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ABSTRACT

Removal of turbidity is essential for treatment of surface water and is often carried out with
coagulation using metal salts as aluminium sulphate. Natural coagulants have bright future and are
concerned by many researchers because of their abundant source, low price, environment friendly,
multifunction, and biodegradable nature in water purification. This study focused on the evaluation of
plant-based natural coagulant sources, processes, effectiveness and relevant coagulating mechanisms
for treatment of river and pond water. The raw water samples were collected from the Bhairab River
near Fulbarigate and pond near the Khan Jahan Ali Hall, KUET.

In this study, Sajna seeds were selected as bio coagulant. The optimum dose for the sajna seeds
coagulant was found as 32 and 24 mg/I for the river and pond water, respectively. It is found that the
turbidity removal efficiencies of the coagulants are varied from 96.0 to 96.5%, 90.8 to 86.3% with
compared to alum coagulation for river and pond water, respectively. The color removal efficiencies
of the coagulants are varied from 83.6 to 86.6%, 77.1 to 81.2% with compared to alum coagulation
for river and pond water, respectively. It is also observed that the turbidity and color removal
efficiency linearly decreases with increasing values initial values of raw water for both river and pond
water. This study showed the performances of bio-coagulant such as Sajna seeds are used for the
treatment of pond and river water. It is concluded that the turbidity and color removal efficiencies are
satisfactory for the coagulant which is significant for use as a coagulant in water treatment purpose.
Linear correlations for the turbidity and color removal efficiencies are also proposed.

Such bio-coagulants have found a high degree of significance for use as a coagulant in water
treatment purpose. The main advantages of using natural plant based coagulants as water treatment
material are apparent; they are cost-effective, unlikely to produce treated water with extreme pH and
highly bio-degradable. The use of bio-coagulant would be a possible alternative to chemical coagulant
for the same treatment of drinking water in rural areas and developing country like Bangladesh.
Hence, it is concluded that these natural coagulant such as Sajna seeds could be used as coagulant for
surface water treatment purpose.
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1. INTRODUCTION

Water is essential for human survival. It has been reported that the total amount of water in the world
is about 1400 million cubic km and remains constant. Apparently, more than 97% of this total volume
is seawater of the rest 22% is ground water and 97% is ice locked away in the glaciers and the polar
ice cap. This obviously leaves less than 1% of the supply of fresh water (Gleick, 1996).Most of the
fresh water is polluted. In many developing counties, access to clean and safe water is a crucial issue.
Pollution has increased alarmingly, in both developed countries (groundwater severely threatened by
industrial and agricultural waste) and poor countries (domestic or agricultural waste in agueous
medium without treatment, poor waste management).This qualitative and quantitative degradation of
water resources becomes a big problem in the water sector especially for developing countries. This
problem is critical in Bangladesh. About more than 80% of people in Bangladesh lack clean, safe
water. One of the problems with treatment of surface water is large seasonal variation of turbidity.
Chemical coagulation is one of the most popular and effective methods for suspended particle and
turbidity removal. However, these reagents may exert a negative impact on health as applied to
drinking water treatment because they leave harmful monomer, aluminum, and unwanted side
products in effluent, especially for excessive usage (Srinivasan and Viraraghavan, 2002). More than
99% of the coagulants used in drinking water treatment fall into the aluminum series. Even though
they possess good particle removal efficiency, these coagulants may contaminate drinking water via
aluminum residue, which has been recognized as a factor in Alzheimer’s disease (Mclachlan, 1995).

1.2 Objectives of The Study

The main objectives of the study are given as follow:
= To choose suitable bio-coagulant for the treatment of surface water for drinking purpose.
= To study the turbidity removal capacity of the selected bio-coagulant.
= To study the color removal capacity of the bio-coagulant.
= To check the efficiency of the bio-coagulants with respect to traditional alum (K2 [SO4] Al
[SO4]3.24H,0) coagulation.

