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A GILANCE OF THE ACTIVITIES AND FACILITIES OF NATIONAL
INSTITUTE OF HYDROLOGY , ROORKEE, Uttarakhand

“Committed (o the science of water resources development.”

Mission:
Providing innovation and cffective science and technology for hazard free
sustainable development and management of water and water related studies.

With this Slogan, the National Institute of Hydrology is progressing in
conducting Research and Management studies of the Nation.

Introduction:

The National Institute of Hydrology was set up in 1978 with its headquarters
at Roorkee, Uttarakhand. It is an autonomous body under the Ministry of Jal
Shakti, Govt. of India. It is the apex body for research and development in the area

of hydrology in the country.

Regional centers:

To study hydrological problems of various agro climatic regions of the
country, the Institute has established Six Regional centers as follows:

Hard rock Regional center, Belgaum, Karnataka

]

- Western Himalayan Regional center, Jammu, Jammu & Kashmir

3 Northeastern Regional center, Guwahati, Assam

4 Center for Flood Management studies, Patna, Bihar

3 Deltaic Regional center, Kakinada, Andhra Pradesh

6 Central India Hydrology Regional center, Bhopal, Madhya Pradesh

The Scientific Divisions existing at Roorkee :

a) Environmental hydrology
b) Groundwater Hydrology
c) Hydrological investigations

d) Surface Water Hydrology




¢) Water Resources systems
{) RMOD Division

Infrastructure and Facilities available at Deltaic Regional Center, Kakinada:

The Deltaic Regional Center of NIH located at Kakinada is having a lot of

facilities n dping Basic and Advanced Research in Hydrology with Water quality
aboratory, soil laboratory and Remote sensing laboratory with latest software.

Laboratories:

Remote Sensing Center
Water Quality Laboratory
Soil Laboratory

HM Observatory

Water Quality Laboratory Capabilities:

Assessment of surface water pollution
Groundwater quality and aquifer contamination
Monitoring of drinking water and irrigation water
Point and non point sources of pollution
Transport and deposition of pollutants
Specifications of major ions and Nutrients

Infrastructure of the Water Quality Lab:

Portable Water Quality Kit
Microprocessor conductivity meter
Micro processed thermometer
Mini current meters

Universal current meter

PH meter

Digital turbidity meter

Signal Tracking Resistivitymeter
Electronic balance

UV-Vis Spectrophotometer
Flame Photometer

DO meter



BOD incubator and
Compass, Clinometer etc. devices.

Remote Sensing and GIS Center Capabilities:
Estimation of soil erosion
Rainfall-runoff prediction
Soil salinity and water logging
Sedimentation in reservoirs
Inundation of flood plains
Water balance
Watershed management

Softwares available in the Remote Sensing Center:

ERDAS (Earth Resources Data Analysis System)

ILWIS (Integrated Land and Water Information System)
GIS Softwares: Arc view, Arc info and Map Info

Satellite Imageries —IRS, LISS II, FCC, (1: 2,50,000) —1989

Soil Water Laboratory Capabilities:

Evaluation of in-situ hydrological physical and optical properties of soils.
Soil textural classification
Estimation of physical chemical and spectral characteristics of soils

Soil moisture monitoring
Measurement of coefficient of permeability of undisturbed soils

Equipment of Soil Water Laboratory:

Guelph permeameter
Pressure plate apparatus
Soil moisture meter
Sieve Analysis
Infiltrometer

Hydrometeorological Observatory:
The Regional center has been maintaining the Hydrometeorological
Observatory in the campus and measuring most of the weather parameters in

Kakinada since 1996.




The Infrastructure available at the Observatory are:

Ordinary Rain Gauge

Self-Recording Rain Gauge

Pan evaporimeter

Wet bulb and dry bulb Thermometers
Anemometer

Wind vane

Minimum and Maximum Thermometers

The Weather Parameters measured in the observatory are:

Rainfall

Maximum and Minimum Temperatures
Wind velocity

Wind direction and

Relative humidity.

Library:
The institute has established a good reference library. A large number of

textbooks, scientific journals, documented computer programs, technical reports
on Hydrology etc are available:
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e SOURCES OF CONTAMINATION IN THE COASTAL AQUIFERS:

In general, the sources and processes of contamination in the Coastal areas may be

due to:

1. Land disposal of solid wastes
Sewage disposal on land
Agricultural activities

Urban runoff and polluted surface water bodies like- tanks, salt water creek,

B

leaking drains etc.

Land disposal of solid wastes:

Solid wastes [mostly garbage and industrial waste] are disposed of in
landfills where it decomposes and produces a leachate that can contaminate
underlying groundwater. The amount of leachate produced in the landfill depends
on the amount of distribution of rainfall, hydraulic conductivity of soil cover etc. If
the soil is impermeable, percolation of leachate to underlying groundwater s
retarded. Landfills are a point source of contamination and the leachate movement
in the sub soil forms a narrow band or plume, unless of course, the groundwater is

stagnant.

Sewage disposal on Land:

Qovyaop o - - . kA S S .

Sewage cnters the ground intentionally from septic tank outlets, cesspools
and systems where sewage is applied to land for crop irrigation, gardening etc.
Unintentional entry of sewage into the groundwater may be due to leakage from

sewers, sewage, lagoons, domestic waste waler elc,
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Agricultural activities:
Modern agriculture is based on extensive use of fertilizers and pesticides to

obtain a high yield of crops. Some of the chemicals applied to farmland, however,

ith the deep percolating water from the root zone€ and can

move down W
contaminate underlying ~groundwater. Manure piles, feedlots and similar

e other possible sources of gr
s in arid rcgions tends

concentrations of animal waste ar oundwater

percolation water from irrigation field

contamination. Deep
y affects underlying groundwater. in

ave high salt concentration, which adversel
inant is Nitrate.

toh
humid areas, the major contam

ff and polluted surface water bodies:
al and industrial wastewater. Seep

groundwater quality.

Urban runo
age of such

Many streams receive municip
groundwater may adversely affect the

water into underlying
may infiltrate directly into the ground

Urban runoff with dissolved contamination

and reach the groundwater.

Sources of Pollution in the study area:

The mechanism of groundwater pollution is quite different from the surface water

and is more complicated. The process of groundwater is much slower and the time lag

1 discharge at land surface and re
According to the World Health Organization

between pollutior aching of pollutants into

groundwater takes several years.
pollution in a developing country like dome

usion of saltwater into the

ostimate, about 80% of waste stic waters
use India to return flows. Especially the intr

and irrigation ca
ation of groundwater. The

aquifer system in coastal regions depends on the exploit

intruding salt water makes Jarge zones of (he aquifer unsuitable for mankind.

The sources of pollution vary with time and space. Especially the groundwater in

the coastal regions may be polluted mainly duc to salt water intrusion, cyclonic

storms, drainage congestion, backwater of the sea through river systems, aquaculture,

age old unused tanks, industrial contamination etc.



I'he main source of pollutant in the study area may be due to the rapid development of
built up areas in the city, and consequent release of domestic waste, seepage from
septic tanks etc, are polluting the groundwater. Extensive pollution may be due to the
nearby agriculture practices, which may be polluting the groundwater, as more and

more fertilizers are being used for over irrigation.

WATER QuALITY TRAINING AT DEITAIC REGIONAL CENTER

e INTRODUCTION:

The term water quality has an extremely broad spectrum of meaning since the
desirable characteristic of water varies with its intended use.

Man has brought about changes in the water quality through urbanization
and growth of population centers or by introduction of industries and employment
of auxiliary means in agriculture, which has disturbed or even destroyed the natural
healthy quality of water bodies in many regions.

There are three basic ways to evaluate the quality of water viz. the Physical,
Chemical and Biological levels in the water. In many instances a combination of
chemical analysis is needed to obtain a reasonably accurate picture of the quality of
water.

The purpose of analysis is to know the exact composition of the sample at
the particular point of time of sample collection and to assess the surveillance of
quality and to assess whether the water is fit for basic needs or not.

Paramecters:

The choice of parameters to be tested is closely linked to the objective of the
vater quality. Table No.l, lists the major ions and physical parameters which will
provide considerable information on the quality. These parameters may be used for
mterpretive studies with respect to the chemical quality of water for domestic and
dusteiad water supplics and other usces,

10
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TaBLE NoO. |: PHYSICAL CHARACTERISTICS AND SOME MAJOR IONS AND INSTRUMENTATION

Paranieter

PHYSICAL Method Instrumentation/apparatus
CHARACTERISTICS!

PH pH meter

Temperature Thermometer

Color Colorimetric Spectrophotometer
Conductivity Electrical Conductivity Meter
Turbidity Turbid metric Turbid meter
Residue (TDS) Gravimetric Volumetric glassware
MAJOR CATIONS:

Calcium Titration Volumetric glassware
Magnesium Titration Volumetric glassware
Sodium Flame eimission Flame Pholomeler
Potassium Flame emission Flame Photometer
MAJOR ANIONS:

_ [ Carbonate Titration Volumetric Glassware
Bicarbonate Titration Volumetric glassware
Sulphate Turbidimetric Turbidimeter/VIS-Spectro

photometer
Chloride Titration Volumetric glassware
OTHERS:
Nitrate Color development with | UV-VIS
absorption measurement Spectrophotometer
Silica Color development with | UV-VIS
absorption measurement Spectrophotometer

11



The accuracy of the analyses may be determined by comparing the sum of
anions in equivalents per million (epm) with the sum of the cations in epm (ionic
balance). The percent error may be calculated as follows:

Percent error = sum of cations (epm) — sum of anions (epm) x 100
Total 1ons (epm)

Analytical results in mg/L are converted to epm by dividing the actual
concentration of the ion in mg/L by the equivalent weight of the ion. Percent error

should be within the limit of 10%.
Some Nutrients and Organic matter in the water bodies are listed in Table No. 2.

TABLE NO. 2 : SOME NUTRIENTS AND ORGANIC PARAMETERS
Parameter Method Instrumentation
/qr\pnrnh'lc-
NUTRIENTS:
Phosphatc color development with absorption
VIS Spectrophotometer

measurement

Inorganic Nitrogen

(Nitrate, Nitrite etc.) color development with absorption

UV Spectrophotometer

measurement
Nitrogen titration
Nitrogen digestion

WASTES:
Dissolved Oxygen Fixation and Volumetric glassware

(DO) titration
Biochemical Oxygen Incubation and Incubator and
Demand (BOD) titration volumetric glassware
Chemical Oxygen Refluxing and Volumetric glassware
Demand (COD) titration
Total Organic Ignition Total Organic




Carbon (TOC) carbon Analyser J

These indicate nutrient concentration in water, thereby providing information on
the potential or vegetation growth and oxygen depletion in the water source. These
measurements provide essential information on nutrient loading from industrial,

municipal and other sources to rivers, lakes and oceans. Bacteriological assessment

of water should also be considered for water resources studies.

The Heavy metals, which are not at all required in water and they are

nuisance to the human body, when gone through drinking water. Major Heavy

metals are listed in Table No. 3
TABLE NO 3 : HEAVY METALS AND TRACE ELEMENTS

Parameter Method
Instrumentation

Cadmium Atomic absorption Atomic

Absorption
Calcium measurements
Spectrophotometer
Chromium

Copper

Iron

Lead

Magnesium
Manganese
Mercury

Nickel

Silver

Strontium

Zinc




Table 4:

Indian 'Standard drinking water specification

SLN Requirement(Desirabl Permissible

[ Substance or Characteristic c) Limit

ESSENTIAL CHARACTERISTICS

1 Colour, Hazen units,max 5 25

2 Odour unobjectionable

3 Taste Agreeable

4 Turbidity, NTU, max 5 10

5 pH value 6.510 8.5 No relaxation

6 Total Hardness (as CaCO3) 300 600

7 Iron (as Fe), mg/l, max 0.3 1

8 Chlorides (as Cl), mg/L, max 250 1000

9 Residual, free Chloride mg/l, min 0.2

DESIRABLE CHARACTERISTICS

10 Dissolved Solids, mg/l, max 500 1000
11 Calcium (Ca), mg/l, max 75 200
12 Copper (Cu), mg/l, max 0.05 1.5
13 Manganese( (Mn), mg/l, max 0.1 0.3
14 Sulphate (SO4) mg/l , max 200 400
15 Nitrate (NO3), mg/l, max 45 100
16 Fluoride (F), mg/l, max 1 1.5
17 Phenolic Compounds (as C6HSOH), 0.001 0.002
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mg/l, max
18 Mercury (Hg), mg/l, max 0.001 No relaxation §
19 Cadmium (Cd), mg/l, max 0.01 No relaxation
20 Selenium (Se), mg/l, max 0.01 No relaxation
21 Arsenic (As), mg/l, max 0.05 No relaxation
22 Cyanide (CN), mg/l, max 0.05 No relaxation
23 Lead (pH) mg/l, max 0.05 No relaxation
24 Chromium (as Cr+5) mg/l, max 0.05 No relaxation
25 Zinc (Zn) mg/l, max 5 15
26 Alkalinity, mg/l, max 200 600
27 Aluminum (as Al), mg/l, max 0.03 0.2
28 Boran, mg/l, max 1 5

The following Parameters/ Nutrients measured at the Deltaic Regional Center, National

Institute of Hydrology Laboratory as a part of the Project work.

Physical parameters:Color, Temperature, Transparency, Turbidity and Odour.

Chemical Parameters :

pH, Electrical Conductivity (E.C), Total Solids (TS),

Total Dissolved Solids (TDS), Total Suspended Solids (TSS), Total Hardness,
Calcium Hardness, Magnesium Hardness, Nitrates, Phosphates, Sulphates,
Chlorides, Dissolved Oxygen (D.O), Biological Oxygen Demand (BOD),
Chemical Oxygen Demand (COD), Fluorides, Free Carbon-di-oxide, Potassium

and Sodium.

Heavy metals:

SAMPLING AND ANALYSIS:

Lead, Copper, Nickel, Iron, Chromium, Cadmium and Zinc.
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Sampling is the first, of the series of steps leading to the generation of water
quality data and is a very important one. Care must always be taken to ensure a
sample that is truly representative. Further, the integrity of the sample must be
maintained from the time of collection to the time of analysis. If the sample has
changed in chemical composition between sampling and analysis, due to delay, all
care taken to provide an accurate analysis will be lost.

Sample handling and preservation

Thoroughly cleaned plastic or glass bottles fitted with screw caps may be
used for water samples collected with depth integrating samples. Plastic containers
are generally preferred for inorganic samples and glass for organic samples

because they introduce interference and have sorption characteristics.

In general, the shorter the time that lapses between the collection of a sample
and its analysis, the more reliable will be the analytical results. However some
samples can be satisfactorily prescrved by chilling or by adding suitable acid.

Because for certain constituents immediate analysis 1s required, else the

composition of the sample certainly will change.

Determination of Temperature, pH, Specific Conductance and dissolved
gasses should be made in the field. Samples for metal analysis can be preserved by
addition of nitric acid. Samples for organic constituent determination by chilling or
freezing and samples for the determination for such biodegradable substances as
nitrates, phosphates and surfactants by storing the sample in the dark at a

temperature just above freezing until the analysis are made.
To determine concentration of dissolved inorganic constituents in a water
system, the sample must be filtered through a 0.45pm average pore diameter

membrane filter immediately after collection. It is advisable to discard the first 150




to 200ml of filtrate in order to rinse the filter and filtration apparatus of any
contaminating substances

This technique minimizes the risk of alteration of the composition of the
sample by the filtering operation. The filtrate collected in a suitable bottle is
immediately acidified to pH 2.0 or less with nitric acid whose purity is consistent
with the measurement to be made. Acidifying the filtrate minimizes the nisk of
precipitation of dissolved constituents and also inhibits adsorption of constituents
by the walls of the bottle.

Total 9 samples were collected in and around kakinada and analyzed for
various Physical and chemical parameters.

Table No.15: List of Observation samples in the study area

S.No Sample No. Sample Location and type

1 1 M.S.N Charties (Ground water)

2 2 Cholangi(Bore water)

3 3 Ghati (Municipal water)

4 | 4 Detail regional Centre, Siddarth
nagar
(Tap water)

5 5 Turangi (Ground water)

6 6 Jagannaickpur (RO water)

7 7 Penuguduru (Ground water)

8 8 Postal colony (Dug well)

9 9 College campus (Tap water)

PHYSICAL PARAMETERS:




pH:

Multi-parameter water quality checker enables to measure and indicate the
monitoring result simultaneously up to 11 parameters with one unit.

Auto-calibration feature provides hassle free calibration of pH, dissolved oxygen,

g conductivity, turbidity and depth.. Shock resistant cover designed for rough
i treatment in the field and is easily cleaned. Cable can be casily connected and
' disconnected with quick-connect fitting.

4 Data Management

J Auto hold function freezes average data values on the screen to offer more time to
] verify or transcribe data. Diagnostic functions notify the user of errors. Integral
y USB connection for data transfer to a PC. USA cable is sold separately and

includes software. Selectable measurement units allow the operator to report data

without the need to convert data to desired units of measure.

)

) Sensor Probe Unit

' Multiple Sensors Housed in Each Probe

' Multiple sensors allow for the measurement of 11 parameters simultaneously (pI,
' pH(mv), ORP, DO F"OND Qalinitv TNAQ Q"'"m*w Specific Gravity, Temperature,
)

b

)

)

)

)

i

; CHEMICAL PARAMETERS:
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Total Alkalinity: Take 10ml of sample in conical flask then add 2 drops of
dhenolphthalein indicator. If the sample tumns to pink (CO3 hardness) and then
nitrate with N/50 sulphuric acids until it turns to colourless. and then add 2 or 3
drops of Methyl orange indicator(sample turns to yellow) then nitrate with N/50
sulphuric acids then sample turns to light orange . Then note down the burette

reading and apply it in the formula.
Alkalinity=Burette reading x1000/volume of sample taken

Reagent:

e N/50 Sulphuric acids: Take Iml of Conc. H2SO4 and add 35ml of distilled
water (0 make IN H2SO4. Then take 1ml of IN H2SO4 and make up to
50ml to prepare N/50 Sulphuric acids.

e Phenolphthalein Indicator:. Take 0.5grams of Phenolphthalein and

dissolve 1n 50% Alcohol.

TOTAL HARDNESS(TH):. The calculation of hardness in water by EDTA
titration can be found by adding a small amount of a dye such as Eriochrome Black
T is added to an aqueous solution containing Ca++ and Mg++ ions at a pH of 10 +

0.1, Ca++ and Mg++ form chelated complexes of wine red color with EBT.

But EDTA has a stronger affinity towards Ca++ and Mg++. Hence, if EDTA is
added, the former complex (Ca-EBT and Mg-EBT)is broken and a new complex
(Ca-EDTA and Mg-EDTA) of blue color is formed. When all the ions are
complexed the solution will turn blue. This is the endpoint of the titration. The
higher the pH, the sharper the endpoint. However, above pH 10 there is a da nger of
precipitation of CaCO3 and Mg(OH)2. Hence the pH is fixed to 10 £ 0.1. The
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sample is diluted with distilled water to reduce the concentration of Ca++ and

Mg++ ions.

. Alkalinity=Burette reading x1000/volume of sample taken.

Reagent:

e Buffer Ammonia: Take 6.75 grams of Ammonium chlorides and dissolved

in 57ml of Ammonium Hydroxide(Liquid Ammonia)and make up to 100ml

with distilled water.
EDTA (Methyl Diamine tetra acetic acid disodium salts):. Take 2 grams of

EDTA and 0.05 grams of magnesium chlorides, dissolved in distilled water

and make up to 500ml
Eriochrome Black:. Take 0.5 grams of Eriochrome black-T and 4.5 grams

of Hydroxylamine hydrochloride and dissolved in 100ml of 70% Ethanol.

CALCIUM AND MAGNESIUM:

Calcium and magnesium can be determined by titration methods.

Take 0.01M EDTA solution in burette then Take 10ml sample in

Procedure:
OH solution and add a lunch of murexide indicator

conical flask and add 0.5ml Na

then solution turns link to purple. Note the burette reading.

Calcium hardness=volume of EDTA consumed xMolarity of EDTAX100x1000/

volume of sample taken..
Calcium as Ca+2= volume of EDTA consumed xMolarity of EDTA*40x1000/

volume of sample taken.

Hardness x0.243 . T

‘Magnesium as Mg +2=TH-Ca Hardn _



Reagent:

e 1IN NaOH:Take 4 grams of NaOH and make up to 100ml distilled water.

® Muroxide indicator:. Take 0.5 grams of murexide pure and mix with 100

grams of NaCl.
e EDTA:Take 3.723 grams of EDTA and make up to 100ml of distilled water.

