01¢ PP 6L9 TVNE

| ....”h_ £8¢ 910 [ 06T 98E &€ SL'9 A ki
| U . _aey &> - $6L 69t s 119 tL0 DI
ooy - iyl R ) Sl sie]  ove]l wovll  ors] 78V

s€] 0 fT _ T &> 6TE U9t | DLl ers)| 4V

_ (42 O skl sL0 e I Lhel 0060 = Osed] 09| LAV
N el toEn Lo _ o el St | Bl Jov) IRV

:I_# €1 1/ (T b €6 | 089l = TLct :_H_h. 0

Rl € - 9or| owEl] <1 | ['EE|  OFI  0let 1Y | IO

33 §T 80 2 L'EE ('L | 0°zol 6T € IMMN

i s 8971 .l Sy €'z¢ 0971 _ bsor bR Zao

, BONY £ |f rallré 09 BZE | 09l ¥ <Ot ool 1ao
| 0E| 9€ _- €T0 (S8 . L 6T (0Cel (EEE Lo | VL
" - R [ S 5 Eel o JUPRE}  OSEN) L _GRREl L) IWL
| Ol €] ol Sl 06T (1709 LT (19 ¢ 7 v
i Vaw /8w LN NH/ | D, dmpeasduway /3w w/soyurn C ommy
L Sy ssaupiey Qupgang | oo | surjdweg SalL | Suananpuo)y :._; apdureg

JLUISID MVH 24D Wo.y sopdunes jo sadjaueing (esnudna00siyg 7°p Aqe],

I,I'u’,n-



4.2 Nature of pH of water from the Ejisu—Juaben district
The pH of the samples collected from the E-J district is represented as follows:
In the Ejisu -Juaben district the pH range of the samples analysed was 3.95-7.96
[Table 4.1] with most samples falling below the WHO standard of 6.5-8.5.
' The graphical tepresentation of the mean pH as per community shown below gives a

more appréciablc presentation.

—
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| !
WHO) T imit
l I I I I I I I I I .le

2 g L
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}43" *39&'@? & * okﬂﬁépo n‘\:spe’ K"‘d@é” S

COMMUNITY

Figure 4.1 Mean pH of Sample versus Community of the Ejisu-Juaben District
4.3 Nature of the pH of water from BAK District

In the BAK district, the pH of all the water samples were within the GWCL
permissible level >5 in the range of 5.10-6.84. The least recorded pH was 5.10 for
sample ABI from Aboaso and the highest was 6.84 for sample ASS1 from Asisiriwa
| Table 4.2],

Represented on the next page is a graphical summary of pH per water samples per

community.
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!Figure 4.2 Mean pH of Samples versus Community of the BAK District

4.4 Levels of Conduetivity in the E-J and BAK districts

The acceptable limit of conductivity of drinking water is 1500ps/cm [WHO, 1992].
Conductivity gives an account of all the dissolved ions in solution, The conductivity
\values recorded for the water samples from both districts of study were all below the
| WHO limit. The values increased from 44.4— 848pumhos/cm in E-J for samples PS
and PA1 respectively [Table 4.1], while that of BAK increased from 101-1114
E umhos/cm for samples AB1 and ASS1 respectively [Table 4.2].

There were generally high values of conductivity observed for samples from BAK
#than for those of E-J. The low conductivity values could be attributed to lack of
' immobile ions in these water samples.

| 4.5 Levels of TDS in E-J and BAK districts

The TDS of water generally may not pose any health hazard but it can be aesthetically
,

undesirable to consumers. It can also be an indication of excess organic matter present

in water.
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The levels of TDS observed for samples from the E-J and BAK districts were all

below the international standards including the WHO standard of 1000mg/L. [Table
4.1 and 4.2].

4.6.0 Relationship between TDS and conductivity

From the graphical presentation of the resylts from E-J district, conductivity increased
with increasing TDS for all the water samples. It was realised that most of the TDS
values recorded were approximately equal to the product of the conductivity values
and a factor within 0.5 - 0.9 [Figure 4.3]. This is an indication that the conductivity of
a solution dircetly depends on the TDS je. the ions present and their ability to move

and conduct electric current.
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Figure 4.3 Conductivity and TDS versus Community in the E-J district
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< 8 8 52
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The same relationship observed for samples from FE-] was also observed for the
samples analysed from the BAK district; with sample A1 having the least TDS as well

as conductivity values and ASS1 having the highest TDS and conductivity values as

stated above.
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Figure 4.4: Conductivity and TDS versus Community in the BAK district

4.6.1 Linear Relationship between TDS and Conductivity

4.6.1.1 Samples from Ejisu-Juaben District

The idea of this analysis was to delermine the kind of correlation that might exist
' between samples collected and analysed at the same period of time. This analysis was
“done for all the samples for the E-J district first on the first 10 samples and then

followed by the remaining 9 samples.
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Figure 4.5 TDS versus Conductivity for the first set of samples from E-J district
T'he linear curve gave a linear correlation of R* =1 as shown in the graph above. It is a
clear indication that TDS increases in a direct proportion with conductivity. Therefore
when TDS is known for a water sample, the conductivily can be determined using the
equation

¥ =0.431x -0.0213 above [Figure 4.5].

A similat linear correlation was observed for the second set of samples as shown in
Figure 4.6 with R* =1.

This is a clear indication that conductivity increases with mereasing TDS, It is in fact
the case since TDS, total dissolved solids increases the number of mobile ions

available for electrical conductivity.
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Figure 4.6 TDS versus Conductivity for the second set of samples from E-J
district

4.6.1.2 Samples from BAK District

The linear relationship between TDS and conductivity was considered for the two sets
of samples from the BAK districts. The first set gave the following graphical

representation of a very high correlation of R* = 0.9585 [Fig.4.7].
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Figure 4.7 TDS versus Conductivity for the first set of samples from BAK

district
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Figure 4.8 TD'E versus Conductivity for the Second set of samples from BAK
district

The figure above confirms the observations made for Fig.4.5, 4.6 and 4.7 that there is
a direct correlation between TDS and conductivity.

4.7 Temperature of analysed samples

Temperature of water influences a great deal some of its properties like pH and
cunductilvit}-’ However it can also affect aesthetically its quality to consumers. If
water 1s so hot, it will surely not be palatable 1o the consumer. There is generally no
set guideline for temperature of drinking water. In this study a temperaturc range of
26.6 - 31.5°C was observed in the Ejisu-Juaben district and 20.6 — 33.7°C in the BAK
district.

