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Abstract

Moringa oleifera Seed Cake (MOSC) is one of the alternatives to replace chemical coagulants. The water
quality of the Displaced Peoples Camps in Darfurs was examined before and after the treatment. Various parameters
with (MOSC) were examined. Preliminary laboratory results showed the great potential of the (MOSC) for use in
water treatment. MOSC shows an excellent turbidity reduction highest turbidity reductions were achieved by
treatment with 10 or 12 g / L Moringa seed cake in the hand pump water from Otash Camp, with 6 and 8 g/ L
Moringa seed cake in the well water from Mossai Camp and with 8 and 10 g / L Alum in the borehole water from
Otash Camp. The electrical conductivity values of the water samples from the camps were 753.9, 722.2,819.7s / cm
in the hand pump water of the Mossai camp, the borehole water (Mossai camp) and the borehole water (Otash
camp). The pH values of the raw water from the three water sources showed only slight fluctuations.
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1. Introduction

Many African, Asian and South American populations use Moringa oleifera seeds to treat water pollution
problems. The Sudanese community largely ignored water pollution problems for many years; however, its membe
rs are becoming more aware of the need for clean water. (Lea, 2010).

An efficient reduction of high cloudiness (80.0% to 99.5%) leads to an aesthetically clear supernatant,
followed by a bacteria reduction of 90.00% to 99.99% (1 to 4 log). This inexpensive Moringa oleifera process is
recommended for simple, low-risk water treatment on site in rural and urban areas where people who live in great
poverty currently consume excessively cloudy and microbiologically contaminated water. The resettlement of
people is one of the tragic consequences of the civil war in the Darfur region.

Aluminum salts have been used in drinking water treatment in the past to protect it from pollution, but the
overuse of such chemical coagulants increases treatment costs and can cause health and environmental problems
(Joshua and Vasu 2013). More recently, natural alternative water treatment methods, especially in rural areas
(Folkard et al. 1993; Doerr 2005; Onwuliri and Dawang 2006), have been used to remove pollutants from drinking
water by using natural compounds from plants such as okra (Agarwal et al. 2001), rice. (Yarahmadi et al. 2009),
fenugreek (Rajani and Mishra 2008). The tree Moringa oleifera is one of the most frequently used plants (leaves and
seeds) in water treatment as a natural coagulant because of its low cost, high biodegradability and short shelf life
Life and its harmlessness for human health and the environment in comparison to synthetic organic or inorganic
coagulants (Muyibi et al. 2002; Katayon et al. 2005; Katayon et al. 2006).
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In Sudan, Moringa was originally an ornamental tree planted by foreigners in avenues, parks and gardens
along the Nile during British rule. It is likely that Arab women in Sudan discovered this remarkable mud tree.
Preliminary laboratory tests by Samia Jahn (German scientist) confirmed the presence of a very effective coagulant
in Moringa oleifera seeds (Gidde and Bhalerao 2006). Later, another Moringa seed from Kenya was found to have
similar flocculation properties.

2. Materials and Methods
2.1. Study Location

The purpose of this work was to study the effects of seed and leaf extracts of the horseradish tree
(drumstick) Moringa oleifera Lam. (Household Moringa) for water purification. Two camps were selected for the
study, Camp Mosai, east of the town of Nyala, and Camp Ortas, northwest of Nyala. Nyala city is the capital of South
Darfur state in western Sudan. It is located at longitude 240 53 degrees east and is divided in half by latitude 120 04
degrees. It is located approximately 900 kilometers southwest of Khartoum and 251 kilometers east of the border
with the Republic of Chad. Mosai and Ottash camps obtain drinking water from three sources: 1. Borehole with
submersible pump (Table 1), 2. Hand pump (Table 2) and 3. Water intake point (bladder and tank) (Table 3)

2.2. Collection of water samples

In order to study the chemical and microbiological parameters of drinking water in Mosai and Ottash camps
and propose corrective measures, from boreholes equipped with submersible pumps, hand pumps, water intake
points (water tanks), household containers (cerium, plastic containers) and donkey carts. Water samples were
collected from displaced person camps in Darfur as follows: Otash camp: Water samples were collected from earthen
domestic containers (zers), donkey carts and boreholes. Mossai Camp: Water samples were taken from boreholes,
Zersen and hand pumps. Samples were collected according to APHA13 Standard Method for the Examination of
Water and Wastewater (2000). Samples were collected over an 18-month period from January 2019 to July 2021. A
total of 132 drinking water samples were collected weekly. Water samples for physicochemical analysis were
collected in clean plastic containers (1 L capacity).All samples were processed in the laboratory of the Water and
Environment Sanitary Unit (WES), Water Corporation, Nyala City, South Darfur State.

