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al plant knowledge that has been developed for resource 
management (Ellen & Harris 2000, Raedeke & Rikoon 
1997). Traditional knowledge is described as a cumulative 
body of knowledge, practice, and belief, evolving by adap-
tive processes and handed down through generations by 
cultural transmission, about the relationship of living be-
ings with one another and with their environment (Berkes 
et al. 2003).

There is evidence to suggest that communities in the de-
veloping world have used plant-based materials as one 
strategy for purifying surface drinking water (Miller et al. 
2008). For instance, Strychnos potatorum L.f. was used 
as a water treatment agent between the 14th and 15th cen-
turies BC in India (Shultz & Okun 1984). Zea mays L. was 
used as a settling agent by sailors in the 16th and 17th cen-
turies (Pritchard et al. 2009). 
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Abstract 

Plants have been used for water purification dating back 
to perhaps 2000 BC as noted in Egyptian inscriptions. 
Plant coagulants have the potential to serve as alternative 
water treatment agents especially in rural areas. Hence 
this study aimed to examine four promising plants and 
their uses as local coagulants for purification of turbid wa-
ter in order to tackle rural quality water problems. Semi-
structured interviews, focus group discussions, market 
surveys, and observation were used to gather information 
from three rural areas. Jar test experiments were carried 
out for treatment of high (209 NTU), medium (63 NTU), 
and low level (26 NTU) turbidity with the flocculent dosag-
es of 0.03 g/L of powdered plant material. The four plant 
species used for treatment of turbid water were Maerua 
subcordata (Gilg) DeWolf, Moringa stenopetala (Baker 
f.) Cufod., Sansevieria ehrenbergii Schweinf. ex Baker, 
and Sansevieria forskaliana (Schult. & Schult.f.) Hepper 
& J.R.I.Wood. The finding shows that societies in each 
study area still depend on plant species for purification of 
turbid surface water. Coagulation tests revealed that tu-
bers of M. subcordata and seeds of M. stenopetala were 
able to remove turbidity up to 97% at high turbidity levels 
and performance was better than leaves of S. ehrenbergii 
and S. forskaliana. Complementing traditional water treat-
ment knowledge with coagulation tests and purification of 
the specific protein coagulant could help to identify ap-
propriate solutions for rural people with difficulty preparing 
purified water.

Introduction 
 
Egyptian inscriptions afford the earliest recorded knowl-
edge of plant materials used for water treatment, dating 
back perhaps to 2000 BC in addition to boiling and filtra-
tion (Fahey 2005). This is part of a larger body of tradition-
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Inadequate water quality services and sanitation to the ru-
ral poor are among the most serious challenges facing 
developing countries (Marobhe et al. 2007). At present, 
about 780 million people are without access to improved 
sources of drinking water, mainly in Sub-Saharan Africa 
(UNICEF/WHO 2012).

Ethiopia is ranked among the lowest to have accessible 
quality water supply in Sub-Saharan Africa (UNICEF/
WHO 2012). While access has increased with funding 
from external aid, especially associated with the Millen-
nium Development Goals (MDG) targeted for completion 
in 2015, much still remains to be done to minimize the 
share of people without access to water and sanitation in 
the post-MDG era. According to the report of UNICEF and 
WHO (2012), access to improved water in urban areas 
reaches up to 97%, but only 34% of rural populations get 
improved water. The unavailability of safe drinking water 
in most rural locations is one of the main causes of diar-
rhea among children under the age of five (CSA 2006).

Although the problem of safe water remains a challenge in 
rural areas, local people have also developed traditional 
water treatment knowledge for drinking and other domes-
tic purposes. The use of traditional knowledge in treat-
ing turbid water in rural communities has been reported 
(Cheserek 2005, Jahn & Dirar 1979, Marobhe et al. 2007, 
Sutherland et al. 1989, Yongabi et al. 2011) with seeds be-
ing widely used parts for water treatment (Megersa et al. 
2014). For instance, the seed powder from Arachis hypo-

gaea L., Carica papaya L., Garcinia kola Heckel, Maerua 
edulis (Gilg & Gilg-Ben.) DeWolf, Moringa oleifera Lam., 
Parkinsonia aculeata L., Persea americana Mill., Vicia 
faba L., Vigna subterranea (L.) Verdc., and Vigna unguic-
ulata (L.) Walp. are used for purification of water in rural 
areas of Africa. Those plant species are able to reduce 
turbidity up to 95%, which is comparable to inorganic co-
agulant (alum). However, the determination of optimum 
dose, release of organic matter, bacterial re-growth, tox-
icity, and large scale applicability were stated as primary 
drawbacks of natural coagulants. 

