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ABSTRACT

The wvacterioleogical poliation of River Kaduna
was investigatad botween Jovasber 1585 and October

1386 .

The membrane filtration technigue was ased for
the enunieration 2f faecl indic~ator vacterin which
included tetal coliforms, faocal coliforms and faseal
streptococci. while the plate count techninmue was usaed
for total acrobic heterotrophic bacteria. FSelective

enrichnent isolation of &Salwmonella sp., was also

carried out.

The highest counts of indicators were obtained

from those sites recciving some domestic waBerns.

Total coliform densities raﬁged betwesn 6.2 x
105/157 ml and 3.3 x 125/78% ml, while faecal
coliform densities varied from 1.1 x 104/10ﬂ ni to
1.8 X 105/130 ml. Faecal streptococci counts of
1.8 x 105/10J ml was obtained at the most polluted

sit.a.

Total aerobic heterotrophic bacteria plate
counts were often > 106/1.0 Wl at sites downstroeam

of the wastes outfalls.

Bacterial den=ities varicd seasonally. The
dry season was characterized by higher indicator

bacterial densities than the wet season.
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Faecal coliforms to fazcal streptococci ratios

show that Kaduna River is polluted by human wastaes.

Klebsiella pneumoniae was the dominant enteric

bacteri: identified in the river water. oOther specier

were . coll. C. freundii and Znterobacter aegrogenes.

Salaonells sp. woere fow in the river,

The dissclved oxygen concazntration was low in
the viecinity of the outfalls from residentizl and
industrial areas. High bioc¢hemical oxydgen demand {(B30D}
and conductivities wore observaed at these sites

espacially in the dry season.

Further areas of rescarch are discussed in the

text,
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CHAPTER 1

INPRODUCTIOU

Ragardluss of gquraphicai-igcqtiun; the causes anld
psrooslans of water ollution are oasically the saige
throughout the world, Msong thoe anjor sources of river
pollution are wastes and wastewaters of Jdumestic and
industries of urlan areas,

The introuduction of these wastes and wastewaters
introduces decumposable organic antter intu the receiving
streains. Rivers have therefore, oecome repositories of
poth treated and untreated Jdomestic and industrial wastes.

although rivers within limits are self purifying
gystuns, there is tendency fur them to receive wastes
seyond their purification capacities and could Jdeterioratc
significantly. Consaguently, the oeneficial uses of
the river water may e impaired. For instance, water
pollutign wy acterial, protozon, heluinths, parasites,
toxic materials, heavy metals, iong chain hydrocarbons
anu vils could »e health hazards. It could also causc
the duestruction of aguatic life, Jdwtrinent to agriculture
and could e a costly lianility to industry.

To wan, wne of the west serivus proucles arising
from water pollution is the occurrence of watcr-borne
digseases. The actiovlogleal agents of cholera, polio,
water-related gastroenteritis, dJdysentery, typhoid, viral
hepatitis have Leen found to oe closely related to water

{Roy, 19:1, Bordmer and Carrol, 1%7:; Carpentor, 1958Y).
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In the last two decades,; there nas bueh luprovements
in the ecunuudes orf some developling countries in africa,
Cunscyuantly, pupulation and industrialization of cities
have grown rapidly giving rise te urcanization. This has
acceluerated the problens of waste disposal.

Wastus fruw urban centres in wost of these Jdeveloping
ceountries of africa are being indiscriminately dumped intoh
spen Jdrains.  In the aosence of water poullutiun control
and effluents discharge regulations, the disposed uxdan
wastus, dunestic and industrial wastewaters. through open
drains «nd up in streaws and rivers, wnich are also main
sourcus of water supply to the pecple ana the industrics,

In digeria,; increasce in population and intensification
Lf industrial, agricultural, comaercial and recreational
activities are already causing cunsiderable deterioration
of the yuality of our inland und coastal waters. Studies
Oy Usuhur and Essien {19/3), Odeyemi (128<) and Oluwando
wt. al {19433), gave clear indication of pollution of many
Nigerian rivers and streaws especially of thuse passing
through urban arcas.

Sune wurkoers like {Osahor and kssien, 19+¢8, Bsu and
Omolokun, 1987, Beetswuh, 198, Chukwukelue, 1983, aAhaed
ana Baecroft, 19d4/), have shown that the industrial
wastes and wastewaters discharged into XKaduna River
contain suae chemical pollutants. This could e
hazardwus since the river is the main souurce of water

supply to Kaduna metropolis and the nwaeerous industries,
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The puclic health aspects of the disposal of the
wixeu wastes from Kaduna wetrcopolis and the industrics
intu river Kaduna has never seon investigated.

In this study, wvicturiovlogic:i guality assessment of
Kaduna xdver and those of the wastewnter was undertaken
to deteriidne the extent of pollution of the river and the
wastewaters .y wonituring the densitics toutal and faecal
culitorws, faccal streptococcel with tutal heterotrouphic
bacteria. also, attupts were made to determine the
relationships setwoeen the densitics and distribution of
total colifcras, faccal culiforus snd faccal stregtococei.

Additiovnally, the isolation of Salwwnella sp. from the

river was attuiapted.
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CHAPTER 2

REVIEW OF LITERRTURE

An aguatic environment is composed of both biotic
and abiotic components which arce closely interrelated.
These interrelationships may be interrupted by several
factors. One of such factors is the introduction of
wastes to the waters. The cxtent of disruption depends
on e yplume, concentration and quality of the waste;

and the self-purifyemg capacity of the receiving waters.

A considerable amount of workR hasg been ocarried out
on river pollution .especially in temperate regions.
Among the picneering rescarch in the field of stream
sanitation are those of Strecter and Phelps (19.25);
Fair ¢t. al (1941); Thomas (1%48}; and Vvelz (1373).
They carried out investigations on various aspects of

North American rivers and streams.

In r¢ceent years, the discharge ¢f peolluticnal
wastes into aquatic environments has had adverse cffects
on aquatic biota. The works of Ferris et. al (1384);
Biamon and Hazen (1983); and Franciscoc et al (1983)

bear testimony to this.

Since the early 1979s', it has become
increasingly evident that waste discharges ara
impairing watey quality in many parts of Africa.

In certain cases, important sources of water supply

have becn destroyed. The causes of this deterioration
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of water-ecuality includc thoe acceclerated growth in
population counled with incrcascd urhanization; and
the rwid industrialization «f a fow citics from vhoere

consid.rable wastes are discharg.? into water cours.s.

Effoct of Egggsttial and 9omcstic VWastes
On the pacterioligical pugiity of wabur

A survey of litercture yortaining to work done in

the last decade shows that industics are a major scource
of pollution of rivers and streams. One of the most
polluting industrics is the pulo and paper mill
industry wvhich is associated with a high biochemical

1}. “he work of Rokosh

oxygen demand (2 3 x 109mgL’
et al {1.77); Huntlcy ¢t al (1575, Hendry <t al (198:),
LouiLctaiu and Trudetr (1931), and ‘lazen and Gsch (1983)

have shovm that wastes fron paper and pulp industrics

h

contributed to “zhe thriving difieronc micro-organisas

in vater. Rokosh et al [197/) for cxample, measurcd
the distributior and densicies ol acrobie heterotrouhs.
sulphur cycle bacterial and hoalth oriented bacterial
populiations ({coliforms faccal ccliforms,; and faecal
streptococcei) , in Lake Saperior, G.5.. which receives a point
sourcc culp-mill e¢ffluent. Thoy obtained maximum
bacterial populations within 2% actres of the cfflacnt
outfail. A crobic heterctrophs for instance, averaged

5

Z.6 x 107, ml"1 in the 5 n distance.

Hendry et al {1937, conductced a study to dotect

the source of faecal indictor bacteria and to measure
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the resulting ifapainaent of the quality of Sturgeon River
in Ontario, Canada, which roceives oulp and paper wastes.
The authwrs found that the principal input of faecal
bacteria was the paper will. A fiftymf;ld.increase in
density of acrobico peterctrophic Lacteria was obtained
ns8 a result i the nutrient rich paper-nill wastewator
discharged inte the river during the months of June, to
August, in 1977,

Couillard and rrudel (1961) evaluated the impact of
pulp and puper waste discharges on a watershed, through a
study of the bivlogical, physico-chemical characteristics
of the water of 8t, Francis River in wiscons in U.3S.A.
Microbivlogical munitoring of anaercbie bacteria, total
coliforin, and sulphate-reduecing bacteria revealed that
+ha souree 0f the organisus =S municipial wastewster
troatiment offluents, but the persistence of the bacterin
Jownstraeam of the will was attributoed to the paper mill
affluents Jdigcharged into the river Jduring swancer of that
yvear. This work revealed thac paper will eifluent is a
source of nutricnt for bacteria in the river.

The wffluents of Loth a nitrogen fertilizer factory
and a pulp wmilil discharged intoe filbersale 8ound, Nurth
Carolina, were studicd oy Terry and @sch, {(1283). They
aimed at Jetecting the causes uf the red-sore disecase
epizoovtics. They obscerved that the survival Jf aAcromonas

hydruphila was ocnhanced by the pulp-mill effluent and

depraessed Dy the fertilizor factory effluent. The twoe
sources worae taken as being indirecet causes of the red-sore

discase because of the nutrionts provided to A. hydrophila

witich counsoeguently maltiplied to infoctive duse capable of
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causing the red-sorc fish discase.

One industry whose expansion in tropical areas
has been considerable in the past twenty years, is the
rum distillation industry. Althcugh few studies have
beon carried out on the utilization, treatment and
disposal of distillery wastes, thcre are reports by
Shechan and Greenfield (1923}) . +. Hazen and Esch
(1983); and by Francisco ¢t al (1983; while the toxic
and bacteriostatic properties of the undiluted

effluents were reported by Gonzalez et al (19/9).

Biamon and Hazen (1933) rcported that drastic
changes take place in temperaturce. dissolve@ oxygen,
pH, inorganic and organic nvtricnt content, and
chlorophylil a concentration. when rum slops are pumped
into marine bays. In this study, Biamon and Hazen
found a strong corre¢lation betweon the concentration

of chlorophyll a density of Acromonas hydrophila and

the density of faecal coliforms in the rum distillery
effluents. The authors also found that the densities

of scveral pathogens including A hydoophila,

Esch.-richia coli, Vibrio cholerac and Pseudomonas

aeruginosa were high in effluent plume. Survival
studies with diffusion chambers showed that some oOf
the bacterial isolates can survive and multiply in
the rum effluents., Ther therzfore, held the view

that rum-distillery effluents can be an impcrtant
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source of potentially pathogenic bacteria in
tropical cnvironmants.
In a study on bacterial chaastaxis to rum
distillery effluonts by Francisco ¢t al (1943,

Pgeudomonag aecruginesa and Viuris chclerae were

observed oy these auvthors to showr a strong positive
chenotactic responsce to rum distillery waste-waters,
and 2 high axggon uptake in the prosencce of this
conplex substrate. R2um slops, thoey ncted,

stimulates only motility.. in A. hydrophila and E. coli.

The dumping of pharmaceutical wastes into surfnce
waters and the conscauent effoct mn thoe microbial
comaunitics of the receivinyg vaters have been subject
of investigation, Few of tne published works jy.1ii- those
of Peele ¢t al (1981), Singleton ot al. (1333); and
Grimes et. al. {1984},

The microbiological effece »F undisinfected
efluents cf chemical, pharraszoeuticil and domestic
sources dischargad intc watcrs <f 3arcelonia, Puerto
Rico as investigated by Grimes ot al. (1984),
indicated that undisinfucted mixad wastes could be
potential sources of pathogenic bacteria which are
of public health significancce. The authors observed
on application of statistical {(F-test) that the plumc
created around the sewage outfall. located 99w
offshore and 37%%m below the water surface contained
faecal coliforms and faecal streptococci ponulations

that were significantly larger than counts outside

EX I
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the ¢ffluent plume, Salmonclla and Vibric spp,

including V. Cholixd non -1 serovar were isolated

from the plume. These findings show how health
risks may be associated with coabined wastes discharged
into waters.