Vis

Plate 1: Boreholes equipped with submersible pumps.
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Plate 3: Water point (water tank)

2.3. Preparation of the Moringa oliefera seed cake

The fruit of the M. oliefera tree growing in the southern region of the Blue Nile was picked during the 2016-2017
season. The fruit was divided along the sutures and seeds were picked (Table 4), then the seed coat and wings were
removed from the white/yellow pit as described by Jahn (1988) (Table 4). When roasting the grains, mash them
thoroughly with a mortar and pestle. Boil the seed cake in boiling water for 5 minutes, then filter the liquid through
a cotton filter cloth into a clean container, leaving the seed cake next to the cotton cloth. Finally, seed cakes (press
cakes) were dried in direct sunlight for 2 days using the procedure described in Current Protocols in Microbiology
(2010).
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2.4. Preparation of the Moringa Oleifera Methanol Seed Extract

Moringa seeds were hulled and dried for five days and then processed as described by Atieno Walter et al.
Process as described. Aluminum (2010). Grind the white granules to a fine powder using a Christy laboratory grinder
at 8000 rpm. The resulting fine powder was then sieved through a No. 26 sieve. In a 5L Ehlenmeyer flask, soak 1000
g of olive powder in 2000 mL of n-hexane, seal and place on a laboratory shaker for 4 hours, then overnight. Pour
into 1 L flask and pass #1 Whattman filter paper into Buchner flask. The filtrate was concentrated on a rotary
evaporator in a 40 °C water bath until condensation of the solvent stopped dripping. The extract was then
transferred to a sterilized beaker.

2.5. Preparation of Moringa oleifera Methanol Leaf Extract

Maringa leaves were dried for 5 days before grinding as described by Atieno Walter et al. aluminum. (2010).
Grind the leaves to a fine powder using a Christy laboratory grinder at 8000 rpm. The resulting fine powder was then
sieved through a No. 26 sieve. In a 5 L Ehlenmeyer flask, soak 1000 g of olive powder in 2000 ml of n-hexane, stopper
and place on a laboratory shaker for 4 hours, then overnight. Pour it into a 1 L flask and pass it through Whattman
filter paper into a Buchner flask. The filtrate was concentrated on a rotary evaporator in a 40°C water bath until
condensation of the solvent stopped dripping. The extract was then transferred to a sterilized beaker.

Plate 4: Left side Moringa Oliefera seeds with seed coating and right side seeds without seed coating

The solid residue obtained from the powder sieving was placed in two 5 liter Erlenmeyer flasks with 2000
ml of methanol and placed in a laboratory shaker (UAR orbital shaker SO1) for 4 h and left to stand overnight in
order to decant in a 1 liter flask. The extract was filtered through Whattman No. 1 filter paper using a water suction
pump and placed in a Buchner flask. The filtrate was concentrated on a rotary evaporator at a 40 ° C. water bath
until the condensation of the solvent stopped dripping. The extract was then transferred to a sterilized beaker.
Determination of the physico-chemical parameters before and after treatment with Moringa seed cake and
aluminum sulfate (alum)

2.6. Turbidity

Turbidity measurements were carried out by the nephelometric method (APHA, 2000) using a 2100 N
opacimeter (HACH Instruments, USA). The results were reported in nephelometric turbidity units (NTU).
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2.7. Electrical Conductivity (EC)

Electrical conductivity was measured using a 4510 conductivity meter (JENWAY Instruments, UK). The
results were expressed in micro-seeds per centimeter (s / cm).

2.8. pH

The pH of the water was measured in the laboratory by the glass electrode method with an electrode-type
pH microprocessor pH meter (Hanna Instruments, Portugal).