CHLORIDES:

The presence of chlorides in natural waters can mainly be attributed to dissolution
of salt deposits in the form of ions (CI-). Otherwise, high concentrations may
indicate pollution by sewage, industrial wastes, intrusion of seawater or other
saline water. It is the major form of inorganic anions in water for aquatic life. High
chloride content has a deleterious effect on metallic pipes and structures, as well as

agricultural plants. They are calculated by the Argentometric method.

Principle: In alkaline or neutral solution, potassium chromate indicates the

endpoint of the silver nitrate titration of chlorides. Silver chloride 1s quantitatively

precipitated before the red silver chromate is formed..

Procedure: A known volume of filtered sample (50ml) is taken in a
conical flask, to which about 0.5ml of potassium chromate indicator is added and

titrated against standard silver nitrate till silver dichromate (AgCrO4) starts

precipitating.

Reagents:
Potassium chromate indicator solution: 50g of potassium chromate is

dissolved in a minimum amount of distilled water and silver nitrate is added drop
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wise till a red precipitate is formed. The mixture is allowed to stand for about |2

hours and diluted to 1000mI with distilled water.

® -Silver nitrate solution (0.014N): 2.395¢g of silver nitrate is dissolved in

distilled water and made up to 1000ml.

The instruments used in the NIH Laboratory for measuring the Electrical
Conductivity and the Nutrients (Nitrate, Sodium and Potassium) are discussed.
They are:
1.Digital Conductivity meter
2.Flame Photometer
3. UV-VIS Spectrophotometer
Flame Photometer:

Flame Photometer is an instrument with which it is possible to estimate, with

speed
and accuracy, minute quantities of sodium (Na), Potassium (K) in the water sample.

Principle:
Flame Photometer is an instrument with which it is possible to estimate

minute

quantities of Sodium (Na), Potassium (K), and Calcium (Ca). The solution under
analysis is sprayed as a fine mist into a non-luminous flame, which becomes
coloured according to the characteristic emission of the metal. A very narrow band
of wavelength corresponding to the element being anaiyzed is selected by a light
filter and allowed to fall on a Photodetector whose output is a measure of
concentration of the element. The output of the Photodetector connected to an
electronic metering unit to provide the readout. Before analyzing the unknown

solutions, the system is standardized with solutions of known concentration.




The total system consists of:
1. Bumner unit 2. Compressor unit and 3. Electronic metering unit. The

burner unit is really the main unit of the Flame photometer. It consists of
any atomizer (for aspiration of solutions), mixing chamber, burner, optical
lens, light filter photodetector and control valves.

Operation:

Compressed air from the compressor unit is applied to the atomizer. Due to a
draught of air at the tip of the atomizer, the sample solution is sucked in and enters
the mixing chamber as a fine-atomized jet. Liquid *Petroleum - Gas
(LPG)/Laboratory gas from a suitable source is also injected into the mixing
chamber at a controlled rate. The mixture of gas and atomized sample is passed on
to the burner and is lignite. The emitted light from the Flame is collected by a lens
and is passed through an appropriate filter (selectable for different elements). The

filtered light is then passed on to encrgizc a sensitive photodetector, the output

which is applied to the electronic metering unit for readout.

UV-VIS SPECTROPHOTOMETER:
uv-vis spectrophotometer works on the principle of spectrophotometry based
on Beer — Lambert Law.

Operation:
Decide the spectrum depending on the wavelength at which the measurement

is to be carried out. Then the light beam of selected wavelength in Ultraviolet or
visible spectrum from the light source module gets focused on the entrance slit of
the ‘monochromator’ module. The incident beam of light gets turned to push-button
settable wavelength by motorized slewing of the holographic grating in

Czery-Turner mount and reflecting optics and emerges as a monochromatic light of
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narrow band width from the exit slit of the monochromator. Transmitted portion of
this monochromatic light through the medium in the cuvets located in the sample
compartment is detected by photodetector. The output of detector Preamplifier
module is processed in the electronics module and the absorbance /concentration/

Transmission of the medium is displayed on the read out of the instrument.

ELECTRIC CONDUCTIVITY:
Conductivity is a measurement of water capacity for conveying electrical
current and is directly related to the concentrations of ionized substance in the

water.

Solutions of most inorganic acids, bases and salts are relatively good
conductors. Conductivity measurements are commonly used to determine the

purity of demineralized water and total dissolved solids in boiler & cooling tower

water.

PRINCIPLE:

Specific conductance is a measure of the total concentration of ionized
constituents of water. It is related to the sum of anions and cations specific
conductance is reciprocal of the resistance between 2 electrodes 1-cm apart and 1

$q cm 1n Cross section.

METHOD:

The method applied in the NIH Laboratory is conductivity cell
potentiometric method to measure electrical conductivity of samples which are

collected in and around the coastal aquifer of Kakinada,

24



APTARATUS:
A Conductivity meter which is capable of measuring conductivity with an

error not exceeding 1% or 0.1ms/m is used.

REAGENT:
a) Conductivity water:
use distlled water boiled shortly before use to minimize CO2 content.
Electrical conductivity must be less than 0.01ms/m
b) Standard potassium chloride solution, KCI (0.01M); Dissolve 0.7456gm
anhydrous KCl in conductivity water and dilute to 1000ml at 25° C. This

is the standard reference solution, which at 25° C has a conductivity of

1413 pmhos.

CONDUCTIVITY MEASUREMENT:

Rinse cells with one or more portions of the sample. Adjust temperature of a
final portion to 25.0+_ 0.1c measure sample condudﬁvity and note temperature.
Calibrate the instrument with standard KCI solution by adjusting the conductivity
to 1413 umhos.

CALCULATION:
Conductivity at 25° C, pmho/cm =KmxC
140.0191(t-25)
Where
Km = Measured conductivity, pmho at (0 C
C = Cell constant, cm-1 and

t= temperature of measurement
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Record the meter reading; the unit of measurement and the temperature of

lhe sample at the time of reading report the electrical conductivity at 25°C.

Porassium
Potassium is an abundant element and its common salts are highly soluble. It

seldom occurs in high concentrations in natural water. Potassium concentrations in
water are low partly because of the high degree of stability of potassium- bearing

aluminosilicate minerals. Unaltered potassium feldspar grains occur in many

sandstones.
The potassium ion is substantially larger than the sodium ion, and it would

normally be expected to be adsorbed less strongly than sodium in ion-exchange

reactions.
Potassium ions assimilated by plants become available for re-solution when

the plants mature and die, or when leaves and other parts are shed at the end of the
growing season. In the natural recycling that occurs in forests and grasslands, this
potassium is leached into the soil by the gradual decay of the organic matenal.

Some leakage of potassium to groundwater and runoff during these processes

would be expected.

METHOD OF MEASUREMENT :

By means of Flame Photometric method trace amounts of potassium
in water
samples are being measured by using a Flame Photometer.
REAGENTS:
(a). Stock Potassium solution : Dissolve 0.1907g of KCl dried at 110°C and dilute

to

100ml with deionized water.
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(b) Intermediate Potassium_solution : Dilute to 10.00ml stock solution with

distilled
water to 100ml;

(c) Standard Potassium_solution : Dilute 10 ml intermediate solution with

distilled water
to 100ml.

PROCEDURE:
(I)  Switch on the gas and maintain the gas fuel mixture so that the blue

flame of
the saw tooth is seen through the viewing window.

(I) The sample is sprayed in to a gas flame and excitation is carried out

under
carefully controlled and reproducible conditions. The intensity of light 1S

measured by a phototube potentiometer.
(111) Prepare calibration standards of 2ppm, 5ppm and 10ppm ranges.
(IV) Prepare calibration curve from the above standards

(V) Measure the concentration of the water samples
(VI) Determine concentration of samples in ppm from the calibration curve.

Nitrate:
Nitrate is an anionic form of nitrogen that is strongly influenced by the vital

importance of element plant animal nutrition.
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Record the meter reading; the unit of measurement and the temperature of

the sample at the time of reading report the electrical conductivity at 25°C,

Porassium
Potassium is an abundant element and its common salts are highly soluble. It

seldom occurs in high concentrations in natural water. Potassium concentrations in
water are low partly because of the high degree of stability of potassium- bearing

aluminosilicate minerals. Unaltered potassium feldspar grains occur in many

sandstones.
The potassium ion is substantially larger than the sodium ion, and it would

normally be expected to be adsorbed less strongly than sodium in ion-exchange

reactions.
Potassium ions assimilated by plants become available for re-solution when

the plants mature and die, or when leaves and other parts are shed at the end of the
growing season. In the natural recycling that occurs in forests and grasslands, this
potassium is leached into the soil by the gradual decay of the organic material.

Some leakage of potassium to groundwater and runoff during these processes

would be expected.

METHOD OF MEASUREMENT :
By means of Flame Photometric method trace amounts of potassium

in water
samples are being measured by using a Flame Photometer.

REAGENTS:

(2). Stock Potassium solution : Dissolve 0.1907g of KCl dried at 110°C and dilute

1o

100m] with deionized water.
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() Intermediate Potassium solution - Dilute to 10.00ml stock solution  with
henlled

water to 100ml;

(¢) Standard Potassium_solution :  Dilute 10 ml intermediate solution with

distilled water
to 100ml.

ProcEpURE
()  Switch on the gas and maintain the gas fuel mixture so that the blue
flame of
the saw tooth is seen through the viewing window.
(11) The sample is sprayed in to a gas flame and excitation is carried out
under
carefully controlled and reproducible conditions. The intensity of light is
measured by a phototube potentiometer.
(111) Prepare calibration standards of 2ppm, Sppm and 10ppm ranges.
(TV) Prepare calibration curve from the above standards
(V) Measure the concentration of the water samples

(V1) Determine concentration of samples in ppm from the calibration curve.

Nitrate:
Nitrate 15 an anjonic form of mtrogen that 1s strongly influenced by the vatal

vnportance of clement plant ammal nutnuon.



Nitrogen occurs in water as nitrite and nitrate (NO2 and NO3), in cationic

form as ammonium (NH4) and at intermediate oxidation status as a part of organic

solutes.

Sources of nitrate:
Concentrations of nitrate that approach or exceed 44 mg/L NO3 are present

in many rural water supply wells. Most investigators have attributed this nitrate to
drainage from nearby bamnyards or septic tanks and cesspools. Farm animals
produce considerable amounts of nitrogenous organic waste that tends to
concentrate in places where large animals are confined. The occurrence of nitrate
concentration in shallow groundwater is due to leaching from livestock corrals by
rainfall. In past years, most investigators stated that high nitrate concentration. In
ground water in extensive areas associated with animal feedlots.

The amount of nitrogen fertilizers used on agricultural land has increased
greatly in recent decades and this has prompted considerable concern to possible

nereases in nitrate in rivers and groundwater. The full import of leached

resulting i
ter is slow to develop in many areas because

fertilized nitrogen on ground wa
transport of solutes through the unsaturated zone between the lard surface and the

water table is low. In some soil profiles a substantial fraction of the transported

nitrate was lost by denitrification

h concentration of nitrate in drinking water:
drinking water may cause

in excess of 10 mg/L as N,

Adverse effects of hig

concentration of nitrate n

Excessive
methemoglobinemia in infants.. Concentrations

equivalent to 44 mg/L of NO3 equidently causes this health hazard.
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METIHODS OF MEASUREMENT:

There are three methods available to measure nitrate concentration in water.
(1) Calculation from Ion selective electrode method.

(2) UV Spectrophotometric method.

(3) Sulphanilamide Spectrophotometric method.

By means of UV Spectrophotometric method trace amounts of nitrate

present in water samples is measured, which are collected in and around coastal

aquifer, Kakinada.

Reagents:

a.

b.

Nitrate free water: Use re-distilled or deionized water to prepare all solutions.
Stock Nitrate Solution: Dissolve 0.7218g KNO3, earlier dried in hot air oven
at 105°C overnight and cooled in desiccator, in distilled water and dilute to 1 L.
Preserve with 2 ml of CHCI3 / L: 1mL = 100ug NO3 —-N, stable for 6 months.
Standard Nitrate Solution: Dilute 100 ml of stock Nitrate solution to 1000mL
with water, preserve with 2mL CHCL3 /I: ImL = 10ug NO3 — N, stable for 6

months.
Hydrochloric acid solution: HCIL(IN): Cautiously add 83 ml conc. HCI to

about 850m] of distilled water, cool it and dilute to 1 L.

Procedure:

a.

b.

Treatment of sample: Add 1ml HCI to 50-ml clear/filtered sample, mix.
Preparation of Standard Curve: Prepare calibration standards in the range of 0-7

mg NO3 — N/L, by diluting to 50 ml of the following volumes of standard

solutions, add Iml of HCI and mix iL.

Nitrate Standard I ) 4 4 10 15 20 25 30
35
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Solution, ml

NO3-N,mg/l 0.2 04 08 14 20 30 40 50 60 70

Spectrophotometric measurements: Read absorbance or transmittance against
re-distilled water set at zero absorbance or 100% transmittance. Use a

wavelength of 275 nm to determine interference due to dissolved organic matter

Calculation:
Measure absorbance of the Standards at 220 nm.. From a series of standards,

plot a graph with absorbance versus standard nitrate concentrations. By using

ORIGIN software draw the calibration curve and obtain the best-fit equation from

the curve.
Now insert water samples in the Spectrophotometer and measure the

absorbance at 220 nm. From the above calibration curve directly compute sample
concentrations. If the sample absorbance values are exceeding the calibration limits,

dilute the sample with distilled water and carry out the necessary correction while

computing.

rNitratc calculation for Kakinada water samples Dt.6thMay,2022
Standar | A at 220 | N2 from
ds nm Dilution graph N2*Dil NO3 ppm
ppm
0.5 0.097 1 0.304205607 | 0.304205607 1
1 0.243 I 0.986448558 | 0.986448558 4
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3 0.725 ] 3.238785047 | 3.238785047 14
5 1.144 | 5.196723 5.196723 23
7 1.481 1 6.771495327 | 6.771495327 30
Sample Nos
1 0.616 | 2.729439252 | 2.729439252 12
2 0.439 1 1.902336449 | 1.902336449 8
-0.14906542
3 0 1 1 -0.14906542 0
4 0.69 1 3.075233645 | 3.075233645 14
S 1.046 1 8.944392523 | 8.944392523 39
6 0.207 1 0.818224299 | 0.818224299 4
7 1.767 5 8107943925 | 40.53971963 178(OVR)
8 0.458 1 1.991121495 | 1.991121495 9
15 -
1.6 7‘ y=0.214x+ 0.0319
4 i /¢ RZ =0.9938
1.2 :J-*-——'——— T ;//
1 |
T [ o —— ¢ Seriesl
e & e —— Linear (Series1)
o | /_/ N
0.2 + e
é _
0 — ’ - g
) 2 4 6 B ]

Results and Discussions:
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pH is most important in determining the corrosive nature of water. Lower the pH
value higher is the corrosive nature of water. The changes in pH of water is due to
season, photosynthesis and respiration of aquatic plants, acid rains, increased Conc.
of CO2 , dumping industrial range would be acceptable. In natural waters pH is
governed by the equilibrium between carbon dioxide/bicarbonate/carbonate ions
and ranges between 4.5 and 8.5 although mostly basic. It tends to increase during
the day largely due to the photosynthetic activity (consumption of carbon-di-oxide)
and decreases during night due to respiratory activity. Wastewater and polluted

natural waters have pH values lower or higher than 7 based on the nature of the

pollutant.
Salinity:

Freshwater from rivers has a salinity value of 0.5ppt or less. It is best to maintain
Salinity of 1.026 for freshwater fishes. The marine water Salinity is about 35ppt.

Evaporation of ocean water and formation of season ice both increase the salinity

of the ocean.

Electrical conductivity(EC):

Electrical Conductance of water is a measure of its ability to carry Electric current
as 2 RESUITS of dissolved salts in water. The conductivity measurements provide
an indication of ionic concentrations. By introducing salts, chlorides, sulfides,
carbonates, and other ions, the conductivity of water will increase as the
concentrations of ions increase.  Fresh water is usually between Oand

1,500pS/cm and typically season water has a conductivity value of about

5000uS/cm.
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Total Dissolved Solids(TDS):

TDS values are also considered as important parameters in determining the usage
of water. TDS is composed mainly of carbonates, bicarbonates, chlorides,
phosphates and nitrates , calcium, magnesium, sodium, potassium, manganese ,
organic matter salts and other particles. High TDS values are not suitable for

irrigation and drinking water is 600ms/ppm.

Water can be classified by the level of total dissolved solids (TDS) in the water:
Fresh water: TDS is less than 1,000 ppm

Brackish water: TDS = 1,000 to 10,000 ppm

Saline water: TDS = 10,000 to 35,000 ppm

Hvpersaline: TDS greater than 35,000 ppm

Drnnking water generally has a TDS below 500 ppm. Higher TDS Fresh Water is
drinkable but 1aste may be objectionable.

Total Alkalinity(TA):.

Alkaliuty 15 a measure of ability to neutralize acids. The value of total Alkalinity
i water provides an idea of natural salts present in water. Total alkalinity (TA) is
the measure of water’s ability 10 neutralize acids. Alkaline compounds that are

presentan water, hke hydroxides and carbonates, eliminate H+ ions {rom the water,
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which lowers the acidity of the water and results in a higher pH. Excess alkalinity
gives bitter taste to water and reacts with cations farming precipitates, which can
damage the pipes, values etc., A total Alkalinity of at least 20 mg/ L is necessary

for good pond productivity. For drinking water the alkalinity should be 200 to 600

mg/L.

Total Hardness(TH):

Water hardness is a measure of the capacity of water to react with soap. Total
Hardness of water is characterized by the content of calcium and magnesium salts.
The carbonate hardness of pond or Take should ideally fall between 50 to 200ppm.
The Standard values for drinking water of total hardness is 300 to 600 mg/I.

Dissolved Oxygen(DO):

Healthy water should generally have dissolved oxygen concentrations above 6.5-8

mg/L and between about 80-120 %.

DO present in drinking water adds waste and it is a highly fluctuating factor in

water.

Ammonia and Nitrate:

Nitrates are essential plant nutrients but in excess amounts they can cause
significant water quality problems. Together with phosphorus, nitrates in excess
amounts can accelerate eutrophication, causing the types of plants and animals that
live in the stream. The safe level for nitrate in drinking water is <10ppm and
Ammonia is 0.25 to 32.5mg/L. The NIOSH Recommended Exposure Limit (REL)
for ammonia is 25 ppm averaged over an cight-hour work day. NIOSH also says

that there should be a Short Term Exposure Limit (STEL) of 35 ppm during any 15
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minute period in the day. No worker should be exposed to more than that amount

over any 15 minute period.

Calcium and magnesium:

The presence of calcium (fifth most abundant) in water results from passage
through or over deposits of limestone, dolomite, gypsum and such other calcium
bearing rocks. Calcium contributes to the total hardness of water and is an
important micro-nutrient in aquatic environments and is especially needed in large
quantities by molluscs and vertebrates. It is measured by the EDTA titrimetric
method. Small concentration of calcium carbonate prevents corrosion of metal
pipes by laying down a protective coating. But an increased amount of calcium

precipitates on heating to form harmful scales in boilers, pipes and utensils.

Magnesium is a relatively abundant element in the earth's crust, ranking eighth

in abundance among the elements. It is found in all natural waters and its source

lies in rocks, generally present in lower concentration than calcium. It is also an
important element contributing to hardness and a necessary constituent of

chlorophyll. Its concentration greater than 125 mg/L can influence cathartic and

diuretic actions.

