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Efﬁcacy of an appropriate point-of-use water treatment
intervention for low-income communities in India
utilizing Moringa oleifera, sari-cloth ﬁltration and
solar UV disinfection
Syed Imran Ali, Morgan MacDonald, J. Jincy, K. Arun Sampath,
G. Vinothini, Ligy Philip, Kevin Hall and Kristan Aronson

ABSTRACT
This study investigated the efﬁcacy of a POU water treatment system featuring sari-cloth ﬁltration and/
or Moringa oleifera coagulation as pre-treatments for solar disinfection (SODIS). Surface water from a
peri-urban slum in Chennai, India, was treated and analysed for turbidity, organic content via chemical
oxygen demand (COD) and microbiological quality via most probable number (MPN) enumeration of
total coliforms. Pre-treatment with both moringa coagulation and sari-cloth ﬁltration signiﬁcantly
improved the turbidity of raw water compared to no pre-treatment controls (P ¼ 0.0002). Optimal
moringa coagulation did not outperform sari-cloth ﬁltration (P ¼ 0.06), but combining optimal moringa
coagulation with sari-cloth ﬁltration signiﬁcantly outperformed either pre-treatment independently
with respect to turbidity (P ¼ 0.016 and P ¼ 0.0001, respectively). The addition of moringa was found to
increase COD in treated water, with greater doses of moringa resulting in higher COD levels (P ¼ 0.04).
Increased organics may have encouraged the re-growth of coliform bacteria that was observed in those
jars receiving moringa coagulant such that, with respect to MPN, those jars which were subject to
optimal moringa coagulation did not outperform those undergoing sari-cloth ﬁltration alone (P ¼ 0.41).
Sari-cloth ﬁltration is recommended as a pre-treatment for SODIS whereas moringa is not, as further
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investigation on the relationship between organics and bacterial re-growth is necessary.
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INTRODUCTION
Throughout the global south, people living in rural areas and

resources, encourage local participation and are ﬂexible, adapt-

peri-urban slums are often forced to rely upon contaminated

able and socio-culturally appropriate (Murphy et al. ).

surface water as their primary drinking water source, resulting
in signiﬁcant burdens of water-related disease. Point-of-use

Opportunities and challenges with solar

(POU) water treatment technologies have been shown to

disinfection (SODIS)

improve the quality of drinking water at the household level
and can achieve rapid health gains amongst marginalized

Solar disinfection (SODIS) is one of the simplest and most

populations (Fewtrell et al. ). A range of water treatment

cost-effective methods for improving the microbiological

options is available for applications at both the household

quality of drinking water currently available. NGOs and

and community level (Sobsey ). Sustainable options are

researchers have implemented several SODIS projects to

those that meet local capabilities in terms of materials and

demonstrate its effectiveness in the Indian context – from
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rural areas in the north-eastern state of Assam (Gupta ),

odour compounds that render the water less palatable, limit-

to urban slums in Sikkim (Rai et al. ), in small towns of

ing uptake (Freeman et al. ). For these reasons, SODIS

the south in Vellore (Rose et al. ) and in the megalopo-

is seen as an attractive option for improving the microbiolo-

lises of Mumbai (Fisher et al. ) and Chennai (Achuthan

gical quality of water at the household level. Water

). SODIS can employ the effects of thermal and ultra-

puriﬁcation by exposure to solar radiation may be well

violet (UV) radiation treatment, inactivating up to 99.9%

applied amongst extremely impoverished households as a

of waterborne pathogens (Wegelin et al. ; Hijnen et al.

ﬁrst-line, gap-ﬁlling measure.

