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ABSTRACT

The quality of drinking water in Zaria has been studied.
The treated water sanples have been collected from different
public taps within Zaria and a tap outside the Ahnadu Bello
University (ABU waterworks. |n addition, raw water sanples were
collected fromboth the Zaria and ABU dams. Chenical anal yses
i nclude the deterninations of pH conductivity, residue (total
filtrable and non-filtrable), chloride, fluoride, iodide and sone
netals. Sodium and potassi um have been determ ned by Fl ane
Phot onetry whereas cal cium nagnesium iron, zinc, copper, |ead,
arsenic and mercury have been determned by Atom c Absorption
Spectrophotonetry. The results have been conpared with the
Wrld health Organisation (WHO standards. The paraneters: pH
(except values for treated water fromthe ABU waterworks which
fell slightly outside the upper range), conductivity, residue,
chloride are present in ranges within the WHO specified limts.
Cal cium nagnesium iron, zinc and lead are also found to be
present in concentrations within the UHO specified limts
wher eas copper, manganese, arsenic and nercury are found to be
absent in the water sanples. Fluoride is found to be present
in both the raw and treated sanples in concentrations higher
than the UHO standard. This nmakes the water unfit for con-
sunption, especially here in N geria where fluoride containing

t oot hpastes of unascertained fluoride contents are generally
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used and the fluoride contents of comonly ingested food
substances are not known. | odi de has been found in sone cases

to be present in concentrations higher than the WHO st andard.
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CHAPTER 1

INTRODUCTION

DRINKING WATER - VHY ANALYSIS?

Viater, a unique substance, forma.a vital and an integral
part of a man's life. It is put into very wmany uses such as
drinking, cooking, agriculture, transport, industry and even
recreation. \/hatever the purpose for which it is required, it
has long been recognised that its suitability for such a -
purpose is affected by the presence of other substances in it.
It is for this reason that the chemical examination of water
meant for specialised purposes has been carried out over a
century ago and in particular, the chemical analysis of water
intended fer human consumption has formed the subject fer
analytical texts in the same period (1). If water is dirty,

a knowledge of its history and of course its constituents may
be of assistance in forming a judgement as to the degree of
risk attendant on its employment for domestic use. Though
nany substances may be permitted to exist in public water
supply only to a limited extent, certain properties of the
water must be controlled within specified limits to preserve a
wholesome and palatable supply (2). The quality of drinking
water has attracted the attention of not conly the Nigerian

Government but the generality of the public and this is



1.2

evidenced in the themes of recent conferences (3) and publica-

tions (4).

THE SIGNIFICANCE OF SUBSTANCES FOUND IN WATER

1.27 Acidity

An acid water is one which has a pH value less than 7.0.
The most usual causes of acidity arc free carbon dioxide and
organic acids. Most acid waters are corrosive and the use of
lead piping in a distribution system carrying an acid water
must always be prevented otherwise, lead, a poison will be
taken into solution. The defined limits for the acidity of a
water is indicated by the pH range 6.5-9.2. Vater with a pH

value outside the range is excessively acidic or basic.

1.22 Alkalinity

The cause of alkalinity is the presence of bicarbonates,
carbonates and hydroxides of calcium, potassium and sodium.
Of these, calcium bicarbonate is the most usual constituent
causing alkalinity. Some confusion however occurs in the use
of the term "alkalinity' because of the habit of chenists to
give two meaninge to this word: to denote pH over 7.1 and to
denote the total amount of these substances mentioned above
which are present in a water. In the latter context, analyses
are often quoted ‘“alkalinity as celcium carbonate’ (meaning the

sum of the constituents mentioned above).

The most usual substances causing alkalinity - calcium

and magnesium bicarbonates happen also to cause temporary



hardness. \hen alkalinity and hardness ficures are equal, all
the hardness is temporary and is then termed carbonate hardness,
when they vary, the excess rcprescnts non-carbonate or permanent
hardness, If the total hardness is less than the alkalinity, the
difference indicates the presence of sodium bicarbonate which
adds to the alkalinity but aoces not increase the hardness (5).
This is ncarly always due to base-exchange softening including
natural softcening in deep underground sirata (6). The alkalini-
ty of wony waters is in the range 100-200ppm; a few waters
contoin up to 400ppm. Ho harm comes from the consumption of

such waters.

1.25 Chlorine /nd Chioride

- - - — o ————

The chlorination of water has often been referred to as
"steriligcation.’ The term is not strictly applicable because
it means the destruction of all living orgenisus including
bacterial spores. The morc correct term in connection with
woter treatnent is “disinfection+ wvhich meens a reduction to a
low level of the numbers of particular types of organisns. The
precise action by which chlorine kills bacteria in water is not
known. Tt is believed that chlorine compounds formed when
chlorine is added teo water interfere with enzymes in the

bacterial celle which are vital for the support of life.

Chlorine ic a ctrong oxidising agent which breaks up
erganic matter, rectrains algal growth and converts iron and
mangancse to their oxidised forms. Vhen chlorine is added to
water frce from aumonia and organic watter, hypochlorouc acid

is formocd:



012 + H20 — HCl1l + HOC1

The hypochlorous acid is a weak acid and is dissociated into
hydrogen (H') and hypochlorite (0C1”) ions - which are together

known as'free available chlorine" (7).

If ammonia is present in the water, monochlororamine
(NHZCI), dichloramine (NHCIE), and trichloramine (NCls), are
formed. The monochloramine and dichloramine are together known
as '"combined available chlorine.' Free available chlorine is
many times mere pewerful than combined available chlorine as a
batericide. OSince ammonia is often naturally present in water,
it is therefore usual to add sufficient chlorine to react with
the amount of natural ammonia present and a further dose of
chlorine sufficient to create an excess of free chlorine for

speedy disinfection.

According to Twort et.al(1974) (8) the maximum amount of frec
chlorine that may be permitted to remain in a water supply
sometimes depends on taste, odour and corrosion that may result.
Some water may give taste trouble when only 0.05ppm is left in

supply.

The chloride ion, Cl1~, is one of the major inorganic
anions in water and wastewater. 1In potable waters, the salty
taste produced by chloride concentrations is variable and
dependent on the chemical composition of the water, Some waters
containing 250ppm chloride may have a detectable salty taste if
the cations are calcium and magnesium. The chloride concentra-
tion is higher in waste water than in raw water because sodium

-~

chloride is a common article of diet and passes unchanged through



the dipestive system. llowever, a high chloride content harns

netallic pipes and structurer as well es agricultural plants.
1.2% Nitrate And Nitrite

Hitrates occur aaturally ir many watex» supplies. They may
also 1ind access to them through sewage (raw or treated effluent).
Nitrate and nitrite arc most often expressed as nitrogen in
nitrate. \rnters with a high nitrate nitrogen are known to
causc methaemoglobineamia in young infants (9) when used for
making up feeds from nilk postlers bnt no precise level of donger

is known.

125

cdine

|

Todine provides an essenticl cure for poitre - a condition
of conpensoiory increase in size and number of the epithelial
cells in the *Yyroid pland. The disease is broupgiht about by
the thyroid stimulating hormone of the pituitary gland in
response to o decrease in the amount of circulating thyroxine,
an iodine containing hormone (10). Thyroxine stinulates energy
productior. and accelerates the penersl metaboelic rcacticns
including protein biosynthesis. Its deficiency causes reduced

metabolic ratc and growth failure (cretinisonm),

Factors responsible for goitre were searched for prophy-
lactic ueasurcs and it was traced mainly to low dietary iodine
supply (11). “he main sources of iodine for a mon are drinking
vater and food. Thesc usually vary in iodine content depending
on the aveilebility of this nutrient in water and environmental

soil. The inverse relationship between incidence of goitre and



iodine content of drinking and environmental water has been

repeatedly emphasiscd (12-16).

The iodine content of water of a locality is regarded as
an important index of the status of this nutrient in the earth's
surface and as also in the edible plant and animal products.

In 1950, the lutrition Counittee of the Dritish lcdical Assoe-
ciaticn recomucnded 100-150ug of iodine as daily human require-
ment (17, 18). 1Iu 1968, the rood and MNutrition Board of the
liational Research Council (U.S.A.) fixed this requirement at
Sug (12). It aos been showi. .hat an imblanced diet (containing
high carbohydrate and low protein, hipgh dictary caleiuu,
polluted water and naturally occurring antithyroid compounds)
night raise the requirement of iodine (20, 21). The adnin-
inistretion of iodized salt hac been advocated and successfully
practiced ac proghylactie rieasures against endemic geitre in

nany aifected zones of the world (22).

1.26 Fluoride

Fluoride ions arc chemical substances that produce effects
on living tissuecs and in particular, play an important role in
the dental system of & man and aninmals (23). Its supply in
drianking water is inversely reclated to the occurrence of dental
caries in a population. According to Scoop(1973) (24), deutal cary
or tooth decay is a bacterial infectiocn that develops when the
mineral components of enamel dissolve in acids formed by

bacterial accunulation on thbe tooth surfaces.

The effects of fluoride ion are inversely related to the

ancunt of fluoride in contact with the living tissue. 'these



eifectis riay Le divided into benciicizl ond ron-lenciicizle In
uan, ¢he fomiter for outweiph the vorious and rarely occurring

of

non=benelicicl (toxic) effects. . luoride ions exers ~ctien o

the hydroxyanriite crystal ef enarel and couse threush their
shysical presence a decrease in the solubility o7 onggiel in

a¢ids nd the stoabilicoiion of crystalline strueture by sroviding
additional oret stroinger Lydrogen boads énd & premotior of Lle
regiaeralisation or harderiag oi the crhamcl) surfacce. ey @150
excrt actioir on the bacteric ot the dentel nlajue (25). uiiles
et ¢l (19726, (2C) anve o) wn thot the concentrotion of Jluoride
ion in vhe imtediate vicinity oir the dental pia-sue oricnisns

Sad be gufdiciently hish to inhibit vital microbizl enzyne

gyotcnc and thereby clier the usual naitiera of pgrowtl .. neid

nrodvetion which leods to tooth ‘eciy.

Athouslk the high concentrution of fluoride in susri: :c
cencaiel ond in »larue any be unavoidable cince it ic in o bound
sorid, it is new hknown that when attacked by acic (iron
bacterial fermentucion process) the fluoride isay be released

in ionic fern o kill the bacterics

Mluoridesoccur naiurclly in many public water-susplies.
If present in drinking wvater in excess of 1.0 to 1.7pum (27) they

may give rize to dental Tluorosis with resultcnt sheletel drnmje

]

i both children und adults. in pgseasivg the saieiy el a vater
supply with scopeet to the above nentioned limitc of Iluoride
conccitration, special considerciion should be given-to tho
totel fluoride intclke by the individual, Inert fro:

vepictions in climaiic conditicns, it is well knoun that in

some areas, certrin food substances contein iluoriles. o:lse=

cuently, due etiecntion should be given to both factors. rhercioxre in



those areas vhere fluoride containing foods are ingested, the
lower limit of the¢ above concentration range should be the guic-
ing factor as to the chemical quality of the water. If the
fluoride concentration in the drinking water of a population is
less than O.5ppm, a high incidence of dental caries is likely to
occur. To prevent the developmcnt of this in children, a numnber
of commercial water-supplies are usually fluoridated to bring

the fluorine concentration to 1.0ppm (28).
1.27 Hardness

Some wmaterials present in water react with soap causing a
precipitate (a scum or curd) to be formed on the surface of the
water. Until cnough soap has been dissolved to react with all
these materials, no lather can be formed. A water vhich behaves
like this is said to be hard. This hardness could be temporary
(caused by bicarbonate and renoved by boiling) or permanent

(non-carbonate or non-temporary and not removed by boiling).

The hardness of a water does not detract from the
palatability of the water - on the contrary, many people consider
that the sparkling clear hard waters obtained from chalk are
second to none for drinking (29). The VHO "highest desirable
level’ of 100ppm for hardness scems undully low and non~consistent
with the corresponding figure of 75ppm for calcium. Very soft
waters arc liable to dissolve lead (30). Recently, a striking
statistical relationship has been found betwecn soft waters and

mortality from cardiovascular discases (31, 32).
1.28 Sulphate

When present in water containing magnesium and sodium, it



gives rise to a bitter taste in the water and causes diarrhez.
1.29 Calcium

It is present in waters as bicarbonate, chloride, sulphatc
and nitrate. The carbonate is insoluble in water. The bi-
carbonate is the cause of temporary hardness in water and is
present in water from a limestone area. Calcium is an essential
ingredient of human diet and is necessary for bone and teeth form-
ation. The reguired intake of the element is so large that its
precence or absence in a water supply is considered immaterial
unless the diet is deficient in calcium (33). There is no health
objection to a high calcium content in water as many people find

hard water very palatable.

1.210 Copper

It is rarely found in natural waters. It may enter water
from the usc of copper piping or from the use of copper sulphate
to reduce algal grovth in reservoirs. Though toxic to fish,
traces obtained from copper piping are rarely sufficient to

affect human beings.

\later containing about 1ppm or less of copper can cause
green stains on sanitary fittings and according to Campbell(1971)
(34) nuch lower concentrations can cause accelerated corrosion of
other metals in the same system. O.1ppm of copper is sufficient
to increase considerably the raote of corrosion of gulvapiaed
steel and as little as 0.02ppm will cause pitting of aluminium
in some waters. The VHO “"highest desirable level' in drinking
water is 1.0ppm and the "maximum permissible level' is 1.5ppn

with refergnce to taste and corresion and 'green staining' but
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without toxic effect to human beings.

1.211 Iron

It is frequently found in raw waters. A large guantity of
it can usually be found in all waters delivered to the consumer
when the water has been in contact with iron pipes. Iron is an
important constituent of haemoglobin which transports oxygen in
the body. Though it is not harmful, its presence above a certain

amount:

( i) can make water unpalatable, imparting a bitter
taste to the water when precent in large

amounts;

(ii) when the water is exposed to air and takes up
oxygen, the iron is likely to precipitate out
and deposits causc brown stains upon sinks,

baths, washbasins and laundry. Commercial
laundries take strong objection to iron in a

vater.

