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ABSTRACT

ln this project we have studied the existing water puri$ing methods and

implement activated carbon filter,sand filter, sediment filter; reverse osmosis filter and

Ulfraviolet disinfection in possible low cost. The purified water quality such as-pH,

microbiological, heavy metals, total dissolved solids (TDS) are tested in the laboratory

and compared with the standardizedvalues. It is also kept in mind that the purifier

maintenances can be done by normal people. With a low cost water filter available,

peoples of developing counhies could enjoy having safe drinking water and improve

quality of life.
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Chapter I Introduction

Water is the basic necessity of a human being along with food and air so, it

can be termed as the 'Elixir of life'. As we know TIVo of the Earth is covered with

water but only lVo of them are consumable. So, the drinking water have great

influences on people's everyday life. In the developing countries like India, resources

of safe drinking water is very limited. Surface water often is the only source, thus water

contamination are hard to avoid. Unsafe drinking water causes dianheal diseases.

Statistics shows that ninety percent of all deaths of children in developing countries,

where resistance capacity of the children to infections are low only because of the

unsafe drinking water. [ 1 ]

This project aims to study the available water purifring methods and to

implement it. This work will focus in reducing the cost in designing and implementing

the purification system maintain their efficiency. With this help of low cost home water

purifiers, the risk of the waterborne diseases can reduced to an optimum level and

improve the people's quality of life.

Now-a-days many processes available for water purification. Reverse

Osmosis (RO) and Ultra Violet (UV) systems are the most reliable method for the

purification of contaminated water in the present days.

1.1 Objectives

) To study the existing water purification methods, and use the knowledge to design a

water purification system. This water purifier consist of will water puriffing

component and a valve for easy access of water.

) To design a low-cost and easily manufactured water purification system for the

common people. As we know that water is the integral part of human life so, by

providing a low cost water purifier to upgrade the quality of life is our main

objective.



F Use of simple technology and readily available materials are the prime consideration

and try to design it in such a way so that the maintenance of the purifier can be done

through normal people, does not required any trained technician.

) Try to implement solar energy as a redundant of electricity. This is because in the

developing countries there are various remote places where there is no electricity.

Our aim is to make the availability of pure water to every people so that without

electricity they can also enjoy pure water and improve their standard of living.

1.2 Background

Most of the people in developing countries do not have easy access to clean

drinking water. While safe drinking water is one of the most important part of life

because lack of access has resulted in many water related diseases.

Water purifiers are already being used in some developing countries. But the

price of the purifier is can't be afford by all the common people. Eureka Forbes which

dominating the market of water purifiers, only UV water purifiers with three stage

purification technique is cost about INR 6000. If we are going for UV-RO water

purifiers its cost goes up to INR 15000. As compared to developed countries developing

country like India has low per capita income. In such circumstances affording such

price on a filter is considered expensive. Ceramic water filters are also commonly used

in some developing countries. These filters are inexpensive and easy to manufacture.

They are effective at eliminating bacteria and sediments, but they do not remove

chemical contaminants.

So, the main aim of our project is to design a low cost purifier which will

eliminate all the organic and non-organic contaminants of water and can be used by

every common people.



Chapter 2 Literature Review

To improve the knowledge about the existing water puriffing processes, some

research was done on five most common types of home use water filters. These

common type of water filtration process includes the ceramic filter, sand and carbon

filter, sediment filter, Ultra Violate (JV) filter and Reverse Osmosis (RO) filter. We

have studied different filter types and comparisons were made on factors including

price, functionality, manufacturing process, maintenance and effectiveness.

Based on our result of comparison we have decided to implement all the

filtration processes on a cost which is much lower than the water purifiers present in

the market and which can be easily affordable by the common people. All the existing

purifying processes are describe briefly below-

2.L: Ultra Violate (UV) water treatment

UV treatment is a purification process in which the water is allowed to pass

through a special light source. The light source emits ultraviolet rays which deactivate

the harmful microorganisms from the water. This emits an ultraviolet spectrum of range

200-300 nm which deactivates UV rays change the nucleic acid (DNA) of viruses,

bacteria, molds, and parasites that present in water, so that they cannot reproduce. The

process does not add chemicals to water. The UV treatment requires pre filtering

process because particles in water can block the UV rays to deactivate the

microorganisms. Also, before UV treafinent the water should be tasted since hardness,

alkalinity and such properties of water can effect UV treatment efficiency. UV system

consists of a UV light, protective housing for the bulb, power supply, and filters for

pre/post-treafrnent. [2]
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2.22 Revense Osmosis treatment

Reverse Osmosis is considered as the best and the most effective water

purification technique in the present days. It is considered as the finest water furest

method because this method reduces almost all organic and inorganic chemicals,

bacteria, microorganisms, salq mebls and particulates that are found in contaminated

water. It also improve tastes and odor. Reverse osmosis water purifiers consist of a

semi-permeable membrane and a booster pump to obtain high pressure. These ultafine

membranes have pores of approximately 0.0005 microns in size. Water is pressurized

to about 4045 psi and then allows to pass through the membrane, this process removes

anything that's larger than 0.001 microns. Pre and post filtrations are usually combined

in a reverse osmosis filtration system. Reverse osmosis can remove many contaminants

including arsenic, fluoride, hexavalent chromium, nitrates and perchlorate. However,

reverse osmosis does not rcmove chlorine, volatile organic chemicals (VOCs) etc. So

the pre and post filfration is required to remove those particles.[3]

Figure 2: Reverse Osmosis Purification process
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Carbon and Sand filter
Sand filters are constructed with a bed of fine sand as the filtration media, and

gravel to support the sand. A complex biological layer, 'Schmutzdecke', which consists

of bacteria culture, is grown on the surface of slow sand filter. As water passes through

the 'Schmutzdecke' layer, particles of dissolved organic material are adsorbed and

metabolized. Slow sand filters can only filter water up to a certain turbidity level, since

water with high turbidity clogs up the filter bed quickly. Slow sand filters axe very

effective at removing heavy metals, and it is often combined with activated carbon to

remove organic material as well as to improve odor and taste.[4]

Carbon is known as a popular absorbent of impurities. Activated carbon is

processed carbon with a slightly positive charge added to it and is more athactive to

chemicals and impurities. It is exfremely-porous, thus provides high swface area to

volume ratio which increases the rate of absorption. Because ofthis property, activated

carbon is commonly used in water treatment systems. Activated carbon can be used

alone to improve tastes and odors, and it is most effective at removing organic

compounds including VOCs, radon, and chlorine. It can also be used as pre-treatment

for other water purification systems such as reverse osmosis and ultraviolet water

filters. Carbon can be obtained from a variety of sources such as coconut shell, wood

or coal, rice husk and all of which are readily available practically everywhere in the

world.[5]

Figure 3: Carbon and sand filter

Fllter Dralns



2.4: Sediment Filter
Sedimentation is a water filtration process which use gravity to eliminate

suspended solids from water. Solid particles draw along by the turbulence of moving

water may be removed naturally by sedimentation. One simple definition of sediment

is matter suspended in a liquid that will settle to the bottom. In a water treafinent these

particles may be rust flakes from the water pipes, sand grains and small pieces of

organic matter, clay particles, or any other small particles in the water supply. A

sediment filter works as a sieve to remove these particles. The sediment filter doesn't

have the ability to remove chemicals or heavy metals or make the water taste or smell

better. In general, sediment filters are rated by a "micron" number. This refers to the

particle size that will be stuck by the filkr. They are further classified into two, that are

"nominal" and "absolute". For example, a nominal 5 micron filter can trap 85 o/o of

particles of five microns and larger; an absolute 5 micron filter can that trap 99.9 o/o of

particles of 5 microns and larger. For most purposes, nominal filtration is fine; when

very high grade water is required, an absolute-rated filter may be needed.

