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ABSTRACT

This anal ytical study was carried out on eight well-water
sanpl es fromvarious locations in Sanaru and Zaria town; two dam
wat er sanpl es fromZaria water works and Jos, one streamwater
sanpl e from Qubuchi - Makar fi - Kaduna; the laboratory tap water in
A B U, treated water sanple fromZaria water works; and industrial
effluent sanples fromnine different industries in Kaduna, Kano
and Jos. These include the Superphosphate Fertilizer Conpany,
Arewa and United Nigeria Textiles, Ashestos Conpany and N geri an
Breweries, all at Kakuri, Kaduna;, Chers are North Breweries in
Kano, Brytex Soap and Detergent Conpany and Makeri Tin Smelting
Conpany at Jos,

The sanpl es were anal yzed for chenical factors such as tota
solids, alkalinity, total hardness, dissolved oxygen (D.Q.),

Bi ochem cal oxygen demand (B. O.D.), total nitrogen, residua
chlorine, sulphide and sul phate contents, netal ion contents which
i ncl uded sodi um pot assi um cal ci um magnesi um copper, |ead, iron
and zinc. The effect of coagul ating agents on the suspended solid
contents of the water sanples was al so deterni ned.

Promthe data collected an attenpt has been nade to

(a) enunerate how the various water sanples anal yzed conpare

with each other, and how they measure up to stipul ated

quality standards of potable water for domestic and



industrial uses.

(b) compare the quality of treated and untreated water
sanpl es.

(c) investigate quality or chemcal contents of sone
effluent waste waters and their effects on sone sources

of urban water supplies.



CHAPTER I

INTRODUCTI ON

1,1 WATER: THE FUNDAMENTAL SUBRSTANCE OF LIFR

Water is a basic necessity of all known formg of life.
Although at higher levels, air might be thoughl of as an
additional neccasity, the existence of anaerobic life forms
shows that water occupies a position more fundamental to life
than even air. Its simple chemical composition and its relatively
emall mass would scarcely be expected to qualify it for the one
substance which is common to all known forms of life., DBut it
possessea properties which uniquely fit it for its role not only
aB g universal solvent but as a basic conatituent of 1life,

Congiatent with the wide distributien of life forms over
the earth, water can be found in varying ameunts all over the
earth, Man depends on water for his perponal well=being as well
a8 his various demestic and industrial activities. The food which
he eats consists, overall of about 70% water. His personzl cleanli-
negs requires large amounts of water. Much of his transportation
and many of his recreatisnal activities are based on water. Many
of his industries require water as a basic ingredient or as an

agent for mixing, washing or finishing. His personal waste



products and thoge of his industries are often dispoged of in,
or with, water. In shert, even if water were not a basic conatite~
uent of his make~up, Man could not, without water, live a life

comparable with what we now know,

1+2 VARIOUS WATERS - THEIR GUALITY AND HAZARDS

So intimate is Man's relationship with water that the
quantity and quality of available water not only influences his
life style but aleo sets an upper limit on the formal possibili-
ties open to him, Although water is widely distributed over the
earth, and covers fully four~fifths of the earthts surface, it
is not always tfound where it is most needed, or, for that matter,
in the required degree of purity. As a universal solvent, water
s almogt never found pure in nature. The composition of dissol
ved substances determines the guality of water, and dictates the
uges te which it can be put.

The nature of dissolved matter in natural waters1 often depends
on the_GOmposition of atmospheric gases throush which rdin falis, the
naturé of rock through which ground water flows, the life processes
of the world's flera and fauna, and the effects of Men's domestic
and industrial activities. Chemical contents can render a given

body of water a healing apring.2 (There ig evidence to suggest



that the healing properties of certain natural springs may be
due to chemicals dissolved in them), or make another one a source
of illnegs or death.3 _ . :

In past centuries, water-borne diseases such as typhoid and
cholerd devastated large pepulations. Although thege diéeases |
are under control in technelogically developed countries, they

etill constitute a threat in less developed countriep like Nigeria.

l
i

1.3 INDUSTRTAL WASTE WATER

Of even greater danger, for nnt being always recognized, are
the digsolved substances which result from industrial wastes.
Little by little, evidence has been collected to show that major
damage could result from industrial waste products. From drastic
rhyaical and mental retardation which results from ingestion of

4 fish, to the ill=effects of acid rain5 which

mercury = polsoned
result in major physical damage to buildings and other structures
as well as decressed soil fertility, the world is being gradually
brought to face up to the dangers of industrial wastes. ]

But this awarenese ig limited largely 4o the industrialized
world. Partly due to ignorance, and often to lack of cancern,

under~developed countries like Nigeria have etill not nade the

necessary arrangements to carry out routine meagurements of the



quality of water that is available for domestic and industrial

use, There iz the general feeling that since environmental
pollution results mainly from industrial activities, there is

no need for a non-industrialized country like Nigeria, with

vast amounts of land for refuse dumping purposes, to worry aboul
environnental poliution, Wevertheless, such cases as acid rain

in which ill=cffects of pollutants show up at considerable geogfap-
hie distances from their actual sources, and the world-wide
migratory patterns of the world!s fauna would suggest that the

non=industrialivcd world has little justification for smugness.

1.l DOMESTIC WATER

Various industries require certain minimsl guality of water.
If a combry like Nigeria is to embark on a meaningful industriali-
gation | rogramme., it must have “he necessary data on the quality
of gvailegble water to make a propexr choige for the sites of
different industries. Apparently. the various water supply schemes
all over the country make little attempt to determine the actual
chemical contents of cur water, Their various treatment schemes
are directed tuwards the slimination of biologieal rather than

chemical hazards,



To illustrate this point, the Zaria wéter supply situation
might be used as an example. Within the Nigerian context, Zaria i=
an Urban Area, being an educagtienal as well as an increasingly
important centre of commerce and industry within Kaduna State.
Industries include the Zaria 0il Mills, the Nigerian Tobacco
Company and the Zaria Industries Limited. The first waterworks6
was officially commiseioned in December, 1974, The supply of water
was dramatically increased in March, 1975 following the completion
of the Zaria Dam and the installation of the neccssary treatment
and distribution facilities. The dam has an estimated capacity
of 14,000 million litres per day, but the present operating capa-
city of the waterworks is 22 million litres per day. |

| Water purification at the waterworks is dene by Sedimentation,

»r coagulation, where alum, (A12(30h)3) is added to the untreated
dam water to remove suspended sclids and silt. Thisg is followed
by filteration which removes the remaining fine particles and
colour. BSterilization to ensure the absence of biolagical conta-
minants is done by adding chlorine and ammonium sulphate solution
(both producing chloramine), The amount of chlorine gns present
in the treated water as compared to the added gquantity is tested
for on hourly basis as it indicates the extent of sterilization,
although thig decreasses greatly by the time the water gets to

the consumers.



| The supply serves Zaria town, city, Tudun-Wads, Samaru and
Wusasa, It was recently extended through an 8" (20cm) water main
to Shika and Giwa.

! Inspite of the current relative abundance of potable water
from the Zaria waterworks, there are gtill substantial areas with-
in Zaria and the outlying region where the inhabitants depend on
well water for drinking and other domestic purposes. TFor example, gome
parte of Samaru village and  Muchia area of Zaria where samples
from eight different wells at different locations were analysed.
For these inhabitants, the quality of the available water weuld
have an important bearing on their siate of health and well=being.
Rational planning for the health of these inhsbitants requires a
knowledge of the state of the water which is available for their

Nieca

1.5 POSSIBLE EFFECTS OF INDUSTRIAL EFFLUENTS

As has already been stated, Zaria is an increasingly important
industrial centre within Kaduna State., The activities of the
varioug industries result in the production of chemical waaste
products, some of which end up in their water effluents., Other
towne such as Xaduna, Kano and Jos, from where thirteen effluent
samples were collected and analyzed, have industries which also

rroduce effluents that are of chemieczl interest,



There is currently no general awareness within Nigeria of the
possible illeeffecta of such effluents. Moat of the problem results
frem lack of basic information.

7

Domestic plumbing regulations’ and practice recognize the
saparatensss of water supply and sewage disposal systems. How-
cver, the necessity frr separatogss is usually not taken seriously

or acted upon by industrialists. The problem is partly economic but
also partly due to lack of information. Many of the industries in.
thig country are not even aware of the composition of their effluents.

tay effort, like the present project, which is directed to a
determinatich of the compogition of effluents, represents for them,
an unwarranted and often unacceptable expenditure. BEwven in the
developed cruntries, industries do only those determinations that
are legally enforced on thems and do their best to eliminate or
cireumvent legal requirements.

In the ecircumstances, the Universities could prove %o be the
test ngents for obtaining the basic data which could be used at

the official level for policy decisisns.



Aims and Objectives

This project is undertaken to

1) study the chemical constituents of some of the available
domestic water supplies which include four well water samples
from various locations in Bamaru, four others from various areas
of Muchia, Zaria Dam water, Jos Dam water, treated water from Zaria

water-works, and water from the Laboratoery tap;

2} determine the composition of industrial.wéste water
effluents of some industries which lnclude samples from Avewa, United
Nigeria and Kaduna Textiles, Turners isbestors, Nigeria Brewery
and Superphosphate Fertilizer Company all in Kaduna, others are
North Brewery in Kano, Brytex Detergent Company and Maker; tin

Smelting Company of Josj

3) study the effect of cragulating agent on the solid

contents of the water samples.

This study would hopefully provide basic data on the quality
of avallable water supplies as well as some industria) effinents:
and it aimse,

i} to satisfy a basic scientific curiosity;
ii) to suggest a programme fer the systematic monitoring

of the chemical effects of man's domestic and indust-



iii)

iv)

rigl activitles on the quality of aveilable water
supplies;

to stress the need, to the Governmeni, for controlling
environmental pollution due to chemical effluents, by
enacting laws or giving guidelines by which induste
ries must operate;

to stimulate awareness of , and lnterest in, the
exigting sitvation with a view to encouraging the

development of national water policies and plans,

In an attempt to achieve these, the following studiss were

caxried out on the samplesi=-

a) Moasurement of temperature, electrical conductivity,

b)

e)

sclid content and pH,

Determination of alkalinity, residual chlorine, disgolved
oxygen (D0}, | |
Determination ef nitrogen, Sulphate, Sﬁlphide, and

hardness,

Treatment of water samples with coagulating and flocculating

agents followed by the measurement of solid content,
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e) Determination of metal ions by flame photometry (for
calcium, sodium and potassium), and atomic absorption
spectrophotometry (for calecium, sodiwm, potassium,

magnesium, copper, zinc, lead and iron),
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CHAPTEHR II

SAMPLING AND  METHODS OF ANALYDTS

2.1 SAMPLING | | o - T

It ie generally belleved that the result of any analysis
depends to a large extent on the sampling methed, The instability
of water and effluent samples necessitates sampling precautions to
correct or prevent changes .in gawple composition between time of
collectien and analysis. |

More meaningful results can be obtained if the purpose and
types of analyses are clearly defined before =sampling,

Bvery sample wag labelled at the time of collection with

1) nature of sample,
11) time and date of collection, . . 4
iii) location of sample,

iv) temperature and pH,.