Physical parameters )
i
sample l
No. Location Temp. | pH value EC DO TDS Salinity
M.S.N Charties (Ground
1 water) 34.51TC 7.84 1779 5.93 891 0.89
2 Cholangi(Bore water) | 33.84°C 7.71 4597 0.35 2299 2.42
3 Ghati (Municipal water) | 34.46C 7.54 2079 5.39 1039 1.04




Detail regional Centre,
Siddarth nagar
4 (Tap water) 35T 157 1778 438 857 s
5 Turangi (Ground water) | 34.71C 747 2635 429 2635 137
Jagannaickpur (RO
o water) 3441C | 795 74 256 34 0.03
Penuguduru (Ground
7 waler) 34.49C 7.21 4716 2.68 2363 249
Postal colony (Dug
8 well) 3534C | 781 1088 1.42 544 0.53
College campus (Tap
9 water) 3551C 744 6052 1.21 3028 3.23
Chernical parameters
Total Total
sample Alkalinity | Hardness | Chloride Ca Mg Na
No. Location Mg/L Mg/L Mg/L Mg/L Mg/L | Mg/L | Nitrate
M.S.N Charties
1 (Ground water) 520 384 240 32.08 7.387 165 12
685(0
2 Cholangi(Bore water) 492 600 1,020 16.04 136.08 | VR) 8
Ghati (Municipal
3 water) 280 588 520 259.848 14.58 129 0
Detail regional Centre,
Siddarth nagar
4 (Tap water) 440 420 240 149.172 11.664 159 14
Turangi (Ground
5 water) 548 408 420 232.58 41.796 211 39
Jagannaickpur (RO
6 water) 52 80 60 8.02 14.58 75 4
590(0
Penuguduru (Ground
7 walter) 1,028 80 660 200.5 102.06 VR) 178
_-_——.—'_'_-.-_'_'__ |
Postal colony (Dug 84 9
8 well) 320 600 132 120.3 729 .3




College campus (Tap 945(0
9
188 1,428 184 46 34.02 VR) 8

waler) 600

e Conclusions:

In and around kakinada, the pH value is about 7.21-7.95, EC s about

74-4597, DO values likely 0.35 to 5.93, TDS is about 34 - 3028mg/l, Salinity is

0.03 -24.9, the Alkalinity is about 52 -1,028 mg/l, Total hardness is 80 - 600 mg/l,

Chloride ions is about 60 - 1,020, Calcium values present between 8.02

-259.848 mg/l, Magnesium values between 7.3872 - 136.08 mg/l , Sodium ions

present between 7.5 - 945 mg/l.

Municipal water

Even though drinking municipal water isn’t as healthy for you as drinking

drink. However, it’s possible for

purified or filtered water, it’s generally safe to
an heighten your risk of

certain contaminants to exist in thc water, which ¢
developing certain health conditions and diseases. It’s also imp
( a small number of municipalities still send tap water through lead pipes,
y damaging to a person’s health. The main sources of municipal water

rvoirs, large wells, and lakes. The many different contaminants

ortant to understand
tha which
can be highl
include rivers, rese

that can affect municipal water include:

Fertilizers, Wastewater releases, Sewer

Natural minerals and chemicals, Pesticides,
If there are too many contaminants

overflows, Various manufacturing processes.
a higher risk of developing

within the water when you drink il, you could be ul

such health conditions as:
issues, Neurological

disorders,  Gastrointestinal problems,

Reproductive
Cardiovascular conditions.
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Groundwater:

Over 50% of the United States population depends on groundwater for drinking
water. Groundwater is also one of our most important sources of water for
urigation. Unfortunately, groundwater is susceptible to pollutants. Groundwater
contamination occurs when man-made products such as gasoline, oil, road salts
and chemicals get into the groundwater and cause it to become unsafe and unfit for
human use.

Materials from the land's surface can move through the soil and end up in the
groundwater. For example, pesticides and fertilizers can find their way into
groundwater supplies over time. Road salt, toxic substances from mining sites, and
used motor oil also may seep into groundwater. In addition, it is possible for
untreated waste from septic tanks and toxic chemicals from underground storage
tanks and leaky landfills to contaminate groundwater.

RO water:

Consuming reverse osmosis (RO) water for even a few months can create serious
side effects, warns WHO. It has been scientifically confirmed that drinking reverse
osmosis water causes more bodily harm and faster than most contaminants found
in tap water. Reverse Osmosis (RO) systems to purify water are

in use extensively.

Besides the aqua companies that market RO water, personal water purifiers are also
alo

preferred by many houscholds. The RO system of course removes water

imnuritice B w nlen o o] 0 T ;
impuritics. But they also remove 92-99% of beneficial caleium and magnesium!
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g RO water, the World

After analysing hundreds of scientific studies concernin
fluence on the

Health Organization states that such water has a definite adverse in

animal and human organism.

So, first preference is given to municipal water rather than ground water

and RO water. Boiled municipal water is better (o drink . If municipal water and

Groundwater is not available, prefer RO water.

39



M_..

A PROJECT REPORT
on
WORKING OF AUTOMATIC ROOM LIGHT CONTROLLER

—

AN Gaars 0 ) begres T llege
Wewr Wy aorvwe-rl B bines b

=

DO BBZG @O

A Project Report submitted in partial fulfillment of requirement
for the award of degree of Bachelor of Commerce
| B.Com., Computer Application

Submitted by
Name Regd.No
1. K. Parimla 1923002
2. B. Durga Bhavani 1923004
3. G. Anantha Lakshmi 1923005
4. P. Devi Mounika 1923011
5. Ch. Lakshmi Sowjanya 1923015

Under the esteemed Guidance of

Smt. G. Satya Suneetha
Lecturer in Computer Application

DEPARTMENT OF COMPUTER SCIENCE

A.S.D. GOVERNMENT DEGREE COLLEGE FOR WOMEN AUTONOMOUS
Affiliated to Adikavinannaya University, Rajamahendravaram
Jagannaickpur,Kakinada

2021-2022




A PROJECT REPORT

on
SMART BLIND STICK

A Project Report submitted in partial fulfilment of requirement for
the award of the Degree of Bachelor of Commerce
B.Com Computer Applications

Submitted by

Name Regd. No
M. SONIA 1923022
S. BHAGYA SRI 1923027
J. SASHI REKHA 1923017
K. THANUJA 1923020
K. VEERA MANI 1923026

Under the esteemed guidance of
Smt. G. Satya Suneetha

Lecturer in Computer Applications

DEPARTMENT OF COMPUTER SCIENCE
A.S.D GOVT DEGREE COLLEGE FOR WOMEN AUTONOMOUS

Affiliated to Adikavi Nannaya University, Rajahmahendravaram Jagannaikpur,
Kakinada

2021-2022




¥

g ¢ g ¢

(J' :

¢ 6 6

G

'JI (i (,

O

L L

T T T VS eeewedOqd O

A PROJECT REPORT

on

AUTOMATIC PLANT WATERING SYSTEM

A Project Report submitied in partial fulfilment of requirement for
the award of the Degree of Bachelor of Commerce
B.Com Computer Applications

Submitted by

Name Regd.No
K.BHARATHI 1923008

M.LAYA MUNNISHA 1923009
K.ANUSHA 1923019
B.SUMATHI 1923013

1923007

K. MALLESWARI

Under the esteemed guidance of

Smt. G. Satya Sunectha

Lecturer in Computer Applications

DEPARTMENT OF COMPUTER SCIENCE
A.S.D GOVT DEGREE COLLEGE FOR WOMEN AUTONOMOUS

Affiliated to Adikavi Nannaya University, Rajahmahendravaram
Jagannaikpur, Kakinada

2021-2022




«

L

¢ ¢ ¢ ¢ ¢ ¥ ¥ v W

B

v 90

¥ VLWUVWULVWOULUUVUVUODUVUYD U VO

SN R A S —— ————

A PROJECT REPORT
On
ONLINE BAKERY SHOP

A project report submitted in partial fulfilment of requirement
for the award of the degree of Bachelor of Commerce
B.Com ( Computer Applications )

Submitted by

NAME REGD NO
R. Ramya 1923003
B. Joshna Durga 1923014
N. Rama Tulasi 1923023
B. Nooka Ratnam 1923012
D. Sunitha Devi 1923016

Under the esteemed guidance of

Smt.G.Satya Suneetha
Lecturer in Computer Applications

DEPARTMENT OF COMPUTER SCIENCE
A.S.D GOVT DEGREE COLLEGE FOR WOMEN
AUTONOMOUS

Affiliated to Adikavi Nannaya University, Rajamahendravram

JAGANNAICPUR, KAKINADA
2021-2022




A PROJECT REPORT
(m

SMOKE & GAS DETECTOR

A Prgent Repon wdeumnd @ potial sifilnent of e fou
O swars o B Drper of Badehiy of { commen #

B Coun Coampuney Appls ations
Sabmitted by

Name Regd.No
PSEIMOUNTEA S AR UL
PPADMALATHA P M4
KNMHIYOTH ferRg)
PPAVITHRA Ny
GAPARNA 197 NN
INARMADA (S UL

Umies e exitrmnd gaalases of

Sam G Sava Scawriia
Latorer @ Computer Applacsaas

DEPARTMENT OF COMPUTER SCLENCE

ASD GOVT DEGREE COLLEGE FOR WOMEN AUTONOMOLUS

Affiliated to Adibavi Nasasa Usheniny . Rajphamabendravaram
Jogmesudpw  Edoanls
2021-2022

————— iy

——— s ot et A o T+

i

[—r

e o . i

P ————————



A PROJECT REPORT
ON

College webpage

A

A
g S

B o= pog—

A project report submitted in partial fulfillment of requirement

For the award of the degree of Bachelor of
B.Sc. Computer Science

Submitted by

Name
B.JYOTHI
M.JYOTHSNA MADHURI
P.PRASANNA KUMARI

Y.S.P.M.N.JLASHA JYOTHI

Under the esteemed Guidance of
N.Naga Subrahmanyeswari
Lecturer in Computer Science

DEPARTMENT OF COMPUTER SCIENCE

A.S.D GOVT DEGREE COLLEGE FOR WOMEN (A)
JAGANNAICKPUR, KAKINADA

2021-2022

Regd.no

1932039
1932050
1932051

1932060



¢ ¢ 0 G 6 @ ¢ ¢ ¢ ¢ ¢!

i

I I

CSO0OOVVVOVOVIVUVUUUYUIGBGIGUO OGO

A PROJECT REPORT
On

E-LIBRARY MANAGEMENT SYSTEM

A Project Report submitted in partial fulfilment of requirement
for the award of the Degree of Bachelor of Science
B.Sc. Compuler Science

Submitted by
Name Regd.No.
B. Bhargavi 1932001
M.Varalakshmi 1932006
K_ VeenaPavani 1932021
K. BalaDeepika 1932022
J. PavaniMahalakshmi 1932043

Under the esteemed guidance of

N Naga Subrahmanyeswari
Lecturer in Computer Science

DEPARTMENT OF COMPUTER SCIENCE
AS.D GOVT DEGREE COLLEGE FOR WOMEN
AUTONOMOUS
AfTiliated to Adikavi Nannaya University, Rajahmahendravaram
Jagannaickpur, Kakinada
2021-2022



A PROJECT REPORT
On

EYE BLINK SPECTS

A Project Report submitied in partial fulfilment of requircment
for the award of the Degree of Bachelor of Science
B Sc. Computer Scicnce

Submitted by

Name Regd.No.
S Niharika 1932029
G Chinnan 1932041

1.Chandini Devi 1932042
J Swathi 1932044

Under the esteemed guidance of

N.Naga Subrahmanyeswari
Lecturer in Computer Science

DEPARTMENT OF COMPUTER SCIENCE
A.S.D GOVT DEGREE COLLEGE FOR WOMEN
AUTONOMOLS
AfTiliated to Adikavi Nannaya University, Rajahmahendravaram
Jagannaickpur, Kakinada

2021-2022



A PROJECT REPORT
ON
SMART STICK

gAEEEgEs

A project report submitted in partial fulfillment of requirement
for the award of the degree of Bachelor of Science
B.Sc. Computer Science

Submitted by

Name Regd.no

R. Satya Veni 1932007

K.Sravani Maha Lakshmi 1932018
T.Sireesha 1932030
Y.Ganga Bhavani 1932061

Under the esteemed Guidance of
N.Naga Subrahmanyeswari
Lecturer in Computer Science

DEPARTMENT OF COMPUTER SCIENCE
A.S.D GOVT DEGREE COLLEGE FOR WOMEN

AUTONOMOUS

Affiliated to Adikavi Nannaya University, Rajamahendravaram
Jagannaickpur, Kakinada
2021-2022



A PROJECT REPORT
On

HOME AUTOMATION

A Project Report submitted in partial fulfilment of requirement
for the award of the Degree of Bachelor of Science
B.Sc. Computer Science

Submitted by
Name Regd.No.
M.Divyaroopa 1932005
G.Praneetha _ 1932014
J.J.M.Mahalakshmi 1932017
V.Omrajyalakshmi 1932058

Under the esteemed guidance of

N.Naga Subrahmanyeswari
Lecturer in Computer Science

DEPARTMENT OF COMPUTER SCIENCE
A.S.D GOVT DEGREE COLLEGE FOR WOMEN
AUTONOMOUS

Affiliated to Adikavi Nannaya University, Rajahmahendravaram
Jagannaikpur, Kakinada
2021-2022




A PROJECT REPORT
ON
SMART STICK

QDWSL“»’J;’JQE‘O

A project report submitted in partial fulfillment of requirement
for the award of the degree of Bachelor of Science
B.Sc. Computer Science

Submitted by
Name Regd.no
R. Satya Veni | 1932007
K.Sravani Maha Lakshmi 1932018
T.Sireesha ' 1932030
Y.Ganga Bhavani 1932061

Under the esteemed Guidance of
N.Naga Subrahmanyeswari
Lecturer in Computer Science

DEPARTMENT OF COMPUTER SCIENCE
A.S.D GOVT DEGREE COLLEGE FOR WOMEN
AUTONOMOUS

Affiliated to Adikavi Nannaya University, Rajamahendravaram
Jagannaickpur, Kakinada
2021-2022



A.S.D. GOVT. DEGREE COLLEGE FO
R WOMEN (A
DEPARTMENT OF COMPUTER SCIENCE @

g;:)wgtﬁéga’o

CERTIFICATE

This is to certify that the Project on “SMART STICK” was taken up by students

of B.Sc. (Computer Science) under the able guidance of Mrs. N.Naga

Subrahmanyeswari, Department of Computer Science, A.S.D GOVT.

DEGREE COLLEGE FOR WOMEN (A), Jagannaickpur, Kakinada. The

project work is completed in a systematic way.

N- NS . . \J‘ML' E rn.al mine?’p/6

Project Guide Principal

&
Head of the Department



ABSTRACT

The main aim of the project is to implement a simple method of detecting the
obstacle by using an ultrasonic sensor that can detect an object with in a
maximum range about 2 meters. As, blind people can’t see, they face many
problems while doing their daily life routines. This project will help the blind
people and people with vision related problems to live their life freely. The
Smart Stick has several features that surely can help this kind of people to
detect the obstacles in an easier manner. The user just need to use the stick
which is embedded with Ultra sonic sensor used to detect the obstacles. This
stick detects the objects which are in the way and gives response to the user

through a beep sound with the help of Arduino.



SMART STICK

CHAPTER 1
INTRODUCTION

1.1 Smart Stick

The smart blind stick for the blind as the name suggests is a device for the

ired to guide the user to respective destination and avoiding to collide

visually impa
t the depth

with the obstacles.it uses two ultrasonic sensors HC SR 04 to detec
below or the obstacles in between.

1.2 Introduction

Nowadays, visually impaired person suffer from serious visual impairments

preventing them from travelling independently. Accordingly, they need to use a

e of tools and techniques to help them in their mobility. One of these

wide rang
st who helps the visually impaired

techniques is orientation and mobility speciali
and blind people and trains them to move on their own independently and safely

depending on their other remaining senses. Recently, many techniques have been
developed to enhance the mobility of blind people that rely on signal processing

and sensor technology.
the mainly classified into two major aspects:

sonar input (infrared signals, or ultrasonic signals). The way these devices operate
just like the radar system that uses ultrasonic fascicle or sonar to detect the
obstacle of fixed and moving objects. The distance between the person and the
obstacles is measured by the time of the wave travel. However, all existing systems
inform the blind of the presence of an object at a specific distance in front of or
near to him. Information about the object characteristics can create additional
knowledge to enhance space manifestation and memory of the blind. To overcome
the abovementioned limitations, this work offers a simple, efficient, configurable
electronic guidance system for the blind and visually impaired persons to help
them in their mobility regardless of where they are, outdoor or indoor.

em is that it utilizes an embedded vision
d brings together all reflective signals
crocontroller (Arduino Uno R3).

According to the literature,

The originality of the proposed syst
system of three simple ultrasonic sensors an
in order to codify an obstacle through PIC mi

1.3 Objective

A. To develop a prototype hardware for modern blind stick.

B. To help the blind people navigate the route at their best.

2



SMART STICK

C. To reduce the risk of injuries and lost for the visually impaired person.
D. To creating a suitable software for the visually impaired person.

1.4 Problem Statement

a. Blind people can’t easily recognize obstacles or stairs while using normal blind

stick.

b. No safety features on the normal blind stick.

c. Can’t locate the location of the normal blind stick user when they are having an

emergency problem or lost in a public area.
1.5 Significance of Project

e To prevent and reduce the risk of injuries and lost of the visually impaired

person.
1.6 Scope of Project

e Visual impaired person that having trouble to navigate.

1.7 Overview

The purpose of this project is to detecting the obstacle and route by using
altrasonic sensor that can detect a stair with maximum range about 2 meters. With
we want to help this kind of people to live their life freely. This modem

ture that surely can help this blind people to navigate
ser just

our idea,

blind stick have a several fea
and detect an obstacle that surely can make their life routines easier. The u

need to use the blind the normal blind stick, the different is, visually impaired

person can detect a stair more faster and easily.

1.8 IOT Definition

The Internet of things is a system of interrelated computing devices,

mechanical and digital machines are provided with unique identifiers (UIDs) and

the ability to transfer data over a network without requiring human-to-human or

human-to-computer interaction.

The definition of the Internet of things has evolved due to the convergence
real-time analytics, machine learning, commodity

of multiple technologies,
sensors, and embedded systems. Traditional fields of embedded systems, wireless
sensor networks, control systems, automation (including home and building

3



A PROJECT REPORT
On

HOME AUTOMATION

A Project Report submitted in partial fulfilment of requirement
for the award of the Degree of Bachelor of Science

B.Sc. Computer Science

Submitted by

Name Regd.No.
D 1932005
G.Praneetha 1932014
V.Omrajyalakshmi 1932058
Under the esteemed guidance of
N.Naga Subrahmanyeswari
Lecturer in Computer Science
DEPARTMENT OF COMPUTER SCIENCE
A.S.D GOVT DEGREE COLLEGE FOR WOMEN
AUTONOMOUS _
Affiliated to Adikavi Nannaya University, Rajahmahendravara

Jagannaikpur, Kakinada
2021-2022



A.S.D. GOVT. DEGREE COLLEGE FOR WOMEN (A)
DEPARTMENT OF COMPUTER SCIENCE

CERTIFICATE

This is to certify that the Project on “HOME AUTOMATION” was taken up by students of
B.Sc. (Computer Science) under the able guidance of Mrs. N.Naga Subrahmanyeswari,
Department of Computer Science, A.S.D GOVT. DEGREE COLLEGEFOR WOMEN

(A),Jagannaickpur, Kakinada. The project work is completed in a systematic way.

NS FRuosu e | . ’
N = L Principal galE in }({ b

Project Guide &

Head of the Department



Abstract

The project presents the overall design of Home Automation System (HAS) with low
cost and wireless system. It specifically focuses on the development of an IOT based home
automation system that is able to control various components via internet or be automatically
programmed to operate from ambient conditions. Is designed the development of a firmware for
smart control which can successfully be automated minimizing human interaction to preserve the
integrity within whole electrical devices in the home. Node MCU, a popular open source IOT
platform, to execute the process of automation is used. Different components of the system will
use different transmission mode that will be implemented to communicate the control of the
devices by the user through Node MCU to the actual appliance. The main control system
implements wireless technology to provide remote access from smart phone. The project using a
cloud server-based communication that would add to the practicality of the project by enabling
unrestricted access of the appliances to the user irrespective of the distance factor. It provides a
data transmission network to create a stronger automation. The system intended to control
electrical appliances and devices in house with relatively low cost design, user-friendly interface
and ease of installation. The status of the appliance is available, along with the control on an
android platform. This system is designed to assist and provide support in order to fulfil the

needs of elderly and disabled in home. Also, the smart home concept in the system improves the

standard living at home.



Home Automation

1.1 INTRODUCTION

Internet of Things (IOT) is a concept where each device is assigned to an IP address and
es that device identifiable on the internet. The mechanical

through that IP address anyone mak
1 unique identifiers (UIDs) and the ability to transfer data

and digital machines are provided witl

over a network without requiring human-to-human or human-to-computer interaction.

