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Abstract

Alice drinking water has a brown colour sometimes which could imply that it is not potable. To assess the effectiveness of the
purification works and ascertain whether the water distributed is safe for drinking, indicator bacteria namely, hetetatabphic,
coliform, faecal coliform and injured coliform counts were performed using the membrane filtration method. In addition, the
regrowth of heterotrophic bacteria, total and injured coliforms in the chlorinated water at 15°C + 2°C and 23°C + 2°Cdeals recor

All the indicator bacteria counts were above the South African acceptable standards. Moreover, heterotrophic bacteria and total
coliforms showed a remarkable regrowth indicating that the treated water had possibly high biodegradable dissolved organic
carbon content due to inefficient purification systems. Considering the overall microbiological indicators, it can be citatluded

the Alice drinking water is of poor quality.

Introduction Water that is contaminated constitutes a serious threat to
public health world-wide because of the presence of micro-

The problem of distributing poor quality drinking water is notorganisms, especially coliforms. Coliforms (i.e. total and faecal
only attributed to developing countries as developed countriesliforms) are indicator bacteria used to show levels of water
such as the USA, also encounter these problems (Young, 1998)ntamination due to faecal pollution. Faecal indicators as aquatic
Faecal contamination of drinking water supplies by untreatezhvironment monitors are used to obtain information about the
and/or inadequately treated sewage effluents entering rivers aquhlity of water and compliance with bacteriological standards
dams that serve as the source of municipal water supplies cre@éemi and Niemi, 1990). These micro-organisms constitute a
conditions for the rapid spread of pathogens. The distributidhreat to the safety of the drinking water because they indicate a
system itself can also contribute to the deterioration of the watpotential of the water to cause an outbreak of water-borne
quality, since many factors can introduce bacteria into th@iseases (Young, 1996). There are also chemical and physical
drinking water when it is being distributed. These include opeparameters such as temperature, pH, biochemical oxygen de-
reservoirs, enclosed reservoirs in which chlorine is not addemand, dissolved oxygen and turbidity that are monitored to help
new construction that may disturb the existing distribution sysssess the water quality (Mathuthu et al., 1995).
tem, mains breaks, back pressure, dead ends in the mains withAllochthonous bacteria are bacteria that are transient in the
stagnant water, corrosion by-products and bad pipe systemsosystem. Enteric pathogens and most coliforms are
(Clark et al., 1993; Hambsch and Werner, 1993). allochthonous within the aquatic ecosystems. They are not well

Alice is situated in a semi-rural area in the Eastern Capadapted to the chemical and physical conditions in the water
South Africa. In many rural and growing urban areas in gener@¥icFeters et al., 1986). As a result, the use of chlorine is the major
and in South Africa in particular, there is widespread scarcitgause of sublethal bacterial injury in treated water (Bucklin et al.,
gradual destruction and increased pollution of freshwater r&991). The coliforms can be injured by the chemical and physical
sources. The causes include untreated and/or inadequately treatautitions in water; hence these are termed injured coliforms.
sewage, loss or lack of natural water catchment areas and p@iorine injures the bacteria by inducing physiological altera-
farming practices, which release pesticides and other chemicttsns of survivors such as injuring glucose and amino acid
into water, and excreta from stray animals. All these problems aransport systems, damaging the outer membrane and reducing
applicable to the situation in Alice and almost all formerly blacladhesive ability of enterophathogeischerichia coli(Verville
townships in the Eastern Cape Province. The growing populatiand Herson, 1989). The injured bacteria are susceptible to selec-
and their economic needs, as well as the poor progresstive media (M-endo LES agar, bile salts and deoxycholate)
sanitation facilities in this area constitute a threat to the wateommonly used for enumeration. They are better enumerated on
resources and drinking water in particular. In addition, municipa non-selective medium, such as m-T7 agar. The m-T7 agar has
water purification systems do not have any laboratory facilitietherefore been recommended for the enumeration of injured
for routine monitoring of water quality, in order to comply withcoliforms from treated water (McFeters et al., 1986). The injured
standards. Alice Municipality purifies the water before supplyindpacteria are proof that bacteria can survive and multiply because
it to the community for domestic uses. The efficiency of the Alicef the resistance developed against the disinfectant chlorine
purification systems is, therefore, of concern. (Adam and Kott, 1989).

Heterotrophic bacteria are indicators of the general microbio-
logical quality of the water. The multiplication of bacteria in
* To whom all correspondence should be addressed. water rich in biodegradable organic substances is called regrowth
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water to substorage (B). Network 3 is supplied by substorage (B).
The distribution systems that supply water from the main storage
tank including distribution Networks 1 and 2 are metal piping
systems. The Network 3 system was recently built and is a
polyvinyl chloride (PVC) plastic distribution system. Figure 1
illustrates the summary diagram of the Alice water distribution
systems.

