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Abstract — River water, sewage, and groundwater
are commonly used for irrigation in the Kathmandu
valley, Nepal. However, data on their microbial quality
is limited. In this study, 24 water samples were collected
during the mid-rainy season (August 2015) from rivers,
sewage, groundwater, ponds, a canal, and from effluent
from a wastewater treatment plant (WWTP) in the
valley. All samples were tested for waterborne protozoa
(Giardia and Cryptosporidium) by fluorescence
microscopy and for detection of indicator bacteria
(Escherichia coli and total coliforms) by the most
probable number (MPN) method using Colilert reagent.
Positive ratios of 96%, 79%, and 50% were obtained for
indicator bacteria, Giardia, and Cryptosporidium,
respectively. The contamination level in the river water
was as high as in the sewage. Indicator bacteria and
protozoan concentrations were the highest for sewage
and river water samples, and the lowest for
groundwater samples. The results obtained were
compared to those from a previous study for late-rainy
(September 2014) and dry (April 2015) seasons. The
mean concentrations of indicator bacteria and protozoa
obtained in this study (mid-rainy season) were
significantly lower than those reported in the dry season
(z-test, p <0.05). This corresponded well with the highest
precipitation amount in August, and the lowest amount
in April, suggesting dilution as a cause for the decrease
in concentrations. Despite having lower concentrations
than those reported in the dry and late-rainy seasons,
all water samples, except one from groundwater,
exceeded the WHO standards for E. coli for use in
irrigation, indicating strong contamination of irrigation
water. Positive correlations and stability of the
regression line between indicator bacteria and protozoa
concentrations for all seasons suggested E. coli and total

coliforms as rough indicators of protozoa
contamination of irrigation water.
Keywords — Indicator Bacteria, Irrigation Water,

Kathmandu, Protozoa, Seasonal Variation.

1. INTRODUCTION

Nepal’s average for total water withdrawal for use in
agriculture (irrigation and livestock) is estimated to be
8,226 m’/yr/ha (0.26 1/s/ha), where surface water,
groundwater, and mixed water (surface water +
groundwater) contribute to 80%, 19%, and 1% of the
withdrawal amount, respectively [1]. The irrigated area in
the Kathmandu valley is reported to be 32,000 ha [2].
Information on water use volume for agriculture in the
Kathmandu valley is limited. However, we can consider
Nepal’s average as a general guideline to understand the
situation of agricultural water use in the valley. Prior research
estimated irrigation water requirements in the valley for
winter wheat of 0.18 1/s/ha and 0.30 1/s/ha for potatoes [3].
Apart from a few studies on limited crop types, detailed
information on irrigation water demand in the valley is
lacking. A widespread practice in the valley for wastewater
irrigation is pumping water from sewage, and from other
polluted sources like rivers, ponds, and pools. However,
this practice is largely unregulated with no proper
documentation [4-7]. Similarly, information on emerging
health consequences by using irrigation water in the valley
is limited [7].

Diarrhea is the most common disease in the valley with
high infection rates transmitted through the fecal-oral route
from the intake of water or food predominantly
contaminated with protozoa, such as Giardia and
Cryptosporidium, and helminths [8,9]. Similarly, other
fecal-oral diseases, such as typhoid fever, giardiasis,
dysentery, and hepatitis, are also prevalent in the valley [10].
The presence of fecal indicator bacteria such as Escherichia
coli in the water environment indicates sewage
contamination of water sources and presence of other
pathogens. Quantification of E. coli and protozoan
concentrations in irrigation water can therefore help to
evaluate the risk of infection to farmers and consumers via
contaminated water or consumption of wastewater-
irrigated crops, but such information is limited to a few
samples and/or seasons [4,11].
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Thus, the objectives of this research were to determine
protozoan (Giardia and Cryptosporidium) and indicator
bacteria (E. coli and total coliforms) concentrations in
irrigation water samples [river water, sewage, groundwater,
pond water, canal water, and effluent from a wastewater
treatment plant (WWTP)] from the mid-rainy season in the
Kathmandu valley in order to assess their microbial
contamination level, and to compare the results to those
reported for dry and late-rainy seasons in a previous study
[4] in order to observe seasonal variation. Protozoa analysis
is a costly experiment. Indicator bacteria analysis is simpler
and cheaper. Therefore, the additional objective was to
know suitability of indicator bacteria concentrations to
estimate protozoa concentrations [4].