Basically, it started as the “Internet of Computers.” Research studies have forecast an

explosive growth in the number of “things” or devices that will be connected to the Internet.
The resulting network is called the “Internet of Things
technology which permit the use of wireless controlling environments li
Fi that have enabled different devices to have capabilities of connecting with eac

a WIFI shield to act as a Micro web server for the Arduino which eliminates the need

» (IoT). The recent developments in
ke, Bluetooth and Wi-
h other. Using

for wired

connections between the Arduino board and computer which reduces cost and enables it to

_Fi shield needs connection to the internet from a wireless

work as a standalone device. The Wi
ct as the gateway for the Arduino to communicate

router or wireless hotspot and this would a
with the internet. With this in mind, an internet b

control and observing the status of home appliances is design
there are several different type of connections introduced such as GSM,
plications.

ased home automation system for remote

ed. Due to the advancement of

wireless technology,
WIFL and BT. Each of the connections has their own unique specifications and ap

Among the four popular wireless connections that are often implemented in HAS projects,

WIFI is being chosen with its suitable capability. The capabilities of WIFI are more than

enough to be implemented in the design. Also, most of the current laptop/notebook or

Smartphone come with built-in WIFI adapter. It will indirectly reduce the cost of this system.



MODELLING AND SETyU
P

Home Automation

4.1MAIN FE
ATURES OF THE PROTOTY
PE

The features of the developed prototy
pe are:

The prototy
pe establi .
) ishes a wireless remote switchi
appliances. e switching system of home

l pe uses i i ’
‘ndo ee | | |

The command ;
to switch on and
off an applia 5 »
buttons on the ppliance can be given from radio

application from one’s smartphone

There is also a provision developed to use voice commands on
smartphone to remotely switch home appliances

Any device capable of Wi-Fi connectivity can be used to control the
prototype-.

The control over home appliances is obtained over secure connections, by
SSL over TCP, SSH.

Simple design easy 10 integrate into 2 verity of appliances and extend on

further range-

sl the status of each appliances on the application in smartphone

Cost effective.
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ABSTRACT

Road accidents became a matter of concern due to the huge increase in traffic.
The primary cause of accidents is due to the drowsiness of drivers in the night-time.
Fatigue and drowsiness arc some of the leading causcs of major accidents on
Highways. The only solution to this problem is detecting the drowsiness and alerting
the driver.

Accidents due to driver drowsiness can be prevented using eye blink sensors.
The driver is supposed to wear the eye blink sensor frame throughout the course of
driving and blink has to be for a couple of seconds to detect drowsiness. Any random
changes in steering movement leads to reduction in wheel speed. The threshold of the
vibration sensor can be varied and accordingly action can be taken.

Drowsy detection using a camera based approach has a limitation of

as the normal cameras do not work well at night when monitoring is more
for this

illumination,
t. To overcome this limitation, an IoT based solution is proposed

ed as an Eye Blink Sensor. The Eye blink sensor is an infrared
ks for variations in the reflected waves from the eyes

Through this Eye Blink Sensor, accidents

importan
problem, which is call
sensor which continuously loo
and intimates that the eye has blinked.

d due to Driver’s drowsiness can be decreased to a considerable extent.

cause



CHAPTER-1
INTRODUCTION

Road accidents became a matter of concern due to the huge increase in traffic. The
primary cause of accidents is due to the drowsiness of drivers in the night-time. Fatigue and

drowsiness are some of the leading causes of major accidents on Highways. The only

solution to this problem is detecting the drowsiness and alerting the driver.

Drowsy driving is defined as operation of a motor vehicle while being cognitively in
paired by a lack of sleep. According to the National Sleep Foundation, some of the drowsy
driving signs are: difficulty focusing, yawning repeatedly or rubbing eyes, trouble keeping
head up and drifting from lane. In recent years, driver drowsiness has been one of the major

causes of road accidents and can lead to severe physical injuries, deaths and eco deaths and

economic losses.

Accidents due to driver drowsiness can be prevented using eye blink sensors. The driver is
supposed to wear the eye blink sensor frame throughout the course of driving and blink has
to be for a couple of seconds to detect drowsiness. Any random changes in steering

movement leads to reduction in wheel speed. The threshold of the vibration sensor can be

varied and accordingly action can be taken.
Annually and worldwide, over 1.3 million people die each year on the road and 20

50 million people suffer non-fatal injuries due to road accidents According to National
Sleep Foundation surveys, half of American adults consistently report that they have driven
drowsy and 20% admit that they have actually fallen asleep at the wheel in the previous
vear. These statistics suggest that driver drowsiness is one of the most dominant causes for
-ar accidents, injuries, deaths and economic losses. Hence, developing a system for
nonitoring drivers’ drowsiness and alert the driver when he/she is not paying enough

ttention to the road is a fundamental way to prevent accidents. However, drowsy detection

sing a camera based approach has a limitation of illumination, as the normal cameras do

ot work well at night when monitoring is more important. To overcome this limitation, Eye

ink sensor is proposed using IoT.



EYE BLINK SPECTS

3.4 What is Arduino Napqo
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Arduino Nano

Fig-3.2 Arduino Nano

This unit features 14 digital pins which you can use to connect with external

components, while 6 analog pins of 10-bit resolution each, 2 reset pins, and 6 power pins are

integrated on the board.
evice is 5V, while input

Like other Arduino boards, the operating voltage of this d
ges from 7V to

voltage ranges between 6V to 20V while the recommended input voltage ran

12V,

ix ¢ of
The clock frequency of this unit is 16MHz which is used to generate a clock of a

certain frequency using constant voltage.
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Cooking food with free, decentralized and non-emitting solar energy helps break the cycle of
poverty.

Women, children and community members breathe cleaner air, save trees and soil, save money
for food and education, and stay safe from violence. Solar cooking improves the quality of life
and allows you to adapt to a changing world.

Up to 1.3 billion USD = Total potential cash saved by reducing CO; emissions with solar cookers.

Solar cooking helps to reduce social, economic, high iron environmental costs such as black
soot, and fossil fuel emissions that affect all human beings and all current environments.

Hi f Solar Cookin

A strange antecedent of the current solar cooking movement is the story of what Buti and
Perlin call "the MiroBurning IR "(1980, Chapter 3). The Greeks, the Romans and the Chinese all
explored the use of curved mirrors, which they said could concentrate the rays of the sun so as
to detonate almost all the burning objects.

It is interesting to note that the use they perceived for this aircraft was military-could they
focus the mirror on fire, for example, on an enemy warship? Hot mirrors were also used for less
dollar purposes, such as that the lighting of altar lights and torches for sacrificial parades, but
almost no other applied use was found. The idea, which is now seen in the concentration of
solar cooker, is today used in countless regions of the world.

A more direct route to solar cooking is the result of intensive efforts to harness the sun for
horticulture. Although found in Roman times in wealthy households, it was only in the sixteenth
century (Buti and Perlin, pp. 41) that glass became common and cheap enough to be used for
horticulture. Global travel and trade have led to the transport of tropical plants and fruits to the
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northern countries, which has led to a desire for these products, which could not be grown in
northern climates. First the Dutch and the Flemish, then the French and the English built
greenhouses for this purpose, heated only by the sun. A substrate horticultural activity
concentrated on tropical flora and food crops, all high under glass, in huge greenhouses. Using
South exposure and insulation as needed, the green house movement later inspired the use of
"conserve random "or" rooms of sunshine" in the houses.

The principle of the greenhouse, the so-called "Solar Heat Trap", was used in what is considered
the very first attempt to use solar energy to cook. Many Scientists of the time knew the use of
glass to trap heat, but Horace de Saussure, a Franco-Swiss scientist, wondered why this
phenomenon generally understood had not led to a user's Extra N. In 1767, he built a miniature
greenhouse with five cans of glass * One in the other, placed on a black plateau. The fruits
placed in the deepest box cook well-and a new tech nology is born (Buti and Perlin, p. 55). De
Saussure continued his experimentation, using other materials, adding insulation, cooking at

different altitudes. This European scientist, exploring solar energy almost 250 years ago, is
widely regarded as the Pre Era of the movement of solar cooking. Others followed his exa mple,
including the British Sir John Herschel and the American Samuel Pierpont Langley, who later led
the Smithsonian, who both conducted experiments with the hot box, Precursor of today's
cooking box. .

A French mathematician named Augustin Mouchot, working almost a century later, was eager
to ensure that the learning of the past was not lost. He was more interested in practical
application than in the number of ground devices, interesting but not very useful areas that
appeared, using the newly discovered potential of the sun (whistles, watercrafts, talking
statues, etc.). He started a search to use the energy of the sun in a sufficiently efficient way. He
boiled water for steam engines, a company that has not succeeded. His second project was
more successful. He combined the idea of thermal trap with that of the burning mirror, creating
an efficient solar cooker from a box which later modified by the addition of reflective mirrors.
Eventually he created an efficient steam engine, but it was too big to be practical. He turned to
the challenge of cooking and has developed a number of solar cookers, pumps and even
electricity. However, his work was short-circuited by the advent of improved coal extraction
methods and, therefore, by the use of Carburant Less expensive. His work has also been caught
up by the replacement of cheap fuels, making the use of solar energy useless and therefore

inconvenient at the moment.

At the end of the nineteenth century, Aubrey Eneas, an American formed the first solar energy
company. He had built a giant parabolic reflector in the Southwest of the United States. Frank
Shuman founded the Sun Power Company in Cairo to promote a water pumping system
powered by solar power, then a parabolic concentrator generating electricity. Other solar
innovations have followed: engines and motors, water heaters, photovoltaic lighting and even
crematoriums. However, throughout history as in Greece and in Rome progress has been
repeatedly interrupted by fluctuations in the availability or low cost of alternative fuels.

In recent decades wealth of billions has been created with polluted fuels and destroying our
planet. The sun can provide ways to live with income of renewable energy that will giv_e a better
future for our planet and health. It continues to indicate that countless previous experiences of
decrease in fuel resources was then forced to rediscover previous knowledge about solar
energy. Hoping this new generation will practice clean energy usage for a better future. We



4

should have been practicing clean renewable energy available to all human being but creating

wealth seems to be our priority.

At the beginning of the years 1900, a number of Buildings designed to take advantage of solar
energy were built using the principles of the thermal trap, but they were quickly forgotten and
then resumed in the 1930s when several office buildings the double-glazed glass helps with the
heat retention. The Second World War took place, but after the war, the need for housing
exploded, resulting in new attempts, including solar collectors on the rooftops.

The Solar cooking movement began seriously in the middle of the century, with some isolated
attempts to arouse an interest in technology. At the end of the years 50, Maria Telkes , MIT
scientist Worked on solar cooking her interest led her to build a classic built-in oven, an
insulated plywood case with an inclined top of two layers of glass and four large flared
reflectors. The design is used, in infinite variation, until today. George Praise , former director of
the Institute of Industrial Research at the University of Denver, Colorado was also a pioneer of
the Solar technology, including solar cooking. In the years 1950, he experimented with a model
of Parabolic Solar Cooker The name "Umbroiler" because of its structure in the form of an
umbrella. He marketed the design, but it was a commercial failure for the time.

After this period, the years of the second half of the 20th century show a number of individuals
and groups experimenting, demonstrating the potential realizing small and large projects using
solar cooking appliances. From 1955, a group of individuals in Phoenix organized in Association
for Applied Solar Energy and held its first Conference: the American Solar Energy Society and its
international counterpart, the International Solar Energy Society. In the 70’s, the growing
scarcity of fuelwood and other energy shortages coupled with the expansion of the population
in China and in India , encouraged government research on alternatives. The first seminar on
solar Cooking was organized in 1981. The oil shortage of that time was the source for study of
potential of solar energy, with considerable experience in Europe and the United States, as well
as in Asia. The ULOG Group In Switzerland And EG Solar In Germany , and that Solar Cookers

International In the United States, originated in the years 1980.

A woman from Arizona, Barbara Kerr , along with other colleagues, also has continued to
develop models of solar cookers and test their effectiveness. She experimented with various
materials and promoted the technology. In 1980, Barbara Kerr and a neighbor, Sherry Cole,
designed a "kit" of cardboard cooker that could be largely built by a customer and that was very
much appreciated by those who had bought one. This work of these two women has inspired
the formation of Solar Cookers International . A few years later, the organization, again with the
technical assistance of Barbara Kerr, was the first to introduce another type of cooking
apparatus, the panel cooker, a hybrid between the box and the parabolic. This invention was a
decisive step forward because it was less expensive. Now solar cookers are affordable to meet

the needs of the poorest inhabitants of the world.

It could be said that the foundation of Solar Cookers International, On July 11, 1987, was the
beginning of an effort to connect the promoters of solar cooking everywhere in the sense of
networking, because its intention was largely educational and networking. Coincidentally, the
United Nations has declared that day the world's population had reached five billion people
(only 13 years after reaching 4 billion). The new organization said that at least one billion
people could benefit from knowing how to cook with the sun. Obviously, the organization has




been forced to steadily increase its targets, while the world's population has continued to grow
at more than six billion in 2004, which means that today the target group exceeds the two

Milliards.

It is interesting to note that before the creation of SCI In 1987, a major demonstration of solar-
powered cooking was carried out in the highlands of Bolivia, a region where Wood was already
Rare. Two organizations, at the time Pillsbury Corporation and a non-governmental
organization called Meals for Millions, jointly sponsored cooking demonstrations and later
taught the villagers how to build cookers with Local materials. In 1988, Pillsbury, in cooperation
with Foster Parents (now Save the Children sponsored a project similar to Guatemala . These
projects it appeared are one of the first nation-to-nation projects, initiating a long series of

projects of this type worldwide, which continue to develop today.

Since then, Many other organizations were created to sponsor projects and promote solar

cooking activity. Their work, as known by the written documentation, is detailed in the

ers. This vignette is only a small part of the story, even unknown to supporters
un to cook

following chapt
of solar cooking, the many men and women who have glimpsed the potential of the s

food and have tried over the centuries to disseminate this knowledge oo others who can

benefit from it.

Solar Cooking Basics

o the Place where you live and how you cook, solar cooking can save you time,
oked in a type of

According t

effort and fuel. It is also a fun way to prepare your meals. All foods can be co

solar cooker.

Solar cooking is often associated with slow cooker or slower cooking. Cooking times are usually
but slower cooking also has advantages. Less

twice as long as conventional cooking methods,
water is used than conventional cooking and foods retain more flavor and nutrients, instead of

being steamed or boiled. These slow solar cookers do not need to stir food during cooking. By
placing the solar cooker a little ahead of the current position of the sun on its passage through

the sky, the cookers and cookers can be left unattended.

The parabolic solar cooker offers another approach to solar cooking by being able to achieve
e box solar cookers and panels, but they require more

higher temperatures compared to th

attention during cooking to avoid overheating of the food. They must be redirected to the sun
every fifteen minutes or so. This can be done automatically if they are equipped with a Solar
monitoring . They are also able to fry and grill the food, which cannot be done by the box and
panel solar cookers.

For the regions of the world facing the Deforestation and limited access to Drinking water,
solar cooking turns out to be an element precious or the solution. It offers an alternative

without Smoke or boiling water in open fires, and safe for coaking.




Building a solar oven

If you want to try solar cooking for the first time, you may be wondering if you need to Build
your own Solar cooker or Buy one from a manufacturer . Both options have advantages:

1. Building your own solar cooker can be a fun and profitable way to start.
2. Buying a solar oven is simple and YOU will often receive a higher quality solar cooker

than you could build yourself.

If you want to build a cooker, go to the Construction of a solar cooker to choose a model that
suits you. You will find information comparing the Pros and cons of each style of Solar Cooker.

If you want to buy a solar cooker, see the list of manufacturers and sellers on the SCI page: Buy
a solar cooker . Commercial solar cookers are generally durable and efficient and offer new
users an easy way to experience solar cooking. Solar Cookers are manufactured worldwide;

consider potential shipping costs when choosing a model.

Solar Cookers Working

Most solar cookers operate according to the basic principle: sunlight is converted to thermal
energy. Most of the Panel Solar Cookers Base and Box Solar Cookers Can reach 150 °c (300 *f).
The captured solar radiation crosses a greenhouse enclosure containing a dark-colored pot. By
reaching the dark surface, the solar radiation is converted into heat, which is not allowed to
escape the enclosure and the Temperatures are reached. The same principle is often

encountered by drivers who return in a hot car parked in the sun.

Below you will find the basic science for Panel Solar Cookers and Box Solar Coo kers. Another
type of solar cooker is a Parabolic Solar Cooker . They usually require more frequent

[ =S P



reorientation to the sun, but cook more quickly at higher temperatures and can fry food.
ube Solar Cookers use a highly insulated double-walled glass tube for the baking

Vacuum T
chamber and do not require large reflectors.

oty Fuel: sunlight
== Sunlight is the fuel. A solar cooker needs an outdoor spot that is sunny

/10% for several hours and protected from strong wind, and where food will
be safe. Solar cookers don't work at night or on cloudy days.

Convert sunlight to heat energy

Dark surfaces get very hot in sunlight, whereas fight surfaces don't Food cooks
best in dark, shallow, thin metal pots with dark, tight-fitting lids to hold in heat and

maoisture.

[ - F‘-H_‘ |
J

o
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protection from strong winds

A solar cooker needs a sunny outdoor location for several hours,
oking conditions in places where the food will be healthy. Solar Cookers do

and clean/safe co
but during the best sun conditions. Some solar cookers

not work at night or in cloudy weather,
can cook foods under intermittent clouds.




Retain heat

A transparent heat trap around the dark pot lets in sunlight, but keeps in the heat.
This is a clear, heat-resistant plastic bag or large inverted glass bowl (panel cookers)
or an insulated box with a glass or plastic window (box cookers).

Capture extra sunlight

One or more shiny surfaces reflect extra sunlight onto the pot, increasing its heat
potential.

e The Parabolic Solar Cookers Use a bowl-shaped reflector to concentrate the light more
directly on the pot, usually from the bottom, and generally do not require a greenhouse
to hold the heat. They can also fry and grill the elements.




S.oIScTurce is an example of Parabolic Solar Cooker presented with a cooking utensil. The
light is concentrated at the bottom of the pan.

The institutional solar Cooking Can use many large reflectors Parabolic For general Steam and
cook daily for thousands of people. Many of these systems are used in India . This example was

built with the technology of Solar Bridge .

Converting solar light into thermal energy

In its simplest form, light/heat conversion occurs when photons (light particles) moving through
the light waves interact with molecules that move in a substance. Rays emitted by the sun have
a lot of energy in them. When they hit the material, whether solid or liquid, all this energy
makes the molecules of this matter vibrate. This activity generates heat and cook.

Dark surfaces become very hot in the sun, unlike clear surfaces. Also food cooks better in Pots
that are thin, shallow, dark metal with well-fitting lids. There are many other containers that

can also be used in a solar oven.
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Keep the Heat

A glazing (transparent heat trap) around the dark pot or over the cooker opening allows the

sunlight to penetratfa and prevents the heat from escaping. The glazing is resistant to heat, for
example, oven bag, inverted bowl, sheet of glass, sheet of plastic, etc ;

Sun r?ys F:;SS .tr:rough the.glazing into the cooking chamber (solar cooker) via relatively short
WaYeheng SI. € sun ray is absorbed by the dark colors of the pots and converted to a heat ray
which has a longer wavelength and does not easily escape out of the cooking chamber. This

explains why cars left in the sun, especially those with a dark interior, will become very hot
even on days when the temperature is low.

Parabolic Solar Cookers do not usually require a thermal trap, as the reflector's light is tightly

concentrated on the pot. They bake at higher temperatures, but require more frequent
reorientation with the Sun than box or panel solar cookers

Capturing additional solar energy

Shiny surfaces (reflectors) reflect the extra sunlight on the pot, increasing its thermal potential.
Mirrors, aluminum foil, Mylar, mirror-finish metals, chrome-plated vinyl and other shiny
materials have all been used with success for solar cooking, depending on the type of cooker
and the environment in which it will be used.
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Types of Solar Cogkers

The most common types of solar cooker are:

Panel Solar Cookers, Box Solar Cookers, and Parabolic So|

thousands of variants of these basic types exist.

ar Cookers. Hundreds or even
PANEL, BOX, PARABOLIC, VACUUM TUBES,

In addition, several large-scale solar co
institutional use in places around the

oking systems have been developed to meet the
world: INSTITUTIONAL SOLAR COOKERS.

Box Solar Cookers

Box Solar Cookers cook food at moderate to high temperatures and often accept mgre than

ot. They usually cook food of many varieties between one and three hours Qf tlm‘e. All
0:: pthé world, they are the most common. There are several hundred thousand in India only.
over ,

Panel Solar Cookers

p i i . v are Sl ple and
ane SO ar c()()kel S Incorpora n |}C co centrato UnItS
i te bOX a d pal abO n T I “le I" f‘nl I

cooker most used.
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parabolic Stoves

COUPLE OF OTHER MODELS

The Cooker Dish AlSol 14 Shows how the pan is supported to receive the light focused from the
bottom of the reflector.