). However, SODIS may not be as effective against

The penetration of UV radiation, and thus the effective-

those bacterial species that are spore-forming, which can

ness of the SODIS process, is negatively affected by the

survive the inactivation process (Boyle et al. ). By

presence of colour and turbidity in the water to be treated

mimicking the thermal effects of the Nairobi sun, Joyce

(Gómez-Cousoa et al. ). For this reason, treatment with

et al. () found that Escherichia coli levels were reduced

SODIS is not recommended for waters with turbidity greater

by six orders of magnitude following 7 h of exposure. Simi-

than 30 NTU (SANDEC ). Clarifying water prior to

larly, Wegelin et al. () found that the synergistic effect

SODIS treatment can improve its effectiveness, and for

of water temperature could enhance the efﬁcacy of SODIS

some natural waters, clariﬁcation may be a necessary pre-

W

by approximately a factor of two, once a threshold of 50 C

treatment step. The present study investigates two potential

had been reached. Photocatalytic disinfection of waterborne

pre-treatment methods for SODIS – cotton sari-cloth ﬁl-

pathogens by UV irradiation is also central to the SODIS

tration alone or in combination with Moringa oleifera, a

method. Gómez-Cousoa et al. () found the infectivity

natural plant-based coagulant. These methods may be

of Cryptosporidium parvum oocysts to be inversely pro-

applied in conjunction with SODIS to form a simple, com-

portional to radiation intensity. Furthermore, Lonnen et al.

bined POU treatment system for low-income rural and peri-

() found that simulated solar exposure at 200 W m2

urban households in the Indian subcontinent and elsewhere.

in the 300–400 nm UV range produced a 4-log reduction
in protozoan, fungal and bacterial viability. Field studies
have also demonstrated SODIS can signiﬁcantly reduce

Moringa oleifera: a potential natural coagulant
pre-treatment for SODIS

the incidence of diarrhoeal disease in children under the
age of ﬁve (Conroy et al. ; Rose et al. ). However,

The use of natural plant materials for the clariﬁcation of

a meta-regression of randomized controlled trials of several

turbid surface waters has a rich history in India, going back

household water treatment technologies by Hunter ()

to ancient times. The Sushruta Samhita, an early Sanskrit

suggests that SODIS may not be able to sustain health

ayurvedic medical text, refers to the use of Strychnos pota-

beneﬁts in the ﬁeld in the long run. As a positive, compli-

torum seeds for water clariﬁcation, a technique that is still

ance with SODIS is generally high. In 75% of visits to the

used in parts of rural India today (Babu & Chaudhuri

ﬁeld, Rose et al. () found that 78% of households in

). Moringa oleifera is a ﬂowering tree found widely in tro-

an urban slum in Vellore, India, practised the SODIS

pical and sub-tropical climates in South Asia and West Africa

method correctly following a safe water intervention. Simi-

and, similarly, its desiccated seed powder has also been

larly, high levels of compliance were also observed in rural

observed to have coagulant properties that make it useful

areas just outside of Vellore by Firth et al. ().

for water clariﬁcation. For this reason, in addition to its nutri-

In comparison to household chlorination – perhaps the

tional and traditional uses, M. oleifera has also been utilized

most prevalent POU technique for disinfecting drinking

for water clariﬁcation purposes for generations in India

water – SODIS can circumvent the formation of potentially

(Arnoldsson et al. ).

carcinogenic disinfection by-products (DBPs) associated

Laboratory studies show that moringa coagulation can

with chemical disinfection of natural waters containing

remove up to 90 to 99% of bacterial contamination and up

organic compounds. Furthermore, reactions between chemi-

to 96% of inﬂuent E. coli (Madsen et al. ; Nkurunziza

cal disinfectants and organics may also produce taste and

et al. ). Oluduro & Aderiye () noted a 97.5%
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reduction of coliform bacteria upon treatment with

doses of hypochlorite and reducing the likelihood that an ade-

M. oleifera, however, the same study also found secondary

quate residual can be maintained. Furthermore, hypochlorite

bacterial growth of E. coli, Salmonella typhi and Shigella dys-

reacts with natural organic matter to form taste and odour

enteriae

at

185,

189

and

198%

of

their

inﬂuent

compounds and, more troublingly, trihalomethanes (THMs)

post-treatment.

and other potentially harmful DBPs (Ghebremichael et al.