2. METHODOLOGY

Firstly, the raw water samples were collected from the Bhairab River and KUET pond (near Khan
Jahan Ali Hall). SAJINA (M. oleifera)) seeds were taken as locally available bio-coagulant. The
following tasks were performed:
= Collection of raw water sample from different areas of the Bhairab River and KUET pond.
= Selection of SAIJNA (M. oleifera) as bio-coagulant.
= Preparation of bio-coagulant.
= Determination of water quality parameters (turbidity, color, pH and conductivity) of collected
sample.
= Performing of Jar test (coagulation) for both seeds for both river water and pond water
sample.
= Determination of optimum dose for the turbidity and color removal capacity for the selected
bio-coagulants.
= Analyzing the test results and plotting relevant graphs.
= Analyze the efficiency of Sajna seeds as bio coagulants with respect to traditional chemical
alum coagulant.

2.1 Selection of Coagulants

There are different types of naturally available bio-coagulant like Sajna or Drumstick Seed (Moringa
oleifera),Neem seed (Azadirachta indica) organic PAC (Polyaluminium chloride),Acanthocereus
tetragonus, Aloevera leaf, Chitosan, Anionic polymer, Cationic polymer, Non-ionic polymer, Cicer
arietinum, Delonixregia, Dolichosl lablab, PG-M (hybride type), S.potatorum (seeds of nirmali trees),
guar plant (Cyamopsis tetragonoloba), tamarind tree (Tamerindous indica), fenugreek (Trigonella
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foenum), Redsorrel plant (Hibisicus sabdariffa), Strychnos potatorum, Cactus species, Phaseolus
vulgaris, maize seed, tannin, gum arabic, Prosopis juliflora and Ipomoea dasysperma seed gum, as
coagulants. Moringa oleifera or locally named Sajna seeds were selected as bio-coagulant due to their
availability in Khulna district and cost effective. Alum is selected as chemical coagulant. It is a
common coagulant available in local market and cheaper than other chemical coagulants.

2.2 Collection of Raw Water Sample

The raw water samples were collected from the Bhairab River located at Fulbarigate of Khulna and
pond near the Khan Jahan Ali Hall at Khulna University of Engineering & Technology, Khulna. Raw
water was collected from different locations of the sources in order to maintain varying turbidity. The
river water sample is turbid in whole the year due to high amount of silt carried by the river and also
due to the low depth of river in some places water is super turbid.

Google f ' Map data ©2016 Google

Figure 1: Typical map of Bhairab River

Table 1: The source and time of sample collection

Source Date Time Temperature Remarks
2.2.2017 10 am 25.0°C P1
KUET Pond 5.2.2017 10.30 am 26.5°C P2
(22°54°03.0” N 7.2.2017 11.40 am 27.5°C P3
89929°58.0” E) 24.4.2017 5.00 pm 33.0°C P4
25.4.2017 4.30 Pm 33.5°C P5
3.2.2017 5.00 pm 25.5°C R1
Bhairab River 4.2.2017 5.00 pm 27.0°C R2
(22°53°56.4” N 8.2.2017 9.00 am 28.5°C R3
89°31°06.8” E) 23.4.2017 5.30 pm 32.5°C R4
24.4.2017 10 am 33.0°C R5

2.3 Preparation of Bio-Coagulant

The collected seed was vigorously washed thoroughly tap water. The seeds were naturally sun dried
for 2-3 days. Then the outer cover the seed kernels were removed and the kernels were converted into
powder using a blender. The prepared powders were used for each batch run. The jar test operations
using different coagulants were carried out in different turbidity ranges. Turbidity was measured
before and after treatment.

Figure 2: Sajna (MOringa oleifera) seeds and prepared powder
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2.4 Test for Physical and Chemical Properties of Raw and Treated Water