The parabolic solar cooker uses a bowl-shaped reflector to concentrate light more directly on
the pot, usu_ally from the bottom, and generally does not require Greenhouse to hold the heat.
The parabolic name refers to the shape of the curve of the reflector section.

They require a more frequent reorientation to the sun, possibly every 10 minutes, but they
han other solar cookers, often reaching more

bake more rapidly food at higher temperatures t

than 200 °c (400 °f). They also have the ability to fry food. In general, pa rabolic solar cookers
will have to be stirred more than box or panel solar cookers to avoid burning food at the
bottom of the pot. They are pa rticularly useful for large-scale institutional cuisine.

Vacuum Tube Solar Cookers
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vacuum Tube Solar Cookers use a double glass tube wall for the baking chamber. The space
between the glasses is created in the form of a vacuum, offering excellent heat retention.
Although vacuum tubes are effective, glass technology somewhat limits the size of the glass

tube opening.

Solar Cooking Tips and Tricks . . .
Main Article: Cooking instructions and tips

The golden rule for solar cooking is to prepare your food early and not worry about overcooking for box
and panel solar cookers. Most people who start solar cooking will use a panel solar panel cooker or a

box sclar cooker. These solar cookers are sun-oriented and generally do not need to be turned to follow
the sun during a period of solar cooking for 3 to 4 hours. Less water is added to the recipes than baking
with more conventional ovens.

Once you have chosen a cooker, you will need to find suitable cookware. The enameled metal pans
(thin-walled) work well. They warm up quickly. Cast iron pans also work and are usually preheated in the
solar oven before cooking. The advantage of heavier pots is that they will help maintain a regular
cooking temperature if the sun is sometimes blocked by clouds. Many solar cooks use the enamel pots.
Because dark pots work best in the solar cooker, it is important to remember to use a non-toxic paint for
the outer surface of the pot if you choose to paint your own pots.

Pots for Solar Cooking

The best pots for solar cooking are those made of thin and dark metal with a lid. Mo_st t'irr'xes
when people have trouble cooking in a solar oven, we often find th.at they use pans in f|n|§hes
that reflected the sunlight away from the pot instead of absorbing it. Unless you'are cooking
with a parabolic solar oven where the light is focused on the bottom c.zf'the pot, it is very
important to use dark colored pots that absorb the sunlight and turn it into heat.

~ell as dark colored. The pot lids

Light colored pots can also work but generally do not woik 4>
can be dark or clear. Dark lids are better if your food to be cooked is light colored.
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it is important to always cook with the lid in place so that the moisture of the food does not
ascape and condense on the plastic bag or other Glazing _

The material from V‘\-'_hiCh the Pf)l is manufactured will also affect the speed with which it will
warm up and its ability to retain the heat. Here are a few things to keep in mind:

« Pots made of thin materials heat faster than thicker pots

o Metal pots heat faster than ceramics or earthenware

. f}:mt::; and earthenware are slow to heat initially, but will hold the heat better than
. e thir er metals. The Fast iron should only be used in good solar cooking conditions as
it requires strong sunshine to obtain the best results.

It is generally not recommended to use a sheet to wrap food in solar cooking; however,
temporary pots or lids can be formed from a painted (non-toxic paint) layer in the absence of
other equipment. Foods packaged in a conventional way under unpainted aluminum foil bake
very slowly. if not at all, because the glossy film, especially in several layers, insulates the food
from sunlight and warmth. The food won't cook.

Glass Jars

Solar cooking food in jars to putin solar ovens

Solar Cooking with glass jars

gh they cook better if they are darkened rather than left clear.
outside of the food containers will protect some of the B
apply a strip of tape from top to bottom before

the tape to leave a transparent strip of glass clean for

Glass jars make good pots althou
In addition, the darkening of the
vitamins. When you Paint Jars , you can
painting. When the paint is dry remove

visual inspection to the inside of the jar.
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o jars for baking, make a hole in
when you us _la“ st ki llh! lid of any canned jar, such s MAYONnae |40
peanU‘ BUSTERIE . ulldup. Be careful! Non vented jars can englode

garthenware Pots

some clay pots with slow cooking ‘dOPS not cook well at first, althaugh dark colared
earthe"“"are pots that are wood fired and/or have glazing, work very well Perhags the poor
rformance of some earthenware is due to the fact that liquids are soaked into the
eartheﬂwafe and can evaporate outside. Perhaps it is due to the thickness and porous nature of
the poorly cooked terracotta walls. Unglazed earthenware pots can be saturated with food of,
ase of natural resin that closes the pores and changes the surface The oil will heat well and
this could be part of what improves cooking in low-cooking terracotta pots The Light colored
terracotta must be darkened outside only, perhaps by rubbing a black food, a non toxe black

pgwder or soot from clean wood in the oil layer. Despite this, some forms of low fire terracotta
can be difficult to use for some solar box cookers,

Reflector Material

Aluminum foil

Standard kitchen aluminum foil can work well as Reflective material for solar cooking. It can be
stuck with white paste or Wheat dough. Some folds may result from the bonding process. In
addition, although the surface of the aluminum foil is not hot to touch in the sun, there will be
differences in the rate of expansion between the sheet and the material unto which it is glued
This can cause wrinkles. As a general rule, a slight folding of the sheet does not create a
problem for cooking.

Solar cooker design continues to evolve and offers better cooking efficiency. There is an .
increased interest in finding more low cost reflective materials in order to better teorwnm
sunlight. Polished Metal surfaces have been tried and, although effective, tend to be cos .
solutions, Metallized polyester Film properly glued to plastic Coroplast sheets are an even m
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onomical approach for users who want to create their own r
ec . ' .
prof855°' and researcher in solar energy at Brazil , explains on

Realization of the petals of the solar cooker with M lar and D.
Reafiect=—

onents of Solar Cookers

eflectors. Michelle Dean i
e of these approaches in the

Glazing

ot, creating an effective
embled to enclose the pot,

rex bowls can be ass

Two transparent Py

greenhouse enclosure.

1
} Panel
nclosure for Panél
reenhouse € _ : il
h a Pyrex tray, are an excellent g o the Porcelain ¢ ooking b
Two Pyrex bowls, or one with a '

i cove
en without 2
Solar Cookers . This example worked well, ev
==arl.ookers .
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the term used in this article and in the solar industry to describe the glass or plastic

ing is
Glaziné : _
sed in a cooker or solar collector. (In other industries, glazing may concern only glass

coatings !
p,oducts.)

The glazing creates a Greenhouse effect "trapping” solar energy and increases the efficiency of

coOkmg'

Glazing par‘tiallv b1.0cks. the sunlight, but the overall efficiency of solar cooking increases with use of
glazing: especially in ‘wmd‘v weather. Thicker glazing blocks usually more sunlight than the thin. In
theory and in most situations, two layers of glazing work better than one in most solar cooking
applications. A single layer of glazing will perform and is much simpler to construct.

pyrex bowls (of assorted sizes) are transparent and work well as a glazing. There is little refraction
of the light, because the rays can penetrate directly unto the black pots. In 2018, Alan Bigelow ,
scientific Director of SCI, led the protocol test PEP on the solar panel cooker CooKit , comparing
two types of greenhouse enclosures. Alan found that the use of the double-hulled Pyrex enclosure
was 25% more effective in generating heat than the use of a Plastic Roasting Bag . More

John Roche, retired 3M research and design engineer and solar expert, states that the
effectiveness of the sun is reduced approximately 15% for every layer of glazing.

Sport solar oven

sunshine. It also has lower softening and melting

Acrylic has good uv stability for use in the
a sheet of UV stabilized polyester to the molded

temperatures. The Sport solar oven adds
acrylic lid to provide for excellent insulation for the oven.

ave been widely used to create a greenhouse enclosure for the Panel
Solar Cookers. However, they are much less effective than the Pyrex bowl approach. Their
advantages include, inexpensive to buy and easy to use. They are also difficult to clean if they are
contaminated with spilled food, especially in areas where the water supply is limited. There is a
problem of removing plastic bags, which do not decompose when discarded.

The cumulative cost of continuously replacing plastic oven roasting bags is more costly thana
lfvrex bowl and/or some commercial solar cooker models that can last for 10+ years. The average
life of oven roasting bags of fifteen uses was previously documented by SCI.

Plastic oven roasting bags h
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il tic bags alwa harmful to the environment when they are not burned?

considerations

' X 1
pifferent aspects of a ' greenhouse “must be taken into account. Take these points into account:

proposed design: Cooker, hotplate or dish? A box cooker is normally closed with a glass lid
The parabolic solar cookers sometimes operate without glazings, but the glazing i"“proves‘
the performance considerably. The panel solar cookers are well served by domes.
Material: Glass can withstand high temperatures, not all plastics can.

size: Does the intended pan fit in the glazing without touching the sides? How easy can the

1.

ta

3.
glazing be stored? A plastic bag can be bent, the glass cannot.

4. Availability: If you want to build more stoves or replace a damaged solar cooker, can the
glazing be easily obtained?

5 Cost: Always a challenge. Solar cooking and a small budget go together for wide spread
acceptance.

6. Robustness: Glass can break when used, transported or stored. Plastic is more flexible than

glass. High temperature oven roasting bags are a practical product. In Refugee situations, it
can be difficult to get water to wash the bags if food has spread over them. Long term use

of oven roasting bags can be very expensive.
7. Life Cycle: Discarded plastic bags can be distasteful in the environment and they can be

Glass Plates

Energy Losses Due to Glazing and Sun Angle
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Sourcea: Barnie rMuesllar

For the box cookers, the transparent glass, simple standard thickness (2.5 mm), proved to be very

satisfactory. Thinner glass is less prone to cracking heat than thicker panes, probably because it heats
more rapidly and evenly, reducing thermal stresses. The flat glass is very heavy and was only satisfactory
when it was soaked. Some Solar Cooker designers choose simple glazing for portable models with a
second Temporary option in bad weather. Permanent double glazing is often chosen for all-season solar

cooking, which is probably ideal when materials are available.
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Glass, although fragile, is generally available i major met ,
e erriEred glassand syrithetiz glazingare s ropolitan areas around the world,

glass does not degrade in the sun. If it js prot

Glass with small iron content allows more radiation
. ; to penetrate the box and make

) ‘ s a hotter
oven but is not ests.entiill. One way glazing was found to reduce the function of a baking oven
Recycled automotive glass, especially flat parts of the side windows of the vans. has been used
su:cessfullty, b;; evintpa:ts that seem clear can be tinted to some extent to re(;uce heat in the
vehicle or to add safety glass. Both tented glass and

. all the added '

i materials block the solar

Glass can be tempered if desired, although the cost of hardening is so high that occasional
re_p|ac}<=_ment of the glass may be less costly in the long term for the artisanal Solar Cooker. Glass
with simple thermal cracks can be held in place by a silicone sealant or a non-toxic glue or a
narrow band of tape.

Plastic Plates

Transparent plastic double wall polycarbonate glazing, Seattle 2009 Mikeand Martha Port used similar
material as pictured above in Nicaragua. The underside of the material (warmth of the oven) expanded the
lower level more quickly while the topside of the material expanded at a slower rate. This resuited in
significant open gaps at the corers defeating the performance of the oven. (The wood pictured above may
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esent captured inside of a metal ring attached to the side wall of the solar cooker might overcome the
bep! e pouble wall glazing is much more effective!
warpite:

polyester film

prasanta the Solar Cooker Workgroup Sliedrecht NL , reported in 2014 having successfully
rested 3 polyester glazing material for use as an alternative to glazing. He has featured in
various weather conditions. The contact cement was used to attach the material to the wooden
frames. Because the glue was not UV-resistant, the exposed glue areas were painted white with
the edge of the frame. The polyester film is as follows: It is almost weightless, it is cheaper and
less fragile than glass, and the mounting of the material and its transport are simple. Two rolls

of 10 kg each will be 150 transparent windows of 65 X 65 cm and 4 mm thick, sufficient to make
75 double-glazed solar cookers..

Cookers to Panels

A Panel Solar Cooker Typical differs from a Box Solar Cooker in two aspects:

1.

The enclosed space is much smaller (usually it is a bag around the pot or a sheet of
plastic wrapped in a circle on which the pot rests -

It allows the light to enter not only from the top, but from all sides (this is well suited for
the use of panel reflectors).
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Mnlw,,g!—'ﬁ—'"“ , who (:unka'in northern ldaho at 47 degrees north, on a ridge exposed to the
southwest swept by prevailing winds, has developed several rigid covers that are not likely ';)
bedamag"d with use as a solar cooker. One of her favorites is a one gallon transparent Pyrex
b0w|/casserole for the bottom and a large transparent acrylic bowl for the opening. These are
arge enough t0 hold her black one gallon painted enamel jar, a round granite roaster and ‘
various other pots. This works much better under cold or windy conditions than an c_n;on bag. It
Jlso gives easy access to food, which is particularly useful if foods are improved by stirring lti-m

rom time to time (for example, rice to milk) or if food will be added later during cooking. The
¢ difficult ones began to soften. L

mos

glass baking box.

Daniel Joseph, a soldier stationed in Kuwait, experimented with a CooKit and a larger glass
enclosure. The glass box offers a good view of the pot, well supported on a grate. Can an
explanation of how he made the glass box be added? | suspect this used extruded right angle
metal which he cut to size with beads of silicone caulking insulating the metal from the glass

and the interior of the cooker.

Cooking directly in glass containers

Sometimes a glass container is used without a pot. The food inside is heated directly by the sun.

Juan Urrutia Sanz has several recommendations when using glass bottles or containers:

I. You can Cook Foods of all colors except the green pepper, which becomes colorless and

hard.

The black-skinned fish is simply cooked b
~ place the fish in a net suspended in a jar or other smal

y exposing the skin to the sun. For frozen fillets
| container secured by the lid. It
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is not necessary to cut the net. After three quarters of an hour in the sun around noon,

the fish is cooked. |
3. with light colored food, add such things as: paprika, food coloring, laurel leaves, red

peppers - - s Ttk Tl
you should always cook with a little liquid, at least one layer of water at the bottom of
the jar. Glass containers can be of all sizes, from smallest for single portions to large,

and you can cook several in containers at once. The lids must be black or painted black. |

do l-gees not recommend corks, rubber or other materials that degrade in the sun or

heat.
in general, follow the same

parts, etc.

4.

guidelines as other pots for solar cooking, such as the size of

pot Cooking Chamber

“
.- 7

¥

e

LA e

Glass jar inside another glass pot baking chamber

If you place a Pyrex bowl, which is larger than the pot underneath, there will be a good chance
that the condensed moisture can run downwards. This could damage the base of a cardboard

solar oven. Consider placing a flat glass dish under the pot (not pictured).

——————-

b -

.
e
- . —
-

Elf- Steven Jones Used a
ack jarina p [
yrexdish b owls can be assembled to - Two Pyrex bowls containing a

instead of a b i
ag Plastic. porcelain cooking bowl without lid

enclose the jar.



23

ines Tested 2 flexible sheet of polycarbonate wrapped in a cylinder shape for a baking

Ha
ROBE“""" requires 2 round baki -

osure: It require ing pot with a substantial lip th
o ce. It reports good results. ip that sits at the top of the

enclos!

T

Polycarbonate cooking box for the Pane! Solar Cookers

Haines Polycarbonate Wrap with a clear Cover allows sun under

Polycarbonate Bakery Cover
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Reynolds Oven Bags are available in supermarkets in developed countries. They work pretty

well, but new stove designs incorporate more durable housing approaches for better
efficiency and durability.

Polypropylene (PP) bags distributed with CooKits In the United States are usually reusable a few
dozen times before becoming brittle. More durable alternatives have been tested over the

years, including polyester sheets with ultraviolet (UV) inhibitors, formed in bags using adhesive
tape.

Some solar cookers use plastic bags for wrapping pots or pans. Normally heat-resistant bags,
such as baking bags, are used. These resist very well the heat of the solar cocker. if other bags
of plastics are used, the bag should not touch the pot, as it could melt or weaken the bag. This

would cause holes through which the heat escapes. Different cable frames have been designed
for this purpose

Polypropylene and High Density polyethylene (HDPE)

Both Polypropylene and high density polyethylene (HDPE) are used in autoclaves _that sterilize
me‘? Nstruments at much higher temperatures than solar cookers. So these p_Iastxcs are usually
Vailable jn most countries. HDPE is also widely used for grocery bags worldwide. They are not

E: Superior and transparent, and are “noisy” and milky in color. These HDPE bags are

"erally inexpensive. If they are almost transparent, they work almost as well as oven roasting
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bags which are much more expensive. The th

: ickne .
ffect the heating of the solar cooker but can 55 of the plastic film does n

affect its life span, Ot significantly
. ﬂﬁq
" ' 4] .
R !‘"’

_ Pylene containers can be round, square
rectangular, high or short, as long as they fi i

- The more clarity of the
ooking, the clearer the better.

Are plastic bags dangerous For the environment?

The production of plastic bags consumes almost no energy,
the oil to these plastics are minor molecular changes. The a
producing a plastic bagis a tiny fraction of that consumed when someone prepares a meal with
paraffin (kerosene). All plastics do not emit harmful fumes when heated or burned, only those
that contain chlorides, fluorides or iodide-based additives, such as PVC pipes and styrenes
(styrofoam) when oxygen is insufficient. Others, including all plastic bags used in solar cooking
(polyethylene, Polypropylenes and Polyesters), are all simple hydrocarbons which, heated or
burned, emit only minute amounts of carbon dioxide and water (vapour). Once the bags are
worn, they can be safely burned, like the Paraffine or wood. They can also be reused. For
€xample, in the context of solar cooking projects sponsored by Solar Cookers International in
the refugee camps of East Africa, refugees used traditional weaving techniques to make
baskets, hangers, braids, ropes and other useful objects.

because the chemical changes of
mount of fossil fuel (oil) required for

Plastic Bags Accessories

Good plastic bags can be difficult to replace. Small frames can be ma.de t:athhmd tth r pltis;cthe
bag around the pot/jar to insulate it, but prevent the bag fram toushing é Ffb 0:\:‘: 6;253" 3

bag does not heat up as much and lasts longer. A Cadre des;gned . f::.lmothe pot when l
From Mali, by twisting a rigid electrical wire, keeps the plastic bag away

baking in a solar oven Cookit .




26

dreatta, mechanical, and Steph :
pr. Dale Andreatld - Phen Yen, an electrical engineeri
] In v 4
that Perﬂ“.oroalcoxv fluorocarbon (PFA) could also be a good aulterrgmalf:erlng o
pFA can withstand temperatures above 250 °cand is UV stabilized ve: A'thm’gh expensive,

FES AL ASSEMELY 10
HE KEPT IN
SOLAR COONER

Another option, proposed By Steve Harrigan is to use a container masie.aLine Sa0e
Polypropylene as the baking bags.
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Insi
inP
heatﬁ'd i

o ch does double glazing improye Cooking

5O the transparency of the glazing and the insulatj
it dep “1e glazing, but itis also more complex and more exp

SIE H i
Ih::er the real question is whether the improvement Justi
be ]

on properti
Properties, |n general, double Blazing is better

ensive than <01,
MEle glazing, Although d
fies additiona| costs and compleni‘fy Ao

inexpensive alternatives to double glazing can be:
n

o Usea larger reflector to increase the amount of sunlight;

o Decrease the size of the enclosure. This decreases the outer surfa ich i
ce (which is exposed to cold ai
old air) and

therefore the amount of heat loss, For example: If you replace
a glass dome of 36 cm in di
ameter by a 30

cm, the outer surface decreases of 30%. The outer surface of a 50
AR P I A 0K T x50x30cm cooker decreases by almost

Greenhouse effect In: Materials
Greenhouse €

— Thermal
Conductivity J
| Material WmC |
= 0.03
Foam, Polyurethane 0.03
Lﬂberglass : 0.04
Corkboard | 0.04
_'_n.ﬂiooi Felt ' 0.05
_Cotton 0.06
| Sawdust | 0.06
FPaper | 0.18
F-&d 0.1-0.2
5 Plaster 0.5
I Glasgo [ 08
- Cor‘cre:lp 'T : _%
Loncrete 104

The ; s
"Mal inductivity of various materials
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cookers often use insulation in thejr Wall cavities,
0

solar

gox SO

ulation may not be as important a5 You might t
is ins
at this

t h the Glazing . If the glazing is well Insulated (double layer) then insulation in the walls
thﬂl!l"ti ¢ more beneficial.
isd

However, studies have shown
hink, becayse more heat is |ost

in solar cookers with the construction of
ation
Insul

itional insulation, pack with a light weight, clean, non-toxic substanc‘e. Such_b_ull:‘ .
For addmo-na ackaged without tightening as it insulates better if it is fairly airy. Yg; llt |: s ;g
insulation |stp settle down with time, leaving an empty space at the top. NSOI: W'toolfer &
e nOtth?a sides of the oven are not forced to bulge and misshape thet 50 aL;iment-ation
Ing, i Ips to insulate, partly by preventing s _
packag boxes foiled or not, helps als used to
between bo b ; ts of cardboard or other materi
deflecto’ ing the convective flow of air. Sheets o .
by blocking : hly in the middle of the spac
and partly : inside each wall, are set roughly _ K of Dr
i tion space ins o the work o
e the[;n:l*l:l;des an the deflectors is best but not necessary. According t
Coatings on 0O

i i ignificantly better
lined deflector adds to the structural resistance, but is not sig
iack, an incline : : :
Ifsd |f.:s.uiatiuon than perpendicular insulation.
ori
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most €O .
¢ slow cooking, are generally less expensi

ple. Variants of these designs ha

most peo ve
. . gene rl
jeforested developing countries since 1950 \ rally been used to introq Y €asy to build for
‘ __Qgi_e_ls_._m uce solar (Ookmg n

grchase from suppliers in many Countri
P =untries

arabolic solar cooker are
;: :igher temperatures and quls"Q used ‘for along i, it
vailable f Y réquire a-more compl; Y In Europe and Asia. They bak
models aré d ilable from the Manufacturers . Th Plicated manufacturing, A bY -

+utional kitchens feedi i :
Institutional KIECOEDS ing thousands of people a day sed in series to create steam for
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several models are commerciall i
. ke y available. Other variations of i
-  eatasaTes sed belo s of solar cookers are also included

Designs

The CooKit is - a Solar Panel Cooker - is very simple.

