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ABSTRACT

Water used for domestic purposes is ideally reqliiee be free from contaminants. Various contamigsdmdve
frequently affect the quality of such water. Thisdg was carried out to determine the frequencgaafurrence of
yeasts in 2 different sources of household’s dnigkivater. A total of 173 water samples were codédrom four
different Local Government Areas of Kano State,eNég Samples were processed by using membrame, filt
followed by subsequent cultivation on agar plafesotal of 108 isolates of yeasts were isolated idedtified using
microscopic and biochemical methods. Candida spe west frequent with total 77 (71.3%) occurrenaarf both
sources of water. The least was Geotrichum spp tweitd frequency of 6 (5.6%) from both sources. Aghthe
Candida, C. krusei shows the highest frequencycofimence in both sources. C. kefei was the leageims of
occurrence with only 1 occurrence in stored wated aone in well water. Dala and Gwale Local Goveents
reported the highest level of contamination. Poggibnic and sanitation practices of sources of kirig water
were thought to be associated with the occurreri¢hase organisms.
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INTRODUCTION

Water is a universal liquid which is rightly considd a major component of life. It is used by ewagy and has
many and different functions. Water used for domgstirposes is ideally required to be free fromtaarinants;

however, this has not been the case since such hadebeen found to contain a variety of chemiadl lsiological

contaminants [1-5]. Absence of odor, color andetamte vital aspects of water quality which mustagisv be

considered, as these serve as indicators of watetamination. One of the greatest concerns for vilager

consumers with respect to the quality of drinkingtev is contamination with pathogenic microorgasigéi. In the

past, fungi were not frequently considered wheouwdising pathogenic microorganisms in water. A fbssieason
for this is that, the occurrence of other microoigms like bacteria and viruses in drinking watétem leads to
relatively acute symptoms of diseases in humansieider, the consumption of fungal contaminated dnigkvater

has not lead to acute disease. Fungi in water haostly been overlooked, but may be regarded asranich
problem in drinking water distribution systems, aar@ possibly an underestimated problem. But récénhas

been observed that, several fungal diseases hawedagised by drinking water contaminated by va@atibducts or
toxins of fungi [7, 4]. Others, such as wound caritation, skin infections, allergic diseases andiefections,

were equally observed [3, 2, 8-11].

Several studies have resulted in increased knowleagthe occurrence of fungi in drinking water; soaf them
include those conducted by [12-25]. Some genegllte for all the studies were, for example, that tecovery of
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fungi varied between 7.5-89% positive samples, thatlthe levels of fungi in the samples varied aersbly in
the various investigations. Fungi have been reddam all types of water, from raw water to trehteater, and
from heavily polluted water to distilled or ultramg water. Fungi have also been reported from dabttirinking
water [26, 27, 28].

Many species of fungi have been found in water Usedlifferent purposes, such as drinking, cookibathing,
washing, etc., obtained from different sources saghvells, taps, streams, swimming pools, pondshmbes and
storage tanks [1, 2, 3]. Fungi from air and soileerwater distribution networks from various soscsuch as
sediments, plants debris, biofilms and animals.giFwhich accumulate in stored water are capablmwaifiplying
and producing toxins in high concentrations, arid thay affect the user in several ways. For exampigny of
them are known to cause infections in immunosuecsndividuals such as AIDS, cancer, organ trampl
patients and persons with asthma or various raspjraroblems [29]. Some species have been recedrig agents
of superficial infections (keratitis and cutanednfections, onychomycosis and infections of woumadsl burns)
[30].

Fungi are capable of attached and unattached growttater and hence colonize biofilms on pipe materafter a
significant period of exposure [10, 4]. Isolatioihfengi from water for recreational purposes, bagfiwashing and
other purposes has been reported [9, 3, 4]. Sortteesé uses serve as avenues along which thesgsongaspread
among users. Water contamination may increase ghrguor sanitation and the unhygienic practices ather

human activities in the vicinity of the water faiyi) especially surface and ground water sourcesth®@ basis of
dangers that can be posed to humans by these mgarasms through consumption of contaminated dnigpkiater,

this research was aimed at determining the frequefhoccurrence of yeasts in 2 different sourcebaisehold’s
drinking water.

MATERIALSAND METHODS

Study Area
The study was conducted in four Local Governmerdaarof Kano State viz: Ungogo, Dala, Kumbotso, @nale
within Kano metropolis (Figure 1).

Map of Study area
showing Dala, Gwale, Kumbotso and
Ungogo L.G.As.