The high upper limits of the temperatures recorded al 31.5°C and 33.7 °C could be
attributed to the time of dav that sampling was done,

These values are below the average body temperature of 37°C and therefore do not

pose any health risk [Table 4.1 and 4.2].



4.8 Colour of analysed samples

The codour of the warer sumples from (he Epsu-Juaben disiriel were all of acceptable
vitlues below the WHO cuidelne value of 13HU Inthe BAK disiriel however, [hres
of the sumples were below the accepiable limits namely. the two samples from
hokedee ODI and OD2 with colour of 6OHU and 40HU respectively and sample
ASS| from Asisiriwa with coloug ul 40HU [Table 4.2],

The general impression was that the boreholes i the two districts are all aesthetically
sabisfactory as far as colour is concerned.

4.2 Turbidity of analysed samples

The turbidity of water influences greath its colowr. There is a general increase of
lurbidity with increasing colour.

Considering the Ejisu-Juaben district. all samples were clear with very low turbidity
values in the range 0f 0.11-1.66 NTU. All these values are aceeptable and below the
standard bt of S 0O NTU

On the other hand the turbidity values observed for the BAK district showed a few
deviations (rom the standards. Samples from a community' like Kokodee (OD1 and
OD2). Asisinwa (ASS1). Old Kokobirko {OKK 1) and Toamfom (TA1) were higher
than the gudelme value of 5.0 [Table 4.2 These are indicated in bold font.

4.10 Hardness of analysed samples

Hardness of water may not have any health tmplications but mav affect the 1aste of
water us well as influence its lathering ability when used for washing. There was a
generally acceptable hardness level of all the water samples,

The E-J district recorded the highest hardness value of 23 [mg/l at Pemmase (PA|)

and the lowest of | Omg/] a1 Paakeso (PS) In the BAK distric! however the highesi

#,
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value 402mg/l. was recorded for Asisirwa (ASS 1) and the lowest of 3mg/l
NEowmkwanty (NN 1) | Table 4.1)

411 Alkalinity of analysed samples

Alkalinity measurements 1n water measure the total sum of all the bases that are
detected by titration The GWCL has no health guidelme for alkalinity even though
mternational orgamisations like the WHO and USEPA have set standards.

Ifone were 1o go by the GWCL standards. then all the water samples can be said 1o be
safe m terms of the levels of alkahmity as measured (CaCO; in mg/L). The same
would have been said when the USEPA standard of 300mg/L. was being used since all
the values were below 400mg/l. Even though the WHO gwideline value is 200 mg/ L,
samples PAI. BBM, OF. KF. KKM and NN1 with alkalmity of 320,220,360.310.210

and 365 my/ L respectively satisfy the WHO and USEPA standard of 300mg/L.

Table 4.3 Anion concentration of samples from the Ejisu-Juaben

Sample Chloride [Sulphate] [ [Phosphate-P] | [Nitrite]
'jiarm mg/L ng/ml mg/L _u.g;"!_.
AJl 3.0 3.300 0143 0.051
A2 440 1,450 0,865 0.003
AC3 66.7 3700 0.010 0.008
ACE |33 1000 ' IH.H.’- 0030
AC2 24 | 1.360 0002 0.004
TACH 433 1.230 10,205 0.003 |
| ;’ PAL 38.0 = | 113 0.001
D3 12,1 3.230 0.187 0,076
AD2 1'41.2 0.500 I! 0.054 . 10021
ADI | 305 3950 o066 0012
I KAl | 14.0 2.600 0.102 0.009
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Table 4.4 Anion concentration of samples from the Bosomiwi- Atwima-

hwanwoma
- Sample Chlpride | |Sulphate] " [Phosphate-P] | [Nitrite]
Name - mg/L pg/mi - mg/L, ng/L
Al | 9.2 - 1.320 | 0,583 0012
| ! ]
%TAI 153 | 1.950 | 325 0.00] .
' l
I*ru 16.7 | 1.150 I 238 0.001
s -1 ! R
0D} 23 8 L 1.08 2030 bd
.-_ A NN | : |
- oD2 202 285 - Jes 0.002
VKT BT (3050 T e
| ! 4-
COKKI 85 030 2420 0.00%
== - = | __1 |
L OKK2 7R 107 | 0835 0 004
ATI 121 1 LED 0643 0 006
| AT2 1153 [ 2383 S 0028
l 1
ABI T363 1500 1583 0.003
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4.12 Chloride Content of analysed samples

The presence of chlorine or chloride n dricking water has a disinfzciing capabifity,
Bul oo much of it can be ugsthetically unacceptable. This is to say that chloride
impacts a salty (aste fo portable water This laste is normally dependent on the
chemical composition of the water Some waters contaimmg 250mg C17 /L may have a
detectable sally taste 1f the Cation 1s sodmum, On the other hand. the typical salty taste
mar be absenl in waters containing as high as H00mg/L chloride when (he
predominant cations are calcium and magnesium.

The general limit for chloride in portable water 13 230mg/L. Using this figure as
marker. 11 cun be said that the entire samples were within the standard limits of
GWCL., WHO etc, The chloride concentrations ranged from 5 to 91 6 mg/L in the E-J
distriets and 8.5 — 60 1 me/L for samples [rom the BAK distriet [Table 4.5 and 4. 4|,
Chlonde contents of drnking water can be influenced by the closeness of the scurce
lo the sea coast and industry

4.13 Sulphate Content of analysed samples

Sulphate 15 present in natural water in concentralions ranging from a few o several

milligrams per lire. Mine drainage wastes mav contlribule large amounts of sulphate
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The WHO standard for sulphate i drinking warer is 250mgd. The results obtained
from the turbidimetric determination ol silphile gave levels in the range of 0 23-
683 pgdml [Table 4,10] which are far below the lrm!