2.9. Hardness

The water hardness was determined by titration, a water sample of 50 ml being transferred to a 250 ml
Erlenmeyer flask, Erochrome black T indicator and 2 ml buffer solution being added. Then it was titrated against
ethylene diamine tetra acetic acid (EDTA 0.1 N) until the end point (blue color) was reached (APHA, 2000%3). The

total hardness (as CaCO3) in mg / L was then calculated as follows:
Mw X N XV x 1000

Sample volume (mL)
Where: Mw=Molecular weight of CaCOs3
N= Normality of EDTA
V= Volume of EDTA

Total hardness (mg/L) =

2.10. Alkalinity

The water alkalinity was determined by titration, placing a water sample (50 ml) in an Erlenmeyer flask,
adding a drop of phenolphthalein indicator and adding 0.02 N sulfuric acid with constant swirling until the pink color
turned colorless. The milliliter of sulfuric acid was multiplied by 20 to get the alkalinity of mg / | phenolphthalein (as
CaC03). A drop of methyl orange indicator was added and the addition of sulfuric acid was continued until a light
green blue-gray color developed (APHA, 2000*3). The alkalinity was then calculated as follows:

Alkalinity (as CaCOs) mg/L = — xR X 50000

Sample volume (mL)
Where:

Ms= mL standard acid used

N= Normality or titer of standard acid

2.11. Total dissolved solids (TDS)

The TDS were measured directly with a HQ14d Conductivity Meter (Hach Instrument, USA). The results
were expressed inmg /L

2.12. Study of microbiological parameters before and after treatment with Moringa seed cake and alum
Sterilization of glassware

All glassware was washed thoroughly and allowed to dry, followed by sterilization in a hot air oven (PTL
Limited, England) at 160 ° C for at least 3 hours (Harrigan and McCance, 1976). Instruments such as loops and
spatulas were flame-sterilized after being immersed in alcohol.

2.13. Total Viable Bacteria Counts (TVBC)

Total Viable Bacteria Counts (TVBCs) was performed using the pour plate technique as described by
Harrigan (1998).
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2.14. Most probable number (MPN) technique

The Most Probable Number (MPN) technique was used for the counting of coliforms, fecal coliforms of all
samples according to APHA (2000).

2.15. Statistical analysis

The data were statistically analyzed using the M-STAT statistical analysis software. The means were
separated by Duncan's Multiple Range Test (Steel and Torrie, 1980).

3. Results and Discussion
3.1. Physicochemical parameters
3.1.1. Turbidity

Untreated water samples in the camps of displaced in Darfur showed very high turbidity values, the 1193,
1374 and 743.30 nephelometric turbidity units (NTUs) in hand pump water (Mossai camp), borehole water (Mossai
camp) and hand pump water (Otash camp), respectively. However, these values were significantly reduced by
treatment with increasing concentrations of either aluminum sulfate (alum) or with seed cake of Moringa oleifera.
In most cases, treatment with the moringa seed cake at the same concentration was more effective than treatment
with alum. The highest turbidity reductions, however, were achieved by treatment with 10 and 12 g / L Moringa
seed cake in the hand pump water of the Otash camp, with 6 and 8 g / L Moringa seed cake in the borehole water
of the Mossai camp, and with 8 and 10 g / L Alum in the borehole water from the Otash camp (Table 1).

3.1.2. Water electrical conductivity (EC)

The electrical conductivity values of the water samples from the camps were 753.9, 722.2, 819.7 s / cm in
the hand pump water of the Mossai camp, the borehole water (Mossai camp) and the borehole water (Otash camp).
These levels were significantly reduced by treatment with either alum or moringa seed cake. In general, the
reduction was greater with the higher concentrations of clearing agents. In all three water samples, the greatest
reduction in electrical conductivity was achieved by adding 12 g / | of either alum or moringa seed cake. The
reduction achieved was between four and five times the original electrical conductivity values (Table 2).

Table 1. Turbidity (NTU units) of three water samples from the camps of the displaced in Darfur before and after treatment with
Moringa oleifera seed cake and aluminum sulfate

Treatment Hand pump (OC) Borehole (MC) Borehole (OC)
Untreated 1193.002 1374.00% 743.30°
Ma((4 g/L) 20.00¢ 10.39° 32.16¢f
M2(6 g/L) 17.90¢ 5.59¢ 32.93¢f
Ms(8 g/L) 16.50¢ 7.39¢ 33.59¢
Ma(10 g/L) 11.41 7.69¢ 37.07¢
Ms(12 g/L) 14.02¢ 10.19° 39.50¢
Ai(4 g/L) 1191.00° 1376.00% 714.80°
Az(6 g/L) 1190.00? 1376.00% 713.70
As(8 g/L) 94.67¢ 7.15¢ 4.74
Aq(10g/L) 99.07" 11.10° 6.11"
As(12 g/L) 10.70° 10.85° 8.13¢
SE+ 0.6184 0.7313 0.3673

Values are meanzSD.

