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Foreword

An essential component @l science departmentare the laboratory technicians whose committed involvement
is essentialor the progressive growth of the department. The technicians are responsibiedaiay to day running

of the laboratory basedtasks, which include preparation of solutions, saenplteparation and storagetesting
measuringand recording of preliminary preparatory work, purchase and maintenance of instruments and
consumables.They alsgrovide all the required technical support to enable the laboratory to function effectively
while adhering to correct procedure and safety guidelines.

Laboratory safety is of great concern these days as the nature of experimentalisvodklonger confied to
conventional old experiments. The ongoing advances in automation and information technology require
technicians to operate more sophisticated laboratory equipment and ensure safe work conduct and practices. In
addition to performingabove mentionedasks, laboratory technicians should be trained well to avoid health risks
and accidents, be in a position to act appropriately in case of emergencies and to minimize the environmental
burden and risks cause@hey also need to be trained in handling thfetent types of waste generated in the
laboratory such that laboratories adhere to environmental norifise avoidance of safety risks for the personnel
working in a laboratory requires them to be equipped witie knowledge of possible hazartisey are ikely to
encounter(chemicals, biological agents or radioactiyityworkshops and conferences afford valuable training
opportunity as well as motivational tool for staff members.

The goaltherefore of this two-day workshop is to provide the participansstheoretical as well as practical

overview of the general laboratory proceduresfety measureand the waste disposal methods to be adopted in

a Science laboratonyit will acquaint the participants with the scientific knowhow, and make all users awfare
al¥SGé IyR SYSNHSyOeée LINRG202ft& O06R2Q& | théng&ergl Safetyv G K|
guide lines. While it does cover a wide variety of hazardsemical, electrical, biological, etgthe document does

not cover all possikl hazards. A reference manual has been provided to the participants to make it simple and
informative.

The college also acknowledges TTD management for their constant guidance, encouragement and for providing
infrastructural facility.
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Department: BIOCHEMISTRY

INTRODUCTION: Biological Waste Management
1. OBJECTIVES:

V  Provide detailed information to ladratory staff about laboratory waste categories, segregation, treatment
disposal methods.
V  Provide technical and managerial considerationsi@rbiological waste management process.

2. METHODOLOGY:

V Discuss about different types of Biological waste saglClinical waste, culture waste, sharps, gels and f
wastes.

V Methodologies regarding the storage and treatment of different biological waste

V  Methodologies regarding the disposal of the treated waste

3. OUTCOMES:

V Laloratory staff will gain insight about the importance of biological waste segregation.

V  They will lean about the methods of management and disposal of biological waste generated in the labo

V Laloratory staff will be more aware about the hazarthat biological wasts pose to the people working in tl
laboratory and also to environment and society at large.

\N/
BIOHAZARD

Figure 1 International Biohazard symbol




Section 1.CLINICAL WASTE MANAGEMENT

1 What are clinical wastes emundergraduate laboratory?

Any waste arising from medical, nursing, dental, veterinary, pharmaceutical or similar practice, investi
treatment, care, teaching or research, or the collection of blood for transfusiamnsidered as a clinical wast€his
waste may cause infection to any person coming in contact with it. It may also include wholly or partly of hui
animal tissue, or other body fluids, excretions, or other pharmaceutical products, swabs or dreggingsssneedles
which may pose harm to others through injury or infection.

) }
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Blood Animal
Plasma tissues:
Serum Liver
Urine Spleen
Saliva Intestine

1 What are the hazardous consequences of untreated clinical waste?

Clinical waste may:

V  (ontaininfectious agents;

V  Be genotoxic;

V  (ontain toxic or hazardous chemicals or pharmaceuticals;

V  (ontain sharps.
Immediate hazardous effects Long term hazardous effects:
Biological waste may contain pathogen Biological waste is highly hazardous, when it
microorganisms. Pathogens in it, may enter t mixed with municipal solid waste and is dumpé
human body by a number of routes viz throug in landfills. This can also lead to environment
a puncture/abrasion/ cut in the skin; throug pollution, apart fromposing serious public healtl
the mucous membranes; by inhalation or k& risks. Animals are more susceptible to -biedical
ingestion. waste ingestion and contact




Different Treatment methods for clinical waste and disposal:

Blood /Saliva/Urine Sample

Sample (Blood/ saliva/urine) is treated with Badium Hypochlorite or 1%erchloric acid and then discarded
an autoclavable bag for decontaminatiand further placed in YELLOW colaoded bin.

Spillage: Cover spillage with absorbent paper towels sufficient to prevent the spread of the spillage and to
it. Take 1%sodium Hypochlorite or 1%Perchloric acid in paper towels and place over tipdiage. Leave for -
minutes for the released chlorine to act. Dispose of absorbent towels and gloves appropriately as biologic:
in a Yellow colored bin

Containers/tubes containing Blood /Saliva/Urine/any Biological Sample must be treethd1% Sodium
Hypochlorite or 1%erchloric acid before washing or discarding.

Animal tissues:
Frequently used animal tissues in undergraduate labLarer,Kidney, Spleen, intestine.
tftFO0S tf FYyAYILf glFadtsS Ay LMBI®OICAENCHESIFAGRDISCARDSt SR

Do not allow discarded animal specimens to accumulate in teaching laboratories. NEITHER THROV
DUSTBIN DIRECTLY.

Animal tissues are disposed off either by INCENERATIQixe(Bigr by BURIAL in an institutional designat
space.

Figure 2:Laboratory incinerator



Section 2: Culture Waste Management

Microbiology is a science that investigates the biology of microscopic organisms by gtbesngn populations
calledcultures. Microbial culture mediamap S Ay GKS F2NX 2F | Alj dzioRd foinsf
either in tubes or in culture dishes (Petri plat@Sigire 3. To ensure that we culture only the specific bacteria we wi
and nothing else from the environment, a set of stéseptictechniquesshould be implemented, which protects us
from the bacteria in the cultures, and also protects our cultures from contaminants in the environment. In ad
specific laboratory rules must be followed for containment of microbial cultiméke laboratory, for the safety of all

Culture in Liquid media Culture on Solid media
Figure 3 Types of media used for microbial culture

1 Microbial lab Safety Practices and Procedures

1 All bacteria are potential pathogens that may cause harm under unexpected or unusual circumstances. A
with compromised immune system or a recent extended illness should be away from thmtibthey have
completelyrecoveed.

1 Wear gloves wheworking with cultures, and when your work is completed, dispose of the gloves in the bioh
garbagebin. Safety glasses or goggles are also recommended.

1 Inthe event of an accidental spill involving a bacterial culture, completely saturate the spilivdh disinfectant,
then cover with paper towels and allow the spill to sit for 10 minutes. Then carefully remove the saturated
towels, dispose of them in the biohazard wasted clean the area again with disinfectant.

1 Long hair should be pulledhbk to keep it away from bacterial cultures and open flame.

1 Make sure that lab benches are completely cleared (everything either thrown away or returned to storage
before you leave the lab.

1 Eating, drinking, smoking, handling contact lenses, apglgosmetics, and storing food for human consumpt
must not be permitted in laboratory areas.



1 Mouth pipetting is prohibited; mechanical pipetting devices must be used.
1 Careful management of needles and other sharps are of primary importance.
1 Perform all procedures to minimize the creation of splashes and/or aerosols.

1 Know where specific safety equipment is located in the laboratory, such as the fire extinguisher and the e
station.

1 Recognize the international symbol for biohazafégue 1), and know where and how to dispose of all wa:
materials, particularly biohazard waste.

1 All of the equipment and supplies used in experiments involving bacterial cultures should be sterilize
includes the media you use and also the toolsdufm transferring media or bacteria, such as the inoculat

instruments (loops and needles) and pipettes for liquid transfer.

1 Disinfect your work area both BEFORE and AFTER working with bacterial cultures. Persons must wash tt
after working wit potentially hazardous materials and before leaving the laboratory.

1 Disposalof Microbiological Waste:

Microbial waste includes microbial cultures, media, culture plastics, sharpglasslvareAll the biohazard waste mus
be sterilized before it can be included in the waste stream.

i SOLID: Place in a properly labeled, leak proof container; disinfecebyah autoclavingdFigure4) or chemical
treatment with Sodium Hypochloride and place in a dumpster for disposal in the Landfill.

1 LIQUID waste should be disinfected by thermal autoclaving or chemical treatment with bleach ant
discharged into the Sew&ystem.