At first the physical and chemical properties such as pH, color, conductivity and turbidity of the raw
water were tested by pH meter sension-156, conductivity meter sension-5 and turbidity meter,
respectively. Then the indicated doses (Table 3.2) for each coagulant were applied in the 6 nos. of
beakers containing 500 ml of raw water. The filled jars were then placed on the gang stirrer, with the
paddles positioned identically in each beaker. The first beaker was left as a blank one and increasing
dosages of the first coagulant was added to subsequent beakers. Coagulants were injected as quickly
as possible, below the liquid level and about halfway between the stirrer shaft and beaker wall. The
mixing speed was increased to 100 rpm for 3minutes (rapid mix). The mixing was reduced to 20 rpm
and continued the slow mix for 20 minutes. The mixer was turned off and allowed settling to occur.
After settling for a period of time of 1-hour supernatant appearance was noted. The jars were removed
from the gang stirrer and the physical and chemical properties (i.e. turbidity, pH, conductivity and
color) were tested again. Then the contents were emptied and thoroughly the beakers were cleaned.
The above procedure was repeated for all collected samples, but substituting for the blank the dosage
selected as providing the desired level of performance in the first series of test.

Table 2: Indicated doses for each coagulant

Coagulant Indicated doses for each coagulant (mg/l)

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
Sajna 0 8 16 24 32 40

Figure 3: Jar Test set

3. RESULTS AND DISCUSSION

This represents the experimental results of physical and chemical properties such as color and
turbidity of treated water sample after the application of Sajna seeds as coagulant. Jar test is carried
out to determine the optimum dose and removal efficiency of turbidity and color. This will also
describe the merits of natural or bio-coagulant over chemical coagulant.

3.1 Physical and Chemical Properties of Treated Water

Water samples collected from both Bhairab River and pond (near the Khan Jahan Ali Hall at Khulna
University of Engineering & Technology, Khulna) were treated using bio coagulant. For Bio-
coagulation, Sajna seeds were used. The doses were varied from 0 to 40 with an increment of 8 mg/I
for the Sajna seeds. Table 3 and Figure 4 show the variation of the turbidity of the river water after
coagulation for the Sajna seeds coagulant, whereas Table 4 and Figure 5 show the variation of the
turbidity of the pond water after coagulation for the same coagulant. It was seen that the optimum
dose for the sajna seeds coagulant was found as 32 and 24 mg/l for the river and pond water,
respectively.
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Table 3: Variation of turbidity after each dosing of bio-coagulation with Sajna seeds (River Water)

Sample Initial Turbidity Turbidity after coagulation for indicated Sajna seeds doses (mg/l)
No. (NTU) 0 8.0 16.0 24.0 32.0 40
R1 234 87.6 70.2 57.2 39.3 19.5 27.2
R2 288 924 73.3 61.2 45.3 27.7 345
R3 327 97.3 82.2 69.1 52.7 31.9 37.8
R4 447 120.7 91.7 75.2 53.5 44.8 48.2
R5 533 1335 98.6 81.3 62.3 55.3 62.1
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Figure 4: Variation of turbidity after bio-coagulation with Sajna seeds (River Water)

Table 4: Variation of turbidity after each dosing of bio-coagulation with Sajna seeds (Pond Water)

Sample Initial Turbidity Turbidity after coagulation for indicated sajna seeds doses (mg/l)
No. (NTU) 0 8.0 16.0 24.0 320 40
P1 62 39.7 30.2 216 9.8 17.3 206
P2 79 59.6 385 317 13.3 24.2 313
P3 113 75.5 59.4 37.2 236 30.6 35.2
P4 148 81.9 64.9 48.9 31.3 37.7 43.9
P5 185 89.6 70.3 52.4 405 45.1 51.2
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Figure 5: Variation of turbidity after bio-coagulation with Sajna seeds (Pond Water)

Table 5 and Figure 6 show the variation of the color of the river water after coagulation for the Sajna
seeds coagulant, whereas Table 6 and Figure 7 show the variation of the color of the pond water after
coagulation for the same coagulant. It was seen that the optimum dose for the Sajna seed coagulants
were found as 32 and 24 mg/I for the river and pond water, respectively.

