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Escherichia coli, total coliforms, fecal coliforms, and sulfite-reducing anaerobic spore formers from different
polluted sites in a tropical environment were determined in order to test for their indication ability for fecal
contamination. Quantification of E. coli contamination with Chromocult coliform agar proved to be efficient
and feasible for determining fecal pollutions in the investigated area within 24 h. The other microbial
parameters showed a lower ability to differentiate sites and cannot be recommended for monitoring fecal

pollution in the studied tropical surface waters.

As a means for assessing fecal pollution in environmental
freshwaters in temperate regions like Europe and North
America, the determination of fecal indicators, such as fecal
coliforms (FC) or Escherichia coli, is widely accepted (25). In
contrast, application of these monitoring techniques in tropical
countries has yielded questionable results, and the indication
value of such parameters is doubted (5, 6, 12, 13, 15, 16, 20,
22-24). There is some evidence that standard fecal indicators
(e.g., FC) may originate from sources other than enteric ones,
survive significantly longer in tropical waters than in temperate
ones, or even become part of the aquatic microbial community
(13, 25). However, comprehensive investigations which take
into account the indication value of microbial indicators for
fecal pollution in tropical regions are scarce (13).

Like many developing nations, Uganda faces a high popu-
lation density accompanied by a relatively poor infrastructure.
Especially in the urban centers, the available sanitary facilities
cannot sustain the population, leading to contamination of
surface water sources with fecal material. As waterborne dis-
eases such as cholera and typhoid fever have been rampant
(18), there is need for appropriate, cheap, and feasible meth-
ods of detecting fecal contamination. The aim of this work was
to analyze and compare the discrimination ability of different
internationally recommended microbial indicators for fecal
pollution on an existing contamination gradient (from highly
polluted waters to waters of minimal human impact) in the
area of Kampala, Uganda.

Study area and sampling. The main study area, the Naki-
vubo channel, is a manmade stream that drains Kampala and
its suburbs. It discharges into Lake Victoria at the Inner
Murchison Bay (Fig. 1). The channel receives raw sewage from
slums, industrial effluents, and discharge from a sewage treat-
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ment plant and from a complex of slaughterhouses. The Na-
kivubo channel passes through a swamp before discharging
into the lake. Eight sampling sites were selected (Fig. 1). Four
sites were chosen along the channel. Station S1, the source of
the channel, receives domestic waste, residential sewage, and
discharge from Makerere Kivulu, a slum of the capital. Station
S2 is located downstream of the city center and is influenced
mainly by commercial, industrial, and residential establish-
ments. Station S5 is downstream of two main effluents, one
from the abattoirs which discharges a mixture of untreated
animal waste and water (S3) and the other from a sewage
treatment plant with a trickling filter mechanism (S4). Station
S8 is located at a railway crossing, after the Nakivubo channel
has crossed the upper Nakivubo swamp. The two other sites
are a protected water spring (S7) and a site on the shores of
Lake Victoria at Port Bell (S6). Six samples were taken at each
location from July to September 1998 (twice a month), during
a time of year when a mixture of rainy and dry patterns is
evident.

Chemophysical parameters. Electrical conductivity (EC)
and temperature were measured in situ with an LF-96 cali-
brated at 25°C (WTW, Vienna, Austria). Five days’ biochem-
ical oxygen demand (BOD), pH, and total suspended solids
(TSS) were determined in the laboratory according to Amer-
ican Public Health Association standards (2).

Bacteriological parameters. All samples were collected in
sterile glass bottles, immediately placed into dark cooling
boxes, and processed within 6 h of collection. The most-prob-
able-number (MPN) technique (2), with five tubes per water
sample dilution (10~! to 10~7), was used for total coliforms
(TCM), FC, and sulfite-reducing anaerobic spore formers
(SASF) by using lauryl sulfate broth, EC medium, and differ-
ential reinforced clostridial medium broth (all media from
Merck, Darmstadt, Germany), respectively (2, 11). Bottles (10
ml) containing the media and inverted Durham tubes (for
TCM and FC) were inoculated with 1-ml volumes of the re-
spective dilutions. TCM bottles were incubated at 37°C in a dry
incubator; FC bottles were incubated at 44°C in a water bath.
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FIG. 1. Map showing study area and sampling sites. D.R.C., Democratic Republic of Congo.