Any two means sharing same superscript are not significantly different (P<0.05).
MC= Mossai Camp; OC= Otash Camp

Mi....Ms= Moringa oleifera seed cake concentrations

A1, A2, A3 A4 As= Alum (Aluminium sulfate) concentrations
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Table 2. Electrical conductivity (s / cm) of three water samples

Treatment Hand pump (MC) Borehole (MC) Borehole (OC)
Untreated 753.902 722.20° 819.702
Ma(4 g/L) 749.30%° 721.80° 818.702
M.(6 g/L) 721.10° 671.30° 704.20°
Ma(8 g/L) 192.20° 127.70¢ 233.70°
Ma(10 g/L) 190.00¢ 121.50¢% 186.40f
Ms(12 g/L) 117.208 105.70f 127.408
As(4 g/L) 606.10° 503.00° 568.20¢
As(6 g/L) 567.40¢ 503.60° 522.20¢
As(8 g/L) 566.50 504.50° 520.80¢%
A4(10 g/L) 170.80f 117.20¢ 128.208
As(12 g/L) 120.30" 111.408 126.908
SE+ 3.332 3.59 3.401

Abbreviations as in Table 1
3.1.3. Total dissolved solids (TDS)

The total dissolved solids were 8020.9, 951.24 and 1115.1 mg / L in the hand pump water sample from the
Mossai camp, the borehole water sample (Mossai camp) and that from the borehole at the Otash camp, respectively.
Solids load was significantly reduced due to the addition of increasing amounts of either alum or moringa seed cake
to the water. The highest reduction in the water sample from the hand pump of the Mossai camp was achieved by
adding 12 g / L Moringa seed cake, while it was achieved in the sample from the borehole in the same camp by
adding 10 or 12 g / I. L alum. In the sample from the borehole in the Otash camp, this was achieved by adding 10 or
12 g / L Moringa seed cake. Although the reductions were significant, they were no more than 50% of the original
values (Table 3).

3.1.4. pH

The pH values of the raw water from the three water sources showed only slight fluctuations. They were
between 6.57 and 6.63. In general, slight and insignificant reductions in these values were made due to the addition
of moringa seed cake or alum (Table 4).

3.1.5. Total alkalinity

The total alkalinity values of the untreated drinking water were 252.0, 48.33 and 68.0 mg / L in the water
samples from the hand pump (Mossai storage facility), the borehole in the Mossai storage facility and the borehole
in the Otash storage facility. However, a significant reduction in these values could be achieved by adding moringa

seed cake or alum, especially when high amounts (12 g / I) were added (Table 5).
Table 3. Total dissolved solids (TDS, mg / L) of three water samples

Treatment Hand pump Borehole (MC) Borehole (OC)
Untreated 8020.90? 951.242 1115.10°
Ma(4 g/L) 651.46f 681.44 664.87f
M,(6 g/L) 650.72f 574.79f 631.538
Ms(8 g/L) 599.84" 505.938 590.10"
Ma(10 g/L) 547.820 505.39¢ 573.10
Ms(12 g/L) 527.520 469.34" 573.03
As(4 g/L) 1174.50° 672.88° 1020.00°
A6 g/L) 1147.53¢ 590.75¢ 986.90°
As(8 g/L) 817.20¢ 586.33 959.57¢
A4(10 g/L) 722.97¢ 353.25! 684.47¢
As(12 g/L) 685.84¢ 351.840 683.44¢
SE+ 22.42 4.371 4,583

Abbreviations as in Table 1
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Table 4. pH of three water samples