A comprehensive analysis of available plant-based coag-
ulants in Ethiopia is still non-existent despite their great 
relevance for development of point-of-use water treat-
ment in rural areas. Therefore, the aim of this study was 
to identify indigenous knowledge of plant species used for 
purification of turbid water in rural areas of Ethiopia and to 
test their coagulation and flocculation ability. The implied 
hypothesis is that one or more plants used for this pur-
pose is effective.

Study area

The study was conducted in Arbaminch, Jinka and Konso 
districts located in South Nations Nationalities and Peo-
ples Regional state and in Yabello District located in Oro-
mia National Regional State (Figure 1). The area is locat-
ed within an altitudinal range of 1300–3140 m.a.s.l. 

Figure 1. Study sites in (A) Arbaminch Jinka District and (K) Konso District, located in (S) South Nations Nationalities 
and Peoples Regional State, and (Y) Yabello District located in (O) Oromia National Regional State, Ethiopia.
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Based on the 2007 population and housing census (CSA 
2007), the Konso District has a population of 235,087, of 
which about 96% are living in rural areas. Jinka is found 
in Bako Gazer District, Debub Omo Zone. The district has 
210,557 people, of which about 85% are living in rural ar-
eas. Arbaminch rural district has a population of 164,529 
of which none are urban dwellers (CSA 2007). The pop-
ulation of Yaballo District is projected to be 82,443 with 
63,968 (77.5%) living in rural areas.

Medical services in the district 

As in many developing regions, the majority of people live 
in rural areas where modern health services are minimal. 
However, health services are increasing over the past 
ten years. The top ten diseases reported within the three 
study districts are respiratory infections, malaria, gastri-
tis, intestinal parasites, dysentery, skin infections, anemia, 
eye infections, tonsillitis, and urinary tract infections. Of 
these diseases, intestinal parasites and dysentery are wa-
ter-borne (DHO n.d.).

Availability of drinking water in the districts 

The main sources of drinkable water in the study area are 
rivers, spring water, and ground water, as well as ponds 
and streams that are available during the rainy season. 
Woyito River is a source of drinking water for Datane peo-
ple (Jinka and Konso districts).
 
Ground water is rarely used but is promoted with the help 
of NGOs such as SOS Children’s Villages International 
and Act For Peace. Since it is hard to get water at less 
than 1-meter depth, it is difficult for individuals to access 
ground water. Ground water is mainly used during winter 
or summer when shortage of water occurs. At moments 
of high water potential a hand pump is used, whereas a 
motorized pump is used during periods of lower water po-
tential. 

During the rainy season, surface water is not safe to drink 
because of many suspended substances. Wuha agar, 
distributed by NGOs, is widely used in the districts to pu-
rify surface water. However, people lack awareness of its 
use and apply it for cattle ailments. Beyond this chemical 
treatment, people use their indigenous knowledge to pu-
rify turbid water. 

Methods 

Site selection

The four study sites were selected based on prior known 
traditional practices using locally available materials to 
purify polluted water. This was thought to be a very com-
mon practice in the areas. 

Ethnobotanical data collection 

Semi-structured interviews, observations, group discus-
sion, and guided field walks (Cotton 1996, Martin 1995) 
were used. Key informants were selected purposively 
and systematically based on the recommendations of 
knowledgeable elders, local authorities, and development 
agents. The data were collected from September 2012 to 
June 2014 at different seasons.   

Interviews and discussions were undertaken based on a 
checklist of questions prepared in English and translated 
to local languages of Amharic and Afaan Oromo. During 
an interview, the local name of each plant species, the 
part(s) used, dosage, methods of preparation, uses other 
than water treatment, and conservation status were re-
corded. Field observations were performed with the help 
of local guides to collect the plant species and method of 
treatment. The status, habit, habitat, and characteristics of 
the plants were recorded on site. 