Gas and turbidity production within 48 h was considered to be
a positive response. For detection of SASF the inoculated
differential reinforced clostridial media were covered with a
paraffin oil layer (4 mm) and pasteurized for 25 min at 75°C,
followed by incubation at 37°C for 2 days. Bottles that turned
black due to sulfite reduction were considered to contain sam-
ples that were positive for SASF (11). The surface plate tech-
nique was used for simultaneous detection of total coliforms
(TCC) and E. coli with Chromocult coliform agar (CCA) (1,
10, 19) which was enriched with 5 mg of cefsulodin (Sigma,

Vienna, Austria) per ml. Portions (100 wl) of the respective
sample dilutions (10~* to 10~*) were applied to plates (tripli-
cate plates for each dilution step) and incubated at 37°C for
24 h. Pink colonies resulting from salmon-galactoside cleavage
by B-D-galactosidase were classified as TCC, whereas dark blue
colonies resulting from salmon-galactoside and X-glucuronide
cleavage by B-p-galactosidase and B-D-glucuronidase were
classified as presumptive E. coli colonies. For samples of S6
and S7, 100-ml sample enrichments were performed by means
of membrane filtration with cellulose nitrate filters (pore size,

TABLE 1. Chemophysical sampling site characterization”

Sampling WTEMP (°C) pH EC (nS/cm) TSS conen (mg/dm?) BOD (mg of O,/dm?)
site M R M R M R M R M R
S1 239 23.4-253 6.4 6.1-6.5 465 421-620 950 716-1,385 917 353-1,428
S2 24.6 23.6-24.9 6.6 6.5-6.9 371 323-387 84 26-320 77 48-181
S3 249 24.0-25.0 6.2 6.3-6.9 741 632-850 1,090 770-6,820 2,040 1,000-3,823
S4 24.6 24.2-24.8 6.9 6.9-7.1 786 654-896 69 41-222 132 78-338
S5 241 23.5-24.9 6.7 6.4-6.9 382 343-462 100 77-180 74 8.8-125
S6 25.6 24.3-25.6 6.4 6.1-6.5 109 90-290 13 6.2-47 27 8.8-91
S7 24.0 23.9-24.1 5.4 5.2-5.7 102 85-111 25 1.6-8.5 16 2.9-35
S8 23.1 22.7-23.3 6.4 6.1-6.5 465 454-550 17 8.8-29 29 5.9-36

“ Values are the results of testing of six samples. Abbreviations: M, median; R, range; WTEMP, water temperature; EC, electric conductivity; TSS, total suspended
solids; BOD, 5 days’ biochemical oxygen demand. Sampling sites: S1, channel source; S2, channel before abattoirs’ effluent; S3, abattoirs’ effluent; S4, sewage treatment
plant effluent; S5, channel after effluent loads; S6, Lake Victoria shore site; S7, protected spring; S8, channel after crossing part of the swamp.
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TABLE 2. Correlation half-matrix of EC, TSS, BOD, and

microbial indicators®

Spearman’s rank correlation coefficient for:

Parameter
EC BOD TSS TCC TCM E. coli FC
EC 1.00
BOD 0.65 1.00
TSS 0.62 0.82 1.00
TCC 0.70 0.83 0.82 1.00
TCM 0.58 0.65 0.65 0.79 1.00
E. coli 0.78 0.79 0.68 0.87 0.78 1.00
FC 0.56 0.60 0.63 0.74 0.74 0.85 1.00
SASF 0.62 0.56 0.67 0.64 0.64 0.61 0.68

“ Spearman’s rank correlation coefficient (r) of 48 samples per parameter. All
values are significant (P < 0.05). See Table 1 and text for explanations of
abbreviations.