The concentrations of sulphate in the water samples obtumed were computed with
relerence (o a stundard eurve for sulphate with equation v = 93 007X and a correlation

coethoent of 1.0

In order to ascertan the reliability of the results o recovery experiment was performed

and it gave the following resulis

% Recovery = [(spike cone, sample conc ) / (Expected conc, increase)| x100

Table 4.5 Recovery of Suiphate

[ Conc. of Sulphate, pg/l. | Sulphate Recovered ng'l, % Recovery |
|
20 - 1oy 990 ]
l 0 - & 1003 |
| . '
| 6.0 500 ) 0% 8

The recoven analvsis gave a mean% recoveny of 99 7 and a standard deviation of

0, (e,

4.14 Phosphate Content of analysed samples

Phosphales will not hurt people or animals unless thex are present in very high
concentrations, Even then, they will probably do litlle more than interfere with
digestion. It is doubtful that humans or ammals will encounter enough phosphate in
natural waters to cause amy health problems,

[n order to determine the phosphate P content ol the water SEJ.I'I.'JPJES a calibration
curve of absorbance versus standards was plotted for sodium phosphate The curve

had an equation ofy = 14 844x,

b



The phosphate-phosphorous content ol the water samples determined has been
represented 1y juble 4 1
The concenirations of phosphate observed i (he waler samples were all very low
when measured m mg/L,
In the E-I distriet the phosphate determined el in the range of 0.002 1o 1.115me/L
while sample BEM did noy give any phosphate al all.
Samples from BAK on the ather hand gave a concentration range of 0.035 1o
: 2.420mg/L. for phosphate measured.
[n order 1o determine the reliability of the results and the method used. a recovery

analysis was carried ot

Table 4.6 Recovery of Phosphate

 Conc. of Phosphate-P, ' FPhosphate-F Recovered, % Recovery

mg/L g/,

0.2 0199 | 99,5 A
0.4 0,398 W 99,3 |
T R s 6oo7 B 99.7

The meanl recovery oblamed was 99.5% which gave a standard deviation of 0 12,

4.15 Nitrite Content of analysed samples

In drinking and waste water. the forms ol miregen ol greatest inlerest in the order of
decreasing oxidation states are nitrale. nitrile. ammonis and organic mirogen. All
these forms of nitrogen as well as nitrogen gas are all bivchemically interconvertible
and components of the mirogen cycle

Nilrite is an intermediate oxidation state both for the oxidation of ammonia (o nitrate

and in the reduchion ol nitrate.

o



Nitrous oxide which is tormed rom mitrite in acidic solution can react with secondary

amunes 1o lorm nilrosamines:, many ol which are known 1o be casinogenic,

The nitrite content of the waler samples were defermuned with reference o a

calibration curve with an Squation of v = 2 058y and R = () 0075,

The analvsis of water samples from the -7 and (he BAK disinicis vielded results that
were all lower than the suideline valye 3.0mg/l,

That of the E-J distnicts ranged between 0. 0009 and D.076pg/L, In the case of BAK.
nitrite content was below detection for two samples namely OD] and NKKI. The rest
of the samples recorded concentrations in the range of 0 001-0.028p0/L was observed
[Table 4.3 and 4 4]

As a practice 1o check the viability of the method and results obtained. the fellowing

recovery assessmen! was performed.

Table 4.7 Recovery of Nitrite

' Cone. ul"Niiri-leIgfl.._' ~ Nitrite Recovered g/l % Remw_ery

02 0,202 101 |
03 0,495 99 3 |
| 1O 0992 EEF B

The mean %recoveny was 99 7% and the standard deviation was 1, 1%,

4.16 Levels of Fe, Mn, Cu, Zn, Cd and Pb in samples from the E-J and BAK
Districts

Trace amounis of metals are common in water. and these are normally not harmful 1o
our health. In fact. some melals are essential 1o sustain lile. Caleium nagnesium.

potassium and sodium must be present for normal body functions. Cobalt, copper.
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Iron. manganese. mohrdenum, selenium. and sinc are needed a1 low levels as
catalvsts for enzyme activities Drinking water containime high levels of these
essential metals or 1ovie metals such as alunmnium arsemie. barium, cadmiunt
chromium, fead. mercuny. selenium, and silver. may be hazardous 1o heakth [Jennings
el al, 1996]

Melals in water supply. may oceur maturally or may be the result of contamination,
Naturally: oceurring metals are dissolved in w aler when it comes into contact with
rock or soil material. Other sources of metal Contamination are corrosion of pipes und
leakage from waste disposal sites,

Iron in groundwater vecurs in the form o Fe (OH); and Fe,0; The following buffer

pairs can also exist:
Fe!' — Fe (OH); and Fe*" ——s Fe:(): [Drever. 1988]

The presence of iron i drinking water masy increase the hazard of pathogenic
brganisms. since most of these organisms need iron 1o grow. Il is known that iron
mfluences the uptake of copper and lead Tron in water is not a haalth hazard by usell
but it may increase the hazard of pathogenic organisms, since many of these

OrEanIsms require 1ron (o grow,

Excess manganese in a diet prevents the use of iron in the regeneration of blood
haemoglobin. Large doses of manganese cause apathy rmtabiliy, headaches.
msomnia and weakness ol the legs. Psychological symptoms may alse develop
mcluding impulsive acts. absent-mindedness. hallucinations, ageressiveness, and
unaccountable laughter, Finally, a ccmdilin_n similar (o Parkinson's disease may
develop. Long-term heavy exposure may result in a nervous system disorder

[Jennings cr al. 1996)|
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Copper deficiency causes anemia. loss of hair pigment. growsh inhibition and loss of
arterial elusticuy. High levels of vigamir ¢ Inhibit good copper absorption. However,
water containing wmeunis highar than | mg/l is Bihely 10 supply 100 much of this
metal. One mulligram per liter is also 4 laste threshold [or the majority of people.
Copper is highly toxic and very dangerous to mfants and to people with cerfain
metabolic disorders, Uptuke of copper is also influsnced by zine, silver. cadmium, and
sulphate in the diet. On the other hand. lack ol copper intake causes anemia, growth

nhibition, and blood circulation problems,

Chemucally zmnc s found in water in the +2 stale.

Zine 1s essential in the growth of bving orgamsms. Close to twe hundred zinc-
containing enzy mes have been identified [WHO. 1990

Zinc containing ena mes are involved in the condensation of polymensation of DNA
and RNA and the hy droh sis of polymers during digestion of food.

In natural surface wuters. the concentration of zine 15 usually below 10pg/l. and in
groundwater 10-40pg/L. [WHO, 1902]

Excess in tuke of zinc resulls in pulmonan distress. fever and chills.

Cadmium in water has similar chemical characteristics as zine, If oceurs in the +2
state. Cadmium may replace zinc in some ensy mes thereby altering the stereostructure
of the enzy me and impairing its cataly tic effec

Cadmium posoming has been associuted with kidney disease, hy pertension. and
possibly genetic mutation. Acute cadmium poisoning symptoms are similar 1o those
of food poisoning. Up 10 325mg of cadmium 15 not fatal but toxic Sy mptoms oceur at

Img. It is associated with kidney disease and linked (o hypertension

',":



Lead can ocenr naturally or result from indusirial contaminalion or be leached from

lead pipes in some water svaiems,

Excepl in isoluled cases lead 1 probably ot a prublem in drinking water. although the
problem exists in cases where lead is used in soldering joints uf pipes. Soluble Ph

comes from the oxidation reaction:
Pb+0; +4H ——  Ipp® 4.0

Absorption of lead increases with soft water supplies in the presence of calcium
bicarbonate. This 15 partly due to the greater acidity of these waters which Tacililate

the above reaction. Lead in waler can also oceur as insoluble PLCO: and PHSO,.