Re-growth of secondary bacteria in M. oleifera treated water

). Given this chemistry, moringa coagulation is not a suit-

concentrations,

respectively,

24

hours

has also been observed in other studies (Madsen et al. ;

able pre-treatment for chemical disinfection; however, it may

Wilson & Andrews ). Lea () recommends the fre-

be an appropriate pre-treatment prior to UV disinfection, as

quent treatment of smaller volumes of water in order to

UV irradiation is not known to induce DBP or taste and

avoid bacterial re-growth prior to consumption. The effective-

odour compound formation in the presence of organics.

ness of moringa coagulation on natural waters in the ﬁeld is
also unclear. A study by Firth et al. () in rural Tamil
Nadu, India, found that moringa coagulation did not reduce

Sari-cloth ﬁltration: a second potential pre-treatment for
SODIS

levels of thermotolerant coliforms in stored village water,
though it did with E. coli-seeded water in the laboratory.

The present study also examines simple ﬁltration with used

The debate over the efﬁcacy of M. oleifera in water treatment

cotton sari-cloth as a pre-treatment for SODIS. Cotton sari-

is ongoing. Growing naturally in many rural areas, M. oleifera

cloth is a material that is available in almost every rural and

could be an inexpensive and widely available coagulant for

urban household throughout South Asia (Huq et al. ). It

POU water treatment purposes; however, further testing is

is commonly used to strain collected water in rural areas.

required with natural surface waters to determine its bacterial

Though sari-cloth is speciﬁc to the South Asia region, the ﬁl-

removal efﬁcacy and its potential as a pre-treatment for SODIS.

tration effect is likely observable for any previously used

Socio-cultural factors also inﬂuence the regional appli-

cotton fabric. Huq et al. () showed that simple cotton

cability of moringa as a water treatment method in India.

sari-cloth, folded several times, produced a ﬁlter of effective

While moringa grows widely throughout the country, its

pore size of 20 μm that had the ability to remove copepod

use varies between regions. In south India, the young mor-

zooplankton, upon which Vibrio cholerae are commensal.

inga fruit (‘drumstick’) is widely used in local cuisine,

Colwell et al. () then showed that practising this

whereas in north India it is not. For water puriﬁcation pur-

method of ﬁltration yielded a 48% reduction in the incidence

poses, mature seeds are required. In south India, much of

of cholera in rural Bangladeshi villages during seasonal epi-

the moringa crop is harvested early on for food purposes.

demics. Though this pore size would be unable to remove

Because of this, mature seeds are hard to come by and

free-ﬂoating bacteria which typically range in size from 1 to

may be expensive if they are available. In north India, the

5 μm, it may be able to capture agglomerations of bacteria

moringa fruit is not utilized as a food source, allowing the

or of solids that contribute to turbidity. In this way, sari-

fruit and its seeds to reach maturity. Having few competing

cloth ﬁltration may effectively remove ﬂocs formed during

uses, moringa seeds are widely available and inexpensive in

moringa coagulation, in doing so possibly enhancing its effec-

north India. For this reason, moringa coagulation may be

tiveness. Combining moringa coagulation and sari-cloth

more appropriate for POU safe water applications in north

ﬁltration could be a simple, inexpensive and widely available

India than it may be in the south (Ali ).

pre-treatment for SODIS applications.

Moringa coagulation has previously been assessed as a

This study assesses the efﬁcacy of a multi-stage POU

pre-treatment for chemical disinfection, with recent studies

water treatment system combining sari-cloth ﬁltration and/

indicating that moringa may not be a desirable option for

or moringa coagulation with SODIS, using a contaminated

use in conjunction with the common chlorination agent

surface water source taken from a peri-urban slum in

sodium hypochlorite (Preston et al. ). For one, moringa

Chennai, India. The suitability of sari-cloth ﬁltration and/

introduces natural organic matter to the treated water

or moringa coagulation as a pre-treatment for SODIS is

which itself exerts a chlorine demand, requiring larger

addressed. Turbidity, organic content and microbiological

Downloaded from https://iwaponline.com/washdev/article-pdf/1/2/112/384433/112.pdf
by guest