0.45 wm; Sartorius, Vienna, Austria). The membranes were
placed on CCA plates and incubated as described above.
Chemophysical sampling site characterization. The sam-
pling sites showed distinct patterns of EC, TSS, and BOD
values (Table 1), differing significantly from each other (P <
0.001; by the Kruskal-Wallis test, 7 = 3 X 8 X 6). In addition,
a significant correlation between EC, TSS, and BOD values
was observed (Table 2). Temperature and pH values were
uniform for all sampling stations, except that the pH values of
the protected spring water site were lower, most likely due to
CO, saturation (Table 1). The pronounced differences of EC,
TSS, and BOD values at the respective sampling sites corre-
spond highly to infrastructural conditions and to the various
kinds of usage of the water. As a consequence, sampling sites
could be ranked in the following sequence, with habitats show-
ing a gradual decrease in the level of anthropogenic influence:
S3 and S4 (slaughterhouse and sewage treatment plant efflu-
ent, respectively) > S1 (channel source) > S2 and S5 (main
channel stations) > S8 (channel station after swamp) > S7 and
S8 (protected spring and Lake Victoria shore site, respective-
ly). This ranking was the basis for testing the discrimination
ability of selected microbial indicators for fecal pollution.
Discrimination ability of fecal pollution indicators. Micro-
bial indicator concentrations observed at the different polluted
sites are given in Table 3. Although all indicator concentra-
tions correlated significantly with EC, TSS, and BOD values
(Table 2), remarkable differences in the fecal pollution indi-
cator discrimination potential between selected sampling sites
could be detected. Pairwise comparisons of detectable and
nondetectable differences between representative sampling
sites or habitat types (i.e., pulled data sets from comparable
sampling locations, e.g., channel stations) for the selected mi-
crobial parameters revealed in a high discrimination ability for
E. coli contamination as determined with CCA (Table 4). E.
coli concentrations showed significant differences between 8
out of the 10 pairs of stations or habitats, whereas TCC, TCM,
FC, and SASF showed significant differences for only six, four,
three, and two pairs, respectively. The high discrimination abil-
ity of E. coli concentrations as determined by CCA is further
supported by the fact that E. coli contamination could not be
detected at the least-influenced sampling station, S6, whereas
the other indicators were detected at all stations during the
whole study (Table 3). These results provide good evidence
that the extent of E. coli contamination as determined by CCA
is highly efficient in discriminating between waters influenced
by different levels of anthropogenic activity. This fact was fur-
ther underlined by the maximum-to-minimum ratios of the
observed microbial indicator concentrations (i.e., the highest

TABLE 3. Microbial indicator levels®

TCC conen (CFU/100 ml) TCM concn (MPN/100 ml) SASF concn (MPN/100 ml)

FC concn (MPN/100 ml)

E. coli concn (CFU/100 ml)

Sampling

site

APPL. ENVIRON. MICROBIOL.

0.02 X 10*-80 x 10*
3.0 X 10*=300 x 10*
1.1 X 10°-11 X 10°
0.5 X 10°-11 % 10°
2.3 X 1030 x 10*
0.4 X 10>-13 X 10>
3.8 X 10'-4.2 x 10!
0.8 X 10*-8.0 x 10*

1.8 X 10°
9.0 X 10*
1.7 X 10°
2.8 X 10°
8.0 X 10*
3.3 X 10?
4.0 X 10!
2.3 % 10*

0.2 X 107-8.0 x 107
0.1 X 10°-50 X 10°
0.3 X 10°=7.0 X 10°
5.0 X 10°-8.2 X 10°
0.6 X 10°-8.0 X 10°
0.3 X 10°-8.0 x 10°
1.3 X 10%-25 X 10?