Benefits
¢ Inexpensive 10 build or buy,
e Slow cooking keeps the flavors and

the sun

e collapsed for storage or transportation

and can generally b
orientation to

nutrients and requires little or no re
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Dlsadqantaﬂes“ reaches Temperatures ranging f
Generd Y BINg from 110 to 140 "c (230 to 284 °*f) and
andad cannot

food

Craft gnits are difficult to protect

ticle principal: Solar Panel Cooker Designs

which can be easily built using cardboard

"Minimum" Box Solar Cooker is a popular Design

The
boxes.

Benefits
everal Pots , also perfect for cooking and slow cooking

« Some big enough to cook with s
« Can be built with simple materials

« Several high quality commercial designs also available

Disadvantages
e The front wall of the “box” casts shadow (decreases cunshine) entering the cooking
chamber unless the unit is tilted
135 and 200 °c (275-392 °f)

+ Cannot fry food. The cooking té mperature is between
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esien of Parabolic Solar Cogg,

The SolSource is an effective Parabolic Solar Cooker
- -__-_--_-__—-———n—_.__-_____-

Benefits

o Cooking times are similar to those of a traditional cogker

o High temperatures allow frying and broiling food, usually between 120 and 239 "¢ (248
to 446 °f)

Disadvantages
o Requires periodic reorientation, often every fifteen minutes, which can be carried out
with a device of mechanical Solar monitoring

* Generally more expensive than panel or box solar cookers and r
Space.

equires more storage



of Vacuum Tube Solar Cooker

DesiB“

The §_L_.§_|g_s_hﬂ29. is an example of a Vacuum Tube Solar Cooker,

genefits
+ Usually compact and can cook quite efficiently with relatively small reflectors
. Contemporary designs have an aesthetic appeal

Disadvantages

» The baking chamber requires careful handling to avoid thermal shocks and breakage of
the glass tube

« Glass technology limits the size of the opening of the baking chamber somewhat

Benefits

o The curved trough reflector is effective for gathering and concentrating sunlight along a
straight focal line

Works well with the baking chambers to Vacuum tubes To create a compact packaging
that is easy to store

Disadvantages

* The design of the chute does not focus the sunlight on a standard pot
* Not particularly well suited for building home enthusiasts

Article principal: Solar Trough Cooker Designs
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r Cooker Designs

her sola

eneﬁu o
. wmirror reflectors are flat panels, not requiring the complex curved shape of parabolic
solar cookers, they can nevertheless reach typical temperatures of parabolic solar

cookers
Metal frames to hold the mirrors can be assembled by workers with basic welding skills

pisadvantages _ .
pue to the relatively large size and geometry of some models, they usually need to be

redirected by hand or by a mixing system and of Followed Mechanical.
May require more floor space than other solar cookers

4 Fresnel Solar Cooker Design

The Solar Cooker Heliac Uses a Fresnel lens with a wide focus, ensuring efficiency and safety.

Benefits

* High temperatures can be Boiling and frying when cooking
* Easy to build on site with flat lenses, avoiding complicated convex structures
* The structures of the structures containing the lenses can be produced with resourcesS

local

Disadva ntages

& L
Highly concentrated solar radiation with a spot focus can p
They may require more storage space than other solar solar cookers

roduce burns



solar Rice Cooker
Solar Rice LOOKET

There is a wide variety of models of solar cookers, many of which are ve
from inexpensive and easy to obtain materials. Some can be built in less than an hour for
less than S USD. Start with choosing a type of cooker design according to your needs. The
table below lists the strengths and weaknesses of the most common types and shows some
popular cooks of each type. Under each table are several ty pes of this cooker. You can alse

B a solar oven ¢e from various companies.

ry simple to build



ta collection is an integral part of the p
D:ernational provided the following chec
RS

pata collection Part I: A necessity, not an option

1

7. Add datato There .

35
Data collectiop

rOmotion of

. solar cookin .
klist to help

plan new Projects

haring is expecteq not optional
Include a detailed plan for the analysis of the data Who will collect the data? Where?
When? How often?
Were the costs of data collection and project evaluation included in the project budget
and grant applications?
Data quality control: Who will follow up if some of the respondents ' responses do not
appear to be clear?

Solar Cookers International rec
Developed by the global netw
international organizations.

SCl recommends conducting the bas
We recommend conducting the pos
solar cooking by the group.

Ommends using the 5¢|

Adoption & Im act Surve
ork. It is consistent with

the surveys useqd by homes and

eline survey before Commencing the intervention.
t-intervention sy FVey one year after the start of

April 2017: Share your best practices with info@solarcookers.org .

Data Collection Part Ii: Successful solar cooking projects

1.

Rl

With the survey on the adoption and impact of solar cooking, we recommend
conducting the basic survey (before People start cooking with solar energy) and post-
distribution issues one year after the start of solar cooking.

Make sure that the data is added t

Include evaluation costs in the init
Include an agreement on data sha
the project. (partici
the project)

o the SCl-card of the solar cooker's distribution.

ial project budget and grant applications.

ring as part of the initial selection of participation in
pants must understand that this is an expectation for participation in




9

36
ude regular meeting times in proje,
Inc

. dESiEﬂ SO th .
. at
oblems, develop community and sha Project
r

re data, Participants sojye
Make sure the surveyor understands the

to be clear or may have been communicated incorrectly),
Make sure there is a way to understand the |ocs| fuel

Mmeasurement units (such as
. harvest waste bags) in universal terms (Like kg).

10. Consider the format in which the responses to the survey are recorded. Excel

eadsheets would be much easier for data analysis, but so far | have only been able to
Spreivez answers in Microsoft Word format. Take into account the time it taklesFto
i it this i ible, use the Google Form
|'if this is the case. If possible,
data from Word to Exce . D
tl’Em'Sfercuf the survey (but this requires an Internet connection at a given time)
version
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Absolute Tests

The performance of the stoves varies considerably and the performance of 3 specific
stove is often different in the laboratory and in the field. The tests enable those
responsible for the implementation to assess the performances and fuel emissions.
Decisions to implement and improve the design and performance of stoves.

+ Boil water Test (WBT)

The SOR test Water Utilization is a laboratory test that evaluates the performance of the
stove while performing a standard task (boiling and simmerin.g) in a controlled
environment to study the heat transfer and combustion efficue.ncy of the stove. ILS are
the easiest, fastest and cheapest to drive, but reveal the technical performance of a

stove, not necessarily what it can achieve in real households. Controlled Cooking
Test (CCT)

of the solar

The controlled cooking test is a field test that measures t!:) gsr;::er;naarzzea ki Al
cooker-compared to traditional cooking methods when a L s S
Th i igned to assess the performance of the stove in @ i

_e CTC is designe 4 oractice. It reveals what is possible in h0u|5de o i dal
us'"g:?’ca' f;e‘ts;mg:) :xsezZssErily what is actually achieved in households
conditions, bu
use. CCT Test Protocol




it
(iné performance Test (KPT)

00
C he cooking performa.".ce testis a g 'ld teg,

tove undf?f real Conditions It is des; ne. ! Useq y,, Valugy,

consumption and ease ?f use. LEs kpy re O as50q ® toal iy PRl or manc
offort with real po‘pulauons cookin l:su |

changes: The KPT is a referen test, wiy .3

' ar © Dest ing rea Giffus
considered as part of the Process of design; AMeter, " r
in

follow the Sun

sot normally necessary to turn the Box Solar Conkers )
. s

€ Pane| Solar ¢
rlight is not optimal. It may be heneficial to reorient th;g:)nr you are Cook low
E*ufs However, the Parabolic Solar Cookers require 3 m,

RIS

the sun, €.8. once every 15 - 2 minutes
n'e,assary, some of the ideas below will

S useful tool also Provides real-
n. Suncalc.org
The following table presents a good concept regarding sun angles and where one lives. The
lgtitude of the following example is unknown.
re Shhowry i s f
" N ar SNy v B
2 3 )] 58
3 2 -4 - L)
~ Ot Nowv e
)\;.‘:’ S_.'I' e i, G ® 18
. - B Eo “‘1 ) -
e SO* “ <2
Summaer
; fFall
Winter Spring
I\\ P f\-t‘l ang'e
1k

42 angle
ANGle
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Health
-
£l
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oking temperatures in simple solar cookers help preserve nutri
|d otherwise do not have the means to buy fuel can cook nrt:?]‘t?.
umes and many whole grains, which require hours of CDOki:tlous
families have to exchange rare foods for cooking fuels. Solargclooking

Moderate O
Those who wou
foods, such as leg
sometimes many
can help them keep more fo
s Smoke from fires and smold
The solar cooker is smoke-free.

smoke from the
Cooking fires aré d
contained, causing
Millions of people regu
fuel travel can cause injury an
Solar cooking reduces these loads, risks

Iridimi refugee camp in Chad The Need to leave the

reduced by 86% thanks to the introduction of tens 0

CooKit).
o With good sunshin
case of emergency

od and improve their nutrition,

jor cause of global warming.
hildren, and can easily spread if they are not

s, etc. Solar Cookers are without fire.

k up Wood for cooking fires. Tedious
angers of animals and criminals.
for other activities. In the

pick up firewood was
(model

fires for cooking is a ma
angerous, especially for c
damage to buildings, garden
larly walk for miles to pic
d expose people to the d
and frees up time

camp to
f thousands of solar cookers

cook food or pasteurizing Water In

ar cooker can be used to
ces are not be available.

e, the sol
y sour

when other fuels and energ

- |

Economy

ol VSN

ering coals irritate the lungs and eyes and can cause disease.
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@ price as the plle of charcoal indicated in the
use the money saved on the fuel to buy more

e Inthe world, of countless ; , -
poverty-stricken families spend at least 25% of their income

k.n f i \ M "
on ct:jo i Bb uels. Sunlight fuel" for solar cookers - is free and abundant. The money
Saer o, ¢ used Yor food, education, heskth:cers ete

o Solar Cooker compani | Wiansls
Panies can provide additional income. Opportunities include

manufacturing, sale and repair
) of solar cookers as well
Ml as solar cooker companies, such
as restaurants and bakerijes. o conkercomp ,
e Evenresidents of develo

‘ SOr ped countries can save a lot of money on the costs of cooking
and air conditioning. Se

e Cost savings of solar cooking .

Convenience

e solar cooking, the food does not need to be stirred and can simply be placed in a solar
oven and left to cook unattended for several hours (without burning) while other

activities are being pursued. In the right circumstances, it is possible to place 4 brick or a
soapstone in the solar cooker in the morning and go home late in the afternoon or carly
evening for a hot meal ready to eat. Well insulated solar cookers will keep food hot into
the late afternoon and/or early evening without use of bricks or soapstone
The pots used for solar cooking are easy to clean.
Time is saved - a valuable fact for persons who have to travel many kilometers to fetch
firewood.

e Many solar cookers are portable, allowing solar cooking on sites or during outdoor
activities such as picnics, trekking or camping.

e Solar cookers can be used to pasteurize water making it safe to drink. (included i health

henefits below)

Health Benefits

e The pollution of the Air from household cooking fires often leads to respiratorv
diseases resulting in more than seven million deaths a year. The solar cooker is smoke-

™ ‘nr ’ . f f . N i

countries. Solar cookers can be used at household level e o
making them safe to drink. pPasteurization uses about half o

been used for sterilization. - o dicad
e Many solar cookers can be used to Disinfect Dry Medical Supplies such as

: OMpresses.
devices, bandages and other fabric materials, as well as to heat comp
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Environmental benefits

Business Benefits

Solar Cooker Business Opportunities

Manufacture and sale of solar cooker
Solar Cooker Repair

Solar i
products companies such as the Restaurants, Bakeries or Catering

Other commercial uses

Cleaning dishes and utensils

Boil the straw Ritz for making paper
Honey Wax Extract

Dying fabrics

Pasteurizing The Potting soil
Remove the husks from the rice grain

Benefits for Governments

Reduce imports and subsidies for biomass and fossil fuels.
When forests disappear and many people suffer from fuel shortages, solar cookers

[ % for families.
reduce the need for firewood by 30% to 50 |
Electricity companies that are struggling to meet demand in heavy usage hours due to

s ; motin
the intensive use of stoves and air conditioners can reduce this demand by pro g

the use of solar cookers.
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Method of cooking With il v
Cooker

pried and cooked cereals (barley, 1y alze

amount of water. Nex.t time, adjust T S, Quing

may have better luck if yoy Preheat the taste, if the - Blcg, Wheat) » houry. ¢
5 St

' ) . Con
especially useful if the grain jg very slow \:fater and grain o i:htm.m In yo
0 SUftEn dl"“t‘l'f

A with the usual

S than ideal y

i oy
\ |“‘[”l'll Ppast

a This iy

vegeta bles -po not adq Water

egetables: 1-1 1/2 hour. If they are
green color and can become Mushy.
advance; beets, carrots, potatoes an
cut. Eggplant becomes brownish, jik

Artichokes:

;ooked “n ii:;i:jﬂ:?: Asp
ot 3
Gian apple? regetables: 3
grains fade slightly if exposed to the sy lo e
naturally. A clean black sock can be Placed
hour will turn into mush if it stays longer.

aragus: v

to 1h y
Y Will taste »Other fresh green

BOod but loge
AMount of water
ours, Cabbage
AVOr is good: Corn.
s Corne
n
ger. The POt hojgs the

On a corn cob for 4 f

their beautiful
May be soaked in
Eggplant 1 1/2 hour if
1t0 1 1/2 hour Corn

Moisture
Noisture and protects the grains

ast i
ater cooking time. Squash, zucchini |

Martha Port’s experience indicates there i

; enough i
fruits and meats for them to cook in their o et alfresh (no dried) vegetables,

| wn na jui '
O IR s tt;lr:(l?utntc:s. No water is necessary for them to
at the water before cookin
g of the food

can start. Addmg no water is one reason solar cooking is 50-0-0 flavorful. On| -
things that require rehydration (rice, pasta, grains, dried food, etc.) oy adduaterto

Eggs - Do not add water. Two hours for hard yellows, the whites can become brownish. but the
flavor is the same. ’

Meat - Do not add water. If they are cooked for longer, they become softer. Fish: 1-2 hours;
Chicken: 2 hours cut, 3 hours whole; Beef, pork, etc.: 2 hours cut, 3 to 5 hours for large pieces;

Turkey, best to cook up into quarters or smaller pieces.

sta with a small amount of cooking oil

_Heat the water in a one saucepan. Put the dry pa
i s almost boiling. Add hot pasta to hot

in another saucepan and heat both pots until the water i

water, stir and cook about 10 more minutes.

10h - 14h or 15h) breads: whole loaves 3

y (gh or t be Covered, The sun

iddle of the da
i hemicRe 011/2 hour and should no

Baking — Best time is i
If; Cookies: 11

hours; Cakes: 1 hour and a ha
makes wonderful fresh garlic bread.




es and gravies with flour Heat the fusie
s’u:inur Then combine and Stir 1t win
the

®and Noyr e
bhe ready soon

1)

Parately, with o WiIthaut 2 ittle an e

ting nuts -Cook uncovered. Almonds 1 hour, peanuts 2 hours
Roas

AMELIZATION of sugar Sugar can be car
GAR at lower temperatures than on
don:‘ at 140 "¢ (284 °1). Once the temperature be
starts

begtns to burn

sty pical ¢ ooking times for 4 pounds (2 kil

VEGETABLES

ﬁ rabove ground)

P H;*u«f? FISH

o

CHICKEN

amelized in a sau epan in the
a conventional co

BINS to exceed 149 *¢ (300 °f),

solar cookers It's
mMng (in a cooker)
the sugar

oker Basically, brow

gramsy ol nod

5-8 hours

POTATOES

VEGETABLES

LARGE ROASTS
(roots)

Al meats et more Ender

| &)

SOME BEANS. |
Fr

LENTILS
SOUP AND STEW

T "t ‘-\
MOl “RII W D AN

MOST MEAT

BREAD
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TESTING OF  BOX
TPE SOLAR  CODKER

Testing of Box Type Solar Cooker

Box type solar cookers are simple and suitable for limited cooking

due ‘to their relatively low heat collection capacity. For a large scale
aisseminaliqn of any technology, it is essential to maintain an effective
quality control on the products being offered by the industry to the end
For this there is a need to establish test procedures “and

user.
methodological for producing performance parameters, which could

provide an equitable basis for comparison of performance of products.

In India, a complete test standard [SI 3429 (BIS, 2000) is available
for the thermal performance cvaluation and testing of box type solar
cooker, which provides performance characteristics of solar cookers, more
or less independent of climatic variables. There we  two thermal
performance parameters called figures of merit (F and [53) associated with

bting of box type solar cookers as per 1S1 3429: 2000.
Fhe first fipare of mera Fpoas determined Trom e nsiion test

L 1
Ve, rmas (e (et o . e LR T T T — e
= T - meme
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Thrvve (Bar)

It is obtained by keeping the solar cooker without pots in the sun-shine
i the morning and allowing plate temperature o rise vradually. Soon
alter solar noon the plate temperature reaches at the quasi-steady state and

e stagnation temperattine hoe been achicved. The hot pancnion ol*the

tmocouple with vdtion Jrondd be fised at midpons s conk er tran

- —
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f .3, nroper thermal contact and without protruding out. The no load test
st ISVt
\, -ld be carried out at a clear day in following steps before 10.30 houl'_ of
shou: £
_a] solar time, so that the stagnation temperature is achieved near or just
after the solar noon. A step wise methddology for stagnation test is
L\{_‘Ej ':!'!.-:\! :.‘;\,‘[0\\-;

1. The box type solar cooker is placed without pots in open sun

condition.

]

The reflector is covered with a black cloth.

Cooker tray temperature, intensity of total solar radiation,

Lad

ambient temperature and wind speed at the level of aperture of
box type solar cooker are monitored and measured at an

interval of five minutes.

4. When the cooker tray temperature reaches quasi-steady state,
the final steady cooker tray temperature, the corresponding
outside temperature and intensit}} of total solar radiation are '
recorded. The steady state condition is defined as lo minute

-

. period when:

6)) Variation in cooker tray temperature is less then + 10C.
(i)  Variation in solar radiation is + 20 W/m2.

(i)  Variation in ambient temperature is + 0.2 OC.