Figure 1: Sediment Filter
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2.5: Filter comparison

Tables I and2summarize the advantages and disadvantages for using each of

the described water filnation methods.

Filter type Advantages Disadvantages

Ultraviolet

treatment

Inactive viruses, bacteria,

molds, illd parasites

o Requires electrical power

o Should not be used alone since it

only removes viruses, bacteria,

molds, ffid parasites

Reverse

Osmosis

treatment

Filters most contaminates out

of all other filter types.

. Expensive to make

o Need pressure to work system

o Require pre-filtering

Activated

Carbon

filter

o Cheap and easy to make

o Does not need electrical power

and chemicals

. Latge in volume

o Heavy

. Slow filtration rate

Sand filter o Cheap to make

o Material readily available

o Usually used as pre filter

Does not effectively remove

bacteria

Table 1: Advantages and disadvantages ofvarious purification methods
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2.62 Hardware Requirements

1) Arduino UNO board

2) H-Bridge (L293DNE)

3) HC-SR04 Ultrasonic level sensor

4) Power door lock actuator

5) UV chamber

6) Sediment Filter cartridge

7) 75 GPD RO membrane

8) 75 GPD RO system buster pump

2.6.1: Arduino IINO board

The Uno is a microcontroller board based on the ATmega328P. It has l4 digital
input/outputpins (of which 6 can be used as PwM outputs), 6 analog inputs, a16MHz
qtartz crystal, a USB connection, a power jack, an ICSP header and a reset button. It
contains everything needed to support the microcontroller. In this project primarily
Arduino is used to operate two linear actuators which controls the flow of water.[7]
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(a) Pin specialization of ATmega328P in Arduino

serial: 0 (Rx) and I (TX). used to receive (RX) and transmit (TX) TTL serial

data. These pins are connected to the corresponding pins of the ATmega8U2 USB-

to-TTL Serial chip.

External Intemrpts: 2 and 3. These pins can be configured to trigger an intemrpt

on a low value, a rising or falling edge, or a change in value. see the

attachlntemrpt0 function for details.

PWM: 3,5,6,9,10, and 11. Provide 8-bit PWM output with the analogWrite0

function.

SPI: l0 (SS), 1l (MOSI), 12 (MISO), 13 (SCK). These pins support SpI

communication using the SPI library.

LED: 13. There is a built-in LED driven by digital pin 13. when the pin is HIGH

value, the LED is on, when the pin is LOW, it's off.

TWI: .{4 or sDA pin and ,{5 or SCL pin. Support TWI communication using

the Wire librarv.
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The Uno has 6 analog inputs, labeled A0 through ,A5, each of which provide l0
bits of resolution (i.e. 1024 different values). By default they measure from ground to

5 volts, though is it possible to change the upper end of their range using the AREF pin

and the analogReference0 function.

There are a couple of other pins on the board:

AREF: Reference voltage for the analog inputs. Used with analogReferenceg.

Reset: Bring this line LOW to reset the microcontroller. Typically used to add

a reset button to shields which block the one on the board.

2.6.2: H-Bridge

An H-Bridge is an electronic device that enables a voltage to be applied across

a load in either direction. In our project we are using L293D driver to interface the

actuator with microcontroller and to change the polarity of the current to drive the

actuator.

(a) IC- L293DNE

The L293 is a quadruple high-current half-H driver designed to provide

bidirectional drive currents of up to 1 A at voltages from 4.5 V to 36 V. It is designed

to drive inductive loads such as relays, solenoids, dc and bipolar stepping motors, as

well as other high-current/high-voltage loads in positive-supply applications. . In our

project to interface power door lock actuator with microcontroller we use L293D

driver.

All inputs are TTL compatible. Each output is a complete totem-pole drive

circuit, with a Darlington transistor sink and a pseudo- Darlington source. Drivers are

enabled in pairs, with drivers I and 2 enabled by l,2EN and drivers 3 and 4 enabled by

3,4EN. When an enable input is high, the associated drivers are enabled, and their

outputs are active in phase with their inputs. When the enable input is low, those drivers

are disabled, and their outputs are off and in the high-impedance state.



(b) Basic Features

(c) Pin Configuration

ffin$btm
fnput?

Or$ut'l
GHS
Glrls

Sutr$2
Input 2

Vfi,{tfrT}

!Fq{$-sw
Input 4
Sutput 4
GNil

.{t,

,ffinmffig 3,

Figure 6: Pin out diagram of L293DNE
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2.6.3: HC-SR04 Ultrasonic level sensor

Ultrasonic ranging module HC-SR04 provides 2cm-400cm non-contact

measurement function, the ranging accuracy can reach to 3mm. The modules includes

ultrasonic transmitters, receiver and control circuit. The basic principle of work:

(l) Using IO trigger for at least 10us high level signal.

(2) The Module automatically sends

40 l<Hz and detect whether there is a

pulse signal back.

(3) If the signal back, through high

level , time of high output IO duration is

the time from sending ultrasonic to

returning.

Test distance - (high level time x

It has 4 pins:

l. 5V supply

2. Trig. Pin

3. Echo Pin

4. 0V Ground

In our project we are using the sensor to control the opening and closing of a

solenoid valve which in turn control the level of the tank.

2.6.4 Power Door Lock Actuator

An actuator converts energy into mechanical motion. The motion can be rotary or

linear, depending on the type of actuator. In our project we are using a l2volt DC linear

actuator which pushes and pulls a restrictor which restrict flow of water in the water

line.

ilil
F igure 7: HC-5R01 ultrasonic sensor

velocity of sound (340lWS) I 2

The linear actuator which

expands and contracts according to

the polarity of current signal. By

using this driver ICLZ93DNE we can

drive the actuator in either direction.

We give two inputs to move forward

(expands) and backward (contracts).

l3

Figure B: Linear door lock actuator



From the pin out diagram figure 6 Where 2 &7 pin of L293D are inputs from

microcontroller ports these input are enable only when lpin of L293D is high and3 &

6 pins of L293D are inputs to pneumatic actuator. We give supply to the IC from a

l2volt Battery. In this when enable low then actuator stops and when enable is high

and both inputs are same that is either high or low then also actuator stops. It works

only when one input is high and enable is high.