2. METHODOLOGY

water samples. The samples were kept in bags containing
ice packs soon after sampling and were transported to the
laboratory within 6 h of collection. Figure 1 demonstrates
the location of sampling sites. The river sampling sites were
RWO01-RWO05 (Hanumante River), RW06 (Kalacha River),
RWO07 (Kasan River), RW08 and RW09 (Manahara River),
RWI10 (Balkhu River), and RW11. All these rivers are
tributaries of the Bagmati River, which is a major river
flowing through the valley (figure 1). Similarly, other
sampling sites are SW01-SWO03 (sewage samples), PWO01
(Khasi Dathu Pukhu pond), PW02 (Taudaha pond), WWTP
(Sunga WWTP, a reed-bed type WWTP), irrigation canal,
and GWO01-GWO06 (groundwater wells).

Table 1 Number of water samples collected in the
Kathmandu valley, Nepal

2.1 Collection of Water Samples . Water Samples Number of Samples
Twenty four water samples were collected during the River water 11
mid-rainy (August 2015) season in the Kathmandu valley. Sewage 3
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in Table 1. Pond water 2
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Figure 1 Location of sampling sites in the Kathmandu valley, Nepal
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2.2 Detection of Cryptosporidium, Giardia, E. coli, and
Total Coliforms

Upon arrival to the laboratory, the water samples were
subjected to a protocol for simultaneous concentration of
protozoa and viruses in water [12], which consisted of a
series of steps including filtration, vortexing in the presence
of elution buffer and centrifuging. The volume of each
water sample subjected to protozoa detection was 1L for
groundwater, and 50 ml for the others. After centrifuging,
the resultant pellet was used for protozoa detection, which
consisted vortexing in the presence of phosphate buffered
saline (PBS (-)) solution, immunomagnetic separation
(IMS) using a Dynabeads GC-Combo (Invitrogen, CA,
USA), direct fluorescent antibody staining of protozoa on a
membrane using an EasyStain (BTF, North Ryde, Australia),
and fluorescence microscopy using a fluorescence
microscope BX60 (Olympus, Tokyo, Japan) [4].

All the samples were subjected to the protocols for
detection of E. coli and total coliforms. E. coli and total
coliforms present in 100 ml of original and diluted water
samples (dilution ratio: 102, 10%, and 10°) were determined
by the most probable number (MPN) method using Colilert
reagent (IDEXX Laboratories, ME, USA) according to the
protocol of the manufacturer.

2.3 Statistical Analyses

Statistical analyses were performed to evaluate the
variation of microbial concentrations in water samples
taken in different seasons (e.g. mid-rainy vs. dry seasons),
different sources (e.g. river vs. sewage), and different
pathogens (e.g. Giardia vs. Cryptosporidium). The log
values of indicator bacteria and protozoa concentrations
were used for representations and statistical analyses. The
limit of detection (LOD) for protozoa analysis was 20
(oo)cysts/L (1.3 log (oo)cysts/L) for all samples except for
groundwater, where LOD was 1 (oo)cyst/L (0 log
(0oo)cyst/L). Similarly, LOD for indicator bacteria analysis
was 1 MPN/100 ml (0 log MPN/100 ml). For samples with
no indicator bacteria or protozoa detection, one-tenth value
of LOD was used for statistical analysis as done in some
studies [4,13]. Indicator bacteria—protozoa relations were
evaluated based on regression analysis, analysis of variance
(ANOVA) and analysis of covariance (ANCOVA). The
Tukey’s g-test or Scheffe test was done for multiple-data
comparisons, whereas the #-test or Welch test was
performed for unpaired two-data comparisons, and the -
test for paired data comparison by using Excel statistics
software 2015 for Windows (Social Survey Research
Information, Tokyo, Japan).

3. RESULTS AND DISCUSSION

3.1 Variation of Cryptosporidium, Giardia, Total
Coliforms, and E. coli Concentrations in Water
Samples from Various Irrigation Sources

Table 2 shows the positive ratios and concentrations of

Cryptosporidium, Giardia, total coliforms, and E. coli in

water samples from various irrigation sources in the mid-

rainy (August 2015) season. The highest positive ratio was

obtained for E. coli and total coliforms (96%), followed by
Giardia (79%) and Cryptosporidium (50%).
Cryptosporidium was not detected in the samples from the
Manahara River upstream (RWO08), the Kasan River
(RWO07), groundwater wells, ponds, WWTP effluent, and
the canal.

As shown in Table 2, the average concentrations of
protozoa and indicator bacteria were highest for sewage and
river water samples, followed by the pond, WWTP effluent,
and canal water samples, and the lowest was for the
groundwater samples. The differences were statistically
significant between sewage and groundwater samples,
between sewage and other samples, between river water
and groundwater samples, and between river water and
other samples for Giardia (Scheffe test, p < 0.05), and also
between sewage and groundwater samples, and between
river water and groundwater samples for E. coli (Scheffe
test, p < 0.05). However, no significant difference was
obtained among all sample types for total coliforms
(Scheffe test, p > 0.05). The river water and sewage samples
had no significant difference for all the pathogens tested (z-
test for Cryptosporidium, and Scheffe test for Giardia, E.
coli and total coliforms, p > 0.05).