Mitchall and Fuanke (152%2) investigated the extont
of pollution of Rued-river valloy of North Dakota.
They identified wastewaters fro= the Minnesota sugar
becf refinory as the source vf facveal eoliforms and

Salmonella spp., that pollute thoe Red river. -

Salmonella populaticons rcached 1 46 x 136/130m1 at

the eleventh day »f the wastewater discharged into
the wator,

Pollution of water by azid wastes and heavy
mitals; and their pubiic health implications

Acidification of surfac.: waoior is now a recognizod
problein in some arcas of Europe ind North America. Tha
consequence of depositing acidic substances into
surface water is that water is considerably polluted,
Such derosition has alsy been found to cause the
elevation of the concorntratisns of major cations,
heavy mctals and sulpt.ates in the waters (Wright 1983)

The potential 2ffects of acidified water and
their constituents hav. becen under investigation for
sometimzs because of the health related problems that
could be Aassociated with the acidification of public
and private supplics. For instance, Paylor and
Symeons {1984) , found that acicificed water supplics

contained alumirinm at elevated lovels which may cause
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kidney dinlysis. Young and Sharp2 {1981}, evaluated
water guality in forty catchmont cisterns and found
that the cizterns contained lead, eadmium und copper.,
though tha concentrations were below the primary
drinking water standard. They also observoed that the
bottom sediments 2nd the water inferfacc{s) had
concentrations that excegedsd drinking water limits for

pH and c¢admiun.

Fuliz {1984) found that surface water and shallow
' grouud--water supplics in the ndrion Dark Region of
New York State were corrossive, but that copper and
lead were not present in significant concentrations to

afk@ct human health.

The discharge of acid from industrivs, from mine-
drainagu and coal-mines intd rivers and stroams have
characteristically resulted in n environment of
excessively low pii.  The pollution of water by acid
wastes and their cffoct on nquatic organisms like
fish and bhacteria have boen repurted by Hackney and
Bissonnette (192/8) , Double and Bissonnette (1980),and

Nancy ¢t al (1983},
ilackney and Bissonnctte {19/8) found that a
substantizl portison of bacterial populations

(Streptococcus facealis. Escherichia celi, and

Enterobacter aeroyenes) in an acad polluted water
were killed, while sigrificant numbors were
sublethally injured. W®ancy ct al (1383) reported

on the persistonce of natural porulations of
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indicator organisns associated with soewage exposad
to acid mine drainage. Indieator organisms {total
coliform, faccal ealiforms and faocal streptococoi)
were found to be rapidly killed upon exposure to the
acid mine systom. Only at lower tomperatures wora
faecal streptocseci found to survive better than

faecal coliforms.

Effects of Wastes on Acuatic Organisas

(Facro-invertebrites and Fish

Sevieral types of stress are froguently introduced
to aquatic environments when discharges from industrigag
and domeostic wastes are applied. Industrial effluents
often contain pollutants that arc toxde to the biota
of the receiving streams. Some affect the standing
crop bicmass of macro~invertebrateg and fish commund-~
ties in shallow waters. Anong the research work on

industrial cffluent toxicity +¢_ aguatic organisms: -arc

i

those of Wyholm ct. al. 197/} Gowor @14 gupeKland,

+

(1978} ; Feurris, @

« ai. (1933, Rowo, et. al. (1933},

l

and S1u.ff (1983). For cxample,‘Ferris, et. al.

(1283} studied the effect of cattleskin tannery waste

2n the main stem of the Sebasticuok River, iaine, USA.

They obscrved that the total number of benthic

invertebrates was reduced by nearly 60% in the river,
LR raar 1 ivt: ST

oy g
VS
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The effect of petroleun refinery on rainbow trout

(Salmor gardneri) was studied by Rowe et.al (1963} . Thay

observed that partially treate” refinery effluents have
adverse effects on the growth of the Salmon by causing

a significant reduction in theilr specific growth rate.

The toxicity of crude oils and their various
constituents tu fishes have beern investigated by Curtis
et al {19 9) 3Shukla and Panelly (1985)}. Curtis et al
(1979) observed that crude o0ils and their varbags

constituents affected different stanes of the develop-

ments of the fishes studied.

Saxena and Raminder {1983} studied the effect of
vegetable oil factory effluents on ovarian recrudescence

in the freshwater teleost, Channa punctuatus B,1. The

authors found a significant retardation of the
maturation of the telecgsi when the ovaries were expozed
to 5% sublethal concantration of the vegetable oil
factory effluents. Low ovariar weights and low
QeWrrinG. of stage IIT {Yolky) oocytes, coupled with
artesia were observed in the fish.

Apart from the adverse effect of vegetable oil

effiuents on the reproductive cycle of fish, studies

carried out by Sioff (1383} on Abramis brama (catfish)

collected from River Meuse and Lake Braassem in the
Hetheriands showed that, skel=sal deformities -
deformed fins, assymetric ceoiws  and spinal curvature
of the fish could result from the discharge of treated
effluents from oil refineries. Sloff (1983} was of

T
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the view that some disease of fish and some
pathological conditions occurring ia fish (espectally
those with unusually high prevalasnce like papillomata,
gill-hyperplasia and redsore epizoontics caused by

Aeromonas hydrophila) , appear tc have been potentiated

by pellution; or triggercd off hv the occurence of oil
pollutants in the river. This ork and several others
show the extent to which pollution can affect aguatic

organisms.,

Pollution Studies on Nigerian Rivers, Streams

and *alls; and Their Public d2alth Significanco

The expansion of Wigerian cities and the gencral
trend towards urbanization of rural areas have beaen
rapild in the last two decades. This rapid growth Las
been accompanied by changes in thoe quality of the
environmant of ocur cities. For instance, in May 19/9,;
extenzive pollution of water rozourcess and damage to
properties by industrial cefflumn:cs in the Ikeja
Industrial Estate of Lagos was roported in some daily

news papers (Anonymous, 1379 A & 3j.

ftudies on industrial efiluents discharge by
Martins (1958) indicated gross pollution of surface
water of some parts of Lagos by industrics in the
Iganmu and Apapa Industrial Estate of Lagos.
Similarly, Ahmed and Beecroft (19837) investigated
waste-water production at Peugeot Automobile Nigeria

(PAN} , Kaduna. They carried out analytical



- 14 -

invegtigations on the cffluent wvhich confirmed that
the highly turbid waste of PAM is grossly polluatad
with heavy metal ions and organice. A mean chemical
oxygen demand {COD) wvalue of 240 mg'1 was oObtain.od
which indilcated high organic constitucnts in the waste.
Kaduna River will be the ultimate recepioent of thasco

FAN wastes.

The pellution of some Wigerian rivers, streams and
well by faccal wastes have been reported by Smith (19%/5);
Akpata and Ekundayo (1275); and Adesiyun et al (1983},
In 1973, 2.3 million litres of faeces were reported
to have been dumped into the Lagos Lagoon, and just
within the Ffilrst threc months of 19/4; 7.5 million
litrcs of faecal materizals were discharged {Akpata and
Plenndawa 307RY . With such a high level of faeccal
pollutant ¢ntering into Lagos Lagocrn. tho users of the

lagoon will be exposcd to hcalth risks.

Akinluyi {1981} isolated pathogenic micro~organisms
from Riger Delta watcors. Jsolates include K. pneumoniac,

Salmonella.sp, Shigella sp, and 2., acruginosa which are

of public health significance.

Adesiyun et al {1983) analysad well waters in
Katsina, for faecal pollution indicator organisms and
pathogens. Faecal coliforms anld non-cholera vibkrio
were doetected in all the twenty samples they analyzed.
The authors concluded that well watcer in Katsina

could hc a human health bazars,
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Ajayi dnd CGsbanjo (1984) stucred the sealf
purification grocess in thy Sgunps stréss, Ioadan
by a simulatiom model. They cstimateu reacrativn and
Biode radation ¢oenstants of 11.45 and 5"33?;h& o
fespectively.., . “hese ¥Yasulis confirm to these authors”
that sell purificatiun in Ogunpa streann was rairly, high.

Although Iiterature relatiny o characteristics
of effluents from industricss and other wastc sources
anu their offects on Raduna river are still largely
unpublishoed, the work of Ahmed and Beecroft (1937),
that has be¢en reviewced carlier and that of Osuhor and
Essien (1978} are notable. Poor waste collection and
digposal systoas were among the significant factors
listed by COsuhor and Essicn (1278) to ko responsible
for insanitary practices in Kaduna capital Territory.

Anwlication of bacterial indicators to water

pollution determination

Bactorial populations cepeclially those of faccal

coliforms, faecal streptococci Clostridium perfringens

and P. aerugincsa have often boon used to study

regrowth phonomena in industrial and domestic effluents.
dany of these orgarisms have been shown to he
restricted in their usce to arcas near the source of
pellution. In contrast, some sporeformers have wider
applicability and can indicat2 roemotc pollution.

This feature is found in gl. Eerfringeggn
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Bisson and Cabelli'(193u; havu found that cl,

pexfringens is useful as an indicator of recreational
watcer cuality, a wonitoring acent for examining
chlorinated drinking water o2nil as a supplementary
indicator to determine the nature and proximity of
socurces of faccal contawmination. Despite the usce-

fulness of Cl. perfringens as cnumeratad wy Bisson

and Caballi (198) carlier work by Cabelli (1978)
showed that the numbers of Cl. p.riringens in facces
and unchlorinated scewage is much less than observed

for othor indicators in use.

Somc bacterial pathogeas - Salmonglla sp. .

P. acruginosa, Hyccbacterium and Staphylococcus spp

have also been suqgested uscful as indicators in
wastowater pollution studies {(fcarpino 197:}. The
usefulness or otherwise of some of these pathogenic
bactoria as indicators of watoer pollution is still
under . avestigation and have uot bheen fully
established,

In most Eurupean countrics today, . standards,
guidelines or criteria of raw water quality are
framed in terms of maximum number of the bacterial
indicators, to protect their water resources against
water-borne and water-relatcd discases. Also,
according to shuval {1%/8), tho designing of
secondary treatment plants and disgosal syston have

been fashioned to elimihété bacterial and other
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health~orionted organisms.

For an organisms to serve as an lndicator,
Bonde (1866) suggested that suchk an. organisms or
grougs of ortanisms should satinfy the following
criteria:-

- tha organism should be present only

in the faeces of warm-blooded

animals at density levels exceeding
pathogen concentration.

there should be a positive I
correlation between the indicator

and fascal contamination and

betwaeen the indicator and waters
contaminated with faoccal wastos.

e the persistence and ragrowth
characteristics of tha indicator
should parall:l the mest -
nersistent water-borne pathoguns,
disinfection oif watzr should
nroducs similar kill races for the
indicator ans “he mout resistant
pathogens.,

- procedurcs to detect . the organisns
must be siaple and reliable, and
defy falsc positive reactions.

- should have a high confirmation
rate, so that the data :aay be used

to enforce watcer~quality standards.



The 2t we prerequisites restrict the probabla
carndidat.s ¢ total coliforums. £3acecal coliforms,
faccal strcpiococci, Cl. perfringens and possibly

to other anavrobic yroups such az Bifidobacteriua

sacteroides sp. . and lactobacilli.

ke

Thz =pnli.ations of totnl coliforms, faecal
coliforms and {f.zcal struptococci organisms used
in this study in water jolluticn studics would LT
reviewed briefly in the next scction,

The coliform index in water juality asscssment

Total celiforms have becn the traditional
bacteriolcgical tool for measuring the offectivencss
of water tieatment processcs against faccal
contanination (Kabler and Clarke 1960¢). They have
wawu wuda: used in assessing the cuality of a
varicty of waters c.q. drinking water, treated
effluents and ilrrigation wataecs. However, the
reliability of roliforms s L.adizators of pollution
depends on the sclection of o oreopriate media and
methods for theii cnumeration in watcr pollution
BUZ sTS.