1 Excess proteinaceous material can clump and cause drain clogging. Grinding of treated waste may be ne

1 Decontaminate all cultures, stocks, and other potentially infectious materials before disposal using the
methods
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Section 3: Sharps
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What are Sharps?
Sharps are any object with corners, edges, or projections that when not handled properly or disposed into
trashare capable of cutting or piercing skin of the garbage handler or tearing the trash bag.

Examples of sharps:

Hypodermic needles

Syringes, including tubing, with or without needles

Blades (scalpels, razors)

Sharp wires and appliances

Glass capillary tubes

Microscope slides and covers contaminated with an infectious agent
Pasteur pipettes contaminated with an infectious agent

Serological pipettes contaminated with an infectious agent
Laboratory glasswareoataminated with an infectious agent

Pipette tips contaminated with an infectious agent

Wt £ atAOsl NBEQ YIRS FNRY LI FAGAO LRfE@YSNER ¢KAOK
Glass wool.

How do you dispose sharps?
Sharps can bseparated into 3 categories
Contaminated with Biological wastes like tissue pieces, body fluids or microbial agents
Contaminated with Chemical waste
Non-Contaminated

V  Non contaminated sharps can be disposed directly inta K N1.J& ./ 2y i+ Ay SND
V Contaminated sharps need to be procedfefore disposal.

Procedure for processing Biological waste contaminated sharps

Biohazardous waste containing sharps that must be stedliar otherwise rendered noinfectious prior to
disposal must be done so using the following methods:

Autoclave using (as a minimum) standard operating procedures established for the sterilizers being usec
Chemical sterilization through the use of appriate disinfectant e.d.0% Sodium Hypochloritebléach,
guaternary ammonia compoundmdglutaraldehyde

Once processed the sharps may be disposed into a Sharps container

What is a Sharps container?
Sharps containers are boxes of var@ithensions having required specifications. All sharp containers must |
the following standardsthey should be:

V  rigid

V non-breakable and puncture resistant
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V  impervious to moisture and leak proof
V have a seltlosing lid
V red in color with a universal bimzard label / chemical waste lab@Figire 6)

Sharp containers MUST:
Be stored near where the waste is generated and segregated from other waste
Have their lids in place while in use

Sharps containers MUST NOT:

be filled greater than the 2/3 filine

be discarded in the regular trash

contain free liquids, such as full culture tubes or filled syrir{§és 6)

Figure 6: Sharp cutters and disposal bags

Proper Disposal of Sharp Objects

Mot Contaminated Biological Hazard /

Glassware Sharps Infectious / rDNA Chomical Radi e
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==
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<
=
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o
%

Figure 7: Methods of disposal of different shar@bjects



Section 4: Storage, use and disposal of hazardous material used in a laborator

1 What are the hazards?
Certain gels and stains routinely used in a modern Biology laboratory are classified as hazardous chemicals. 1
is encountered during preparation of reagents, conduct of experiment as well as disposal ofghgents after use.

Acrylamide, ethidium bromide, and other stains used in gels are hazardous materials that can cause long tert
effects. Exposure can occur through inhalation, ingestion, and skin absorption. Ethidium bromide, binds to DN
a potent mutagen capable of causing genetic damage. Acute exposure can cause irritation to the eyes, mou
and upper respiratory tract. The monomer acrylamide used in the preparation of polyacrylamide gels is a car
and may also cause advenrgproductive and nervous system health effects. While toxicity and potential for expc
substantially decrease after polymerization, exposure remains a concern as complete polymerization car
assured.

Casting gels can present hazards from clvaiéxposure and burns when heating. Physical hazards are pres:
during the heating done during the preparation ofeal. Spilling and splashing may occur during the heating, mi:
and pouring of the hot liquefied gel, which poses a burning hazattedody including the face, hands, and upg
body.

Running gels also presents hazards of electrical shock. Electrocution is also a potential hazard as typical v
100 V can be applied across gasulting in 25 mA of currenfAnd lastly gels anstains must be disposed of proper
and not in the normal trash

How Can Exposures to these Hazardous Agents Be Minimized?

As with any other hazardous material, in laboratories also we need to conduct a thorough risk assessment anc
the hierarchy & controls (Figure8) to minimize risk when working with any hazardous material in an Undergrad
laboratory. Some specific applications of the hierarchy of controls to these hazards are listed below.

« Hierarchy of Controls

effective
r Physically remove
the hazard
Replace
the hazard
E'ul;jlllaar'lng 4{5::|atepeup\ermm
Controls e hiezsrd
Administrative |change the way
Controls | people work
Protect the worker with
Personal Protective Equipment
Least

effective

Figure 8: hierarchy of controls taninimize risk associated with hazardous material



= -4 —a -1

o

Elimination/Substitution

Reassess experimental protocols such that high concentration products can be eliminated or substituted v
concentrations or less hazardous substitutes, wherever possible.

Purdase premade solutions of stains, ethidium bromide and acrylamide at desired concentrations to
working with the solid forms which pose a greater inhalation hazard.

Engineering Controls

Decrease inhalation exposure by using engineering controls by designating a contained specific area w
exhaust ventilation for dispensing, mixing, and pouring (e.g. chemical fume hood). Local enclosures ai
hoods are good options. All workttv solvents for staining and destaining should be conducted in a fume h
Ensure routine maintenance of such local exhaust ventilation systems and check that chemical fume hc
operating at the proper face velocity before each use.

Administrative Controls

Locate nearest eyewash and wash area and confirm that they are accessible and within 50 ft. of the wo
This is particularly important when working with corrosive stains and chemicals

Ensure all gel apparatus is in good wngkorder. Do not use damaged connectors or cables that are frayed.
power supplies that have load protections.

Designate and label areas in the lab where hazardous material is stored and to be used.

Cover areas where gels are to be poured with adbetover and change out when it becomes contaminated ¢
spilled on.

Clean areas where hazardous materials are weighed, dispensed, or used on a regular basis to reduce &
exposure.

When heating liquids in the microwave, use boiling stonedl@ieto ensure that a nucleation site is alwa
present in heated solutions or ensure constant stirring or shaking.

Personal Protective Equipment

Always wear appropriate PPE when making gels that includes

Safety glasses or chemical splash gogglesaralshield (when heating liquids in a microwave )
Lab coat and closed toed shoes,

Nitrile gloves and

Thermal gloves when handling hot materials

Waste Handling

Contaminated debris like bench covers, pipette tips, gloves should be bagged, labelled and disposed in

container.

Contaminated glass should be placed in a puncture resistant container before placing in the solid waste ha
container.

Stocksolutions of ethidium bromide and acrylamide should can be disposed of as hazardous waste in their
container.

Used stains also should be contained in air tight containers and placed in hazard waste container. The de
solutions can be recied by passing through activated carbon.

Buffers containing any amount of acrylamide or ethidium bromide should be placed in leakproof containe
disposed in hazard waste container.

10



1 Used gels can be photobleached by exposure to sun for 24hrs and #ugreth and placed in a labelled so
hazardous waste container.

References/ Interesting Weblinks:

1. JY Richmond and RW McKinney (20B&)safety in Microbiological and Biomedical Laboratories, 5th Editior
2. Management and disposal Of biological waste at Texas A&M International University

3. National Institute of Environmental Health Scient
https://www.niehs.nih.gov/health/topts/agents/acrylamide/index.cfm

4. The National Institute for Occupational Safety and Hedlittps://www.cdc.gov/niosh/topics/acrylamide/

5. Millipore Sigma Ethidium Bromide Safety Data Sheet.

6. Agency for Toxic Substances & Disease Registry. Toxic Substances Rortélcrylamide.
https://www.atsdr.cdc.gov/phs/phs.asp?id=1113&tid=236

7. http://www.asm.org/images/asm_biosafety guidelingSINAL.pdf
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ﬁEHRS Know Where to Throw Lab Waste

Biohazard Bags Glass Disposal Boxes

Sharps Container

1. MNon-Infectious:
= Pipette tips & serological pipettes
= Glass (broken & unbroken)
= Slides & cover slips
=  Empty chemical bottles (triple rinsed)

Infectious (or potentially infectious):
*  Culture flasks & dishes

Centrifuge tubes

Specimen bags

PPE (glaves, dispasable gowns, etc.)