Iron can be picked up from many underground formations and
the waters which contain iron are often corrosive. A wvater

which contains iron is termed 'ferruginous."
1.212 Arsenic

Arsenic is a well known toxic element. It has becn found
to be mutagenic and is associated with chromosomal aberration

in man. Any arsenic detected in water is a case for concern and

investigation. Aprscnic somctimes occurs in the runoff from
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waste tips and from catchments containing mctalliferrous ores. It
also has been used in some sprays for weed killing and arsenic:l
solutions are used for shecep dipping. A water authority shoulcd
keep a watch on any catchment for use of arsenic: it is fregucently
prohibited from usc in sheep dips on reservoir catchments. low-
ever, a note in 'International standards' states that high

figures are found in a number of Latin American countries and

levels up to 0.2ppm are not known to have caused difficulties (25).
1.213 Aluminium

Aluminium is found in some natural waters in a detectable
amnount; it can also enter a water from the use of aluminiunm
cooking untensils, tanks or pipes. There is however no evidence
that the use of aluminium cooking utensils has caused harm to
consumers. The corrosion of aluminium can, however, be caused by
a copper-bearing water, even if the copper content is very smell.
Thus, care must be taken not to supply water through long lengtirofl
copper pipe to an aluminium tank. Occasionally other waters wvhich
are alkaline and contain sodium carbonate cause corrosion of

aluminium; this corrosion taking the form of pitting of the metnl.

Another source of aluminium in a water supply ariscs fron
the incorrect dosing of aluminium sulphate as a coagulant at the
treatment works. This should not occur and there should be no
tendency for deposition of aluminium hydroxide after a water hns
becen properly trcated by filtration and the filtrate should not

contain more than 0.15ppm aluminium.
1.214% Lead

This element is a well known poison and is rarcly
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detectable in natural waters even using the most modern metihod
sensitive to 0.02ppm (cxcept when they are affected by dis~
charges from mines) (36). ‘The WHO 'International Standards',
1971, tentative limit of Q.71ppm thus scems unnccessarily permisg-
sive if it is intended for application to water at the pumping
station; nc water undertaking would be justified in supplying
water with that amount., The WHO 'Turopean Standards!, 1970,
suggests a maximum of O.3ppm after 16 hours contact with lead
pipes and usefully mentions the possibility of it also being
leached ocut of certain plastic pipes. Tor any doubtful waters,
determinations of lead content should be made in the water
obtained from consumer's taps, both under normal running con-
ditions and in the first drawoflf after standing overnight under
nermal running conditions, the concentration should be less theon

a .

C.05ppm.

T

1.215 Magnesium - >

Ly
B

In combination with bicarbonate and sulphate ioans, it
causes hardness. The advantages and disadvantageg of hard water

have becn carliecr meantioned.

1.216 Manganese

If ié a trﬁﬁbloséﬂe.glomént in water.éven when present in
small quantities. In the presence of oxygen or when chlorine
ie added, it tends to deposit out from water thereby ceating
the interior of pipee as black slime. The slime eveniually
gots detached from the pipewalls and is conveyed through the
service pipes to the consumer's premises where it is most

objectionable.
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Manganese is often associated with iron in a water and has

a behaviour which is similar, except that the deposits arec
cumulative. High quantities of manganese are toxic but long
"before such a level is reached in a public supply, treatment nust
be installed to reduce the nuisance created. Vlell waters contain
a troublesome onount of manganese and in countries where therc
arc impounding reservoirs, the bottom water may take up mangenesc
from the reservoir floor soil or deposits so that an increase of
the mangancse content of the supply may occur in spring and
autumn vhen reservoir 'overturn' (remixing) is likely to occur
(37). Generally, a lesser amount of manganese can be tolerated
in a supply system than iron beccause, though deposition of
mangancse is slow, it is continuous and the onsct of serious
troubles may not be apparent for some ten to fifteen yecars after
adoptingresidual chlorination as a policy. About O.5ppm
nanganese may be resarded as the upper limit but it is quite
possible for a lesser quantity to cause trouble in a distribution

systen.
1.217 Zinc

It is rarely present in natural waters but very common in
water when it is drawn from consumer's taps because of the usc
of gulvanized iron piping and tanks. Some waters may attack
the zinc of galvanized piping forming loosec zinc carbonate; and
this zinc in solution in such waters as supplied to the consumcr
may be found to exist up to 3.0ppm. Samples containing such
amounts of zinc should be aveoided for bacteriological examination,
because zinc has a bactericidal action continuing in the

sample bottle, being toxic to many low forms of lifc but
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relatively harmless to human beings.
1.218 S3ilica

SBilica exists in most waters, up to 40ppn (as SiOz) in hard
wvaters. The content of a river water may fluctuate from 5 to
20ppm. No evidence has been adduced that amounts of the above
order or more are harmful for drinking and no permitted limits
have been quoted. It is however a troublesome material in

boiler feed waters giving rise to a very hard scale (38).
1.219 Sodium

It ranks sixth among the clements in order of abundance and
is present in most natural waters as sodium chloride. The ratio
of sodium to total caticns is important in agriculture and human
pathology: a high sodium ratio harms soil permability while
persons afflicted with certain discases require water with low
sodium concentration. If the sodium chloride does not arise
from sewage pollution but comes from a non-dangerous source it
may be tolerated in a water supply up to the level about 300ppm

or above at which complaints of taste could arise.

Sodium bicarbonate is a salt prescent in some waters froum
20 to 500ppm and water containing the higher amounts is sometimes

rcgarded as "table water' drunk for its palatability.

Sodium sulphate is the chief constituent of 'sulphated'

water and is regarded as harmless even when present in amounts up

to 250ppm. Quantities above this may cause diarrhea (39).
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1.220 Potassium

It ranks the seventh among the elements in order of
abundance but its concentration in most drinking water is 20ppu
(40). Just like sodium, it plays a very important role in

nervous communications.
1221 !-‘lercu;_x

It is a comparatively rare element. Its inorgonic compounds
are rclatively insoluble and can exist in solution only in ex-
tremely smell concentrations under natural conditions. It causcs
death and nerve damage. It enters water as waste from electro-
lytic sodium hydroxide production and from the leaching of coul
ash. It may be methylated by bacterial activity and teken up by

the aquatic food chain to which it is also toxic.

1.3 SOURCES OI' DRINKING WATER

There are different sources of drinking water depending con
the geographicel featurec of an area. Such sources include cncll
streams, rivers, ponds, springe, rain water (scasonal), wells,
boreholes and tap water. Stagnant pond water and wells form the
major sourccs in almost all communities except in urban arecas
where tap water is available. However, with the growing nced for
a good quality of drinking water, the tap water system is aprcac;

ing to even the most renmnote arecas of Nigeria,

1.4 CHLUIICAL TREATHENT OF VATZER FOR PUBLIC SUPPLY

Varying amount of treatment is usually given to public

water supplics before entering the distribution system. In thi:
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process, a coniinuous supnly of raw water is a nccessity. The
raw uater is usually 8bstrocted from some natural woaters c.p.

rivers and storcd in reservoirs (often called doans) and lakes.
fhese are alvays veriedly pdluted. 7The various aims therefore,

for treeting raw water ianclude the following:

(

-

) reduction of the total micro-orgconism content
and the renoval of bacteria and viruscs harn-

ful to hecalth;

(2) removal of chemicels that orce haruful to

health;
(3) remeval of suspended metter;

(#) reduction to a low level eof those chenicals
that mipght interferc with the normal domestic

and industrial uses of uater;

(5) removal of any corrocive propertics of water
and the protection of the piped distribution

systen.

The impgritics that are npresent in raw water nmay be
prouped into: floating and suspended solids of visible size;
small suspcended and colloidpl seolids cousing turbidity, nicro-
orpenisns, dissolved solids producing herdness and acidity and
dissolved gases such as oxy;en, carbon dioxide and hydrogen

sulphide.

The trectuent of vwater is aimed primarily at reaoving

most of thesc impuritics. “whe methods that are uscd for
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treatment are reclated to the particle size and chemical compe-
sition. Trcatment procecdures are not standardised acreoss dif-
ferent water authorities. They vary according to the quality

of the raw water and the cxtent of water purification required.
In the ongoing discuscion, particulnr.attention is paid to the
Zaria and the Ahmadu Dello University waterworks. The former
gets its raw water supply from the Zeria dam which originates
from a river near Kano while the latter gets its supply from the

Ahmadu Bello University dam.

The cheftical trcatment of water for public supply is

brought about in stages:
(a) chenically assisted gedimentation:

This stage comprises soveral scparate
processes of trecatment which go to make up the
conplete system known as ‘clarification'. The
system is designed to cleor a water as much as
posscible and desirable of suspended matcrials
before it passes to rapid gravity filters., It
is a delicate and chemically complex phenomenon

having three stages:

( i) the addition of measured quantities
of chemicals to water and their thorough

mixing;

(ii) the formation of a precipitate which

coalesces or coagulates and forms a floc and

(iii) sedimentation.
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In the first stage, cnergy is applied in
sone form to make the sclected chemicals mix
with the water. A "flash mixer" is frequently
used which cezuscs the water to have a
turbulent flow, either by injecting a stream
of high velocity water into it or by passing
the water around baffles or through some
constriction. At the Zaria and the Ahnmadu
Bello University waterworks, the water is

passed through bafflcs.

In the szecond stage known as 'floccu-
lation', the aim is to achieve the formation
of a flnc consicting of the precipitate formed
by the addition of the chemical to the water
combined with particles of suspended matter
originally existing in the water. The most
widely used precipitate is that formed by the
addition of aluminium sulphate, Alz(soh)B, to
the vater and this is generally known as ‘‘alum
floc*. Practically, equal volunes, say,
500ml of raw water from the scurce are trcat-
ed with défferent concentrations - 5%, 10%,
15%, 20% solution of aluminium sulphate
depending on the turbidity of the water followed
by rigorous stirring. The concentration that
produces the best result is uscd for trecat-
ment. The rav water from the source is then

pumped into the mixing chamber into which the
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corrcct solution of aluminium sulphate is poured.
(Other coagulents which may be used include
sodiun aluminate, NaAlO,; iron (II) sulphate
heptahydrate, FeBOh.?HQO). The precipitate
formed will first consist of very fine particles,
and the aim is to make them coalesce (or
coagulate) to form larger particles of floc
which arc fore cffective in cntraining the

suspended natter in the water.

In the third stage, the water is provided
with a period during which the floc may fall out
of the water to the basec of some sedimentation
tank, or is made to collect together in a layer
or 'blanket", so that it may be drawn off.

These tanks are generally known as ''clarificers®.
Filtration

Sedimentation brought about with or with-
out chemical coagulation is usually followed
in a waterworks by filtration. Poorly
filtered water is backwashedby emptying the
tank so that the water level becones very low.
Air at a very high pressurc is then passcd in
from the bottom. This mixes the water with
the bed material so that the water becomes
turbid. liore water is then passed in from

the top to wash the bed and then flushed off.
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(¢) Application of chlorine

Commercial chlorine is delivered as a
liquid under pressure in cylinders or drums or it
may be brought to the site in bulk tankers
which discharge to large pressure vessels in
the treatment works. (Chlorine is normally
nantufactured irom salt. In some arecas of the
world, it nay be difficult or cxpensive to
obtain commcrcial chlorine in liquid or gas
form. In this case, clectrolytic sodium
hypochlorite generators can be used to manu-
facture sodium hypochlorite solution at the
eite of the works from brine solution or from
sca water. The apparatus is not expensive to
instal and the powor consumption is modest).
"he chlorine cylinders usually contain about
30kg (701b) of liquid chlorine in them, the
drums about 800kgz (18001b). 1In a very large
waterworks, the chlorine gas is stored in much
larger vesscls which are refilled from tankers.
The chlorine is not usually injected straight

from the containers into the water because

( i) the dosc to be applied must be

controlled;

(ii) the dose must remain constant what-

cver the pressure inside the cylinder (the
pressure tends to fall as the ges is withdrawn

and varies according to temperature).
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(iii) if the water is under pressure, it

nay be necessary to force the gas into it.

For cmergency, one can discharge the
chlorine dircct into the water provided every
precaution is taken to see that all the gas is
digsolved in the water and none escapes.
However, for all normal operating circumstances,
it is necessary to use a chlorinating apparatus
wvhich controls and measures the gas applied.

The chlorine is normally applicd as a con-
centrated sol&tion by allowing the chlorine to
flow through an orifice and mix with a small
quantity of water to form a concentrated solution
vhich is passed on to the injection point. The
amnount of chlorine added usually depends on the
result of post-trecatment test. At the Zaria

wvaterworks, 2.0kg/hour chlorine is added.

It ic more convenient to inject the
chlorine into water where the pressure is
not too high. The primary requirement is that
any point of application must be such as to give
adequate time of contact for the chlorine with
the water before it lcaves the works or before
the water is dechlorinated (this can be brought
about by injecting sulphur dioxide). Prefc-
rentially, the point of application should be
just upstrcam of a weir or venturi tube or some

other similar point whore turbulence of the water
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will ensure thorough mixing of the chlorine.
Aeration aftcr the addition of chlorine is not
objectionable as it will only reduce the chlorine
contont by a very small amount but long cxposurc
to sunlight will rcsult in a decrcase of the

chlorine content.

(d) Addition of other chemicals

At the waterworks, other chemicals are
usually added to the water at this stage. Thus,
along with the chlorine is usually added ammonium
sulphate solution. The chlorine combines with
the ammoniun sulphate to form the chloramines
carlier referred to. Calcium oxide solution is
used at this stage to reguliate the pll of the

wator.

At the Zaria waterworks (and most others)
the treated water is stored in underground tanks
(reservoir) from where the water may be pumped
into various distribution tanks. The amount of
chlorine zos present in the treated water as
comnparcd to the zdded quantity is tested for at
definite intervals using o~toluidine or D.P.D.
tablet=, This usually indicates thce amount of

residunl chlorine present in the water although
this decrecascs greatly by the time the water

gets to the consumers.

A salt, sodiunm alginate, is also added to
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the row water along with aluminium sulphate.
This salt helps in coagulalion. Beth the
Zarie ond the /hnadu Bello University water-
wvorks and cven wost others, do not use it
becouse it is scid to encourage the growth
of alpac as well as blocking the pipes.

The Zaric vaterworks pumps out about clowven

nillion gallons of treated water o day.

OBJECTIVLS O TUE FROJLECT

This work is aimed at the quelity characterigation of teop
wvater in Zaria. This water is supplicd to the public by the
Zaria watervorks. Apart from thc joy and satisfaction
resulting from an excrcisce like this, it is hoped that fron
the results of this analysis, both the public znd the verious
waicr viorks in the country will become increasingly aware of
the need to mointain a constent check at the constitucnts or

the tap water they suppl, to the public.