Representative Samples

It is of utmost importance to obtain a sample that is truelly
repreaentative of existing conditions and to prevent its deterio-

ration or contaminatien before analysis, Sometimes, representative
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Bamples can be obtained"only by making composites of gampleg that
have been collected over g Period of time or at many different
sampling peintgs, However, it ig of iImportance that mnmerous
separate samples he analyzed to give consistent resyults instead

of just one composite sample, In the pregent work, three geparate

gamples were anelyzed for each Bource or location,

242 SAM@LES STUDIED _

These included eight well water samples, labelled-well 1 to
well B, feur of which were from various locations of Samaru Village
and the sther feur frop varioue locations of Muchia and Zarig town,

There were two dam water samples, from Jos Dam and Zarig Dam
labelled Jes (D) and Zww (R) Tespectivelyp and a gtresm sample

from Gubuchi stresm along Makarfi road in Kaduna labelled knJ,

There were also treated water samples from Zaris water-worka labelled

Zww (T) and the laboratory tap water labelled Tw,

The Industrisl Effluent samples included thoge frem Makeri
Tin Smelting Company in Jos Labelled MAX 1 to 5, Brytex Soap and
Detergent Company in Jen, Arewa Textiles, Kaduna Textiles (KTL I &
II), United Nigerian Textiles (INTL), Turners Asbestos Company,
Superphosphate Fertilizer Company (8P I & I1), Nigeria Brewerios —

all in Kakuri Kaduna; and Nerth Brewery, Xano,
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2.3 TIME INTERVAL BETWEEN S:MPLING AND ANALYSIS

It is an accepted fact that the shorter the time interval
between sample cnllection and analysis the more reliable and mean-
ingful the result, However, this depends on the type of analysis

as is mentioned in Table 2.1.

2.l; SAMPLE PRESERVATION

Complete and unequivocal preservation of samples, either
domestic sewage, or industrial wastes, or natural wa.teraB is a
practical impossibility. HRegardless of the nature of the sample,
complete stability for every constituent can never be guaranteed.
At best, preservation techniques can only retard the chemical and
biclogical changes that inevitably continue after the sample is -
removed from its source, Certain chemical changes alter the chemi-
cal structure of the constituents that are a function of physical
conditiens, Metal cations may precipitate as hydroxides or form
complexes with other constituents, cations or anions may change
valence states under certain reducing or oxidizing conditions;
other constituents may dissolve ar volatilize with the passage of
time., Metal cations, such as iron and lead, may also adsorb onto
container (glass, plastic, quartz, ete.) surfaces, Biological changes

in the sample may change the valency state of an element or a radical.
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Soluble constituents may be converted to organically bound
materials in cell structures. The well known nitrogen and
phosphorus cycles are examples of biological influence on sample
composition,

Preservation methods are generally limited to pH control,

chemical addition, refrigeration and freezing; and are intended to

i) retard biological action
ii) retard hydrolysis of chemical components and
complexes, and

iii) reduce volatility of constituents.
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TABLE 1.1: SHOWS THE VARIOUS PRESERVATION METHODS THAT WERE
USED TO RETARD CHANGES IN SAMPLES,
Meagurement Preservation Method . Holding Time
Temperature Determined on site No holding
pH Determined 01: site £ Roves
or cool at I} C
Conductivity Cool at 4°C 2} hours
£1kalinity Cool at 4°C 2y hours
Settleable Matter | None required 2l; hours
Kjeldahl Nitrogen | Cool at L°C 7 days
H,50, to pie 2
Metals ‘II'JC'3 to pH< 2 6 months
Hardness Cool at L°C 7 days
HNO; to >
Dissolved Oxygen | Fixed on site L-8 hours
BOD Cool at L°C 6 hours
Chlorine Determined on site No holding
Sulphate | Cool at 4°C 7 days
Sulphide Lml/1 Zinc acetate 2l; hours

2.5 ANALYSIS OF THE SAMPLES

Because of the reasons listed above some analyses were carried

out on the spot of sample collection using portable but sensitive

instruments.

These analyses included:w



i)
ii)
iil)

'. iv)

16

Temperature

pH |

Blectrical confuetivity and
Repidual chlorine;

whereag othor studies weré carried ocut iIn the laboratories.

EXPERIMENTAL

ﬂpparatus

Thermometer: 4 thermometer of 0 to 100°C temperature range
Conductivity Bridge: Type MC 3 EIL portable conductivity
Bridge.
pH Meter: Griffin portable pH Meter type B 17 Dh,
Cven: A thermostatically centrolled electric Gallenkamp
oven BS Model, OV — 160 size 2 range 20=260°C
FPurnace: 4 Gallenkanmp electric furnace with a temperature
" range of 0-1000"C, B
Heating Mantle: 1 litre capacity with range 10 to 100%,
Atomiec Absorption Speetrophotometer: A Pye Unicam SP 1900
h ftomic Abporptien Spectrophotometer.
Flame Photemeter: A Gallenkamp Flame Analyzexr type 27-

- FGA«300=4,

At
-y
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Glasewares: Incubation bottles of 250ml capscity for

Biochemical QOxygen Demand Pyrex-¥ jeldashl flasks
of 300ml capacity and Pyrex—glase distillation
pet-up for nitrogen determination.

Reawents and Chemicals

All reagents and chemicals used were of Analytical grade,
mlegs-~otherwlge sgtated.

Sulphuric acid, 0.02M was prepared by diluting 1.08ml of
sulphuric acid, 98%, sp. gr. 1.084 to 1 litre with distilled water,

Kydrochloric acid, 0.01M was prepared by diluting 0.86ml of
hydrochloric acid, 36%, 3P« &£« 1.18 to 1 litre with distilled water.

This was standardized? by titeating sgainst 0.2y anhydrous
sodium carbonate {dried at 260°C for one hour and cooled) which
wos dissolved in 50ml distilled water with methyl orange as indigatfaer.

Methyl orange indicator solution, 0,1% (mf\b was prepared by
dissclving 1g methyl oronge in weter and mede up to 10Qul with
gistilled water. - B

Phenolphthalein indicator zclution 1% (mfbﬁ wag ﬁrepare& bf
dissolving 1g phenolphthalein in 100ml of ethanol, 95% CH?\O,
and 100ml  of weter added with stirring. ' |

hoetic acid, glacial

Ammonia solution,'sp;”gr. O.BS

Staveh indicator © solution, 5% (nﬁ\ﬁ, was prepared by trifue
rating 52 soluble starch into a smooth paste with a small amount

of cold water and the slurry poured, with conatant stirring, into
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1 litre of boiling. This was boiled for 1 minute, allowed to
cool before use and was preserved by the addition of 1.25g salicy=-
lic acid,

Sodium thiosulphate, 0.128Menon-standardized volumetric
solutien, was prepared by dissolving 31.2g of hydrated sodium
thiosulphate, Na.23203.5}120, in water and diluted to 1 litre.

Scdium thiosulphate, 0,0025M ~ standardized volumetric solution
was prepared by diluting 20ml of godium thiosulphate, 0,125M to
1 litre. This was atandardized” by titrating with a solution
containing 10ml of potassium iodate, 0.,0025l%, 0.,5g of potassium
iodide, and Sml glacial acetic acid all dissolved in S00ml
distilled water and allowed to stand for 1 minute, until the
colour of the liberated iodine was nearly discharged after which
2ml eof starch indicator solutirn was added and titrated to blue
end point.

Potassium iodate, 0.0025M - was prepared by diluting 20ml
of potasgium iodate, 0.125M, (L.L59g/1 , dried at 110°C for 1 hour)
to 1 litre with distilled water.

Potassium iodide solution, 50g/1 (m/y) was prepared by dissol-
ving 50g of potassium icdide in water and made up to 1 litre with

water,



19

Iodine solution, 0.125M -~ was prepared by dissolving 25g
potassium iodide in 50ml water, 15.9¢ of iodine was allowed to
dissolve in this and the solution made up to 1 litre.

Cadmium acetate solution was prepared by dissolving 250g
cadmium acetate in water and made up tn 1 litre.

Silver .nitrate-nitric acid reagent was prepared by dissolving
B8.5g silver nitrate and 0,5ml1 oconcentrated nitriec acid in 500ml
distilled water,

Sodium hydroxide, L4O¥ (w/V) was prepared by dissolving LOg
sodium hydroxide pellets in 100ml distilled water,

Boric acid, 4% (m/V) was prepared by dissolving Lg boric acid,
in 100ml of distilled water.

Mixed indicator rolution 0.1% (m/V) was prepared by dissolve
ing 5¢ each of methyl red and Bromocresol Green in 95% ethanol,

A phosphate buffer to give a pH of about 7.2 was prepared
by dissolving 8.5g potassium dihydrogen phosphate,

21.75g dipctassium hydrogen phosphate, 33.4g
disodium hydrogen phosphate, heptahydrate, and 1,7g ammonium chloride
in 500m1 distilled water and made up to 1 litre,

A buffer solution of about pH 10 + 0,1 was prepared by adding
a solution of 1,179g discdium salt of ethylenediamine tetraacetic
acid dihydrate (EDTA) and 0,78g magnesium sulphate heptahydrate,
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in 50ml distilled water to a solution of 16,9g ammonium chleoride
in 143ml concentrated ammonium hydroxide with mixing and the
resulting solution was diluted to 250ml with distilled water.

Standard EDTA titrant, 0,01M was prepared by dissolving
347238 of disodium ethylenediamine tetraacetate dihydrate, (iDT4),
Na2H2C1OH1208N2.2H20, in distilled water and made up to 1 litre,

This was standardized with a standard caloium12 snlution of
18 anhydrous calcium carbonate dissolved in a little 1+1 hydre-
chloric acid and then 200ml water, the solution boiled to expel
carbon dioxide and then made up to 1 litre with water,

Erigchrome black T dye indicator was prepared by dissolving
e mixture of 0,5¢ dye and 4.5g hydroxylamine hydrochloride in
100ml of 95% ethylalcohol,

Magnesium sulphate solution was prepared by dissolving
22,5g of magnesium sulphate heptahydrate, Mgsoh.7h20 in distilled
vater and made up to 1 litre.

Calecium chloride solution was prepared by dissolving 27.5g

anhydreus calcium chloride in water and made up to 1 litre,

Ferric chloride snlution was prepared by dissolving 0,25g ferric

chloride hoxahydrate, FeCl3.6H90 in water and made up to 1 litre,
Alkaline iodide-izide solution was prepared by adding a solution

of 10g sodium azide in LOml distilled water to a solution of S00g
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_ *
sodium hydrexide and 13%g scdium iodide in distilled water which
had been diluted to 1 litre, | |

Y. Measurement of Electrically Conductiviiy . B
- Erinelple | " |

Conductivity is a measure of the ability of a cenductor to

convey an electric currvent. In the came of water, it ig related
to the concentration of ions pregent and to the temperature at
which the measurement is made. 3Being the reverse of resistivity
{with chm/em as unit), it is generally reported as mhe/om. The
conductivity of most waters are so low that it is often reported
asf{fwho/cm (micre mhofem). Conductivity gives no indication of
the nature of the substances in solution, but merely reflects an

increase or decresse in overall ion concentration.