1. ALL needles, syringes, blades 1.
2. Infectious (or potentially infectious):

= Pipette tips & serological pipettes

= Blood vials

= Glass (broken or unbroken)

= Slides & cover slips

P

B
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Figure9: Biological waste segregation
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GENERAL WASTE EEaiIav. e  INFECTED WASTE GLASSWARE SHARPS

Kitchen Waste, Syringes, Gloves & Soiled, Anatomical, Antibiotic Vials, Needles &
Paper & Tissues & Plastic Waste = Chemical Liquid,Cytotoxic, Metallic Implants, Cut Glasses
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Water Bottles & Cans Expired & Discarded Material
Medicines Except Cytotoxic
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Figurel0: Color coding for theBiological waste segregation
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Department: BOTANY

INTRODUCTION

OBJECTIVES:

The Department of Botany caters students of B.Sc. (Hons.) Botany, B.Sc. Life Sciences, B.Sc. (Hons.) Biologi
and all other students of various disciplines opting for General elective (GE) offered by our department.
laboratories for rouine LINJ Odgd&ald with he variety of plant material be it healthy or diseased for different ty
of taxonomical, ecological, physiological, anatomical, biochemical and pathological related studies. To m
requirements, a training to lab staff isquiredto wisely use of fresh and diseased plant material (without disturk
the ecological flora and biodiversity), and maintenance of collected field specimens.

METHODOLOGY:

The workshop will be organized in online mode to train lab staff fopareg and maintaining herbaria records ai
maintenance of botanical museum where herbarium sheets are stdrssbariadocument the world's flora anc
provide a constant and permanent record of botanical diversity. This role is increasipgigtant as the rate of habitat
destruction increases and climate change precipitates rapid changes in species' ranges and all aspects of thei
Therefore, the methodology of the present workshop to be organized by our department will focus on:
1. Collection and mservation of diseasdree plant material for accurate preparation of herbarium sheets.
2. Proper arrangement, and maintenance of preserved herbarium specimens for long to understand abc
changes imposed in present day species by ecological fluctuations
3. Regular monitoring and mandatory measures to follow of repository to avoid pathogen aRaefklanting
preparatory steps to follow to avoid pathogen infestation.
4. Understanding the symptoms and disease types in plants so as to availisdenination of pathogenic spore
in Botanical Garden and Botanical Museum to prevent the spread of the disease.

OUTCOMES

At the end of the session, we expect that the learners will understand the importance of plants specimens.
Botanical excursions, lab staff will be able to collect good flora from their native habitat and will bring th
laboratories for preservation. They will be able to evaluate the importance of herbaria and botanical garde
workshop will help techna staff to develop skills in laboratory and field, develop an understanding of microbe:
their adaptive strategies.
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Section 1:Collection and Preparation of Herbarium sheets

A herbarium(plural herbaria)is a critical resource for ecological, biodiversity, taxonomy, evolutiordayt anatomy,
palynology and ethnobotanynd plant pathological research/ teachimmd are generally associated with boteatic
gardens, research or educational organizationsis a primary data source of drieshounted on appropriate sheetand
labelled plant specimens thatre arranged toenable easy retrieval access and archival stordgerbaria consist of
specimens that have been collected over broad geographic ranges\amdnany years anklept in pigeonholes of steel
or wooden cupboards.

¢KS 62NR &l SNBI NAdzYé 61 a RSNAOGSR FTNBY | SNBIFN YSI
place. Tournefort (1700) used the term Herbarium as an equivalent to Hortus sicdusrmaeus also used this term.
Luca Ghini (1556) is the sole initiator of the art of herbarium making, who started collecting, drying and plasting
specimens onpaper. However, in 18th Century, Linneaus started a new method in which he mountquebisiens on
single sheets and started storing them horizontally, which isethod now followed by almost all the museums and
herbaria in the world.

The herbarium helps as a support in teaching botany students. Many specimens, which theseanhdr
like to show totheir students, may not be available fresh at the time of giving the course. In such situations, available
specimens/herbarium sheets in the herbarium serve plepose ofteachingundergraduate students.

Obijectives of herbarium

To enablepreparation of new monographs and floras.

To provide facilities for identification of any material including new taxa.

To assemble data faducation and research

To preserve specimens of any material including historic importance.

To provide material fiospecific research/education as @tological, biodiversity, taxonomy, evolutionary, plant
pathological plant anatomy, palynology and ethnobotany and also for molecular research.

To bring together in a relatively permanent form specimens for comparatimghological or phylogenetic studies
Conservation of plant specimens.

arwdPRE
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List of Herbarium in Delhi:

1. Herbarium

Botany Department
University of Delhi
Delhi110007
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2. Herbarium
Division of Mycology & Plant Pathology
Indian AgriculturaResearch Institute
New Delhi110012

3. National Herbarium of Cultivated Plants (NHCP)
National Bureau of Plant Genetic Resources (NBPGR)
New Delhi110012

4. Raw Material Herbarium & Museum
National Institute of Science Communication
Dr. K.S. Krishnan Marg
New Delhi110012

Requirements for collection of specimens

Field notebook to record habitat and location information.

Soft lead pencils for writing

Global Positioning System (GPS) instrument

Small altimeter for measuring elevations.

Gardening gloves to prevent injury when handling irritating or thorny specimens.
Strong bags for storing branches or carrying individually bagged collections.
Waterproof tags and permanent felt markers.

A digger (Khurpi) tool for digging underground stems, bulbs, corms, and roots.
Pruning cutters to cut plant parts (e.g., fruit, cones, flowers, buds, leaves, bark) or for trimming large, woody plants
to appropiate size.

1 Plant press (Fige11and12)

=4 =4 -4 -8 & a8 _—a -2 -9

Figure 11:Tools for plant collection A. Cutters, B. Digger (Khurpi), C. Vasculum, D, plant press E.
Herbarium sheet.
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Procedure for collection of specimens:

1 Select specimens in good condition, free of ingkannhage, rust, or disease (if you are not collecting specimen for
lant pathology)

1 Select plants with mature parts (walbveloped leaves, stems, roots, flowers, and/or fruits or other reproductive
structures).

1 Select specimens that represent the rangevafiation in the population, not just atypical specimens.

1 Collect entire plants when possible, even if they are large (the plant can be divided for pressing). Collect enough
plant material from each species to fill two standard herbarium sheets (42 m28 c

1 Collect at least stems, leaves, and flowers or fruit of herbaceous plants, and twigs, leaves, and flowers or catkins
of trees and shrubs.

1 Collect extra flowers and fruit for later dissection.

1 Retain as much of the root system as possible. Remove excess soil as it may cause disfiguration and deterioration
of some plants.

1 Place all specimens of a single species from one locality into one collection bag.

1 As each specimen is collected, assigmigwe collection number (see Recording the Data).

1 A plant collection without accompanying data is of no use to the scientific community. Keep a careful record of
collection data and field observations in a field notebook using a consistent, clear, d@nlé Egle. You can use
the information later for the herbarium label or for preparing a collection report. File the completed field notebook
as a permanent record.

Poisoning, pressing and drying the specimen:

1 Poisoning kills the plants and prevents floemation of abscission layer and thereby the leaves, flowers and fruits
will be intact with the specimen (twig) will not be getting detached from the plant.

1 The poisoning is generally done by dipping the whole plant in a saturated solution of merdaridecin ethyl
alcohol (usually 20 gm in a litre of alcohol). The plant is again put between the blotters in the presser till it gets
completely dried.

1 Mercuric chloride is corrosive for metals, and hence enamel trays and disposable gloves are used.

1 Lauyl Pentachlorephenate (LPCP) is also used (3.75% in white spirit) for poisoning the specimens. It is safer than
mercuric chloride and leaves the plant features more intact.

1 The solution can also be applied to mounted specimens by spraying. Then, thimepgare spread out for
pressing and drying. Pressing equipment is the main piece of equipment is a plant press.

* OPTIONAL, AMD uSED FOR BULKY SPECMENS

Figure 12 Plant press
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Basic technigues of a specimen press

1 Separate the frame parts. Make a separate stack for each part if you have plenty of room and it is not windy.
Otherwise arrange the materials in the order they will be used: back panel, cardboard, newsprint, blotter (for damp
plants, put on both sides ofgper), foam (for large branches put on both sides of paper), cardboard, paper, etc.

1 Fold a large number of the newsprint sheets in half to form 45 x 30 cm folders (flimsies).

1 Lay the straps at one end of the table (both in the same direction). Placeamkepanel on top of the straps, and
place two cardboard separator sheets on the panel.