2.6.4 UV chamber

One of the development of new technologies for decentralized water treatment

is UV treatment. One important aspect is to have low-energy consuming systems. In

that regard, the UV disinfection using IJV lamp or LEDs (Light-Emitting Diode) seems

a promising technology. For water disinfection, 250 nm to 282 nm wavelength range

UV rays are used. In this project we are using a IfV fight of I lwatt and260 to 300 nm

wavelength range with a UV chamber.

I;igure 9: W lamp with Chamber
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2.6.5 Sediment Filter Cartridge

Virtually all carfidge-style sediment filters follow the *radial flow" pattern. In

a radial flow design, water flows through the wall of the filter into the inner core. This

arrangement provides filtering surface that consists of the entire length and

circumference of the cartridge. In this project we are using a 5 micron sediment filter.

Figure I 0 : Sediment filter cartridges

2.6.6 75 GPD RO Membrane

Reverse Osmosis is a technology that is used to remove a large majority of

contaminants from water by pushing the water under pressure through a semi-

permeable membrane. In this project we are using a 75 GPD RO membrane. The main

specifications of this membrane are-

l. Applied pressure is 50 psig
*v*$ra ."-;,

or 3.4 bar

2. Permeate flow rate is 75 ;jr
GPD or 12 LPH ";T#*"W:

3. Typical stabilization salt

Rejection 99%

Itrt:rrrd (r*rUd

Hr*3rn*

15

Figure I I: RO membrene



2.6.7 50 GPD RO system booster PumP

The RO system booster pump is required in RO water purifiers because RO

membrane need atleast 40 psig input pressure for remove the contaminants from water

when water passed through it. In this project for RO membrane of 75 GPD minimum

50 psig pressure is needed. The pump specifications are-

1. It can Broduce upto 80 psig pressure at output.

2. Supply voltage is 24V DC.

3. Maximum current is 0.64 Amps.

Figure I 2: RO system booster pump
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Chapter 3 Preparation of Activated Carbon

3.1 What is Activated Carbon?

Activated carbon, also known activated charcoal, is a form of carbon

processed to have small, low-volume pores that increase the surface area available for

adsorption or chemical reactions. The carbon-based material is converted to activated

carbon through physical modification and thermal decomposition in a fumace, under a

controlled atmosphere and temperature. Activated carbon is mainly used in various

purification processes such as gold purification, water purification and gas purification

and also used in medicine, sewage treatment, air filters in gas masks and respirators and

many other applications.

3.1.1 Methods for Activating Carbon

a) Physical activation

It is prepared by Activation or commonly known as Oxidation. In this

process raw material or carbonized material is exposed to oxidizing atmospheres

(oxygen or steam) at temperatures above 250 "C, usually the temperature is in the range

of 600-1200 "C.

b) Chemical activation

Prior to physical activation, it can be done by chemically where the raw

material is impregnated with certain chemicals. The chemical used is typically an acid,

strong base, or a salt such as phosphoric acid, potassium hydroxide, sodium hydroxide,

calcium chloride, and zinc chloride etc. Then, the raw material is carbonized at lower

temperatures. The main advantage with this method is the temperature range is smaller

than physical activation, It ranges from 450-900"C.

3.1.2 How Does Activated Carbon Work?

Physical adsorption, is the primary means by which activated carbon

works to remove contaminants from liquid or vapor streams. Carbon's large surface

area per unit weight allows for contaminants to adhere to the activated carbon media.

Physical adsorption occurs because all molecules exert attractive forces,

especially molecules at the surface of a solid (pore walls of carbon), and these surface

molecules seek to adhere to other molecules.
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The dissolved adsorbate migrates from the solution through the pore channels

to reach the area where the strongest attractive forces are located. Contaminants adsorb

because the attraction of the carbon surface for them is stronger than the attractive

forces that keep them dissolved in solution. Those compounds that exhibit this

preference to adsorb are able to do so when there is enough energy on the surface of

the carbon to overcome the energy needed to adsorb the contaminant.

Contaminants that are organic, have high molecular weights, and are neutral, or

non-polar, in their chemical nature are readily adsorbed on activated carbon. For water

adsorbates to become physically adsorbed onto activated carbon, they must both be

dissolved in water so that they are smaller than the size of the carbon pore openings and

can pass through the carbon pores and accumulate.

Besides physical adsorption, chemical reactions can occur on a carbon surface.

One such reaction is chlorine removal from water involving the chemical reaction of
chlorine with carbon to form chloride ions.

3.2 Preparation of Activated Carbon used in the experiment

3.2.1Raw Materials

In our experiment we have used three raw materials for preparing three

individual activated carbon sample. Those raw materials are Areca, Water Hyacinth

and Rice Husk. Each sample of activated carbon is used separately in the purifier and

the purification rate of each sample is tested in laboratory.

3.2.2 Procedure of preparation

The raw material were incintered in muffle fumace at 700oC for 6 hours.

After burning process the ash was allowed to completely inside the furnace. So that it

can't absorb the moisture. Then the ash was screened through 2l}pmsieve to eliminate

the oversize particles. Then the ash was stored immediately in airtight container.
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3.2.3 Chemical Composition of the three Activated Carbon

Msifion of dffirent types of activated carbons

sl.

No.

Chemical

Constituents (wt."h)

Water

Hyacinth Ash

Areca nut

Ash

Rice

Ash

Husk

1 Silicon Dioxide(SiO) 4.40 28.44 94.30

2 Aluminum Oxide(Alzos) 2.20 3.60 1.00

3 Ferric Oxide(Fezos) r.27 1.91 0.94

4 Calcium Oxide(Cao) 22.61 2.71 1,.45

5 Magnesium Oxide(MSO) 14.01 3.87 2.08

6 Sulpher Trioxide(Sos) 3.09 7.80 1.22

7 Sodium Oxide(N a2O) 0.3 5 0.24 0.15

8 Potassium Oxide(Kzo) 14.82 26.52 4.64

9 Loss of lgnition(LoD 31 .45 23.50 2.97
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Chapter 4 System Design and Implementation

4.1 Hardware Block Diagram and Description

Figure I 3: Block diagram

From the raw water tank the raw water flows to the first purification stage that

is activated carbon and sand filter through a solenoid valve. The opening and closing

of the valve maintains the level of water in the first filtration stage from the raw water

tank. The valve is connected to an ultrasonic level sensor through a microcontroller.

The ultrasonic sensor measure the level of the tank and sends signal to the

microcontroller. According to the microcontroller programming the valve will open and

close when the water level exceeds some certain limit or below the certain limit. The

water from the first stage fed to the sediment filter stage. Where all the contaminants of

size less 5 microns is allowed to pass through it and oversize particles are removed.