Meagsurement: After rinsing the clean cell with the sample,
it was filled with the sample and the temperature measured, The
selector gwitch was set to X100 vrange, the "ON" key depressed and

the conductivity recorded > as in Table 3.1.

2. Measurement of pH

Thig was carried out in the field with a portable battery-
operated field pH meter. The accuracy of the meter was improved
by checking against buffers of nown pH values close to those

of the samples,
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L of the scale factor of the

Measurement: The correctness
meter was checked by standardizing with various buffer solutions -
PH 2, 4y 7, 10 and 133 by checking each time to see that the
correct reading was obtained (without further adjustment of the
controls) on a succeeding buffer solution different from the

preceeding one, The pH values obtained are given in table 3.2

3. Determination of Solid Contents

(a) Total Solids

Principle
A well mixed sample is evaporated in a weighed digh and

dried to constant weight in an oven maintained at 103 te 10500.
The increase in weight over that of the empty dish represents
the total residue, which is an arbitrary quantity defined by the

precedure followed,

Procedure: A clean percelain evaporating dish was dried in an
oven at 103 to 105’0, cooled in a desiccator and weighed to constant
weight at an hourly interval. 100ml of the sample was then allewed
to evaporate to dryness in the dish over a steam bath, after which
the residue was dried in an oven at 103—1OS°C for one hour, ceoled
and weighed, Subsequent drying, cooling and weighings were made

until successive weights did not differ by more than 0.2mg.
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(t) Detemmination of Q;%\,EE\ Solidg

The recommended methods, in order of Preference are

(1) Filtration through glass fibre filtor dises and
(ii) Centrifugal method which is not applicable if any part

of the suspended sgolig floats,

In this work, the filteration methad was used,

Procedure: The glass fibre filter dige was placed at the

bottom of a Gooeh erucible and with vacuun suction, it was waghed

the washings digscarded. Imder vacuumt, 100ml  of o well mixed
sample was then filtered through the fiber disc. a known volume

of the filtrate wag then transfered into g breignited, ocoocled ang
weilgheq evaporating diaH::;mporated over steam - bath; the residue
was dried at 103-105°C, cooled and welghed to & successive weight

diffevence ef about Ou2mgy The results are shown in table 33,

41} Calecwlatien:
(a) we/1 total molids _ : o

= (A -~ B) x 1000
C




vhere A = weight of dried residue + dish
7B = weight of empty digh
C = volume of sample uged

C®) /1 Basoed so1ids
R - ({111 _.31) x 1000

%
ﬁ“l = welght of digh gng dried resgidue
B‘l = welght of empty digh
Cy, = volume of filtrate used,

{c) SAS'?:e.aéﬁéeolids (mg/1) N _ ' | .

= Total solids - ﬂiss.c.»\uu:\- sclida,

Alkalinitx
Principles Hydroxyl ions Present in a sample ag g result

of dissociation op hydrolysis of solutes are neutralized by titrgt-
dion with standard acid.15 »16 The ameunt of carbonate and hydroxyl
ions is determined by titration with acid to pHaB,3, the end

point being deteoted with phenolphthalein,

Seliy with methyl orange, as eng point indicator, .

[ .?-" [
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The four quantities commonly reported are:

Guantity Symbol Compounds End point i
1. Phenolphtholein alkalinity| P4 OH“+0032“ 8,3
2 Total alkalinity 4 OH-+0032'+H005 L2 b0 5u
3, Carbonate alkalinity CA oo§‘+Hoo§
L. Total Carbon dioxide oC CO§"+HCO§+COQ

CA and TC may be obiained by calculation from T4, the pH and conductivity

of the original water sample.

Determination

There are two standard methodes
(1) Potentiometric method, and

(2) Indicator method.

Altheugh the first method is for water samples of low alkalinity,

o
i the indicator mothod was used due to its rapldity, conveniecnce

. @p well as accuracy for this work.

Procedurs: To 100ml filtered mample was added 2 drops (O,1ml)

| phenclphthalein and tltrated tc carbonate and hydroxide end point with

0,028 HZSOL; and titre noted.
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To the above solutien was added 2 drops (C.1ml) methyl
orange and further titrated te carbonate and bicarbonate end point
with 0.02M sulrhuric whilc noting the titre value as the total
volume of acid used for both titrations, The experiement was
repeated twice gore to cbtain the mean reading, 7The results are
given in table 3.4, |

The reacticne taking place are as followasi-

i) Hydroxide:
- o
RyS0) + 2 fom \ >80 + 26,0
ii} Carbonate:

£ P : - -
HyS0,, + 210057 1 =2 500 i + 507

iii) Bicarbonate:

I ‘.\ 2=
H2SOL + élﬂcoj ’J-#SOM + 2H2003

Calceulation:
a) Phenolphthalein Alkalinity:

=4 x M x 1000

as mg/l CaCo
3 v

n

b) Methyl Orange (er Total) 4lkalinity:
A1 * M x 1000
v

as mg/l CaCoy =
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where 4 = volume of sulphuric acid used for (a)
4, = total volume of sulphuric acid used for (a) & (v)
M = Molarity of sulphuric acid

V = Volume of sample used.

5« Determination of Regidual Chlorine

Of the several methods available for this determination, the

lodometric Hcthod17 was found suitable and used for this work.

Principle: Chlorinz liberates free iodine from potassium
iodide solution at pH 8 or less. The liberated iodine is titrated
with a standard sclution of sedium thiosulphate, with starch as
the indicator, The reaction is preferably carried out at pH

3 to L.

Procedure: To 500ml sample was added 10ml of potassium
iedide solution {or 0,5g of the solid) and Sul of glacial acetic
acid,

This was mixed and at once titrated, away from sunlight,
with standardized sodium thiosulphate, 0,0025! until the colour
of the liberated iodine was nearly discharged, 1ml starch indica~-
tor solution was added and the mixture titrated until the blue

colour was discharged.
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The result of the saﬁple titration was cﬁxmected with a
blank titration to anmale contribution by interferring free
icdine or iodates or traces of reducing agents that might reduce
gone of the icdine liberated. The experiment was repeated itwice

noYre .

6. Determination of Dissolved Oxygen (T0) o

The two available metheds used for determination of disselved

oXygen arei-

1) The Winkler or Icdemetric method

2) The Blectrometric method using membrane electrodes,

The iodemetric method is a titrimetric procedure gased o1
the oxidizing preperty of Uisgolved Oxygern, while the membrane
electrede preacedure is based on the rate of diffusion of molecular
OXygen acrogs a newbrane. | h

The iedemetrie method, krnown fo be the most precise and

reliable titrimetric methed was used in this work,

Principle: The determination is based on the ﬁddifioﬁ of
divalent manganese golution, fellowed by strong alkali, to the
gample in A glass=-stoppered bottle. The dissclved oxygen Present

rapidly oxidizes an equivalent amount f the dizpersed divalent

mangancus hydrexide precipitate to hydrexides of higher valency
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states, In the presence of iodide ions and in acid medium, the
oxidized mangnnese reverts to the divalent (or lower) state, with
the liberation of iodine equivalent to the original Dissclved
oxygen content in the sanple, The iodine is then titrated with
a standard thiosulphate solution,

The reactions involved18 arei=

il 2{0&'1 —_— Hn(OH)2
2Mn(OH), + 0, 2MnO(0H),
Brown

————r

MnO(OH)2 + 2H,50 > Mn(SOh)z + 30,0
Mn(soh + 2KI > MnS0) + K,80) + I,

)2

Procedure: A bottle of 250ml capacity was filled to the
brim with the sample solution., 2ml manganous sulphate solution
was added, with a pipette, to the sample well below the liquid
surface, and 2ml alkaline iodide solution added at the surface.
The stopper was carefully replaced to avoid inclusion of air
bubbles and the contents thoroughly mixed by vigorously inverting,
and rotating the bottle several times,

The mixing was repeated, when the precipitate had settled to
the lower third of the bottle, and the precipitate was then allowed
to settle completely, leaving a clean supernatant liquid. ULml of

diluted sulphuric acid was then added with a pipette. The stopper
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To this were added 1ml each of phosphate buffer solution, mangan-
cus sulphate, calcium chloride and ferrie chloride solution per

litre of water.

Procedure: A 250ml capacity incubator bottle was half-
filled with the sample sclution without any entrainment of air
and the sample pH adjusted to between 6,5 and 8,5 by the addition,
where necessary, of acid or alkali, (1M H,S0) and 1 NaOH respecti-
vely). To this were added 2ml each of alkaline iodide-azide
solution and sulphuric scids The bottle was then filled to the
brin with dilutien water, vigorously shaken, and 200ml of the
pixture titrated against 0,01251 sodium thiosulphate using starch
as indicator, to obtain the dissolved oxygen content of the
sample before incubation,

The process was repeated and the BOD bottle incubated in the
dnrk at 20°C for five days before titrating another 200ml of the
sample against 0,0125M gedium thiosulphate solution with starch
as indicator, The blank dilution was similarly incubated and the

D0 also determined, The results are shown in table 3,6,

Calculation
BOD as mg/l = 1 2




32

where

Dissolved oxygen (D0) of original diluted sample

'y
H

before incubation
D, = DO of diluted sample after incubation

P = Volume of sample used.

8. Determination of Hitrogen

Kieldahl Digestion (Volumetric) Method: The conversion of

organic nitrogen to ammonis is the bhagis of the well-known
Kjeldahl's digestion method,20 the crmmon method for the determina~

tion »f total nitrogen.

Principle: 1In the presence of sulphuric acid, potagsium
sulphate and copper sulphate catalyst (mixed catalyst), the aminr
nitragen nf many organic materials is converted to ammonium sulp-

hate? |

. After the deoompomition of the copper ammonium complex
in the digestate the ammonia is distilled from an alkaline medium
and absorbed in bhoric acid after which the ammonia is determined

by titration with a standard mineral acid-

Procedure: 10ml of the water sample and éml of concentrated
gulphuric acid were placed in a 300ml Kjeldahl digestion flask.
1g of catalyst mixture was added and the solution digested until

it became oleap (2 to L hours).
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.