1 Place a folded newsprint sheet on another cardboard sheet (alternate the sides of the newsprint openings within
the press to prevent a large bulge on one sifféite the field number on the bottom right corner of the newsprint
sheet, inside and outside.

1 Write the family name, if known, on the outside as well.

1 Place plants to be pressed on the right half of the newsprint folder

LARGE SPFECIMENS (d) BOTH SIDES OF
CUT TO FIT PASE LEAF SHOWN

Figure. 13 Arrange the plants cafully with a minimum of overlap.

1 Arrange the plants carefully with a minimum of overlap as mentioned in Fiifire

9 Dryingis a crucial step in preserving collected plant material. To ensure that a specimen retains its colour and does
not become brittle orscorched, the moisture must be removed rapidly, while using only a moderate heat. Good
air circulation will speed up the process. Make sure the corrugated cardboard still has air spaces in between and is
not crushed flat with use.

1 During warm, dry weathetie the press onto the roafack if you are travelling by car. The air will flow through the
lattice panels and the corrugated separators when the vehicle is moving.

1 Place the press inside a we#ntilated vehicle parked in a sunny spot.

1 Plants willdry reasonably well in a heated room in a week if you change the papers regularly

Mounting, Stitchingand labelling:
1 The dried plant specimens are now ready for mounting on herbarium sheets. Fixing the processed plant specimen
on herbarium sheet is called mounting.
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A standard herbarium sheet is 28 cm (breadth) x 42 cm (length) and usually made up of hedagtloggmhite
handmade paper or thick sheet. The sheet is usually stiff and flexible so as to prevent damage during the handling
of mounted specimens.

The common technique is pasting specimens to sheet with natural glue (usually Gum Arabic). Small quantity of
coppe sulphate or thymol crystals or may be added to the glue as insect repellent.

It is advised to have a paper bag/pouch attach to the herbarium sheet to keep any seed/fragments detached from
the specimens. Now the herbarium specimen sheet pasted withel leually at the righside bottom corner.
Sometimes large stems, large fruit that are still connected to a branch, or large fruit that burst open may not, with
handling, stay taped to the mounting board. In these cakeaviergrade mounting board cangbused and these
difficult parts are sewn to the board for added security.

Figure 14: Mounting of dried plant specimens on herbarium sheets

Use heavy duty thread and a dgrneedle, puncture the board either side of the stem, take the thread through the
underside of the sheet and back up to the top of the specimen. Tie off using a reef knot (being careful not to
overtighten and thus tear the sheet), move the knot a littbethe side of the specimen and trim off any excess. In
the case of roundish, large fruit use a cfisess pattern of sewing by making two holes on either side and tying
the threads together in the middi€Figure 15)

Extremely large, wide leaves can baveeon either side of the midib, if the midrib is firm enough, instead of
using tape at the tip of the leaf.

Recently the Nihon Vogugha, Japanese company is offering a new approach/technique to botanical plant
preservation for herbariunspecimens. The "Plant Specimen Preparation Kit" utilizes a simple and reliable
vacuum pump and a unigue air press to ensure that plant specimens are beautifully preserved with their natural
colors retained (Anonymous, 2016).
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Deposition of Specimen:

Mounted, labelled andreated specimens are finally incorporated in a herbarium, where they are properly stored
and looked after. Small herbaria arrange specimens alphabetically according to family, genus and species. Larger
herbaria, however, follow a particular system of sifisation. Most herbaria usually follow Bentham and Hooker

or Engler and Prantl system of classification.
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Significance of Herbarium:

It provides valuable data and material for teaching and research.

Helped in all kinds of taxonomic researches and teaghlasses.

It aids in assessment of conservation status of a taxon.

It serves as a fundamental resource of identification of almost all plants of country and even world.

The specimen tag carries all the information about habitabit, local namefJower color, etc., of plant specimen

for further botanical, ethnbotanical phytogeographical studies etc.

As source of estimation of global biodiversity.

Itis a base line for data on distribution and abundance of keystone species.

It helps in distributbnal range and population biological studies.

It may provide seeds of extinct plant species for further studies.

10. It may be useful as source of material for anatomy, palynology cytotaxonomy biochemistry, pharmacognosy etc.
studies.

11. Herbarium serves as andan teaching plant taxonomy.

asrwd PR
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General Precautions while collection of plant specimens:

Before conducting field experiments, the site should be thoroughly surveyed for relevance of study as well as safety.
Permission from authorities should l&ken, especially in case samples have to be collected.

First aid kits should be readily available

Light and comfortable full sleeves clothes, and boots should be worn to avoid mosquito and insect bites

A wnhpRE

Section 2: Management of preserved specimerotanical Museum

Herbarium sheets are often attacked by museum pests, fungi, Bie. practice of preventive conservation is the
management of fluctuations in temperature, light, relative humidity, pests, and pollutants that can deteriorate museum
collections.

' YRSNBEGFYRAY3 GKS LINI OGAOS 2F LINBQGSYUA@S O02yaSNBEGA2Y
temperature fluctuations, and pests) is most important when trying to protect, display, and store collections. For instance,
specimens \th sugaryor large quantities of nectar / water exudates are also particularly attractive to fungi and need
special care during drying to ensure that they dry fast enough to prevent mold growth.

91 Dried and pressed plant specimens can be stored bestdnival grade boxes, or tied in bundles in cardboard
folders for longterm storage.

1 A reoccurring threat to the longevity of herbarium specimens is insects ssclsilverfish,book lice
(psocids)cigarette or tobacco beetlesLésioderm# dermestids drugstore beetles $tegobiumpaniceun), a
number of which find dried plantsgtatable. Proper storage in secure and stable shelving will allow for less stress
and movement to affect plant collections.
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If fungal growth occurs on specimens, it can be brushed with &B&%nolor methylated spirit§denatured

alcohol). However, this may alter the specimen for chemical and other investigative research and only kills the
fungus present on the specimen, not preventing further problerihfingal growth.

Deep Freezingthe bundles of specimens are placed in clear plastic bags. The bags are then sealed and excess air is
pushed out. The mouth of the bags are heat sealed with the specimen inside or the specimen can be placed inside
polythenebags and sealed with parcel tape. Then the sealed bags are placed into a deep freezer for at least 14 days
at a temperature of18°C, or for 72 hours if freezing <0 °C.

Anoxic treatments:it involves the usage of bags impermeable to oxygen, contaitiiagspecimens inside and
oxygen scavenger chemicals. Sraalbxicenvironments starve the pests of oxygen and the specimens become free
from pest attack.

Small sticky tapes placed in hiddareas of the herbarium and herbarium cases to trap the insects. Such traps are
monitored regularly after every 180 days and replaced with new traps.

Pheromone traps (Fige 17) involves the use of natural scents which insects use to communicate withogaeh

Certain insects are attracted to these traps from the surrounding area and are very effective. Specific traps are
available for drug store beetles, Indian meal moth, cigarette beetles and-a@rse beetles.

)
Figure 17:Pheromone traps in théotanical garden to capture insects

Insect electrecutters are useful for detecting and controlling flying insects. These emitvititat light that attracts

flying insects particularly flies and moths.

Mounted specimen may also be treated with mercudichloride or copper sulphate. To prevent them from attack,
powdered naphthalene balls or gamaxene powder be also spread from time to time. This ensures durability and long
life of the herbarium sheet.

Figure 18:Dry Specimen Treated andisplayed in transparent containers
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1 The preservation of wet specimen requires periodical replenishment of the specimen. Therefore, the focus should
be on maintenance of correct shape and configuration of the fertile parts. For this purpose, a satutatemh sf
copper acetate in 50% Glacial acetic acid is made as Mother Stock. This mother stock is then diluted in water at a
ratio of 1:4, filled in widemouthed air tight glass jars {fire 19. The preservation medium in the specimen jar
needs to be chaged preferably every-8 weeks.

Figure 19:A Preservation Jar having Wide Mouth

Note: The museum manual therefore, must make documented provisions for calendar for these periodical changes in the
medium. So alsahere should be a provision in the manual for mobilizing a new sample at regular intervals depending
upon the source of specimen.