Discussions were conducted with 8 respondents on water 
quality problems in the area, source of impurities, and ef-
fectiveness of the plant species as alternative water treat-
ment. Discussions were performed with a district health 
officer, water, mineral, and energy director, and district ag-
ricultural office directors. Knowledgeable elders were also 
included in the discussion. A market survey was also un-
dertaken in Elwoye market which is held at Elwoye town 
(Yaballo District). Before collecting the data, written per-
mission was obtained from the office of the district. Fol-
lowing this, the purpose of the study was explained to 
each informant, and verbal prior consent was obtained. 

Specimen collection and identification

Preliminary identification was done at the site, and vouch-
er specimens were stored at the National Herbarium of 
Ethiopia (Addis Ababa University). 

Preference ranking 

Preference ranking was conducted for evaluating the de-
gree of preferences of plant species to treat turbid wa-
ter following standard protocol (Martin 1995). According 
to this protocol, six selected key informants were invited 
to rank the four medicinal plant species that are used for 
water treatment. Values of 1 to 5 were used in this rank-
ing (1 = least preferred, 2 = less used, 3 = good, 4 = very 
good, 5 = most preferred). 

Coagulation test

Plant materials of four species (Maerua subcordata, Mo-
ringa stenopetala, Sansevieria ehrenbergii, and Sanse-
vieria forskaliana) were used to evaluate the coagulation 
(turbidity removal) potential at the laboratory of Environ-
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mental Health Science and Technology in Jimma Univer-
sity, Ethiopia. A practical test was conducted on natural sur-
face water collected from Awetu River in Jimma town. The 
initial turbidity of the river was 26 (low), 63 (medium), and 
209 (high) NTU for three experiments. The jar test appara-
tus was used in a coagulation and flocculation experiment 
whereby 0.03g/L of powdered plant materials were added 
into 1 L beakers containing the water samples at three tur-
bidity levels. Turbidity changes were measured during the 
first six hours against positive and negative controls. 

Results and Discussion
 
Profiles of respondents 

A total of 50 informants (30 males and 20 females) were 
purposively selected. Demographically the informants, 
were 48% Protestant (24 people), 34% Muslim (17), 12% 
Wakefata (6), and 12% Orthodox (6). The majority of Prot-
estant respondents were from Konso District whereas 
Muslims mainly were from Yaballo District. 90% of infor-
mants (45 people) were illiterate, with 8% having complet-
ed elementary level courses (4), and 2% having attended 
up to college level (1). 

Source of water and types of impurities 
 
All of the respondents replied that they knew about types 
of impurities and that the major water pollutants in the 
area are pathogenic biological organisms, organic impuri-
ties, and turbidity. Turbidity-causing substances were re-
ported by all informants. 

The quality of water is generally determined by informants 
via visual inspection. About 97% of interviewees in Yabel-
lo District and Datane, Konso District, reported that the 
water they drink is of poor quality. We observed evidence 
of this.  Only 3% of respondents replied that they drink wa-
ter of medium quality.

Water treatment techniques applied in the districts

Local people of the study area used different methods to 
purify the water they drink: boiling (25%), chemical disin-
fection with wuha agar (40%), and locally available natu-
ral plant based coagulants (35%). Boiling is preceded by 
filtering and mixing the boiled water with salt then cooling 
before drinking. Wuha agar, a chlorine-based solution, is 
widely distributed to the local people and therefore avail-
able for treatment of polluted water. In the study area, sur-
face water treatment using naturally available materials 
(plant-based) was also widely practiced (Table 1).

Plants used for water treatment in the study areas 

There were four reported plant species (Table 1) that have 
coagulating potential of turbid water and are used by local 
people. Local people prepare plant coagulants in different 
ways. The more detailed preparation methods are sum-
marized in Table 2. The potential and use of those plants 
varied from area to area. Maerua subcordata was widely 
used in Datene and Jinka areas whereas S. ehrenbergii 
and S. forskaliana were used in Yaballo and Konso areas. 

Use of plants other than water treatment

The reported plant species have uses other than water 
treatment value. For instance, M. stenopetala has mul-
tiple uses. The leaves are used as a food and sold in the 
market whereas roots are used for treatment of diseas-
es. Sansevieria forskaliana and S. ehrenbergii are used 
as drought fodder for cattle. In addition, S. forskaliana is 
used as live fence, and S. ehrenbergii is used for making 
rope. Maerua subcordata has medicinal value; the roots 
are sold in Yaballo District and used for treating various 
ailments. No other parts of the plant are reported to be 
used for food consumption in the area. 

