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Abstract

The quality of river and borehole water fluctuates because of both agricultural and industrial pollutants. Surface runoff
during the rainy seasons is high which promote increased turbidity levels in water sources, and this exerts pressure on the
quality and usability of the water for domestic use. Unfortunately, most municipalities in developing countries are poor to
afford conventional water treatment methods. This study assessed the use of natural coagulants extracted from sunflower
seeds for turbidity treatment. Water samples were collected during summer, winter, and autumn from 10 randomly selected
groundwater sources and three segments of the Mwerahari River in Buhera District, Zimbabwe. Results captured seasonal
turbidity variations across the river segments and the boreholes. Summer season recorded the maximum average levels of
turbidity (76 NTU) while autumn and winter recorded 38.7 NTU 36.7 NTU, respectively. Water turbidity levels were above
the acceptable 5 NTU Standard Association of Zimbabwe and WHO. The maximum removal efficiency of turbidity was
achieved at 80 min at the dose of 4 g/l. These results revealed that the removal efficiency of 95% with 4.6 NTU turbidity is
a function of dose; removal efficiency increases as dose of coagulant increases. These results demonstrated that sunflower
seed is an effective low-cost natural coagulant for turbidity water treatment.
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Introduction the WHO and UNICEF Joint Monitoring Programme (JMP)

reported that more that 663 million people from low- and

There is a global growing concern of environmental pollu-
tion which continues to hinder communities from having
access to safe drinking water, constituting considerable chal-
lenges to water security. According to UNESCO (2019),
roughly one-third of the world population have insufficient
potable drinking water facilities; a scenario exacerbated
by environmental degradation, climate change, population
growth and rapid urbanisation, among other factors. In 2015,
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middle-income countries live without access to safe drink-
ing water and at the same time 2.1 billion people use water
sources that are polluted (WHO 2020). The situation is
quite severe in most African countries where access to safe
drinking water is compounded by insufficient funding, lim-
ited technical expertise as well as lack of appropriate infra-
structure coupled with infrastructure deficits and absence
(Allen et al. 2017; Herslund and Mguni 2019). As such, most
households opt for water treatment methods that in most
cases do not eliminate any of the pathogens let alone get rid
of undesirable parameters such as turbidity, taste, and smell.

Water turbidity describes the clearness of water and is the
major visible indicator of the quality of river systems, and
aesthetic destructions in surface waters (Zounemat-Kerm-
ani et al. 2021). Turbidity in water systems is influenced by
discharge of suspended sediments through erosion of silt,
organic matter emanating from construction and agricul-
tural activities as well as natural sources (Yunus et al. 2020;
Zounemat-Kermani et al. 2021). The small, suspended solids
consist of very small colloidal particles which rarely settles
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at the bottom of containers. Thus, turbid water presents both
safety and aesthetic concerns in consumable water (WHO
2017a). While turbidity does not translate to a direct hazard
to public health, it could indicate the prevalence of harm-
ful microbes (WHO 2017b) and suggestive of poor removal
of pathogens through the filtration supply system (Awotedu
et al. 2020).

In high turbid waters, harmful microorganisms tend to
attach themselves to the particles. Besides human health
risks, survival of aquatic life is compromised due to limited
sunlight and oxygen exhibited by high turbidity (Tahiru et al.
2020). Numerous researchers have reported the relationship
linking high turbidity in drinking water and the higher risk
of gastro-intestinal diseases among humans (Huang et al.
2021; De Roos et al. 2017; Tinker et al. 2010). A study by
Huang et al. (2021) in eastern China reported positive cor-
relation between occurrence of opportunistic pathogens and
turbidity; De Roos et al. (2017) found positive associations
between turbidity in drinking water and acute gastro-intesti-
nal illness incidences in different metropolitan areas across
diverse time periods, and with both unfiltered and filtered
supplies. Therefore, it is always vital to treat turbid water
before human consumption to avoid subjecting households
to infectious microorganisms such as viruses and bacteria
that bind themselves to the suspended solids.