115

S. Ali et al.

|

Efﬁcacy of an appropriate point-of-use water treatment intervention

Journal of Water, Sanitation and Hygiene for Development

|

01.2

|

2011

quality of treated water were assessed at various stages and

samples for analysis prior to treatment and again after each

conﬁgurations of the proposed treatment system.

treatment stage. We analysed for three parameters: turbidity,
measured in nephelometric turbidity units (NTU), with a
Eutech Instruments TB1000 Cyberscan WL Turbidimeter

METHODS

(Thermo Fisher Scientiﬁc, Navi Mumbai, India); organic content via the proxy measure of chemical oxygen demand
(COD), measured in mg L1, following the standard labora-

Setting

tory method (APHA ); and microbiological quality via
All research activities were conducted at the Environmental

the proxy measure of total coliforms estimation using the

and Water Resources Engineering laboratories of the Indian

most probable number (MPN) method, measured as the prob-

Institute of Technology Madras (IITM) in Chennai, India.

able number of total coliform bacteria per 100 mL of sample

Water samples for this study were taken from a surface water

water, following the standard laboratory method (APHA

body supplying a peri-urban slum (Mylai Balaji Nagar) in

). All readings were done in triplicate to ensure accuracy,

south Chennai, Tamil Nadu, India. The lake is a receiving

and the results were averaged for reporting purposes.

body for run-off from surrounding neighbourhoods, and

A total of eight replicate experiments were conducted,

ongoing monitoring of the lake indicates that water quality is

three in May 2010 and ﬁve in October 2010. May in Chen-

severely degraded with excessive levels of organics, turbidity

nai is characterized by clear skies, intense sunlight and

and microbiological contamination (Ali & Philip ).

high temperatures (i.e. ∼45 C) and humidity, whereas OctoW

ber is characterized by days of variable cloudiness and
Study design

sunshine, scattered rains and moderate temperature (i.e.
∼35 C) and humidity. The experiments were sometimes
W

We obtained raw lake water and subjected it to three stages of

conducted on days which were partly cloudy; however, the

treatment: moringa coagulation (at different dosages of

majority of experiments were performed on clear, sunny

coagulant), sari-cloth ﬁltration and SODIS. We extracted

days. The experimental design is outlined in Figure 1.

Figure 1

|

Schematic representation of experimental design.
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Preparation of moringa stock solution

Stage II: sari-cloth ﬁltration

Desiccated seeds of Moringa oleifera (var. PKM1) were

Four sections of previously used cotton sari-cloth measuring

obtained from the Regional Research Station in Paiyur,

1 m × 2 m were washed with laundry soap and air-dried in

Krishnagiri District, Tamil Nadu, India. Following the pro-

the sun. Sari-cloths were folded four times to produce 16

cedure described by Lea (), the seeds were shelled and

layers of fabric and then secured with an elastic band over

ground to a ﬁne powder using a mortar and pestle and

the openings of four clean beakers. Each jar from the pre-

then sieved using a 0.4-mm mesh tea-strainer. The seed

vious stage was then decanted into the clean beakers

powder was then mixed with an appropriate volume of dis-

through the sari-cloth ﬁlters. Following ﬁltration, water

tilled water in a clean, re-sealable PET soft drink bottle in

samples were extracted for analysis.

order to produce a 10,000 mg L1 stock solution (by dry
weight). Fresh stock solution was prepared the day of each

Stage III: solar UV disinfection

replicate experiment.
Following sari-cloth ﬁltration, the waters from the four beaInﬂuent water sample collection

kers were placed in four clean 2-L PET bottles (i.e.
common 2-L plastic soft drink bottles) and positioned in

For each replicate experiment, we collected 20 L of raw lake

direct sunlight for 4–5 h on an inclined roof surface

water in 5-L plastic containers. The water was drawn from

(Figure 2).

four different locations in the lake and mixed together in

Though SODIS guidelines recommend a minimum

the lab in order to account for known spatial variability of

exposure period of 6 h for sunny conditions (Wegelin et al.

lake water quality. A sample of the raw lake water was

; EAWAG ), only 4 to 5 h were possible during

extracted after mixing for analysis to determine inﬂuent

the present experiment because of the time required to com-

water quality.

plete the preceding experimental steps.