After cooling, the digest was diluted to 50ml with distilled
water. 5ml of LO¥% sodium hydroxide was added to Sml of the
digest in a distillation set up and the ammonia was steam -
distilled into 10ml beric acid containing a drop of mixed I,
indicator in a receiver,

The distillate was titrated against 0.0142M (¥/70) hydrochleric
acld to end point. The experiment was repeated twice more and
a blank titration using all the above reagents was also carried

out with distilled water as sample. 'The results are ghown in

MW = molecular weight of nitrogen,

Table 3.7.
Calculation
Total Nitrogen as NI, = 1 X Titre x Vy x & x MW
(me/1 3 v
where
M = Molarity of Hydrochleric acid
V1 = total volume of digest
vV = original volume of sample digested
A = volume of digest digtilled i
|
|
|

’

e Detemination of Sulphate

The sulphate content of the gamples was determiped by gravimetric

method.
|
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Principle: Suifhate is precipitated in a hydrochlori¢ acid
medlun as barium sulphate by the addition of barium chloride,
The precipitation.is carried out near the boiling temperature, and
after a diéestionqperiod the precipitate is filtered, washed with
water untll free of chlorides, ignited and weighed as barium

sulphate, .:'a' _ | . . i
o i . .
Baclz + uOh -——~ﬁhBa50h + ?gl{

Procedure: Ta 100ml  of the sample vae added a few drops of
1+1 hydrochloric acid, cr ammonia sclution as necessary, until
the pH had been adjusted to L4.,5-5 using a pH meter. The volume
was adjusted to 250m) with distilled water, 2ml of 1+1 hydro-
chloric acid was added and the mixture boiled for one minute.

15ml  of hot barium chloride solution was gradually added
with stirring when precipitation appeared to be complete,

The precipifate was digested overnight at 80-9000 in an oven
after which it was riltered through an ashlesg filter paper and
washed with small portions of warmdistilled water until the washings
were free of chleride, as indicated by testing with pilver nitrate-
nitric acid reagent.

The precipitate and filter paper were dried in the oven at
80°-90°C and then ignited at 800°C in a furmace for one hour, cooled

in a dessicator and weighed., The ignition, cooling and weighing
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were repeated until a constant weight was obtained,

The results are shown in table 3.8.

Calewlation

Sulphate (me/1) as S0P~ = YelEht of Pa%0, x L11.5

Vol, sample used

10, Determination of Sulphide
By Precipitation Method: Of the two methods available for

the determination of sulphide, the precipitation or titrimetric

(iodine) method was found satisfactory and used for this work.

Principle: Cadmium sulphide is precipitatea e by the addition
of the sample to a solution of cadmium acetate, The precipitate
is separated and acidified in the presence of excess standard
iodine s¢lution, Hydrogen sulphide is liberated and ir oxidized
by the iodine, the amount of icdine consumed being determined by
titration,

2+ 2~

Cd + S

—_— CdS
o
cds + H250h -—-)Cdsoh + HQS

HZS +12—-)2HI + S
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Procedure: To 10ml of the sample §n a S0ml oapaoity beaker
was added 10ml of cadmium acetate solution. The precipitate

formed was allowed to settle and the cleaw supernatant liquid was
discarded through a filter paper, The precipitate was transfered
to the paper and washed with water, Into a 250 ml wide mouth
conical flask was placed 100ml distilled water, 10ml diluted
sulphuric acid and 20 ml1 iodine solution, The filter paper was
then dropped into this mixture and the stopper quickly inserted
while vigorously shaking the flask to complete thie solution of the
sulphide, The excess iodine was titrated agninst the standard
sodium thiesulphate seclution using starch as indicator near the
end point,
A blank titration wae also carried out and the whole procedure

was repeated twice more,

The difference between the blank titre, V,, and the experimental

1'
titre, Vz, gives the volume of the iodine consumed, The results are
shown in table 3.9.

Caloulation

Sulphide as 5°~ = (V1 = Y2) 2990 oy
V3

where

V1 = volume Of sodium thiosulphate consumed for blank
V2 = volume of sodium thiosulphate consuied by sample

V3 = wvolume of sample used,
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11, Determination of Hardness

The accurate method for determining hardness is to compute23
it from results of complete minera. analysis, Although this
method is considered to yield higher accuracy, it was not used
fer the present work since a complete mineral analysis was not
undertaken,

The complexiometric method, being more suitable, was used,
This involved the use of the dispdium salt of ethylene diamine
tetraacetic acid (EDTA), which is more soluble than the pure acid
itself as a titrant for the calcium and magnesium ion in the sample
by direct titration,

EDTA and it's sodium salt form soluble hexadentate chalates2h
with calcium and magnesium ions in a basic medium, (pH 10), releasing
two moles of hydrogen ions for each mole of alkali;e earth ion
complexed.

2 2

cat + HY

T s car" 4+ 2w’
2

M2t . H2Y2--—-—:'b-HgY2- + 20"

Procedure

(a) Determination of Total Hardness: To 50ml of sample

were added 1ml ~f ammonium chloride/ammonium hydroxide buffer

and two drops of Eriochrome Black T. The wine-red solution was
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titrated with 0,01M EDTA solution to a clear blue end point with

dropwise addition of the titrant towards the end point.

(b) Determination of Calcium Hardness: 25ml of the sample

was diluted to 50ml with distilled water, 2ml of 1M sodium
hydroxide and 1g of murexide indicator were added and the wine-red
solution titrated to a clear-blue end point,

The results are shown in table 3,10,

Calculation:

A x B x 1000
ml sample

Total hardness as mg/l CaCOy =

A x B x 1000
Calcium hardness as mg/l CaC0y = 25 i

where
A = volume of titrant for sample
B = milligram Ca.CO3 equivalent to 1,0ml EDTA titrant

at the end point.

(¢) Magnesium hardness = Total Hardness = Calcium hardness,

12, Determination of Metal Ions by Flame Emission and Atomic
Absorption Spectrophotometxy

(a) Flame Emission

Principle: When atoms of an element are heated in a flame25

some of the heat energy is absorbed by a few of the atoms which
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become excited, that iz, there is a transitioglg? one or more
electrons from the ground state to higher energy levels, On
reverting to the ground state the electrons lose this energy which
is emitted ag eleciro~magnetic radiation, The wavelength of the
emitted radiation is governed by the energy change involved in
the transition. For each elemsnt there are certain permitted
shifts giving rise to a series of lines, cach serlies being charac-
terigtic of the element. The intensity of any one line is
governed principally by flame temperature, other atomic species
pregent and the number of atoms of the element in the flame at
any one instant,

The bagis of quantitative flame photometry is that, if
operating conditions are kept oconstant, the intensity of radiation

§¢

will be a measure of this number.

(b) Atomic Abserption Spectrophotometry

Principle: Atomic absorption spectra are formed by the
absorpiisn of radiation of certain wavelengths by atoms whose
electrone are in the ground state, On abeoxbing this energy the
atoms become excited. The extent of abporption is dependent on
the number of atoms in the ground state in the path of the radiation
beam at any cne time and can thus be used as a quantitative method

of determining this number.
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In practice, a solution of the element is sprayed into a
relatively cool flame in which the atoms tend to remain in the
ground state, Radiation of a characteristic wavelength from a
hollow cathode discharge lamp is passed through the flame and
the decrease in intensity is measured using a monochromator and
detector system. This decrease is related to the concentration

of the element in solution.

Analysis of Samples: The samples were quantitatively analysed

for sndium, potassium and calcium ions by flame emission spectro~
scopy; and sodium, potassium calcium, copper, magnesium, lead,

iron and Zinc by atomic absorption spectrophotometry.

(1) Flame Emigsiun Spectroscopy

Reagents: Sodium chloride Analytical Heagent
Potagsium chloride Analytical Reagent

Anhydrous calcium carbconate Analytical Reagent

Procedure* Standard scluti~ns were prepared to obtain cali-

bration curve for each metal ion as follows:=
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Sodium Standard: A stock solution containing 1000 ppm
sodium was prepared by dissolving 2.542g¢ sodium chloride, (which
had been dried at 140°C for 1 hour and cooled), in water and made
up to 1 litre, ¥From this solution standard solutions were made
of O to 10 ppm by diluting 0,1ml of the stock to 100ml to give

1ppm and s» on,

Potassium Standard: A stock solution containing 1000 ppm

potassium was frepared by dissolving 1,9068g potassium chloride,
(dried at 110°C for 1 hour and cooled), in distilled water and
made up to 1 litre. 0O to 20 ppm standard solutions were then
prepared by diluting, for example, O.,iml of the stock to 100ml
with distilled water to give a 1ppm potassium standard solution,

and so on,

(c¢) gCalzium Standard

A 1000ppm calcium stock solution was prepared by dissolving
2.4973g dry calcium carbonate in 200ml distilled water containing
5ml concentrated hydrochloric acid. This was heated to drive off
carbon dioxide, cooled and made up to 1 litre with distilled water,
0 to 100ppm caleium working standards were then prepared by diluting
appropriate volumes of the stock solution to 100ml with distilled

water,
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Pretreatment of Samples: Most of the industrial effluent

samples required no pretreatment, However, a few samples had to
be pretreated tc enhance complete availability of the metal ions

of interest in solution, The pretreatment procedure used involved:
Addition of 0.5ml concentrated sulphurie acid to 150ml of unfile
tered sample, This was boiled down to the white fume stage, cocled
and 1ml 60% perchloric acid (HCIOh) and 5ml concentrated nitric
acid were added, This was evaporated until solution was clear
without allowing the solution to dry uwp, The clear solution was
filtered into a 100ml volumetric flask and the volume made up

to the mark with distilled water, The standards for all the pre-

treated samples were also treated as above,

(2) Atomic Absorption Spectrophotometry

The proecedure followed for the preparation of standard sclutions

were as followg:=

(a) Calcium Standard: 1000ppm caleium stock solution was
preparal by dissolving 2,7693g calcium chloride in 100ml water
and diluted to 1 litre with distilled water, © to 10 ppm soclutions
were prepared from this by diluting appropriate volumes of the

stock gsolution with distilled water.
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(v} Copper Standard: 1000ppm copper stock solution was
prepared by dissolving 3.7980g hydrated copper nitrate,
Cu(N03)2.3H20 » in 250m1 distilled water and the sclution
made up te one litre with distilled water, U-10ppm standard
solutions were then prepared from this stock solution by dilution

with distilled water,

(¢) Iron Standard: 1000ppm iron stock solution was prepared

by dissolving 4,.8,,00g hydrated ferric chloride, (FeCl3.6E120), in
200ml distilled water and the solution diluted te 1 litre with
distilled water. O te 2 ppm iron solutions were then prepared by

diluting O,1ml of the stock to 100ml with distilled water to give

a 1 ppm iron solution, and so on,

(d) Lead Standard: 1000 ppm lead stock solution was prepared
by dissolving 1.5980g lead nitrate, %(1103)2 in 100ml distilled
water and the solution made up to 1 litre with distilled water O
to 8 ppm lead standard solutions were then prepared by diluting
appropriate veolumes of the stock solution to 100ml with distilled

water,

(e) Magnesium Standard: 1000 ppm Magnesium stock solution
was prepared by dissolving 3.9160g hydrated magnesium chloride,

Hg(.‘.lz.éﬁzo in 200ml water and the solution diluted to 1 litre
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: AR

with distilled water O to 1.Lppm magnesium standards were then

prepared from the stock wolution.