Sample collection

Water samples were collected in autoclaveedlass bottles from

the purification plant before treatment and after each purification
step except sedimentation. Samples were also collected from the
main storage tank and the three distribution networks. Samples
from the purification and storage tank were collected as grab
samples and those from the three distribution networks as running
water. Samples were transported in cooler boxes to the laboratory
and analysis proceeded immediately.

yume River

Chemical and physical analysis

Seala: The turbidity of the different samples was determined using a
1 : 25 Q00 Hach 2100P turbidimeter within one hour following the collec-
tion. The temperature and the pH of the sample were determined
Figure 1 on the site of collection with a thermometer and a pH meter. Free

Representation ofthe Alice water distribution systems. chlorine was determined within 24 h of collection with a Lovibond

PP designates purification plan, ST storage tank, SP sampling 1000 Comparator system using a DPD n°3 chlorine tablet
point, SS(A) substorage (A), SS(B) substorage (B) P Y 9 '

Microbiological analysis of water samples

dissolved organic carbon (BDOC)(Gatel et al., 1995). BDOC is
the actual signal to which growth and activity of heterotrophighlorinated water samples for microbiological analysis were
micro-organisms respond in natural waters. The knowledge gbated with sodium thiosulphate to stop the chlorination process
BDOC is required for modelling bacterial activity in aquaticat the moment of taking the sample (i.e. 100 mg sodium thiosul-
systems (Servais et al., 1987). phatel of water). Heterotrophic bacteria, total coliforms, faecal

The aim of this study was to assess the potability and th@liforms and injured coliforms were enumerated by the mem-
effectiveness of the drinking water purification systems in Aliceprane filtration method performed under a laminar flow hood (i.e.
Eastern Cape. In addition, the potential of treated water to supp@ini for untreated water and 100 rfor treated water)§tandard
the regrowth of heterotrophic bacteria, total and injured coliformgiethods 1989). The following culture media were used: m-Endo

was investigated. LES agar was used to enumerate total coliforms, m-T7 to
enumerate injured coliforms (LeChevallier et al., 1983) and mFC

Materials and methods to enumerate faecal coliforms. Heterotrophic bacteria were re-
corded using two different media i.e. R2A (low nutrient medium)

Study site and 1/4 strength nutrient agar (prepared by diluting nutrient agar

4 times and adjusting the agar concentration to 1.6% with Bacto
The study site covered the Alice purification system, the maiggar). All the media used were from Difco unless indicated
storage tank and its distribution network. The purification syste@therwise. Millipore membrane filters (dia. 47 mm, pore size
gets its water from a catchment dam that draws the water from &5 ym) were used for total, faecal and injured coliform enu-
Tyume River. The water is drawn from the middle layer of theneration. For heterotrophic bacteria, Millipore membrane filters
catchment dam area to the purification system, as the top laye(dfa. 47 mm, pore size 0.2@n) were used. The total and injured
exposed to air and contains leaves and dust, and the bottom layliform colonies per 10 mor 100 nh were counted after
may be anaerobic. The water from the dam undergoes purifiGacubation at 35°C for 24 h. Faecal coliform colonies were
tion, which involves the following steps: sedimentation, sangounted after incubation at 44.5°C for 24 h. The heterotrophic
filtration and chlorination, using chlorine gas. Chlorine gas hasiate counts were recorded after incubation at 35°C for 48 h. The
been reported to be an efficient disinfectant in the treatment @iperiments were conducted in duplicate and repeated four
drinking water (Mitchell, 1972; Venkobachar et al., 1977; Vervillgimes.
and Herson, 1989; Bucklin et al., 1991; Du Preez et al., 1995).
Flocculation and sedimentation are enhanced by the addition f§sessment of regrowth potential of chlorinated
alum [AI(SO),] and lime for coagulation of the solids. Thewater samples
flocculation and sedimentation, and filtration steps are per-
formed outdoors in open reservoirs. The chlorinated water gscperiments simulating the conditions in the storage tank were
Stored in the main Storage tank Until required. The main Storaggnducted to assess the maximum growth (Nmax) of “indig_
tank supplies water to a substorage (A) tank and Network dnous” heterotrophic, total and injured coliforms in chlorinated
Network 2 is supplied by substorage (A) which also suppliegrinking water samples from the water purification plant. Five
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TABLE 1
TEMPERATURE (°C), pH, TURBIDITY (NTU) AND CHLORINE (mg/ ) OF THE ALICE DRINKING
WATER SAMPLES, AUGUST TO SEPTEMBER 1996
Dates Samples Temperature pH Turbidity (NTU) Cl,(mg/)
(°C)
2718 S3 15.5 7.3 - -
S4 18.0 7.3 - -
Net 1 19.0 7.3 - -
Net 2 19.0 7.0 - -
10/9 S3 14.8 7.4 7.18 -
S4 16.0 7.4 3.70 -
Net 1 16.5 7.4 5.72 -
Net 2 18.0 7.5 6.71 -
Net 3 18.0 7.0 0.81 -
17/9 S3 14.5 7.3 10.70 0.2
S4 14.5 7.3 6.16 0.2
Net 1 19.9 7.3 7.80 0.1
Net 2 18.0 7.3 9.51 0.1
Net 3 18.0 7.4 3.00 0.1
24/9 S3 15.0 7.2 4,97 0.2
S4 155 7.0 1.59 0.2
Net 1 18.0 7.2 2.27 0.1
Net 2 17.5 7.2 4.36 0.1
Net 3 18.0 7.4 3.10 0.1
Legends: S3 - after chlorination; S4 - main storage tamk; Net 1 - distribution Network 1;
Net 2 - distribution Network 2; Net 3 - distribution Network 3; - not determined.