Provision of fresh potable water devoid of turbidity is
implicitly significant for the acceleration of social-eco-
nomic advancement in most sub-Saharan African countries
(Kitheka et al. 2022). To speed up the coalescence and
agglomeration of suspended particles, coagulation and floc-
culation should be employed since they are most critical pro-
cesses used to accelerate the elimination of turbidity, remove
the colloidal particles such as algae/silt, and ultimately mini-
mise the risk of gastro-intestinal diseases and prevent the
blockage of filters (Aboubaraka et al. 2017). However, using
aluminium in the treatment of drinking water is ideal when
used in moderation since its increased use pose some human
health concerns. Kramer (2014) observed that high alumin-
ium intake by humans has been linked with several possible
neuropathological diseases including presenile dementia and
Alzheimer’s disease. Further, the use of aluminium for water
treatment may not be cost effective and ideal for most rural
poor communities; in addition to requiring proper training
and technical skills (Pooi and Ng 2018).

According to Talnikar (2017), flocculants and all plant-
based bio-flocculants have recently attracted global recog-
nition in water treatment due to their easy to grow, biodeg-
radability and the fact that they generate lower amounts of
sludge. Choy et al. (2014) applauds bio-flocculants for their
ability to produce environmentally friendly, non-corrosive
and cheap coagulants. Aslamiah et al. (2013) and Megersa
et al. (2014) observed capability of coagulants from plants
like Moringa-Oliefera has received attention from various
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researchers. Various species of Moringa, M. subcordata and
M. stenopetala were tested as coagulants in river water by
Megersa et al (2014). Effective removal of turbidity to 5 NTU
and 3.5 NTU was achieved with maximum doses of 70 mg/1
and 80 mg/l, respectively. Adams and Mulaba-Bafubiandi
(2014) also report that turbidity removal efficiency of rice
husks material can be up to 96%. Natural coagulants from
Musa paradisica (banana peels) powder reported efficient tur-
bidity removal of > 83% at pH values of 3.0-12.0 with highest
turbidity elimination of 98.14% at pH 11 (Daverey et al. 2019).
Unnisa and Bi (2018) experimented papaya seed protein as
a natural coagulant employing jar tests supported by pre-
treatment disinfection to remove turbidity. The results exhib-
ited potential to remove turbidity at 100% when C. papaya
seeds were combined with alum at coagulant doses of about
0.2-0.6 mg/L at 30 min.

However, available literature reports few studies that have
used sunflower as a coagulant for turbid water treatment. Few
studies have reported on the efficiency of sunflower in com-
bination with other bio-flocculants as a coagulant for turbid-
ity water treatment. Belbahloul et al. (2014) confirmed with
results obtained through comparative studies they carried out
in Morocco and Tunisia, respectively, using biomaterials such
as Aloe vera, tannin, Coccinia indica, Moringa oleifera, sun-
flower and Nirmali seed that these biomaterials exhibit floccu-
lation performance, and sunflower extracts exhibited the high-
est flocculation rate and lowest residual turbidity. To bridge the
existing knowledge gap, this paper reports on the ideal doses
for different turbidity levels using sunflower extracts as natu-
ral coagulants at household level. Additionally, Kamal (2011)
and Weisz et al. (2009) acknowledged that there are various
naturally occurring compounds produced by different organs
of the sunflower plants with great phytochemical properties.
Sunflower plants contain organic compounds such as alka-
loids, saponin, polyphenols, fatty acids as well as tannins that
have antimalarial, antimicrobial, antiasthma, and antioxidant
benefits to humans (Ngibad 2019; Mokif et al. 2020; Rauf
et al. 2020; Mahamba and Palamuleni 2022). Therefore, the
main aim of this study was to assess the coagulation poten-
tial of locally grown sunflower plants (Helianthus annuus) for
the treatment of water turbidity in Buhera District Zimbabwe.
Specifically, the study sought to establish optimal doses and
time required to treat turbid water using sunflower extracts at
household level. Establishing optimum dosage is imperative
to avoid overdose or insufficient dosage which could result in
low performance of coagulation process (Rozainy et al. 2014).
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Materials and methods
Study area location and description