1  Use of repellents Chemicals with an offensive odour are kept in herbarium cases to keep pests away from
specimens. Naphthalene anddichlorobenzene are commonly used repellents. They are available in powdered form
and are put in small muslin bags kept in pigeonholedicRlorobenzene is more toxic and prolonged exposure of the
chemicals to workers shoulcetavoided. For people working 8 hours a day in a 5 day per week schedule, the upper
exposure level for naphthalene is 75ppm andiphlorobenzene is 10ppm.

Management of field plants; In the Botanical Garden

Controlling plant diseases with cultural praets and use of chemicals involves a combination of preventing the conducive
environment for pathogen growth and improving the growing conditions for maximum plant health. In most cases,
gardeners should employ a multitude of cultural practices to prodweathy, diseasdree plants that grow vigorously. A

few examples are noted below.

Cultural methods- In the Botanical garden, rotating crop to a different ciogd/ spot each year is a popular cultural
control used to disrupt yeato-year pest cycles, as removing and destroying old plants at the end of the growing
season.

1  Warming the soil under sun before planting can avoid seed rotsqstaitization).

1 Planting a mix of plant species may reduce or slow the spread of disease if resistant platés @ among more
susceptible plants.
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1  Watering lawns and gardens early in the morning so the plants can dry quickly and remain dry through the night is
an effective cultural practice for some fungal or bacterial diseases.

1  Watering ornamentals at the bas# the plant, as opposed to using overhead irrigation, will minimize leaf wetness
duration and prevent foliar diseases.

1  Fertilize plants at the correct time of year. Tall fescue and Kentucky bluegrass fertilized with nitrogen too late in the
spring or dumg the summer are more susceptible to brown patch or Pythium blight.

1  Pruning and training plants in ways that promote air circulation around leaves and that allow more light penetration
creates a healthy environment that discourages infection.

1  Planting aree or shrub correctly and in the right type of location gives the plant a better chance of resisting diseases
and other problems. Diagnostic clinics often see plants that died simply as a result of improper planting.

Chemical methods Finally, chemicalsuch as fungicides, bactericides or nematicides are sometimes necessary to
control problematic plant diseases. Chemical controls can be an effective and necessary part of an IPM program, but it is
important to properly identify the problem and determinka pesticide is warranted and, if so, to use it correctly.

1 When using chemicals, always read and follow the label carefully. Apply compounds properly, and respect
environmental health and safety information indicated on labels. This information card@special directions for
mixing and application, limits to application on windy days or before predicted rain events, or buffer areas needed
between application areas and wells or watercourses.

Physical Methods Physical methods include the use of fuamgs Fumigation is a method of pest control that completely
fills an area with gaseous pesticides or fumigants to poison the microbes wtitimgantat a required temperature and
pressure exist as a vapor form, when released it penetrates objects arsenchreas in concentrations that kill by
interfering with the respiratory function pest organisms.

1 Soil fumigation- Most fumigants require a soil temperature between-30 °C at a soil depth of 6 inches to
activate. Since you'll need to apply the fumigant prior to planting, spring is an ideal time to apply the chemical. A
sheet of plastic over the fumigated soil prevents the fumigant from escaping into the air. Sealingthfoaup
to 2 weeks is best done immediately after applying the fumigant. Rocks or soil help hold down the edges of the
plastic, ensuring the fumigant is kept insidene gas passes through the soil and controls pests that live there,
including nematodedungi, bacteria, insects and weedgigire 20

Figure 20:Soil fumigation in Botanical Garden
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1 Chamber Fumigation Chamber fumigation is effective at above °@0and relative humidity of 560%.
Formaldehyde vapofcommercially available as formalin) is an extremely effective biocidal agent. Before room
fumigation, hydrochloric acid and chlorim®ntaining disinfectants must be removed from the area.

1. Seal off the room (Laboratory/ Laminar Hood/ Botanical MuseumyeNallow personnel in the environment
when the area is being decontaminated, as highly toxic agents are used. Place boundary tapes or other obvious
notices to alert anyone that they are not allowed to approach or attempt to operate the hood until
decontamnation is complete.(Figure 21)

2. Notify the institution's safety officers of the date and time that the decontamination is to be done, as well as the
type of fumigation agent being used (formaldehyde or hydrogen peroxide).

3. Prepare the fumigation solutionin a petridish, mix 30 ml of fmalin and 3g of KMnkeep the pertidish in every
corner of the room and evacuate immediately. Seal the arear properly for atlead b®ur.

4. After the fumigation is complete, switch ON the exhaust fan and ceiling fans3drolirs to evacuate the funse
form the room.

Figure 21:Fumigation inside cabinets and laminar air flow

Safety Precautions

Before performing a fumigation, the applicator needs to understand clearly the hazards and problems associated with the
use of fumigants. Modtimigants are highly toxic to all forms of life, including humans, animals, plants, and even microbes.
Fumigation is a highly specialized operation that requires equipment, techniques, and skills not generally used for applying
other types of pesticides.pplying a fumigant may be time consuming and expensive, usually requiring more labor than
other pest control methods.

Understanding thepathology ofplants:

Phytopathology taken from the Greek word where, Pathos means suffering and logos means shedgfofe it is the

study of suffering plants. And plant disease is the study of microorganisms and environmental factors that cause
diseases in plants. Organisms that cause infectious disease include fungi, oomycetes, bacteria, viruses, viroid etc. Plant
pathology also involves the study of pathogen identification, disease etiology, disease cycles, economic impact, plant
disease epidemiology, plant disease resistance, how plant diseases affect humans and animals, pathosystem genetics,
and management of ptd diseases.
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GENERAL SYMPTOMS OF PLANT DISEASES

Plant Pathogens induce different reactions in the hosts. This results in creation of abnormalities which appear on the
plants. The evidence of the abnormalities in the appearance of the disease plant bahmit by the pathogens after
host pathogen interaction is called symptoms.

il

As a result of infection, a number of physiological changes occur in the plants such as change in respiration,
photosynthesis nitrogen fixation, transpiration etc.

Basically, hst respiration increases therefore photosynthesis rate is reduced and there is an increase in transpiration
rate.

These lead to anatomical and morphological changes in the entire plant (vegetative and floral).

These changes are expressed in visible chardgsomycetes and phycomycetes: it forms galls, scalps, warts, rot,
blight, white rust, damping off, downy mildew.

BACTERIAL PLANT DISEASES

a) CITRUS CANKHEFRusal organismXanthomonas citri

9 Itis gram negative bacteria.

1 Itis arodshaped bacteriavith a size of 1.5*2*0.5*0.75 um

1 Aerobic bacteria

1 Possess single flagellum

9 It attacks the leaves, twigs and fruits.

1 Favorable conditions for the spread of this disease are moisture and strong winds.

1 It survives in parasitic form, canker leaves, barkdaglperiods.

Symptoms:

1 Inyoung leaves it appears as lesions as white small specs which later on develop into brown necrotieZspots (1
in diameter)

1 They become raised to form white spongy eruption.

1 As the lesions enlarge the white eruption begin tdajpée and brown depression appear which grows as crater.

1 Margin of lesion has greasy appearance. As the disease progresses, the crater portion becomes greyish white and is
surrounded by yellow halo on the leaves crater-& thm in diameter while in twigand fruits is 1cm in diameter.

I These lesions are due to hypertrophy or hyperplasia.

b) Bacterial Blight of RiceCausal organismXanthomonas oryzae

A
A

It causes wilting of seedlings, yellowing and drying of leaves.

The disease is most likelydevelop in areas that have weeds and stubbles of infected plants. In general, the disease
favors temperaturesai pbonc/ X gA 0K NBf I GAQGS KdzYARAGE 10208 1Tm:o
It is commonly observed when strong winds and continuous heavy rains occur, allowing the-deasisg bacteria

to easily spread through ooze droplets on lesions of infected plants.

Bacterial blight can be severe in susceptible rice varieties under high nitrogen fertili &figpme 22)
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Symptoms:

Small, green watesoaked spots develop at thtgs and margins of fully developed leaves.

Then they expand along the veins, merge and become chlorotic then necrotic forming opaque, white to grey colored
lesions that extend from leaf tip down along the leaf veins and margins.

Both bacterial blight antacterial leaf streak can occur simultaneously and are difficult to distinguish.

Figure 22:Bacterial disease symptoms caused by (A and Banthomonas citril (C and D) Xanthomonas oryzae

FUNGAL PLANT DISEASES

a) Early Blight of Potato: Causal OrganisAlternaria solani

f
1

It is afungalpathogenthat produces a disease tomato and potato plants calleckarly blight.