Lead 15 a cumulative poison and its foxieny depends on its chemical form It is then
tmportant 1o be able 1o separale and quantily these species. Inorganic lead occwrs in

water in the +2 oxidation slale.

Lead poisoning is difficult 10 distingwish in 118 earlv stages from nunor illness. Early
reversible symptoms include abdominal pams, decreased appelite, constipation.
fatigue. sleep disiurbance and decreased physical fitness. Long term exposure to lead
may cause kidney damage. anaemia and ner e damage mcluding brain damage and
finally death Lead 15 a cumulative poison. meaning that it remains in the body
lollowing exposure. Children under age three are most susceptible 1o lead poisoning

[Jenmings e ¢t/ 1996,

[n this study Fe, Mn. Cu. Zn. Cd and Pb were analysed The results are shown Table
48 and 4.9, The levels of metals above the acceptable levels have been indicated in

Bold fon)
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In the tehle 4.4 showmg the levels ot lrace metals in the Fjisu-Juaben district My Cu
Znand Cd levels were all below the WHO standards o 0.5, 2.0, 3.0 and 0.003mg/L
respectivels

With the exception of sample KA1 which gave an Fe concentration of 2.063mg/L. all
the other samples gave levels of Fe below Ihe zuideline value of 1,0mg/L.

Sample AC! also gave a high concentration of Mn ai Lodome/l. This could be
attributed to corrosion of the metals pumps of the borehples.

Cuw Zn and Cd levels were all below their respactive standard values but lead for all
the samples were not detectable exeept n samples ADD and BM at 0.0290 and
V.0215mg/LL respectively.

Table 4.8 Concentration of Trace Metals in samples from the Ejisu-Juaben

District
Sample 1D pH [Fe [Mn [Cu [Zn  |Cd_ |[P6 |
|WHD Limirs mg/L. | mg/L. | mg/L. | mg/L mg/l. | mg/L
_ 1.0 05 |20 3.0 0,003 | 0.01
‘.r\,n 637 10265 0012 [ 10325 [ 0.043 | 0.0018 | ND
A2 [619 (0318 [0030 0195 T 0.058 0.0024 | ND
|
LA['J ~ |395 0ue1 049 |0715 0039 00012 [ND
‘.4('4 - 514 [0080 0296 [0619 [ND 00012 ND
[AC2 425 | D191 i|334h 0005 'ND 00024 [ND |
|ACT (4326 0413 |isd6 10388 (0153 0.0018 | ND
|_P".M 1796 10733 | 008% lllms" ND 00018 ND |
|F.J|.[IS |68 0216 | 0132 i’n_uﬁ {009 TND [ND |
'ADZ G605 0363 0094 (0146 o597 15 0030 | ND _|
iADI ' 665 | 068 | 0433 '|n1?4 ‘[J.[}‘Jﬂ 0.0024 | 0,0290 |
‘—KAI (500 (2,063 0.090 | 302 | 0.278 [ 0.0030 | 0.003] |'
| |
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kA2 660 (0302 T0039 [0146 10051 100006 WD

0A| 1633 (0634 [004d 10 174 'ND  Tomiz IND
BBM 609 (0230 |03k (0146 10308 000G I ND |
OF 61 0158 | 000l Tn032° ND |ND : ND |
= Pt e | { i

| BM | 53 0191 0258 |ooxo [muz 0.006 | 0,0215
|'T(r ! 628 | 0238 | 0006 ons [N [ND WD
U T e i 33 |02379 0357 |00012 [ND
[ PS 463 i 0.105 | 0.033 | 0.042 | ND 0.0030 | ND
LI{AJ |568 [0.158 0006 ;n_uf.i 'ND ND ND
AM 1528 0400 [0.061 [0.013 |ND ND ND

] ’ | I

In Table 4.14 showing the levels of trace metals in the samples from BAK. the levels

of Mn. Cu. Zn and Cd were all below the acceplable limits Samples TAl, KKM and

NNI however respectively gave 1324, | 447 | 817 and 3 356 mg/ L levels of Fe,
which were all above the limits. Fe concentrations af these levels however will not
have any health implications. The Fe levels observed in the borehole water can be
annbuted 1o depletion of metal pumps as a resull ol corrosion,

Mn s also a natural occurnng element found n soil and finds its way into
groundwater by leaching and weathering. The soluble form of manganese 1n water is
the +2 oxidation state

Redox reaction mvolving manganese occurs in groundwater as

MnO; —— Mn’

In BAK the lead levels of melals were all below detection but TA2 was ouistanding

with lead concentration of 0.0376mg/L.

o=l
i
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The high lead recorded 1o some of the

wrea. contamuination from samphling

Smpiet could come from the L’h.'rhm of the

MEENSTS of comtanunation o the ime of

digestion. The 1ssue of geology can be nuled oul because i the case of sample ADI,

W other samples namel, AD?2 and
Adumasa These however

When sample TA2 ol B

AD3 were collected from the same communin,
did not give am traces of lead in the other two samples.

AK 15 also considered. contamination due to geology can be

ruled out since TA2 shares a similar geochemusiny with TAI whose lead concentration

was below delection

Since BM has no other

could still hold for its h gh lead concentranion

sample to be compared with. the above given explanations

Table 4.9 Concentration of Trace Metals in samples from the BAK Distriet

‘|FH

Fe

Sample Mn Cw - |[Zn Cd Pb
D mg/L. mg/L mg/L mg/L. mg/l. | mg/LL
 WHO 10 0.5 2.0 3.0 0.003 | 0.01
Limits
Al 560 0055 |o012 0013 |ND ND ND
TAI | 6.07 | 1.324 0.307 0013 0,106 ND ND
TA2 (.07 0794 10290 (0099 0,122 | 0.0006 | 00376
OD1 6.02 0277 [0844 0023 |ND ND ND
: =
on2 3.86 0474 [ 0351 [ 000 ' ND ND ND
NKKI 3.29 i 0.265 | 0.066 : 0.070 _TT:_':]'EI? ND ND
OKKI 6.10 0.499 [0088 0061 0012 | ND ND
. | !
'OKK2 [601  |0326 |0088 10051 10027 |ND ND
I | |
AT 601 0068 | 000 (0070 |ND ND ND
AT2 6.07 0166 | 0001 |0108 |ND - |ND ND
| = !
ABI 349 0.240 0017 10061 | 0043 ND ND
- !
' AB2 510 0.277 0001 [0032 [0.004 ND ND