Legend

E= Study area
[ ] Metropolis
Map of Kano State

Source: GIS lab Geo. Dept. BUK 2011 Showing Study area

Figure 1: A map of Kano metropolis showing study areas and sample site shaded in black.
Source: GIS Lab Geo. Dept. BUK 2011.
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Sample Size

A total of 173 water samples were collected for shely. Samples collection was done in four Local&nment
Areas of Kano State which include: Kumbotso (Kunsbofrown), Dala (Dala Kan Tudu, Gwammaja), Gwale
(Gwale Yamma, Galadanci) and Ungogo (Ungogo Towamigau). Selection of Local Governments was done
randomly within the Metropolitan Local Governments.

Sample Collection

Standard method described by [31], was used focdifiection of samples. In each targeted housd) btatred and
well water samples were collected separately. Rucioilection of samples, 300ml of water sample aseptically
poured in to 300ml sterilized bottles from watesretl for domestic use. 34 stored water samples eatected
from three different Local Governments each, wiBiB2samples were also collected from one Local Govent
which is Kumbotso based on the availability of stbwater because not all Households store waten AL well
water samples were collected from three Local Guwents each and 5 samples were collected from Ktsobo
Town because most households do not have well beaafuavailability of Tap water. Water samples framlls
were collected by means of a sterilized bottleeditivith a weight at the base. All samples collectede then
labeled with sample number, date of collection sahple source for analysis in laboratory. Sampdiisated were
then transported to the laboratory in an iced adolestorage as soon as possible.

Sample Filtration

Membrane filter assembly was set up. During filtlat samples were shaken vigorously at least 2&ginp and
down and then 100ml of sample was filtered throtlgh sterile 47mm and 0.46n membrane filters (Whatman,
Maidstone, Japan). After filtration, the filter wakaced on sabouraud dextrose agar, followed hybiation at 25C
for 5 days [31].

Isolation and I dentification of Y easts

Based on their colonial appearances e.g. coloturtiexshape, yeast colonies were differentiateth fitamentous
fungi. The identification was carried out by mixiagsmall portion of the yeast colony with a smatiglof distilled
water on a clean slide. A clean cover slip wasgaaaver it and then observed immediately undentiveoscope at
X10 Magnification. Colonies that appeared as snrallnd or spherical and some are budding were decoas
yeasts [32].

Dalamau Plate Technique for | dentification of Yeast Species

Seventeen (17g) grams of Cornmeal agar medium igaelded in one litre of distilled water, this widien heated
with frequent agitation until it boiled, and steréld by autoclaving at 12@ for 15 minutes. The medium was
allowed to cool to about 46 and then poured in to sterile petridishes. Whenmedium gelled, a small portion of
the yeast colony was picked up using sterilizecep, and three parallel cuts were made in toathe plates.
Sterile cover slips were placed to cover the portibthe inoculating streaks on the agar. This ivasbated at 2&
for 48 hours. After incubation, the plates werereixeed microscopically under X10 objectives througk cover
slips [32].

RESULTS

Total samples of 173 were collected from 4 différeacal Government Areas of Kano State. Out of ¢hds35
(78%) were stored water and 38 (22%) were colletiea well (well water) (Table 1). A total of 108dlates of
yeasts were isolated and out of these, 67 (62%#§ uemlated from stored water and 41 (38%) from wadter
because, in some samples, more than one yeasespeeie found. Of those from stored water, 47 @).Were
Candidaspp, 15 (22.4%Rhodotorulaspp and 5 (7.5%}peotrichum For those isolated from well water, 30 (73.2%)
wereCandidaspp, 10 (24.4%Rhodotorulaspp and 1 (2.4%}peotrichumspp (Table 2). Yeast distribution in stored
water in respect to locations, a total of @@&ndidaspp were identified from 4 Local Governments, oluthese, 9
(13.4%) were from Kumbotso, 19 (28.4%) from Dalg, (19.4%) from Gwale and 6 (9.0%) from Ungogo. The
frequency of occurrence &hodotorulaspp was 15, out of these, 2 (3.0%) were from Kusiol (1.5%) from
Dala, 7 (10.4%) from Gwale and 5 (7.5%) from Ungogocase ofseotrichum the frequency was 5 with 1 (1.5%)
from Kumbotso and Dala each, 3 (4.5%) from Gwalé mone from Ungogo (Table 3).