The permissible solar radiation condition for carrying out the tests is
that it should always greater than 600 W/m2, If the value of I*y is greater
then 0,12, the cooker is marked as A - Grade and iff Iy is less than 0,12 the

Cooker s marked as a 13 Caade solar cooker.,

Imss (mmmes tme- ' - e | wws  wems e e e e & i Soks




4 B i
; -u—r,)!u'kL*:‘j_an:qn R s




Ao 1 ae
.\‘\\" |
'1 -
) A 10
| .
|
i .
I T | . 1

L\v{ Ll
3 TS Fm n‘Fu\.lT,\‘ lnan{_\

9y

”k;]
3 lc
4]

I'J

l|§‘

' | Tl\ll

|0:%f|

o7 53

12 JSou
17 44

(n Qu”‘

. ‘Id‘ks\aﬂ\' "Ll n \-F

F e - —
o qloyt ginfaud

a
‘3 s
Q
‘{l' llua
qQ
! Q
1A ‘1
Q
gl h;)
- lur\‘ Pt‘t ;lt'luh,l ;l‘
"1la lun_"u:\
\‘I
O
q
Gs
6"
Ty
3l
Go

Qs ;uu f'. t\ A F “;:L'L‘(t\

)
So



e e —

Fall (ood

10?(

[ e | e sodun_ |
:I = t __C.\ L I, \ﬁ%‘ir‘h"\)'ﬁfﬁﬂ__..
< 20 i .
! (o | 30
| ' \3_ n
i 10' l{f ’3(:’ = B - JJ'JQ
0" %0 : P |
] l Y3 o G B
i
| L1~ 00 '
\ 4 il ity
| o S Lo
E vy 20 59° L e
; I 12-y. 1039
! (t . 20 | G5 | 5
T 3 o
’. oy . 1079
I\ % So ! ¥ o
l‘ . —
PRANele ¥ R
% - - o8
q " LO @0 ! 5 2
- ) mamg
. "
15 ) 2 | - 3- ey
12 % 30 | 22 s 13- - 2019
‘ J
L - -
\




) +EAX]  eREX]  emar) L) ey
e

et B
ot O -y,
-g‘l - et ] * b~y y - By R ey
pull Load Test
/'—_——._-___
s -
=t
) S— ~ o
—
w0 ‘/” p R
] E ] 4
‘ ; i “ '_-__'__'-4‘ 0 éi
K] 3 a j
a - 0y -
z 3 9 P~
< e a0 ——— ]
. 00 3‘
0 ]
) = —py 199
0 e S S __._____'____J Py
1030 1100 1139 41309 1230 1300 1330 Jygy
Tere Qus)
2 1 U - iy
Testing  for (e ==z S — ot of

merit of the box type solar cooker consists of operating the solar cooker

with full load test wih cooking utensils, ang the amount of water j.e. g

liter/m? in each pot has been decided by the bottom areq of the pots. The

cooker is kept outside i morning (before 10.30 hours of local sol

ar time)
and the water temperature is allowed to rise gradually unti] it reg

ches up
to the boiling point.

Followings instructions are assoc

lated with the full load test of box type solar
cooker. :

I: The empty cooking pots are weighted and then _filled with’

water as load (@ 8 litres per Square meter of aperture area.

Water at ambient lemperature is equally distributed in all the
* cooking pots if they are of the same size. [f sizes are different
then water quantity in each cooking pot shall be in proportion
of their bottom area. By reweighing the exact mass of water is
calculated. The pots are placed in the cooker alter removing or

shading the reflector with a black cloth.

i~

Temperature probe of thermocouple is placed 1y the largest at

the, cooking pots with the measuring tip subunereed in the

s YL i [k L T - ! b (] ] el e | 1 -y - L
™ (eme (mme (e (s "
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(i)

(i)

(iii)

(iv)

e ¥ |

walter. The temperature lead «

) - Sealeg
the cooking pots and the cooker I Wheg, 1t Jeqy,
3, ave

The ambient temperature, (e Nsity of
OF toty|
at th a _
Wl |1d bp(:L(l C lLVLI 0! £ Ict/[]]}r “[ drh_-l“”“ and

S01ay 1
50];
roughout the test., ' cooker | ST

lh mepe e

The test is started in the moming e

hour of local solar time. Following n ).00 hour ¢4

() 1r
1¢0¢ 10.30

| )llr(..lnelll y Are rJ(JI]f
\'Vg]tcl' tempcmlul‘e IS measure

dalong with the exact time of

the measurement.
The data recording is continued until the wae; ten
exceeds 95°C.

Initial and final water temperatures data pairs are located and

time duration 1s noticed between them.

1perature

Initial and final

temperature is chosen 60°C and 900C,

The average ambient temperature and average soluar rddlatlon
intensity between times t; and t; are calculated.

The experiment is condueted in clear weathcer, and it is ensured

that the solar radiation during the test exceeds 600 W/m?2.

The Ind:an test standard has a plowsnon of a number of quaht‘cahon

tests for ensuring durability of the products. These include, rain penetration -
test, transmittance test,
plate, leakage test for rubber gaskets,

the different components of solar cooker ar

mnTor reflectivity test, slam test, load test for cover
impact test, etc. Specifications for

e also given in the test
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ABSTRACT

In present study Physico-Chemical parameters such as, pH, Electrical
conductivity, Total dissolved solid, Total hardness, Total alkalinity, dissolved oxygen,
salinity, ammonia, nitrate, Calcium and Magnesium ions of Godavari canal water

samples were analyzed. Samples were collected weekly from 19-03-2022 to

19-4-2022.
INTRODUCTION

Water is the most vital factor for the existence of all living organisms. Discharge
of domestic waste and sewage without any treatment into the water bodies has resulted
in deterioration of the quality of aquatic habitat. Indiscriminate discharge of industrial
effluents is toxic to the aquatic environment, creates water pollution, making water
unfit for drinking, agriculture and for aquatic life. The World Water Assessment
Program indicates that, in the next 20 years the quality of water available to everyone

is predicted to decrease by 30%.

Monitoring and Assessment with the help of water quality analysis techniques
provide basic information on the condition of our water bodies. The availability of
good quality water is an indispensable feature for preventing diseases and improving
quality of life. It is necessary to know information about different Physico-Chemical
Parameters before it is used for different purposes. In developing countries such as

India the most of the rivers E.g., Godavari, Ganga etc., are the ends of effluents and

sewage discharge from urban as well as industrial areas.

The objective of the present study has been considered, to evaluate the Physico-

Chemical Parameters of Godavari canal water (upstream and downstream) at Kovvuru

Panchayati, Kakinada.



MATERIALS AND METHODS

The Godavari canal sclected for the present investigation originates in Kovvuru

at Kakinada in Andhra Pradesh,

pH:

The pH of the water sample is identified with the help of Digital pH meter.or by
using 2 drops of universal indicator in 10 ml of sample then it generates a new color.

By comparing the color with the pH scale, one can find the pH of the sample.

The pH Scale
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SALINITY:

Salinity of the sample was funded by using a Refract meter. Determination of
salinity, as the total measure of inorganic dissolved matter, is by evaporation of the
water and weighing of the residue. This is a difficult process because some carbon
dioxide and hydrogen chloride escape during the evaporation process and corrections

must be made for this. Furthermore, at sea, these methods involving weighing cannot

be used. So the methods to be applied in it have to be indirect ones.
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ELECTRICAL CONDUCTIVITY (EC).

EC is measured by using TDS conductivity meters. When the electrode is

placed in the sample the reading can be seen in the digital meter. And note down the

reading.
TOTAL DISSOLVED SOLIDS (TDS):

TDS is measured by using a TDS conductivity meter. When the electrode is

placed in the sample it can be seen in the digital meter. And note down the reading.

TOTAL ALKALINITY (TA):

Procedure: Take 10ml of sample in conical flask then add 2 drops of phenolphthalein
indicator. If the sample turns to pink (CO3 hardness) and then nitrate with N/50
sulphuric acids until it turns to colourless and then add 2 or 3 drops of Methyl orange
indicator(sample tumns to yellow) then nitrate with N/50 sulphuric acids then sample

turns to light orange . Then note down the burette reading and apply it in the formula.
Alkalinity=Burette reading x1000/volume of sample taken

TOTAL HARDNESS (TH):

The calculation of hardness in water by EDTA titration can be found by adding
a small amount of a dye such as Eriochrome Black T is added to an aqueous solution

containing Ca++ and Mg++ ions at a pH of 10 + 0.1, Ca++ and Mg++ form chelated

complexes of wine red color with EBT.

But EDTA has a stronger affinity towards Ca++ and Mg++. Hence, if EDTA is
added, the former complex (Ca-EBT and Mg-EBT) is broken and a new complex (Ca-
EDTA and Mg-EDTA) of blue color is formed. When all the ions are complexed the
solution will turn blue. This is the endpoint of the titration. The higher the pH, the

sharper the endpoint.



However, above pH 10 there is a danger of precipitation of CaCO3 and
Mg(OH)2. Hence the pH is fixed to 10 + 0.1. The sample is diluted with distilled water

to reduce the concentration of Ca++ and Mg++ ions.

. Alkalinity=Burette reading x1000/volume of sample taken.

DISSOLVED OXYGEN (DO):

Dissolved oxygen levels can be measured by a basic chemical analysis method
(titration method), an electrochemical analysis method (diaphragm electrode method),

and a phytochemical analysis method (fluorescence method). The diaphragm electrode

method is the most widely used method.
Titration Method

e Winkler’s Method

Add a manganese peroxide solution and a sodium hydroxide solution to sample water,
and a precipitate of manganese hydroxide (II) will be produced. This precipitate of
manganese hydroxide (II) reacts with dissolved oxygen in the water and is oxidized

according to the amount of DO, forming a brown precipitate.

If DO is not present: White precipitate
If it reacts with DO:  Brown precipitate



Dissolve this brown precipitate in an acid in the presence of iodine ions (I-), and
iodine (12) will be released according to the amount of DO. Then, titrate the released

iodine (I2) with sodium thiosulfate and determine the quantity.
e Modified Winkler’s Method Using Sodium Azide

This method is intended to improve the accuracy of DO measurement by
Winkler’s method. In this method, 12 remaining afier the titration of 12 with sodium
thiosulfate in the final process of Winkler’s method is titrated again with a starch

solution.

Procedure: Collect the sample in a Stoppard D.O bottle, add 1ml of Winkler-A
solution and Winkler-B solution , Restore the bottle and mix the content and add 1ml
of Conc. Sulphuric acids restorer the bottle and shake the bottle (the precipitates will
be dissolved), and Take 50ml of dissolved sol solution conical flask . Then nitrate
with N/40 Hypo until the solution turns to Paper straw color and add 5ml of starch
solution(solution turns to sample color), continue titration until the blue color

disappears. Then note the burette reading and multiply by 4 to know the DO.
CALCIUM AND MAGNESIUM:
Calcium and magnesium can be determined by titration methods.

Procedure: Take 0.01M EDTA solution in burette then Take 10ml sample in conical
flask and add 0.5mI NaOH solution and add a lunch of murexide indicator then solution
turns link to purple. Note the burette reading. Calcium
hardness=volume of EDTA consumed xMolarity of EDTA%100%1000/ volume of

sample taken.

Calcium as Ca+2= volume of EDTA consumed xMolarity of EDTAx40x1000/

volume of sample taken.

Magnesium as Mg +2=TH-Ca Hardness x0.243



AMMONIA:

Traditionally, Kjeldahl distillation methods have been used to determine

ammonia levels in biological tissue, but other methods (e.g., colorimetric or ion-

specific electrodes) are also available.

Procedure: Take 10ml of sample in test tube and add 0.4ml of Phenol solution, 0.4ml
of Sodium nitro Prusside solution and 1ml of oxidizing solution then cover opening of
test tube with Aluminium foil and keep the rest tube in dark for one hour and measure

in spectrophotometer.
NITRATE:

The first analytical approach utilizes direct measurement of NO3-N by the
following methods: (a) colorimetric (after a color producing reaction with NO3-N), (b)
potentiometric, (c) absorption of UV radiation by NO3-N in a complex matrix, (d)
trans nitration of salicylic acid, and (e) chromatographic (separation and measurement
of NO3-N) methods. The second approach is based on the reduction of NO3-N to
nitrite-nitrogen (NO2-N), ammonium-nitrogen (NH4-N), or nitric oxide and
measurement of the reduction product. When NO3-N is reduced to NO2-N, the
measurement may be achieved by (a) colorimetric, (b) fluorimetric, (c) coulometric,
and (d) catalytic kinetic methods. When NO3-N is reduced to NH4-N, the
measurement is done by (a) colorimetric (after a color producing reaction with NH4),
(b) potentiometric, (c) steam distillation, and (d) gas diffusion conductometric
methods. A chemiluminescence detection method is utilized when NO3-N is reduced
to nitric oxide. The third approach determines NO3-N concentration by measuring the
change in the concentration of the chemical species that react with NO3-N and form a

complex.

Procedure: Take 10ml of sample and add 0.1 ml of Sulphanilamide then wait for 5
minutes and add 0.Iml of NED and wait for 10 minutes then measure in

Spectrophotometer.



Principle: Nitrates react with phenoldisulphonic acid and produce a nitrate derivative,
which in alkaline solution develops yellow color due to rearrangement of its structure.
The color produced is directly proportional to the concentration of nitrates present in

the sample.

Apparatus required: Nessler's tube, pipettes, beakers, spectrophotometer, cuvettes,

measuring jar and hot water bath.

Procedure: A known volume (50ml) of the sample is pipetted into a porcelain dish
and evaporated to dryness in a hot water bath. 2ml of phenol disulphonic acid is added
to dissolve the residue by constant stirring with a glass rod. Concentrated solution of
sodium hydroxide or conc. ammonium hydroxide and distilled water is added with
stirring to make it alkaline. This is filtered into a Nessler's tube and made up to 50ml
with distilled water. The absorbance is read at 410 nm using a spectrophotometer after
the development of color. The standard graph is plotted by taking concentration along
the X-axis and the spectrophotometric readings (absorbance) along the Y-axis. The
value of nitrate is found by comparing absorbance of the sample with the standard

curve and expressed in mg/L.

Calculation:

Absorbance of sample X Conc. of STD X 1000

Nitrates =
(Asmg/L)  Absorbance of Std. X Sample taken

The high concentration of nitrate in water is indicative of pollution.
ELECTRICAL CONDUCTIVITY (EC)

Procedure: The electrode of the conductivity meter is dipped into the sample, and the

readings are noted for stable values shown as mS/cm,



TOTAL DISSOLVED SOLIDS (TDS)

Principle: The difference in the weight of total solids and the total suspended solids

expressed in the same units gives the total dissolved solids.

Apparatus: Glass-fiber filter disks, membrane filter funnel, filtration apparatus,

suction flask and pump, drying oven and Grooch crucible.

Procedure: The difference in the weights of Total Solids (W1) and Total Suspended
Solids (W2) expressed in the same units gives Total Dissolved Solids (TDS).

BIOLOGICAL OXYGEN DEMAND:

Principle: The method consists of filling the samples in airtight bottles of specified
size and incubating them at specified temperature (20 oC) for 5 days. The difference

in the dissolved oxygen measured initially and after incubation gives the BOD of the

sample.

Apparatus required: BOD bottles - 300ml capacity, air incubator - to be controlled

at 20 oC -\+ 1 oC, oximeter and magnetic stirrer.

Procedure: The sample having a pH of 7 is determined for the first day DO. Various
dilutions (at least 3) are prepared to obtain about 50% depletion of D.O. using sample
and dilution water. The samples are incubated at 20 oC for 5 days and the 5th day D.O

is noted using the oximeter. A reagent blank is also prepared in a similar manner.
Calculation:
(D1-D2)-(B1-B2)Xf

BOD =

pilivmglL)



D1 - Ist day D.O of diluted sample

D2 - 5th day D.O of diluted sample

P - Decimal volumetric fraction of sample used.
B1 - Ist day D.O of control

B2 - 5th day D.O of control

CHEMICAL OXYGEN DEMAND

Chemical oxygen demand (COD) is the measure of oxygen equivalent to the
organic content of the sample that is susceptible to oxidation by a strong chemical
oxidant. The intrinsic limitation of the test lics in its ability to differentiate between the

biologically oxidisable and inert material. It is measured by the open reflux method.

Principle: The organic matter in the sample gets oxidized completely by strong
oxidizing agents such as potassium dichromate in the presence of conc. sulphuric acid
to produce carbon-di-oxide and water. The excess potassium dichromate remaining
after the reaction is titrated with Ferrous Ammonium Sulphate (FAS) using ferroin
indicator to determine the COD. The dichromate consumed gives the oxygen required
for the oxidation of the organic matter. Apparatus required: Reflux apparatus,

Nessler’s tube, Erlenmeyer flasks, hot plate and lab glassware.

Procedure: 15ml of conc. sulphuric acid with 0.3g of mercuric sulphate and a pinch
of silver sulphate along with 5ml of 0.025M potassium dichromate is taken into a
Nessler's tube. 10ml of sample (thoroughly shaken) is pipetted out into this mixture
and kept for about 90 minutes on the hot plate for digestion. 40ml of distilled water is
added to the cooled mixture (to make up to 50ml) and titrated against 0.25M FAS using
a ferroin indicator, till the colour turns from blue green to wine red indicating the end

point. A reagent blank is also carried out using 10ml of distilled water.



e Eriochrome Black: Take 0.5 grams of Eriochrome black-T and 4.5 grams of
Hydroxylamine hydrochloride and dissolved in 100ml of 70% Ethanol.

Calcium:

e 1N NaOH: Take 4 grams of NaOH and make up to 100ml of distilled water.
e Muroxide indicator: Take 0.5 grams of pure murexide and mix with 100 grams

of NaCl.
o EDTA:Take 3.723 grams of EDTA and make up to 100ml of distilled water.

Ammonia:

e Phenolphthalein solution: Take 10 grams of analytical Phenolphthalein and
dissolve in 100ml of 95% Methyl alcohol.

e Sodium nitroPrusside sol: Take 0.5 grams of sodium nitroprusside and
dissolved inb100ml of deionized water and preserve Amber coloured bottles.
The solution can be preserved for months.

e Alkaline Reagent: Take 20 grams of Trial Sodium Nitrate and 1 grams of
Sodium Hydroxide and dissolve in 100ml of deionized water.

e Oxidizing sol: Mix the alkaline Reagent and sodium Hypo chlorides in a 4:1

ratio. This sol can be preserved for 24 hours only.

Nitrate:

e Sulphanilamide: Take 1 grams of Sulphanilamide and add 10ml Conc. Hcl to
this. Then make up to 100ml with distilled water.

e NED (naphthyl Methyl Diamine dihydrochloride) :. Take 0.1 grams of NED
and dissolve in 100ml of distilled water and preserve in an Amber coloured

bottle.

1



Dissolved Oxygen:

e Winkler-A sol (manganous sulfate): Take 48 grams of MnSO4 4H20 or 40

grams of MnSO4 2H20 or 36.5 grams of MnSO4 H20 and dissolve in distilled

water and make up to 100ml.

o Winkler-B sol (alkaline iodide): Take 50 grams of sodium Hydroxide and 30

grams of potassium iodide and make up to 100ml with distilled water.

e N/40 HpO:

© To prepare 0.1N sodium thiosulphate 'standard sol Take 2.482 grams of
sodium thiosulphate and 0.4 grams of Borax as preservation and dissolve
in 70ml of distilled water and make up to 100ml.

© To prepare N/40 (0.02N) Hypo, Take 125ml of 0.1N sodium thiosulphate

and make up to 500ml with distilled water.

Starch sol (0.2%): Take 0.4 grams of starch and 6ml of 20% NaOH and dissolve in

70 ml of distilled water. Store it until clcan sol is obtained. Then neutralize with 0.2

ml of HCI and acidity with 0.2 ml of glacial acetic acid. Finally dilute the sol up to
200 ml with distilled water.

Turbidity:

Distilled water and Stock primary Formazin suspension:

Solution 1: 1.0 g Hydrazine sulphate is dissolved in 100ml of distilled
walter.

Solution 2: 10.0g of Hexamethylenctetramine is dissolved in distilled

water and made up to 100ml in a volumetric flask.
Stock Turbidity Suspension: 5Sml of solutions | and 2 are mixed in a
volumetric flask and allowed to stand for 24 hrs at about 250 C (+30 C) and
diluted to 1000ml with distilled water to give a 400 NTU suspension.
Standard Turbidity Suspension: 10ml of the stock solution is diluted to 100ml

with distilled water to give a standard solution of 40 NTU.

12




Phosphate:

e Ammonium molybdate reagent: 25g ammonium molybdate is dissolved in
175ml distilled water. 280ml concentrated sulphuric acid is added to 400ml

distilled water and cooled. Molybdate solution is added and the mixture diluted
to 1000ml.

e Stannous chloride reagent: 2.5¢g fresh stannous chloride is dissolved in 100ml

glycerol, heated in a water bath and stirred with the glass rod to hasten

dissolution.

e Standard phosphate solution: 219.5 mg of dricd AR potassium hydrogen
phosphate is dissolved in distilled water and made up to 1000ml, where Iml =
50.0 mg. of phosphate. 10ml of the stock solution is made up to 1000ml to give
Iml = 0.05 mg. Standards of strength ranging from 0 (blank) to 0.05mg/L at
intervals of 0.01mg are prepared by diluting the stock with distilled water.