The fungus is readily cultured on artificial media such as V8 juice where it produces a deeplytgiggnay/black
hairy colony.

The mycelium is haploid and septate, becoming darkly pigmented with age.

Sporulation in culture can be stimulated by exposure to fluorescent lighe asexual conidia are borne singly or in
a chain of two on distinct cadiophores. The beaked conidia hormally possegd Btransverse septae.
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Symptoms:

1 Symptoms of early blight occur on fruit, stem and foliage of tomatoes and stem, foliage and tubers of potatoes.

1 Initial symptoms on leaves appear as small thm blackor brown lesions and under conducive environmental
conditions the lesions will enlarge and are often surrounded by a yellow halo.

f Lesions greater than 10 mm in diameter often have dark pigmented concentric fihgsseOl f £ SR a0 dzf f a S«
lesion ishighly characteristic of early blight.

1 As lesions expand and new lesions develop entire leaves may turn chlorotic and dehisce, leading to significant
defoliation. Lesions occurring on stems are often sunken and-#vaped with a light center, artthve te typical
concentric rings.

b) White Rust of Crucifers: Causal Organisitbugo candida

Mycelium intercellular with knot like structure called haustoria.

It is an obligatory parasite.

It bears sporangia in chains.

Each sporangia germinates to produc8 Zoospores, which reinfect the host plant.
Moist favors this disease.

=A =4 =4 -4 =

Symptoms:

1 All the parts of plant are attacked except the roots.
In local infection, pustules develop on leaves and stem.
9 The pustules appear shiny white or yellow in color.
1 Several pustules coalesce to form a large patch.
1 Host epidermis ruptures and white powdery mass of spores appear on the leaf si{Ffigoee 23
1 When young stem and inflorescence are attacked, fungawsiginside the host plant tissue and form deformities.
1 Leafis rarely distorted and sori develop on lower surface of the leaf.

Figure 23: Fungal disease symptoms caused by (A andM)ernaria solanj (C)¢Albugo candida

VIRAL PLANT DISEASES

(a) Tobacco Mosaic Virus (TMV) Disease: Causal Organism: TMV (Tobacco Mosaic Virus)
i1 Itis arodshaped virus having 15nm diameter and is 300nm |@rigire 24

1 Itis a single stranded RNA which is thermostable.

1 It survives in leaves and stocks in soil aadds.

1 Initially this virus infects the seedling then it infects throughout the season.
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1 It enters through wounds and then enters the parenchymatous tissue, moves from one cell to another and multiplies
until it reaches phloem from there it infects wholeapt.

Symptoms:

1 Mottling(patches) on leaves

Curling of leaves

Chlorosis

Dwarfism

Distortion of leaves

Stunting of younger plant by curling/distortion of leaves

Dark green areas are thicker and appear elevated while light green areas are thin which astachlor

=A =4 =4 -4 -4 4

genetic material

(RNA) B

¢ protein coat

Figure 24:Viral disease symptomen the surface éleaves and its causal agent i.€obacco Mosiac Virus

(b) Yellow Vein Mosaic VirusCausal Organisn¥ellow Vein Mosaic Virus or Hibiscus Vir{kgure 25

1 Transmitted by white fliesBemesiatabagi

91 Bhindi leaf hopperEmpoascadevastahs

1 Several weeds likageratum, Malvastrurare susceptible to this virus.
Symptoms:

1 Vein clearing followed by vein chlorosis.
1 Veins become thick and prominent.

91 In severe cases chlorosis extendsmierveinal area and cause complete yellowing of leaf.
1 Fruits become dwarf and malformed.

Figure 25: Viral disease symptoms caused by Hibiscus virus
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PRECAUTIONS WHILE HANDLING DISEASED PLANT MATERIAL

Diseased plants should be burned after harvest.

Useof disease resistant varieties.

Sanitation of the field should be done on a regular basis.

Workers in the field should wash their hand with 3% thisodium phosphate and soap.
Equipment used during harvesting should be sterilized.

Use ofpesticides, fungicides can be done in order to eradicate the pathogens.

S
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Department:. CHEMISTRY

OUTCOMES:

Through thistwo-day workshopwe wishto provide the participantswith an overview of the general laboratory
procedures and safety measures to be follow€hisreference manual has beefrafted for theparticipantsin a simplified
and informative manner. The participants would:

Learnhow towork safely in the lab

Know aboutthe firstaid and antidotes in case of chemical exposure and accidents
Ensurereduction in environmental pollution by following the 3R principle
Reducehe amount of untreated and corrosive waste being discarded in ke si
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SECTION 1: LAB SAFETY

1.1. GENERAL LAB SAFETY INSTRUCTIONS

It is highly recommended that the following precautions and safety measures must be followed while handling of
chemicals, solutions and preparing the reagents:

Always wear a lalboat, mask and safetyoggleswhile working in the lab.

Wear N95 gloves while dealing with highly poisonous/irritant chemicals.

Lab should always be well ventilated.

Follow the specific procedure with protocol and amounts/volumes of chemicals and solvents to be used fagtrd re

to be prepared. This not only prevents accidents and wastage of chemicals but is alsefaerettppractice

Use clean and dry glass apparatus while preparing the reagents.

6. Store the reagents after propéabelling(name of reagent, date of prepation, hazard warning as per the instructigons
in clean apparatus.

7. Disposeoff any waste paper or any kind of solid waste properly.

8. Maintain a safe distance while using the chemiddlsld containers away from the body when transferringh@mical
or solution from one container to another.

9. Make sureall flammable solventand volatile chemicalare used inthe fuming cupboard only.

10.Add concentrated acid to water slowlever add water to a concentratedcid

11.Never leave containers of cheralgreagentsopen.

12.Wash hands properly aftérandling chemicals every time.

P

o
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1.2.

Hand hygiene Lab Coat & Mask Safety goggles

A

Exercise caution from corrosive chemicals, electric shock, fire & explosion

Figure 26: General lab safety instructions

PREVENTION, SAFETY AND fARSIN LAB ACCIDENTS

A lab worker should be well versed in laboratory safety proceduktesiness and caution are the things of
requisition for anyone concerned with laboratory. One is surrounded by many dangers from corrosive
substances, poisonous, explosive, inflammable chemicals etc. Almost all the chemicals except a few used in a
laboratary are lethal poisons. Appropriate methods of safe handling, handling the situations, rendering the first
aid in case of accidental happenings are to be well known to technidiecidental happenings in a laboratory
can be caused by

1) Acids andlkalis

2) Toxic, harmful and irritating chemicals

3) Heat

4) Fire

5) Explosion

6) Electrical shock.

1.2.1 ACIDS AND ALKALIS

Acids alkalisand phenols which are corrosive in nature are usgtbnsivelyin a laboratory. Corrosives cause damage to
the living tissues when they come into contact. They can cause bodily damage due to a) Spilling or splashing on skin,
eyes. b) Accidental swallowing during mouth pipetting ¢) Contact with lip and tongue.

1.2.11 First aid in case of Swallowing of acids:

1) Make the victim drink 5% soap solution or B (OH} or white portion of two eggs combined with 500Lof water
or at least plenty of ordinary water.

2) Make the victim gargle with soap solution.
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1.2.1.2 First Aid in case of contact of acid with lip and tongue
1) Immediately rinse in tap water.
2) Bathe the affected area with 2% aqueous solution of sodium bicarbonate.

1.2.1.3 First aid in casef accidental swallowing olkalis:

1) Rinse the mouth with tap water and make the patient drink 5% acetic acid solution or lemon juice.
2) Make the victim drink-8 glasses of water.

3) Consult a physician.

1.2.2 TOXIC, HARMFUL ANRRITATING CHEMICALS:

Toxic and harmful chemicals are those which can cause death or serious illness. Irritating chemicals are those which
irritate the skin, mucous membranes or the respiratory trabtassium cyanide is well known and the most lethal
poison. Xylene, formaldehyde and ammonia vapours are skin and mucous membrane irritants. Phenyl hydrazine,
Aniline, nitro compounds, Aromatic hydrocarbons etc are harmful to respiratory ducts, skin and whole body. lodine,
chloroform, sodium nitroprusside, meeuric nitrate, sodium azide, barium chloride and methanol etc. also fall into the
category of toxic, harmful and irritating chemicals.