Then from this purification stage the water is fed to the RO booster pump from where

the water is fed to the RO membrane at a pressure of 80 psig. From the RO membrane

the water fed to the last stage of purification that is Ultra Violet (UV) disinfection

chamber. There are two valves in the inlet and outlet of the UV chamber to keep the

water for some time in the chamber for disinfection. The opening and closing of the

two valves is so synchronized that the water will remain inside the UV chamber for

some time and the continuity of the flow in the outlet is also maintained which is done

by the microcontroller. The water in the outlet is pure potable water.
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4.2 Circuit Diagram of the actuator driver
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4.3 Circuit Diagram for'Level Control
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Chapter 5 Programming Codes

5.1 Arduino Program for Driving Actuator

int sw-O;

int actuator-forward : 1 1 ;

int actuator reverse - 12;

void setup0

{
pinMode(2,INPUT);
pinMode(actuator-forward, OUTPUT) ;

pinMo de (actuator-reverse, OUTPUT) ;

)

void loop0{
sw-digitalRead(2);
if(sw-:HIGH)
{
digitalWrite(actuator-forward, 1); I lterminal Dl will be HIGH

di gitalWrite (actuator_reverse, 0 ); I I tenrtinal D2 wil I be LOW

delay(delay time) ; I lcreates delay

digitalWrite(actuator_forward,0); I lterminal D 1 will be LOW

digitalWrite(actuator_reverse, L); I lterminal D2 will be HIGH

delay(delay time); llcreates a 5 seconds delay

digitalWrite(actuator_forward,0); I lterminal D 1 will be LOW

di gitalWrite (actuator_reverse, 0 ); I I tenrrinal D2 wil I be LOW

delay(5000); llueates a 5 seconds delay

llMotor will stop rotating for 5 seconds

llagunthe loop0 will run from the begining until the board is turncd OFF

)
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5.2 Arduino Program for Level

#define echopin 9 ll echo pin
#define trigpin 8 ll Trigger pin
int maximumRange :20;
long duratior, distance;

void setup0 t
Serial.begin (9600);

pinMode (trigpin, OUTPUT);
pinMode (echopin, INPUT );
pinMode (4, OUTPUT);
pinMode (l3,OUTPUT);

)
void loop 0
{
{
digitalWrite(trigpin,LO\ D ;

delayMicroseconds(2) ;

di gitalWrite (tri gpin,Hl GH) ;

delayMicroseconds( I 0) ;

duration:pulseln (echopin,HlGH) ;

distance: durati onl 58 .2;

delay (50);

S erial . println(di stanc e) ;

)
if (distance

digitalWrite (4,HIGH) ;

digitalwrite (1 3,HIGH);

)
else if (distance <:2) t
digitalWrite (4,LO\ D;
digitalWrite ( I 3,LOW);

)

)

Control
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Chapter 6 Testing Methods and WHO standards

6.1 Methods of testing

l. Nutrients test

2. Metal test

3. General test

6.1.1: Flow rate test

It is a basic test for the purpose of knowing how much liter of water can be

purified by the purifier in an hour or a minute. In our project flow rate of water is

almost 0.2ltrlmin.

6.1.22 Filter effectiveness test

We can determine the effectiveness of a water filtration systern by testing

for dissolved solids, pH, hardness, iron, chlorine, lead and copper.

Dissolved solids:
Dissolved solids are the minerals and salts that are contained in the water.

The federal guideline for total dissolved solids and maximum contamination level

is 500 mg per liter.

pH

pH is an indication of acidity or alkalinity of the water. Ideally, water should

be neutral with a pH of 7. Acidic water will have a pH less thanT and will have a

sour taste as acidity increases. Basic or alkaline water will have a pH above 7 and

will have a bitter taste as alkalinity increases. Neutral, or nearly neutral water has a

pH of about 7 and should have no sour or bitter taste. The pH will affect the amount

of minerals and salts that dissolve in natural water.

Hardness

Hardness in water is caused by dissolved minerals, primarily calcium

(Ca2+1, magnesium (Mg2+), iron (Fe2+), strontium (Sr2+1, zinc (Zn2+), and

manganese (Mn2+) with calcium and magnesium present in significant

concentrations.
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Iron

Iron may be present in water as iron(Il), Fe2+, which can oxidize to iron(III),

Fe3+. It comes from natural deposits in the environment and from iron pipes in

water systems.

Chlorine

Chlorine is the disinfectant most frequently used for water and wastewater

treatment. Depending on the source ofwater in your locality, the amount of chlorine

can vary from a slight amount that is hardly noticeable to a higher concentration

that some people find objectionable. When chlorine is added to water, it forms

hydrochloric (HCl) and hypochlorous (HCIO) acids. The hypochlorous acid is

responsible for the disinfectant action as well as a bleaching action

Lead

Lead and its compounds are poisonous and accumulate in the bone structure

when ingested. Accumulation of significant amounts of lead in the body may cause

severe and permanent brain damage, convulsions, and death.

Copper

Copper concentrations in drinking water are usually very low and is not

considered a health haznd. When copper concentrations exceed more than I mglL,

it can impart a bitter taste to the water.

Arsenic

Arsenic and its compounds 'are poisonous. Arsenic compounds irritate the

stomach severely and affect the heart, liver and kidneys. Accumulation of arsenic

in the body will result in nervousness, thirst, vomiting, diarrhea, cyanosis, and

collapse. The maximum amount of arsenic permitted in drinking water is 0.05 mglL.

6.2 WHO standards

The World Health Organization (WHO) published a guideline for safe drinking

water standards. This has been summarizedin Appendix B. There are other drinking

water guidelines that exist. These include guidelines from Canada, and the

European Union. The standards from WHO were used because they represent the

global drinking water standard. The water filter to be designed should be safe for

use in all countries around the world. All water testing results performed in this

project will be compared to the recommended values from the WHO guidelines.



Characteristics RaW Water Sample I
(Areca nut ash)

Sample 2
(water hyacinth

ash)

Sarnple 3

(Rice husk ash)

pH 7.68 7.46 7.,42 7.52

Table 4: pH test resutrts

Chapter 7 Purified Water quality Testing and
Results

7.1 pH test

pH of water is the hydrogen ion (H+) concentration in fluid. pH of distilled

water is 7. Lower pH number indicates acidity and higherpH number indicates basicity.

According tb Bureau of Indian Standard (BIS) the pH of drinking water should be in

between 6.5-8.5 (S 10500:2012). The test is done for three water samples of three

different activated carbon. The test results are tabulated below-

7.1.1Instrument used

The inshrment use for measpn4g pH is a pH elechode. Generally two

electrodes are used one is reference electrode and measuring elecfrode but now a days

both electrodes are combined together to form one electrode. For measuring pH of any

unknown fluid just we have to dip the elecfrode into the fluid it automatically shows

the value of pH. The details of the instrument we are using is mentioned below-

Instnrment n4lne: pH tester 30

Specifications

o pH Range :1.0. to 15,0 pH

o Acctrr acy: *0.01 pH

o Resolution -0.01 pH

Temperature Display =0 to 50 oC or 32 to I22 oF ,

Power: 4 x l.5V alkaline button cell batteries; >500 hrs

o pH Buffer Qptions:USA - pH 4.01, 7.00, 10.01, NISi - pH 4.01,6.86, 9.18

O

26



7 .2 Microbiological Test

The end-product testing always be a vital part of any food manufacturing

control strategy. The products in which microorganisms can survive and grow, routine

microbiological analysis is important to confirm that manufacturing control

mechanisms are effective. It is also necessary for the checking of raw material quality

(e.g. to confirm that they are within specification), or for investigating customer

complaints.