Buhera district is in Manicaland province, Zimbabwe
between latitude 19° 20’ 0”S and longitude 31° 26’ 0"E
(Fig. 1A). Manicaland province has seven districts namely
Buhera, Chimanimani, Chipinge, Makoni, Mutasa, Mutare,
and Nyanga and Fig. 1(B) shows the location of Buhera
in the province. The delimitation of the study was Buhera
district because the climate of the area is suitable for the
cultivation of sunflower plants since it lies in ecological
region iv; characterised by average rainfall of 650 mm,
which is ideal for sunflower cultivation (ZSA 2012). The
district ranks second in terms of rural population in Zim-
babwe, and it is the most impoverished of the seven dis-
tricts. As such, most of the households are not connected
to clean and potable conventional water treatment facilities
(ZNSA 2014). The Mwerahari River, which streams across
the district before joining Save River, is the main source
of domestic water in the district. For groundwater, access

is achieved through various boreholes that are spread out
within the study area to augment the surface water supply.

Water sampling and site selection

Water samples were collected from the main drinking water
supplies in the study area (Fig. 1C). For precision purposes,
water samples were collected in triplicates at three main
locations along Mwerahari River, namely: upper section
at Nerutatanga (point near the source), middle section at
Nyashanu mission high school, and lower section at Fari,
a point before the Mwerahari River joins the Save River.
Like many other rivers, Mwerahari River with a catch-
ment area of 172 km? is heavily impacted by a variety of
anthropogenic activities including settlements, agriculture,
small-scale industries among others. Therefore, the study
used purposive sampling targeting the identified surface and
groundwater domestic water sources in the district governed
by the dominant land uses prevalent in the study area.
Sampling of the boreholes was governed by the report
from ZNSA (2014) which indicated that Buhera had 1242
boreholes. However, 931 were functional boreholes, repre-
senting 75% as working boreholes. To ensure coverage of
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Fig. 1 Map of Buhera District and water sampling points
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all the boreholes, the district was divided into four quadrants
on a Cartesian plane (i.e., North, South, East, and West).
From each quadrant, functional boreholes were identified
and at the time of water sample collection, Buhera South had
320 working boreholes, Buhera North 245, Buhera Central
221 and Buhera West had 145. Only 1% of the functional
boreholes was chosen from each quadrant. Therefore, sam-
ples were fetched from boreholes and labelled as 01, 02 and
03; 04 and 05 from Buhera North; 06 and 07 from Buhera
Central and 08, 09 and 10 from Buhera South. The dimen-
sions of all the ten boreholes were analysed and recorded
in Table 1. It was found necessary to establish the dimen-
sions because the depth and geology of the area where the
borehole is located, and the water level would have natural
impact on the turbidity of the water (Moulin et al. 2019).

Collection of water samples

For this research, water sampling was conducted using
pre-cleaned 1 L high-density polyethylene (HDPE) bot-
tles washed in 1% HNO; to collect water from the different
identified water sources using grab sampling technique. It
has been reported that HDPE bottles are able to preserve
the sampled water for an extended time without modify-
ing the parameters (APHA 2005). Prior to collection of the
water samples, the polyethylene bottles were rinsed several
times with the sample water for acclimatisation. Therefore,
from Mwerahari River, the study collected a total of 72
water samples and 270 from the ten boreholes for turbidity
measurement across the three seasons (summer, winter, and
autumn).