(f) Potassiwn Standard: 1000ppm potassium stock solutien

was prepared by dissolving 1.9070g of drxy potassium chloride,
KCl in 250ml water and the solution made up to 1 litre. O to
5ppm potaseium standard gclutions were then prepared from the

stock solution,

(&) BSodium Standard: 1000ppm sodium was prepared by

disgolving 2.5420¢ sodium chloride, NaCl in 200ml water, making
the solution to 1 litre with water and 0 to 5 ppm standards

prepared from it,

(h) Zinc Standayd: 1000ppm zine stock solution wag

prepared by dissolving 1.2450g Zinc oxide, 4n0, in &ml water
followed by 25ml 5M hydrochloric acid and the solution diluted
to 1 litre with distilled water. O to 5 ppm standards were

prepared from this, ' t .. o 'j' .

13. Ireatment of Water Samples With Coggulating and
Mocoulating Agents o N :

Prineiple: Coagulation26 is a process which describes the
effect produced by the addition of a chemical to a colloidal

dispersion resulting in particle destabilization by a reduction
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2+ +
0
+ H3

2+
ALEDO), P 4 O —s A1(H,0), (0i), * + 330*

A1(H,0), (0H), ¥4 Hy0 —— f-.l(H20)3(0HJ3 + HBO"

.@1(;{20)6 L 10— A1(520)501I

The same thing applies to hydrolysis of iron,

Reagents: Aluminium sulvhate. Analvtinal Ranman+

L5

of the forces tending to keep the particles apart. This is

achieved by adding appropriate chemicals which cause particles to
stick together when contact is made., Rapid mixing leads to unifoim
dispersion of the chemicals and in increased particle-~to-particle
contact.

In contrast to coagulation, where the primary force is
electrostatic, floceculation occurs by a chemical bridging or
physical ermeshment mechanism and is obtained by a gentle and
prolonged mixing which converts the submicroscopic coagulated parti-
cles into discrete, visible, suspended partioles, which at this
stage are large enough to settle rapidly and can be filtered.

The use of aluminium and iron salts as coagulants has been
known for over a century, although the precise mechanism of their
operation has not been clearly worked out, The original concept
that the positively charged tripositive aluminium and iron ions
formed in solution neutralized the negatively charged turbidity
particles, which removed the repulsive force between them, and
resulting in agglomeration is now known to Le incorrect. The current
view is that, it is the products of hydrolysis of aluminium and
iron, and not the metal ions that are the coagulating agents.

The hydrolytiozT reaction involved is:
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where
A = weight of empty dish + dried residue
B = weight of empty dish alone

¢ = wvolume of sanple used,

(b) svspended solid (mg/1) = (A1 = Byj X 1000

where A, = A in (a)

B, = B in (a)

1
C = Cin (a)

(¢)’ Dissolved solid (mg/1) = Total solids - suspended solids,

The results cbtained are shown in tables 3.7 (1I.VI),
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RESULTS OF ANALYSES

The results of the various analyses are given in tables

3,1 = 3.17

TiBLE 3.1: Results of Determination of Electrical Conductivity
with the corresponding Temperatures

Sample | Temperature (Oc) | Slectrical Conductivity
( mho/em)
t (x10%)
Well 1 29 i 6487 % 0,06
7 2 29 3.07 + 0,06
3 28.5 | 1.83 + 0,06
b 28 | 2.50_: 0.0l
5 27 3.30 + 0,04
6 29 2,80 + 0,00
o 7 26 2.10 + 0,05
8 26.5 2420 + 0,00
Zii(R) 25.5 | 0.53 + 0.06
Zww('?) 26 1423 + 0,06
™ 25 1407 + 0,06
Jog(D) 29 0,10 + 0,00
KD 26.5 0423 + 0.06
1AK 1 1 29 | 2.50 + 0.05
MK 2 28.5 4403 + 0.06
MAK 3 | 29 2,07 # 0,02
MAK L | 28 1.73 + 0.06
HAK 5 | 28 7.33 x 10" & 0,06
AREWA [ 26 2,57 x 10" & 0,06




TABLE 3,1 CONT'D

Temperature (°C)

Electrical Conductivity

Sample
( mho/cm)

) (x10%)

UNTL 28 7.03 x 10" + 0,06
KIT, 1 27 2,07 x 10" 4 0.06
KIL I 27 1.33 x 10" + 0,06
BRYTEX ' 2645 0.57 + 0.06
ASBESTOS 26 9.03 x 10" + 0.06
SP I 28 3.10 x 102 + 0,05
SP II | 27 3.93 x 10° 4 0,06
NORTH BREW 27 2.63 + 0,06

WIC. BREW. | 29 177 x 10" & 0,06

50
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KTLI and IT ~ Effluents from Sewage treatment tanks I and
I1 from Kaduna Textiles Ltd.

BRYTEX - Effluent from Brytex Scap and Detergent
Company in Jos.

ASBESTOS - Effluent from Turners Asbestos Co., Kaduna

SP 1 and 1T Effluents from treatment plant of Ksduna

Superphosphate Fertilizer Co,
NORTH BHEW. - Effluent (total) from North Brewery, Kano.

NIG. BREW, =~ BEffluents (total) from Nigeria Brewery, Kaduna



TABLE  3.2¢ Measurement of pH

Sample . P
Well 1, 7.27 + 0,06
" 2! 6.17 + 0.06
" 31 6463 4 0,06
" Li  7.17 + 0.06
" 5| 6.50 + 0,10
" 6| 6.83 + 0,06
" 7| 6.40 + 0.00
" 8 6,50 + 0,00
ZWW(R) 6,40 + 0,10
Zww(') 7.23 + 0,06
W 7.27 4 0,06
Jos (D) 6.73 4 0.06
KD 6.07 + 0.06
MAK 1 T.43 + 0.06
MAK 2 6.30 + 0.00
MAK 3 6.90 x+ 0,00
MaK L 8.73 + 0.06
VAK 5 2.47 + 0,06
AREWA 5.23 + 0.06
UNTL 11.23 + 0.06
KPL T 10,20 + 0.00
KTL I 10.20 + 0.00
BRYTEX 7.87 + 0,06
ASBESTOS 12,20 4 0.10
sp 1 3.20 4 0,00
8P 11 3,10 + 0400
NORTH BRI 8.27 + 0.06
NIG. BRiW, 11473 + 0.06

52
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P.BLE 3.4 Results of Alkalinity Determinations

iPhenolphthalein Alkalinity | lMethyl Orange or

Sample
amp (ne/1 Ca003) i ’I‘ote(u.l mgﬂkgiicg;:y
dell 1 0.00 + 0,00 ‘ 163 + 0.06
2 0,00 + 0.00 | 1.83 &+ 0.06
3 0.00 + 0.00 i 1,05 + 0,10
" N 0.00 + 0.00 ! 1464 + 0,01
: 5 0.00 + 0,00 i 2423 + 0,06
6 0.00 + 0,00 | 3403 + 0,06
g 7 0.00 + 0,00 ' 0436 + 0,0
8 0,00 + 0,00 2.71 + 0,01
ZWW(R) 0,00 + 0,00 1 0,65 + 0.0,01
Zni(T) 019 + 0,01 0487 + 0,01
T 0.18 + 0,01 0487 4 0401
Jos(D) 0,00 + 0,00 0429 % 0,01
KDJ 0.00 + 0,00 0,88 + 0,01
MAK 1 0,00 + 0,00 154 + 0.01
MAK 2 0400 + 0.00 Oubly + 0,01
WK 3 0,00 + 0,00 0463 + 0.07
1K Y 0,00 + 0,00 0463 + 0,01
MAK 5 0.00 + 0,00 0.0 + 0.0
PIUSA 0.00 + 0,00 1.61 + 0,02
UNTL 1,10 + 0,01 0,53 + 0,06
KiL I 2.32 + 0.01 29.83 + 0,06
KTL 11 1.10 + 0,01 20453 + 0,01
BHYTEX 1,00 + 0,00 04T + 0,06
ASESSTOS 37.00 &+ 0,05 39,03 + 0,06
e 1 1.00 + 0,01 0.0 + 0.0
&P 11 1.00 + 0,00 0,0 -+ 0,0
HOHTH BREW 0.00 + 0,00 2423 + 0,06
NIG, BREW 9.25 + 0,05 13423 4 0.06
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yptermination of Hesidual Chlorine

For the exception of the Zaria Weater Works trested sample
(4WW T) and the laboratory tap water sample (IW) whose values
are:— |

Zwu (T} 0,51 + 0,01

TV 0.51 + 0.0

The repsidual chlorine values for all the other samples snzlysed

were below detection limit or negligible.



I/BLE 3.5: Determination of Dissolved Oxygen (Do)

sSample Dissolved Oxygen (mg/1)
Well 1 2.97 + 0,03
" 2 3.12 + 0,08
! 3 Le21 + 0,04
L 3.25 + 0,05
5 6.63 + 0,15
6 L.12 + 0,07
L 5409 + 0,10
8 16,95 + 0,09
ZWM(R) Te17 % 0415
20W(T) Tek2 + 0,03
W 754 + 0,15
Jos (D) 6.82 + 0,08
KJ 29.22 + 0,10
HAK T Lok + 0,07
MAK 2 5.38 + 0,01
MAK 3 L.37 + 0.01
MAK U 5.11 + 0,03
IAK 5 5418 + 0,01
AREWA 6.61 + 0.01
UMY, 6.21 + 0,02
KTL I 7492 + 0,01
KL 11 7.72 + 0.01
BRYTEX L.58 + 0,02
ASDFETOS 6.31 + 0,01
SP I 0.00
SP 11 0.00
IIORTH BREW 5,50 + 0,02
NiG. BREW 5.12 + 0,07




PABLE 3.,6: Results of Determination of Biochemical
Oxygen Demand, (BOD)

Sample i Biochemical Oxygen Demand (mg/1)
Well 1 5¢39 + 0,02
2 6.09 + 0,04
3 6.89 + 0,06
LA | 5.28 + 0,04
B 5 8419 1 0,03
L 6.33 + 0,02
7 7«21 + 0,02
@8 21.53 + 0.03
ZiNi(R) 10,67 + 0,06
Zwi(T) 11,08 + 0,08
™ 10,88 + 0.15
Jos(D) 9430 -+ 0,05
KIJ 40,08 + 0,09
VaK 1 6.86 + 0,04
MAK 2 790 + 0,06
MAK 3 6.95 + 0.03
MiK L 7.00 + 0,02
HAK 5 7495 + 0,02
ALEMA 8432 + 0,02
UNTL 8425 + 0,07
KT I 10436 + 0,06
KTL II 10.14 + 0,05
BRYTEX 7e11 + 0,01
AGBESTOS 9.11 + 0,09
SF I 0,00
8P I1I 0,00
NORTH BREW TeTh + 0,02
941G, BREW 6.99 + 0.02