“dany .mrkers have develonced and improved on
some of the media =»nd methods applicable to coliforn
enumeration. Among these are Darrow et. al. (1381).

Vial and Geoffrey (1%81), and *right (1284).,
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Borrow ¢t, al. (1281) wade 2 comparison of the
confirmatory modia for coliforzrms and E. coli in water.
Gas production by thess orjanisiis from Lauryl
tryptosae lactose broth (LILS}) was compared with that
from Brilliant Green Lactose Broth (BGLBEBY, and wore
both compared with lauryl trygstose mannitol broth
with and without, addaed trywmtophan. They observed
that at 3/°C LTLB and BGLBB wore both satisfactory
for gas production but at 44°C, LTLB gave fewer
falsce results, and was therefore less inhibitory
than BGLBB. They concluded that the substitution
of mannitol for lactose and the addition of
tryptophan yielded a satisfactory medium for both
confirmation of gas producticn and the demonstration
¢f indolc at 44°C. | '

vial and Geoffrey {1981} compared mambranc
filteratien technisue (AFY) and dicst Probable Numbor
technigua (MPN) wilith pour plate tochnique for
enumeration of coliform organisns in surfaco watars.

The authors held the viev that NF and pour-
plate techniques of coliform cnumeration should
complement each other to obtailn a2 more precise
results. e e

A new differential agar medium was developed
by Wright (1984) for the enumaration of cecliform
organisms and E. coli. This he called Enriched

Lauryl Sulphate Anilince Dlue Agaxy (BLSAB) .
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Wright recommended gLSAS in preference to M-Endo
Agar for membrane filteration. The media has not
been tosted enough for general acceptance.

The rola of sediment in concentrating and
harbouring coliform bacteris .have been investigated
by a few workers {Matson et. al. 19:8; Grimes 19/5
and 133.). They showed that - stroam scediments,
beds or both can contribute sirnificantly to harbour
coliform organisms.

MecDonald and Kay {1981} investigated
variations in coliform bacteria concentrations during
the passage of eleven precipitation induced
hydrographs in two streams. They observed that
incrense in concuntration of coliforms were in the
srder of 100 fold. FPurther work by McDonald et., al.
(1532} cffered explanation to the earlier
observation of !cbhonald and May {1231). They stated
that the surges of intestinal bactoria concentration
during tine rain inducoed precipitation hyvdrograph
evants is 0 dependent on the characteristics of thaeir
sources. ‘They identified two store sources within
the streom system from which coliforms enter into the
- water column. The first store was in or near
the surface of the land, while the second stors

might have boun the stream sediments or algal sources.



Grines {1275) investigated the release of
sedimen” bound faccal coliforms during dredging
operations of the Uppor Mississiopi River U.S,4.  He
Founo thrt  Faxdl colifsrm concentrations increasad
significantly in th» immedinte vicinity of the
dredging operatior. This incroase he attributed to
relocation of bottom sedimants by dredoging and
concomittant releasce of coliforms bound to sediments.
In anothure work, Grimes (193..) found that hydraulitical
dradging operation of the river lod to the recovery of
pathogens in greatoer than 706% of the water samplaes he
analyzoed. His work signifies that dredging of bottom
sadinents heavily contaminated «ith enteric bactoeria

could »roduce teomporary health hazard.

Lim.tations o the Anplication of Coliform

Indicators in wator Quality Assesznent

Tha reliability of coliform as indicators of
watcer pollution has been -puesticonced by foew workers
{Gallagher and Spino, 1968; Dutka, 1973). These
authors have obsgexrved that coliforms can roproduce
in enriched waters and falgely indicate an elevated

health hazard.

The oceurrence of transferable antibiotic
Tesistance Plasmid and multiple cdruy fesistance
facturs among colifornms isolatcd from wastoewatcers
and po.lutted wators has becn documented by workoers
like Doeboy et al (198)), Bell et al (1981) and

Michacl and Vennoes (191315) .,
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Apart from the question of raegrowth rhenomena
and the occurence of several tyvnes of coliforms with
antibiotic resistance sirairs as noted above the
reliability of tcechanigue and procedures used to
astimat : coliform popul=ation:s from water and soewags

have also been freguently doubted

Several factors have becen suggested that can
affect the sensitivity of the mombrane filter procodurwe
in coliform detection. These include elevated turdb -
idity .of.the water, =~ ; injursd coliforms
(Lechevalier et al, 1983 ; high aumber of non-colirorm
bacteria (Clark, 198.,}:; and the membrance filter tyoe
(McFPetaers ot al, 198.; purligame <t al, 1934). This
has led to the development of varification proccduras.
Lechavalier ot al {1923) suggestcd that the
verification rate of HE-total coliforms colonies
could ve improved by testing for Lho presence of B
galactosidase/oxidase comparcd with the verification
proccedura of gas [ production in taurvl tryptose broth.

The findings showed that significant under-
cstimations of celiform indicators densitics may
raesult particularly in water in which coliforms

may be stressed or injured.

Thie facecal coliform Indox in Water

Nuality Assessment

The application of faecal coliforms which

includes, thermotolerant E. coli, Klebsiella SP,
Entcrobacter sp and Citrobacter sp as an index
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was comparable to those of WP when used for faeecal
coliforin enumeration in chlorinaced effluente. Also,
the method produces higher counts of faecal coliforms
than the direet M-FC techninu: on samples from

mountain streams and water contailning biocide,

Green ot al (1377} recoumended pre-incubation

period of 4 ~ 5 hours at 35°C followed by 15 ~ 13 hours

at 44.5°C for standnrd "P procsdurc.

Page et al {(198.:) evaluited gour #F methods for
faccal coliform enumeration based on determinaticon of
accuracy specification, upper counting limit and
reovery compatibility in six diflerent laboratoricg.
They obtained a2 recovery accaracy with pure culturce
ranging from 85Y ~ 10u% for M-FPC M-Tec and [1~FC2
methods {(the lattoer incorror-idings -~ Z-hour 35°C
resuscitating period) . bu was less than 62% for
MacConkey broth methou. The recovery rate was

highuest with M-FC. and ii-7ec nethods.

Recent approach tovards coliform enumceration
is the use of micro-¥Pr" techmiguc described by
Hartel and Hagerdeon (1883} They comparaed this method
with the elvated temperature standard MPN technigue.
A corrulaticon of 0,86 with a 95% confidence level of
0.7€ 2 s < 1.9 was ¢btainad. The micro-MPN

technigue is still being daveloped.
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The Faecal stroptucocci Indox

In ilater Duality Assessicnt

Many workers ihwve advocate” thoe use of a strepto-
cocci inder in place of or in counjuction with the
colifoenm index for the assoz:acnt of water wpollution
(Seldroish and Kenner, 19589%, «“~njt 7 - and Surjvz
Pooosce oot 1979, Thaphijas oot et al, 1974u;

Boyler ot al, 1975; and Koh. %8 ).

$lonetz, ot al {19/0); ioshen and Shuval (19%/3} and
Kampeimacher et al (19r%), hLave shown parallel survival
of faecal streptococcei with taecal colifarms and
pathogens., Cohern and Shuval (19:3) studying the
survival of ceoliforms, face~l colitorws and faecal
striptococed in sewage traatwment plants, heavily
pollutced rivers, lakes and drinking water sources
observad that, in gepoeral, facenl streptococel woera
more rosistant to the natui-l yvatoer environment and

to purification processaes thin the other indicator
organisms, nd that at poinz distant from tha

originzl source of pollution wers often the only

surviving indicators.

The work of Koh {198.) on water and vastewatars
strongly supporis stroptococel indéx in water
pollution studics. His findings indicated that
faccal coliforms wers more sonsitive to chemical

and physical treatment than geroptococel faecalis.

Several media are available oy the enumeration

and tletectior of faccal struoincocci. In the United
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Kingdon, the membrane enterococcus agar of Slanete
and Bartley (1957} is still in use, because of its
selectivity and high confirmation rate (Daoust and

Litsky, 1975},

Burman et al {1378} havae shown that by incubating
M-Zntercecoceus agar {(4-EA) plates at higher temperature
there is improvement in the confirmation rates of
faecal streptococel. Develcoment in streptococci
detection involvas the applicaticn of florescent
antibody technigque (FAT) (Abshire and Guthrie, 1971

Kenneth and Hartmann, 1983} .

Kenneth and Hartmann (1983) developed a new
madium calied fluorogenie gentamycin thallous
carbonatae {FGTC} ayar. The authors obscrved that
FGIC agar will have good application in water, food

and poussible clinical microlbiology.

The Use of Fec:Fs Quotient to Indicate

thc Source of Faecal Polluvtion

It has beon suggested by w.oldreich and Kenner (19893,
dara (1974} and Facechem (19275} . that the ratio of
faccal coliforms to faeecal streptococci may be used

to indicate the source of faecal pollution.

Human faeces and sewace have been shown to
exhibit FC/FS ratio of 4. Conversely, in thc faeces
of animnl, particularly those 2f cattle, tho

redominant streptococci is the 5. bovis - eqguinus
P P DOV q
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group which out-numbers the faecal clliforms toe give
FC/FS ratiu of 8./,

Feachem (1975) held the view that samples giving
initial FC/F5 ratio » 4 that Jecreascd with time should
indicate faccal pollution frum huwan source, and thuse
samples giving FC/FS5 < 0.7 which subseguently rose should
indicate animal source.

The application of FC/FS ratio to identify source of
pollution in trogpical climate has nut oeen fully accepted
{evison 3and Janmes, 19/3). Thisg is due to difference in
gepgraphical distribution of faecal streptococci groups,
as snown oy the wordh of Oragui, {(19+8). It is thorefores,
impurtant to verify the application of such ratio in the
Jdetermination of the source of pollution in different

environisents.,
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MATERIALS AND ({RTHOLS

HATERT LS

study area

Kaduna River witih a druinage area of about
18, - 7 km? extends approximats) - BO0 i in length frou
its source in {ujurma hills of Jos Flateau before it
enters the River MNiver near Mateal in Wiger State of
Nigeria {Appendix #). 7The entire iaduna River basin
covers an area of abhout 65, .. km” of which 53% is ia

Kaduna 3tate.

mnong the rivers which Jdrazin into XKaduna River are
Romi in the south, rivars Kuyi and Gora in Rigachukn
and Rigaga in the north. Along its course, about

10 win away froa Xaduna is the Shiroro reservoir.

"+ Kaduna municipality with =ore than 600,000 inhabit-
ants is . estimated to risi Lo alnout ! million by
the wvear 2,033 A.U (Berger "nc., 137/8). *he municipal
water supply is through Raduna g2uth waterworks and

Kaduna north waterworks (shom in Figure 1).

The river demarcates the ¢ity into north and
south. The southern part of xaduna harbours most
of the industrics. The matthown part of the city
harbours ingtitutions and few industries.

Kaduna is highly industrialized svvith more than six
gilant textile mills, many foordl processing

industries and breweries,
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IS .
shere nas bedsn &> rii8d increase in thé
population 3¥' - Kaduna over t.c last twenty years.

Inhapitants are living on hoih & des of Kaduna rivewn.
but rasidential ar¢as ars: more concentrated in tha
noxth of the river at Pudun 705 fudan Hupawa, Angaoa
Z3anusi; Badiko and Abahpa, Gzng? comieunitioes that
have established near the hanis of the river include
tha Federal Government Collaoe Malali, Angwa Rimi
and Barnawa Hcousing Estates, Aagwa Kudu, Kabala and-

Costain. To the szouth are Eakoera, Kakuri and bHasaraw-

regidoential arcas.