According to World Health Organization (WHO), E.
coli should be less than or equal to 3 log counts per 100 ml,
for wastewater used under unrestricted irrigation for root
crops [14]. However, except for one groundwater sample,
the WHO standards were exceeded in all the samples (Table
2), suggesting strong contamination of all types of
irrigation water. High FE. coli concentration suggests
contamination of a waterway by sewage and the possible
presence of other pathogens [4]. Similarly, high
concentrations of protozoa obtained in the current study,
especially for river water and sewage, indicate increased
health risk for farmers and consumers in the region by using
river water and sewage for irrigation. Much higher
concentrations of Giardia than Cryptosporidium (t-test, p <
0.05) indicates high risks of Giardia infection.

Among the river water samples, protozoa and indicator
bacteria concentrations were generally higher for those
from the Hanumante River, the Kalacha River, the river
RW11, and the Manahara River downstream than those for
the Balkhu River, the Kasan River, and the Manahara River
upstream. The reason for this difference in concentrations
among rivers might be due to the difference in population
distribution near these river areas. Hanumante River,
Kalacha River, and the river RW11 are located near city
areas which may have resulted in high pollution from
human activity. On the other hand, Manahara River
upstream, Balkhu River, and Kasan River are located
farther from the city. However, all samples exceeded the
water quality criteria and standards proposed for the
Bagmati River and its tributaries, where total coliforms
should be less than 3 log MPN/100 ml for use in agriculture
[15], indicating strong contamination of rivers. Our
previous study showed the standards for total coliforms
were also exceeded in these rivers in the dry (April 2015)
and late-rainy (September 2014) seasons [4], suggesting
contamination of these rivers throughout the year.
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irrigation sources in the mid-rainy (August 2015) season

Table 2 Positive ratio and concentrations of Cryptosporidium, Giardia, total coliforms, and E. coli in water samples from various

Protozoa/indicator Concentration (log (oo)cysts/L or log MPN/100 ml) and % positive
bacteria River Sewage Ground- Pond | WWTP | Irrigation | Total
water water water | effluent canal
Cryptosporidium
Positive/total samples 9/11 373 0/6 02 0/1 0/1 12/24
% positive 82 100 0 0 0 0 50
*Min. concentration 1.3 1.3 - - - -
Max. concentration 2.3 2.9 - - - -
**Mean=+sd | 1.5+0.7 | 2.3+0.9 - -
Giardia
Positive/total samples 11/11 3/3 3/6 1/2 1/1 0/1 19/24
% positive 100 100 50 50 100 0 79
*Min. concentration 1.6 2.5 0 1.6 2 -
Max. concentration 3.9 4.5 1.4 1.6 2 -
**Mean=xsd | 3.1 £0.6 | 3.7+ 1.1 0.1+1.1 1.0+£1.0
Total coliforms
Positive/total samples 11/11 373 5/6 2/2 1/1 1/1 23/24
% positive 100 100 83 100 100 100 96
*Min. concentration 5.1 6.1 4.3 4.9 5.2 4.7
Max. concentration 7.4 7.9 7.0 5.4 5.2 4.7
**Mean=xsd | 6.6+0.8 | 7.2+1.0 47+3.0 5.0+0.3
Escherichia coli
Positive/total samples 11/11 3/3 5/6 272 1/1 11 23/24
% positive 100 100 83 100 100 100 96
*Min. concentration 39 5.4 3.0 34 4.2 4.0
Max. concentration 7.0 7.5 5.0 4.2 4.2 4.0
**Mean=+sd | 6.1 £0.9 | 6.7+1.1 32422 39+04

Remark: *minimum among detected values,

**undetected values (10% of LOD) considered for calculating average and sd,

Sd = standard deviation

3.2 Seasonal Variation of Cryptosporidium, Giardia,
Total Coliforms, and E. coli Concentrations in
Irrigation Water Samples

Indicator bacteria and protozoan concentrations
obtained in this study (mid-rainy season) for river water,
sewage and others (ponds, WWTP effluent, and canal) were
compared to those reported in our previous study for dry
and late-rainy seasons [4] to observe seasonal variation.
Groundwater samples used for irrigation were analyzed
only in this study so the comparison with previous studies
could not be done. Table 3 shows variation of
Cryptosporidium, Giardia, total coliforms, and E. coli
concentrations in water samples from the paired datasets of
the three seasons. Numbers for paired samples between the
mid-rainy and dry seasons were different than those
between the mid-rainy and late-rainy seasons (Table 3)
because of the different sample size for each season.