Table 1. Plant species used for water treatment in rural Ethiopia. All four plants are wild-harvested, but M. stenopetala 
is also commonly cultivated in home gardens.

Scientific name Local name Habit Part 
used

Condition Other uses

Maerua subcordata (Gilg) De Wolf
Capparidaceae

Gulfe (Konso), Korsegeba, 
Aberngab, Beryab (Afan Oro-
mo), Gulo (Gamogna)

Shrub Tuber Dried or 
Fresh

Medicine

Moringa stenopetala (Bakj) Cufod.  
Moringaceae

Shiferaw (Amargna), Haleko 
(Konso, Gamo)

Tree Seed Dried Medicine, 
Food 

Sansevieria ehrenbergii Schwein-
furth ex Baker
Dracanaceae

Chake (Afan Oromo, Konso) Shrub Leaf Fresh Drought 
fodder, Rope

Sansevieria forskaliana (Schult. & 
Schult.f.) Hepper & J.R.I.Wood
Dracanaceae

Alge (Afan Oromo), Algita (Kon-
so), Algete (Amargna)

Shrub Leaf Fresh Drought 
fodder
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Table 2. Preparation of traditional water purifiers.

Plant species Preparation procedures 
Maerua subcordata 
(Gilg) DeWolf

The shrub has a tuber beneath the ground which is found at about 50–100 cm. Local peo-
ple dig, wash, slice, and use the tuber for water purification by mixing the coagulant into 
turbid surface water. One piece about 50 cm long can purify about 200 L of turbid water. 
They used it either in solution form or as dry powder. Local people use the solution form 
after grounding the dried tuber, and mix the fine powder with the turbid water. Once the tu-
ber is used it can be reused at least three times, though its capacity is gradually reduced. 

Moringa stenopetala 
(Baker f.) Cufod.

The kernel is removed from the seed. The seeds are ground on stone to fine powder. The 
powder is mixed with turbid water, making suspended matter settle. After settling, the water 
is decanted to another bucket, ready for drinking and other domestic purposes.

Sansevieria 
ehrenbergii Schweinf. 
ex Baker

Fresh leaves are crushed using stone to release exudates. While adding the crushed 
leaves, the turbid water is mixed. Finally, the suspended matter settles, and the water is 
ready for drinking.

Sansevieria forskaliana 
(Schult. & Schult.f.) 
Hepper & J.R.I.Wood

Fresh leaves are crushed using stone. The crushed leaves are added to the turbid water 
and stirred for few minutes. Finally, the suspended matter settles, and the water is ready 
for drinking.

Plant descriptions 

Maerua subcordata (Figure 2) is widespread along road-
sides from Konso to Jinka around Woyito River in Dukana 
forest. 

Moringa stenopetala (Figure 3) is widely grown in 
Arbaminch and Konso districts but rarely found in Yaballo 
District. Particularly in the Arba Minch and Konso areas, 
the local people cook the leaves of the M. stenopetala 
as food. The local people in the study areas cultivate the 
plant together with useful plants such as mango, avocado, 

and other crop plants. In Yaballo, the Agriculture Research 
Center is promoting the plant for food utilization and food 
security. 

Sansevieria ehrenbergii (Figure 4) is widely grown in Ya-
ballo and Konso. The plant is not cultivated yet and is 
found in the natural forests and along roadsides in Yaballo 
District. 

Sansevieria forskaliana occurs commonly in Arbaminch 
Konso and Yaballo districts. The plant is not cultivated and 
found in the natural forests. Samples were collected from 
Elwoye of Yaballo District.

Figure 2. Maerua subcordata (Gilg) DeWolf shrub (A) and collection of its tuber (B). 

A B
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Figure 3. Moringa stenopetala (Baker f.) Cufod. seeds. 

Preference ranking of plant species 

Preference ranking of the four plant species showed that 
Maerua subcordata ranked first and was clearly delineat-
ed, indicating that it was perceived as the most effective in 
treating turbid water (Table 3). 

Evaluation of coagulation activity 

A coagulation test of the four plant species indicated that 
they do reduce turbidity. Accordingly, M. subcordata and 
M. stenopetala performed well on the three initial turbidity 
levels of 26, 63, and 209 NTU. Figures 6, 7, and 8 pres-
ent the overall results of the coagulation/turbidity analysis. 