It hos alrcady been mentioncd that raw water depending
on ita snourcc is varyingly polluted. It mey contain among
pthicr things substauces like chloride, fluoride, iodide,
sodium, potzssium, calcium, mangancsc, magnesiun, aluwminiuc,

iron, coppcr, lead, zinec, silica ctec. which occur naturally.

In the pursuance of the above objective, detcraination
of the following substancces will be carricd out on both raw

and trcatcd water:
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(a) pH, conductivity, residuc (total, filtrable and

suspended);
(b) chloride, fluoride end iodide;

(¢) oodium, potassium, calcium, magnesium, iron,
zine, copper, lead, nangenese, arsenic and
mercury. The results will be compared with the

\iHO standards.
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SAMPLIMNG AND DETESRMINATIONS

SAMPLING - GENERAL

The validity of an analytical result dependa on the
efficiency of sampling. The general locations for obtaining
the samples should be dictated by the objectives of the pro-
gramme. Sometimes, thc objectives may be such that the exact
sampling locations remain to be chosen but it is generally
better to ensure that the locations at vhich the sanmples are
taken are represcntative of the water of interest. In sone
analyses, samupling positions seem to be choscn nore on the
bases of accessibility and coanvenience than on their suitabili-

ty as representative gsamples (41). Thie nay sometimes be

.unavoidable but it is always worth seekinpg an alternative

position if the one that is accessible is likely to provide

information of uncertain value.
2.11 Frequency Of Sampling

Tap water was used for this project. GSamples were
collected forthnightly in September and October and thereafter
weekly up to carly December 1982. The period cut across the
later part of the rainy and the ecarly part of the dry seasons.

Altogether, samples were collected ten times and analysed.
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2.12 3Sanpling Positions

.- - -

Samples for this project were collected fron different
points within Zaria. The different points werc deternized by
the nunber and position of distribution tanks that serve wate:
to the eatire Zoria comaunity., After treatuent, water Iron
the Taria waterworlks is punped directly into the two Hanua
tonks wvhich serve as the central reservoir. irom theoe, the
water io punped dircctly into the diflercnt booster tonls

locoted in differcnt comnunitices.

the fhmadu Bello inivercity community gets its water
supply irom the Zaria public vater supply cystem. Though the
University has & watervorks which serves at preocent only a
neglisible section of the Uﬂiversity community, construction
uork is low being carried out in order to nelie it posoible for
tlhe vhole Uuiversity commmmity to get itc water supply fron
the Haiversity waterworlic. Thic necessitateld the inelusion
of both the row water fron the University don and the trented
water fron the University vaterworks now that the treated
vater froa the latter is not yet widely used and vhercupon L
the fiadings could be more useful. The row vater fron the
Zaria dam was also included in this study so as to be cble
to observe any changes that pay occur in thie conceatration
ol deterninantz in both raw and treated water sonples. Netcils

of saupling points are given in Tables 2.7 and 2.2 below.
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Table 2.1

Zaria Public VWater Slptem

Tank Location Arca(s) Served Sampling Point Sample Number

Hanwa tanks Central Reser- - =
voir
- - Zaria danm 1
- - Tap outeide
Zaria waterworks 2
City tank Tudun Wada/ Kongo 3
Zaria City
Gaskiya tank Tudun Jukun A88 Gaskiya 4
Road
Supply from Sabon Gari 2 Yoruba Street -1
different
tanks around
G.R.A. G.R.A. and zZaria Polo Club 6
surroundings
Samaru Samaru, Shika 8 Sokoto Road, 4
Samaru
Kufena tank Wusasa and Wusasa General 8
surroundings Hospital
Table 2.2

Ahnadu Bello University later System

— ke .

Tank Location Arca(s) Served Sampling Point Sample Number
A.B.U. VWater- Parts of Lrca A Tap outside 9
works waterworks

- - A.B.U. Dam 10
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2.13 Time Interval Betwcen Sample Collection And
Analysis -

In an analysis such as that involved in this project, thc
shorter this time interval the more reliable the results (42,
43), Tor some constituents and physical values, immecdiate
analysis in the field is required in order to obtain dependobic
results because the composition of the samples may change beforc
they arc brought to the laboratory. Though the WHO hes stipu~
lated a period not exceeding 72 hours (4%), it is impossible to
state uncquivocally how much time may be allowed to elapse Lot~
ween collection and analysis as this depends on the character
of the sample, the particular analysis to be made, the storaje
conditions and the distance betwecn the sampling points and

the laboratory.

In this work, no parameter was determined in the field.
Analyses were started immediately the samples were brought to
the laboratory. Approximately four hours were used to collect

all samples during cach cuting.

2.1% Sample Collection And Preservation

Samples were collected into plastic containers soaked
overnight in a 10% W/V nitric acid solution (45). A complete
and unequivocal preservation of the samples is often practical-
ly impossible. Similarly, irrespective of the nature of the
somple, complete stability for all constituents can never be
achieved. Prececrvation methods only retard chemical and
biological changes which incvitably coatinue after the samplc
has been removed from the source. Such chemical changes nay

include cation loss by adsorption on or ion exchange with tiwc
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walls of the container e.g. zinc, copper, lead, chromium, if
the container is glass. Such soluticns arc usually kept at pi
below 2.0 using hydrochloric or nitric acide to reducc precipi-
tation and adsorption on the container walls. In addition tc
the above effcct certain metal ions may change their oxidation

states e.g. chromium (IV) being reduced to chromium (III).

The biological changes such as those caused by the
growth of orgenisms may be retarded by kceping the sample in
the dark at low temperaturcs until analysis. Ilowever, certain
determinations are more likely to be affccted than others by
the storage of the samples prior te analysis. Such deter-
ninations include temperature which changes very quickly, the
pll which may change significantly as a matter of winutes and
dissolved gases (oxygen, carbon dioxide, hydrogen sulphide,

chlorine) may be lost or gained.

Due to the treatment normally given to tap water at the
waterworks, muchbiological activities apart from oxygen and
cerbon dioxide cxchange do not occur but common among
changes in drinking water are the convergion of soluble con-
stituents to organically bound materials in cell structure or
the relcase of ccllular materials into solution. “his bio-
logical influence on the samplc composition is exemplificd

by the nitrogen and phosphorus cycles (46).

It is difficult to preserve samples since almost all
prescrvatives interfere with some analyses. Though a number
of prescrvation methods have becn suggested (47), they are

relatively limited and arc intended to retard biological
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action, the hydrolysis of compounds and complexes and reduce
constituent volatility. No special method of sample preserv-
ation wae uscd in this work and all analyses were completed

within one week of sample collection.

DETERMINATIONS

2.21 pH Determination (48, 40)

Principle: pH is widely uscd as a general characteristic
of a water and an indircct cstimation of carbon dioxide quanti-
ties. The pH of a water sample is liable to be modified by
biological activity or by carbon dioxide exchange with air,
long intervals excceding a few hours between collection and
measurement should be avoided and samples should be collected
in completecly filled vessels. For accurate determinations, =
preliminary flushing of the vessel with the sample is often

necessary.

The glass clectrode-calomel electrode system is most
convenicntly uscd as o singlc combinction electrode that can
be dipped into the sample vessels. A preliminary stirring of
the mediumor agitation of the elcctrode is essential before a
reading is taken, although it should be noted that a lower

reading will be obtained during the stirring.

The meter plus the clectrode system arc usually stand-
ardiscd before measuremcnt, using, preferably, buffer solutione
with pH values ncar the upper and lower limits of the range

to be measured and the sample temperature.
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Apparatus: (1) pH meter (battery operated), Griffin.
(2) Combination glass-calomel electrode, Gallenkamp. (3) 500n1

beaker. (4) Magnetic stirrer,

Procedurc: The storapge vesscl was rcmoved from the pH
sensitive membrane thereby exposing the membranc and the
refercence liquid junction. The membranc was washed with de-
ioniscd distillecd water and wiped with soft tissuc. The
clectrode was then checked to ensurc that the intermal liquid
solution completely filled the pH sensitive membrane. If oir
bubbles werc present, these were reumoved by shaking the
electrode in a downward direction. The silicone band covering
the salt bridge was slided down to expose the hole thus en-
suring the diffusion of the electrolyte through the ceranmic
liquid junction. The clectrode was then standardised in
buffer solutions of pll 6.0 and 10.0. The buffer solutions
bracketted the expected pH range of the test samples. The
specificd sampling progcdurc was then carricd out, washing
the clectrode after cach immersion into the solution under
test to prevent contamination of the test samples and the
buffer solutions. After usc, the electrode was clcansed with
uore of déionised distilled water and the protective cap
replaced. The clectrode was then stored in a buffer solution
of pH 7.0. The pil meter used in this work was not adapted to
tempercture regulation. Tull results arc shown in Appendix
I1I(a) and summarised results are included in Tables 3.7 to

3.4,
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2.22 Conductivity (50, 51)

Principle: Elecctrolytic conductivity is the ability oi
a solution to conduct an elecctric current. 1In solution,
electricity is carriced by ion migration. Therefore conductivi-
ty under standard conditions (clectrode gecometry and temperaturc
bears some reletionship te the total ion concentration. To
some ecxtent, this rolationship depends on the rature of the
najor ions in solution so that water of different ionic compositiow
will display a different rclationship between ionic concentration
and conductivity. Unfortunately, conductivity tells us nothing
as to the nature of the substances in solution but if this
incrcascs or decrcases in amount, so does the conductivity
incrcase or decreasc and if the conductivity of the water is
asceortained, then any change in the character of the water wil!

be indicated by a change in the conductivity.

The S.I. unit of conductivity is the sicmens (8), and
the inverse of the unit of Elcctrical Resistance (R), the ohw
({1l). For clectrolytic solutions, conductivity (K) is
cxpregsed as uscm'1, a valuc numerically cquivalent to pmho 03_1

(in older literaturce).

Apparatus: Electrolytic conductivity ncasuring sct,

Model MC-1, Mark v, Dlectronic Switchgear, London Ltd., England.

Proccdure: The cell was cleansed thoroughly with dec-

—— o —

ionizscd distilled water followed by the sample to be measurcd.
The cell was then filled with the sample and the connccting
cable plugged into the “measuring ccll" socket. The temperatunro

dial was sct to the temperature of the sample (25%) and the
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sclccter switch to the anticipated range of measurcment (by
trial). The actuator button was pressed down and the measuring
dial slowly rotated until the balance indicator moved to the
centre scale. The dial sctting at vhich tliis occurecd wac

rcad and mulitiplied by the range factor. The result was the
specific conductivity of the sample in uscm“q. Summariscd

regulte arc included in Tables %.1 %o 3.4 while full results

arc shown in Appendix III(b).

2.23 Delerminotion of residue (52, 53, S54)

Tiesidue, os a chenical term, refers to solid watter
susnended or dissolved in water. The naterial left in the
vegsel after cvaporation of a sample and its subsequent drying
in an oven at a defined temperaturc is colled “total residuc-,
It includes ''non-iiltrable reside”, thot is, the portion of
total resdiduc retaincd by a2 filter and “filirable residue,
the portion of the total residuc that passcs through the fili.r.
Practically, however, the distinction betwecen “filtreble® and
linon-filtrable components isc an operational rather thun an
abksolute one, and can be influenccd by the grade of filter

cuployed.

2.231 Deteruination of totel residue dried at 103°-105°%

Principle: A well-mixed sample is cvaporaicd in e
weighed cvaporating dish and dricd to consiant weight in an
oven at 1030—10500. The increase in weisht over that of the
empty dish rcpresents the total residue, an arbitrary quantity
defined by the procedurc followed. The determined values nay

not checit with the thecorctical value for solids colculated
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from the chemical analysis of water.

Experimental

Apperatus: (1) Porcelain cvaperating dishes of 100m)
capacity and 90mm diameter. (2) Steam bath, (3) Drying oven
equipped with a thermostatic control capable of maintaining
the temperature within a 2% range. (Y4) Desiccators contain-
ing silica pgel desiccant. (5) Analytical balance, 160g

capacity capable of weighing to O.1mg.

Proccdurce: Clcan norcclain ecvaporating dishes were
kept in an oven sct at 1030—10506 overnight. These were then
cooled in desiccators and weighed. 25ml portion of the
sample wés then pipetted into a dish and evaporated to dryness
on a stcambath. The evaporated sample was then dried in the
oven at 1030-10500 for 1 hour. This was cooled in a
desiccator and weighed. The proccases of drying, cooling in
a desiccator and weighing were repeated until a constant
weight was obtained. Triplicate determinations were carricd
out simultaneously for cach sample and average rcesults werce

used in the calculation.

Calculation: The following expression was uscd:

(A-B) x 1000

mg/1l total residue = | g

where

=
W

weight of sample + dish;

ee ]
}

weight of dish only.
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Summariscd results arc included in Pables 3.1 to 3.4 while full

results arc shown in Appendix III(c).

2.232 Determination of filtrablo residue dricd at
103°-105°C

Apparatus: In addition to thosce alrecady mentioncd for
total resicue, the following: (1) Suction flasks (500ml ceopa-
city) with rubber bung. (2) Sinter glass filter, size G3,

Pyrex. (3) Suction pump.

Proccdure: A suction flask connccted to the suction pump
was fitted with a rubber bung carrying a sinter glass filter,
size G3 pyrex, The suction pump was connected to the mains
and switched on. The sinter glass ‘was washed with thrco succco-
sive 20ml volumes of distilled water. Suction was continucd
to remove all traces of water from the filter and the washings
discarded. About 50ml of the scmple was then filtered under
vacuum. The filtrate was uscd to rinsc the suction flask.
About 100ml of the sample was then filtered by the same
procedurc. 25ml aliquot of the filtrate was pipetted into a
preweighed cvaporating dish (dried in the oven at 103°-105°C
and cooled in the desiccator) and evaporated to dryness on o
stcan bath., The cvaporated samplc was then dried in the overn
at 103°-105°C for 1 hour. It was coolecd in a desiccator and
weighed. DUrying, cooling and weighing were continued until o
constant weight waas obtained. Triplicate determinations werc
carricd out simultancously for cach samplc and averapge regulto

were usced for the calculations.
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_ 2 Caleulatisn: The foiibﬁing cxprossion was uscd:

mg/l filtrable residuc = ﬁZE_EalggQ
S . PN S 'ﬁgﬂ]” L

whero

weight of dish + dried residue,

2
11

a

o
H

weight of dish only,

]
H

volume of filtrate uscd.