Treatment Hand pump (MC) Borehole (MC) Borehole (OC)
Untreated 6.58° 6.63° 6.57°
Ma(4 g/L) 5.32° 5.66° 5.10°
Ma(6 g/L) 6.30° 6.53 6.50°
Ms(8 g/L) 6.33° 6.53° 6.53°
Ma(10 g/L) 6.47° 6.53° 6.47°
Ms(12 g/L) 6.40° 6.80° 6.67°
Ai(4 g/L) 6.35° 6.53° 6.67°
Az(6 g/L) 6.15° 6.63° 6.37°
As(8 g/L) 5.17° 5.30° 5.13°
A4(10 g/L) 5.26° 5.332 5.23°
As(12 g/L) 5.32° 5.30° 5.03°
SE+ 1.133 1.449 1.397
Abbreviations as in Table 1
Table 5. Total alkalinity (mg / |) of three water samples
Treatment Hand pump (MC) Borehole(MC) Borehole (OC)
Untreated 259.67° 61.67° 68.332
Ma(4 g/L) 113.67¢ 49.33¢ 68.00°
Ma(6 g/L) 94.33¢ 48.33f 63.67¢
Ms(8 g/L) 94.00¢ 37.00" 35.33¢
Ma(10 g/L) 54.67¢ 36.33' 34.67¢f
Ms(12 g/L) 38.008 28.33! 26.678
Ai(4 g/L) 252.00° 56.33° 67.332
Az(6 g/L) 251.67° 50.00¢ 65.33¢
As3(8 g/L) 43.67° 49.67¢ 64.67°
A4(10 g/L) 43.00f 45.678 64.67°
As(12 g/L) 32.33" 25.67¢ 37.338
SE+ 1.5817 2.1898 2.6317
Abbreviations as in Table 1
Table 6. Total bacterial count (CFU / ml) in three water
Treatment Source of water sample
Zeer water Hand pump Borehole
Untreated 29.160° 21.000° 15.500°
Ma1(4 g/L) 28.333¢% 13.000¢ 12.000¢
Ma(6 g/L) 24.333f 12.333¢de 11.850¢
M3(8 g/L) 14.6678 12.067% 11.667¢
Ma(10 g/L) 14.008 11.733¢% 11.100°
Ms(12 g/L) 0.633" 0.500¢ 0.767°
Ai(4 g/L) 15.600° 13.600° 6.000°
As(6 g/L) 13.000¢ 4.333¢ 2.467¢
As3(8 g/L) 14.333¢ 3.000 3.867¢
A4(10 g/L) 12.667%" 3.000¢ 2.000¢
As(12 g/L) 12.533¢f 2.533cde 1.800¢
SE+ 1.411 1.159 0.912

Abbreviations as in Table 1
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Table 7. Total coliforms (MPN / ml) in water samples

Treatment Source of water sample
Zeer water Hand pump Boreholes

Untreated 42.00° 93.00° 23.00°
Mi(4 g/L) 9.10° 13.30°" 13.30°
M2(6 g/L) 7.30¢ 11.70° 16.70°
Ms(8 g/L) 3.60¢ 8.70°¢ 18.30°
Ma(10 g/L) 0.40°¢ 0.60¢ 0.00¢
Ms(12 g/L) 0.30° 0.33¢ 0.00¢
Ai(4 g/L) 0.00° 0.00¢ 0.00¢
Ax(6 g/L) 0.00° 0.00¢ 0.00¢
As(8 g/L) 0.00° 0.00¢ 0.00¢
A4(10 g/L) 0.00¢ 0.00¢ 0.00¢
As(12 g/L) 0.00¢ 0.00¢ 0.00¢
SE+ 0.4274 0.7979 1.059

Abbreviations as in Table 1
3.1.6. Total hardness

Table (6) shows that treatment with Moringa seed cake resulted in a significant reduction in the total hardness
of the water, especially at the higher dosages (10 and 12 g/ L). On the other hand, the treatment with alum increased
the hardness significantly, which was seen with the application of 4, 6 or 8 g / L. With 10 or 12 g / L this effect was
less, but the hardness was still higher than with the untreated sample. Moringa oleifera Lam. and Moringa
stenopetala (Baker f.) Cufod. are the most commonly grown species of the monogenic Moringaceae family (Fahey
2005). Moringa oleifera is grown in Africa, Central and South America, the Indian subcontinent and Southeast Asia.
In these poor countries across Africa, Asia and Latin America, around 1.4 billion rural and suburban people live in
extreme poverty and struggle to survive on a daily basis (Chen and Ravallion, 2008). The majority of this population
is almost exclusively dependent on traditional sources of extremely cloudy and untreated surface water for their
domestic water requirements.