Stage 1: moringa coagulation

bottle with raw source water and subjecting it to the

A SODIS-only control was prepared by ﬁlling a 1-L
SODIS stage only, without moringa coagulation or sariPreliminary jar tests indicated 100 mg L1 to be the optimal

cloth ﬁltration (Figure 3). Additionally, a sample of raw

dose of moringa coagulant before diminishing turbidity

source water was collected at the end of the day and ana-

reductions began to be observed with increasing coagulant

lysed as a no-treatment control.

dose. This is consistent with guidelines drawing on previous
experience (Lea ). Four plastic beakers were each ﬁlled
with 2 L of raw source water. Into each of the four jars a
different volume of moringa stock solution was added. Jar 1
received no moringa stock solution and was thus a saricloth ﬁltration-only control jar. Jars 2, 3 and 4 received a suboptimal dosage (50 mg L1), an optimal dosage (100 mg L1)
and a supra-optimal dosage (150 mg L1), respectively. The
jars were then placed on a ﬂocculator/jar test apparatus
(Scientiﬁc Engineering Corporation Cat. No. SECOR 41,
Delhi, India) and subjected to rapid mixing for 2 min at
100 rpm, followed by slow mixing for 20 min at 10 rpm,
and ﬁnally settling under quiescent conditions for 1 h. Following settling, samples were decanted from each jar for
analysis.
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means using the one-tailed (unless otherwise indicated)
paired t-test with α ¼ 0.05.

RESULTS AND DISCUSSION
As several replicate experiments were conducted, each on a
unique day, the inﬂuent water quality was found to vary from
trial to trial. Mean values for the three key water quality parameters and associated standard deviations are given in
Table 1 in order to contextualize the local water quality.
To account for the variability in inﬂuent water quality
Figure 3

|

Bottles ready to be subjected to SODIS. L to R: SODIS-only control, sari-ﬁltration-only control (Jar 1), sub-optimal moringa dose (Jar 2), optimal moringa
dose (Jar 3) and supra-optimal dose (Jar 4).

observed between trials, all analytical results were normalized as a fraction of the inﬂuent concentration on the
speciﬁc day of the replicate experiment. In Figures 4–7, the

Table 1

|

Average values and standard deviation of inﬂuent water quality

Mean

Standard deviation

Turbidity (NTU)

36.2

28.7

COD (mg L1)

66.4

70.2

113.2

54.7

MPN (Total coliforms/100 mL)

labels along the abscissa – MO, SF and UV – represent the
water quality of the treated water after moringa coagulation
(Stage I), after sari-cloth ﬁltration (Stage II) and after UV disinfection (Stage III), respectively. The ﬁrst set of bars on each
graph, labelled as ‘SW’, represents the inﬂuent concentration
of the source water and is thus normalized as 1. The two control samples – the no-treatment control and the SODIS-only

Data analysis

control – were sampled after the ﬁnal stage of treatment,
UV (Stage III), and thus appear with the ﬁnal set of bars on

All data were compiled in Microsoft Excel and analysed

each graph. Finally, the number of replicate experiments

with the Analysis Toolpak for statistical difference between

aggregated in the summary measures is given by the n value

Figure 4

|

Average turbidity removal efﬁcacy of treatment.
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Average effect of treatment process on COD, aggregated from several replicate trials (given by n).

Figure 6

|

Effect of treatment process on microbiological quality of water as represented by MPN.

indicated above each bar, and the error bars represent the
standard error of the mean.
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The ﬁnal turbidity levels after the multi-stage treatment
process, with associated 95% conﬁdence intervals are
given in Table 2.