The six industrial areas drainy discharging into
Kaduna River are the Makera, Knkuri, Masarawa, Rafin
Dadi; Rigasa and Romi » . . Thege drains with the
industrizs discharging into them and the residential
areas are shown on Figure 1. Yhe names of tha

industries are listed in Appondix "B",

Pescription of the riain Draing

Digschurging jne- Kaduna fiver

Makera Drain {[-1) &

This is a major drain roceiving industrial
wastewaters from United Higerian Textile Mills
Limited . Raduna Textiles #ills Limited,
Northern Wigerian Textile Mills Limited,
Zamfara Textilces and Nigorian Breweries
Limited. It enters the main river at a point

apout 397 m below Kaduna south waterworks intake.
(¥lg. 2)

d‘-
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SITE 4

®SITES MONITORED
FROM NOV. 1985

TO OCT 1986

ZJINDUSTRIAL AREAS™

SCALE 1:100,000

SITE 1 —

SITE 2

FIG. 2 LOCATION OF SAMPLING SITES (F1-F7 AND
DRAINS »

D1-D6) ON KADUNA RIVER AND
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Human- and other urban wistes litter the drain.,
Yhis drain has highly odomwoues and coloured

taxiile dye wastewater at the dry scason peried.

¢
Kakuri Drain (D-:)

This drains part cf Kakuri =2nd Nésarawa §i11ages
carrying domestic and irndustrial wastewater from
Korspin Textiles Limitoed, Arawa Textiles, Turners
Asbostos, Foderal Suéerphosphate Fertilizer
Company, Nortex Wigerian Limited and Defence
Industrizs Coyxporation. The wastewater is

intongely coloured as Hdakera drain.

Nagaraws Orain (D-3})

This drains the fringes of Nasarawa village,
cirrying saainly sewage and other domestic
wastes. It enters the river at the westoern
byz-pass bridge at dbout 150 m to sampling

8ite 3 (Figure 2).

Rafi Dacdi Drain (D-4)

This is the most importani drailn necar Kudenda
area. Drinko,Flour Millis, Beree, Cheleo are

some of the industries discharging into it.

Rigasa Drain {D~5)

Thic is one of the main tributaries to Kadana
River. Its basia sarv.s part of Kaduna North,
draining the western part of Kaduna River.

1t carrics some urban vastos fror Sanusi
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and Rigasa areas covering an area of about
94 km? (UNDP Congultants, 1978). It empties
into Kaduna river at about 5 km from Kaduna

south waterworks,

Romi Drain {(D-6}

Its river basin forms the horder development of
Kaduna south. It drains Angwa ©Tiv and Kurasa
arceas. It receives industrial and domestic
wastes from Nigerian National Petrolceum Company,
Arewa Bottling Company . Tower Aluminium Prodicts
Limited, Nigerian Bottling Company, and Pceugeot
automobilegs of Nigeria. Cultivated farmlands

waere situated along its bHanks.

The above described main drains were sampled
between February 14 and 4, 1986, to assess their
relative pollution leads. during the period of low

water flor.

Sampling Sites

Locations on the river werce chosen so that the
effect of municipal and industrial wastewaters,
cultivated land drainagye, recreational arcas, runofis
on the bacteriological indicators of pollution could
be measured. The respective locations of the sites,
the main drains,; and industrinl areas are slown in
Figurce . The following four sampling sites were

monitored from Hovaember 1985 to Jctober 1986:~
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Description of Sawmpling Sites in This Study

Site 1: This is 2 fiver location just above Faduna
north watorworks intake. Thoe site huag no visible
scwage drainace into it. It servas as a
comparable site with relatively little or no
visible scurcse of polilution. It will provide the

- water gquality information for Kaduna north water-

i-?DrkS 1

Site_ls This is a river location ncar comtain

recreational park. It is Jdewnstream of fnoruon
nimi residential areas. Ray pollution caused by
th. domestic and urban wastes throuyh a small
atroam cnteriag just above this site will be
rzflocted here. It will provide water quality
information for the recreationists at Costain
Park utilizing the rivuer for swimuning especinlly

by school~age children,

Site:3: This is afiﬁwer location just below the
wostern bye pass bridge. Any poliution causcd
by domestic and industrial wastos received
through Makera, Kakuri and Wasarawa drains will

b raflected at this sitco.

Site 4: This is a rivor loeation at the outskirt of
XKaduna. Pollutiosn caused through discharges
from Rigasa and Romi tribwmtaries and Rafin Dadi

drains would be refloctaed st this site.
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The following sites (F1 - F.)} with the drains

(D1 - D&) woere onitored daily in the February survey

to evaluale the variations in indisator bacterial

densitior with distence from site 3 above {Figure -} .

-1

Sampling site at Xadunn gouch @ waterworks intake,
This is to assess the pollution load at upstream
location relative o sampling site F-2. It is

about 3 km above sita -2,

Sampling site at western bye pass bridge similar

ta Site 3 as earlier mentionced above.

Thig sampling site is 3 kilometres downstream
of site £ located near Kaduna Pelytechnic Farm.
It could also reflect pollution loading through

Rafin Dadi and Rigasa drains.

This sampling site is 13 kilometers Jowmstrean
of F-=2, The e¢ffect of »¢ilution from kRomi drain
could be reflected at this site. Sand diqgging
and collection are coiwion avaents in this site

quring the dry season.

to 3 F-5; F~-6 and F-7 2are sampling sites at

15, 21 and 24 kilometers respectively from F-2
chosan to asscess the probable self-purification
of the river. Thesc¢ sites are all downstream

from all major sources of pollution.



Washino and Sterilization of Classyares
And filter Units

Glnssuvares were washaed thoroughly with detergant
and rinsced with hot water. Petri dishes and pilpettes
after washing, wore sterilized in a hot-air oven for

13 hours at 16.°C (Roport 71, 1339),

Washed filtor helders and funnels werc wrapped
with ajlauianium foil and sterilizad in an auvtoclave at

121°C for 15 minutes {aPHA, 1553 ).

iiedia and Their Proparations

Th: following dehydrated medld were used for
bactoriological analysis., M-FC agnar (Difco} . s~Endo
Agar LD {pDifco), i Entercvecoccun agar (M-BA (Difco),
Plate count agar (Tryptone glucose yeast agar (Difco)
URVE broth (Oxoid), Simons® Citrate agar (Oxoid) .
Selconite broth {Difco), Iriple sugar iron agar {(Oxolii.,
Ornithine and Lysinc dec-rboxylize medium base (Oxoid) .
Urea agar base {Oxoid), Motility test medium (Oxoid),

Tryptone broth,

The dehydrated nedia were prepared according to
manufacturers' instructions and specifications.
Rehydration of media was with sterile distilled water

and were freshly prepared prior to use.
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METHODS

Collection of ‘inter Samples

Raw water samples were c¢ollected from each of the
sampling sites shown in Figur. 1 in Sud ml sterile
screw-crapped sampling hottles. The sampling bottle:
was hald near iteg base and »lunged into the water neck
downward until full bhefore the bottle was scroaw-capped,
anrd transpyorted in a portabie cooler to the laboratory.

Water samples were collected betwean 9.0 a.m and
11.00 a.m. of each sampling day at forthnightly
intérvals for a 12~-month period {(November 1985 to

October 1986).

Sgrial Diiution of Tater Samplos

Tan fold serial dilutions wore made from the water
Cgamples uszing sterile phosphate buffer solution
preparad accerding to standard mothods (APHA, 1981).
Ageptic -conditions were maintained at all times during

the serial dilution procedurc,

Analveis of Watoer Samplos

_ Taantitative enumeration of indicator organisms
(fotal coliforms, faccal c¢oliforms and gaecal
streptococci) were carried out in conjuction with
total heterotrophic bacteria counts. Samples for
Salmonella isolation were kept in a refrigerator in
the laboratory at the Nationsl Wiater Resources
Institute. Kaduna and analysed within eigh® hours

of collaction.
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Detoils of bacteriological procedures shown in

Figur: 3 are as follows:

Deternination of Total Coliforms

Density oy dombr.ance Filteration

Totnl coliforms were onunerited frowm 10 ml of
diluted wrter sanpe.es using the souwbrane filteration
technique on M-Endeo Agar LES o described in standard
methods (APHL, 198C). Incub-tinn of plates was at 35°C
for 4 hours. The number of sheuned coloniazs appaaring
on tha maeubrane filter were counted on 2 Gallenkamp
colony counter illuminated with in-buiit bulb and »
colony nasnifier. Counts were recorded in terms of

total ccliform por 135 ml of woter samnla.

Determination of Faecal Colifona

weubaly sy uelbrane Pilteration

Fascal coliforms were enumerated from diluted
water samnrles on membrane filters (3ZH-6, 2,45 um pora
size. 47 i diameter) placed on M~PC agar plates
prepacos without the addition of rosolic acid (APHA,
1980 Grevowr et 21, 19317, All plates were first
incubated at 3:°C for 4 ours, afiter which further
incubation was done at 44.5°C for 18 -~ 70 hours
(Rose et al, i2:5). Th: develowsent of blue colonies
on nlates was interpretsd as evidence of the presence
of faescal coliforms. Counting of the blue colonies
was done with the ald o« the illuninated Gallenkamp
colony counter and recosded in terams of tue faecal

coliforms counts per 1u: ml of water sample.
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Confirmation of Taecal Coliform Colonies

All target bluish colonics taken Ffron uncrowdazd
membrancs on HM~FC agar nlates wars streaked on prepared
plates of MacConkey Ager ¥Ma.2 {Ixeid): and incubatad
at 353°C for 4 nours. Isolatas are characterized by
the following bLiochenical tests: [ndole production,
Methly r&d, Voges~Progkaueyr Clurats utilization.

Hydrogen sulphide production, ilotility tout, QOrnithine
decarboxylase production, and Citrate utilization Cowan &
Stwpl 1965, Buwerd, & Bwing 1972} 4 . Typical biochemical
characteristics reactions for =2nteric bacteria and

Salmonella identifications are shown in Appendix YC%.

Determination of Faecal Streptocel

Dengity by Membrane Filteration

Faezcal streptococci (FE) wore collected on the
Gelinran GV -6 membrane and plated on M~Enterocuss Agar
(iDifco} {(APHA, 1971) and incubaiod at 44 .5°C for 48
hours. All platings wera doaz iu duplicates using
standarad procedures (Bordner and Winter, 1978, APHA,;

19871) ., All red, maroon or rink cclonies were counted.

Standard procedures vere usad to confirm faecal

strentococcl colonies (APHA, 1988).

Determination of Total Acrobic Hotcrotrophic

Bacteria Density by the Pour FPlate -lethod

Totual aerobic heterotrophic bacteria densities
were dotoerminad on pour plate »f trypteone glucose

yeast agar ({(APHIA, 13848). J.1 wml aligquot of the
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sarially Jdiluted waterISample was uzod for »lating

The platcs were allowed to sct incuosated at 35°C for
24 hours. Methylene blue was applied to the surface
of plates to aid in counting thae opajque, colourless
colonies following the staining procedure as described
in Millipore manual (1967). Donsities were recorded

as total heterotrovhic bacteria per ml of water sampla.

Isolation of Salmonella

The ocqurence of Salmonella sp. in all the water
samplas were checked by inoculating 5 wl of double
strength selenite broth (Difco! in tubes with 5 ml of
water sample., All tubes were incubated at 35°C for
<4 hours after which a loopful. of the sample was
streaked on Brilliant Green Agar {BGA) and incubated

at 33°C for £4 hours (APHA, 193Q).