TAsLE 3.7 Resulte of Determination of Total Nitrogen
Sample Total Nitrogen (mg/1)
Well 1 Ta17 + 0,01
& 2 9.85 + 0,01
W3 10,75 + 0,07
ool 7416 + 0,01
" 5 7.17 + 0.01
6 48455 + 0,01
" 7 2.86 + 0,01
“ 8 Te35 + 0,07
ZEM(R) ¢,00
ZW(T} 0,400
W 0.00
Jos(D) 0.00
KT 10.52 + 0,03
MAK 1 0.00
MAK 2 0.00
MAK 3 0,00
MAK 4 0.00
MAK & 0,00
ABYMWA 0.00
UNTL 0.00
KT T 0,00
K0 IL 0.00
BRYTEX 0.00
ASRESTOS 0.00
Sr I 11425 + 0,05
8P TT 0,00
NORTH BREW 2.81 + 0,01
0,00

HIG, BhbW

et
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TLRLE 3.8: Results of Determination of Sulphate

LMK 2

Sample Sulphate (mg/1}
Well 1 5L3 + 0.15
5o 5Ll + 0,10
3 536 + 0,00
neo 608 + 0,00
“ 5 599 4 0,00
'S 635 + 0.58
7 6th + 0.58
“ 8 560 + 0.58
ZwWi{R) . 569 + 0.58
ZW(T) 729+ 0.10Q
740 + 0,58
Jos (D) 571 + 0,58
KDJ 498 + 0,10
- MAK 1 519 + 0,58
603 £ 0.15
MAID 3 587 + 0,58
MAK Y 666 + 0,53
MAK 5 666 + 0.58
AREWA 671 + 0,58
UNTL 868 + 0.10
KT 1 516 + 0,15
KTL II 529 + 0,58
BRYTEX 6L5 + 0.10
ASDESTOS 783 + 0.75
§P I 743 + 0,10
SP 1T 731 + 0,58
NORTH BREW 628 4 0,15
NIG, EREW, 545 4+ 0.15
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Determination of Sulphide

-

Sulphide as §°~ (mg/1)

Sample

Well 1 11 + 0,10
2 41 + 0.15

2 3 101 + 0.10

R 51 + 0,58
5 21 + 0.53

6 91 + 0,10

T 122 + 0,53
‘8 90 + 0,58
ZWWV (R) 161 + 0,15
2 (T) 239 + 0,58
™ 248 + 0,10
Jos (D) 221 + 0,15
KIN 161 + 0,10
MAK 1 80 + 0,58
MAK 2 119 + 0,58
MAX 3 180 + 0,58
HAK 100 + 0,58
MAK 5 60 + 0.53
AREWA L1 + 0.53
UNTL 200 + 0,53
KTL 1 280 + 0,58
KTL II 221 + 0,58
BRYTEX 60 + 0,58
ASEESTOS 180 + 0.58
S0 I 260 + 0,58
SP 11 140 + 0,58
NORTH BREW 141 + 0.53
NIG,. BREW 180 + 0,10




TAN:E TABLE 3,10:

61

Results of Determination of Hardness

{Calcium Hardness

Magnesium Hardness

Total Hardness

e () cac0,) | (mg/1 caco,) (me/1 Cac0,)
Well 1 118 + 0,0 61 + 0,58 179 + 0,58
" 2 53 + 0.10 24 + 0,00 77 + 0410
Y3 b5 0,10 | 24 + 0,58 69 + 0,58
oy 524058 | 22 + 0,10 74 + 0.53
" 5 52 4+ 0,10 34 + 0,58 : 86 + 0,53
i 74 + 0.10 24 + 0,58 ' 98 + 0,53
7 27 + 0,15 54 + 0,10 | 814 0.58
= 8 8C + 0.58 L1 + €,10 I 121 + 0.53
ZWNI(R) 8 + 0.53 27 + 0415 | 36+ 0.58
Zwu(T) 56 + 0,10 32 + 0.58 I 88 + 0.58
™ 32 + 0,58 60 + 0.10 ! 92 + 0,53
Jos (D) L4 + 0,0 13 + 0,10 | 17 % 0,10
KDJ 13 + 0.38 36 + 0,58 | L9+ 0.10
NAK 1 93 + 0.15 16 + 0,58 | 109 + 0,53
MAK 2 135 + 0.58 13 + 0,10 ] 148 + 0,58
MAK 3 68 + 0.58 B + 0.58 | 77 + 0410
MAK U 57 + 0,15 20 + 0,00 | T7 + 0.15
MAK 5 129 + 0,58 52 + 0.00 181 + 0,58
AREMA 52 + 0,10 96l + 0,58 1,016 + 0,53
UNTL 32 + 0.0 28 + 0.10 60 + 0,10
XTL I 32 + 0,58 17 + 0,15 50 + 0.53
KTL 11 35 + 0,10 36 + 0.58 | 71 4 0,15
BRYTEX 22 + 0,53 32 + 0,58 | 5l_+ 0.53
LSBESTOS 832 + 0,58 592 + 0,58 i Tel2h + 0,0
g 110 + 0,0 27 1 0,15 ! 137 + 0.15
SP 1T 13 + 0.58 2, + 0,10 | 137 £ 0.53
NORTH BREW 27 + 0.10 12 + 0,00 I 39 + 0,10
NIG, BREW 211 0.58 | 12 4 0,10 . 334 0,15

-
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Results of Determination of Sodium and Potassium
by Flame Photometry

TABLE 3.11:

Sample | Sodium (mg/1) |Potassium (mg/1)
Well 1 410 + 0,58 | 525 + 0,58
"2 215 + 0.58 | 175 + 0.58
" 3 9L + 0,58 i 165 + 0.0
o Iy 158 + 0,58 | 206 & 0.58
" 5 218 + 0,58 240 + 0.0
I 151 + 0,15 | 331 & 0,15
nooT ! 71 # 0410 : 286 + 0,10
L 110 + 0,58 630 + 0,58
zwi (R) 87 £ 0,10 | 36 + 0,10
zZwi(T) 25 4+ 0,00 | 6+ 0,10
W 26 + 0,00 ? 6 + 0,00
Jos (D) 9L + 0,58 I 24 + 0,0
KDJ 90 + 0,00 ' 24 + 0.0
MAK 1 121 + 0,10 56 + 0,58
MAK 2 145 + 0,58 125 + 0415
MAK 3 112 + 0,58 65 + 0.58
MAK Y 117 + 0,58 281 + 0.53
MAK 5 145 + 0,15 142 + 0,53
AREWA 18 + 0,58 30 + 0.58
UNTL 181 4 0,58 13 + 0.58
KTL I 185 + 0.53 245 + 0415
KTL II 149 + 0,58 206 + 0.58
BRYTEX 52 + 0.58 238 + 0.58
ASBESTOS 420 + 0,00 36 + 0,10
SP 1 , L9 + 0,15 | 25 + 0,58
SP 11 | 38 + 0415 | 21 + 0,53
NORTH EREW : KT #0415 | 6 4 0,53
NIG. BREW | 153 % 0.06 | 18 + 0.58




TABLE

«172¢ Determination of Sodium and Potagsium by Atanio

. ma

Abgorption Spectrophotometry

Sodium {mg/1) iPotassium {me/1)

Sample
Well 1 415 + 0.75 529 1 0,10
L 216 4+ 0,15 179 + 0.58
w3 98 + 0.58 166 + 0,0
ool 160 + Q.58 208 + 0,53
b5 221 4 0.10 242 £ 0.15
R 153 + 0.0 335 + 0.52
T 73 + 0.58 287 + 0415
8 113 £ 0.58 632 + 0.53
Zwi (R) 88 + 0.15 37 + 0.58
W () 26 + 0.10 8 + 0.58
™ 27 + 0.58 9 + 0.0
Joa (D) 97 + 0.53 27 + 0.58
KDJ 90 + 0.58 25 + 0410
FAR 1 12 + 0,10 58 + 0,58
MAK 2 147 4+ 0.0 29 + 0.58
MAYL 3 114 + 0.58 67 + C.0
MAK L 122 + 0,58 277 & 0.0
MAK 5 148 + 0.15 14 + 0.0
AREWA 21 + 0.58 32 + 0,15
UNTL 183 + 0,10 15 + 0.15
KIL I 189 + 0.58 | 2U8 4 0.15
KTL II 151 + 0.52 212 + 0,58
BRYTLX 55 + 0.53 241 + 0,58
ASBESTOS 23 + 0,53 | 39 + 0.58
SP I 53 + 0.53 | 27 + 0.53
Sk IT 4O + 0,58 25 + 0,52
WORTH BREW 50 + 0.10 | 7+ 0.0
WIG, BREW 151 + 0,581 19 + 0.58

ot
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TABLE 3,13: Determination of Calcium by Flame FPhotometry and Atomic

Absorption Zl;.vcr.r"'-_:;h ytometry

: ! Caleium (T:.,-'ﬁ_) Calcium E/l_‘)
WONMpLE i g .
P i by Flame tl:,' RAD
e L :
Well 1 | 119 4+ 0,58 | 121 + 0.15
| .
' 2 ' 56 + 0,10 | 58 + 0,58
- Ia A~ PR i -
E 4o <+ Pl | oU 4+ UaH0
- ! =
- ‘n I . ke o) r:cf"“' | _135 'i b c”)
5 5L + 0,53 | 53 * 0,10
t’ ] ‘l" I" 13 ".T’ t o180 i .::.‘_
| t
7 | 29+ 0.58 31 + 0.58
i' 1 AL f
L 8 _I 3 + 0, | B85 + 0.58
i | ! -
7w (i) 14 + 0,58 | 16 + 0.53
|
2w (T) 57 # 0,58 | 50 + 053

|+
.
b
[+
.
—

4 -
O
~~
o —
"'\
|+
-
C
O
|+
.
ik
T

0J 'i 1l + 0,58 | 17 + 0,58
] i
i 1 ‘ At i :.IclJL' (}7 _t 0eb0
AK 2 137 + 0410 | 137 + 0,58
T 70 + 0,5¢ 70 + 0,15
MK 4 ! Lt + 0,506 I 59 + 0,15
MAK S 132 + 0,0 | 133 + 0,10
| 56 +0.0 | 5740,
- , =
36 + 045 i 36 + 0,F
KTL 1 33 + 0.58 | 34 + 0,10
1
KTL 11 | 38 4 0.0 | 37 + 0,58
BRYTEX | 2, + 0.0 | 27 + 0,1
[ _!.I,_"; - l 337 _,_ 010 ! 17 —'}- "_',_':).\"
SP 1 | 114 + 0.0 | 117 + 0,58
S 11 li 113 + 0 51 l 116 + 0.53
.

Vil BhuW W + \:.1'. j‘l + el
| e —
! |

i1G, BhREW : a--r4 _+_ 0,10 2D T Ul




TABLE 1l Determination of Magnesium and Zinc by Atomics
Absorption Spectrophotometry.