After collecting the samples, the turbidity was measured
using the Hach turbidimeter 2100 Q Model made in South
Africa. This model was chosen because it has the capacity to
measure turbidity from as low as 0 NTU and as high as 1000
NTU at a resolution of 0.01 NTU. The model has also a very

Table 1 Characteristics of the Boreholes (ZAMCOM 2019)

Borehole Depth (m) Diameter of casing Water
number pipes (mm) level
(m)
01 86 152 8
02 88 152 7.6
03 100 152 8.5
04 97 152 11
05 102 152 17
06 93 152 13
07 107 152 11
08 93 152 14
09 102 152 9
10 119 152 16
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high datalog of 500 records which enabled the records of the
whole research to be captured by one instrument.

Analysis of results

For this research, three samples were collected at each sam-
pling point. This was done to enhance the validity of the
results. Means and standard deviations were calculated and
expressed using ANOVA single factor analysis. To ascer-
tain the quality of the water, results were compared with the
Standards Association of Zimbabwe (SAZ) (Environmental
Management Agency 2008) and the World Health Organisa-
tion (WHO 2017a) drinking water quality standards.

Experiment using sunflower organs as coagulant

The purpose of the study was to test the efficacy of Sun-
flower (Helianthus annuus) extracts as coagulant for turbid
water treatment. For this study, the sunflower plants were
cultivated at Nyashanu high school in Buhera district of
Manicaland province in Zimbabwe for a period of 10 weeks.
The mature plants at height approximately 2.2 m with a flow-
ering head were picked and transported to the laboratory for
processing.

Sample preparation

Different organs of the sunflower plants were used for the
experiment. The study used four leaves measuring about
22 cm long with a diameter of 9 cm. For the stem, one piece
measuring 30 cm cut from the mature 120 cm stem was used
in this experiment as it was able to produce sufficient powder
required for the coagulation process. Mature sunflower seeds
weighing 2 kg were used for the experiment. All the roots
from one plant were used for the experiment. The sunflower
plant organs (i.e., leaves, stem, seeds, and roots) used for the
experiment were washed twice, first with tap water and then
with distilled water. The sunflower organs were oven dried at
65 °C for 24 h in a Jouan EU28. According to Foster (2020),
24-h drying period for the various plant organs is sufficient
to evaporate all the moisture from the sunflower organs. The
dried sunflower organs were milled separately into powder
using a standard bench-top blender.

The extraction of phytochemicals involved the use of five
solvents namely: ethanol, n-hexane, chloroform, acetone,
and cold water. Exactly 2 g of each of the sunflower organ’s
powder were agitated in 40 ml of each of the five solvents
for a rapid speed of 150 rpm, and then subjected to shaking
using an orbital shaker (CS 200 model) for 24 h at 20 °C.
When the extraction was completed, the liquid extract was
allowed to settle thereafter filtered using Whatman paper
no.1. The sunflower liquid extract was dispensed in round-
bottomed flasks and concentrated using vacuum rotary
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evaporator at 50 °C for 4 h. The supernatant solution was
then used for the preparation of different coagulant doses to
test for turbidity treatment.

Results and discussion
Turbidity levels of borehole and river water

Figure 2 shows the turbidity levels in borehole water dur-
ing the summer season to be in the range of 6.5 NTU to 10
NTU. Water collected during winter (dry season) was clear
with an average turbidity of 6.7 NTU. Turbidity levels from
the borehole water were higher than the stipulated WHO
and SAZ acceptable turbidity of 5 NTU suggesting that the
water is not suitable for human consumption. The elevated
turbidity could be attributed to the subsistence agricultural
activities practised throughout the study area, where stream
bank cultivation is widespread coupled with overgrazing.
Subsistence agriculture and overgrazing induce soil erosion
fostering higher contents of organic material and sediment

discharge in runoff waters, which increases turbidity (Ruiz
and Sanz-Sanchez 2020). Any turbidity above 5 NTU gives
the water undesirable colour making the water unappealing
for consumption.

The results of the analysis (Tables 2 and 3) also showed
that there was no significant impact between seasonal tur-
bidity with respect to the calculated F' < F crit values. The
study results yielded a standard deviation of <5, revealing
that turbidity of borehole water was not affected by seasonal
variations. However, the geological formations of the study
area as well as the influence of land uses could be attributed
to the chemistry of the borehole water (Kumar et al. 2020).