' .Opague, colourless colonies with red halo

surrounding them were presumptively taken as Salmonella

ap., and were inoculated into tubes of Triplé  Sugar
Iron Agar {(TSIA) slants. The nutt of TSIA was stabbed
and the slant streakeld. Urea agar was also inoculated.

Tubes were incubated at 35°C for 4 hours {(Bwing, 1972},

cultures yielding alkaline slant with acid butt
preoducing hydrogon sul-hide and ureas: negative |

characteristic of Salmonella sp were kept aside and

subjected to biochumical tests using KCN broth, Simon
Citrato, Sugars, Tryptonoe broth. Lysine decarboxylase

broth, Oxidasec and Gelatin liguefaction. , . . .
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Cultures yielding reactiones charactoristics of
Salmonnlla (B8dwards and Ewine, 1672) were inoculatud
iiko wmotility test wmediuwm, to nrevide stock cultures
which were later confirmed usiny Salmonella polyvalont
O antiscra. Positive controls werc always included

to confirm ohserved reactions.

Measurement of Selected

Physilo-Chemical Factors

Temperaturg of thoe water ag taken on the field

with "cchno-laboratory thermoncter.

The pH, conductivivy and dizsolved oxygen of
collech sl water samploes wore neasured in the laboratory
with »II meter (Kent Model EIL 7U55), conductivity meter
Kant dMedel FIL 50U7), and disselved oxyvgen metor

{(YsI Model 57), respectively. e

Biochemical oxygen demand {BOD) without suppresion
of nitrification was determined following the procedurc
described in standard methods {AFHA, 198¢). Samploe
dilvutions were mads with distilled water when necessary
‘n sterile BCyﬁxul ground glass stoppered BOD bottlas
and wero‘incubatcd at J0°C for 5 days. Initial and
final ozygen concentrations werce mneasurad with the D.O.
meter, B.0.D. was computed from tha following

relationshing

1
BOD, = D.0 initial - D.0 final x ~37Tution
L factor
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Statistical Analysis of Data

The bacteriological data collzected during the
period of study warse evalaated by statistical techniauee
carrizd ouvt using statistical package fou social sriziies
(SPSS) computer programning 2t the Computer Centre;

Ahmadu Bello Uaiversity, Zaria,

Statistically | significant variations in the
densitics of measured indicator orgonisms . between
sampling locations were determinec by Analysis of

Variance {(ANOVL) .
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Distriosution of Indicator QOrginisms in the

Six Mzin Drains to #Xaduna River

digh bacterial donsities woero obtained for the
drains. ‘fable 1 shows that thoe minimum total coliform
counts of 5.4 x 104 per 190 al was obtained in Romi
drain, while a maximum of 2.7 =x 158 per 133 ml was

gbtained at Kakuri drain.

Makera, Xakuri and Nasarawn drdins above sampling
site 3 had mean total coliform donsities of 1.2 - X 1&6/
100 ml, 4.5 x 109/100 w1 and 2u1 x 15%/1.0 m1

resaectively.

Below site 3 are Rigasa. Rafin 4adi and Rowni drains,
G
these had mean total coliform densities of 1.2 . x 17/
100 ml, 5.9 x 10; per 192 ml., and 5.4 x 194/10ﬁ ML

respectively.

Faecal coliforms had A miudimam density of 1.2 x
1GZI1JH ml at Maker:a drain and a2 waximum 4.2 x 103/1J ml
at Xakuri drain. iigher mean faccal coliform densities
were obtained in thosc drains above sampling site 3 at
the Western Bye-~Pass bridge, than the downstream Rafin
bDadi, Tigasa and Romi drains. The mean faecal coliform
densities was 1.¢6 % 104/100 ml at HMakera drain
«.U x 135/100 ml and 1.2 x 196/1uﬂ ml at Kakuri and

Nasarawn drains ruspectively. Below site 3 mean



iiean Indicator bacterial densities in the six main

Taplie 1 -
drairs to Kaduna Xiver during the February 3Survey
DRAINS
indicator
Orgzaizms Makera Nasarawa Rafia Rigasa Romi
(D-1) {D-3) badi {D-5} (D-£)
(D4}
. Total cocliforms - _
3 i - . . N - . 4
- per 100 nl 1.9 x13° 2.7 ...zcm 5.9 %1 1.2 x12° 3.4l A
t raecal coliforms 1 6 & 4 3
eer 100 ml' 1.9 %107 4,3 <10 1.8 x12 1. 210 g X123
facgcal strepiocccal a s 4 a 2
per 100 ml 7 _ 1.8 g127 4.2 x1. 5.2x10 18 %107 4..4%1"
A¢robic nzterotrophic i 3 8 5 - 5
bacteria dar 1.0 nl 4.6 %12 ; £.5 %1 4.5 x1° 3,12 x1° 84 x12




faecal coliform dencitics wer: 1.9 x 1ﬂ6, 1.9 X 11°

and 2.1 =« 1»3/105 inl for Rafin Dadi, Rigasa and Roni

drains rospectively.

Faceal streptococci densitics were jancerally lower
than f£~.:cal coliforms in the fz~ins, Romi drain had che
lnwest faccal streptococci count of 50/105 wl. The
highest faccal streptococci count oi 1.8 x IJG was
obtair.:d at Nasarawa domestic drsin., The mean faecal
streptococci densities for fakcera., Kakuri and Nasarawa
drains above saupling site 3 woere 1.8, x 104, 1.3 % Iuﬁ
and 4.2 =x 10° respectively, while Rafin Dadi, Rigasa and
Romi drains below site 3 had acar [iecal streptococci
densitics of 5.2 x 1d4, 18 ~ X 1'4 and 1.4 X 1;3[1ﬁ,m1

respectively.

suLds heterotrophic osacteriz densities for

Makera, Kakuri and Nasarawa drains were 4. X 1"’,

1.8 X« 1*0 and 1 .3 . X 1.5/121 ml respectively. Below
Site 3, R2fin Dadi kigasa nnd i»mi drains had mean

L‘gtmohoph densitics of 1.5 x 16°, 3.1. x 1.°
and 8.1 x 1J5/1U£ ml resoectively. The lowest total
heterotrophic bactcerin density was 3.1 x 106/m1 at
Rigasa drain  The highest @acan total hetero-

trophic bacteria density was 1.8 x 1J3/. ml at

Kakuri drain.



- 47 -

Piztributivn of Indicatur Organigsms in sevea Sawpling

sites on Xaduna Rivey During the February sSurvey

There was a general variation ia iacterial densities
from sawgling site ¥1 wownstecaaw to v, for all indicator
organisias usaed in this stuly (Tfoble Y. However, a
decrease in trend scourred at £5 through F/ fur all
vrganisms. Self-purification is evident in this sector
uf the river course though could Le luw.

The wean total coliform Jdensitics decrcased from
9.¢ x 10?/1UU mL at F£ to 8./ x 1U4/1Ju ml at T/, Site
F1 abuve fakuril dJdrain ani at Kaduna south waterworks
intake hau lower levels of all indicator organisms than
gite I'd.

dean facecal culiform densitics fluctuate with
sruIyaesive increase in Jdistance downstreamn of site F2
to Ff varying from 7.6 x 106/100 wl at F2 to 1.3 x 1u4/
100 ml at Frv.

Faweal streptucocei densitices varied from 3.9 x 165
/10u wl at Site 3 tu 1.9 z 103/1u0 ml at site ¥/, From
site 3 Jdownstream t. F/ mean faecal streptococei
densities Jducreased with Jistance.

The mean total heterotrophic bacteria platc counts
ranged Erowm 2.9 X 1u1‘/1.u ml at site Fe to =2.4 X 107/m1

at site M. There was general fluctuation in total

heterotruphic bacteria densities from one site to anothar.
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Taolc 2

izecan indicitor bacterial densities in seven sampling sitos

(F-1 to F-/) along tnz length of Kaduna River during the

February Survey

Sampling Sites With Distances (ims) on the Ziv.r

Iniicater
drjenise -
F-1 (3) F-2 (%) F-3 (.8) =4 { 12) PS5 (~15) &9 <) Frr o ( 24)
chﬁaré Pownstvaeaoymm
Total coliomm 5 p 6 & 5 5 )
pec 1.. ml 2.0%x:1- 9.2 x10 1.7 %10 1.00¢7 3.4 X1 1.8 %1 8.7 x1c"
Fazcal colifcoras ; 6 5 . 5 : :
per 17 nl 2.1 x10" 7.5°x10 9.1 x10 2.5 x18" 2 .3x10° 1.6 x15° 1.3.x15"
Fascal streptocoeci 5 5 4 4 .
2cr 190 ml 1.0x10° 1107 3.9%17° 1.9 2.2.510 2.2 1,9 x123
Acrooic heterotoophic 7 ) 10 8 3 3 8 -
basteria >er 1. @l 2.3 x10 2.0 x10 2.0x1C < 1830 .Y 1. 7.7 x1 5.7 xh.”
{ indicates distances in kilametres from sanpling site P-< taken as the

reference point.



Variations in the densitics of indicator oryanisms

in fuur sanpling sites on River Kaduna froam

Wovaaber, 1985, to Octuober, 1380

Total Coliforms

Totnl culiforn lensities varivw at the four sanpling

ites through.ut the period Novenwer, 1985, tou April, 1985,

413

which wags the dry Season.

In hugust, wean toutal coliform count of 2.6 x 104/100ml
was recourded tor site 1. The highest mean total coliform
Jdensity of £ x 1uﬁffuu wl was obtained at site 3 in day,
1986, From June, tu august, the aean total coliform
1Idensities deereased in all the sites gradually to 104/100ml
until Septemuer, before rising to 105/1ud wl in October,
in »~}1 the sampling situs {Fig. 1). Site 1 had wmaximum
total ewliforia count o 106/100 ml in april. In May, sites
2 ardd 4.had their highest mean total coliforw Jensities »
106/100 ml. PTotal culifurm Jdensifties were signaficantly

Jifferent from one site tu another (P~ v.Gut).
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Fig-4 Meaon monthly told coliform {TC) densities at four
sampling sites on Kaoduna river from Nov.1985-0ct1366.
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Faccal coliforns

The daensities of faecal coliilorms in £aduna
river varied from one sampling sit: to another
{fig. 5} . Faecal coliforms peak values occurred at
differuvnt months of the year at 2ll sampling sites.
At site 1 highest mecan faecal coliform density of
8.9 % 164/1:ﬁ nl was obtained in April. In January
1586, mean faecal coliform density decreased in
sampling sites, 1 to 4 but not in site 1, which later
daecreagsed in Fobruary to 103/133 ml., In dav, maximum
mean FC density was attained in sites 2 o 4. In June
meins faaecal coliform densitise decreased in all the
sampling sites and remained €2irlv constant in
sapplling sites £ to 4 until August Site 1 mean
facecal coliform density decreased to 103/13U ml in
August before a gradual rigoe to 177/190 ml in
September.

Fagcal stroptococci

Mean faacal streptococci dangitices in gite 1
attainad peak value in Noveamoer, May, and October.
At site ¢ six pedks oceurred in RHovember, February,
Harch, #ay, August and Qctob2r, with mean faecal |

streptococcil densitizs often lowoer than 105/100 ml.

At site 3 the faecal streptocooci densities reached
-

peaks in Hovember, March and May, with values > 197/

120 ml, At site 4 the peak value of 10}/133 ml was

obtained in darch, 19388. Lowest meéan faecal
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Fig.5 Mean monthly faecal colform (FC) densities ot four
sampling sites on Kaduna river. [Now 85 - Oct.B6)
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streptoconci densities were chtainsd boetwren June and
Scptombaer in all the sampling sites with values

o 1J3/13J w)l {(f£ig. €)}. At sitoes ¥, 2 and 4 the mean
faecal stroeptococci densities iacrcased in August, to
163/1GQ al, fell to <« 131/153 il in September beforw
rising in Octobor in all the sampling sites. As from
December,. 1985. to Hay, 186 site 1 faccal streptococel
mean densitices behaved differentiy from sites £ to 4.
The mean faecal streptococci densities dropped
sharply from a .= value of 1&4/1u~ ml in Hovenmper to
132/10ﬁ ml in Decembar beforz the density rose
aradually compared to sites 2 to 4. 7The mean faecal
stroptococci densities were significantly different
by sites in Xaduna River (P o< :.021).