Sample i Magmosium {mg/1) iZinc (mg/1)
4 1

]

Well 1 6l + 0415 179 £ 0.53
v 27 + 0.0 . 172 % 0.15
"3 25 + 0,58 ! 126 + 0.58
noo 2l 1 0.15 ? 62 + 0.15
Woog 35 + 0.58 b 99 1 0.58
i '3 27 + 0.58 81 + 0415
"7 56 + 0.58 | 111 + 0.58
"8 L3 + 0.58 85 + 0.58

Zwvi (R) 31 4+ 0.58 180 + 0.15

72l (T} 35 + Q.53 260 + 0,58

TW _ 62 + 0,52 179 + 0.53

Jos (D) 16 + 0.15 145 + 0,52

%) 38 + 0.58 209 + 0,58

MAK 1 19 + 0.58 111 + 0.53

- MAK 2 16 + 0.15 142 + 0.53

MAK 3 10 4 0.58 12 + 0,0

MK 4 24 + 0.15 81 + 0,53

MLE § 5L 4+ 0.15 631 + 0,53

AREWA 962 + 0.06 120 + 0,58

UNTL 31 + 0.53 150 + 0.58

KIL T 20 + 0.58 121 + 0,53

¥ IT 38 + Q.15 100 + 0.58

BRYTEX 35 + 0.15 112 + 0,58

ASBESTOS 596 + 0,15 172 + 0,53

SP T 29 + 0.58 171 + 0.1%

SP II 25 + 0,53 15l + 0,15

NORTH BREW 13 + 0,58 20 + 0,58

NIG. BRly | 13 + 0,15 36 + 0415




i

TABLE 3,15: Determination of Copper and Iron by Atomic
Absorption Spectrophotometry

Bample _!iCopper {(mg/1) | Iron (mg/1)
Well 1 I 0.00 200 4 0.58

" 2 0,00 86 + 0.58
o 3 0,00 104+ 0,58

" b 0.00 10 + 0.00

n 5 0.00 9 + 0,10

" € 0.00 10 + 0,0

" 7 0,00 11 + 0,15

" 8 ! 0.00 11+ 0.58
ZwW(R) { 0,00 38 + 0,58
ZWW('T) 0,00 10 + 0.0
TW 0.00 10 + 0.0
Jog (D) 0.00 21 + 0,58
KD 0.00 10 &+ 0.0
MAK 1 0.00 11 + 0.15
ARK 2 2 + 0,15 47 + 0,58
MAK 3 L 5,00 27 & 0.15
MAK L 0.00 11 + 0.58
MAK 5 59 + 0,58 | 521 + 0,58
AREWA 10 + 0.0 | 10+ 0.0
UNTL 2400 | 284+ 0,15
K7L T 0.00 41 4+ 0.58
KTL TT 0.00 10 4+ 0,0
BRYTEX 0,00 21 + 0,15
ASBESTOS 0,00 11 + 0,15
sp I L + 0.10 104 + 0.15
SP 11 6 + 0.15 123 + 0,15
NCRTH BREW | 2 4+ 0,0 i 28 + 0,58
NIG. BREW L 24 0.0 ;214 0,58
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TBLE 3.16: Results of Determination of Lead by Atomic
Absorption Spectrophotometxy

Sample 'r Lead (mg/1)
Well 1 31 + 0.58
= 2 LO + 0,0
" 3 22 + 0,15
. 4 31 + 0,58
"= B 30 + 0,0
" é L2 4+ 0,0
"7 11 + 0,15
" 8 10 + 0.0
zZwW (R) 19 + 0,58
zZwi (1) 20 + 0.0
TW 20 + 0,58
JOs (D) 21 + 0,58
K1y 9 + 0,58
MAK 1 22 4+ 0,58
MAK 2 20 + 0.0
MAK 3 11 + 0.0
MAK | 21 + 0.58
MAK 5 161 + 0,58
AREWA 8 + 0.58
UNTL 31 + 0,58
KTL I 11 4 0.15
KTL II 10 + 0,0
BRYTEX 20 + 0,58
ASBESTOS 8 + 0,58
SP I 6 + 0.0
SP I1 6 + 0.0
NORTH BREW 12 + 0,58
NIG, BREW 30 + 0,0
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(iii) For 5% (wN) Coagulant §A1,(S0));)

Sample i‘l‘otal golids (mg/l)l Suspended solids (mg/l)_‘L Dissolved solids (m{,/l}
Well 1 ] 51.0 + 0,15 | 0,5 + 0,06 | 50.5 + 0,10
" 2 , 50,0 + 0.06 | 0.5 + 0,0 ‘ 49.8 + 0,06
" 3 L9.8 + 0,06 0.8 + 0,06 | 49.1 + 0,12
" 4| 514 4040 ! 0.3 4 0,10 L 18,1 4 0.10
"o 5| 87.4 % 0.06 Oul % 0,10 | 87.0 £ 0.10
' 6| 86,9 % 0.10 0.7 + 0.06 | 86.2 1+ 0.06
" 71 46.5 + 0,10 0.2 + 0,06 | L6.3 + 0,05
mo 8| 88,1 % 0,10 0.8 + 0.0 8743 + 0410
KDJ 86.4 + 0.15 OJy + 0.06 ] 86.1 + 0,06
ZwW (1) ' 47.7 + 0.06 0.5 + 0.0 | 47.2 + 0,06
Jog (D) | 45.9 + 0.0 0.6 + 0,0 | 4543 + 0.0

(iv) For 104 (wAf) Coagulant (A1,(50,),)

| [ | H
Sample ‘Total solids (mg/l)' Suspended solids {mg/1l) |Dissolved solids (mg/1)

Well 1 |  96.8 + 0.06 Oy + 0,06 | 9645 + 0.06
"2 1 9.8 + 0,10 C42 + 0.0 i 946 + 0,10
" 3 { 95.6 + 0.0 0.6 + 0,0 f 9540 + 0,0
o4, 96,0 + 0,06 0.1 + 0,06 | 9640 + 0,12
w5 | 188.Y + 0.07 0.2 + 0.0 | 188.,2 £ 0,07
" & . 176.2 x 0.5 0.5 + 0.0 ' 17548 + 0,15
W7 98,0 4 0406 0.1 + 0,0 " 97.9 + 0,06
“ 8 | 177.0 % 0,0 0.5 + 0.06 | 176.5 + 0,06
KD | 18,2 & 0,07 0.2 + 0.0 © 184.0 + 0,07
ZW(R) | 95.5 + 0,10 | 03100 | 95,2 % 0,10
Jos (D) " 96.2 + 0,10 | 0.3 % 0.0 | 95.9 + 0.10

——— = -
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Jample tal solids (mg/l) ' Suspended solid (mg/1) { Dissolved so (me/
. S — s §
Well 1 118,64+ 0,12 )e2 + 0,0 118.4 + 0.1C
" 140.1 + 0,15 el + 0.0 | 140.0 + 0,1
> 3 136.7 + 0.12 0.3 + 0.06 ; 136.3 + O,
I 138.6 + O, o1 + O, 13845 + O.f
" 5 273.1 + 0,12 1 + 0,0 ‘ 273.0 + 041
' 6 272.0 + O. < + 04 2714¢C + Dl
; T | 1hl.2 + 0.1 of 1442 + 0,12
" 266 .7 4 .06 3 + O 266 .4 + | .06
nJ 273.3 £ 0,15 o1 £ O 27342 % 0412
ZWi(3) | 142.6 + 0,1 o1 + 04 142.5 + 0.1¢
Jos(D) | 142.L + 0. .1+ 04 2.3 4 0uC

;'I'_J]..

2(

¥ (rN) Coagulant

—

el

golids (mg/l) | Suspended

m
=
[

olids (mg/1)

: B¢
Well 1 192.1 + O, 6 . 1692.1 + ) o OF
' 2 402.9 + Ol 0.0 L,02,.9 + 0,

y 190.2 + 0,12 Je2 & O 190.0 &+ 0.72
" 191.0 i of « ‘ol 191.0 + O.f
378.6 + 0,06 o | 378.6 + 0.06
: L. ) + o) o1+ 0, 37 o 2 + <A
201.0 + 0,06 . 201.0 + 0.06
" 118.2 + 0. o1 + 0, 118.1 + 0.
KD , 3773 # 0415 . [Te3 + 0,
ZWW( R 196.9 + 0.0 o 196,9 + O,
Jos (ii_' 196 .1 + 0. 1( ol + 0.0 196, + )e ]
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CHAFPTER IV

DISCUSSION AND  CONCLUSION

The results of this study could be more appropriately

digcussed in terms of:

(a) How the various water samples analyzed compare with
one another, and how they measure up to stipulated quality standards
for potability and industrial usage.

The guality standarde stipulated by the World Health Organiza-

tion28 are given in table 4.1,

(v) How the quality of effluent waste waters compare with
that of well, or dam water suppiies studied, with emphasis on the
chemical stresses various industries impose on our urban water

supplies.



12

TABLIL Le1: Acceptable water quality standarda.28
Substances or Parameter | Highest Desirable level mml&
pH 7.0 = 8.5 6.5 = 942

Total Hardness (CaCOB) 100 (mg/1) 500 (mg/1)
Calcium % » 200 "
Chloride 200 " 600 "
Copper 0.05 " 0,05 "
Iron 0.1 n 1.0 *
Magnesium 30 " 150
Sulphate (sohz" 200 " Loo
Zine 5 15
Lead 0., ® 0.1

HSource: Deirdre, K. G, and Borne, B. J., Textile \iastewaters;
Treatment and Environmental Effects, J. Chem, "d, August,
1978. pp. 3L4

Lot pH VALUES

In respect of pH, it is interesting to note that all but one,
(well 7), of the wells have pH values within the maximun permissible
range, and that two of them (wells 1 and L) have values within the
highest desirable level, By the criterion of acidity, the wells
sampled are acceptable sources for human consumption,

The raw supply to the Zaria water works (ZWW R) has a pH 6.4

which is slightly lower than the acazptable range. The treated
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water is, of course, well within the highest desgirable level.
This also applies to the stream sample (K ) from Kaduna.