litre glass bottles were cleaned and rinsed 10 times with boiléar turbidity (1 to 5 NTU) (Department of Water Affairs and

distilled water to remove the carbonaceous materials, am@restry, 1993). Samples collected after chlorination, at the main
autoclaved at 121°C for 15 min. The glass bottles were each fillstbrage tank and from Networks 1 & 2 showed generally high
with 51 of freshly chlorinated water sample and incubated at 15°@rbidity values. Distribution Network 3 turbidity values were

+ 2°C and 23°C * 2°C, respectively. These temperatures wet80% within the allowable standards compared to Networks 1 &
selected because they are close to the temperatures obse®ewhich hardly complied with the standards (about 30% only
under practical conditions in drinking water during distributiorcomplied). These high values can be accounted for by the
(i.e. about 15°C during the night and early morning, and 23°C itistribution system pipes used for transporting the water in
the afternoons in summer time). The growth of heterotroph&ddition to bacterial contamination. The high turbidity after

bacteria (using R2A agar), total and injured coliforms wapurification may be attributed to the rusted metal pipes that are
recorded at a 12 h interval for a period of 84 h, starting from timesed for the distribution of treated drinking water from the main
zero. The enumeration was done in duplicate by the membrasterage tank to the distribution Networks 1 and 2. Distribution

filtration method. Network 3 was recently built and it uses PVC piping. The high
turbidity values observed in the chlorinated water samples used
Results and discussion in the regrowth studies (7.45 to 9.49 NTU) were probably

enhanced by rain since these samples were collected after rainy
The chemical and physical values, and indicator bacteria coud®ys. This further illustrated the inefficiency of the filtration
of the Alice drinking water are given in Tables 1 and 2 respesteps.
tively and the regrowth potential of the chlorinated water is A decrease of the levels of bacteria, i.e. heterotrophic bacte-
illustrated by Fig. 2. ria, total, faecal and injured coliforms from samples S1 and S2 is
The turbidity for the chlorinated water samples used in th&hown in Table 2. The decrease in the number of bacteria between
regrowth potential experiment fluctuated between 7.62 to 8.3Me incoming water and water after filtration is partly attributable
with an average of 7.95; and 7.45 to 9.69 with an average of 7.@0sedimentation rather than filtration alone. There was not much
for the samples stored at 15°C + 2°C and 23° + 2°C, respectivetiifference in colony/100 m (HPC were reported in colony per
These samples were collected on rainy days. 100 m for easy comparison with other indicators) for hetero-
The pH values of Alice drinking water were within the Southrophic bacteria, total and injured coliforms respectively for
African recommended limits (pH 6.0 to 9.0). However, onljthe samples collected after chlorination (S3) and up to those
about 50% of the samples complied with the allowable standafrdm Network 3 (Table 2). This may imply that the steps that
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TABLE 2

COLONY/10 ml FORINCOMING WATER)

HETEROTROPHIC BACTERIA (HPC), TOTAL COLIFORMS (TC), FAECAL COLIFORMS (FC) AND INJURED COLIFORMS (IC) IN
ALICE DRINKING WATER SAMPLES, AUGUST TO OCTOBER 1996 (COLONY/100 ml FORTHE TREATED WATERAND

Dates Indicator S1 S2 S3 Main storage Net1 Net2 Net3

bacteriar tank

27/8 HPC (R2A) 24 185 205 52 58 37 -
HPC (,NA) 13 119 110 90 41 37 -
TC12 6 1 4 4 4 -
FC 4 2 1 1 1 1 -
IC - - 4 4 5 7 -

10/9 HPC (R2A) 58 350 275 270 206 65 440
HPC (,NA) 54 325 285 280 220 67 447
TC 21 6 2 3 5 0 8
FC 1 1 1 3 2 0 2
IC - - 2 3 4 4 6