Discussion

Indigenous knowledge and practice 
on water treatment

Results indicating wide knowledge of turbidity-causing 
substances is in agreement with those of a local communi-

ty of Lavuvu catchment (South Africa) knowing how water 
became polluted (Nare et al. 2013). Toxic chemicals are 
not the cause in the area because of lack of sources such 
as factories; pastoralist livelihoods are potential sources in 
the case of Yaballo District where other forms of agricul-
ture are not as much practiced. However, local people of 
Arbaminch Zuria Jinka and Konso districts rely on agrofor-
estry and agriculture. 

The local community acceptance of water to use in the 
study areas, in terms of turbidity, is much higher than the 
recommended maximum limit of turbidity set by WHO 
which is 5 NTU (Nare et al. 2013). 

Water treatment techniques applied in the districts

Similar findings have been reported (Nare et al. 2013) in 
other parts of the world where local people use chlorine-
based chemical treatment and plant materials to tackle 
turbid water. Uses of chlorine and plant material for house-
hold water treatment were also widely practiced in rural 
Ethiopia. Boiling is also the common household water 

Table 3. Preference ranking of four selected medicinal plants used to treat turbid water. 5 = most preferred.

Plants used Respondents Total Rank
A B C D E F

Maerua subcordata (Gilg) DeWolf 5 5 4 3 5 5 27 1st
Moringa stenopetala (Baker f.) Cufod. 3 2 4 2 2 1 14 4th
Sansevieria ehrenbergii Schweinf. ex Baker 3 4 2 3 3 2 17 3rd
Sansevieria forskaliana (Schult. & Schult.f.) Hepper & J.R.I.Wood. 3 3 3 3 4 3 19 2nd

Figure 4. Sansevieria ehrenbergii Schweinf. ex Baker is a 
standing perennial with dark green leaves, usually 0.5–1.5 
m in length and 2.4–8.0 cm in width. 
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Figure 6. Coagulation test for removal of turbidity (initially 26 NTU) using a control (A) and four plants: (B) Sansevie-
ria forskaliana (Schult. & Schult.f.) Hepper & J.R.I.Wood, (C) Sansevieria ehrenbergii Schweinf. ex Baker, (D) Moringa 
stenopetala (Baker f.) Cufod., and (E) Maerua subcordata (Gilg) DeWolf. 
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Figure 7. Coagulation test for removal of turbidity (initially 63 NTU) using a control (A) and four plants: (B) Sansevie-
ria forskaliana (Schult. & Schult.f.) Hepper & J.R.I.Wood, (C) Sansevieria ehrenbergii Schweinf. ex Baker, (D) Moringa 
stenopetala (Baker f.) Cufod., and (E) Maerua subcordata (Gilg) DeWolf. 
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Figure 8. Coagulation test for removal of turbidity (initially 209 NTU) using a control (A) and four plants: (B) Sansevie-
ria forskaliana (Schult. & Schult.f.) Hepper & J.R.I.Wood, (C) Sansevieria ehrenbergii Schweinf. ex Baker, (D) Moringa 
stenopetala (Baker f.) Cufod., and (E) Maerua subcordata (Gilg) DeWolf. 
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treatment technology widely used by local people living in 
different parts of the developing world (Clasen et al. 2008, 
Nare et al. 2013, Nyong & Kanaroglou 2001). Mostly fuel 
wood is used for boiling, and this cannot be environmen-
tally friendly as it is the major cause of deforestation as 
well as a contributor to greenhouse gas emission (Clasen 
et al. 2008).  
 
Providing microbially safe drinking water is an important 
public health issue, and the use of chemical disinfection 
in the 20th century is rightly regarded as a major public 
health triumph. However, chemical disinfection has also 
produced an unintended health hazard such as the po-
tential for cancer and other reproductive or developmen-
tal effects that may be linked to chemical disinfection by-
products (DBPs) produced during water treatment (Rich-
ardson 2005). There is substantive toxicological evidence 
that DBPs have the potential for inducing adverse health 
effects (Bull 1985). Using natural products for water treat-
ment (such as documented in the study area) potential-
ly reduces the formation of disinfection by-products (Ge-
bremichael et al. 2005, Grabow et al. 1985).