Generally, the temporal and spatial water turbidity from
all the sections of the river averaging 75.3 NTU were all
above the recommended SAZ (5 NTU) and WHO (5 NTU)
standards (Fig. 3). The maximum turbidity was recorded
during summer season across all the river sections. This
could be attributed to hydrological response to high rainfall
events with increased runoff waters containing contaminants
and suspended solids from residential and agricultural areas
deposited into the river (Wang et al. 2021). Generally, the

Fig.2 Initial borehole water 12
turbidity levels. (NB: The error
bars represent the standard 1
deviation of three replicates) 0 I

2 8

Z I I i I s Summer

2 6 iI il il il iI me Autumn
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5 4
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0
1 2 4 5 6 7 8 9 10
Borehole number

Table 2 Borehole water seasonal turbidity variations
Anova: Single factor summary
Groups (S/D) Count Sum Average Variance
Summer (0.46) 10 69.4 7.71 1.39
Autumn (0.39) 10 64.2 7.13 1.16
Winter (0.32) 10 61.1 6.79 0.97
ANOVA
Source of variation SS df MS F P value F crit
Between Groups 391 2 1.95 1.66 0.21 3.40
Within Groups 28.19 24 1.17
Total 32.11 26
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Table 3 Mwerahari River seasonal turbidity variations

Analysis of variance: Single factor summary

Groups (S/D) Count Sum Average Variance
Summer (36.33) 228 76 109
Autumn (1.44) 116 38.67 4.33
Winter (6.78) 110 36.67 20.33
Analysis of variance
Source of variation SS df MS F P value F crit
Between groups 2944.89 2 1472.44 33.05 0.00058 5.14
Within groups 267.33 44.56
Total 3212.22 8
Fig.3 Variations of water tur- 100 -
bidity from the three segments
of the river. (NB: The error bars 90
represent the standard deviation 80 -
of three replicates)
—~ 70 1
=
z 60 - = Summer
2 50 A s Autumn
3
—‘; 40 = I Spring
=30 1 + WHO
20 - SAZ
10 A
o L I —— —— |

Upper

deposition of suspended solids is a function of hydraulic
size, hydraulic conditions as well as suspended sediment
advection (Wilkes et al. 2019). The lower section of the river
registered the highest turbidity, and this was attributed to
deposition of river’s sediment yield and organic matter load
in the lower section because of lower energy associated with
reduced river flow (Nel et al. 2018). The lower section of the
river is characterised by no gravitational potential energy
with less turbulent flow and deposition of all suspended river
load (Balasubramanian 2010).

In the study area, rainy season rainfall increases soil ero-
sion and sediment yield, contributing to the turbidity of
water (Uwacu et al. 2021). Unsustainable agricultural prac-
tices prevalent in the Mwerahari River catchment contribute
to high soil erosion which leads to siltation. Additionally,
the study area experiences occasional winds during autumn,
accelerating deposition of fine sand and dust particles into
the river, in that way negatively affecting the turbidity of
water. Winter yielded the minimal amounts of turbidity in
all the river segments compared to other seasons (32 NTU);
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Middle Lower

Section of the river

however, these turbidities were still high, exceeding the SAZ
and WHO acceptable limits of 5 NTU.

The highest turbidity variation was recorded in during the
rainy season had +36.33 NTU, which was greater than seven
times the mean tolerable probable error of +5 (Table 3).
During the rainy season, the river experiences high levels
of runoff from the immediate catchment area and an influx of
water from the tributaries; contributing to high turbid waters
during summer and autumn. In autumn and winter, the tur-
bidity was + 1.44 NTU and + 1.78 NTU, respectively, which
was considerably less than the threshold. These results sug-
gest that seasons had an impact on the turbidity variations;
with high turbid waters recorded during summer followed
by autumn, and winter having the lowest turbidity, F ” F crit.