Sulphate

e Conditioning reagent: 50 ml of glyccrol was mixed in a solution containing 30
ml of conc. hydrochloric acid, 300ml distilled water (10% HCI), 100 ml of 95%
cthyl alcohol or isopropyl alcohol and 75g NaCl.

e -Barium Chloride

e Standard sulphate solution: 147.9mg of AR grade sodium sulphate was

dissolved in distilled water and made up to 1000ml, to give Iml = 100mg

sulphate.

Chlorides

e Potassium chromate indicator solution: 50g of potassium chromate is
dissolved in a minimum amount of distilled water and silver nitrate is added
dropwise till a red precipitate is formed. The mixture is allowed to stand for

about 12 hours and diluted to 1000ml with distilled water.

13



F_?: a0

e Silver nitrate solution (0.014N): 2.395g of silver nitrate is dissolved in

distilled water and made up to 1000ml.

BOD:

e Preparation of dilution water: To 1000ml of water, Iml each of phosphate
buffer, magnesium sulphate and calcium chloride and ferric chloride solution is

added, before bringing it to 20 °C and aerating it thoroughly.
COD

e Standard potassium dichromate solution (0.250M): 12.25g of potassium
dichromate dried at 103 °C for about 2 hours is dissolved in distilled water and
madc up to 1000ml.

e Standard ferrous ammonium sulphate (FAS) 0.25N: 98g of FAS is
dissolved in minimum distilled water to which 20ml of conc. sulphuric acid is
added and made up to 1000ml using distilled water to give 0.25N of ferrous
ammonium sulphate.

e -Ferroin indicator: 1.485g of 1, 10-Phenanthroline monohydrate and 695 mg

of ferrous sulphate is dissolved in 100ml of distilled water.

e -Conc. sulphuric acid

-Silver sulphate crystals

® -Mecrcuric sulphate crystals

14




STUDY AREA

Kovvuru canal water, kakinada 2.6km from the origin of Godavari Rivers which
is situated in Kovvuru at Kakinada in Andhra Pradesh, India. Kovvuru falls within
latitudes 16°92'46.35"N and longitudes 82°22'25.74"E. This Godavari canal

water is used in agricultural fields and ponds.

PHYSICO-CHEMICAL ANALYSIS OF WATER

Physical parameters:

Color, Temperature, Transparency, Turbidity and Odor.

Chemical Parameters:

pH, Electrical Conductivity (E.C), Total Solids (TS), Total Dissolved Solids (TDS),
Total Suspended Solids (TSS), Total Hardness, Calcium Hardness, Magnesium
Hardness, Nitrates, Phosphates, Sulphates, Chlorides, Dissolved Oxygen (D.O),
Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD),




| i

RESULTS AND DISCUSSION

The results of the weekly variation in Physico- Chemical Parameters of

Godavari canal water samples is presented in the table.

pH:.

pH is most important in determining the corrosive nature of water. Lower the
pH value higher is the corrosive nature of water. The changes in pH of water is due to
season, photosynthesis and respiration of aquatic plants, acid rains, increased Conc. of
CO2 , and dumping industrial range would be acceptable. In natural waters pH is
governcd by the cquilibrium between carbon dioxide/bicarbonate/carbonate ions and
ranges between 4.5 and 8.5 although mostly basic. It tends to increase during the day
largely due to the photosynthetic activity (consumption of carbon-di-oxide) and
decreases during night due to respiratory activity. Wastewater and polluted natural
waters have pH values lower or higher than 7 based on the nature of the pollutant. In
the present study pH varied between 7.34-7.87. The variation of pH in surface water

samples shows that samples are alkaline in nature.
Salinity:

Freshwater from rivers has Salinity value of 0.5ppt or less. It is best to maintain
Salinity of 1.026 for freshwater fishes. The marine water Salinity is about 35ppt.

Evaporation of occan water and formation of scason icc both increase the Salinity of

the ocean.
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Electrical conductivity (EC):

Electrical Conductance of water is a measure of its ability to carry Electric
current as a Results of dissolved salts in water. The conductivity measurements
provide an indication of ionic concentrations. The electrical conductivity values
ranged from 874.6uS/ppm - 986.7uS/ppm. By introducing salts, chlorides, sulfides,
carbonates, and other ions, the conductivity of water will increase as the
concentrations of ions increase.  Fresh water is usually between Oand 1,500pS/cm

and typically season water has a conductivity value of about 5000uS/cm.

Total Dissolved Solids (TDS):

TDS values are also considered as important parameters in determining the
usage of water. TDS is composed mainly of carbonates, bicarbonates, chlorides,
phosphates and nitrates, calcium, magnesium, sodium, potassium, manganese, organic
matter salts and other particles. High TDS values are not suitable for irrigation and
drinking water is 600ms/ppm. The TDS value in present study ranged between 269.5
-466.7mS/ppm.

Water can be classified by the level of total dissolved solids (TDS) in the water:
Fresh water: TDS is less than 1,000 ppm

Brackish water: TDS = 1,000 to 10,000 ppm

Salinc water: TDS = 10,000 to 35,000 ppm

Hypersaline: TDS greater than 35,000 ppm

Drinking water generally has a TDS below 500 ppm. Higher TDS Fresh Water is

drinkable but taste may be objectionable.
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Total Alkalinity (TA):

Alkalinity is a mcasurc of ability to ncutralize acids. The valuc of total
Alkalinity in water provides an idea of natural salts present in water. Total alkalinity
(TA) is the measure of water's ability to neutralize acids. Alkaline compounds that are
present in water, like hydroxides and carbonates, climinate H+ ions from the water,
which lowers the acidity of the water and results in a higher pH. Excess alkalinity gives
a bitter taste to water and reacts with cations farming precipitates, which can damage
the pipes, values etc., A total Alkalinity of at least 20 mg/ L is necessary for good pond
productivity. For drinking water the alkalinity should be 20-200 mg/L. The variations

of alkalinity in sample water varied between 90-260 mg/ L.

Total Hardness (TH):

Water hardness is a measure of the capacity of water to react with soap. Total
Hardness of water is characterized by the content of calcium and magnesium salts.
The carbonate hardness of pond or Take should ideally fall between 50 to 200ppm.

The variation of hardness in sample water varied between 130-280 mg/L.

Dissolved Oxygen (DO):

Healthy water should generally have dissolved oxygen concentrations above
6.5-8 mg/L and between about 80-120 %. DO present in drinking water adds waste

and it is a highly fluctuating factor in water. The variation of dissolved oxygen in

sample water is 3.6 to 17.6mg/L.

Ammonia and Nitrate:

Nitrates are essential plant nutricnts but in excess amounts they can cause
significant water quality problems, Together with phosphorus, nitrates in excess
amounts can accelerate eutrophication, causing the types ol plants and animals that
live in the stream. The safe level for nitrate in drinking water is <10ppm and

Ammonia is 0.25 to 32.5mg/L. The NIOSH Recommended Exposure Limit (REL) for

18



ammonia is 25 ppm averaged over an eight-hour work day. NIOSH also says that there
should be a Short Term Exposure Limit (STEL) of 35 ppm during any 15 minute

period in the day. No worker should be exposed to more than that amount over any 15
minute period.

Calcium and magnesium:

The presence of calcium (fifth most abundant) in water results from passage
through or over deposits of limestone, dolomite, gypsum and such other calcium
bearing rocks. Calcium contributes to the total hardness of water and is an important
micro-nutrient in aquatic environments and is especially needed in large quantities by
molluscs and vertebrates. It is measured by the EDTA titrimetric method. Small
concentration of calcium carbonate prevents corrosion of metal pipes by laying down

a protective coating. But increased amounts of calcium precipitate on heating to form
harmful scales in boilers, pipes and utensils.

Magnesium is a relatively abundant element in the earth's crust, ranking eighth
in abundance among the elements. It is found in all natural waters and its source lies
in rocks, generally present in lower concentration than calcium. It is also an important
element contributing to- hardness and a necessary constituent of chlorophyll. Its

concentration greater than 125 mg/L can influence cathartic and diuretic actions.
Total Dissolved Solids (TDS)

Electrical, or specific, conductivity of water is directly related to the
concentration of dissolved ionized solids in the water. lons from the dissolved solids
in water create the ability for that water to conduct an electric current, which can be
measured using a conventional conductivity meter or TDS meter. When correlated
with laboratory TDS measurements, conductivity provides an approximate value for

the TDS concentration, usually within ten-percent accuracy.
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Electrical conductivity (EC)

Electrical conductivity is the measure of the amount of electrical current a
material can carry or its ability to carry a current. Electrical conductivity is also known

as specific conductance. Conductivity is an intrinsic property of a material.

totally pure water | 0.055 |

typical deionizedwater | 01 |

distilled water 0530 |

reverse osmosis water | 50-100

domestic “tap” water | ~ 500-800

potable water 1,055 max |

sea water | 56,000 |

brackish water | 100,000 |

Biological oxygen Demand (BOD):

Biochemical oxygen demand, or BOD, measures the amount of oxygen
consumed by microorganisms in decomposing organic matter in stream water. BOD
also measures the chemical oxidation of inorganic matter (i.e., the extraction of oxygen
from water via chemical reaction). A test is used to measure the amount of oxygen
consumed by these organisms during a specified period of time (usually 5 days at 20
C). The rate of oxygen consumption in a stream is affected by a number of variables:

temperature, pH, the presence of certain kinds of microorganisms, and the type of

organic and inorganic material in the water.

BOD directly affects the amount of dissolved oxygen in rivers and streams. The
greater the BOD, the more rapidly oxygen is depleted in the stream. This means less
oxygen is available to higher forms of aquatic life. The consequences of high BOD are
the same as those for low dissolved oxygen: aquatic organisms become stressed,

suffocate, and die.

20



Sources of BOD include leaves and woody debris; dead plants and animals;
animal manure; effluents from pulp and paper mills, wastewater treatment plants,

feedlots, and food-processing plants; failing septic systems; and urban stormwater
runoff.

Chemical Oxygen Demand (COD):

Chemical Oxygen Demand (COD) is a test that measures the amount of oxygen
required to chemically oxidize the organic material and inorganic nutrients, such as
Ammonia or Nitrate, present in water. The earliest methods for quantification of COD
were developed ~150 years ago and involved recording color changes of a
permanganate solution mixed with water samples. There was, however, significant
variability between samples using this compound. The use of the dichromate procedure
was pioneered and perfected for wastewater in 1949. COD is measured via a laboratory
assay in which a sample is incubated with a strong chemical oxidant for a specified

time interval and at constant temperature (usually 2 h at 150°C).

The most commonly used oxidant is potassium dichromate, which is used in
combination with boiling sulphuric acid. It is important to note that the chemical
oxidant is not specific to organic or inorganic compounds, hence both these sources of
oxygen demand are measured in a COD assay. Furthermore, it does not measure the
oxygen-consuming potential associated with certain dissolved organic compounds
such as acetate. Thus, measurements are not directly comparable to Biochemical
Oxygen Demand (BOD) but can be used to complement (though it is sometimes used

as a surrogate measure).
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RESULTS

Table: 1 Variations in the pH of Sample Water

Dases pH
upsircam downsircam
19-03-2022 793 749
21403-2022 749 793
22-03-2022 7.63 74
s =2

23-03-2022 787 7.34 .

18
25-03-2022 787 7.39 14

12 - = pH upstream
2640320

)3-2022 7.87 7.5% 7 e pH dOwWns licam

29-03-2022 7.87 7.25
31-03-2022 787 7.49
01-04-2022 7.87 737
04-04-2022 7.87 7.48
05-04-2022 7.87 7.36
06-04-2022 7.87 7.44
0704-2022 7.36 7.49
08-04-2022 7.36 7.49
1144-2022 7.63 739
12404-2022 7.43 7.39
13-04-2022 7.36 739
18-04-2022 7.53 739
19-04-2022 7.09 7.59
Maximum value 7.93
Minimum value 709
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Table: 2 Variations in the Salinity of Sample Water

SIS
Dates salinity
upstream | downstream
19-03-2022 0 0
21-03-2022 0 0
22-03-2022 0 0
23403-2022 0 0 o e o S
o 1 P (U .
24-03-2022 0 0 08— =
P
(i 1 i eSS e R S S
25-03-2022 0 0 05 b——— —————
04 - s =——salinity upstream
2603-2022 0 0 | = salinity downstream
29-03-2022 1] 0
31403-2022 (1] 0
01-04-2022 0 0
04-04-2022 0 0
05-04-2022 0 0
0604-2022 0 0
07042022 0 0
0804-2022 0 0
11-04-2022 0 0
12-04-2022 0 0
13-04-2022 0 0
r_—_
18-04-2022 0 0
1904-2022 0 0




Table: 3 Variations in the Alkalinity of Sample Water

[ Dus Alkalirity

upstrea |  downstream

m
T;;J-_zozz 230 20
—21_-03~2022 160 160
203202 | 150 180
[ 303202 160 150
24-03-2022 160 160
25-03-2022 100 190
2603-2022 % 140
29032022 | 100 100 .

50 -

3103-2022 150 % 6}1 {?- --3&1 p: é_&_
0104202 | 220 150 EA A A A
04-04-2022 120 220
0504-2022 219 120
06-04-2022 103 150
07-04-20212 291 160
08-04-2022 106 180
11-04-2022 155 160
1042022 | 155 160
13-04-2022 105 140
1804-2022 140 150
19-04-2022 106 120
Maximum valoe 291
Minimum value 9%
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Table: 4 Variations in the Hardness of Sample Water

e
Dates Hardncss
[Hee—
upstream downstream

19-03-2022 220 260

21-03-2022 260 160

22403-2022 350 180

-
23-03-2022 230 150 )
Chart Title

24-03-2022 250 160 ano o

2503-2022 230 190

26-03-2022 240 140

——Hardness upstream
= Hardness dowmnstream

2903-2022 130 100

3103-2022 140 %
01-04-2022 220 150
04-04-2022 120 220
05-04-2022 219 120
06-04-2022 103 150
07-04-2022 291 160
03-04-2022 106 180

11-04-2022 155 160

1204-2022 105 140

13-04-2022 105 140

19-04-2022 106 120

Maximum valye 350 :

Minimum valye 90




Table: 5 Variations in the Ammonia of Sample Water

-""-—-__ -
Dates Ammonia
u—l'-'-'--__
upstiream downstream
_-.-_-_ . .
19-03-2022 nill nill
._-__ . -
71.03-2022 nill nill
224)3-2022 nill nill
e
23.03-2022 0.5 nill Chart Title
I B . A ——
2403-2022 0.02 0.5 5 ;
25-03-2022 nill 0.05 a | - - .
3 |
26-03-2022 nill nill | s
2 k= N . ——ypstream
29-03-2022 nill nill 1 e T dowmsrem
o ! G T .
3103202 | 025 0.1 5888888883888 88%
2388388333323 333
AnmegERuesNEsansg
01-04-2022 0.02 0.01
04-04-2022 0.01 nill
05-04-2022 nill nill
06-04-2022 nill nill
07-04-2022 nill nill
08-04-2022 nill nill
11-04-2022 0.01 0.1
1204-2022 0.25 0.1
13-04-2022 0.02 0.1
1804-2022 0.5 0.05
19-04-2022 nill nill
Maximum value 0.5
Minimum valpe 0.05




r
je: 6 yariations in the Alkalinity of Sample Water
ablé:

/ Nitrale
pates
L
| "] gpstream | downstream
--'-ﬂ__ 2!
"1 nill nill
19032022
’—-—__
/’T nill nill
gl o
: nill
s [l
in nill
03-2022 n .
z | —— m Chart Title
2022 | 005 ni )
.—-"""—-.__ (.
01202 | 028 u:38
%03:2022 | 0.05 nill
e ——upstream
29-03-2022 nill nill —downstream
2022 | il nill
01404-2022 nill nill
04042022 nill nill
0504-2022 nill nill
06-04-2022 0.05 nill
42022 | 038 0.05
P —
08042023 nill nill
_""-——-.____
1144 .
022 | pig nill
[r—
{420 .
2| i nill
022
0.05 nill
2
0.28 0.38
P20y il
i .
nill
\
Maximgp, va]Lw\
‘\ 0.38
M- ¥
ihlmmn value — ]
Nill

.



Table: 7 Variations in the Calcium of Sample Water

i Calcium
e upsirezm | downstream
-l--.-—__-_
Iw;_mg 3% 36
o
I-""-.-___
22403-2022 40
T
23-03-2022 56 56
— i
24032022 28 24
Chart Title
25.03-2022 20 12 ol
70 -
€0
2603-2022 32 40 <0
40
130 upstream
29.03-2022 53 27
20 —ownstream
10
31-03-2022 49 32 e A P S S T
GEEEEEESEEE5E8EE
i kb b Ee i LK
01-04-2022 47 27 §3335§§§§§§§§.§§§
el s e s e B =] O v o v
S e =
04-04-2022 43 L%
0504-2022 49 28
0604-2022 19 41
0704-2022 a8 25
08-04-2022 21 R}
1104-2022 37 28
1204-2022 28 33
13-04-2022 37 29
18-04-2022 38 53
19-04-2022 35 13
Maximum value 80
P ————
Mim'mmn\'a!m 24
.
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£sbic: § Variations in the Alkalinity of Sample Water

/’_— Magncsrum

s
| o "'Wm downstream
_— 7 31.2
1143-2012 1 36
1403-102 2 36 40
-'-'-_-_
71032121 2 36
[
2401-2022 56 28
25.03-2022 pY| 20
2%-03-2022 20 32
2903-2012 32 10
31032022 36 29
0104-2022 n 20
0404-2022 27 37
0504-2022 25 42
0604-2022 n 42
0704-2022 28 31
P——
08042022 27 16
h-'-‘-l—n—.___
11042022 32 36
12042022 23 2
1304,

wmy 3z 48
ET e

2022 29 9
Coe

-2022 H 0
i,

mm valye 80
Minj

a0
B0
70
(1]
S0
40
30
0
10
0
Lo B B R B B )
§888838
€888888
LBl T o
R o ot e

07-04-2022

Chart Title

04-04-2022

0604-2022

08-04-2022

10-04-7022

12-04.2022

1404-2022

16-04-2022

18-04-2022

——upstream

—downstream




Table:9 Variations in the DO of Sample Water

/"—-—'—_ [ DO

pates

upstream downstrcam

19:03-2 022 2 !
21:03-7022

22032022 8 3
par022 [ 3 3
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(0 Variations in the Alkalinity of Sample Water
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Table: 11 Variations in the Alkalinity of Sample Water

eEes EC
Dales
upstream downstream
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Table: 12 Variations in the BOD of Sample Water

Dates BOD
upstream downstream

19-03-2022 34 46
21403-2022 27 35
22403-2022 32 3.5
23-03-2022 36 3.4
24-03-2022 28 34
25-03-2022 3.7 2.9
26-03-2022 37 35
29-03-2022 3.7 3.6
31032022 38 25
01-04-2022 24 24
04-04-2022 2.56 27
05-04-2022 1.8 1.62
06-04-2022 1.78 1.4
07-04-2022 24 24
08-04-2022 2.56 27
11-04-202 L8 1.62
1204-2022 1.78 14
13-04-2022 24 24
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Table: 13 Variations i the Alkalinity of Sample Water

{ Dates [ COD
upstream downstream
—
19-03-2022 36 33
21403-2022 48 39
22-03-2022 15 36
23-03-2022 40 10
2403-2022 39 36 -
25-03-2022 47 30 /\/\/\/\/\_/’
2603-2022 47 30
29403-2022 40 10
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P
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'-“______
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-"‘"&--._________
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CONCLUSION

The Physico-chemical parameters showed significant weekly variations. In this
Godavari water the pH is neutralized and varies between 7.3 to 7.9 due to it being a
pure water. The Salinity is 0 due to the freshwater. The Alkalinity of Godavari water
is about 100 to 200 due to Soil or bedrock around water sources including carbonate,
bicarbonate, or hydroxide compounds; those materials get dissolved and travel with
the water. These mineral deposits also increase the alkalinity of the water. The
hardness of water is due to the dissolved minerals like calcium and magnesium in water
which varies between 180 to 260. The ammonia and nitrate is almost nil due to there
is no contamination of water or any industrial effluents are not released into the canal.
The TDS and EC value is high due to leaching of salts from soil and also domestic
sewage may percolate into the groundwater, which may lead to an increase in TDS
values. BOD and COD values are variable due to phytoplanktons. This canal water is
suitable for fish production and for agriculture. Since the water quality parameters are

determined generally within the desirable limit.
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