Total hotarotronhic bactcria

Total acrcobic heteroitrophic bacteria in Kaduna
river had wmean densitics that varioad betwean 1u4/1.0
w1l and 106/1ﬁ3 ml at sites 1 and 2, cowpared with
sitos 3 and ! which varied from 1?5/1,5 ml and
12%71.0 1 (£ig. N,

Total heterotrophic vacteria mean densitics
» 106/1rc ml werge obtained during the dry wmonths of
Novembar to April in all the gsnmpling sites, with
peak values in May and maintained till June, 1286,
During the wet perioad, in July. . mean total
heterotrophic bacteria <densities decreased to values
batween 1J4 and 106/ ml in the four sampling sites.

Thore was inter-site significant differences in mean
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Fig-6 Mean monthly faecad streptococci (FS) densifies at four
sampling sites on Kaduna river. (Nov- 1985 - Oc1.1966 ).
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MEAN TOTAL HETEROTROPHIC BACTERIA (THB) DENSITIES
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Fig. 7 Mean monthly total heterotrophic bacteria (THB)
densities at four sampling sites on Kaduna river,

(Nov. 1985 - Oct. 1986 )



- 56

total heterotrophic bactoriz Jdonsities (P € 7.7 1),

Relationship Betweun Faccal Coliforms and
Total Coliform Deasities in K-dun=2 River

There was variation in Sazexl coliforms to total
coliform: ratios in Xaduna River frowm site to site,
with o minimuam o»f 0.00866 at z3it. 1 and a maximum of

0.94 at site 3 (Pablce 3).

At site 1, the FC/TC ratics varied fronm 0.0006 t»
9.3 with a mean >f 0.03%92, 1In cfizcet, 3.92% Of total
coliforms in site 1 were cssentinlly faccal coliforms.
In site -, 3 and 4, the FC:TC ratios wcre 0.3520,

0.51%72 and .2394 respectively.

The mean monthly FC:TC ratios for the four
sampling sitcs are illustrated in Figu—. 5. Sites 1;
. and 3 kad lower. ratio, citen < 0.2 betwecn November
and March «« Site 4 had a high ratio of 1.71Z in
December which decrcased t» € 0.1 in January 1986
beforc rising again in Felraaxry. High ratio was
maintoined in site 4 until Scptaabcr, 1986 before a
drop in October 1986. Site 1 had persistently low

ratio < 1.0 from March to October, 1986.

Relationship Beteocen Faecal Coliforms and

Faecal Streptococci in Naduns duver

It has been suggested tuat the diffcrential
die off rates of faccal colifcrms and faecal
streptococei of animal and human origin offer a

method for determining ' hether »>r not, faecal
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Table 3 Minitium, maximurm and mecan values
of FC/TC in Kaduna River
TS0 VALIES
Site-1 Sitg-: Bite-3 Site~3
Minimun 0.0066 G.0467 3.042 04.043
Maximum 3.30 g.320 0.93 0.94
Mean 0.0392 3.3520 0 5142 0.2494
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Fig.8 Mean monthly FC/TC ratios at four sampling sites
on Kaduna river (Mow. 1985 - Qct. 1086)
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pollution ig primacily fron animal oy huaman sources,
FC/F& ratiss » 3 were attributed to huwan source whilc

ratis < 0.7 were attributed to aniaal source (Guldreich,

1967 and Peachew, 197455, | "

During the perioud of stgﬁy, PC/PS ratio applied t
Jdeteraine the source{s) LE pollution vf the river
conformed that 47.39% uf the time the pollution f the
river was Jdue to human, while 4.69% was Jdue to animal

faccal wastes. (Taille %)

Qocurruence f Salmonella in Kaduna River

Four positive isolates of Salmonella were wuotained

during period of study. ‘These Salwonella sp, were

c.onfirmed by Liochaemical and slide agglutination tosts
with poulyvalient group Q antigera (Wellcoame) .,

Bffeckt gf Seasogiial Variatiouns On Inaicator

Dacterial Dengities in Kaduna River

During the dry mwnths of Noveadboer, 1985 to January,
1986, the wenn densitics of all the indicator organisms
were highoer than the wet season values at the four
sampling sites as shown in Figures 3 to 1e.

The Jdata obtailacd in this stuly showed that the

densities of normal indicator organisms were lower.



Table 4 ~ Frequences of FC/?S ratios and the percentage occurence
of faecal bhacteria from difforent sources of pollution
at four sampling sites on Kaduna River.

Pollution Sourcc Site 1 Site < S8ite 3 Site 4 MHMMMMWQW
Haran 14 (50) “6{5yv.2%) #7{51.25) 14(29.17) £7.39
% 2redoninently human 1. {"5) 12(:5) 114{22.5.) 4{8.3) de .31
w Indeterminate 6{12,50)  8(16.57)  1u3{25323) <o (41,567 2.3
rnimal 4(8.33) 1(2..8)} y 4{8.33) 3.69
?reicminantly animal 2(4.17 1(2.28) G 6{1..53) 4.69

{ ) = % occurence of faecal bacterial from various sourzes
in Kaduna River at each site.

Number of samples for each site = 48



100!

wn

MEAN FAECAL STREPTOCCCCI DENSITIES MEAN TOTAL COLIFORM DENSITIES

Total coliforms

i
oo

G

Foecal coliforms

il
oo

AN
%

dry season

100 ML

—

— —
OWw O~ P_m

—
-

MEAN FAECAL COLIFORM DENSITIES

lut 2
wel season 18]
O_ _— M i " D n —
Figg, 1 2 3 - FiglC. 1 2 2 4
SITES —— SITES ——=%
Cry seQson
dry season
-
15, g:- 18" wet season
w
S
1(3).. %'. 10} /
0%
2% 6 r,__/
2‘ O,
10, ES10t
Ea
®
o5
| 0l
Z
Faecal streptococci < ¢ Total heterotrophic pacteria
OL — L "y - = 0 - ~ =
. 1 . 3 & 1 Z 3 4
Figi. elres Fig12. SITES

Fig9-12 Cocmparison of mean indicator bacterial densities in

cry season (Nov, o Jan.) and wet season [June to August)
¢t the four saompling sites.
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during the wet season. The effect of domestic and
industrial effluents on the river water guality are

-

more pronounced during the dry season
. ' r

The mean total coliforms,. faecal coliforms and
faccal streptococci wet seaszon densities in site 1 of
(1.06 £ 1.02 x 19°/108 wl), (3.30 = 1.1)10%/100 al anc
(2.3 £ 0.005)10°/10C nl respectively, were lowerd than
thelr respective dry season densities of (.85 & 1.6}
105/100 mi, (1.74 2 0.?2)1J4f100 ml and (6.0 1 &RS}ldzf
100 ml in the same site 1. Similarly, higher indicator
bacterizl densities were obtaipned for sites . to I
during the dry season compared to the wet season.

At sites 3 and 4, total heterotrophic bacteria

densities were only sliqhtly different (Fig 1y,

ldentification of Faecal Coliforms

97.6% .of the isolated faccal coliforms were
members of the family, Entero bacteriaceae. Distri-
bution of these isolates revealad that 534.76% were

Klebs@ella pneumoniae, 6.98%. Escherichia copli

type 1, Citrobacter freundii, “.54% and Entcrobacter

aerogenss, 7.94%, while coliform related organisms
that woye oxidase positive formed .38% of the total

igsolates {Table 5} .
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Table 5 - Percentage distiributicn of faecal colifcrms
from M.FC LGAR platus from thc four samplin:
sites on Kaduna Rivoer

. . viumbrer of Porcentag e
Tyce of Organisms centage

fzolates of Isclates
Klebsiclla pncumoniac 69 59.75
Escherichia coli ' 34 26,98
Citrobacter freundii 10 7.94
Interobacter acrogenes 10 7.94
Colitorm-related organisnms 3 4438
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Determination of Physico-chemical Pactors

t. pHs
The river water was in the alkaline range
during the 1.i-month poeriod cof study.
Jsually, the pH increascl downstream of
Site 1, althoungh diffurences between sites
1 and 2 were not great, the differences
between site 1 and site 3, and site 1 and ¢,
were guite considerable betweaen January and
April 1986 (Fig: ... 13}. The pH ranged from

7.40 to 10.29.

2. Temperature:

The :#nthly tuemperature of tWe river -—--
=howed some variat..ons g8t the sampling sites
(Fig. .. 14, Duriag the dry months of
February to April whon the waste waters from
Hakera and Kakuri drains formed the main river
flow, the temperaturc of the river water at
site 3 increasced reavhing 37.5°C. The

min mum temperature of .4.5°C was attained

in the month of Deceuber during the ceold

harmattan period.

M 3. Disgolved Oxyyms

The .Jdisscolved oxygen content of the river
showed differences betwedt “the sites
'quring the pefiod of. Noveuwer, 1985 to

L * -

June, 198a.
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P e . B Al site 1, the water

appeared to be well ozygunated with oxygen
. - -1

zoncentrations often » 5.0 myl ', although

in darch, 1386 an oxygen concentctration of

.75 mgl 1 was reccrded st site 1.

[l

sites 3 and 4, thore was a considerabla

:;a

drop in the oxygen concentrations cspecially
in th.: dry months of Wovember to April.
Severe oxygun depletion of ~ 1.4 mgl“‘I was

recorded at sites 3 and 4 betwean Docembar

1985 and March 1985 {(¥igu . 15).

Conductivity:

The results of ionic concentration
easuremants revealod counsiderable differencas
between the gsampling sites, Site ¢ had lowest
conductivigy value of 20 wshos cm”1, sites 3
and 4 worae charactcerized by high conductivi-

1

ties with a maximua of 1,900 pmhos cm

attainced in March {Figh- 16} .

Biochemical Oxyg-:n Demards

There was a marked incgroease in Biochemical
Oxygen demand concentrations at sites 3 and
4 compared to sites 1 and . {(Fig 17) .
daximum BOD (17 mglﬂly wvas obtainoed at

1

site 3 in March, while 200 value < 1.3 mgl

was recorded fov Sito 1.
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CHAPTER 5

DYISCUZ3ION

Distribution of Indicator Organisms

In the Draing

The results of this study show that the drains
are polluted by fawvcal bacteria as high densities of
indicator organisms wore obtained in the draing

during the period of investigation.

Barlier work by Osuhor and Essien (1378) showed
that Sarduuna and Tudun Wada township drainage systems
which drain intce Kaduna River were heavily polluted
by ccliforms and some chemicals. In this study, the
six main drains to Kaduna River namely, Makera,
Kakuri. NMasarawa, Rafin Dadi, Rigasa and Romi drains
appeared to be major sourcaes of pollution of the
river. They are characterized Hy high indicator

bacterizl densities.

Domestic wastewater contaminated by faecal wastes
often contain high numbor of iwndicator organisms.
In this study, drains associated with domestic waste-
waters ware found to contain high faccal coliforms and

- P Lot

streptococei densities. RS

. e
* o4 L

Y
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Nutrient present in raw domecstic sewage and in
effluents from scwage traatment =slants. food procassing
operations, and textile mills can contribute
biodegradable products that support the multiplication
and or regrowtnh of coliforms organisms (Kitrell and
Furfari, 1963). 1In this study. coliform organlsms
obtained in high densitics could be duc to these organic
and inorganic nutrients from the domestic and
industrial wastewaters. Ahmed and Beecroft (1987)
obtained high levels of organic and inorganic contani-

Ay
nants in Kaduna Peugeot Automobile wastewater, which%ﬁ
eventually drained into tho river through Romi drain,
Findings similar to those in this study have been
documented in some other regions. Blosser et al {19/1),
Coleman ot al (1974); and Hendry gt al (1982) obtained
high densities of totdll coliforms in some industrial and
domestic wastewaters and the receiving wators they

investigated.