3.2. Total viable bacterial counts (CFU/ml)

Table 6 shows the Total Viable Bacteria Counts (TVBC) in the three drinking water sources in Camp Otash. In
the untreated water samples, the total viable bacterial load was highest in donkey cart water, followed by sea water
and then borehole water. However, when treated with the lowest applied dose of moringa seed cake or alum (4 mg
/ L), the exposure was significantly reduced. In both cases, the reduction increased linearly with the level of the dose
applied, but was more pronounced with the application of moringa seed cake than with alum.

3.3. Total coliforms (MPN/mL)

The most likely total coliform count in the untreated water samples was highest in donkey cart water (37.67
MPN / ml), followed by sea water (22.3 MPN / ml), then borehole water (8.77 MPN / ml). When treated with the
dose (12 g / L) of either moringa seed cake or alum, no coliforms were reported in any of the three water samples
(Table 7).

In the present study, the measured parameters of the drinking water in the camps of the displaced in Darfur
(turbidity, total dissolved solids, hardness ... etc ..) make it exceptionally unsuitable for drinking. The water turbidity
was significantly very high, but was reduced from values of 1193 NTU (hand pump, Mossai bearing), 1374 NTU
(borehole, Mossai bearing) and 743 NTU (borehole, Otash bearing) to only 11.4, 5, 59 or 32.16 NTU reduced due to
the use of Moringa seed cake. The resulting haze compares favorably to that obtained using similar alum loadings.
This corresponded to a haze removal of 95.4% - 99%, which is consistent with the results of other workers such as
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Madsen et al. (1987) who reported 90-99% haze removal, Futi et al. (2011) 26 who reported a removal of 85% and
with Amagloh and Benang (2009). The declared WHO guideline for safe drinking water is 5SNTU (WHO 2006). With a
dosage of 12g / L, the excess water obtained in this way is still higher than prescribed by the WHO, but represents a
significant reduction in turbidity. This is certainly due to the unusually high turbidity values in the untreated spring
water.

One of the advantages of using moringa seeds over synthetic water clarifiers like alum is that, unlike alum,

moringa does not lower the pH of the treated water (Katayon et al. 2004, Muyibi and Evison 1995, Nwaiwu and
Bello 2011) . The acceptable pH range for drinking water recommended by the WHO (2006) is between 6.0 and 8.0.
In the present study, the pH of the raw water samples was between 6.57 and 6.63. Treatment with Moringa seed
cake, however, resulted in a drop in these values, but the drop in pH values was always comparatively greater when
similar doses of alum were used. The resulting pH values are below the WHO recommended pH value. Such acidic
water can be harmful to human health as it can lead to stomach ulcers or even accelerate their development. Futiet
al. (2011) reported that the addition of 0.25 g / | aluminum sulfate led to a sharp decrease in the pH of the water
from 7.1 to 4.4, while the addition of 0.25 g / | M. oleifera - Seed cake did not result in any pH change.
The hardness of the untreated water samples ranged from 116.67 to 2658.0 mg / L. The sample from the hand pump
in the Mossai camp had an acceptable hardness and was therefore not reduced much by the treatment with Moringa
seed cake, but the borehole water in the Otash camp had the exceptionally high value of 2658 mg / L and was clearly
at 500.33 mg / L of moringa seed cake and 66.67 of alum. The reduction by moringa extract was more than 80%. A
reduction in water hardness from 188 mg / L to 156 mg / L has been reported by Mangale et al. (2012) with M.
oleifera seed powder, while Muyibi and Evison (1995) achieved a reduction from 1017 mg / L to almost zero with
1800 mg / L Moringa seed cake. The WHO hardness standard is 500 mg / L (WHO 2006), which shows that some of
the results of this study are acceptable. The total dissolved solids content in the untreated samples was exceptionally
high, particularly in the sample from the hand pump in the Mossai camp (8020.9 mg / L) and that from the borehole
at the Otash camp (1115.1 mg / L). However, these values were reduced to 527.5 and 573 mg / L (a reduction of 50-
90%) through the use of 12 g / L Moringa seed cake. These values approach the TDS limit value set by the WHO for
drinking water (500 mg / L). Mangale et al. (2012) reported a reduction in TDS from 652 to 235 mg / L in turbid river
water (a reduction of 64%). Similar reductions in alkalinity and electrical conductivity were achieved in the present
study.
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