Treatment of water turbidity using sunflower
extracts

The study used chloroform solvent to test the potential of
sunflower extracts in removing turbidity from borehole and
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river water. The data in Table 4 shows that using sunflower
seed extract has a 60% potential to remove suspended solids
from all water samples from the boreholes. The turbidity
reduction is attributed to the presence of tannins and fatty
acids in sunflower seed extracts (Ozacar and Sengil 2003),
which are natural products with high anticoagulant activity.
The phenolic structure with an anionic character of tannins
allows their application as natural coagulants for water treat-
ment (Grenda et al. 2020). The order of turbidity removal
efficiency is leaf extracts (50%) > root extracts (27%) and
stem extracts (22%).

Comparatively, the results in Table 4 reveal lower turbid-
ity from borehole water than from Mwerahari River (Fig. 3).
Surface water like rivers have higher turbidity attributed to
their susceptibility because of runoff from anthropogenic
activities such as industrial, agricultural, and other human
land uses (Singh et al. 2005) than groundwater (boreholes)
which are protected against direct runoffs. The Mwerahari
River has a catchment area of over 172 km? and it means
the river receives high inflows of water with high suspended
solids from runoff and water from tributaries during sum-
mer. As such, elevated levels of suspended solids and total
dissolved solids are present in surface water than in ground-
water sources.

The data in Table 5 shows performance of sunflower
extracts as a coagulant for turbidity water treatment during

summer season. The experimental jar tests predicted a
proper dosage of sunflower extract in reducing turbidity to
the required quality. The amounts of sunflower extracts were
varied between 0.5 g and 4 g to examine the efficiency of the
coagulant. For the different sunflower organs, the treatment
dosage of 2 g revealed an efficiency rate of 60% from the
seed extract, 50% from the leaf extract, 27% from the stem
extract while root extract had the lowest rate of 22%. The
obtained values showed reduction of turbidity but not the
allowable levels of 5 NTU prescribed by WHO and SAZ
standards (Table 5). Although there was a reduction in tur-
bidity, the levels were still above acceptable limits as shown
in Table 5.

To determine more favourable coagulant quantity, the
amounts of sunflower extracts were increased from 2 to 4 g.
The administration of higher dosage concurs with Mou-
lin et al. (2019) who proposed the need for repeated and
increased dosages if initial results do not bring about desir-
able outcomes. Thus, the sunflower seed extracts removed
over 95.6% of the turbidity from the water at a dosage of
4 g. Further examination of the data suggests a decreased
potential of turbidity removal from leaf extracts by efficiency
rate of 84.8%, stem extract (69.5%) while the use of root
extracts in water coagulation resulted in turbidity removal
efficiency of 65.5%. The results further show that 4 g of the
extracts is undeniably optimal dosage for turbidity removal

Table 4 Turbidity levels in

o Borehole Average number of Raw water Turbidity values
borehole water after application number replications
of plant extracts Summer mean tur- Seed Leaf Root Stem
bidity (NTU)
1 3 7.2 2.9 3.6 53 5.6
2 3 6.8 2.7 34 4.9 53
3 3 9.0 3.6 4.5 6.6 7.0
4 3 6.7 2.7 1.3 4.9 5.3
5 3 7.4 29 3.7 5.4 5.8
6 3 6.5 2.6 33 4.8 5.1
7 3 8.4 34 4.2 6.1 6.6
8 3 10 4.0 5.0 7.3 7.8
9 3 7.4 29 2.9 54 5.8
10 3 6.8 2.7 34 4.9 5.3
Table 5 Turbidi'ty l'evels in river Section of the river Number of Raw water Turbidity values
water after application of plant replications
extracts Coagulant dose (2 g) Coagulant dose 4 g
Summer mean Seed Leaf Stem Root Seed Leaf Stem Root
turbidity (NTU)
Upper 3 69 27.6 345 500 545 30 105 479 238
Middle 3 71 284 355 518 56.1 3.1 108 21.6 245
Lower 3 88 352 440 643 695 39 134 268 304
Control 5 5 5 5 5 5 5 5
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to recommended limits by WHO and SAZ in all segments
of the river (Table 5). This indicate that the increment in
dosage of sunflower seed extract show a significant relation-
ship with turbidity removal. Additionally, the dosages of
24 g of the seed extract would produce satisfactory results
in reducing water turbidity to allowable limits for domestic
use. However, it should be noted that the extent of water
turbidity governs the concentration of the extract to be used
for optimal water treatment.