Textile mill effluents contiined organic pollutants
which are nitrogenous compounds th=t infiuenced the
survival of bacteria . Furtilizer frctory effluents
alsc have been known to be an inportant source of
eutrophication {Stanley and Hobhie, 1981). Thay
significantly increased conductivity, pH, nitrate and
phosphate lovels in the recedging waters., ‘{akuri and Makera
drains contained fertilizer factory discharga. This
could have contributed to high total aerobic

heterotrophic bacterial densities of 1.9 x 1?8 1.}m1w1

obtained in Kakuri drain in this study.
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The figures obtaincl in this study tor aicroorganis.as
in the wastewaters cf the Jraing Jcacnstrate that
cunbiination of industrial wastes with domestic sewage for
instance in Kokuri drain, may nobt Lavoucs the reduection Uf
the aicro.rgmisms Lceruse high Jonsitices of indicator
Jrganisms were ubtaiaed. This sustonance cffect of the
wastewaters un iadicatour organisws as obtaineld in this
stuldy cannut Lo a surprisc becausce visual oLscrvation of
the wastewatcers in the drains during the dry scason
revealed that fresh human faccal waste was discharged
Jdircetly from housces into the drains. a4t Rakuri, the

drain scrves ore as an open sewer.

buring the period of water shortage, the
inhabitants of Kakuri usually dig pits on the path of the
drain t_. cullect water for Jdomcstic use. this practice
could Le Jdangerous for their healch, daste stabilization
punds could ¢ cunstructud, so that the wastewaters couldd
2¢ retained chere nnd treated Lefoore Jdischiarge into kiver

Kaduna,



Bacterial Distribution in sadunn 1ivor

‘he range of densities of total coliforms, faecai
colifecrms and faecal strepltocaccl of 1 -1-311 *ml at
various sites were vithin the rangce reworted for
pollutcd water in other places. For instance . Bradlcey
anéd Emurvon {1968) . found that urbanization increoascd
faecal coliform counts from 10./10 " ml to > 135/1ﬁ! m?

on the Mirongo River in Uganda.

At the vicinity of site 1. a bridge was under
construction which involved the dredging of the river
bed during the period of this study. Such operation
has been known to disturb and rcelocate bottom szdiment
with the rclease of coliform bound to scliments
(Grimes 19/5; 198)). Resuspension of bactexia into
the ov.rlying sater with backuo=rd flusking of the
river could causc aonormally high ~oliform counts
at upstrcam and within the vicinity of the bridge
construction This typc of activity occurring close

to site 1, could partly account for the high total
colifori counts occasionally obtain.d 1t Site 4
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At site L, wastewaters from Ahmadu Bello
University Teaching Hospital, Polize Colliege areas,
Aangw=z  Rimi Arained tarouagh a a1l rivalet ontering
into Haduna River 2t fostain fark, and with the
consistent use 0f the river wator for swimming by
rocraatcionists at -idostain Park, this could cause hich
levels of indicator organisms at this site. Adjacent
toc the park is a farmland often irrigated. This is
capable of flushing faecal and non-faecal coliforms into
Xaduna Rivoer. Alsc, children werc often defcacating
directly into the river and at the banks. It might
suffice to mention the need for toilct facilities at
the fostain Recreational Park {for visitors, this will
reduce the indiscriminate faecal pollution of the river

at this site,

Total coliforms repraesenting both human and non -
human sources of coliform, were higher than faecal
coliforms and faecal stroptococei in River Kaduna
A8 obkained in this study. Highest total coliform
counds werz obtainoed for site 3 in all cases. This
could be as a result of higher waste inputs into this
site the#ough Makera, Kakurl and Wasarawa drains. Also
along the river bank at site 3 and c¢lose to it, are
farmlands sometimes fortilized by orgnnie manure and
also arz being irrigated by the river water, this
could #flush out soil, plant and snimal coliform
organisrs into thg river which invariably caused

elevation of total colifor: Jdensities.



Y-
Sand digeing for bullding is oeing carried out close o
site 3 on the river hed, this can also contribute to

high total coliform counts obtained at this site.

The effects of Rigasa ) 1 Rafin Dadi and Roai drains
causing thoe flushing of bacteria into the river comoinaed
with the sand digging operations 2f the river bottiom
could also be responsible for the elovated indicator
bacterial densities in site 4

Several generalizations can he drawa from the
data obtained during the period of study. Higher
coliform counts occurring during the dry scason and
early »art of wet season in April/iday suggest the
survival of the coliforms in Xaduna river water for a
long time or the persistence polliution of the rivex
with faascoel wastes. The flushiine of bacteria t
through oxeessive run~offs 2t zhe onset of the rain
is resoonsiblae for the #May, 1969 abypornal increase in
bacterial densitics in the river,

whea the rain c.ame | in June/July 1986,
rapid die off-rate with increase in river water voluma,
high dilution ratio and faster flushing rate of the
river can explain the rapid docrease in coliform
denslities in Xaduna river. By tho neak of the
raining season in Angust, the lowzst faecal coliforms

and faecal streptococci densities were obtained.
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The lower faecal streptocucei counts often
obtained in this study compar.d with £acgeal
coliform counts may ne duae to Jdifferences in their
survival rates. dorris and Weaver (1354} observed
a lower survival rate for faeecil straptococci than
faceal csliforms, while Xoh {1282} investigating
the survival rate of faecal streptococci and

faecal coliforms observed 2 higher survival rate
for the former organism in disinfected waters.

In Raduna rivar foecal streptococci do not
appeayr to fluctuate more than faccal coliform:
though it occurred in lower densities than faecal
coliforms ., BSurvival studics for thasc groups of
organisms should be attempted for a valid
judgement of their relntive usefulness in peollution
studices In tropical waters whoere temperature seldom
falls balow 26%C,

Thaphyal ¢ ct. al. {1972) observed a
correlation cowfficient of .21 botween total
coliforums and faecal streptococci in waters of
varying pollution in India. In this study a
correlation coufficient of .35 wns obtained
between total coliforms ind faceal streptococed.
The close agreement hetween thoese two results
might suggest the usefu-lness of faecal streptoeocci
és indicator of water pollutien in the two regions.

Total aerobic plaie count of heterotrophic
bédteria can be interpuoted as reflecting input of

microcrganismae from .0 : -aguatic sources, as well

. e
LI ] Y. - o
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as descriking the trophic conditions of a given
habitatikX (Rac and Jurkovis 12/é). The fluctuation
in total heterotrophic bacteri=z dunsities at thoe
sampling sites on Kaduna river, wav be o result of
aither or both ¢onditions.

The large progressive incrensce in total
hetavotrophic bacteria densitics at sites 3 and 4
compared to sites 1 and 2 indicate growth of these
bacteris in responsse to high nutiient levels in the
river obtained through waste inputs from the drains.

High biochemical oxygen demand and chemical
oxygen demand were obtained f£or the drains iis;
discharging into Kaduna river (Osuhor and Essien
1978: Chukwukelue 1933; Ahmoed and Beecroft 1987).
Aerovding to Kenney et. al. {19%19) nutrient
enrichment favours the growth of resident bacterial
populations of a rageiving water and may support
their survival.

High nitratce and phosphatz concentrations were
obtainad for the effluent discharges into Kaduna
viver {ChukwukuluafﬂQSB), This can thereforo
favour the survival and multiplication of
microorganisms in the river, and can explain the
high densities of heterotrophs as obtained in sites
3 and 4., L

b . \ ‘- - . * Lo - -
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Bacteria serve 1s itndicators of pollution
generally under polysaprobic cuonditvions, whea the
total counts reach.. . 1U6 Or M organisms per
milliliter., With prograssive self-ruriFication in
a river system, bacterial nunter are redmodd, the
total count drops to 1§6/ﬁ1 wricr  «and B~ mesosa--
probic conditions. A water with a total count of
107 or fewer organisms per nl is classified as
oligosaprobic (Hawk.os, 1973). Raduna River at all
the sampling sites had total acrobic heterotrophic
bacteria counts » 1%6/ml from November 13835 to June
1986. This enables Kaduna River to be classified ns

being polysaprovic during the period of study.

The number of bacteria jin river watoers ars
naturally quite variaole and depend on 2 wide variety
of factors. Access of soil ~nd organic matter and
increasg in temperature may ho rasponsible for
increasus in bacterial numbers {(Xelloxr, 1904) .,

All these factors arce important under Nigerian
conditions of climates, whoere the year is amarkedly
divided into dry and wet seasons. The results of
this study show that there is scasonal varinbility
of indicator hacteria in Raduna River. During the
drier months of February to April, 1986 nutrient
buil® u)p . . . have been rapid dAue to shallow
nature of the river and lower flushing rate of tha
river; high decnsities of indic:tor bacteria wurc

therefore cbtained. It could bhe assumed from this
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stuly, that, he¢alth hazagl thit could Le asswciated with
the river use during the Jricr oanths wight o¢ higher
than during vict seasua. ppiteni ol . gical stulies are
reJuired to confirxra this speculntion cspecially in
vicew vi the countinuous utilizacioa of Kaduna River for
swimming, fishing, water supply !l abstriction for
industrial uscs.

Water guality criteria (BeC, 19/5) regquired that

raw witer should not have more than 2.0 x 1u3

FC/100 ml
with upper limit of .9 x 1UQEC/lJu ml. WHO (1973)
stated that water with a total colif oram counts of 5.0 x
1u4/1ud ml is unacceptable for hwain consuaption and must
we treated.

For most wf the mwounths, raw waters at sites 2 to 1
£all int categury . L3 of EEC standard (1%/5) which
regquires intensive - physical an. chemical treatment,
extended treatment with disinfection, Jdecancatioun,
filtration and adscrption beforc use; especially during

the dry scason of dovember, to april.

Raw water apstraction at Kalun south waterworks

calleu fur recounsidceration. From this stuucy,
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the hacteriological water quality at this intake is

1 pc/100 ml of the BEC

at the upper limit 2.0 x 140
stand2zrd. Tn casce 28 any hacterial Lulld up in the
upstroan, the river water at ths intake would be

affected.

The occurenaea 2f anany pollution sources along
Kaduna River course within thoe city limits acyount £or
interruption of self-purification of the river. Only
beyond site F41 ware processaes of bacterial self-
purification in the river evident. From ©8ite FE
throuch ¥7, bacterial densitits slowly decreased
progressively with distance. Xaduna River during
the dry month of February had 2 low water exchange
as the wastewater formed *“re wiin river flow during
the narind of . purific:tion investigation.
Furthar work is gersssuy w: ... "2 . the rate of
self purificac.on of the river from bacterial

contamination - '

Strobel (18%68) reported that the relationship
between FC and TC varies with the sources of
pollution, level of sewige treatment and character
istics of the yeccivine wators and precipitation.
Orsanco Watemls Users Committee (1971) suggested thnt
highor PC/TC ratios wmisht indicate proximity of
inefficient wastewate- tro~tment operation or
conditions where treat went ctacsitlities arc being
by-passed during the =orm zun-wffs. In Kaduna

River, high FC/TC rati» werc obtained. This could
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be due te lack of efficinat scenars traatment nlants.
In Raduna,; the disposal of human wastes are maialy
threugh septic tanks and pit Iatrines. Deflacatinn
in the bush or near water sowrces is often the
practice. This is unsatisfazitory and could account
for the high level of Faeeal bocoteria in Kaduna River
and in tha drains. Low FC/T2 ratio- on thoe other
hand, has been attributed tc after-growth of some

groups Oof the indicator bacteria especially aAcrobacter

asrogenes and XKlgbsiclla sp. . as noted by Orsanco

Wator Jsers Committee (1971}, and Knittel et al (1977),
resulting in abnormally high total coliforms and a

a low guotient of FC/UC . ' . . L In
tropical water after-growth of coliform bacteria have
heen «ound to be favoured by the warm tropical cliwmate
(Bvison and James, 1973). In Zaduna River, where
temparature seldom falls below #6°, this could have
fagoured the reqgrowth of thoe indicator organisms.
Since several factcrs may influcnce the ovoerall valuo
of FC/TC ratios, as carlicr discussed above, the
variations cobtained in Kzxduna River is not unexpectad.
A year observation is inadecuate to rely on overall
averuge, therefore, the monthly means as obtained

in the study might be usceful, in assessing the
relative faecal pollution of the river from FC/TC

quotients.
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Geldreich ¢t al (1975) sugoested the usc of

FC/%3 xatis to assessing nollucion gources rather than

relying solely on FC densitios.