Summariscd results erc included in Tobles 3.1 to 3.4

while full rcsults are shown in Appendix ITI(d).

1 .2.233 Doforﬁinatioh of éﬁspended'rosidﬁo af 103°—1Q5°O

Ezgggduro: This was determined for cach sonuple frem the

relationship: . . T
Total - Filtrable Suspended
Rosidue

~Residue . X Residue

- .Thc nethod proved usoful since the sdme vblumes of
samples were used in the determinations of total and filtrable

repiducs. Summariscd rqsults arce included in Tables 3.7 to

3.4 whilc full results are shown in Appendix ITI(c).

2.2h Detérmiﬁgj;ph 0Of Chloride (55, 56, 57, 58, 59, 60)

S : R AU . . - - P

R aumber of ﬁethbds é;é avﬁilabie for the determination
of ehlorides in water. These include the argentomctric (liohr),
the morcuric nitrate, the potentiometric and the forricyanidc

A . i

" The potentiometric method is suitable for coloured

(turbid) samples in which colour-indicated cnd points are
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difficult to observe but can be uscd without a pretrcatment
step for samples containing ferric ions (if not present in an
amount greater than the chloride concentration). The ferri-
cyanide mcthod is an automated modification and is tontative.
The mercuric nitrate method has an casier ond peint but is vory

much pH (difficult to maintain) depcendent.

The argcentometric meothod is suitable for use in relativoe-
ly clear waters and was the procedurce adopted for this work.
The method avails itself of the well known reaction of silver
salts on soluble chlerides. Vhen & solution of the nitrate
of silver is mixed with a solution containing chlorides, the
ingolublec chloride of zilver is produced and the quantity of
chloride in water may bLe determined by ascertaining how muclh
of a standard scolution of nitrate of silver ia required, in
order tc precipitate all the chloride in a certnin volume of

the water sample. RSNt

If some of this standard solution bo dropped into a
water containing chleoride, a white precipitate of chloride of
silver will continue to form until all the chloride in the
water has heen used up. As may be roadily secn on making the
experiment, there is some difficulty in observing the exact point
at which the formation of the precipitate comses., The difficul-
ty is ovcrcome by using potassium chromate as indicator., Dy
ecmploying this, the exact peoint at which the formaticn of
chlorido of silver stops is marked by the appearance of a decp
red chromate of silver. fThe principle upon which the indicater
dcpﬁnds is, thot silver cowmbines with chloride in preference to

chromic acid and that, accordingly, no red chromate of silver
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is capablec of being formed so long as chlorides are in the
water, but that red chromate of silver instantly forms the

moment the nitrate of silver is in the slightest excess.

In this experiment, both the silver nitrate and potassium
chromate should be free from chloride. Also, neither the silver
nitrate nor the water sample should be acidic. This is becausc

the chromate of silver is dissolved by acids.
Experimental

Reagents: All chemicals were of analytical reagent grade

unless otherwise stated.

(1) Chloride~free water: Deioniscd distilled water wvas

uscd for the preparation of all rcagents and as dilution water.

(2) Potassium chromate indicator solution: This was
preparced by dissolving 50g potassium dichromate (analytical
grade rcagent) in a little quantity of water followed by the
addition of silver nitrate solution until a definite red
precipate was formed. This was left to stand for 12 hours,

filtered and diluted to 1 litre.

(3) Standard silver nitrate titrant (0.0141M): Preparcd
by dissolving 2.395g silver nitrate in water and diluting to
1 litrc. The solution was standardised against 0.0141M
sodium chloride solution by the procedurc described below and
stored in a brown bettle. Standard silver nitrate 0.014107 =

500ug Cl/ml.

(4) Standard sodium chloride (0.0141M) solution:

Prepared by dissolving 824.1mg sodium chloride (dricd at



39

140°¢) in a small quantity of water ond diluting to 1 litrec.

1,0ml = 500pg Cl.

(5) Special reagents for the removal of interfercnce:
(i) Aluminium hydroxide suspension: Prepared by dissolving
125g aluminium poilassium sulphate (AlK(SOQ)2.12H20) in water
and diluting to 1 litre with more of the water. The solution
was warmed to 60°C and 55ml ammonic solution was added slowly
with stirring. ‘'he mixture was. left to stand for 1 hour and
transferred to a large bottle. The precipitate was washed by
successive additions, with thorough mixing and decantations
of water until free from chloride. A feshly preparcd sus-
pensicn occupics a volume of approximately 1 litre.
(ii) Phenolphthalein indicator solution: Preparcd by dissolv-
ing 1g of the solid in 500ml ethanol and diluting to 1 litrc
with water. (iii) Sodium hydroxide (1M) solution: Preparcd
by dissolving 40g sodiun hydroxide pellets in a small volume
of water and diluting with more of the water to 1 litre.
(iv) Hydregen peroxide, uaoe. 30% v/V: Prepared by diluting
30ml of hydrogen peroxide to 1 litre with deionised distillced
water., (v) Sulphuric acid (0.05M): Prepared by diluting

2.8m1 concentrated sulphuric acid to 1 litre with water.

Procedure: (a) Sample preparation: 10ml sample was
diluted to 100nl with water. Raw water samples were treatcd
with 3ml aluminium hydroxide suspension, nixed, leit to
settle, filtered, wnshed and the filtrate and washings con-

bincd.

(b) Titration: Samples werce titrated in the pH range

7.0 to 10.0 dircctly. Samplcs not in this range werce
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adjusted with culphuric acid or sodium hydroxide solutions.
1.0ml potassium chromatc indicator solution was added and thce
rcsulting solution titrated with the standard silver nitrate

titrant to a pinkish ycllow end point.

A reagent blank value was established by titrating the
stardard siiver nitrate solution with 100ml dcionisecd dis-

tilled water by the method outlined above.

Calculation: The following rclationship was used:

_ A-B x N x 35,450
mg/l C1 = ml sampl;

where

-
"

ml titration for the sample
B = ml titration for thc blank

N = Molarity of silver nitrate solution.

'he summarised results arc included in Tables 3.1 to

7.4 while full results arc indicated in Appendix III(f).
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. Table 2.3

Interferences In The Mohr Method For Chloride (61)

. e e, e et R i e i - e

Tuterfering Species . ' . oo Comnente
Br™, I” Pl . Cuni T e
Fe(ITL), BLi(I1I}, SnlIV) G . Precipitated as basic salts;inter-

ference by Fe(III) partially
removed by addition of I,

Ni{IT), CO(II), Cu(II) " Mask colour.,

-2 -2 -2
F?O3 , §7°, co

-2 . "
¢ 04 Interfere by formation oi low
-+ solubility silver salts_in
aeutral solution. C,0, can he

precipitated as caleiIum oxalate.

3 7=

pH adjustment will overcome interw
ference. Qptimum pH is 5.0-8.0

¢u£erfércncc bj ého last tﬁo groups was overcaﬁe by tﬁe high pH of
the golutions (7 to 10} before titration. Interference by iron(III}
is overcome by fluoride naturally present in samples. Most of the
other metal ionsg arc not gignificantly expected to be present in

the samples. T ) .

Lo
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2.25 Determination Of Fluoride (62, 63)

Many methods have been suggested for the deternination
of the fluoride ion in water: the electrode method, the
alizarin visual method, the alizarin fluorine blue method, the
Zirconium-Eriochrome cyanine R method and the Zirconium-
SPADNS method. The electrode method is based on its response
to the fluoride ion. This electrode response is however
dependent on the ionic strength of the test solution or sample.
This selective ion technique shows promisc as a vergatile
adjunct to the colourimetric measurement of fluoride ion with
a special advantapge possibly in situations requiring continucus

monitoring or with large concentration differences.

The alizarin visual method depeuds largely on the ability
of the analyst to discern between colours. Though it requires
inexpensive lavoratory glassware and does not require accurace
tine control because sample and standards are treated simul-
taneously under the same conditions, a waiting period of 1 hour
after reagent addition is however suggested as satisfactory for
colour development. Such visual methods have been discarded

in favour of methods adepted to photometric measurement.

The last threc methods are colourimetric (photometric).
The SPALDNS (and even the clectrode) methods allow measurercris
to be made at any time after reagent addition and the forner
was used in this work. In this procedure, the reaction rate
between fluoride and zirconium ions is influenced greatly by
the acidity of the reaction. By increasing the proportion of

acid in the reagent, the reaction is made practically



instantaneous. The sclection of the dye for this rapid
fluoride method is governed largely by the resulting toleranc-
to interfering ions. The e¢lectrode and the colourimetric
nethods arc the most satisfactory al the present time. The
colourinetric methods are based on the fluoride iecn activity
upon a ceclour preoducing reaction, usually between a metal and
an orpanic dye. HNearly all such rcactions result in an

inverse relationship - & decrecase in colour intensity with
increcsing {luoride concentration. Since all the colourimetric
methods tre subject to errors due to interfewing tens, it uay: be
necessary to distil the sample before making the fiuoride
deiermination. However; when the interfcring ionc are not
presenl in excess of the tolerances of the method, the Iluoride

deter:'ination may be made directly without dictillation.

Experimental

Apparatus: <Colourimetric equipment: /n DEL specirophe Lo=-
aneter for use at 570nm and previding a light path of at least

Tcm.

e |

DNeagents: All chemicals were of analytical reagent grace.

(1) eioniged distilled water was used for the preparation

of all reagents and as dilution waler.

(2) Ztock fluoride sclution: Prepared by discolving
221.0mg anhydrous sodium fluoride, Na¥, in vater and diluting
to 1 litre with nere water. (1ml = 100pgF i.e. 100ppm siock

solution).

(3) Standard fluoride solution: Prepared by diluting
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100ml of the stock fluoride solution to 1 litre wifh water.\

(1.0ml = 10.0ugl i.e. 10ppm standard solution).

(4) BPADNG solution: Prepared by dissclving 1.916g
" SPADNS in water and diluting to 1 litre with more water. This
solution is stable indefinitely if protected from diréct

(%) Zirconyl-zcid reagent: Prepared by dissolving 266éng
- zirconyl chloride octahydrate, ZrOClz.BHEO, in about 50mli water,
: Po this was added 700ml concentrated hydrochlori&récid and

the solution diluted to 1 litre with water. -

.

(6) Lecid Zirconyl-SPADNS reapents: Prepared by mixing
equal volumes of SPADND golution and Zirconyl-acid reagent.

The combined reagent is stable for at leaszt two jéars.

(7) Deference solution: Prepared by odding 10ml of

* 8PADNS selution to 100ml water. 7.0ﬁl concentrated hydrochlor.c
acid was diluted to 10wl with water and added to the diluted
SPABNS solution. The resulting solution, used for setting

the reference point (zero) of the spectrophotometer, is stable

Gt e e

and nay be reused indefinitely. '”.3_ : ,ﬁmfﬁ-¢~

" (B) Sodium arsenite solution: Prepared by dissclving

2.50g sodiun arsenite, MadSQ,, in o small volume of water and

diluting te 1 litre with more water., : -

Lol R )

Procedure: (a) Preparation of standard curve: Tluoride
standards in the range O to 1.4ppm were prepared by diluting
appropriate volumes of the standard fluoride solution to 50wl

with water. 10ml of the mixed acid-Zirconyl-SPADNS reagent



was checled duriag subsegquent determinations.

- samples.

s

' was added from a burette to each standard and nixed well. The

' spectrophofohétér was set to zero with the reference solution

and the percent transmittance readings of the standards taken

immediately. A curve of fluoride concentration-obsorbance .

" relatiounship, Figure 2.1,wés plotted. This calibration curve

(b) Sample pretreatment: 50ml of esach water sample was
used. To cach tap water sample was added one drop of sodiun
arsenite solution and the mixture étirred well to recmove any
residual chlorine present, Raw water samples were not treated

s

with seodium arsenite solution. L T

{c) Colour devglopment: 1?.0ml of the m;xed acid=
Zirconyl~SPADNS réééént was addeﬁ'f;om & burette Lo each
sample. The solutions were well mixed, covered and the
absorbance readings taken aboul six hours alterwards with the
refercnée poiﬁt of the phbtoﬁéfef se£.;s for the standords

above, Duplicate determinantions were carricd out for the

o

Calculation: [The following expression was used.

i
mg‘/l F = ni s.’i?r;l_jle o 11
W L

where A = ugPF determiﬁéd.phdtoﬁetrically

ml sample = volume of sample used

oL - . .o . . . Kot -t

" Summariccd results are included in Tables 3.1 to 3.4

- while dotails are shown in Appendix III{g). = .
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Pable 2.4

Interferences In The Zirconium~SPADNS liethod For Fluoride (63)

Interferer
mg/1
1. Alkalinity 5000
(as CaCO3)
2. m*? 0.1
" %, Residual é
clhilorine
. C17 7000
50 Fe(III) 10
7. 1301:3 16
8. 304‘2 200

Concentration Effect on

Tluoride
Value mg/1

- Removal

decreases
Q.1

decreases
0.7 on
immediate
reading

increases

G

decreases
0.1

increases
0.1

increases
0.1

increases
0.1

tolerance increases to
2.0 after 2 hours stand-
ing and 30 after 4 hours
of standing

sodium argsenite solution

preéent below limit

pregent below limit

i

not determined

not determined

L

present below limit
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I'-, 2.26 Determination Of Todine (64, 65, 66)

A nunber of methods are évallable fﬁr the detefmlnat1ﬁ“
of iodine (65). Very fcw are appliceble in water analysis.
In the ongoing discussien, the catalytlc reductlon (photOHEur )
nethod is used. This reaction depends on the ablllty of the
iodide ion to catalyse the reaction between yellow cerium (IV)
"and arsenic(III) under contrelled conditions of time, temperuturc

and acidity. The reaction f :f'ﬁ

2Ce (IV) + As{(ITI) %;;:::e 2Ce(ITI) + as(V) .. .. €1)

oyange colour- colour- colour-
less - - less .- less

W i B

re;uires many hours to feacﬁ coﬁpletign withoutwthe aid of
heat or a catalyst inspite of the fact that the dlfference of
potential secns to favour spontaneous reactlon. In the
pregence of iodine, the rate of decrease of colour increases
in proportion to the anount of iodide present.