1.2.2.1 First aid in case twixic, harmful and irritating chemicats
1) If some substance falls on the hands, wash thoroughly with a brush.
2) When liquid bromine spills on skin or clothes or working benches, ped020Hypo solution and rinse with plenty of
water. Apply Vaseline to skin.
3) If a noxious gas like2@F Br2 vapour is inhaled, breathe in a dilute solution ofd&NH
4) A lethal poison like Potassium cyanide causes immediate death. However, when not so lethal poisons are accidentally
swallowed:
a) Spit immediately
b) Rinse with lot of tap water.
¢) Inducevomiting by drinking warm salt water.

5)In case of injury by broken glass ware containing infectious specimens:
a) Wash the wound immediately.
b) Squeeze to bleed for several minutes.
c) Bathe the wounded area with antiseptic lotion.
d) Wash thoroughly with soap ater.
e) Bathe second time with antiseptic lotiand ®nsult a physician.

1.2.3 HEAT BURNS:
1.2.3.1.First Aid in case of minor burns:
1) Pour cold water or iceold water over the affected part.
2) Apply mercurochrome or acriflavine ointment to the affected part. Glycerol or cotton wool soaked in alcohol can
also be used.
3) Apply a drygauzedressing loosely.
4) Do not tear the blisters formed over the burns.
5) Consult a physician

34



1.2.4FIRE:
Sources of fire in a laboratory are
1) Inflammable liquiddnflammable liquids are those which have low flash points. Eg. Ether, acetongalcaol,
benzene, toluene etc.
2) GasGas supply can be source of fire accidents due to
a) Leakage in the gas piped
b) Gas cylinders left on
c) Gas delivery points turned off.
3) Electricity Electricity is the source of fire due to short circuit in the pipeline.

1.2.4.1.Extinguishing of fire:

1 Water should not be used to extinguish fire causedrfiammable liquids. Sand can be used. Do not try to
blow off such a fire. Use fire extinguishers in case of a big blaze.

1 If inflammable liquid in a vessel takes flanmamediately disconnect supply of fuel to flammdake non-
available, the oxidant gas i.e. air to the fire in the vessel by closing with porcelain, metal, wooden, glass
plate or towel.

9 If burning liquid spills on the floor, extinguish the fire with sand.

91 If fire happens in a laboratory, immediatelyrituoff gas supply, electrical supply and use fire extinguishers.

If fire has not caught organic liquids, water can be used.

91 If fire is due to electrical short circuiting, immediately put of the main switch and use sand, carbon dioxide
fire extinguisher taextinguish fire. Do not use water to extinguish electrical fire.

1 Extinguish the fire on a man by means of a woollen blanket. Wrap the victim and hol@ fmiriutes.

1.2.5 Explosion:
1 Explosion causes fire and devastating damage. Explosion is catisedbinoratory by explosive chemicals and heat.

1 Explosive chemicals are those which can explode on heating or exposure to flames or fiatiexample, Picric
acidshould be stored under water. If it dries, it can cause explosion.

I Heat produced enormasly during chemical reactions can cause explogan,leat produced when sodium reacts
with water.

1.2.6 Electric Shock:
Electric shock is caused by faudtyuipment, particularly when they are handled by wet hands. Sincevtdtage alternating
current (220 V) is used in a laboratory, electric shocks are These catoweverbe easily prevented by
1) Timely checking of the instruments.
2) Earthing of the instruments.
When electrical shocccurs someone has to put off the main switchmediately

35



1.3. SAFET®$YMBOLBND THEIR MEANINGS
Observe the following symbols and remember the meaning eagtonveys

EXPLOSIVE

Chemicals that can cause an explosion as the
contain great amount of stored energy and
Shouldtherefore be handled carefully.

FLAMMABLE

Chemicals that catch fire easily under a given
set of conditions and must therefore be used
with utmost care

OXIDISING

Chemicals that are oxidizing in nature and me
lead to highly exothermic reactions when they
are in contact with other chemicals particularl
Flammableones. They should be stored in a
cool place away from flammabhemicals /
objects

GASES UNDER PRESSURE

Used for compressed gases, liquefied gases,

refrigerated liquefied gases and dissolved
gases

CORROSIVE

Highly reactive chemicals that damage humail
tissues. Wear gloves while handling them.
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QO DO

DANGEROUS TO ENVIRONMENT
Chemicals that pose danger to life. They shot
not be thrown in the laboratory sinks and bins

without the permission of the laboratory
personnel

TOXIC

Chemicals that are poisonous and can damag
an exposed part of thbody

CARCINOGENIC
Cancer causing chemicals that can readily en

human tissues and seriously disturb the body
Complex processes.

IRRITANT

An immediate skin, eye or respiratory tra
irritant
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1.

1.4

SOME OTHER SYMBQLS

Aniline

Inhalation: coughing,
sheezing, headache,
fatigue, dizziness,
methemoglobinemia,
anoxia
Ingestion:injury to the
kidney, liver

Skin contactskin
sensitization, Causes
skin irritation. Harmful
if absorbed

HIGH VOLTAGE

Always stay clear of areas marked with this sign a
coming in contact with the electricity will mean
serious injury or death

RADIOACTIVE

Highly reactive chemicals that can be fatal to life
even ifused in minute quantities depending on
their half-life.

BIOHAZARD

Biohazards are microrganisms which can
potentially harm or even Kill living organisms. It
is recommended that you always wear a face
mask andanti-bacterial gloves when dealing
with such substances

LASER BEAM HAZARD

Letting your skin to come in direct contact with a
laser beam can be very dangerous and can h
somedisastrous consequences. Eye is the n
susceptibleone which can cause partial or compli
blindness

FIRST AID MEASWSND ANTFDOTESVHILEHANDLING SOME COMMON CHEMICALS

Inhalation: Remove Individual should be

victim to fresh air  administered

and seek medical supplemental

help. oxygen and
Ingestion:Rinse methylene blue. Toxic
mouth thoroughly.

Ask the victim to

drink sips of water.

Skin contact:

immediately flush Irritant
the skin with plenty
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3.

Benzoyl
chloride

Bromine

Eye contactmay
cause severe eye

irritation, blurred
vision and
photophobia

Inhalation: lung
cancer reproductive
damage Cough.
Shortness of breath.
Sore throat
Ingestion:harmful if
swallowed, severe
burns in mouth,

Abdominal pain. Shocl

or collapse
Skin contactskin

cancer, skin burn, pain

blisters

Eye contactRedness.

Pain. Severe deep
burns

Inhalation: severe
choking, fatal
Ingestion:nervous,
circulatory and renal
disturbances,
gastrointestinal tract
burns

Skin contactsevere

burns, ulceration and
measle like eruptions

Eye
contact: causeseye
burns, lachrymatory

of water for 30 min
and then wash with
soap.

Eye contactrinse
with plenty of
water and seek
medical help
immediately.

Inhalation: move
to fresh air, get
medical aid
immediately
Ingestion:Loosen
tight clothing such
as a collar, tie, belt
or waistband.

Skin contact:
immediately flush
skin with plenty of
water, Cover the
irritated skin with
an emollient, Get
medical attention
immediately. Wash
with a disinfectant
soap and cover the
contaminated skin
with an antt
bacterial cream
Eye contact:
immediately flush
eyes with plenty of
water

Inhalation: move
the victim to fresh
air

Ingestion:give the
victim a cupful of
water and seek
medical aid

Skin contactwash
with plenty of
water and get
medical aid.

Iy
el

Corrosive

%

Health

Immediately flush
contaminated eyes
with gently flowing
water. Move victim
to fresh air and seel
medical aid
immediately.

=
D
N
o
S

Toxic

<>

Corrosive
Fresh air, and seek
medical aid
immediately.
Danger
corrosive



4,

5.

6.

Copper
sulphate

EDTA

Ethyl acetate

Inhalation: May cause
ulceration, respiratory
tract irritation with
possible burns.
Ingestion:severe
gastrointestinal tract
irritation with nausea,
vomiting and possible
burns, bloody stools
and vomit, low blood
pressure, jaundice anc
coma.

Skin contactsskin
irritation and possible
burns.

Eye contactmay
cause conjunctivitis,
ulceration, and cornea
abnormalities. Causes
eye irritation and
possible burns.
Inhalation: irritation of
the mucous
membrane and upper
respiratory tract.
Ingestion:
gastrointestinal
irritation with nausea,
vomiting and
diarrhoeg kidney
injury, muscle cramps
Skin contactsskin
irritation, redness and
pain

Eye contacteye
irritation, redness and
pain

Inhalation: respiratory
tract irritation,
narcotic effects.
Ingestion:irritation of
the digestive tract,
central nervous
depression. May caust
headache, nausea,
fatigue, and dizziness.