Thne generally high levrels o Tfaecal bacteria in
Kaduna River was found tH uriginate prinarily frem
human duringi the perisd of stal Mallution from
other sconrces other than hum-.. s indicated by tho
results The data therefore. emphasize the importance
of d2fining non-point sources ollution such as
suriacc rgn-offs, livestock y2stes, in addicion to
point sources as obtained in d2finite drains when

assessing the bactericlogicai water quality of Kaduna

River.

The percentage of is-olates on Jd-FC agar plates
R PP taT o facecal cosiforans wore higher than thouse
dbt~ined in the studics o Grabow ot 2l (1981,

Pregaowood and Strong (1978, for temperato waters,

The principal facca. coiliorms that were found
in Xaduna River woere prodominantly .lebsiclln

praumoniae followed by Dschorichia gnli; Citrobactoer

G — e — r—————

freundii and Pnterobactar a.vogein.s. Klebsiella sp

—— ———— - ——

Occurre. at higher. ! Percentage tha the other throc
biotypes. This spbccies has buen known tc occur in
water polluted by indawtrial ¢fflucents and was indeod
capable <f outgrowing indigcnous microbiota accordiag
to Knittel et al {(197/). 1In this study, 51./6% >f

faacal coliform isolates werc XK. pneumoniac.
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Mara o oragui (1985; obt-in.d /% K, pneunonia.z in
sonic vivers studicd in Wigocia. The high orevalence
of these onteric bacteria clsc support the otherx
findings in this study that there is gross faecal

pollutinpr nf Kaduna River.

ChaudomRtzal (48311] and w.ibel ot al (1974} have
found that urbaa drainage that are heavily contaminatod
contain salmoneclia. However, in this study, only four

water samples were found to contaia Salmonella sp. This

low incidence of salmonclia in Kaduana River could b
due to several factors. 7+t could be @ function of the
pathogenic organism itself bocause Salmonella are known
to have a rapil dic-off rite., Other factors associated
with domestic and industr-. .1 sawage, such as heavy
metals. organic materials. toxic pollutants, and
chlceride residues may have sccondary cffects on the

isolation of the pathogens in the river. Further

studics are necded to mantify o) identify probable
Salnonella sp. obtained in .© River, and the

factors affeccting their surviva. in Kaduna River.

This study was carried out using standard
indicator bacteria and it is possible that the
domestic and industricl wastos inputs caused chanjes
in other types of bactoeria not uscd in the investi-

gatiomn,

—_— = . & P - e
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Physic,~Cawmical Watcr guolity

Effects on Haduna River

In guneral, the Jischarge of inuustrial and
Jamestic wastes intu Kaduna River alter the P which

tends to Lo alkaline.

The cEfluents from dMzkora and Kakuril drains, which
are wmainly icdustrial in naeture Later the river at a
tenperzture L f about 3:°C to 35%C.  Howevel, this Jo not
alter the river tewmporature significantly except in thoe
Jry months of February to carly part of &#ipril when the
drains provide the greator volume offlow.  In the wet
season, the v.lume of river water and awbient adr
tenperature scem to have been resgonsivle for Keeping
the teuperaturce of the water faicly cunstant.

The Jdissolved oxygen concentration illustrated
the ceféects of the wastewaters on the water guality oof
Kaduna River. A value as low as o049 mgl_‘i as obtained
at sites 3 and 4, shows a case of severe oxygen
depletion Jduring the Jdry season. From aApril through
Octuber, due tu & iution of the wastewaters by
agitation, precipitation and acration thére vecurred an

improvement in the oxygen content at both lucations.,
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Octobar, due to dilution of the wastewaters by
pracicitaiton,. thore occured nan impreovement on the
oxygen aontent at both locatinsns. Adeguate oxvgen:

ation occurr:d in unstraam i~antions at sites anad

1
2, with oxygen concerntrationg ofton - 5.0 mgl~1,
throughout the poeriod of stufy. DLuring the dry
seasun, with Juerease in cfflucnt dilution resulting
in higher bilochemical oxygen doemand {(8.0.D.) values
in the region of effluent additdun at site 3 and 4
causcd a decrease of dissolved »xygen to .3 mglwia
Disznlved oxygen levals in both downstream locations
of site 3 and site 4 are simiiar, therefore, re-oxygen-

ation process in Kaduna river Aocs not appear to bo

rapid, betwecen the two loecatiocns.

The values cof conductivity {(ionie concentrations!?
are partly dependent upon the nature of the various
dissolved substances in thé vwnter. There is
considerable differcence betiroon the conductivity of
tha river water at Site 1 and 51lts 3 duae to the effect
of th: @ industrial cffluents being discharged into
the rivep%fthrough Hakera and dotari drains, which

are essontially textilic efflunnts.

The high B.0.D.. 2utained in site 3 and |
comonred with site 1 with meéan B"O,DS of .5 mgl
appear to corrclate vith low orygen concontrations

occurring at site 3 and site 4, . ow. oL T

W . - - - B ) L3
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The cuntinucus discharge of efflucats froa rakera,
Kakuri and wWasarawa Jdrains could have the vEfuect of
flushiny large amount of organic watwerials into the
river which increascd the B.O0.D. of the river water
at situs 3 and 4. Increascd flow Jaue tu upsurge of
water fruw tributaries to RKawuna River uring tne
wet Seasun dilutes the cuncentration of the urganic
materials and the B.Q.D. folis,

CONCLUSTIT OWS

From the results of this study, the rollowing

conclusions could be drawn:

1. High ingicator bacteria (total coliforis, faecal
colifurins and facecal streptoucocci) Jdensities were
votained in Kaduna River as a wmeasure of faecal

slution of the river., Bacterial Jdensities, varied
randuinly in time, in gencral increaseu witin downstream
movenient tu sampling site 3, but tenis to waeCrease
thereof cutside thoe uroan influence.
2. The main drains to Kaduna River were the main
sources of the pollution.
3. FC/TC and PC/PMS gquotients applied tou the river
indicated gross-hunan pollutiocn with inaication of
animal waste input to a lesser extent. The FC/FS
ratius obtained in thisg study emphasize the neod to
cunsider non-puint sources as well as puint sources of
pollution in assessing the bacterial guality of Kaduna

River.
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1. Aleusiclla pncumoniae was tic proeuouminant faceal

colifurm isulate obtained in this stuwy. Other specics

include Escherichia coli, Citcocacter freunadi and

unterobactuer acrugencs.

5. Frowm coaparing FC, ©C and FS .casitices Jduriag the
wat ang Jdry scasoun, high uacterial densities were
shtained Juring the ury sceason than the wet seasun.,

U. High incidence Lf faecal Lacterial Jdensitics

inldicate high hcalth risks, the wccurrcence of even i

Ny

ew Salucnella sp. in Kaduna River 1s cvildence of a

pullutel water.

RECOddkENDIMNTIOdS

The fullowing recomacnaations are advanced for

Luplewentation Ly Kaduna State Goveraaent:
1=y Thease is urgent need for the
cnactiment and onforcoment of
<ffluent lischarge regulations in the
state.

(1i) Utilization of the wastoewaters for
irrigation Ly local faruers shoulua o
Ziscuurayged until the wastewaters are
dueguately treatced.

(iii) The puuslic should Le <lucatea of the
health risks associate! with the
atilization of the poliutceu river for
swilimaing anl cther recreational
activitics.

(iv) The uiversion of wastewatoers into low-
cust stasilization punds ror de juate
disinfection should oe cunsilered.

For further studies _n the wastew:ters and the river,
the fullowing arcas or rosearch are suggested:
(1) Prevalence Lf waterborne infections in
Cumwunitics using the wastowaters and

the pulluted river should e
investigated.
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(1ii}

{iv)

(v)

(vi)
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survival studies of enteric bacteria and
pathugens in the wastoewaters and the
river require investigation.

The role of microorganisins in some
wiochemical processes of denitrifica-
tion, aincralization and awonification
shoulu be studied.

Qeteraination of colif.orn bacteria ang
pathogens in the river seliment is
¢ssuntial fur a mure precise
assessuent of the extent of faceal
pullution of the river.

The aicrobial flora of froshly caught
fishes frum the golluteqﬁqivur shoulld

be investigated. )

Correlation of bacteridl populations
with physicocheuical parancetoers of
the river reguire Joetailed
investigation.,
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Nuukbev
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dames of [(nductries Juibered

Filoatye 1

Unitad Nigerian Textiles Limited

i'ederal Cuperpghosphate Fertilizer
Company

tamfara Textilcs Limited

Nigerian Brewveries Limited

Raduna Textiles Limited

Horthern digerian Textiles Linited
Horspin Conpany

Arewa Taxtilis Limited

M™Marmera Asbestos

vortex Jigerian Limited

vefence Industries Corporation

Ueugeot. automobiles digerian
Limired

Surgical Products Nigeria Limited
Wigevian Yational Petroleum Couapany
Nigerian bottling Company

serec Nigeria LimZted

Charchenci Oils digeria Limited
Flcur Milic Mirgeria Limited

Chi:loo Nigeria iimited

Drir ko Nijgeria Limited

Wigerian Grains ¢fpoduction Company
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Typical 3ic: hewical Characteristic
Reactions For *nteric Sacteria annad

Salmonella fdentificatien

Tests ”‘ o
@« o 0
oxrh Q |
e S & 9
ests > 2 & -
-t 3 [o] 3 Q
-t ) M ) a
of & 9 85 2
] b b '4
- - - m
ml (1] &Y} ! Ui
Indole - -
arenyl Red ' * - -
Joges Proskauer - ' i -
Citrate {Simon$) : +
HZS prosauction - - -
Motlllity s - 3
Ornithine ‘'zcarboxylase 3 . ¥ .
Lysine decarkoxylarc - + +
Urease + -
Gelatin licuefaction v .
Uil + i )
Glucose {aas) + : +
Sucrose B
Lactose r e T
»iannitol - + +* 4+
Oxidase -~
tiitrate reduction R "D ND ND +

NDO = HNot determine‘l

sources:

Cowan and iteel {(1965)
Zdward and Ewing (1973)
Mc™adAin ('277)
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~ Relationsbip “etween PC/FS Vaiues
and Indicative Zources of Pollution

PC/PS = X

Indicative Sources

Raage of Pollution

X -4 Jiuman wastas

4 » X 72 Predominance of Buman wastes in
miged polluticn

22X 2 Uncerxtiaan of lnterpretation
{Indecterminate)

12X 207 Predominace of animal wastes
in mixed pollution

Sul 2 X Livestock or Poultry wastes

SORYTQ:

Goldreich {1976)