Turbidity reduction

In Figure 4, at any given treatment stage, it can be seen
that with each progressive increase in moringa dosage, there

Average turbidity reductions for each test jar, aggregated

is a corresponding reduction in turbidity. As expected, when

across all available replicate trials, are presented in Figure 4.

the moringa concentration exceeds its optimal dose, there is
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signiﬁcantly improved turbidity reduction compared to moringa coagulation alone (MO Jar 3 – RR: 0.33) (P ¼ 0.016,
n ¼ 7). Both of these observations show that the combination of moringa coagulation and sari-cloth ﬁltration is
an effective means to improve turbidity, and the combination of the two is more effective at improving turbidity
than either method by itself. The combined treatment
chain of optimal moringa coagulation, sari-cloth ﬁltration
and SODIS (UV Jar 3 – RR: 0.14) signiﬁcantly improved turbidity with respect to both the SODIS-only control (raw
water UV-treated – RR: 0.9) (P ¼ 0.0002, n ¼ 4) and the
|

Figure 7

MPN reduction efﬁcacy of treatment process from the ﬁrst of the eight replicate experiments.

blank control (No treatment – RR: 0.74) (P ¼ 0.006, n ¼ 3).
Similarly, the jar receiving only sari-cloth ﬁltration pre-treatment before SODIS (UV Jar 1 – RR: 0.47) signiﬁcantly

Table 2

|

improved turbidity with respect to the control with no-preRelative turbidity levels after multi-stage treatment process with associated
95% CI intervals

treatment before SODIS (Raw water UV-treated – RR: 0.9)
(P ¼ 0.05, n ¼ 5).

Moringa jars

Controls
No

SODIS-

Sample/jar

1

2

3

4

treatment

only

Relative
turbidity

0.47

0.24

0.14

0.11

0.74

0.89

95% CI

0.10

0.05

0.05

0.05

0.53

0.17

Effect on organic content (COD)
The aggregated effect of the treatment process on the organics in the water, as measured by COD, is presented in
Figure 5.
Final COD levels following the full treatment chain, with

a trend towards diminishing returns, as was also observed
during the preliminary jar test. There also appear to be progressive

reductions

in

turbidity

after

the

moringa

associated 95% conﬁdence intervals, are given in Table 3.
Some comments can be made about the broad trends
seen in Figure 5, albeit with the recognition that these are

coagulation stage and then again after the sari-cloth ﬁl-

not statistically signiﬁcant ﬁndings given the relatively high

tration stage, suggesting that both of these treatments are

variability observed. COD levels appear to increase follow-

effective at improving the turbidity of treated water. There

ing the addition of moringa in the ﬁrst stage of the

is no apparent change in turbidity following the UV

treatment process. These levels remain relatively stable

stage as SODIS is not expected to affect the turbidity

through the second sari-cloth ﬁltration stage and then

of the water. Although it appears in Figure 4 that moringa

appear to decline following the ﬁnal UV disinfection stage.

coagulation with the optimal dose alone (MO Jar 3 –

The observed increase in COD levels was expected, given

Relative

greater

the introduction of organic material with the moringa

reduction in turbidity than does sari-cloth ﬁltration alone

solution, and has been observed by other workers

reduction

[RR]:

0.33)

engenders

a

(SF Jar 1 – RR: 0.52), the apparent superiority of moringa
coagulation over sari-cloth ﬁltration was not found to be
statistically signiﬁcant (P ¼ 0.06, n ¼ 7). However, combin-

Table 3

|

Relative COD levels following multi-stage treatment process with associated
95% CI intervals

ing optimal moringa coagulation and sari-cloth ﬁltration
(SF Jar 3 – RR: 0.17) does outperform sari-cloth ﬁltration
alone (SF Jar 1 – RR: 0.52) at a statistically signiﬁcant
level (P ¼ 0.0001, n ¼ 7). Likewise, sari-cloth ﬁltration following optimal moringa coagulation (SF Jar 3 – RR: 0.17)
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Moringa jars