%.” L o T . . L

“ Due to the long time reqguired for the reaction to
reach completion, the reaction is stopped after a fixed time
(15 minutes) by the addition of iron {(II) which results in
the formation of iron (III). The amount of iron (III) formed
is directly propertional to the remaining cerium (IV) ions
concentration. The amount of iron(lIT) is determined by
adding potassiun thiocyanate and measuring the colour

intensity of the relatively stable complex formed at 520nm.
Fe(IT) + Ce(IV) a=====" Ce(III) + Te(III) «. .. {(2)

This method has the advantapes of requiring enly small water

semples, eliminating distillation procedures, minimising
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certain interferences and giving stable colours for spectro-

photometric determinations.

An excess of sodium chloride is added to attain a stable
maximum chloride concentration tkereby eliminating the inter-
ference of chloride already present in the water and reducing
the formation of non-catalytic forms of iodine (iodate). It
also overcomes the inhibitory effecte of silver and mercury
when present. A possible mechanism for the regeneration of

the iodide catalysﬁ is shown below:

Ce(IV) + IT = T + Ce(III) .. . . (3)
21 e B 5 pi B8 Bk 4 e 1IN
I, + Hy0 —— HOI + I~ A )

H;A80; + HOT —— H;ASO, + B e I .. .. (6)

The arseniows acid is assumed to be present in excess thereby

making reaction (1) a first order reaction.

Experimental

Apparatus: (1) A waterbath capable of temperature

control to 30 + 0.5°C.

(2) A spectrophotometer for use at 525nm and providing

a lipght path of 1cm.
(3) Fifteen 50ml volumetric flasks.

(4) A stopwatch.
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S Reagents: The following stock solutions were stored in
tightly stoppered containers in a dark place., All chemicals

were of analytical reagent grade unless otherwise astated,

Ig” (1) Deionised distilled water was used for the prepa-

ration of all reagents and as dilution water, = " r ~

{2) Sodium chloride solution: Prepared by dissolving

200,0g sodium chloride in water and diluting to 1 litre.

.'-.’ (3) Arsenious acid {0.025M): Prepared by dissolving
k,9Lbg arsenious oxide in wvater containing 4%.0g potassium

hydroxide and diluting to 1 litre.

Lt s ’

(&) Ceric smmonium sulphate (0.,02M): Prepared by
dissolving 13.38p ceric ammonium sulphate, épe(NHh}h(SO#)q.
4H297, in vater containing 44ml concentrated sulphuric acid

and diluting to 1 litre with water.
(5) Concentrated sulphuric acid.

(6) Ferrous ammenium sulphate reagent: Prepared by
dissolving 1.5g ferrous ammonium sulphate, éﬁﬁ(wﬂq)2(30432-
6H297 in 100ml of water containing Q.6ml concentrated
sulphuric acid. The solution was prepared afresh during sub-

sequent determinations.

(7) Potassium thiocyanate solution: Prepared by

dissolving H400g potassium thiocyanate, KCSN, in watcer and

diluting to 1 litre.

(8) Stock iodide solution: Prepared by dissoclving 261.6ug

anhydrous potassium iodide in water and dilutingufo 1 litre with



more water. (1.0ml = 200ugl i.e. 200ppm stock smelution).

.f@ - (9) Intermediate iodide solution: Prepared by diluting
20m) stock iodide solution to 1t litre with water, (1.0ml =

h,O0ugl i.e. 4ppm intermediate iodide solution).

s o i
(10 standerd iodide solution: Prepared by diluting 25nl
intermediate iodide solution te 1 litre with water, {1.0ml =

0.1ugl i.e. O.7ppm solution of iodide),

S

Procedure: {(a) Sample size: 10ml of each sample was
used in the determination. This volume was pipetted into a

50ml volumetric flask,

(b} Colour development: Reagents were then added to
.éach sauple in the following erder: 1ml sodium chloride
solution, 0,5ml arsenious acid selution and 0.5ml concentrated
sulphuric acid. The reaction mixtures and the ceric ammonium
sulphate solution were placed in & 30°C waterbath and allowed
to come to temperature equilibrium. 1ml of ceric anmonium
sulphate solution was added to the flask containing water
sanple number one and the content of the flask mixed by
inversion. A\ stopwatch was started to time the reaction.
After 15 1 0.1 minutes, the sample was removed from the water-
hath and imuediately 1.0ml ferrous ammonium culphate reagent
was added with mixing. The yellow colour of the ceric ion
disgppeared. 1.0ml potassium thiocyanate solution was then
added with mixing. The snmple was replaced in the waterbath
and within 1 hour after the thiocyanate addition, the red
colour was read as percent transitittance in the spectrophoto-

meter. Deveral samples were run at the same time. The
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reactions, starting from the addition of ceric ammonium
sulphate, were started at 1 minute intervals to allow time fo -
additions of ferrous ammonium sulphate and thiocyanate, Result:
were read from the calibration curve., Duplicate determinations
were carried out for each sample and the detailed results are
shown in Appendix III(h) while the summarised forms are incluled

in Tables 3.1 to 3.4%.

(c) Calibration standards: Standards containing 0, 5, 10,
15, 20, 25ugI/10ml of solutioh were treated as above and a
calibration curve, Figure 2.2, was established. The calibration

curve was checked on subsequent analyses.

Calculation: The following relationship was used:

ugl determined photometrically
nl sample

ng/l I =

2.27 Determination of Metal Ions By Flame FPhotometry
And Atomic Absorption Spectroscopy (67-72)

2.271 Determination of sodium and potassium using the
flame photometer,

2.2711 Principle of flame photometry: OJome metal ions

(mostly thosc of groups I and II of the Periodic Table) have
low ionisation potentials and therefore can ionise at low
temperatures, This property is utilised in the flame photc-

metric determination of these metals.

In this technique, the solution of the metal ion to be
determined is aspirated into the flame. The solution is
evaporated leaving fine calt particles suspended in the flane.

The particles are then vapourised and the vapour is dissociated



inte atoms. IHany of the atoms are then ionised by electron loas

(absorption process): - o Fﬁ“«-f
Ma===2 " 4 o™ -
The dégfee of icnisation is however concentration depe:.d-
ent and incrcases with increase in flame temperature and =
decrecase in ionisatioﬁ poténfial of the element concerned. e
tenperature however should not he too high so as to aveid
excesgive ionisation. The ionised satoms on reverting to the
ground stalte emit radiatioﬂ in the form of elestromagnetic
radiation and this is detected and recorded (emission process),
The wavelength of the emitted radiation is governed by the
energy chanpge involved in the éfﬁnsitiona For each element,
there are certain permitted shifts giving rise to a series of
lines, each series being characteristic of the element., The
intensity of any one line is”gbvefned principally by the flaue
tempereture, numbar of otoms of the element at any one inctany
and the presence of other atqmic species.ﬁ

The location of the lines provides qualitative informaticn,

-

their intensity permits quantitative analysis from the relation-

%

3 ship: - _ o ._I?“_
I eyC
whore I = the radiation intensity
"7 and € =

thie concentration of the deferminant.

A calibration curve of intensity versus concentration i
usually prepared with standard solutions of a known eleument.
Trom the curve, the concentration of the analyte is found out.

‘#



2.2712 Preparation of calibration curves and samples

analysest Calibration curves for sodium and potassium vere
prepared as detailed below, Sanmples were analysed by direct
aspiretion intc the flaome and readings were intn¥polated %o

the curve to get the corresponding concentrations in the sanple.
Duplicate deferminations were carried out for each sample.
Summaries of the resulis ﬁgé inélu&ed in Tables 3.1 to 3.4
_while detailed results of weelily analyses are shown in

.Appendices III(i) and III(j) for sodium and potassium respeciivc-

ly. = On subsequent analyses, the highest concentration of

r

each {Sppnm for sodium and 1O0ppm for potassium) was used to set

the instrument at 100% intensity. -

- -
.

h‘;“Experimentallu.".__

w0

* ~Apparatus: (1) A.flame photometer, corning EEL scienti-

. «fic. instruments, Evans Electroselenium Ltd., England.

S (2)~Twerrty.100ml. volumetric flaske.

Reagents: (1) Deionised distilled water was used for

‘the preparation of all reagents and as dilution water.

P

R (3 Potassium. chloride solution.

(2) Socdium chloride solution,

. v, o . . . e . "..:I,"'":u
I - . A . ! 3

All chenicals wore of analytical reagént grade. Details
of the preparation of the solutions are given below under

procedure.. - ..

-_%ﬁh Progedure: (a) Sodium: A.7000ppm stock solution of

_ sodium was prepared by.dissolving 2.542g sodium chloride (driec



_5__~_.

3

P ,___h___‘ S

7(:\ -

—— A uayul

L2
™

UOISS il

204

A LD|OY

e

(n
L

-

rati

Corcent



emission intensty

hve

AReLQ

)

in
~]

( ppm)
the delermingt onm

vrve for

of



58

at 14%0°C for 1 hour end cooled in a desiccator) in a small
quantity of water and then diluted to 1 litre with more water
From this stock, 10ml aedigmot was diluted Lo 100ml to give an
intermediaie solution containing 100ppm sodiun. Irom this

interuediate, 1 to Sppm standard solution of sedium in 160l
vere prepared by approprinte dilutions with water. fThe

calibration curve is shown in Figure 2.3.

(k) Potassium: A stock solution containing 1000ppn
potassium wac prepar>d by dissolving 1.907z potassium chloride
(dried at 11000) in a small quantity of water and diluting to
1 litre with more wagcr. An intermediate potassium solution
was prcpared by diluting 10ml stocl solution Llo 100ml with
vater to pive a solution conteining 100pm. From this, 1ppm to
10ppm votassium solutions in 100ml were prepared by diluting
appropriate volumes with water. The calibration curve is
shown in Figure 2.4.

y ek % -l
quner, ilanganese, iend, Arsenic and herruji

Using The Atomic Absoqulon 3,0ctrq2potcrct5r

2.27¢2 Letermination of Calclumzllmrnfa}unl Iron, Zinc,

2.,27217 Principle of atomic absorption spectroscopy: The

technique invelves the abscrption of energy by atoms thet are
in their ground states. It is bascd on the fact that metal
atoms absorb radiaticn strongly at discrete characteristic
vavelengths that coincide with the emission spectral lines of
the particular metal. Thc sample solution is aspirated into
the flame and the element is converted into its atomic vapcur

state, lost of the atoms in the flame rewain in their ground

(unexited) states and this technique neasures the ground stale
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=3

atoms. An external source supplies a beam of light which

traverses the flame and is foqused on the entrance slit of o
monochromater that héé been se;JtQ read the intensity of the
chosen spectral line. Light with this wavelength is then
absorbed by the metal ia the flawe and the degree of absorption
is a function of the concentration of the metal in the flame.

The light source is usually choppered to eliminate the

interference of emitted light from the flame.

To determine the concentraticn of a particular metal in
an unknown sample, a calibratién curve of concentration versns
absorbance ig usually prepared using standard solutions of
varying concentrations of the meta;*ion. ¥rom such a curve,
the guantity of the metal ion present in the unknown is usually

found out.

Ls with flane emission, the location of tho absorption
lines serves to identify the components of a sample; the
absorbance of a line as.in solution spectrometry is generally

proportional to the concentration of the absorbing species.

2.2722 Preparation of calibration curves and sampies

analyscs: Calibration curves for caleium, magnesium, iron,
zine, copper, wmanganese, lead, arsenic and mercury were preparcd
as detailed below. Duplicate determinations were carried out ror

each sauple and the average was used. The results are sum-

" marised in Tables 3.1 to 3.4 while details are given in

Appendices TIT(k) to TII{o). The calibration curves were

checked during subsequent analyses. The calibration curves f{or

these netals are shown in Figures 2.5 to 2.9. Calibration

L RN o .
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curves for metals which were absent in the samples are not

included,

¥ Experimental

Apparatus: (1) A Unicam SP1500 Atomic Absorption Spectiro-
photometer equipped with a standard air-écatylene burner hoad
and individual hollow cathode lampe of the clements inveétiu

gated.

.

(2) Thirty-five 100ml volumetric flasks. L
Reagents: All chemicals were of analyticsl reagent grade,

(1) Deionised distilled water was used for the preparation

of all rcagents and as dilution water.

(2) Calcium solution: Prepared by dissolving 630ng
baicium carbonate in 10ml concentrated hydrochloric acid and
diluting to 1 litre with water. A stock solution of 3 litres

was prepared for use throughout the period of analysis,

(3) Lanthanum solution, 1% m/V: Prepared by disédlving
3.1175g Lanthanum nitrate in water and diluting to 1 litre
vith more water. A stock solution of 3 litres was prepared

for use throughout the periocd of anslysis.

(4) Standard solulions of the metal ions as detailed

under procedure.

Procedurc: {(a) Calcium: A 1000ppm calcium stock scliutics
was prepared by adding 2.4970g calcium carbonate to about

50ml of water. Concentrated hydrochloric acid was then added
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dropwise to effect complete disolution. The resulting solution
was then diluted to 1 litre with weter. The solutinn was
standardised with 0,1} UO%A solution ucing Trisckreme idnck 7
as indicetor (73)s 1ml of the stock cazlecium 25lution wus
diluted to 100ml with water to give a solution of 10ppm calciun,
1 to Sppm sirndard calciun solutions in 10ml were prepared by
appronriate dilutions of the 10ppm solution with water. The
1Cml of each standerd solution was mixed with 2.5ml lantharum
selution before aspiroting. Sample sclutions were diluted

but similarly treated,

(b) Magnesium: A 1000ppm stocl mapgnesium solution was
preparced by dizsolving 10.0135p magnesium sulphate heptahydreate,
MgBOh.?HZU, in about 200nl water. 1.5ml concentrated nitric
acid was added and the volume made up to 1 litre with water,
The soluticrn was standordised with 0,1} EDYA solution using
Eriochrome Dlack T as indicater (73). An interuediate 10ppm
magnesium solution was prepared by diluting Tml aliquot of the
stock svlution to 100ml. A 0.1 to 1.0ppm steadard solutions
of magnesiuwm in 10ml werc prepared by appropriate dilutions of
the interrediate sclution with water. 10ml of each standard
solution was mixed with 2.5l lanthanunm solution bedore
aspirating. Sanple scolutions were diluted but sipilarly

treated.

(c¢) Iron: A1000ppm  soluiion of iren(II) was preparcd

by dissolving %.9770p ferrous sulphate heptahydrate,



_?3504.7H20, in water containing 50ml concentrated sulphuric
.Qcid and the veolume wmade to 1 litre with water. The solution
was standardised with 0.01M potassium dichromate solution using
N-phenylanthranilic acid as indicator (732)}. An intermediate
10ppm iron(Il) solution was prepared by diluting 1ml stock
solution to 100ml with water. Trom this, 1 to Sppm iron(I7)
standard selutions in 10ml were prepared by appropriate
dilutions with water. 10ml of each standard was mixed with
2.5ml calciumion solution before aspirating. Samples were

similarly treated.