7.2.1Test method used

To test the presence of microorganisms like bacteria and viruses in the

purified water Nutrient Agar technique is used. Nutrient Agar is used for the cultivation

of a wide variety of microorganisms. The formula for Nutrient Agar as a standard

culture medium used in water testing is standardizedby the American Public Health

Association (APHA) and Association of Official Analytical Chemists (AOAC).

Nutrient Agar continues to be a widely used general purpose medium for growing

nonfastidious microorganisms.

In our experiment we are using three samples of purified water, samplel

(Areca nut ash), sample2 (Water hyacinth ash) and sample3 (Rice husk ash).

Formula/Liter

Enzymatic Digest of Gelatin (Yeast Extract) : 5 gm.

Beef Extract: 3 gm.

Agar powder - 15 gm.

Final pH - 6.8+0.2 at25"C

Procedure

Suspend23 gm of medium in one

Heat with frequent agitation and

dissolve the medium.

liter of purified water.

boil for one minute to completely

Autoclave atl2I"C for 15 minutes.

Inoculate medium with isolated colonies or a loopful of pure culture

from broth. Stack for isolation.

5. Incubate aerobically at 35oC for 18-24 hours or longer if necessary.

Results

Good growth of nonfastidious organisms on Nutrient Agar will appear as

translucent colonies.
, 

_]

I

I

I

i
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7.2.2 Result of Microbiological Test of the Samples

(c) (0 (il (h)

Figure l6:(a)Raw water pure,(b)Raw woter diluted,(c)samplel pure,(d) samplel

diluted (e) sample2 pure, (f) sample2 diluted, (g)sample3 pure, ft) sample3 diluted.

The results in tabulated form

Water Sample Counts of translucent colonies(Nos.)

Pure Sample Diluted Sample

Raw Water Infinite Infinite

Samplel (areca nut
ash)

23 7

Sample2 (water
hyacinth ash)

19 I

Sample3(Rice husk
ash)

76 2s

Table 5: Microbiological Test Results

7.2.3 fnstruments used and its specification

1. MAC Vertical Autoclave (PASW-2O)

It is a portable autoclave. This type oOf autoclaves are most ideal for general

laboratory requirement where samples in small batches are required to be sterilized.

(b)
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Specifications

o Inner Dimensions (Diameter x HeighQ :350 X 325mm

Capacity -22 liters

Heater Load - 2.0 KW

Controller - pProcessor Based

Indic ator- cum- C ontroller

Semi-Automatic Digital Temperature

Timer (Auto time controller) : With Automatic Digital Minute Timer

Display : Digital LED display for set value (SV) and process value (PV)

Exhaust of Pressure: Manually through a exhaust valve

Pressure Gauge : 0-2.1kgflcm2 (30 psi)

Sterilizing Pressure : 0-2.1kgflcm? (15 psi) at I2l"C

2. LABWIT incubator shaker (ZWY'zllC)

It is horizontal floor model incubator shaker. It offer large capacity all sizes of

flasks up to 5 liters. Units are widely used for germ culture, fermentation, biochemical

researchers, enzymes and cellular tissues. Sophisticated PID controller provides new

units with great flexible choice of constant controlling at one fixed temperature and

speed.

Specifications:

o Control: PID microprocessor

. Volume(liters) :260

. Working temperature: 5-25oC

o Shaking speed: 30-300 rpm

o Temperaturerange:4-60oC

o Temperature accuracy : 0.l'C

. Timer: I to 9999 minutes
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Parameters Lower Limit of

detection(ppb)

WHO Guideline Value (ppb)

Arsenic(As) 5 <10

Cadmium(Cd) 3 <3

Chromium(Cr) 50 <50

Copper(Cu) 5 <2000

Lead(Pb) 5 <10

Manganese(Mn) 5 <100

Mercury(Hg) 5 <6

Nickel(Ni) t0 <70

Zinc (Zn) 5 <4000

7.3 Heavy Metal Test

The heavy metal refers to any metallic chemical element that has a relatively

high density and is toxic or poisonous at low concentrations. Examples of heavy metals

include mercury (Hg), cadmium (Cd), arsenic (As), chromium (Cr), thallium (Tl), and

lead (Pb).

7.3.1WHO Standards for Different Heavy Metals in Drinking Water

World Health Organization (WHO) standardized some guidelines for the

presence of heavy metals in drinking water. The values of standardizationis mentioned

below:

Table 6: WHO standard guidelinefor heavy metals

7.3.2Instrument Used

For analysis of the heavy metals we are using Truce2O metalyser HMl000 kit. The

Metalyser Portable HMl000 instrument is ideal for testing of very low heavy metal

concentrations in natural water courses, for example, lakes and rivers. The instrument

is used both as a collection and measurement device for at-site analysis. It is very

portable using a battery as its power source and can provide results to <l0ppb rapidly.

The Metalyser Portable HMl000 utilizes a voltammetric technique that allows the

analysis to occur.

Components Inside the Kit

The kit is mainly consist of three main electrodes, viz. counter electrode,

reference electrode and working electrode.
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How It Works

Molecules, ions or atoms that take part in an electrochemical reaction change

their oxidation state. The oxidation state is derived from the imbalance of electrons and

protons in the species. The Metalyser uses voltammetry which works by applying a

voltage to an electrode (the Working Electrode) which has the effect of attracting ions

in solution and adsorbing them onto the electrode thus changing their oxidation state.

Where (aq) denotes aqueous (in solution), (s) for solid and (e) stands for

electrons. M is the metal adsorbed onto the Working Electrode surface.

This reaction occurs at the half potential reactivity of the cadmium reducing it

to its metallic form. The analytical signal which is measured comes from the reverse of

the above reaction, i.e. the polarity of the Working Electrode is made less negative

(more positive) and the positively charged ions are removed from the electrode then

releasing the electrons back into solution creating a current. The magnitude of the

current is directly proportional to the concentration of the cadmium in the solution.
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7.3.3 Arsenic Test

0.3

Figure 18: Graph of the arsenic anolysis

Test is perform individually for thrce different samples of purified water and

raw water. The three samples are sample l(areca nut ash)' sarrple 2(water hyacinth ash)

and samPle 3(rice husk ash)'

Test Results

Presence of Arsenic ( in PPb)

I 1.20
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Sample Name

Raw water

Sample I

Sample2

Sample 3

ffiienic test results

Graphicel RePresentation
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7.3.4 Cadmium- Lead Test

Same as the arsenic test it also done individually for three different samples,

sample l(areca nut ash), sample 2(water hyacinth ash) and sample 3(rice husk ash).