17/9 HPC (R2A) 53 475 265 255 131 221 440
HPC (,NA) 49 425 260 265 137 233 447
TC 24 25 8 5 5 7 7
FC 1 2 2 4 1 0 2
IC - - 3 2 5 4 6

24/9 HPC (R2A) 54 330 245 220 275 53 360
HPC (,NA) 64 410 370 240 308 63 360
TC 47 11 2 2 4 0 10
FC 1 5 1 0 2 0 1
IC - - 1 2 2 4 4

Legends: S1 - incoming water; S2 - water sample after filtration; S3 - chlorinated water; - not determined;
Net 1 - distribution Network 1; Net 2 - distribution Network 2; Net 3 - distribution Network 3;
v2 NA - quarter-strength nutrient agar.
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Figure 2

Growth of heterotrophic bacteria
(HPC), total coliforms (TC) and
injured coliforms (IC) in Alice
chlorinated water samples
incubated at 15°C + 2°C and
23°C * 2°C for 84 h. TC1, IC1 and
HPC1 refer to samples incubated
at 15°C + 2°C, and TC2, IC2 and
HPC2 to those incubated at

23°C + 2°C.




follow sedimentation were not effective. A clear decrease idepletion of nutrients. The number of injured coliforms remained
colony/100 nh should be expected if filtration and chlorinationalmost within the same range in both cases, with a slight increase
were effective. The inefficiency of the filtration and chlorinationaround 60 and 72 h. Higher values of heterotrophs are observed,
steps in the water purification procedures is demonstrated by hititan total coliforms and the injured coliforms (Fig. 2). The high
values of indicator bacteria (considering the total coliform counteterotrophs indicate that the general quality of the chlorinated
for instance: Network 1 = 4 to 5 colonies/10D,Mletwork 2 =0 water is poor. The increase in the number of heterotrophic
to 7 colonies/100 mand Network 3 = 7 to 10 colonies/100 m  bacteria and total coliform incubated at both 15°C + 2°C and 23°C
The South African standards limit is zero for both total and faecal 2°C suggests that the chlorinated water contains sufficient
coliforms (Department of Water Affairs and Forestry, 1993)amounts of nutrients that can be degraded and metabolised by the
Both values of total and faecal coliforms exceeded the recorbacteria for growth. This demonstrates the inefficiency of the
mended limits by far. The S3 samples were from water that hadrification systems.
just been chlorinated, yet they were contaminated with faecal
coliforms that exceeded the allowable limits (Table 2). The hig8onclusion
faecal coliform levels in S3 demonstrate the inefficiency of
chlorination. This constitutes a health risk to the consumers. Thée results indicated that 1/4 nutrient agar could be used as an
water samples from Network 3 show exceedingly high values afternative medium in assessing the aerobic heterotrophic plate
total coliforms probably because of perturbation due to receabunt in treated drinking water since it displayed a high average
construction work since this is a newly built distribution systermumber of heterotrophs enumerated compared to R2A agar 48 h
(Clark et al., 1993). after incubation at 35°C. The water from the Alice purification

The average number of heterotrophic bacteria enumeratsgstem is not safe for human consumption as its levels of
with 1/4 strength nutrient agari.e. 272 colonies/10Q3 to 447] contamination are high and exceed by far the South African
was higher than that recorded with R2A agar i.e. 199 colonies/188commended and allowable limits. This poses a health risk for
ml [37 to 440]. This implies that 1/4 strength nutrient agar can ke consumers. The rusted metal-piping system is probably
considered as an alternative medium for the enumeration cfntributing to the deterioration of the water quality by increas-
heterotrophs instead of using an expensive medium such as R&#y turbidity. The high regrowth of heterotrophs and total coliforms
The number of heterotrophic bacteria and total coliforms wasccurring after chlorination indicates the inefficiency of the
high in Network 3, yet this is a PVC distribution system. Thidiltration and chlorination steps. The levels of chlorine in treated
observation could be accounted for by the nutrients introducedhter were low and regrowth of heterotrophic and total coliforms
possibly through holes, back pressure and new constructionmight have been also encouraged by the presence of nutrients
adding new connections to the system (Clark et al., 1993). Thesefficient BDOC content) in the water. The Alice water purifi-
nutrients are responsible for the high growth in the Network &ation systems are inefficient and need to be upgraded before an
because they serve as a food source for the micro-organisms indhébreak of disease occurs.
water (Van der Kooij et al., 1994).
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