R

(d)} Zinc: A 1000ppm stock solution of zinc was preparcd
by dissolving 4.3980g zinc sulphate heptahydratec, ZnS0,, . 7H,0,
in water ﬁnd the volume made to 1 Llitre with more water. The
solution wos standardised with 0.1M EDTA solution using
Eriochrome Black T as indicator (73). An intermediate 10ppnm
zinc solution was prepared by diluting 1ml stock solution to
100ml with water. 1 to Sppm zine solutions were prepared in
10ml by appropriate dilutions of the intermediate with water.

Samples were aspiratod directly into the flame.

[P

{e) Copper: 4 1000ppm stock copper sclution was
prepared Ly dissolving 3.7980g copper nitrate trihydrate,

Cu(NQ «3H,0, in a small quantity of water and the volume

302
nade up to 1 litre with more water. The solution was stand-~
ardised with 0.1M sodium thiosulphate solution using starch
as indicator {(?3). An internmediate 10ppm copper solution was
prepared by diluting 1mi of the stock solution to 100ml with

water. From this intermecdiate aclution, 1 to Sppm standard

copper solutiona in 10ml were preparcd by appropriate dilutions
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with water, Standard addition method was used for sample

I

anclysis. L N

I

(£) Lead: A 1000ppm stock selution was propared by
disselving 1.5984g lead nitrate in a small quantity of water
and the velume made up to 1 litre with more water. The soluticn
was standardised with 0.1M EDTA solution using xylenol crange
as indicator {73). An intermediate 10ppm lead solution was
prepared by diluting Tml lead stock solution te 100ml with watoer,
From this, 1 to Sppm lead standard solutions in 1T0ml were
prepared by appropriate dilutions of the intermediate with
water, Standard additiop methqd_yas used for the analyses of

the samples,

(g) Manganese: A 1000ppﬁﬁﬁ§néanese sﬁlutibnlwas prepared
by discolving 4.060g manpanous sulphate heptahydrate in a small
gquantity of water containing 1.5wl concentrated nitric acid
and the wvolume made up to 1 litre with water. The solution
was standardised with Q.1M EDTA solution using Eriochrome Dlack
T as indicator (73). An intcermediate 10ppm manganese solution
- was prepared by diluting 1ml stock solution te 100ml with
water, 1 Lo S5ppm standard manganese solutiecns in 10ml were
then prepared by appropriate dilutions of the intermediate
solution with water, Standérd addition method was used for the
analysis of the samples. Dach 10ml of selution was mixed with
2.,0mt of galcium_solgtion bgipre_nspirating.

-4 {h) Mercury: A %OOOPpm stock sclution of.mercury was

prepared by dissolving 1.35208 mergury(II) chloride, HgCla, in



64

250ml deioniscd water and then diluted with more water to
1 litre and stored in a polythene bottle. The solution was
standardised with 0.1M potassium iodate (73). From this stock,

1 to Sppm standard solutions in 100ml were prepared by apprc-

priate dilutions.

(i) Arsenic: A 1000ppm stock solution of arscnic was
prepared by dissolving 1.3200g arsenic trioxide, A5203, in
SOml hydrochloric acid (S.G. 1.18) and diluted to 1 litre in
a volumetric flask with water. The solution was standardiccd
with 0.1 potassium iodate (73). From this stock solution,

1 to S5ppm standard solutions in 100ml werc preparcd by appro-

priate dilutions.
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CHAPTER 3

RESULTS AND DISCUSSION

RESULTS

Detailed results of the complete analysis are shown in
the Appendix. The average values indicate such amounts of the
particular constituents as ingested by continuously consunming
vater from the same sampling point throughout the period of
analysis. These average values were calculated from the values
obtained from the ten collections for each sample. The results
are summarised in the following Tables which indicate the
maximum, median and ninimum values of each determinant through-
out the reriod of investigation. 1In the formation of the
Tables, the raw water from the Zaria waterworks, the trcated
water collected from the different points within Zaria, the
treated water from the Ahmadu Bello University waterworks and
the raw water from the Ahmadu Bello University dan are con-

sidered separately.
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Table 3.1

From The Difierent Sampling Points Vithin Zaria

Constituent Or Property Ezgi:sgion Maximum  Median  Minimum
pH pHl units 9.2 7.9 6.2
Conductivity at 25°C pscm” 110.0 94,0 75.0
Total solids ppm 112.0 86.5 64.0
Filtrable residue " 89.0 77.0 63.0
Non-filtrable residue " 34,0 8.0 1.0
Fluoride (F) " 4.0 2.0 1.0
Chloride (Cl) n 18.5 10.0 5.5
Iodide (1) L 0.65 0.154 0.0
Sodium (Na) " 5.0 4.3 il
Potassium (K) " 5.6 4.8 b1
Calcium (Ca) n 15.0 4,8 1.2
Magnesium (Mg) » 5.0 2.45 0.90
Iron (Fe) " 1.75 0.70 0.17
Zinec (Zn) L 2.06 0.09 0.03
Copper (Cu) " 0.0 0.0 0.0
Lead (Pb) k 0.5 0.0 0.0
Manganese (Mn) " 0.0 0.0 0.0
Arsenic  (As) " 0.0 0.0 0.0
Mercury  (Hg) " 0.0 0.0 0.0
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Table 3.2

Range In Quality Of Raw Water From The Zaria Dam

—— e — —

Constituent Or Property Ezgizszion Maximum  Median Minimum
pH pH units 7.8 7.45 6.8
Conductivity at 25°C uacm-1 67.0 62.75 k5.0
Total solids ppm 150.0 99.0 88.0
Filtrable residue " 139.0 87.0 82.0
Non-filtrable residue n 15.0 10,0 4.0
Fluoride (F) " 3.0 2,0 1.0
Chloride (Cl) " 9.4 6.4 5.0
Iodide (1) " 0.45 0.076 0.0
Sodium (Na) " 4.8 4.5 3.1
Potassium (K) " 5.5 5.2 4.6
Calcium (Ca) " 5.3 3.15 2.0
Magnesium (Mg) " 5.0 2.78 0.9
Iron (Fe) " L.75 1.10 0.5
Zinc (Zn) " 2.19 0.10 0.05
Copper (Cu) " 0.0 0.0 0.0
Lead (Pb) " 0.5 0.10 0.0
llanganese (Mn) " 0.0 0.0 0.0
Arsenic (As) " 0.0 0.0 0.0

Mercury (Hg) " 0.0 0.0 0.0
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Table 3.3

Range In Quality Of Treated Water From i.B.U. Waterworks

Constituent Or Property B:;i:szion Maximum  Median  Minimun
pH pH units 10.0 9.3 8.8
Conductivity at 25°C uscm"1 114.0 102.0 92.5
Total solids ppm 119.0 91.5 83.0
Filtrable residue " 95.0 83.0 75.0
Non-filtrable residue " 24,0 8.0 k.0
Fluoride (F) " 3.0 2.0 1.0
Chloride (Cl) " 20,0 10.0 8.5
Todide (1) " 0.35 0.16 0.0
Sodium (Na) " h,7 4.35 2.7
Potassium (K) " 6.2 4.9 4.6
Calcium (Ca) n 17.9 L.35 3.3
Magnesium (Mg) " 3.0 2.0 0.77
Iron (Fe) " 2.22 0.63 0.26
Zinc (%n) L 2.16 0.55 0.15
Copper (Cu) " 0.0 0.0 0.0
Lead (Pv) " 0.1 0.0 0.0
Manganese (Mn) " 0.0 0.0 0.0
Arsenic (As) " 0.0 0.0 0.0

Mercury (lig) " 0.0 0,0 0.0
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Table 3.4

Range In Cuality Of Raw llater From The ABU Dam

Constituent Or Property  ol° °f = Maximum Median Itinimum
PH pil units 7.9 7.8 6.9
Conductivity at 25°C uscm | 73.0 70.5 64.8
Total solids ppm 407.0 305,0 267.0
Filtrable residue " 381.0 295.0 256.0
Non-filtrable residue L 26,0 17.5 3.0
Fluoride (F) " 8.0 6.5 4.0
Chloride (Cl) i 7.2 5.0 4,0
Jodide (1) » 0.215 0.082 0.03
Sodium (Na) i 4,6 4.0 3.4
Potassium (K) " 9.1 8.15 71
Calcium (Ca) " 8.2 247 1.4
Magnesium (Mg) " k.5 2.7 1.0
Iron (Fe) " 2.87 0.63 0.2
Zinc (Zn) " 1.79 0.09 0.03
Copper (Cu) " 0.0 0.0 0.0
Lead (Pb) i 0.5 0.3 0.0
Manganese (Mn) u 0.0 0.0 0.0
Arsenic  (As) " 0.0 0.0 0.0

Mercury  (Hg) " 0.0 0.0 0.0




3.2

75

DISCUSSION

In the section captioned "chemical treatment of water
for public supply', it has already been mentioned that the
concentrations of the chenicals added to water during treat-
ment vary from day to day., It is not therefore unexpected that
the concentrations of some of such substances remaining in tle
water after treatment vary accordingly from day to day.
Another point worth mentioning is that since most of the deter-
minants come into water through tank and piping materials,
the concentration of such substances ig a function of the
period of contact of the water with the tank and pipe. This
explains why in some cases, the concentration of some of the
deteruinants as shown in the Tables are higher in the treatcd
water than in the raw samples. Inspite of the above limit-

ations, however, meaningful results werc obtained.

It is also pertinent to mention here that the raw water
samples from the Zaria and ABU dans are so turbid that they
are not actually used for drinking and most other domestic
purposes. These two sources were included in the research
worlk in order to observe the variation that occurs in deter-

minant concentrations in both the treated and raw water samplcso,

Though it has been stated (74) that treatment is not
likely to alter the concentrations of magnesium, fluoride,
aluminium, zinc, copper, lead, nitrite, nitrate, chloride that
were present in the ‘original raw water, one cannot confidently
conclude, for therc must be a change in concentration of these

substances as the water passes through tank aond piping meterials,
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instrumental conditions apart, thereby leading to changes in
these parameters in the treated samples and hence making it
difficult to correlate. The ongoing discussion is divided
inte parts, cach part dealing with one or more parameters
determined. The quality standards stipulated by the WHO (75,

76) at different periods are given in Appendices I and II.
3.21 pH

The pH of the samples analysed range from 6.2 to 9.2
with a pedian value of 7.9 for the treated water samples
collected from the different points within Zaria; 6.8 to ?l8
with a median value of 7.45 for the raw water from the Zaria
dam; 8.8 to 10.0 with a median value of 9.3 for the treated
water from the ABU waterworks and 6,9 to 7.9 with a median
value of 7.8 for the raw water from the ABU dam. In almost
all casec, the treated water from the ABU watervworks has the
highest pH value. This corresponds to the high calcium content
the water is found to contain. However, these high values arc

only slightly above the VW0 highest desirable level of 9.2.

3.22 Conductivity

The treated water samples from Zaria have conductivities
in the range 75.0 to 110.0 with a median of 94,0 while the
treated water from the ABU waterworks has conductivity values
in the range 92.5 to 114.0 with a median of 102.0. The raw
water samples from Zaria damhave values in the range 45.0 to
67.0 with a median of 62.75 while those from the ABU dam
range between 64.8 to 73.0 with a median of 70.5. All con-
ductivity values recorded for the raw water samples from

both sources are lover than the corresponding
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values for the treated samples, This is because more
substances recponsible for ionic conductance go into the
vater during treatment and in the distribution system.
Generally, the conductivity volues for all samples are low,
This may be due to the fact that both the number and concen-

tration of the ions in solution are low.
3.23 .lesidue

is should be expected, the total residue values arec
high for the raw water samples. The values for filtrable
and non-filtrable rcoidues however variced irrcgularly for
the trcated water samples depending mainly on the amount of
sediment in the path talten by the water. The amount of
colourcd residuc present in the raw water samples renders
the waier turbid and unhealthy for consumption. Iiovever,
the vilucc for both treated and row water samples are below
the VHO limit of 150Cppm. Thesc low valucs arce indiccotive

of clean drinking wvater,

3.24 Mluorid

—— e -

it both the Zaria and ALBU waterworks, the water is
neither specifically fluoridated nor defluoridated during
treatnent. The results of this analysis have shown that
the ABU dom water contains a high quantity of fluoride
ranging between 4,0 to 8.0ppm while that of water from the
Zaria dam renges between 1.0 and 3.0ppm. A1l the treated
water analysed have fluoride concentrations ranging between
1.0 and 35.0ppm. The frequency with which valuce outside

the WIO (1971) standard of 1.7ppn occured is a casc for
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concern and reguires the nttention of the water authorities.
i sicilas high result was obtained for well waters of
Hagaur and Jaipur districtsc in iunjasthan (77) and

the watcrs vere said to be unsuitable i1cr drinking cnd even

irrigction.

5.25 Iogide

—n

o

Just lilte fluoride, iodide is5 neither odded nor is
that naturally occuring removed. Huch of the values for
the trected wvater samples are outside the lﬁﬁ linit ad!1 Q1=
O.15ppr. AL the early period of sample collcction, the
valuecas yore low, hig is possibly because this was the
later part of the roiny seacon when the iodine in the water
is liliely to be reatly diluted in the rav vater souples.
However, it iz surwrising that the iodine conteut of the
rav waier samples arc lover than those for the trected

samples. Lo explanction seens to be immediate.

526 Chloride

v mem———

e VMO (1971) standerd for drinking water is 60O0ppa.
Throuéhout tlhic analysis, all the valucs obtained in Lotk
rav und treated water sanples are much lover than the stated
standard though os expected, these arve higher in {he irented
than rav water sapples. lowever, it has been stcted that
provided it is nol very excessive, the actunl aiount of
chloride in drinking woter is in itgell a natier ol very
litcle importence for since common selt ic an article we
require aund tole, in some chape or other, cveryday in our

liven, it con be of very little consequence viether or not
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we toke some of it in the water we drink (78).

5.27 BSodium And Potassium

There are no standards from the V0 for conparison.
The values obtained for sodium and potassium in this worl:
are low considering the geographical feanturces of this area
where the rcw water samples originate. The values do not
even comparc with those got in the public water suppliec of
the 100 largest cities in the United States; the values
being 198ppm (meximun), 12ppm (median), 1.1ppm (nininun)
(79). However, the levels of potassium are gencrally higher
than those of sodium throughout the analysis though »otassiun
has no significance in public water supplies or in wvater usel

for industrial purposes.