In case of yeasts from well water in relation todtions, a total of 3@andidaspp were isolated. Of these, 6
(14.6%) were from Kumbotso, 8 (19.5%) from Dala, (#3.4%) from Gwale and 6 (14.6%) from Ungogo.
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Occurrence oRhodotorulawere 10, and out of these, none was from KumbatebUngogo, 6 (14.6%) from Dala
and 4 (9.8%) from GwaleGeotrichumoccurred only once which was from Kumbotso (Tad)e Four spp of
Candidawere identified from both stored and well watehe$e includesCandida albicans, C. glabrata, C. krusei
and C. kefeiln case of stored water, the occurrence of teppés as followsg. albicans2 (4.3%) from Kumbotso,
5 (10.6%) from Dala, 1 (2.1%) from Gwale and 2 #)3rom UngogoC. glabratal (2.1%) from Kumbotso and
Gwale each, 3 (6.4%) from Dala and none from Ung@ydkrusej 6 (12.8%) from Kumbotso, 11 (23.4%) from
Dala, 10 (21.3%) from Gwale and 4 (8.5%) were fildngogo.C. kefeioccurred only once which was from Gwale
(Table 5). Also in well water, n€. albicanswas recorded from Kumbotso, 5 (16.7%) from Dald6Z%) from
Gwale and 1 (3.3%) from Ungog@. krusei6 (20.0%) were from Kumbotso, 3 (10.0%) from D&d26.4%) from
Gwale and 5 (16.7%) were from Ungodo. glabrataand C. kefeido not occur in well water at all (Table 6).
RhodotorulaandGeotrichunwere not identified to species level.

Table 1: Sourcesof Drinking Water Used for the Resear ch

Sources Number  Percentage (%)
Stored water 135 78
Well water 38 22
Total 173 100

Table2: Generaof Yeasts|dentified in Drinking Water

Yeasts Sour ces of water (%)

Stored Water  Well Water  Total
Candidaspps 47 (61) 30 (39) 77 (100)
Rhodotorulaspps 15 (60) 10 (40) 25 (100)
Geotrichumspps 5 (83.3) 1(16.7) 6 (100)
Total 67 41 108

Table 3: Distribution of Yeastsin Stored Water in Relation to LGA

Yeasts Total Number of Yeast (N=67)
Location (%)
Kumbotso Dala Gwale Ungogo
Candidaspps 9(13.4) 19 (28.4) 13(19.4) 6(9.0)
Rhodotorulaspps 2 (3.0) 1(1.5) 7(10.4) 5(7.5)
Geotrichumspps  1(1.5) 1(1.5) 3(4.5) 0(0)
Total 12 21 23 11

Key: LGA = Local Government Area

Table 4: Distribution of Yeastsin Well Water in Relation to LGA

Yeasts Total Number of Yeast (N=41)
Location (%)
Kumbotso Dala Gwale Ungogo
Candidaspps 6 (14.6) 8(19.5) 10(24.4) 6 (14.6)
Rhodotorulaspps 0 (0) 6 (14.6) 4(9.8) 0 (0)
Geotrichumspps 1 (2.4) 0(0) 0(0) 0 (0)
Total 9 19 14 6

Table5: Candida Speciesin Stored Water in Relation to LGA

Y easts Total Number of Candida (N=47)
L ocation (%)
Kumbotso Dala Gwale Ungogo

C. albicans 2 (4.3) 5(10.6) 1(2.1) 2(4.3)
C.glabrata 1(2.1) 3(6.4) 1(2.1) 0 (0)

C. krusei 6 (12.8) 11 (23.4) 10(21.3) 4(8.5)
C. kefei 0(0) 0 (0) 1(2.1) 0(0)
Total 9 19 13 6
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Table 6: Candida Speciesin Well Water in Relation to LGA

Yeasts Total Number of Candida (N=30)
L ocation (%)
Kumbotso Dala Gwale  Ungogo

C. albicans 0(0) 5(16.7) 2(6.7) 1(3.3)

C. glabrata 0(0) 0(0) 0(0) 0(0)

C. krusei 6(20.0) 3(10.0) 8(26.4) 5(16.7)

C. kefei 0(0) 0(0) 0(0) 0(0)

Total 6 8 10 6
DISCUSSION

In this research, well water revealed the highegtllof contamination even though the number offdasncollected
from wells (38) was less than those collected fstored water (135), but the occurrences of yeastgell water
(41) were more than half of that of stored watéf) (@ his might be due to the fact that most of wedls were not
well protected and were sited close to the sounéesntamination (pit latrine and septic tanks)t Buthe case of
stored water, it might not be necessarily thatsioeed water was from the well, it might be fronrdfmle that has
been kept in clean covered container even thougtstlrces of stored waters were not enquired. GEansida
was found to be the highest in terms of occurréndmth stored and well water but the occurrence higher in
stored water. However, there was no significarfiediihce in the occurrence between the 2 sources.{B This
occurrence was in agreement with the work of [38pvelso reported higher occurrencesCaindida51 (77.3%)
among the yeasts recovered in their research. rébidt was also in conformity with that of [34] ftve fact that,
out of the total yeasts isolated (27) in their e@sk,Candidaspps were the highest with the frequency of oenae
of 26 (96.1%) Geotrichumhappens to be the least to occur, with lowest weage in well water. The occurrence of
Candidaspecies particularly in higher number is a matfesesious concernCandidastrains are known to cause
nosocomial infections. The incidence of these noswal infections caused b@andida strains has risen with
change of the implicated species and risk factoedipposing to Candidaemia, including colonizatigth Candida
of sites other than blood [35].