Plants used for water treatment in the study areas 

Local people in different parts of the world also use dif-
ferent plant species to treat turbid water. For instance, in 
Tanzania the seed powder from Vigna unguiculata (L.) 
Walp., Vigna subterranea (L.) Verdc., Arachis hypogaea 
L., Vicia faba L., and Parkinsonia aculeata L. is used to 
treat turbid water (Marobhe et al. 2007). Cactus laniferus 
(J.M. Coult.) Kuntze and Prosopis juliflora (Sw.) DC. are 
used by people of Venezuela (Diaz et al. 1999). Women in 
rural areas of Sudan and India use the seed of Moringa to 
treat drinking water (Jahn & Dirar 1979, Saif et al. 2012).

Plants used

Maerua subcordata grows well at altitudes of 500–800 
m.a.s.l. Since it grows abundantly in the wild, the plant 
is not cultivated yet. The tuber of the plant is widely used 
for water treatment in Jinka and Konso districts. While the 
plant has one big tuber that can be used for water treat-
ment, it also has numerous small tubers that can grow in-
dependent shrubs. Consequently, removing the big tuber 
will not harm the plant survival. One study in Kenya has 
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indicated that local people use M. subcordata for purifica-
tion of turbid water (Mavura et al. 2008). The tuber of the 
plant is also reported to be used for sorption of Cu (II) and 
Pb (II) (Kowanga et al. 2012). Unlike in the study area, the 
fruit of M. subcordata is consumed by local people at the 
Lower Omo River Valley of Ethiopia during time of scar-
city and plenty (Teklehaymanot & Giday 2010). In Kenya, 
the leaf is also reported to be used as a fodder (Ida 2005). 
 
Moringa stenopetala is reported to also be used for treat-
ment of malaria and diabetes (Jahn 1991). It is also con-
sidered as an underutilized plant species (YDAO 2012). 
Although the seed is an excellent source for edible oil pro-
duction, it is not yet utilized in Ethiopia. The plant is not 
widely used for water treatment; however, in some areas 
rural people know very well about the water purifying ca-
pacity of the powdered seed. As the oil is not useful for 
water treatment, there is no conflict with food security to 
use this plant for water treatment. 
 
Sansevieria ehrenbergii is used by local people in various 
parts of the world for different purposes. For example, the 
plant is used to treat wounds, for tying, construction, and 
washing utensils in Kenya (Khalumba et al. 2005). Sanse-
vistatin is one saponin derivative isolated from the plant 
reported to cause inhibition of cancer cell growth and also 
exhibit antimicrobial activity (Al-Fatimi et al. 2007, Pettit et 
al. 2005). The plant is also reported to be used for removal 
of toluene and ethylbenzene (Sriprapat et al. 2014).

Preparation of plant coagulants 

Local knowledge of mixing coagulants with turbid water 
followed by settlement is also reported elsewhere (Ma-
robhe et al. 2007). The process is similar to conventional 
surface water treatment processes and can therefore be 
simulated using a jar test to determine the coagulant opti-
mum dose (Gregor et al. 1997). 

Evaluation of coagulation activity 

Among the four coagulants, M. subcordata and M. 
stenopetala were more effective in removing turbidity from 
natural surface water compared to S. ehrenbergii and S. 
forskaliana. A better coagulant efficiency was observed at 
high turbidity level (209 NTU) when compared to low (26 
NTU) and medium (63 NTU) turbidities. Kihampa et al. 
(2011) also reported that the performance of Solanum in-
canum L. was much better at high turbidity than low and 
medium turbidity levels. Therefore, purification of the ap-
plied plant material is crucial to reduce the dose needed 
as coagulant and to enhance the efficiency of plant spe-
cies at lower turbidities (Ndabigengesere et al. 1995).

Conclusions

From the traditional medicinal plants that were harvested 
from the wild, Maerua subcordata and Sansevieria forska-
liana were reported to be more effective in treating tur-
bid water. The traditional knowledge and laboratory ex-
periment were in agreement in that all plant types reduced 
turbidity, but M. subcordata tubers were found to be the 
best natural coagulant. About 98% turbidity removal effi-
ciency was observed at medium and high turbidity by M. 
subcordata. Detailed analysis is recommended for both 
M. subcordata and M. stenopetala of which the latter is 
less preferred but equally efficient. Integration of indige-
nous knowledge with scientific experimental approaches 
will be the best approach for identification of plant-based 
coagulants that can be easily applied as a low-cost point-
of-use water treatment. 
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