3.28 Calcium And Magnesiun

The values obtained for calcium in the rawv wvater
sanples are pgenerally lower than'in the treated sauples.
The reason is quite obvious. Calcium oxide is added to
wvater during trentment to regulate the pl of the wvater, For
the first tvo and tenth collections, the values were highowr
than thosc obtained for other collections. There is a wice
variation in tho values obtained for th¢ sanples duriang o
particuler collection. This variation in the calcium ion
concentration nay be due to variations in the amount of
calcium oxide added to the water during each treatment.
Since the treoated woater passess into a reservoir and later
pumped into tanks, thcre is a high degrec of nixing depending

on the amount of water zlready in each tanlk and the rate at
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which it [lows out. Ilowever, the calcium require:cnt of
the human body is so high and the values obtained in this

analycis do not comparc with the VHO standard value (1971)

of 200ppn.

Valucs obtained for mapgnesiun were low at the initial
stage of the work. The resultc obtained for the raw water
somples conpared favourably with these for the treated
sanples but in all cases, they are lower than the wio (1971)
standard of 150ppm. “he obtained values for calcium and
magnesiun arc too small il the calcium and magnesium in the
water are to act as protectives against the development of

fluorosis,
3.29 Irom And Zine

“These are ions which enter treated water mainly from
the tank and piping naterials. At the initial stage of
the analysis, the values obtained for both elenents were
high. At the later stage of this work, there was severc
drought in Zaria and the period of contact of the water witil
the distribution materials wa? short. Thus,unuch of these
ions was not expected to dissolve in the water from the
Zaria wateruorke. ‘“The values obtained in the analysis for
the rovw water samples were in most casces higher than thosc
for the trcated wvater for iro; and comparable in nost casca
for zinc. In all cases hovever, they compared favourably
with the V0 standards of 1.0ppm for iron and 5.0ppnm for
zinc. Houever, vater from the ADU watervorks is not very

much used by the university community except during scarcity
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of walcer supply fron ithe Zaria wacerworks. ¢ waier thore-
fore rcucins stagnent in the %tank and pipe for o leong tine.
This accounte for the increcse in concentrotion oboerved

for zinc in the ABU watervorks freated uvater.
- Ly .
5.210 Copper

Co.oer hos been found to be absent in the suuples
througiiont the analysis. 2Mis i coniiried by the reoult of
an curlier worker (80) vho included n tan vater scmnle in
her enalysic of some industrial cifluents. Tiowever, the
presence of dissolved copper in drinliing uater depends on
the ariount of copper the water eon dissolve, the material
conposition and the copper tube defects; a high cenccatration
01 dissolved oxygen and o leow bicarbonnic inceresses copuer
gsoluiility (81). Ilowever, thcscl‘@?’? paranecers vere noe
deternuined in this work to be able tc ascertein their ine
fluencce oir the aboence of conper in the woter., Jittle or no
coprer in o vater nakes the sannle good ior drinking since
the VN0 excessive limit (1958) and recommeided vaolue (1971)
is 1.5p0n. Zut, copper is an essential clernient for plants
and oninals, it is a componeni of geveral enzyres il

perforn iimwortant biological funclions.

3.211 laugencse And Lead

Yhroughout the period of cnclysis, mingorese has becn Jound
to be abserns in both the raw and treated uater sanples. Lven
if nancanese vere to be precent in the row water sanplea,
cilorinaiion could have resulted in the formotion of “bloek

slime" so that the manganese is not present in the waler in
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the purc form and thercofore dif{ficult to detect.

The difficultics associated with the determination of
lead have zlready been reforred to (36). "races of the
element have been detected in the raw water samples. In a
very fow instances, traces have also been detected in the
treated sanples. 'here detected, the values are lower then
in the rav water samples and the occurence is not enough to
render the water unfit for drinking. The reason for the
inability to get lead in the sanme amounts in both raw and
treated wvater samples secns obvious. Lead sulphate and lead
choride arc salts known to be insoluble in water. It is
therefore likely that the addition of aluminium sulphate
may result in the precipitation of lead sulphate at the
coagulation stage of treatment vhile chlorination may briup
about the formation of lead chloride. 1In an area where thore
is mucl lead in the soil over which the vater {lows, an
appreciable quantity may be cexpected in the rav woter and

perhaps in the treated samples.
3.2%2 Arsenic And Mercury

Thesc metals were found to be absent in both the
treated and ravw water sanples. This may not indicate thet
they arc totally absent in the water but that their con-
centrations arc beyond the detection limits by tlhe nethed
used. llowever, that therc are fishes surviwving in the rav
water sources nay indicate that these metals arc ecither
absent altogsether or present in extrenmely trace amounto.
“he heclth effects of populations occupationally cxposed

to mercury and mercury compounds have long been recogniscd
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but contamination of the general environuent is of »ecent
origin. There is no indication that concentrations of
percury in drinking water or oir have contributed in any
significant way to the methyluercury intoxication of the
general population (82). The gensitivity for flame deter=-
mination is not sufficient for deterninations of mercury at

the low levels required in environmental work (83).

SUMMARY. i1 COIICLUSIONS

This project involves ascertaining the quality of
drinking water in Zaria which gets its water supply from the
Zaria wvaterworks. Samples were collccted to cover the dif-
ferent sections of Zaria community as per the number of
distribution tanks supplying water to these areas. /i rav
vater sample was also taken from the Zarin dan which serves
as a source of raw water to the Zaric wvaterworks. [ scaple
was also talken from the ABU dam and & treated sanple {ron
the ADU watervorks. fhese raw wvater samples were included
in order to observe the kind of variations that occur in the
voncentrntions of determinants between raw and trectoed
samples. “he samples were collected forthnightly in
September and October and thereafter vweekly un till early

Decenber, 1982,

inalysis included the detcerminaticns of pll, conduct=-
ivity, rcsidue (total, filtrable, non-filtrable), chloride,
fluoride, iodide, sodium, potassium, calcium, magnesiun,
zinc, copper, iron, manganesc, lead, arsenic, and nepcury.

Lesults were comparced with VHO gpecificd standards., Sodiun:
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and potosciun were determincd by flome photouetry and the

other metals mentioned above by Atonic Abgorption fpectronhoto-
metry. pH, conductivity, residue, chloride, calciumn, magncsiun,
iron, zinc, and lead have values within the VHC snccifiecd
limnits. Copper, manganese, arsenic and mercury wverce found

to be absent in the samples. Iodide in a fev instances hos
been found to be present in concentr:stions outside the speci-
fied limits in the treatcd samples., Fluoride has been found

to be present in both raw and treated samnples in concentrations

much outside the VHO specified limits,

The recults of these analyscs show that there is no
scrious haznrds in consuning the water supplicd by both
waterworks since most of the parameters including the toxic
metals arc below the standards rccormiended by the UlI0. ‘4he
attention of the water authorities must however be dravn to
the high fluoride content of the water. The ALU waterworks
uwust do somcthing to bring the pll of their treated water
within the VIO limits. lowever, in different parts of the
world, humon beings exhibit varying degrees of tolerance to

these substances present in water.

SUGCLOLTIONS

the field of water annlysis particularly drinking
vater, is still young in Nigeria. luch still hes to be douc
if the public rust be supplicd with a good quality of watcwr.
“his present work concentrated om somc chemical aspects.
Certain other paraneters like the determinations of chronium,

nitrate, cycnide, phenolic compounds and the microbiological
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aspects were not included. A further regearch in thesc

arcas may therefore be necessary.

In order te cnsure the supply ol good guality watcr
to the public, a legislation on water pollution control cnd
sevage disposal is necessary. ‘'‘The legislative nspects
involved in water pollution control arc very imporiont
though they tend to be overlooked in the process. FProper
legislation must precede and then follow the control
ncasures, It hes to be drafted and adequately inmplenented

in order to support and lead to a successful control (84).

In addition to the VO standards, the i'ederal liniciry

of Water Nesources should provide standards for both
donestic and drinking water in particular here ia jligeria.
This con subsequently be adopted for the /[frican continent
as a vhole. ULfforts should alsc be nade to satisfy the
standards required by the industries. In doing the above,
the common food substances we ingest should be tolien into

consideration.
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APPLIIDIXN I

Drinking ister stondards Of Uhe lorld Nealth Orpanisation (74)
concontrations are in ppn)

i ———— T ———— . —— . —— T — —— B e g e . i i .

(WHO International (1958))

L —— . — - ——— & w8

(VHO Buropecan (1961))

e T T S ST ———

Chenical Pernissible DExcessive llaximun Recormended Tolerince

Constituent finit Linit /llowable vimit Limi<s
{S—"-“ (qu) PSS fr :*-—-—-—-—-— :—--—-- —_— .--ﬁ.- == E}.:j . ...____...r.;,... g
Jroenic - - One - 0.2
Cadaiun - - - - 0.05
valciun 75 200 - - -
Chloride 200 600 - 350 -
%ﬂ::ii:?ent) - iy 0.05 - 0.05
Copper 1.0 1.5 - 3.0 -
Cranide - - 0.01 - 0.01
“luoride - - - 1.5 -
Iron 0.3 1.0 - 0.1 -
Lead - - 0.1 - 0.1
lagnesiun 50 150 & 125* -
2232351331;hnt03 300 1000 - N -
langencse G.1 0.5 - 0.1 -
Nitrate (as “03’ - - - 50 -
Oxygen, dis-
solved (nin- - - - 5.0 -
imum)
Phenolic compounds 0.001 0.002 B 0.001 &
(25 phenols)
Jeleniun - - 0.05 - 0.05
Sulvhate 200 %00 - 250 *
"Yotol golids 500 1500 - - -
Zine 5.0 15 - 5.0 -

————— - — " w8 e e s momae memoa .

T e

. e e

“After 16 hours contact with nev pipes; but water entering o dis-
tribution systen chould have less than 0.05ppm of copper.

*If there arc 250ppm of sulphate prescnt, magnesium should not
excecd SO0ppu.
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APPFENDIX II

MU Irternationsl Standards Tor Uater, 1971 (75)

— -

B ]

Meximun Perpissible Level (a/hﬁ)

-—

ol -

Substance Yor Donestic For Drinking

Use \'ater

Arsenic (as As)* - 0.05

celeiun (as Ca)” 200.0

Codmium (as Ca)* 0.01

Chroniun (as Cr)* 0.05

Copper (as Cu) 1.5

Iron (total Ie) 1.0

Lead (as Pb)* 0.1

liagnesiun (as lig) 150.0

ilnnganese (as In) 0.5

Mercury (total Hg) 0.0001

Selenium (as Se)* 0.01

Zine (as Zn) 15.0

Anponia 0.5

fnionie detergent 1.0

Chloride (as Cl) 600.0

Cyanide (as Cn)* 0.05

Fluoride (at 10-12°C)" Ve

Mineral oil 0.3

Nitrate (as Ho3}'+ 5.0

?gt?l nitrogen (exclusive of 1.0

>

Phenol® 0.002

Polynuclear a{omutic 002

hydrocarbon (IAH)

Sulphate (as SUk) 500.0

Redionuclides-gross o activity 3pCi/L

tadionuclidec-gross P activity” 30pCi/L

Califern bacteria llot more than

10,/100m1

£OD 6

COoD ; - 10.0

pH 6.5-9.2

“etal hardness (as CQCOB) 500,0

Yotal discolved colids ' 1500

R e ]

*llighly toxic.

. — - 888 T ———— e &

*llarzardous to health (1pCi = 1 x 10

o e el -

=12 curie).
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APPENDIX ITI

Results Of Deterninations

APPENDIX III(a)

pH (pH .Units)

Collections
5/n - P/
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
1 6.8 742 72 75 7.8 7.4 7.6 7.7 7.6 7.2 7.4
2 942 7¢1 7.2 7.7 8.0 7.8 8,6 7.8 7.3 7.6 7.8
3 6.2 7.2 742 74 7.8 7.9 7.6 9.0 7.4 8.0 7.6
b 8.2 7.2 7.4 7.6 8.1 7.4 8.2 9.2 7.6 7.9 7.9
Se 762 73 7.6 7.4 941 7.9 7.8 9.2 7.5 7.8 7.9
6 7.6 7.2 7.8 7.5 8.2 7.9 9.1 8.9 7.8 7.6 &.0
7 7.6 7.1 3.0 7.6 9.0 7.9 8.6 9.0 7.6 7.7 8.0
8 8.0 7.6 8.2 7.8 8.6 8.2 7.9 8,7 7.5 7.9 8.0
9 9.4 8.8 10.0 8.8 9.6 9.2 9.6 9.5 9.1 8.9 ‘9.3
10 7.3 6.9 7.8 7.7 8.3 7.6 7.8 7.9 7.8 7.5 7.7

e
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APFENDIX IXI(Db)

Conductivity (pscm !