Test Result

Sample Name Presence of Cadmium (in
ppb)

Presence of Lead (in ppb)

Raw water 2.78 6.72

Sample I 1.348 3.635

Sarnple 2 0.857 2.834

Sample 3 2.095 4.367

Table 8: Cadmium-Lead test results

Graphical Representation

C.admium-Lead Metal AnalYsis

0.9

0.8

0.7

0.5

a-

g 0.s
rF-
Ptr 0.4e(i

0.3

0.2

0.1

0

Areca RAW

0 0.5

Vott*e(Vl

Figure 19: Graph of Cadmium-Lead analysis
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7.4Total Dissolved Solids (TDS) Test

The Total Dissolved Solids (TDS) is measured by using Spectrophotometer. A

spectrophotometer consists of two instruments, namely a spectrometer for producing

light of any selected color (wavelength), and a photometer for measuring the intensity

of light. The instruments are arranged so that liquid in a cuvette can be placed between

the spectrometer beam and the photometer. The amount of light passing through the

tube is measured by the photometer. The photometer delivers a voltage signal to a

display device, normally a galvanometer. The signal changes as the amount of light

absorbed by the liquid changes.

When monochromatic light (light of a specific wavelength) passes through a

solution there is usually a quantitative relationship (Beer's law) between the solute

concentration and the intensity of the transmitted light, that is,

I_ Iox 10-kcl

Where Is is the intensity of transmitted light using the pure solvent, 1 is the

intensity of the transmitted light when the colored compound is added, c is

concentration of the colored compound, / is the distance the light passes through the

solution, and k is a constant. If the light path / is a constant, as is the case with a

spectrophotometer, Beer's law may be written,

10-kc - T

Where k is a new constant and T is the transmittance of the solution. There is

a logarithmic relationship between transmittance and the concentration of the colored

compound. Thus,

-[ogT:1og f,k" 
:Optcal Desnsity(OD)

The O.D. is directly proportional to the concentration of the colored

compound.

I
Io

34



7.4.1Test Results

The spectrophotometer we used has a wavelength range of 200-ll00nm.

According Bureau of Indian Standard(BlS) for the Total Dissolved Solids(TDS) the

amount of acceptable limit is 500 and permissible limit is 2000. The peak absorption of

light wavelength by dissolved solids is obtained at a wavelength of 1098 nm. ln this

test alsoraw water and three samples of purified water is examined, they are named as

sample 241(raw water), sample Z42(arccanut ash), sample 243 (water hycinth wash)

and sample 244 (ricehusk ash). The value of absorbance is mentioned below-

Sample Name Peak wavelength (run) Absorbance

Sample 241 1098 0.21 135

Sample 242 1098 0.005255

Sample 243 1098 0.007342

Sample 244 1 098 0.009923

Table 9: Spectrophotometer results

Graphical Representation

0.1
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Sample242.SamPle

Sample243.Sample

Sample244.SamPle

Figure 20: Graph of TDS analysis using spectrophotometer
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But in the graph, that is obtained from spectrophotometerthe absorbance peaks

at 1098 nm wavelength is not clearly visible. So, the variation of the absorbance

between the raw water and the three samples distinctly. In order to clearly see the peaks

the following gaph can be used-

o
I
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Current RAW Current _Areca Current_WHA Current
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Figare 2I : Spectroplntometer graph with distinct absorption peaks

From the graph it clearly visible that the amount of absorption of light is very

low in case of the three purified water sample that of the raw water. So it can directly

understand that the amount of total dissolved solids is very low.

7.4.zlnstrument Used

In our experiment we are using Perkin Elmer (UV/US) spectrophotometer, the

model number is Lambda 45. It is an Ultra Violet/ Visible spectrum spectophotometer.

It has increase productivity by mimicking the QA workflow to generate high-quality

results the first time, every time.
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Specifications

1 . Wavelength range= 190-1 100 nm

2. Wavelength accurac,y:+0.1 nm

3. Wavelength reproducibility= t0.05 nm

4. Photometric accuracy- +0.001 A, +0.005 A, +0.010 A

5. Photometric reproducibility: (0.001 A
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Chapter I Result and Discussion

o In this project we have successfully completed all the stages of water

purification process. All the drinking water qualrty test is carried out and the

results are positive and satisfactory.

o At first the pH test is done and have obtained almost same pH value for all the

three samples and raw water which is in between 6.5-8.5(standard for pH

according to IS 10500 -2012). The result is graphically shown below-

pH Test Results
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Figure 22: pH test results

In microbiological analysis of water we have very satisfactory result. For the

raw water we have infinite count of translucent colonies of microorganisms.

After purification it the count is reduce to23,19 and 100 respectively for areca

nut ash, water hyacinth ash and rice husk ash.

In heavy metal testing we have done the test for arsenic, cadmium and lead.

Arsenic is reduced by 58%that of the raw water by using rice husk ash, reduced

by 760/o when using water hyacinth ash and 69% when areca nut ash is used.

The cadmium is reduced by l7o/o, 690/o and 24o/o when areca nut ash, water

hyacinth ash and rice husk ash respectively. Lead can also be reduced upto 57Yo

as well. Graphically it shown in the next page.
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Heavy Metal Analysis
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Figure 23- Heauy metal analysis results

. The Total Dissolved Solids (TDS) of raw water and the three purified water

samples are analyzed in spectrophotometer and compared. All the purified

samples absorb very less amount of light than that of the raw water. This means

the purifier is very effective in removing the amount of dissolved solids.

Graphically it is shown below-

TDS Analysis
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Figure 24: TDS anatysis graph

By analyzing all the test results it can be summarized that the purifier can

effrciently filtered out most of the hamful particles from the raw water and provides

potable drinking water.
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Chapter 9 Future Scope

The samples of activated carbon chemically react with the heavy metals and

absorb the heavy metals. So it has to be tested for the stagnation point of

absorption by the ash, i.e how long it can absorb the heavy metals and after what

period of time it has to be replace for maintain the efficiency of filtration.

o The remaining tests such as for other heavy metals like mercury, chromium,

copper etc ,turbidity, hardness all analysis should be done in order to maintain

the standard of purification.



Chapter 10 Conclusion

Water is the basic prerequisites for all the living organisms. For hulnan beings

water is one of the most necessary thing used from morning to the evening. But the

water that is used for drinking must be pure otherwise lack of access has resulted in

many water related diseases. In this project we by our best to make a low cost water

purifier which cost about INR 2500 and can be afforded by common people. It consist

5 stages of purification consist of Reverse Osmosis filtration and Ultra Violet ray

disinfection. We made it successfully done. We have also made three type of activated

carbon ash and amlyze the purified water individually by using individual activated

carbon. All the test results are positive and satisfactory.
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Appendix A

Cost Analysis

Photo of Prototype

Sl. No.