Controls

Sample

1

2

3

4

No treatment

SODIS-only

Relative COD

1.10

1.14

1.63

1.81

1.44

1.67

95% CI

0.69

0.97

1.08

1.25

3.06

1.98
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(Ghebremichael et al. ; Arnoldsson et al. ). The

treatment jars reduced MPN levels to between 10 and 27%

non-statistically signiﬁcant decline in COD levels following

of the inﬂuent level. The optimal moringa coagulation and

the SODIS stage may be explained by UV-mediated degra-

sari-cloth ﬁltration pre-treatment (UV Jar 3 – RR: 0.13) did

dation of organic compounds (Wetzel et al. ). Those

not appear to signiﬁcantly outperform pre-treatment with

samples receiving greater concentrations of moringa

sari-cloth ﬁltration alone (UV Jar 1 – RR: 0.11) (Ptwo-tail ¼

displayed higher COD levels. For instance, after the ﬁnal

0.41, n ¼ 3). Likewise, we cannot statistically conclude that

UV treatment stage, the jar receiving a moringa dose of

either of the pre-treatments or their combined application

100 mg L1 (UV Jar 3 – RR: 1.63) displayed more COD

had any effect on the microbiological content of the water

1

(UV Jar 2 – RR:

with respect to the controls (P ≫ 0.05 for all UV jars against

1.14) (P ¼ 0.04, n ¼ 7). Extracting the seed oil and using

controls). It has previously been reported that SODIS is less

only the press-cake for coagulation (which is as effective a

effective when applied to turbid waters (SANDEC ).

coagulant) is one possible means to control the enrichment

Given that moringa and sari-cloth ﬁltration were found to

of organics in treated water (Lea ).

signiﬁcantly improve turbidity, one would expect greater

than that jar receiving only 50 mg L

efﬁcacy of SODIS as well with respect to MPN; however,
Effect on microbiological quality

the present data do not statistically support this conclusion.

The effect of the treatment process on the microbiological

stage in Figure 6. The relative MPN level increases from 0.34

quality of the water was analysed with total coliform esti-

to 0.52 of the inﬂuent level in the 1 h of time elapsed between

mation using the MPN method. This method indicates the

the moringa coagulation (MO) stage and the sari-cloth ﬁl-

most probable number of total coliform bacteria per 100

tration (SF) stage, though this feature was not found to be

ml of sample water. Aggregate results from replicate trials

statistically signiﬁcant (P ¼ 0.06, n ¼ 3). This apparent re-

are presented in Figure 6.

growth was observed several times in the individual replicate

An interesting feature can be observed in Jar 4 in the SF

The ﬁnal MPN levels for each of the moringa jars and

experiments for all jars receiving a dose of moringa; however,

controls, after all three stages of the treatment chain, are pre-

due to the variability in the data, it is not visible in the aggre-

sented in Table 4.

gated data, the exception being Jar 4. The re-growth

The lengths of the error bars in Figure 6 denote high

phenomenon can be more clearly seen in the disaggregated

levels of variability in the MPN data. Some comments may

data from the individual trials – for instance, in the ﬁrst of

be made on the general trends observed in the means,

the eight replicate experiments (Figure 7).

with the recognition, however, that these trends were not

As previously discussed, the application of moringa

found to be statistically signiﬁcant. With each stage of treat-

resulted in elevated COD levels (Figure 5). In Figure 7, re-

ment, there appears to be a progressive reduction in total

growth of total coliform bacteria can be observed in those

coliform levels. Following the moringa coagulation stage

jars receiving some moringa, whereas Jar 1 – which does

there is an apparent decrease in the level of MPN for all

not receive any moringa – does not exhibit any re-growth,

moringa dosages, a slight decrease for most jars after sari-

suggesting that the addition of moringa may encourage bac-

cloth ﬁltration and then another decrease following UV

terial re-growth in treated waters. The natural organic

treatment for all jars. As indicated in Table 4, the four

material introduced with the moringa coagulant may act
as a nutrient source, encouraging the growth of various bac-

Table 4

|

Relative MPN levels following multi-stage treatment process with associated
95% CI intervals

teria species. One would assume that the more moringa that
is added, the higher the organics content would become,
leading to more bacterial re-growth. This expectation is

