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ABSTRACT

Chronic kidney disease of unknown aetiology (CKDu) in Sri Lanka is a national concerning
health hazard as those affected face high mortality rates per year. One hypothesis on the disease
pathogenesis is long-term exposure to fluoride, hardness, and cadmium in drinking water and
their synergic effects, which causes nephrotoxic health hazards. Removal of fluoride, hardness,
and cadmium is paramount in providing safe drinking water to the community in CKDu areas.
However, available water treatment technologies in such areas do not offer an appropriate
solution to drinking water issues. Hence, there are prerequisite to developing a reliable water
purification unit to provide safe drinking water. This study investigated the best combination of
materials to remove fluoride, hardness, cadmium, and faecal coliform in water to develop a

reliable water purification unit to protect the community health and enhance their well-being.

Firstly, nephrotoxic risk factors in drinking water, their threshold levels, and the level of
components required to remove complying with the required drinking water guideline values
were evaluated. Water samples collected reported hardness in the range of 111.73 = 1.41 —
680.33 + 1.53 mg/L as CaCO;s and fluoride 0.72 £ 0.03 mg/L and 2.84 + 0.05 mg/L. The
cadmium concentrations reported below the detection limit of 0.025 mg/L. Literature reported
that fluoride (0.1-13.7 mg/L) and hardness (63.6-1921.0 mg/L) concentrations in water are very
high. Fluoride concentrations in most CKDu prevalent areas exceed the drinking water guideline
value (1.5 mg/L). The World Health Organisation does not declare a health concern permissible
value to hardness in water. The cadmium level was reported in trace level in potable water less
than the permissible drinking water guideline value (0.003 mg/L). Nephrotoxic drinking water
guideline values should be declared for CKDu prevalent areas to control the spreading of
nephrotoxic health hazards. In non-CKDu prevalent areas, potable water hardness values were
often reported below the level of 120.0 mg/L and fluoride around 0.2 mg/L. Hence, potable
water consumption with a fluoride level of around 0.2 mg/L, hardness 120.0 mg/L and cadmium

0.003 mg/L will control the occurrence of CKDu.

Available water treatment technologies introduced in CKDu prevalent areas were evaluated to
identify their effectiveness in removing fluoride, hardness, and cadmium. Reverse osmosis, two-

layer and seven-layer filter units have been introduced, treating potable water as a short-term



solution for the disease. The reverse osmosis unit removes most of the ions in water, retaining
beneficial ions less in hardness 4.0-20.0 mg/L, high in fluoride 0.29-5.5 mg/L for human intake.
The other two filters (two-layer and seven-layer filter units) do not remove fluoride and hardness
effectively and add more ions into treated water due to the leachability in some minerals in the
media. Treated water does not meet the required drinking water guideline values, highlighting a

new requirement for water treatment units.

The risk assessment for RO treated water was conducted to identify non-carcinogenic health
effects in long term consumption. Hazard’s quotient values of different age categories did not
exceed the value one (1 > HQ) for a short duration of water consumption. Children (Age
category 1-9 years) are highly vulnerable to non-carcinogenic health hazards, and their HQ value
exceeded one (HQ > 1) within a short period for fluoride (80 days), calcium (1,440 days),
magnesium (2,160 days), and cadmium (360 days) before other age categories. HI mean values
with higher concentrations elaborated that multicomponent concentration combinations bring
adverse health effects on females in 1-9 and 10-19 years of age categories and males after 20
years of age. With mixture of component, age category 1-9 years exceeded HI>1 within 2 weeks
for higher concentrations of the mixture, age category 10-19 years within one month, age
category 2-90 years withing three months. The higher concentration value of components makes
people vulnerable for adverse health hazard within short period of exposure. Long-run
consumption of RO water causes non-carcinogenic health effects. Hence, developing a new

water treatment unit is of utmost importance to provide safe drinking water.

The modified fly ash (Zeolite) (ZEOL), MgO loaded alumina (MOMA), silver oxide
nanoparticle + graphene oxide composite (SONPs + GO) proposes the best combination of
materials to remove hardness, fluoride, and faecal coliform in potable water after conducting
batch and fixed-bed column studies. The fluoride (Q = 18.76 mg/g) and hardness (Q = 263.16
mg/g) experimental data aligned with the Langmuir model for batch studies. The fluoride and
hardness data corroborated with the Thomas model for fixed-bed column studies. The length of
unused bed values was calculated as 1.62 cm, 1.00 cm, and 0.81 cm for ZEOL, MOMA, and
SONPs + GO when each material's breakthrough points were considered the maximum
allowable concentration. The height of the ZEOL bed required to remove hardness for three
months of service period was calculated as 29.09 cm with the mass of adsorbent 2.63 Kg, 18.86
cm adsorbent bed height including the mass of 1.37 Kg of MOMA, and 6.48 cm with the mass



of 1.09 Kg of SONPs + GO. The cost of 1.0 L of treated water production was approximately
Rs. 8.80 and the total cost for 10.0 L of water (daily consumption of a family) was estimated at
Rs. 88.00. If a family of five household members consumes water for three months, the cost of
treated water production was calculated as Rs. 7,920.00 (monthly cost Rs. 2,640.00). The best
combination of multi-layer materials is a promising water treatment unit to remove fluoride,
hardness, and faecal coliform in drinking water. Therefore, the fabrication of a multi-layer home
filter unit using ZEOL, MOMA, and SONPs + GO is recommended to provide safe, clean
potable water for the community in CKDu prevalent areas.

Keywords: Adsorption, Faecal coliform, Fluoride, hardness, isotherms, kinetics, nanomaterial,

risk assessment
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