. |

Collections
8/l — e PYA
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

— . . 2l pa— —— . —— - —

1 45,0 47,8 55.0 62.5 64,0 65,0 67,0 62,5 63.0 65.5 59.7
80,1 81,8 98,5 86.5 100,0 97.5 106.,0 90.5 97.5 10.2 94,0

89.0 85.0 83.9 86.5 90.0 94.5 94.5 102.5 85.0 91.0 90.2
85.0 87.0 36.5 88.5 94,0 98.5 99.0 102.7 87.0 93.5 92,2
95.0 86.5 86.7 87.5 102.0 98,0 93.5 102 83.5 89.0 93.4
95.0 85.9 92.8 87.0 94.0 94.0 110 101 86.5 87.0 93.3
100 83.2 86,0 87.0 102 99,0 97.0 100 §85.0 85.0 92.4

o = oo = W b

75.0 9.11004% 91,0 102,5 96,0 94.0 97.5 86.9 89.0 93,1
9 100 102 105 99.5 108.2 102 114  104.4 92.5 94.0 102.2
10 65.0 64.8 65.3 71.5 72.5 70.5 73.0 67.5 70.5 71.0 69.2

——— i ———— i — - — W e e W S —



—— . - e

e I

1st 2nd 3rd &4th 5th G6th 7th &th 9th 10th
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APPERDIX III(c)

Zotal Residue (ppm)

L ——

Collections

f e e a—

AV e < D < U™ L B~ L AT

Y
o

150
93
75

106
73

93
112

88

119

-

125
81
91
&7
77
91
77
93
94

86 103
94 85
69 88
76 90
76 86
73 88
85 79
88 o
88 89

26
92
81
64
83
86

77
80

83

106
91
g2
83
80
89
91
o4
9k

99
b2
82

R

86
94
85
8o
87

99
85
89
97
89
87
83
88
97

—

95
838

407 358 312 325 326 296 295 289 267

93
89
87
37
89
90
88
a7
95
274

P/fn

4R e e m Ema sE e e R S g e S— ——— e S ——

105. 4
38.0
81.9
4.1
82,0
87.1
86.5
86.7
9343

315.1

e e e e —
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APPENDIX III(Q)

Filtroble Residue (ppm)

- - —

Collections
S/N - B/A
18t 2nd 3rd 4th S5th 6th 7th 8th 9th 10th

1 139 121 82 97 8% 91 & 89 85 85 95.5

2 70 79 8 81 8 89 77 7% 01 84 79.6
5 69 87 69 79 73 7% 73 83 67 79 75.3
L 8 977 69 79 65 75 76 83 64 82 75.3
S 6 73 69 7 79 75 720 83 65 81 73.1
6 78 8 69 77 78 77 77 81 69 79 77.4
7 78 73 65 66 720 75 71 81 73 76 72,8
8 79 8 73 77 7 8 7% 79 75 81 77.5
9 95 77 8 8 78 87 8 83 75 83 83.4
10 381 320 309 319 310 281 271 271 259 256 297.7

- - - - —
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APPENDIX III(e)

Suspended Residue (ppm)

m——— e —

Collections
Y —- P/A
1st 2nd 3rd 4th S5th 6th 7th 8th 9th 10th
1 11 4 6 6 12 15 15 10 10 10 9.9
2 23 2 13 & 12 2 5 M 7 5 8.4
3 9 & 6 9 7 8 9 6 8 7.4
L 23 10 7 1 1 8 3 10 10 5 8.8
5 8 H 7 15 i 5 16 5 16 3 8.8
6 15 2 & 11 8 12 17 6 11 11 97
7 3% 4 20 13 7 16 1% 2 15 12 13,7
8 9 13 15 17 5 2 6 9 10 6 9.2
9 24 17 5 4 5 7 & 9 12 12 9.9
10 26 30 3 6 16 17 24 18 8 18

16.6

—



98

APPEZNDIX III(f)

Chloride (ppm)

Collections
S/N =emmmmim e s e e

1st 2nd 3rd U4th 5th 6th 7th

8th

9th 10th

1 90“’ 5-5 5.0 5-0 8-5 605 8.5
12.7 7.2 10.0 10.0 11.5 18.5 14.5
10.0 11.5 10,0 10.0 11.5 15.0 10.0

6.5 10.0 10,0 10.0 10.0 16.5 10.0

2
3
k4
5 8.5 12.7 10.0 8.5 10.0 15.0 10.0
6 12.7 11.1 10.0 10.0 10,0 16.5 11.5
7 10.0 8.5 6.5 11.5 10,0 18.5 10.0
8 11.5 10.0 8.5 11.5 10.0 15.0 10.0
9 1.1 1.1 8.5 8.5 10,0 20.0 10.0

10 7.2 5.5 6,0 6.5 5.0 5.0 5,0

5.0
12.5
10.0
10.0
10.0
10.0
10.0

9.5
10.0

2.0

- . ——

6.3 5.0
10.0 10,0
10,0 5.5
10.0 6.0
10,0 5.5
10.0 9.8
10.0 7.5
10.5 8.0
12.5 10.5

5.0 4,0

P/A

6.5
1.7
10.4

99
10.0
1.7
10.3
10.5
1.2

Sk




5/N

29

APPENDIZ IXI(g)

Fluoride (ppm)

e w——. e

1st

2nd

=

F wNn

QO Vv o N o W

1.0
2,0
1.0
2,0
1.0
2.0
2.0
2.0
2.0

7.0

3.0
1.0
2.0
2.0
2.0
3.0
2.0
2.0
2.0

8.0

- — o mw—

Srd

Collections

—

Lth 5th 6th

7th

—

6th

9th

10th

P/A

1.0
2.0
2.0
2.0
2.0
2.0

2.0

1.0

6.0

3.0
2.0
2,0
2.0
1.0
2.0
1.0
1.0
1.0

5-0

2.0
2.0
2.0
1.0
2.0
2.0
2.0
1.0
2.0

7.0

2.0
2.0
2.0
3.0
1.0
2.0
2.0
2.0
2.0

7.0

2.0
2.0
2.0

2.0

2.0
2.0
2.0

2.0

" 2.0

2.0
2.0
2.0
3.0

k.0

2.0
3.0
2.0
2.0
2.0
2,0
240
2.0
2.0

7.0

3.0
3.0
3.0
3.0
540
k.0
3.0
3.0
3.0
6.0

—— ———— . —

— -

2.1
2.1
2.1
2.1
2.4
2.4
2.1
2.0
2.1

6.2
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APPEEDIX ITI(h)

Icdide (ppm)

—— e A S —— = w e —

Collections
8/N - ~— P/A
1st 2nd 3rd U4th S5th 6th 7th 8th 9th 10th
1 = 012 .030 450 .295 .052 .152 .105 = .099 ..120
2 .105 .012 .082 .65 .46 .183 .195 .105 .082 .185 .206
3 076 .050 .099 .45 <31 .215 .31 .010 - .185 .17
b 2105 .185 .030 .35 .278 .109 .31 152 = .190 171
5 105 .030 270 .225 .225 .152 .225 .130 = .155 .152
6 <130 .050 .055 .225 .365 170 .227 .160 .052 =~ .143
7 +050 .250 .185 .270 .215 075 .372 109 = 4105 4163
8 .395 .030 .082 .192 .242 .178 .110 .150 .175 .105 .166
9 .130 .060 .082 .270 .350 .152 .195 .185 = 4170 .159
10 .O40 ,060 .099 .215 .190 .052 .082 .082 .030 .082 ,093

-



101

APPLIIDIX ITI(i)

Sodium (ppm)
Collections
BN semmesom e e 5 it p/A
18t 2nd 3Zrd 4th 5th 6th 7?th 8th 9th 10th
1 3.1 3.1 &2 &8 4.5 4.7 4.2 b7 L6 b4 4.2
2 2.5 3.0 3.8 4.5 4.k L6 4,2 44 4.8 4,5 4,1
3 2.2 3.0 4.0 4.5 4.4 4,5 4,1 4,5 4,6 44 4.0
b 2.6 3.4 3.9 4.5 4.4 4.6 4,1 4.4 4,7 4.5 4.1
5 2.4 3.5 3.8 4.3 4.4 4,6 4,2 4,5 4.0 4.4 4.1
6 2.2 2.8 3.7 b4.b 4.4 4.4 b2 4.3 47 4.2 3.9
7 2.0 3.2 3.6 b 4,3 b4 b2 4S5 4,5 42 3.9
8 2.3 3.5 3.8 b4.5 4.3 4.2 b,3 L4t 4,5 5.0 4,0
9 2.7 3.1 4.0 4,3 4.4 &4 K2 b5 4,7 k.2 k.

0 5.9 4.1 4.1 4.6 4.1 4.1 3.6 3.9 3.8 3.4 4,0

B e W e ESE SEE e S e s e S
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APPENDIX III(j)

Potassium (ppm)

. e ——

Collections
S/N wemmem ¢ e e e B/A
18t 2nd Zrd 4th 5th 6th 7th 8th 9th 10th
1 5.4 5.0 5.2 5.5 5.3 5.2 4.7 5.5 4.8 4.6 5.1
2 4.5 4.6 5.1 5.2 5.1 4.9 4,8 4,8 4,8 4,6 4.8
3 4.5 4.6 5.0 5.0 5.2 4.7 4.6 4,9 4.7 b.5 4.8
b 4,6 4.4 5.0 5.0 5.2 4.7 4.8 4,7 L,6 4.7 4.8
5 4.4 4,2 5.0 5.0 5.1 5.0 4.7 4.6 4.7 4.6 4.7
6 4.4 4.1 4.9 4.8 5.1 4.9 4.6 4.5 4.8 4.5 4.7
?7 4.4 4,2 4,8 4,8 5.1 4,9 4.6 4.6 4,7 4.6 4.7
8 4.8 4.5 4.9 4.9 5.1 4,9 4,8 4,7 4,9 5.6 4,9
9 4.7 4.6 6.2 4.9 5.2 5.1 4.7 5.0 4.9 4.7 5.0
0 7.2 7.1 9.0 9.1 8.7 8.0 8.2 8.2 8.0 8.1 8.2

- e mtEm e———
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APPENDIX IIX(k)

Caleium (ppm)
Collections
S/N = e e - P/A
1st 2nd 3rd 4th 5th 6th 7th Oth 9th 10th
1 2.7 5.3 4.8 45 3.0 2.0 2.7 3.3 2.7 3.8 3.5
2 10.7 12.9 4.8 7.8 7.8 4.7 3.3 6.0 3.3 8.3 7.0
3 4.9 12.9 4.8 4.5 4.5 4,0 4.0 3.3 2.7 7.0 5.3
4 10.7 14.0 3.8 3.3 5.3 h.0 3.5 L0 4,7 6.2 5.9
5 6.6 13.3 4.8 3.3 6.3 3.3 2.7 6.0 2.0 7.4 5.6
6 7.5 4.8 5.0 4,5 4.8 2.7 2.7 4.0 4.0 6.2 5.6
7 6.6 12.3 4.8 1.2 6.0 2.7 3.3 3.3 3.3 5.9 4.9
8 7.9 15.0 4.8 3.3 6.0 2.7 2.8 3.2 3.4 7.0 5.6
9 1.1 17.9 he?7 3.3 7.5 3.3 3.3 3.3 4.0 7.9 6.7
10 3.4 8.2 6.0 2.3 2.1 1.4 2.7 2.7 2.7 h2 3.6
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AFPENDIX III(1l)

Macnesium (ppm)

B/N e e e

Collec¢tions

P/A

1st 2nd 3rd &4th 5th 6th 7th 8th 9th 10th

n

o . N LA NN | &S~

10

0.90 1.17

1.27
1.20
1.30
1.23
1.17
1.20
1.27
1.27
0.77
1.37

1.14 3.15
1.23 3.10
1.38 3.1
1.24 3.0
1.29 3.1
1.23 3.0
1.28 2.9
1.24 2.85
1.20 2.85

1.52 3.8

2.4 5.0 4,00 3.50
2.62 5.0 4.00 3.50
2.4 5.0 4.50 3,50
2.2 5.0 3.00 3.5
2.38 4.5 4.0 3.0
2.15 4.0 3.5 4.5
2.38 4,0 4,0 4,0
2.20 4.50 4.2 3.5
2.00 2.50 3.0 2.0
2.40 4,0 4.5 4,5

3.25 2,58
2.75 2.56
2.50 2.58
2.5 2.37
2,50 2,40
2.75 2.40
3.0 2.5
2.25 2.40
2.25 1.83
3.0 2.73

e m——
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APPENDIX III(m)

Iron (ppm)

S/M

Collections

-

1t 2nd 35rd 4th 5th 6th 7th 8th

A eI - S S " G

-
o

4,75 1,40

0.70 1.10
1.1 0.85
0.50 0,85
0.17 1.25
0.75

0.74

1.70
0.90
1.75
2.22

1.26
0.70

2.87 2.38

9th

P/A
10th

0.85
0.75
0,70
0.5

0.35
0.35
0.35
0.18
0.26

0.k2

-

1.55 1.2 0.85 0.5

0.70 0.36 0.85 0.85
0.70 0.70 0,85 0,70
0.70 0.70 0.36 0.70
0.70 0,36 0.55 1.4
0.85 0.36 0.85 0.70
0.36 0.55 0.20
0.70 0.55 0.55
0.55 0.55 0.70

0.55 0.36 0.36 1.05

0.85
0.70
0.85

1.0

0.70
0.50
0.85
0.70
0.70
0.50
0.75
0.50

0.70

0.85
0.70
0.85
0.35
0.35
0.50
0.35
0.40
0.35
0.20

1.450 1.4k
0.85 0.76
0.85 0.78
0.85 0.64
0.85 0.67
1.25 0.80
0.85 0.57
0.85 0.77
1.0 0.77

0.85 0,97
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APPENDIX IXII(n)

Zinc (ppm)

Collections

- —

2nd 3rd 4th

— P/A
5th 6th 7th 8th 9th 10th

-

OV o2 YN o0t N

10

0.66 0,05 0.1

0,12 0,35 0.17
0.42 0,04 0.03
0.62 0,32 0.09
0.38 0.07 0,03
2,06 0,55 0.82
0.56 0.06 0.04
0.43 0,07 0.09
0.38 0.3% 0.17

0.66 0,06 0,03

-

0.09 0.09 0.1 0.09 0.1 0.1 0.36
0.09 0.40 0.12 0.09 0.07 0.08 0,16
0.07 0.1 0.12 0.07 0.06 0.07 0,29
0,06 0.12 0.09 0.04 0.12 0.07 0.33
0,07 0.04 0.04 0.0k 0,07 0.09 0.25
0.71 0.86 0.84 0.80 0.90 0.71 0,89
0.07 0.13 0.09 0.12 0.07 0,07 0.33
0.09 0.05 0,06 0.07 0.08 0,09 0.21
0.15 0.68 0,57 0.53 0.60 0.64 0,62
0.09 0.09 0.09 0.12 0,10 0,07 0.31

-
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APPENDIX III(o0)

Lead (ppm)
Collections
S/N - - P/A
1st 2nd I3rd hth Sth 6th 7th 8th 9th 10th

1 0.21 0.1 O 0 0.5 0 0,26 0,26 0 0.1 0,14
2 0 0.1 O 0 0.1 O o .0 0 0 0.02
3 O 2.0 0 0.1 O 0 0 0 0 0.03
4 o 0 o} 0 0 0 o o o0 0 0.0
5 0 C (s C 0 ) o) 5 0 0 0.0
6 © 0 ) 0 0 0.1 © 0 0.1 0.1 0,03
7 0 0 v 0 0 0 0 0 0.2 © 0.02
83 ¢ 0 0 0 0 0 0 0 0 0 0.0
9 0 0 0 0 0 0 Q0 0.1 0,09 © 0,02
10 0.5 0.5 0 0.1 0.35 0 0.24% 0.5 0,36 0,2 0,28