Table 5: Variation of color after each dosing of bio-coagulation with Sajna seeds (River Water)

Sample Initial Color Color after coagulation for indicated Sajna seeds doses (mg/l)
No. (Pt-Co) 0 8.0 16.0 24.0 32.0 40
R1 407 252 210 173 146 88 116
R2 439 267 231 191 156 113 126
R3 488 287 268 220 184 134 147
R4 556 367 286 232 198 160 177
R5 674 443 320 276 227 201 236
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Figure 6: Variation of color after bio-coagulation with Sajna seeds (River Water)
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Table 6: Variation of color after each dosing of bio-coagulation Sajna seeds (Pond Water)

Sample Initial Color Color after coagulation for indicated Sajna seeds doses (mg/l)
No. (Pt-Co) 0 8.0 16.0 24.0 32.0 40
P1 170 92 76 59 37 53 68
P2 210 107 82 67 48 61 72
P3 270 131 95 78 62 69 78
P4 315 163 121 93 75 79 86
P5 332 178 136 102 89 92 101
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Figure 7: Variation of color after bio-coagulation with Sajna seeds (Pond Water)

3.2 Turbidity and Color Removal Efficiency of Coagulant

Turbidity and color removal efficiency of three coagulants alum, Sajna seeds were calculated from the
values found in experiment.

Removal Ef ficiency (%) = (4-5)

“—=x 100 1)
Where, A
B

= Initial value of raw water sample

= Final value after the coagulation

It is found that the turbidity removal efficiencies of the coagulant are varied from 96.0 to 96.5%, 90.8
to 86.3% with compared to alum coagulation for river and pond water, respectively. The color
removal efficiencies of the coagulants are varied from 83.6 to 86.6%, 77.1 to 81.2% with compared to
alum coagulation for river and pond water, respectively.

Figure 8 show the variation of the turbidity removal efficiency for coagulants for river water
respectively. It is seen that the efficiency linearly decreases with increasing initial turbidity. Linear
correlations for the turbidity removal efficiency are proposed by Equations (2) to (5) for the all
coagulants.

Sajna (river water): y =92.717 — 0.0064x; R? =0.93 2
Alum (river water): y =96.707 — 0.0077x; R?=0.92 (3)
Sajna (pond water): y = 86.689 — 0.051x; R? =0.84 4)
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Alum (pond water): y = 93.665 — 0.0181x; R? = 0.95 (5)
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Figure 8: Variation of the turbidity removal efficiency for the coagulants (River water)

Initial Turbidity (NTU)

Figure 9 show the variation of the color removal efficiency for coagulants for river water. It is seen
that the color removal efficiency linearly decreases with increasing initial color for both river and
pond water. Linear correlations for the color removal efficiency are proposed by Equations (8) to (11)
for the all coagulants.
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Figure 9: Variation of the color removal efficiency for the coagulants (River water)

y = 81.748 — 0.0137x; R? =0.92 (8)
y =98.820 — 0.0235x; R? =0.91 9)
y =82.222 —0.0219x; R?=0.86 (10)
y =97.605 — 0.0080x; R? =0.97 (11)
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4. CONCLUSIONS

This study showed the performances of bio-coagulant such as Sajna seeds which are used for the
treatment of pond and river water. The optimum doses for the Sajna seeds coagulant was found as 32
and 24 mg/l for the river and pond water, respectively. The turbidity removal efficiencies of the
coagulants are varied from 86.3 to 96% with compared to alum coagulation. It is found that the
turbidity and color removal efficiencies (>70%) are satisfactory for the coagulant which is significant
for use as a coagulant in water treatment purpose. The use of bio-coagulant would be a possible
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alternative to chemical coagulant for the same treatment of drinking water in rural areas and
developing country like Bangladesh. Hence, it is concluded that these natural coagulant such as Sajna
seeds could be used as coagulant for surface water treatment purpose.

4.1 Further Studies

Further studies are outlined as follows:

= In this study, performance study of bio-coagulant such as Sajna seeds are performed as
coagulant. Similar research could be conducted using other easily available natural bio-
coagulants.

= Some physical and chemical properties of water samples such as pH, turbidity, color and
conductivity are analyzed. Some other important physical and chemical properties such as
total solid, total dissolved solid, total suspended solids and Total coliform could also be
analyzed.

= In this study, bio-coagulants are used for the treatment of drinking water only. Similar
research could be conducted for industrial waste water treatment using bio-coagulant.
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