Table L,1 shows that most effluents have pH values that are
well beyond the acceptable limitg. Those on the high pH side
are the samples from the Asbestos and the Nigerian Breweries,
whereas SP I, SP 11 and MAXK 5 produce effluents of unacceptably

high acidity,

4.2 SUSPENDED AND DISSOLVEDR SOLIDS

Ag might be expected, suspended golids are relatively high in
all the well samples and in some of the industrial effluents such
ag 0P I, SP IT and North Brewery. It is remarkable that the level
of suspended golids in the North Brewery effluents is =g apdrecie
ably different from that of Nigerian Breweries., This might be
due to ine fact that the Nigerian Breweriea'! effluent is adequat—
ely treated before being discharged inte the surrounding environ-
ment while that of the North Brewery does not receive any meaningful.
treatment, safe for the recovery of any desirable constituent,
before being discharged info the nearby water course; and thus
a gource of pollution. |

The results are even more dispersed when dissclved solids are
congidered. 4e a reflection, perhaps, of the nature of soil at

the well losations, total quantities of dissolved solids in thé
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various Weli samples are relatively small.when compared with some
of the industrial effluents. SF I and 8P 11 seem to have high
disgolved go0lid contents, KTL 1, KTL II and the Asbestos companies
also dispose a lot of dissolved scolids with thelr effluents. An
effort should be made to treat these effluents to bring them to
acceptable ranges, although this will require a detailed know-

ledge of the exact nature of the sugpended and dipgolved golide.

ha3 ALKALINITY

As might be expected, the alkalinity results reflect those
cbtained from pH measurements; and the conclusions from that |
secticn of the Discussion are also applicable to this one,

However, it may be noted in passing that the high acidity of
effluent sgmpleg from SP ] and SP 11 is due to the production of

leading to the necesgsity of

coneentrated sulphuric acid in that companyuigomplete neutralization
of the effluent hefore being discharxrged into the nearby water courae
With the Asbestos effluent, the low acidity can be said to be due

to the preducticon of caleium and cothey hydroxides during the process

of cement production in the company.

L.l; RESIDUAL CHLORINE

The results show that only ZWW(T) and TW have any residual

chlorine in them, although the values are surprisingly low when
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viewed againet the levels recommnended by the World Health Organi-
zgtion, becaume the chlorine content of an aqueous solution is
not stable and decreases rapidly.

I{ can alsc be gecen that none of the effluents shows any
regidual chlorine even though the industries utilize treated water
for their various production processes. This suggests that,
either through heating, exposure or chemical reactions, all the
residual chlerine in the intake water has been driven off or used
ﬁp; and that, being deveid of chlorine, the effluents might present
additional health hazards as a source of mineral-rich, non-sterile

water for microbial growth.

L5 DISSOLVED OXYGEN

The 1evel of dissolved oxygen lies within a relatively
narrow range and its accurate knowledge is eggential in the
biological, chemical and sanitary investigations of water as it
is one of the most important indicators of the condition of a
water supply. However, from the table of regult, it is generally
lower for the well samples than for the others, most probably due
to negligible plant growth but significant population of microm
organisme; and absolutely absent for SP I and SP IT which is possi-
hly due *o absolute lack of plant grbwth. Digeolved oxygen in

well 8 is much more than twice the amount of any of the other wells,
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Thi=z might be due to the fact that this well is extensively used
and thug leading to frequent aeration of the water by users

through eontinuaus agitation, KIDJ has the highest content of

diassolved oxygen which is obviously due to significant plant

growth around the source, it being a stream sample,

L.6 BIOCHEMICAL OXYGEN DEMAND

The values for the biochemical oxygen demand for the various
gamples very closely reflect those for dissolved oxygen. Indeed,
the correlation coefficient for the two pets of values is vexy
high (0.9897), The SP I and SP II samples show zero values for
biochemical oxygen demand as with the values for dissolved oxygen.

Once again, KIDJ and well B show the highest values.

Le7 TOTAL NITROGEN
9

The amount of total nitrogen2 present in a body of water

might be a reflection of the amount of organic matter in the sample,
I+ is perhaps, not surprising, therefore, that a1l the wells contain
relatively large amounts of total nitrogen; although well 6 seenms

t0 have about five times (h8.55) the amount found in any of the
other wells, This might be due to the fact that thie particular

well is rather fairly polluted by domestic sewage.
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The 'amount of the total nitrogen in KIJ is very high

which is possibly due to its exposure to decayed plant and animal
matter.

Unlike SP I1, SP I has a high total nitrogen content. In
view of the fact that the other results for these two samples
are very similar it might be worthwhile to carry out further
investigations to determine the cause of the wide difference in
the total nitrogen contents, It should be noted that the total
nitrogen in both KIJ and SP I exceed the stipulated upper limit

of 10mg 1~ for good drinking water. "

L8 SULPHATE

As har been stated earlier, good drinking water should
contain no more than 250mg 17 of sulphate because of the cathartio
effect ‘hich the ion exerts on “he human body in the presence of
sodium and magnesium ions. By this criterion, all the samples
contain, .unacceptably high levels of sulphate, HNot even the various
treated supplies come anywhere near the acceptable limits. These
results suggest that treatment works should include processes aimed

at reducing the levels of sulphate in domestic water supplies.
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4.9 SULPHIDE

Since one important source of sulphide is the bilological
reduction of sulphate, it might have been expected that relatively
close values of sulphate content among the various samples would
lead to comparatively little variation in their sulphide content.
The results seem however to contradict this expectation.

The levels of sulphide are unexpectedly high in the treated
water samples, ZWW(T) and TW; also Jos(D) and KDJ, Sufprisingly
the sulphide levels of most of the wells are very low although,
from the smells of some of the well zamples, (wells 5 and 6), much
higher levels may have been expected., One wonders, therefore, if
the soluble sulphide present has been converted into gaseous hydro-
gon sulphide which coniinuously estapes from the main body of

the water.

ho10 HARDNESS

In general, the variocus water samples show comparable extent
of hardness; but there are some remarkalble sxamptions. The untrea-
ted dam pample at Zaria water works {ZWW R) is considersbly leas
in calcium hardness than the variocus well samples. But the mage
negium hardness of the two samples are comparasble. The treatment
of the water seems to increase its calcium ion hardness seven fold

while it has little effect on its magnesium ion hardness; although

)
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it might be useful to peint out that some calcium hydroxide
(va(UH)Q) is added to the water during treatment to give a
desirable pH for drinking water,
Compared to the other samples, Jos (D) is exceptionally low
in total as well as calcium hardness.
Two particular industries discharge effluents with very high
total hardness values, One is the Arewa. Textiles, which, while
having little effect on calcium hardness, greatly increases the
magnesium hardness, and, therefore, the total hardness of water.
The other industry, the Asbestos company creates a drastic
increase in both the calcium and the magnesium hardness, In respect
of hardness, therefore, these two industries would be excellent
candidates for legally - imposed waste treatment measures, for
producing effluents of much higher hardness values ( 1000 mg 1-1)

5 ; -1
than the recommended v;.tlmz35 of about 150 mg 1 .

hho11 METAL IOKS
The determination of sodium, potassium and calecium ions by
both flame photometry and atomic absorption spectroscopy show
a remarkable degree of agreement,
The level of sodium are generally higher than those of potassium,
However, there are some reversals particularly with Mak 4, KTL I

and Brytex, The levels of these two ions are quite high in the



well samples compared to those in the surface and chemically
treated water samples. Wells 1 and 8 deserve particular ettention,
egpecially in respect of users who may have the need to go on a
diet of low sodium ion concentraticn, The effluvents from UNTL,
XTL I, XKTL 11, Brytex, Asbestos and Nigerian Brewerles are very
rich in one or both of these metals,
The magnesium ion concentrations in meost of the water samplas
are within the descrable limits, Apart from Arewa and Asbestos,
the others are within tolerable limits. These two industries
Introduce large amounts of magnesium ions into their effluents.
The zine ion concentrations in all the samples are beyond
tolergble limits,. Ironically, the values for trested water are
even greater than thoge for well waters, Considering possible
health °~ hazards that might result from these large concentrations,
it might be worthwhile to introduce treatment measurea that would
reduce the concentiration of this ion in water for human consumption.
It is interesting to note that the breweries' effluentes contain
considerably lower concentrations of zinc lons than do the treated
waters. This might suggest that the production procesges in
these breweries lead $0 a reduction in the concentration of zinec,
It would be worthwhile to determine whether the reduced concentrations
of zince in the brewerles effluents is due to increased concenirations

of zinc in the breweries product,
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Moet samples contain no delectable concentrations of copper
The important exceptions are SP I, SP II, Arewa, and, especially
I1AK 5, MAK 5 contains a surprisingly large amount of copper ions.
There would seem to be an urgent need for the installation of
treatment works, by this company, that will drestically cut down
on this ion,

As with zinc, all the samples have higher than tolerable
limits of concentration of iron ions. Compared to the others,
wells 1 and 2 have particularly high values, There seems to be
no immediately obvious reason for this difference, Among the
effluent samples, MAK 5 has a notably high iron ion concentrations,

The results for lead also deserve some a¥tention., Every
sample containe much higher values than the tolerable limita,
Once again, MAK 5 tops the list of the bad offenders, If account
is taken of the fact that lead poisoning tends to be cummlative,
then there is real cause for concern that even the treated water
contains up to 200 times the maximum acceptable limits of this

ion,

L.12 COAGULATION STUDIES

The studies were undertaken in order to examine the relation—
ship between the concentration of coagulants used and their effici-

ency in the removal of suspended solids from the water samples.
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1% is clear from the resulis givén in tables 3.17 (I-VI) that
the use of coagulant considergbly suppresses the amount of suspgnded
solids, “ |

The comparison of the results in tables 3.3 and 3.17 (i;VI)
shows that the lowest concentration of coagulant used (¥ (m/¥))

was as effective as the highest concentration of 20% (mﬁ«). in :
other Wwords, for economical purposes, there seems to he no need
for the use of coagulant concentrations higher than 1% m/v).
It is evident from ihe results shown in tables 3.17 (I-VI)
that the amounts of dismolved solids incresme with increased ocoagn-
lant concentration, This is due to the increasing concentration

of the dissolved coagulant.

gﬂ@GESTIOES

1¢ The Local Government Health Centres should put warning
signs {such as "Only for Washing," etc.,) near the wells indicating
the appropriate use of well water., This also means that slternative
source of potable water for domestic uges should be provided by
the Government, especially where the well water samples are not

fit for drinking purposes.

2. As regards the treated waters it is advisable that a
freguent end thoroughly routinc tests should be carried out at

the treatment works, This calls for closer gupervieion by the



linistries of Health in order to control health hazards.

3. The various industrial effluents are sources of gross
chemical pellution to our environment, With increasing industri
lization, the Government should enact laws for industrial efflue
treatment before their disposal. Preferably, the industrial
wastes should be treated, if possible, at a Local Government
central sewage works, where adequate facilities and expert super
vision should be made available; rather than having a mumber of

small and inefficient treatment plants,
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FIG., I SODIUM CALIBRATION CURVE BY FLAME RMISSION

- 1




FIG., 2. POTASIUM CALIBRATION CURVE BY FLAME EMISSION
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Fig: 3. Calcium Calibration Curve by Flame Emission
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SODIUN CALIBRATION CURVE BY AZOMIC ABSORPTION SPECTROSCOPY
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FIG. 5. POTASSIUM CALIBRATION CURVE BY A.A.S.
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" FIG 6 CALCIUM CALIBRATION CURVE BY AAS

\ - CONCENTRATION (ppm)



b

FIG. 7: NAGNESIUM CALIBRATION CURVE BY A.A.8.
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FIG, 8, IRON CALIBRATION GURVE BY A.A.S,
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FIG. 91 LEAD EALIBRATION CURVE BY A.A.8.
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Fig. 10, Copper Calibratich Curve by A.A.S.
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