1

,

Products Price

INR 450

er* 5 mtr. '/4'

pipe

INR 310

3

4

RO membrane INR 750

ffirpump INR I23O

Total Cost INR 27TO
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Alurninum AI

NHr' < 002 rngll No guideline:

sb, C.02,mg/" 
,j

As 0.01 netll
No guideline

Ea. C.7,mg/l

Be < L.wl,li,

B"
cd'
cl ''

Co-pper Cu' 2 m&11 '

CN-

Cz' No,guideline

FJrioride F (,1,5 mg/t l:smd.l
'lHardn€ss No guideline

Hydloxen'zulphida No,Euldelin€,,

Fb, 0.01 mgll
Mn, o'$ mg/l

Hg, '

Molybdenurn Mrb ( 0.01 mg/t

Ni < 0.02 mgll C,07 rn'gll

NOt' NOz

No,guideline

Ag,, No guideline

Na

No,guideline,:;''' ,i
$n' ,

7n '' No guidelin,e



Formula

-;--; *** ,;,: ; ,, ,; , " .,

.WHO guidefine
amount

e|l!@.Yfu

4ue[ :

Dichlor:omethane cH2cl2 20 vell
L19"[hlgroethpne c-2Hicl2

clcHzCh2Cf

9Hilcl' No suideline
C2H2Cl2 No,guideline

1,, 2-Dich lo roeth en e,: ciH2cl2 50 pgll
l'richloroethene

Q1HCl3 2o'y19fi
letrach loroCthene, czcl4 aa p6/l

Aromatic
hydrocarbons

Benzene CsHe

Ioluene Czl-le

CgHre, 
,,

CrHlNrOsPr g Not mentioned
Ch l'orinated, benzenes : c#5cl No'guideline

c6H4cl2

caHic!, No guideline-.--r_--'.'-

1,4-Dichlorobenzene C5HaCl2 300 rrgll .

c6H3cl3 No,,euideline
Itvt iscef la neou s orga n i;
constituents
I

|jd1o2oo
;" "--,J,",,, "* l- ,- ,-, **

No guideline
Czctlgso+

".-,*rrEir..r"-,., ;,r . r'-t-,,,,;.*

8,uglJ j

{,irvtqU!,uS, C3H5'NO

3HsClO g.z[,pg/l

ClsHl2NzOe 500 uell
N(CH2COOH)3 z_-00 pgll

Diaf kyftins RzSnXz No guideline
C2aH5aOSn2 No guideline,'

...:.'| r i.
onnKtng water

'.,.Y:t

:ll

' i; ..



:,T3!! Aa WHO disinfectant anddisihfectant by.products gqidetine for pfe drink;ng wat

Group

Dibinfectants Chlor:amines NH2CI Ngt,mentione-d,'
l2 5"mgll

Noguideline

2 No guideli:ne

fOisinfectant by-

lnroduas

I

l

Bromate

Chlorate ClOr- 70i vell
Chlorite cl02- 7o;Pgll
2-ghlgrophenol c6Hsclo No guideline

L4, D i q h I o roll_h 
-e- 

n o I c6H4cl20 No guideline
2,4; 6:Trichlbfo p h e n ol c6H3cl3o 200 pell
F,oimaldehyde HCHO No guid:eline
MX C5H3Cl3O3 No euideli:ne

CHB13
-100 

p59/1,

CHBrzcl 100 vell
Brom od ich,l o r:om eth a ne CHBrClz, 60,trg/|, '

300 tt&Jj',
Monochloroacetic acid c2H3clo2

#!.*--='.e+q

No;ilidetin;
2H2Cf 2O2 50, uell

C2HCl3O2 2O vell
Qlloral hydrate c_cl3cH{o}t)z No,guideline

caHsocl ffi
2HCl2N 2olle/l

C2H Br2N 7o vg/l
cHcl2cN N_o guideline

Irich lo,roa ceto n itri le c2cl3N No guldeline
Cyanogen g,!lloride lcN 7a;Yg/l
Chf orropicrrin CC|3No2 o guideline

I



.' :

Substince'
WnO guideline ''

amount
4-:--_...

Alachlor ClaH2oGlNO2 2,O'vgll

CzHrNzOnS 19:FBl1 , ,- ,

Aldrin'and Dieldrin CuHsCl5 shd CpHsCl5O 0.03 pg/l

Atrazine CsHlaClN5 2 vgll
Bentazone ClsHuNzOsS No guideline

Carbofuran CpH'15N01 7"Jl€ll

Chlorotoluron ClstlsCf NzO

DDT CraHgCls

C3H58t'2Cl l'l,tg/l I 
'

Z,4-dich lorophen oxyacetlc ac1{ CetleClzOg L vell
1,2-dichloropropa ne C3l'l5C12 30 pell

rHeClz' :

1,3-dichloropropene cH3cHclcHrcl No guideline 
r

Ethylene'dibromide ,:
BTCHzCH2BT' Tavsll
CfiH5Cl7' Not'mentioned

Hexachlorobenzene ClsHgClzO No guidel,ine

12H1sN20 9've/l
Lindane C5H5Cl5 2 vell

caHecl03 2 vell
Methoxychlor c6H4ocH3)2cHccl3 2o'lt$ll

.^ ,_.],.-
rsHzzClNOz LO"]tgll

-
Molin,ate calhTNos

C13HrleOaN3 2o vell ,

Pentachlorophenol CeHClsO', e ttelt
Per'rnethrin C2lH2oClzOg 300 l$,ll
Propanil caHeclzNo No guideline

Pyridate CpH.xClNzOzS No guideline

Simazine 7Hi2ClN5 T vefl

--'_----

trifluralin fHiaFgNOn eo pell

'

Table A4 WHO pesticides.guideline for safe drinking water
:...,
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Ultrasonic Ranging Module HC - SR04

Product features:

Ultrasonic ranging module HC - SR04 provides 2cm - 400cm non-contact

measurement function, the ranging accuracy can reach to 3mm. The modules

includes ultrasonic transmitters, receiver and control circuit. The basic principle

of work:
(1) Using IO trigger for at least 10us high level signal,

(2) The Module automatically sends eight 40 kHz and detect whether there is a

pulse signal back.
(3) IF the signal back, through high level , time of high output IO duration is

the time from sending ultrasotric to retuming. <

Test distance'*(hightevel timexvelocity of sound (3 40MlS) I 2,

Wire connecting direct as following:

O 5v,,Suppl5/.' ,r, , ''' ' , '

o Trigger Pulse Input
o Echo Pulse Output
o 0V Ground

Electric Parameter

Working Voltage DC5V
Working Current l5mA

Working Frequency 4OH.z

Max Range 4m

Min Range 2cm

MeasuringAngle 15 degree

Trigger Input Signal l0uS TTL pulse

Echo Output Signal Input TTL lever signal and the range in
proportion

Dimension 45*20*15mm



ffi

Timing diagram
,\rir'.r\l\\Ut'l"r\.'?r'

The Timing diagram is shown below. You only need to supply a short l0uS
pulse to the trigger input to start the ranging, and then the module will send out
an 8 cycle burst of ultrasound at 40kHz and raise its echo. The Echo is a
distance object that is pulse width and the range in proportion .you can
calculate the range through the time interval between sending trigger signal and
receiving echo signal. Formula: uS / 58 : centimeters or uS / 148 :inch; or: the
range: high level time * velocity (340M/s) / 2;we suggest to use over 60ms
measurement cycle, in order to prevent trigger signal to the echo signal

10uS llTL. Timing Diaprrarn

Tngger Input
to Ivloduls

$snic Burst
from Module

Echo Pulse trutput
tn User TrmExrrg Cu-cuit

B Cycle Sonir Burst

Itrput TTL lever
sigrral with a raf,rge

ur propnr[ion

Vcc Trig' Echo GNI)



Attention:

o The module is not suggested to connect directly to electric, if connected

electric, the GND terminal should be connected the module first, otherwise,

it will affect the normal work of the module.

o When tested objects, the range of area is not less than 0.5 square meters

and the plane requests as smooth as possible, otherwise ,it will affect the

results of measuring.

www.Elecfreaks.com



Description

Product Data Sheet

DOW FILMTECTil BW6O4A12-ZS Etement
Next Generation of Residential Reverse Osmosis Elements

DOW FILMTECTM residentialelements are the most retiable, consistent and highest quality
in the industry just got even better. Our 75 GPD elements offer the best balance of flow and
highest rejection available in the market.