Moringa jars

Controls

Sample

1

2

3

4

No treatment

SODIS-only

Relative MPN

0.11

0.27

0.13

0.10

0.69

0.56

95% CI

0.16

0.51

0.22

0.14

3.30

3.96
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not observed in Figure 7, as Jar 2 – with only 50 mg L1 of
moringa – seems to result in more re-growth than either
Jars 3 or 4, which both received more moringa. However,
Figure 7 presents only a single replicate experiment, so the
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expected trend may be obscured by experimental error.

appeared to increase organic levels (as measured by COD)

When examining the data aggregated from all eight replicate

in treated water, with greater doses of moringa resulting in

experiments, however, the expected trend can be seen visu-

higher COD levels. Similarly, reductions in microbiological

ally on the graph, but is not statistically signiﬁcant. The

contamination (as measured by MPN/100 mL) to between

enrichment of the water with organics following moringa

10 and 27% of inﬂuent levels were observed for all jars

addition may explain why Jar 4, having received the greatest

subject to pre-treatment; however, due to considerable varia-

dose of moringa, displayed the apparent but statistically

bility in the data, this apparent improvement was not found

insigniﬁcant bacterial re-growth in Figure 6 between the

to be statistically signiﬁcant when compared to controls. It

moringa coagulation (MO) stage and the sari-cloth (SF) ﬁl-

was observed, however, that jars also undergoing moringa

tration stage. Furthermore, re-growth facilitated by nutrient

coagulation did not outperform those undergoing sari-

enrichment may help to explain why optimal moringa

cloth ﬁltration alone with respect to MPN levels. Nutrient

coagulation with sari-cloth ﬁltration (Jar 3) did not outper-

enrichment may have resulted in coliform bacteria re-

form sari-cloth ﬁltration alone (Jar 1) with respect to

growth following coagulation with moringa, which was

microbiological quality. Although moringa coagulation

observed in several replicate trials, though was not found

reduces turbidity more effectively than simple ﬁltration, it

to be statistically signiﬁcant in the aggregated data. The poss-

does so at the cost of increasing the organic content and,

ible re-growth of total coliform bacteria may be associated

possibly, the total coliform levels. It should be noted, how-

with elevated COD levels, as greater re-growth appeared

ever, that the re-growth of total coliform bacteria does not

to be associated with higher doses of moringa coagulant,

necessarily indicate the re-growth of pathogenic bacteria

though this also could not be conﬁrmed statistically. Further

(EAWAG ). Further research is needed to better charac-

investigation on the relationship between organic content

terize the relationship between organic content and

and microbiological re-growth in treated water is required

microbiological re-growth during household-level moringa

before moringa coagulation can be recommended as a pre-

coagulation.

treatment for SODIS in the ﬁeld.
Overall, the combined pre-treatment of moringa coagulation and sari-cloth ﬁltration was the most effective at

CONCLUSIONS

reducing turbidity. However, the moringa coagulation step
adds signiﬁcant complexity to the treatment process and

SODIS has been advocated as a simple, low-cost and effec-

increases the time, effort and materials required on the

tive means of improving the microbiological quality of water

part of the household. Training illiterate or semi-literate

and has several beneﬁts over household chlorination. How-

households to carry out moringa coagulation and then

ever, like chlorination, its effectiveness is limited when

ensuring compliance may prove challenging. On the other

waters are turbid and, as such, pre-treatments to control tur-

hand, sari-cloth ﬁltration alone produced a signiﬁcant

bidity may be necessary. The present study sought to

reduction in turbidity with respect to controls. It is a

examine two low-cost, appropriate pre-treatment methods:

simple technique that is already widely available and prac-

sari-cloth ﬁltration and/or coagulation with desiccated

tised in the Indian context. Since sari-cloth ﬁltration alone

seed powder of M. oleifera. Pre-treatment combining opti-

did not increase COD levels nor exhibit associated bacterial

ﬁltration

re-growth, it is recommended as a low cost, easy-to-use and

mal

moringa

coagulation

and

sari-cloth

signiﬁcantly improved the turbidity of raw surface water

readily available pre-treatment for SODIS.

compared to controls, as did either pre-treatment alone compared to controls. More importantly, however, combining
optimal moringa coagulation with sari-cloth ﬁltration signiﬁ-
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