The indicator bacteria and protozoan concentrations
were highest for the dry season (April 2015) samples,
followed by the late-rainy season (September 2014)
samples, and the lowest for the mid-rainy season (August
2015) samples. Interestingly, comparing the 3 months, the
average precipitation amount recorded by the Department
of Hydrology and Meteorology, Kathmandu, at 19

precipitation stations in the valley (1967-2010) was the
highest for August (410 mm), followed by September (226
mm), and the lowest for April (59 mm). This suggests that
dilution might be a reason for decrease in the concentration
in the rainy-seasons. The differences were statistically
significant between the dry and mid-rainy seasons (z-test, p
< 0.05). However, the differences between the mid-rainy
and late-rainy seasons were not significant (¢-test, p > 0.05).
During the dry season, the frequency of water use from
these polluted sources for irrigation is expected to increase
due to limited rainfall. Therefore, health risks might be
higher for farmers and consumers during the dry season as
a result of wastewater irrigation in the Kathmandu valley.
However, specific conclusions can be drawn only after
performing detailed health risk analysis for each season.
Further studies will focus on seasonal health risk analysis
for farmers and consumers as a result of wastewater
irrigation in the valley.

3.3 Analysis of Indicator Bacteria—Protozoa Correlations
in Water Samples
Regression analysis, ANOVA and ANCOVA for each
indicator  bacteria—protozoa correlation showed no
significant difference of slope and intercept among the
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regression lines for the three seasons (results are not shown),
suggesting strong stability of the regression lines for each
indicator bacteria—protozoa correlation. Therefore, a single
regression line was used representing all seasons for each
indicator bacteria—protozoa correlation. Data of indicator
bacteria—protozoa relations for different seasons are shown
with different colors (figure 2).

Coefficient of determination R’ values of 0.8, 0.7, 0.6,
and 0.5 with significant F' (< 0.05) values, were obtained
for E. coli-Giardia, E. coli—Cryptosporidium, total
coliforms—Giardia, and total coliforms—Cryptosporidium
correlations, as shown in figure 2 (total coliforms—protozoa
correlations are not shown), suggesting E. coli as a better
indicator than total coliforms to show the extent of
contamination of protozoa. Thus, E. coli concentration can
be used for estimation of protozoa concentrations in
irrigation water which can help to alleviate the high cost of
protozoa analysis.
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Figure 2 Relationships between indicator bacteria and protozoan

concentrations in water samples
(a) E. coli-Giardia (b) E. coli-Cryptosporidium

(Green: August 2015, Red: April 2015, and Blue:

September 2014)

Table 3 Seasonal variation of Cryptosporidium, Giardia, total coliforms, and E. coli concentrations in
irrigation water samples from paired datasets

Protozoa/indicator Concentration (log (oo)cysts/L or log MPN/100 ml)
bacteria August 2015 April 2015 | September 2014  August 2015
(mid-rainy) (dry) (late-rainy) (mid-rainy)
Cryptosporidium *
Total paired samples 11 11 6 6
Mean 1.2 1.6 2.2 2.1
sd +0.9 +1.3 +0.4 +0.3
Giardia *
Total paired samples 11 11 8 8
Mean 2.5 33 3.7 34
sd +1.3 +1.5 +1.0 +0.9
Total coliforms *
Total paired samples 15 15 13 13
Mean 6.4 6.9 6.7 6.4
sd +£1.0 +1.6 + 1.4 +1.1
Escherichia coli *
Total paired samples 15 15 13 13
Mean 5.7 6.2 6.0 5.8
sd +1.3 +2.0 + 1.8 +14

Remark: *statistically significant difference (t-test, p < 0.05),

Sd = standard deviation
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4. CONCLUSIONS

e Concentrations of indicator bacteria and protozoa
present in the water samples from the mid-rainy season
were significantly lower than those reported for the dry
season, suggesting that dilution as a result of high
precipitation in the mid-rainy season might be
responsible  for the decrease in  microbial
concentrations.

e  Although lower than that reported for the dry season,
concentrations of E. coli obtained in this study
exceeded the WHO standards for use of wastewater in
irrigation (3 log counts per 100 ml) in 23 out of 24
water samples, indicating strong contamination and
public health concerns all the year round.

e The microbial concentrations in river water in the mid-
rainy season were not significantly different from those
in sewage samples. Similar findings were reported for
the dry and late-rainy seasons, suggesting strong
contamination of river water throughout the year.

e E. coli can be regarded as a good indicator of protozoa
contamination of irrigation water sources.
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