0.2 X 10°-5.0 X 10°

1.1 X 107
3.0 X 10°
2.3 % 10°
8.0 X 10°
3.0 X 10°
1.1 x 10°
1.5 X 102
2.8 X 10°

2.4 % 107-26 x 107
0.2 X 107-3.8 x 107
1.8 X 107-4.7 X 107
1.9 X 107—4.0 X 107
0.6 X 107-4.1 X 107
2.0 X 10*-23 x 10*
1.1 X 10>-8.9 x 10?
0.9 X 10°-7.6 X 10°

4.7 x 107
1.8 X 107
4.4 x 107
2.0 X 107
1.9 X 107
6.0 X 10*
3.7 X 10?
2.4 % 10°

1.7 X 10°-50 x 10°
4.0 X 10°-110 x 10°
2.2 X 10°-23 X 10°
3.0 X 10°-20 X 10°

0.7 X 10°-23 x 10°
1.1 X 10'=50 x 10"

2.0 X 10'-13 x 10"
3.0 X 10°-22 x 10*

3.5 % 10°
5.0 X 10°
2.3 % 10°
7.0 X 10°
3.0 X 10°
8.0 X 10"
5.5 %X 10!
8.0 X 10*

0.5 X 10°-95 x 10°

0.3 X 10°-6.7 X 10°

3.8 X 10°-24 X 10°
NCD

0.4 X 10'-5.0 x 10*

1.0 X 105-9.0 X 10°

6.5 X 10°-11 x 10°
0.4 X 10°=7.0 X 10°

2.2 % 10°
2.0 X 10°
7.0 X 10°
9.2 X 10°
3.7 X 10°
NCD
1.2 X 10!
4.0 X 10°

S1
S2
S3
S4
S5
S6
S7
S8

“ Values are the result of six samples. Abbreviations: M, median; R, range, NCD, no colonies detected; FC, fecal coliform (concentrations determined with EC media; TCC, total coliform (concentrations determined

with Chromocult coliform agar); TCM, total coliform (concentrations determined with lauryl sulfate broth); SASF, sulfite-reducing anaerobic spore formers (concentrations determined with reinforced clostridial medium).

For explanation of sampling sites see Table 1.
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TABLE 4. Discrimination potential of microbial indicators by
pairwise comparison of representative sampling sites and

habitat types”

Sampling sites Result for:
used for pairwise

comparisons E. coli FC TCC TCM SASF
S2, S3 + - + - -
S2, S4 + - - - -
S2, S5 - - - - -
S3, S4 - - - - -
S5, S8 + - + + -
So, S7 + - + - +
S8, S(6,7) + + + + -
S(1,2,5), S(3,4) + - - - -
S(1,2,5), S(6,7) + + + + +
S(1,2,5), S8 + + + + -

“ Tests for differences by pairwise comparison were performed by Wilcoxon
test. + or —, significant or nonsignificant difference, respectively (P < 0.05).
Number of samples was 48 per station. S(1,2,5), S(3,4), and S(6,7) indicate
pooled values from channel stations S1, S2, and S5, effluent stations S3 and S4,
and stations with low pollution levels S6 and S7, respectively.

observed value divided by the lowest observed value of pulled
data sets), showing ratios of 10 for E. coli, 10° for TCC, 10° for
FC, 10° for TCM, and 10° for SASF.