—_—
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rkﬁﬁ__ﬁﬁ?4_”"EhT"TﬁEﬂ?'_ufﬁ _Tiﬂ: 0.0026 | ND
Ffﬁ_ﬂﬁﬁ_—ﬁﬂT_TﬂTﬁH?{_ﬁﬁa 0002 [ ND
BRAZ 679 (0950  [oma .'_u:-.;: ND (o002 [ ND
Eﬂ_ T8 Tis ohE T053 (439 oW | ND
'ABS1 684 3336 oo | n0o9 [ ND 0.0006 | ND

5

% ND= ﬂlﬁelﬁm 2 N}

Table 4.10 Recovery of Fe

[Cone. of Fe;mgi

 Fe Recovered , mg/l.

% Recovery

| 0.2 0,190

| 03
EE T 0483 | a7
I D 0960 BT

Me;m Yo RE.‘CIJ\'E[‘}.' =06% S5 D= 071 . WRED = 7 1%

Table 4.11 Recovery of Mn

T('u..ﬁr M, [ﬁg_fl. "Mn Reco vered mg/ T

| =

| 0.2 104
|

A [ 402

| () 0977

Mean % Recovery = 97.7%. S.D = (.5, %RSD = ).5

a7

| % Recovery




Table 4,12 Recovery of 'y

| Co ne. o f_{“.lrmg_fld_

1.0
|

- Euier?ﬁra', m_gfL_

0195

045

| 1001

% Recovery

99.5

90 4

[ 1001

Meun % Recoven = 99.77% $.D =0 3% ARSD = (.38

Table 4,13 Recovery of Zn

| Conc. of Zn ,_rnge’L P

B2
{5

| 1l

| Zn _Iiﬁm'e;ad : ni;qu _“A::._Rﬂ:;ﬂ_}'
0,198 990

0499 a0 8
| 0,997 i 0o 7

Mean % Recovery = 99.5%. S.D - 0,31, %RSD = 0.3

Table 4.14 Recovery of Cd

" Cone. of Cd . mg/L
|

' Cd Recovered , mgil,

% Recovery

| 0.2 0,197 983 t
il g o (1,498 99 6
i !
(0.90¢, 99

Mean % Recovery = 99 2% §.D = () 64. %RSD =) 64

Table 4.15 Recovery of Pb

Conc. of Ph , mg/l.

' Pb Recovered , m;q_fL

. o Recovery

0498

0197

Eh

ETE

99,




|1 T o0

Mean % Recovery =00 3% s p=n 30 RS =0 50

417 Levels of Sodium and Potassium of samples from the Ejisu-Juaben District
Sodium and polassium are nutrients which play vilal roles in metabolism, They
generally will not have healih implications when present i water unless presenl in
extremely high concentrations. The suideline for sodiunm is generally sel at 200mg/L

but there is no such guidelme for potassiunt

The fact 1hat some patients with heart disease have difficulty excreting sodium and
are pul on a low sedium diet has led 1o the idea that sodium 15 bad for the heart
However. siudies show no  correlation between  sodium  concentration  and
cardiovascular disease mortality. On the contrary. beneficial correlations for sodium
have been reported. Areas where water is hard, highly mineralised. and also high in
sodim tend to have lower cardiovascular death rates This does not contradict the facl
thal m some ndividuals the lowering of sodium in a diet 15 effective in lowerng the
blood pressure. Depending on age. general health. and sex, sodium may present a
problem in drinking water. If (he sodium in water exceeds 200mg/l. 1t 15 advisable to
contact the family physician for an opinien. Sodium al normal intake levels s
hcneﬁciﬁ] to healthy adults. However. people with hear| disease or hypertension

should reduce sodium intake 10 lower the blood pressure [Jennings ef al. 1996].

The daily requirement of potassium 1s between 2 and 4 £. Since potassium promotes
cell growth. children and young people should have an adequate intake of potassium
Potassium regulates the bulance and pressure of water between the cells and ensures

that the mdnvidual cells are udequately supplied with food. Potassium is of special

any



'Mpartance lor musele contraction
the heart. Polassium delic

and tiredness ol he 8

paralyvsis and functional dizorders of the heart

The leve|s of sodium and

ubservation can therelore be said to be

whatever purpose,

This is because the results obtamed for both sodium and potassium [ell below the

2uideline values | WHO. 2004).

Table 4.16 Sodium

District

Sample 1D

as well as formation and conduction el impulzes of
teney s indicated v a weakness of the skeletal musculaiure

mooth museulalure. In advanced stages it can lead 1o intestinal

polassium observed i the E-J district | Table 4 16] under

ucceplable and poses no harm to consumers for

and Potassium content of samples from the Ejisu-Juaben

| Sodium mg/L

T Potassium mg/L

WHO Limits 200

P i | 9.5 | 3.0
(AFE D 211 83
AES o {_jr-.T i _! 14.9
[ACS 211 afe 52
CAC2 s 183 64
ACL - T I 673
PAI I 3 =
'AD3 187 0.3
AD2 35.0 B IE
ADI 28 B P
KA1 R T28

[i10




: KAz S| 2.10)

}”{Iﬁ e ———|r e i4

' BBM ___—|rm - 3|

oF ST |4~. BN i

o I | R 1
| Tl 10 i
{7 T |.4n_ 14

PS RS - s “m

'KB3 133 5 I3 Tl
AM 84 I3

e ] il

The E-J disinict gave the least sodium concentration at 4. 3mg/LL for sample OF and the
highest 75 7 mg/L. for sample PA1_ In the case of potassium. the least concentration
was observed for sample AD3 at 0 Smg/L and the highest by sample ACI a1 673
my L [ Table 4 16

4.18 Levels of Sodium and Potassium of sam ples from the BAK District

The level of sodium and potassium in the BAK distirict were nol any different from
that of E-J in that. they all gave values below the acceptable limts.

Sample ABI with sodium concentration of 6 Omg/L have the least value while NN|
registered the hghest value a 86 Tmg/L

The potassium content however was least at 0 2 for sample Al and highest at 8.0 for

KRM [Table 4 17].