On comparison on the occurrence of yeasts in steedr in relation to location, there was stataticsignificant
difference in the occurrence @fandidg Rhodotorulaand Geotrichumbetween the Local Governments (P<0.05),
with the highest occurrence @fandidain Dala 19 (28.4%). Also in well water, the ocamce ofCandidawas
higher 10 (24.4%) than that of other species otgeand this occurrence was in Gwale. These highroences in
Dala and Gwale might be attributed to the fact th@h of these Local Governments are densely ptgailahich
means the possibility of contamination is very highowever, there were no significant differencestlie
occurrence of these yeasts spp within a partididaal Government (P>0.05).

With regards to individuaCandidaspp,C. kruseiandC. albicanshad the highest number 31 and 10 respectively in
stored water and 22 and 8 respectively in well wadmn the other hand;. kefeihad the lowest number in both
stored and well water, in that, it occurred onlgein stored water and none in well water. Théaligmbers oC.
kruseiandC. albicansdid not correlate with the results of [33]. In itheesearch, they reported high numbeiCof
tropicalis, 19 (32.8%). Also [34] recorded high occurrenceotier Candida species that'sC. parapsilosis14
(53.8%).C. albicansis pathogenic to people in temperate climates gmilgnas a vaginal infection in women. It can
be a health hazard in recreational waters andstaiso been found in shower rooms. Even thoughe taee no
definitive epidemiological studies linking infectis with water levels o€. albicans but women swimming in
contaminated marine beaches have higher instaneagafal infections due t€. albicans There has been a recent
increase in infections due to naibicans Candida such asC. krusei.The occurrence of botl. kruseiand C.
albicans in stored water was statistically higher in Dakart in all other local governments (P<0.05), also
occurrence o€. albicansin well water was higher in Dala, however, kruseiin this case was statistically higher in
Gwale. So in both stored and well water, the higbuorence in both Dala and Gwale suggests imprbpgienic
and sanitation practices in these places.

Rhodotorulaspp was also found in large number in this rese@f (23.1%). This figure was higher than those
obtained by [33] 8 (9.8%Rhodotorulaspp have emerged as opportunistic pathogen wétlabiiity to colonize and
infect susceptible patients [36, 37]. Localized edtfons without fungemia including endophthalmitis,
onychomycosis, meningitis, prosthetic joint infeas and peritonitis have been reported in immung@romised
and immunocompetent patients.
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Ungogo had the lowest number of yeasts from botlrces of water. The low level in well water is clgaan
indication of how protected their wells are, tlidiecause, most of their wells are very deep apamd to those of
others like Dala and Gwale in which in just few erstdeep, water can be collected. It has been tezpthat
contamination is more often if the source of waserlose to sources of contamination (pit latrine aeptic tanks),
and this contamination might be due to infiltratioh contaminated water (sewage) through cross aiiume
leakage points and back siphonage [38].

The presence of fungal organisms in drinking whter been attributed to the fact that fungi haveathikty to grow
attached to a substrate, forming part of a mictdb@films on pipe surfaces, debris or sedimentseyrare likely to
become established where there are cracks, pittimipad ends [6]. Also several of these organismkiaown to
resist water treatment and can colonize filtetséatment plants [17].

CONCLUSION

From the results of this work, it was observed tilathe sources of water reported the presenapeties of yeast
and by considering the high frequency of these risgas and the health threats they posed to hunitacan be
concluded that the drinking water sources usedlimiresearch are significant routes for transmissiopathogenic
microorganisms to human systems. Owing to the he#&lazards associated with yeast, the following
recommendations should be given much considerationg many of the households employ the use dfwatkr,
the wells should be protected from runoff in to teger, they should always be covered properlyrdento prevent
contamination. They should also not be sited ctassources of contamination (e.g. pit latrine aegtis tank).
Always collection and storage devices should barcknd covered in order not to allow post collecand storage
contamination, there should be effective persoggléne and sanitation as water can always becomiaminated
with fecal organisms even during usage.
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