E. coli detection with CCA. Recently, application of defined
substrate medium technology with particular selective growth
conditions and the simultaneous detection of B-p-galactosi-
dase and B-p-glucuronidase activity have become widespread
tools for the detection of E. coli in water and wastewater (3, 4,
7, 21, 26). In fact, CCA has proven to be efficient for E. coli
detection in temperate regions (1, 10, 14, 19). The results of
this study proved that CCA could be applied successfully to
tropical waters as well (i.e., in Kampala, Uganda). Using ap-
propriate dilution steps of various samples of polluted waters,
presumptive E. coli colonies could be readily counted on the
CCA after 24 h of incubation. Overgrowth of competitive mi-
croorganisms was not observed. The surface plating technique
could be successfully applied for spreading respective dilutions
of water samples on CCA, hence saving expensive membrane
filters and reducing costs dramatically. In practice, E. coli de-
termination with CCA took significantly less processing time
and was less prone to cross-contamination than MPN meth-
odology. In order to further characterize the presumptive E.
coli colonies from CCA, indole testing was performed on 290
randomly selected presumptive E. coli colonies from CCA,
resulting in 281 indole-positive colonies. According to these
results, an error of 3% could be estimated, suggesting that
reliable simultaneous E. coli isolation and identification by
CCA could be carried out in tropical waters of this kind.

Sampling stations from moderately to highly polluted sites
yielded concentrations for E. coli, as determined with CCA,
that were consistently higher than FC concentrations in EC
medium. In contrast, low-impact sites such as S7, the protected
spring site, and S6, the sampling site on Lake Victoria, yielded
higher values for FC. These observations may be explained by
the following: CCA seems to favor the growth of E. coli at 37°C
more effectively than EC medium does for FC. This hypothesis
is strengthened by the findings of Mercado and Hazen (17),
who reported that values obtained by MPN were lower than
those obtained by four different membrane filtration methods
for FC isolation. In contrast, at less influenced and low-pollu-
tion sites, FC values were significantly higher than counts of E.
coli obtained with CCA; this was true for the spring site (S7),
and in particular for the Lake Victoria shore (S6), where no E.
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coli could be detected with CCA. This could be due either to
the fact that no E. coli cells were present at the Lake Victoria
sampling site and the recorded FC were composed of bacteria
other than E. coli or to the fact that the high values were
caused by false-positive FC, i.e., low specificity of testing with
EC medium. Mercado and Hazen (17) previously suggested
that in tropical waters there would be more bacteria of types
other than E. coli that would yield a positive FC reaction for
MPN methods than in temperate waters. Since the ambient
water temperature in tropical waters is much higher than that
in temperate climates, more thermotolerant bacteria can be
expected as background flora. This is also supported by Evison
and James (9), who reported a higher proportion of 44°C E.
coli 11, Citrobacter freundii 11, and Klebsiella aerogenes 1 isolated
from samples in Kenya than from samples in the United King-
dom. It is rather unlikely that the use of CCA resulted in a
failure to detect E. coli cells that were members of the FC
fraction at the Lake Victoria station, as CCA clearly proved
more efficient in isolating E. coli in highly polluted sites than
EC medium (Table 3).

In conclusion, the results of this study recommend the de-
termination of E. coli contamination with CCA for the detec-
tion of fecal pollution in the area of Kampala, Uganda. All
other microbial indicators were less efficient in detecting and
discriminating selected tropical waters bearing diverse contam-
ination, and therefore cannot be recommended for monitoring
fecal pollution. The high fecal indication value revealed for E.
coli in this study is in contradiction to the results of former
investigations carried out in other tropical environments.
There, E. coli concentrations did not seem to coincide with
known sources of fecal pollution (13), and furthermore, E. coli
could even be isolated from pristine sites of a tropical rain
forest (22). However, it is important to note that there are
major differences between Uganda and other tropical coun-
tries, especially the lower temperature range due to the high
altitude of the country. For example, Oluwande et al. (20) and
Collazo et al. (8) reported water temperatures of up to 32.0
and 33.4°C in Nigerian streams and Puerto Rican waters, re-
spectively. In this study, a water temperature range of about 23
to 26°C was observed. Furthermore, there exist also method-
ological differences, as previous investigations used detection
media which identified TCC or FC colonies as a first step and
then deduced E. coli concentrations from isolation and iden-
tification of representative colonies. In our study we used CCA
for direct quantification of E. coli CFU, leading to statistically
sound numbers. The results of this study strongly call for fur-
ther evaluation of our approach in different tropical regions,
especially in developing countries.
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