[ (1]



Table 4.17 Sodium and Potassium content of samples from the BAK District

i e o . - f

. EVHlT{F;lEg:_m e L _E;Smm ma'l, | Potassium mg/L
Al 24,6 0.2
e e S RET e 23

T e N e e
;L'ti"'i_'__ o 1260 i 0.9

!_nnz Vo 328 0.9

NKKI = 63 2.6 i
I 02 2.7

OKK2 193 31

 ATI L B T
sz_" “*_'_"uﬂ 73

ABI TR e

AB2 SRRy % N EX

KkM |4 =T (&0

ey e “Ilir_' T

BKA? 7313 T o Tt
e A
TASS] 3806 SR

Looking at the results from E-J and BAK. the general impression is that the water
samples are rich m sodium as compared 1o potassium and the E-J water samples are
ncher in sodim and potazsium than Samples from BAR.

As away ol 1esting the authenticin ol equipment and method a recovery anahsis was

performed tor both sodium and potassium

12



Tahle 4.i8 Recovery of Ny

| f:u.i-lt._u?"-hfa;_mgjl B

| 20
| 3

[ 1)
L

e — s =

~ NaRecovered . mg/ll.

19 09
480

080

% Recovery

03

HL s

D

| 0

Mean o4 Rﬁ:i}\'ﬁ]’}’z E}ﬁ,:‘r‘}"n., S$D=], l. %RSD = 1.1

Table 4.19 Recovery of K

if‘nntﬁl‘ K, mpﬁ_ = - K Recovered , mg/L % Recovery
PRI 19.80 99 0

|

Eieoamas 1077 595

L e R 08 {)

Mean % Recovery = 98 8%. S D = 0 31, %RSD =0 31
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rem e s St
Sample  Depth  * Organic Acid
Name of conc.(M)xin”
AN '“%“ml*_;'lﬁh"' i
AR 13 [3oer
ACS 60— T
[ACe [0 |i 10,556 i
[ACz 133 "% 346 7I
ACT |; 50 ? I 266 F
U 5 S
AD3 |55 0% |
AD2 T LT ':I
AD1 48 !s 113
KAL T?T'_ [5.911
[ KA2 | A0 ‘{:. 7156
OAl | 6D (1774 i
BBM .. 7.389
ot
BM 1 60 % 3378
KF R 11600
CINEE 9,200
PS I 5208
KRB3 1 033 ']
AM 60 !l:’-.']ll 1

J

——

Table £.21|Organic Acid] of samples
from the BAK
Sample  Depth | Organic Acid |
Name  of CConc(M) xin
. | BMm)|* |
.‘l | & 1 I :fﬂ"l- |
(VAT [ 7 19830 ‘
TAz [0 (%08
| !
fop1 |73 35893
—
0Dn2 H3 34 626
]_ i
'NKKI | 6 11 823
OKK1 I’r,.-: 13.512
LN
OKK2 E 13933
|
| ATI J 37 2111 '
|
AT [ 6] | 266
"ABI |- 4233 i
|
| ) S———
' AB2 | = 8.443
|
KKM | 40 16756
i BKAI | 39 3580
'BKA2 |40  [osa
NNI 74 3800
ASSI |82 67 560




412 Organic Acid Content of samples

Drzanie Aad i waler netmaily consist of bumie and filvic acids. These acids are
tound i VeV omunule concent ratons. Fyven though orgame acids My el pose am
health rish. they can have an influence in the acsthelic properties of drnking water in
terms of impacting colour and laste 1o water. There iz therefore no limit for ifs
Loncentration \n water, The coneentrations of organic acid recorded for water samples
analysed was in the interval of 0 BA44X10" M to 67 36N10 M [Table 20. 211

This relatively hegh value of 67 36X107° M was recorded for sample ASSI from
ASISINWa in the BAK distriet. The sample with the second highest concentration of

orgamc ac)d was ODI with a concentration ol 35 §93M also fom BAK.

Comncidentally samples ASS| and OD| have the highesi borehole depths of 82m and
13m respeclively [Table 20, 211 I would have been easy 10 gav that orgame acid
concentration mcreases with increasing depth of borehole But this trend IS not rue
for all the other samples. It can safely be smd that the organic acid concentralion of a
borehole sample does nod depend on the depth of the borehole.

4.20) E4/E6

The ahsﬁrbnr‘me of water samples at 7.5, ( representing aliphatics present) and Vst S
(for :zrunj.u!il:‘sJ was recorded for samples that had a consrderably high oreanic acid
concentration.

The ratio of aliphatic 1o phenolics present in the water sample as organic carbon
decreased with increasing pH for samples ASS| and OD1.

The E4/E6 ratio for ASS ) from Asisiriwa in the BAK district decreased from 2.0 al o

pPHol 27510 1340t apH ol 10,21, The resulls when expressed graphically as E4/Er
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versus pH and it was detected that there was a general decrease of E4/E6 from low pH

to high pH values [Figure 4.9].

E4/E6

b | —8—0D1
' ~E-ASS1|

pH

FIGURE 4.9 E4/E6 versus pH of borehole sample ASS1 and OD1

When the E4/E6 ratios for sample OD1 from Kokodee in the BAK district was
determined as a function of pH, a situation similar to that observed for sample ASS1
was obsérved.

There was decrease of E4/E6 as a function of pH from 3.0 at pH of 4.68 t0 0.23 at a
pHof 10.4. A graphical representation is shown in Figure 4.9.

The trends observed in Fig.4.9 above are a clear indication that at low pH, the organic
acid molecules present in the water samples have a high concentration of aliphatic
functional groups than the aromatic or phenolic acid groups. This can be attributed to
molecular stretching and breaking of aromatic bonds in solution.

Conversely, the concentration of phenolic acid functional groups increases with
increasing pH with a decrease in the aliphatic group as a result of the molecules

resistance to bond stretching or breaking.



’ The Fulvic acids content tor organic acids are less soluble af low pH conditions but

suttble a1 high pH

Table 4.22. Relationship between PH, [Fe] and [orzanic acid] for outstanding

Samples

Sample T | [Fe| mg/L | [Organic Acid]

e il by g, ) (M) x10°®

CAC) PR 043 1.266

i Rl e e J. R N '_"'I =T el _ ==
AC2 | 4.25 | D191 8440

7 TG T e om | 266 b

|

Lot _ |

| OD] | 002 | 0.277 35893

S = vl o Ho e : =
\SS] | 54 | 3350 67,360

:_ e e [

From the table it is realised that af high pH organic acid eoncentration increased with
mereasing pH for samples OD1 and ASS! B at low pH o1 the range 3 95-4.26 there

18 no direet comelation between pH and orgamie acid concentration.