New DOW FILMTECTM Residential Elements Feature:
New membrane (8W60) chemistry produces industry leading gg% stabilized salt
rejection.

Even longer lifetimes on high hardness water applications
Even faster start-up to reach stabilized rejection
High active membrane area and twin leaf design for optimized performance
NSF58 safety Certification and reduced certification costs / resources with NSF data
transfer Certification

Fully-automated manufacturing that ensures consistent and high quality elements
Dry shipping for convenient handling and longer shelfJife
Proven consistency and reliability for longer membrane life

a

a

a

a

Product Type Spiral-wound element with polyamide thin-film composite membrane

Product cifications

Applied Pressure Permeate Flow Rate
Typical Stabilized Salt

Rejection (%)DOW FILMTECTM Element

BW60-1912-75

(psig) (bar) (GPD

3.4 75

1.

2.

3.

Permeate flow and salt rejection based on the following test conditions: 250 ppm softened tap water, 77"F (25.C),
15% recovery and the specified applied pressure.

Minimum salt rejectjon is 96.0%.
Permeate flows for individual elements may vary t20%.

This component is Tested and
Certified by NSF International

against NSF/ANSI Standard 58

for material requirements only.

Element
Dimensions

DOW FILMTECTil Element (mm. (in.)

1.17

(mm)

BW60.1912-75 11,74

1. BW60-1812 Home Drinking Water elements seal at a standard 2.0 inch - 2.05 inch l.D. within Dressure vessels
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Figure 2.
lmpact of Pressure on permeate Flow

(constant temperature, recovery)

ptlrsm{trrt

Figure 3
fmpact of Temperature on permeate Ffow

(constant temperature, recovery)
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Operating and
Gfeaning Limits I{axlmum Operating Temperature a

lUtimum Operatinq pre

Maximum

Maximum Feed Ftow Rate . ' 
'-l 

t' 
j -. :-'r.

pH Range, Continuous Operation ,
2 0 gpm (7,G tpm)

p!-t Kange, L;ontinuous operation a

Maximum Fee (sDt)

+

Additional
f mportant
Information

Free Chforine Tolerance b

SDI 5

< 0.1 ppmffib I lndot nart^i^ ^^- r:rr -bUnder certain.conditions, the presence offee chlorine and oth", oriOilno l,'damagejs not covered under warranry, uow water & proces. snr,,ri.," ^ll,l9:ll::1t: 
p,j9ttty." m€mbrane faiture. since oxidation

damaseis not covereo unoe'La"an-tlr 
-o#"w#ffiil::: 

ilffifll- ,i3l3$-:il..*t ,temature membrane.fairure. since oxidarion
membrane exposure. ptease refer to iecnnrcat bultetin 

,,Dechr',in"tino 
ro"a,ll,T.9rllll.Ilr,T-!::9-r:t fre chtorine by pretrearment prior to

membraneexposure.P|easerefertoiechnica|o,u'onWi$;'#:il?3'fr:l[x1

It is recommended that systems using these elements rinse the elements for 24 hours, prior to firstuse, to meet NSF/ANSI 5g Standard,

ln:fil[::k 
of.permeate must be discarded. Do not use this initiar permeate for drinking water

To ease installation' it is recommended to use a lubricant safe for indirect water contact on ail sears.Potentiaroptions incrude water, grycerin based rubricants, and Dow corningru 111.Rotate the element about a quarter turn to ease installation and removal ofihe etement. Ensuregood interface between the o-rings and brine sear with their connection surfaces.Keep elements moist at all times after initial wetting.
To prevent biorogicar growth during proronged.t ,; shutdowns, it is recommended thatmembrane elements be immersed in a preservative solution. Rinse out the preservative before use.The membrane shows some resistance to short{erm attack by chlorine (hypochlorite). continuous
:11?:i", however, may damage the membrane and should be avoided.Dow FILMTECT Home Drinking water Reverse osmosis Erements may be covered under theDow FILMTECT Reverse osmosis and Nanoliltraton gbment rhree-year prorated Limitedwarranty' 609-35010-1006 extended to oEMs. such Limited waranty is non- transferabre. contacta Dow representative for more information.

lf operating limits and guidelines given in this Product Information Builetjn are not skicfly folowed, theLimited wananty will be null and void' The oEM is rutty responsiob ror ttreetrects of incompatibre

;f#:il:and 
lubricants on elements. use oranysuch chemicats or tubricants wifl void the Limited
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Regulatory Note

Product
Stewardship

Gustomer Notice

For more information, contact
Customer Information Group:

North America: 1-900-Ml-4369
Latin America: +55-1 1-5194-8122
Europe, Africa, +31-1 15-672-626
Middle East:

Asia Pacific: +86-21-3851-4988

writrw. d owwateran d p rCIces s. cOm

Dow has a fundamental concern for all who make, distribute, and use its products, and for the
environment in which we live. This concern is the basis for our product stewardship philosophy by
which we assess the safety, health, and environmental information on our products and then take
appropriate steps to protect employee and public health and our environment. The success of our
product stewardship program rests with each and every individual involved with Dow products-from
the initial concept and research, to manufacture, use, sale, disposal, and recycle ofeach product.

Dow shongly encourages its customers to review both their manufacturing processes and their
applications of Dow products from the standpoint of human health and environmental quality to ensure
that Dow products are not used in ways for which they are not intended or tested. Dow personnel are
available to answer your questions and to provide reasonable technical support.

NOTlcE: No freedom from infringement of any patent owned by Dow or others is to be infened. Because use conditions and
applicable laws may differ from one location to anofrer and may change with time, Customer is responsible for determining
whether products and ttre information in this document are appropriate for Customeis use and for ensuring that custome/s
workplace and disposal pnactices are in ompliance with applicable laws and other govemmenienactrnenc. rne product shorn
in this literature may not be available for sale and/or avaitabte in att geographies ihere Dow isrepresented. The claims made
may not have been approved for use in all countries. Dow assumes no obligation or liability for the information in this document.
References to 'Dow" or he'coTp1l-T:a1.te Dow legal entity selling de prooucts totusomer unless otherwise ritr.*it
noted. NO WARMNTIES ARE GIVEN; ALL tMpLtED mnhellrtEs or naencnnrurneriry on FtrNEss FoR A
PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED.
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These membranes may be subject to drinking water application restrictions in some countries; please
check the application status before use and sale.
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