To establish the effectiveness of sunflower seed extracts’
ability to treat turbidity, different time lengths and different
dosages were tested. The doses varied from 1 to 4 g at time
intervals of ten minutes using the summer water samples
collected from Mwerahari River. Summer season recorded
the highest turbidity, and this provided a basis for evaluation
of the efficiency of the seed extracts in removing the turbid-
ness. Figure 4 elaborates the performance of sunflower seed
extracts and shows the impact of contact time required to
remove turbidity effectively.

The experiment investigated the effect of contact time and
the quantity of the extracts carried out for 2 g, 3 g and 4 g of
the natural coagulants. Figure 4 shows the variation in tur-
bidness corresponding to time and dose. It can be observed
that at contact time of 20 min with a lower dosage of 1 g
achieved turbidity removal effectiveness from 88 to 35 NTU.
However, increasing the quantity of the natural coagulant
and the contact time exhibited a turbidity reduction trend.
Previous studies revealed that turbidity would be reduced
with increasing coagulant dosages used (Ahmad et al. 2022;
Moran 2018). Ahmad et al (2022) experimented S. palustris
(Climbing fern) as a coagulant and results showed that the
highest amount of turbidity removal (24.9%) was achieved
at 10 g/L. where it clearly showed a significant difference
compared to the rest of the coagulant dosages in which the
obtained turbidity removal was within 13.3% to 17.2%. The

Fig.4 Application of seed 100

use of 2 g of the seed extract at a timeline of 40 min yielded
the turbidness removal efficiency of 60%. The minimum
recording of water turbidity was 4.6 NTU with a quantity
of 4 g at 80 min.

Additionally, the effect of time to test settling efficacy of
coagulant was measured for 1 h at 10 min interval. Previous
experiments have reported that increasing time, the extracts
get enriched with polymeric substances primarily respon-
sible for the turbidity removal. Daverey et al (2019) noted
that the turbidity removal increased from 73.21% to 87.71%
when settling time increased from 15 to 60 min for Dolichos
lablab (Indian beans) seed’s coagulant. In this study, further
experimentation suggests increased potential for turbidity
removal from 88 to 23 NTU at contact time of 40 min. Based
on Fig. 4, the effectiveness of coagulant to be used is influ-
enced by varying the contact time; thus, increasing the dos-
age of sunflower seed extract and contact time.

Conclusion

Plant-based coagulants for this research included sunflower
seeds, roots, stems and leaves. As observed and reflected by
the research findings discussed, sunflower has great promis-
ing coagulant activity and turbidity reduction, and is highly
recommended for domestic water treatment. The treatment
efficiency of turbidity removal increased by increasing
the dose of coagulants and settling time. As for the seeds,
a dosage of 4 g at 80 min was found to reduce turbidity
by 95%, and water meeting WHO and SAZ standards of
drinking water for turbidity (<5 NTU). The experimental
study showed that sunflower seed extracts performed better
than stem, leaf, and roots extracts. Sunflower seed extracts
showed better water turbidity removal efficiency and should
be the first choice from sunflower organs as a plant-based

extract to remove turbidity with
varying doses at different time
periods. (Source: Author 2022)
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environmentally friendly, non-corrosive cheap coagulant
agent. The research findings show that plant-based technolo-
gies using indigenous available resources could be utilised
as alum substitutes for turbidity water treatment among poor
households in developing countries. In addition, these local
technologies do not require expert training to administer.
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