The observed resulis are areatly affected by pll, the master parameler.

Fulvie acid does not bind to Fe ar low PH. That is why the concentration of Fe for
samples ACI AC2 and AC3 do no have a direet correlation for [Fe] bui does for

OD1 and ASS1 at pH 6.02 and 6.84 respectively

The metals measured in this work represent the total concentration of the respective
metals. [n this case 1t is dilficull to measure the amount of a particular jon in question.
This 1s because metals m solution normally occur as 2 redox 1on pars. Tron for
Instance is preseni in solution as Fe' /Fa’’ The form of iron in solution at & point in

time 15 dependent on pH,
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CHAPTER FIVE
3.0 {_‘0\‘{'[.[.'5]{}[\' AND RECOMMENDATION
S0 MAJOR FINDINGS
Though water is an indispensable 100l or commodily 1 pur fast moving indusirialised
world and for that matter i Ghana, its pollution has become an issue of global
concern.
Since borehole water is central in the daily wates consumption of the people in the
wo distriets under s udy . This studh has served g purpose of giving a picture of the
borehole water situation in these districts
Upon 1he analvais of the water samples collected from the Ejisu-Juaben and the
H:JSDI‘H[M-AIW]mu—Hwanwnn’m districts and examining the resulling data. the
ollowmg deductions were made:
Phe quality of water from the two districts in terms of the parameters deiermuned can
be said to be good in terms of
511 pH
* The pH of water in the Episu-Juaben distriet ranged from 3.95-7.96 with the
least value being 39.2% lower than the mimimum WHO guideline value of 6.3
| Appendix 6]. This low value was recorded from sample AC3 at Achrase.
» The Hn.umnmi~r‘am'imu-h;wu|mnnm district gave a range of 5.10-6 84 with
the least being 21 5% below the WHO lower hmil,
¢ I acceptance of sample based on pll was 1o be done with the GWCL
permissible guideline value of 5.0 the samples AC1. AC2. AC3 and PS from
the E-J district can be said 1o net to be sale for drinking but can be used [or

other household purposes.
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Conducrivity and TpS

It was ubserved that there was a linear relationship between the determinations
ol conductiviiy and TDS with most of [he curves pi ing R =09

The values oF conductivity and TDS recorded fur all the: districts were below
tha WHO guideline values. E-J had conductivity in the range of 444 -
Rd8umhos/cm and TDS in (he range  31-393mg/L. BAK also pove
conductivity values in the range of 10H-1114 pmhos/em and TDS of 36-
7 T9mg/1.

Temperarure
Temperature of water influences a greal deal some of its properties like pH
and conduciivitn  However it can ulso affect aesthencally g quality 1o
consumers. If' water is 50 hot. it will surely not be palatable 1o the consumer,
There is generally no sel guideline for temperature of dnnking water. In this
study a lemperature range of 26,6 - 31 3°C was ohserved in the Ejisu-Juaben
district and 20,6~ 33 7°C in the BAK destrict,
‘The high upper limits of the temperatures recorded at 31 5°C and 33 7°C

could be alinbuted 1o the time ol'day that sampling was done.

.14 Colour and Turbidity

The colour of water contributes 10 how appealing 1t will be for consumption,
50 does its turbidity, In this study 1t was observed that all the samples in the E-
I district were clear with colour below THU. Samples OD1, OD2 and ASS1 in
lhe BAK distriet pave colour values of 60, 40 and 40HU respectively which
are all above the guideline value of | 5HU

These samples can be made appealing by allowing the water (o settle and

decantmg the top
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The same can be said about the turbidity of E-J which was all within the

acceptable hmits 1y he range of 0 | -] (6

NTL BAK registered a turbidity range

OF 0 15 « 44 95 NTU with sample TAT giving 7 48 ODI1 202002 1268 OKKI

5.06 and ASS1 44 95 NTU all above the limit of 3NTU, All the water samples

can be said to be acceprable given these findmgs.

n

Hardness

The hardness of all the samples from both the E-J and the BAK districis were
all below the acceprable linuts of 300mg/1..

The highest value came from sample ASS| n the BAK district and the least
was Img/L also i the BAK district In the E-J district the lowest range was
10-23 I mg/L.

Alkalinity

The alkalimty of the water samples were below the WHO guideline value of
200mg/L. with the exception of PA] BBM. OF KF. KKM and NN1 will not
pose amv health nisks with alkahiniy of 320, 220, 360, 310, 210 and 363 mg/ L
respectivels

According 1o the USEPA. alkalinity has no public health problem

The above high values therefore do not pose any problem 1o consumers.
Chlovide

Chlonde helps in the disinfection of water from bactena.

All the water samples contained some chloride in concentration range of 5 (o
916 mg/L in the E-J districts and 8.5 ~ 60.1 mg/L for samples from the BAK
distnie

All the levels of chloride were below the WHO guideline value of 250mg/L.

[ 10}



5.1.10

Sulphate and Phosphare

.Ijl‘l' S e B e . r 1 1
Sulphates and pho, phates are nuirents (ha plav vital role in metabolism,

Samples were fiund 1 contain sulphute but i vy low Jevels compared (o
the guideline value of 250me/L. Phosphate has no guideline level but the
levels were low.

It can be said that (he samples were nol rich in these nutrients dus to 025 -
16,83 pg/L range ol sulphate observed and 0002 10 2.420mg/L range for
phosphate,

Nitrite

Nitrite does not play any role in human metabolism but can be very harmful
especially in children when it prevents the circulation of oxyeen by reacting
with haemoglobin

The levels of nitrite determined are no threal to both adult and infant life since
they were all below the guideline value of 3. 0mg/L.

The levels of nitrite determined were in the range of 0.0009 10 0.076ug/L
Trace metals

Levels of trace metals were considerably accepiable,

Fe. Mn and Zn are all nutrients essential for the growth of the body,

All the samples were rich in Fe. Mn and Zn metals excepl samples AC2. AC4.
PAL OALOF. KF. PS, KA3 and AM from the E-J district and Al TAL ODI,
OD2. NKKI, OKKI. OKK2. AT1. AT2. AB| and AB2 from the BAK distrnet
which did notl have any detectable levels of Zn

The detected levels were all below the guideline value of 3.0mg/L. but BBM

from the E-J distnet which gave Zn concentration of 3.321mg/L which is



e WE s i . _
7% bigher than (he Buideline valuc Al ihls concentration Zine car b

managed witho VUMSINE Sastromiesiingl diseoses
Fe concentranon vas below the WHO) 2uidehine value of | Omg/l. except for

RAL at 2063mgiL. TAI o | 324mg/L. KKM at | 447 my/L. NNI af

L8 Tmg/l and ASS | a1 3.356mgsL. Since Ihe Forms of iron representing he

lotal 1won meusured are not known. 11 is advised that these water samples are

not used for dnnking purposes but can be used for washing and other
household activities.

For manganese all the levels were within the standard value of 0. 3mg/L but
ACT at 1.646mg/L and OD] at O 84dmp/L

For copper and cadmium. the levels measured were all below the guideline
values of 2 Dmg/L and D003mg/L respectively for all the analyses samples,

All the samples did not have any detectable trace of lead with the exception of
TAL which gave 0.005 Img/L of lead about 30% below the guideling value of
00Img/L. Samples ADI, BM and TA2 however are not recommended for
drinking due 10 the high lead content u 00290, 00215 and 0.0376 mg/L bu
ADI BM and TA2 could be used for washing,

Samples were generally rich in sodium and Potassium.

Concentration of sodium was in the range of 4.5 10 86. 75mg/L as against the
WHO gwdeline of 200mg/L

Potassium has no guideline limit, therefore the levels in the range ol 0.2 to

67 35me/L does not pose any health risk.



SL11 Organic acid and E4/E6
Organic acid toncentranons were ven fow of the order of 10* The highest organic
acid values were recorded for samples ASS1 and ODI a1 67 560 X10™ and
35.893X10” respectivels

* There was no correlation bet Ween organic acid and the depth of borehole

* EAE6 decreased generally with pH for ASS| and OD]

5.2 CONCLUSION

This work has determined the qualinn of water from the Ejtsu-Juaben and Bosomiwi-
Atwima-Kwanwoma districis chemicaly

Regardless of the worny associated with very low pH values less than 3 recorded for
ACIL. AC2 and AC3 at Achiase as well as 1solated cases of high trace metal levels.
colour, turbidiny and alkalinity in some of the communities. the status of the water in
the Ejisu-Juaben and the Bosomtwi-Atwima-Kwanwoma Disinicis of Ashant using
phy sicochemical paramelers as indicators can be swd 1o be of acceptable quality for

household utilisation

5.I.! RECOMMENDATIONS

Based on the outcome of the siudy. the following have been suggested:

The people of E-J and BAK who are the consumers of (he water analysed should boil
waler before dnnking i order to gel nd of amy possible microbes that might be

present since no work was carmed oul on the level of microbial contamination.

Due 1o high levels of colour and turbidity, 11 15 further suggested that the people of

Toamfom. Kokodee and Asisiriwa should allow their water 1o stand over night before
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HSE 1 water 18 1o be used o huusehold use This will allow the dispersed particles to

selfle
The G bR ] TR {4 A r : 2 ¥ SN ]
Community Water ang Sanitation Agency. Disiners Assemblies. NGOz and all

who matter in water SUpply 10 rural communiises should endeavour 1o orzamse

veeasional workshops  for mhabitants on how (o heep sanity areund the catchments

areas of pumps

This will go o long way 10 decrease the contamination of sround water through these

sources,

Stakeholders can also do the inhabitants and beneficiaries of the water they provide a

lot of favour il at least an annual quality evaluation 1s carred out,

Providers of boreholes are also charged to conduct periodic checks in order (o ensure

acontinued water supply

Smnee this work was not able 1o tackle ull the work that can be done as far as veater in
the two disiricls is eoncerned 1t is proposed that fiture work be done in the areq of
* Speculion studies 1o ascerlain the (obrms and levels of the trace metals
avatlable in the water samples
*  Study on microbiological indicators of waier quality m order to be fully
confident of the safety of the water fom the districts.
* Detailed study i the area of organic acids i.e. (o extract and characiense the

various functional groups present,

14



* Modelling on how long a contaminany gels to the groundwater. its influence

and i long it stz there should be consiructed lor the Iwo distrcts so as o

make mibrmed fuiyre analyag

34 RELEVANCE OF THE WORK

- This work sives o chemical as well as a scientifie picture of the nature of the
borehole water thay the peeple of | Ejisu-Juaben and the Bosomitwi-Atwima-
Kwanwoma districts gre consuming,

L. This work will also give borshole providers such as Gevernmen| Agencies. NGO's
and District Assemblies data on how to make informed decisions in the construction

and management of boreholes
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Appendiy |

PEAKS OBSERVED FOR SCAN
OF POTASSIUM HYDROGEN

PHTHALATE (C.H {04K)

Summary of Calibration Curves . - I -y
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APPENDIX 2

NING OF DIFFERENT CONCENTRATIONS
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APPENDIX 3

ATOMIC ABSORPTION CONDITIONS FOR METALS ANALYSIS

 Parameter Fe' '™ | Mn Co 'Zn  Ca I/
Lamp HCL  THeL CHCL HCL  HCL  THCL |
’-E'!Wkﬂgtﬁi_n_nﬁm U487 2795  T3%4% 12139 2288 (2170 |
| [ |
e ol | '

Flame type Ac-Air Ac-Air Ac-Air | Ac-Air Ac-Air | Ac-An |
£ s R | ; I |
CSlit Width(nm) (- 02 07 (07 0.7 0,7 !'

|
Lamp S TP 7 == S i |10 ﬂ{
Current(ma) | - Tl ‘
o HCL Hollow Cathode Lamp
= Ac-Air s Acen lene — Air

APPENDIX 4

EVALUATION OF pH WITH ABSORBANCE AT 465nm and 665nm

RESPECTIVELY FOR SAMPLE ASS|
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EVALUATION OF pH WITH ABSORBANCE AT 465nm and 663nm

RESPECTIVELY FOR SAMPLE ODi
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APPENDIX ¢

T s R
GHANA W ATER COMPANY LIMITED (CWC(CL) GUIDELINES FO

DRINKING WATER
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APPENDIX 7

OTHER GUIDELINES FOR DRINKING WATER QUALITY

' PARAMETER

Total Hardness

 NHRH: No health related guideline
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PICTURE 1

The people of Paakoso in the Ejisu-Juaben district struggling early in the
morning for their daily water



Stagnant water very
district

close to the borehole at Krofofrom in

the Ejisu-Juaben




PICTURE 3

Children at Paakoso who have to fetch water every morning before going to

school
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