Eye contactflush
eyes with plenty of

water.
Inhalation: move Chelation therapy
to fresh air and methylene blue

Ingestion:give 24
cupful of milk or

water. irritant
Skin contactGet

medical aid. Flush

skin with plenty of

water

Eye contactflush

eyes with plenty of

water

Inhalation: move Chelation tlerapy
to fresh air.

Ingestion:rinse

mouth and drink 2

4 cupful of milk or irritant
water

Skin contactseek

medical aid

Eye contactflush

eyes with plenty of

water

Inhalation: move Move the victim to
the victim to fresh @ fresh air and wash &

air affected areas with
Ingestion:Get plenty of water. flammable
medical aid

Skin contactflush
skin with plenty of
water.
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7.

8.

oL

Formalin

Hydrochloric
acid

Liquor
ammonia

Skin contactiskin
irritation

Eye contacteye
irritation

Inhalation: irritation of
respiratory tract, sore
throat, coughing and
shortness of breath.
Ingestion:severe
abdominal pain,
vomiting, headache
anddiarrhoea

Skin contactirritation,
redness and pain

Eye contactirritation,
redness and pain

Inhalation: May cause
severe irritation of the
respiratory tract with
sore throat, coughing,
shortness of breath
and delayed lung
edema.
Ingestion:May cause
corrosion and
permanent tissue
destruction of the
oesophagus and
digestive tract.

Skin contactContact
with liquid is corrosive
and cause severe
burns and ulceration.
Eye contactMay
cause irreversible eye
injury. Vapour or mist
may cause irritation
and severe burns.
Inhalation: Burning
sensation. Cough.
Laboured breathing.
Shortness of breath.
Sore throat. Nausea,
vomiting (emesis),
abdominal pain, and
burns of the mouth,

Eye contactflush
eyes withplenty of
water, Get medical
aid

Inhalation: move
victim to fresh air
and seek medical
aid

Ingestion:rinse
mouth with water
and give warm
water todrink

Skin contactwash
with plenty of
water and get
medical aid.

Eye contactflush
eyes with plenty of
water.

Inhalation: Remove
victim to fresh air.
Ingestion:Get
medical aid
immediately, give a
cupful d water.
Skin Contact:
immediately flush
skin with plenty of
water while
removing
contaminated
clothing and shoes
Eye Contact:
immediately flush
eyes with plenty of
water. Get medical
aid immediately.

Inhalation: Fresh
air, rest. Half
upright position.
Ingestion:Do not
induce vomiting
Skin contactrinse
with plenty of
water

No specific antidote
available

Danger

Drink plenty of
water, followed by
milk of magnesia or
an antacid. Eat

A\

WARNING
banana. Hydrochloric
acid
Corrosive
hazard
Fluorescein
examinationtinse
with plenty of
water.
corrosive
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10.

11.

Mercuric
sulphate

Methanol

throat, oesophagus
andstomach.
Ingestion:Nausea,
vomiting (emesis),
abdominal pain, burns
of mouth, throat,
oesophagusand
stomach,swellingof
lips, mouth, and voice
box (larynx), severe
corrosive damage or
burns of mouth, throat
and stomach.

Skin contactredness.
Pain. Blisters. Skin
burns

Eye contactRapid eye
irritation and burning
sensation.

Inhalation: fatal, may
cause respiratory tract
irritation, acute
poisoning, tightness in
chest, coughing, pain
Ingestion:severe
toxicity, necrosis, pain,
vomiting

Skin contactskin
irritation, redness,
pain, blisters

Eye contactirritation,
pain

Inhalation: nausea,
headache, vomiting,
dizziness and
incoordination blurred,
double and/or snowy
vision, and blindness
Ingestion:May be fatal
or cause blindness if
swallowed, may cause
gastrointestinal
irritation with nausea,
vomiting and
diarrhoeg systemic
toxicity with acidosis,
central nervous systen
depression,
characterized by

Eye contactrinse
with plenty of
water

Inhalation: move

the victim to fresh = water and seek

air
Ingestion: get
medical aid

Skin contactWash
off immediately
with plenty of
water

Eye contactRinse
immediately with
plenty of water

Inhalation: move
victim to fresh air
Ingestion:get
medical aid

Skin contactwash
skinwith plenty of
water

Eye contactflush

eyes with plenty of

water

Fresh air, drink

medical aid.

Immediatelyseek

medical aid.

S

Acute toxic

S

Danger

&>

Flammable

&

Health

hazard
%l

Acute toxic



12.

13.

Nitric acid

Phenol

excitement, followed
by headache,
dizzness, drowsiness,
and nausea. Advance(
stages may cause
collapse,
unconsciousness,
coma and possible
death

Skin contact: skin
irritation, may cause
defatting of the skin
and dermatitis

Eye contactpainful
sensitization to light,
eye irritant

Inhalation: Cough.
Sore throat. Burning
sensation. Shortness ¢
breath. Laboured
breathing.
Ingestion:Burns in
mouth and throat.
Burning sensation
behind the
breastbone.
Abdominal pain.
Vomiting. Shock or
collapse.

Skin contactPain.
Yellow staining oftte
skin. Serious skin
burns.

Eye contactRedness,
Pain. Severe burns
Inhalation: Sore
throat. Burning
sensation. Cough.
Dizziness. Headache.
Shortness of breath.
Laboured breathing.
Unconsciousness.
Ingestion:Sore throat.
Burns in mouth and
throat. Convulsions.
Abdominal pain.
Diarrhoea. Shock or
collapse.

Inhalation: move Keep patient quiet

victim to fresh air = and maintain
Ingestion:seek normal body

medical aid temperature, fresh
Skin contactwash | air, drink water
with plenty of

water

Eye contactflush

eyes with plenty of

water.

Charcoal can be
used.

Inhalation: Fresh
air, rest. Hak
upright position
Ingestion:rinse
mouth, give 23
cups of water to
drink

Skin contact:
Remove
contaminated
clothes. Rinse skin
with plenty

of water

Oxidiser

corrosive

&

Health
hazard

S

Acute toxic
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14.

15.

Phosphorous
pentachloride

Potassium
dichromate

Skin contactskin
burns. Numbness.
Convulsions. Collapse
Unconsciousness.
Eye contactPain.
Redness. Loss of
vision. Severe burns.

Inhalation: Sore

throat. Cough. Burning
sensation. Shortness ¢
breath. Laboured
breathing
Ingestion:burning
sensation. Shock or
collapse. Abdominal
pain.

Skin contactPain.
Redness. Blisters. Skit
burn

Eye contactPain.
Redness. Severe deeg
burns. Loss of vision

Inhalation: irritation of
nose, throat, and
bronchial tubes can
occur, with cough
and/or wheezing.
IngestionNausea.
Vomiting. Abdominal
pain. Burning
sensation. Diarrhoea.
Shock orollapse.
Skin contactskin
irritation, burns,
redness, pain

Eye contactredness,
pain, blurred vision

Eye contactRinse
with plenty
of water

corrosive

2-3% salition
of copper sulphate
or silvernitrate

Inhalation: Fresh
air, rest. HaHl
upright position
Ingestion:Rinse
mouth. Give one or
two glasses

of water to drink.
Refer for medical
attention

Skin contact:
remove
contaminated
clothes. Rinse skin
with plenty

of wateror
shower.

Eye contactrinse
with plenty of

corrosive

S

Acute toxic

water
Inhalation: Fresh  flush contaminated
air, rest. Hal eyes with gently é
upright position flowing water. Do
Ingestion:rinse not induce Health
mouth and give vomiting. If hazard
plenty of water to  vomiting occurs,
drink lean patient
Skin contactrinse  forward or place on %
with water and left side. Keep
then wash with patient quiet and
soap maintain normal Acute toxic
Eye contactflush  body temperatire.
eyes with plenty of
water

corrosive
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16.

17.

18.

Potassium
permanganate

Sodium
hydroxide

Sodium
thiosulphate

Inhalation: Burning
sensation. Cough. Sor
throat. Shortness of
breath. Laboured
breathing.
Ingestion:Burning
sensation. Abdominal
pain. Diarrhoea.
Nausea. Vomiting.
Shock or collapse.
Skin contactRedness.
Skin burns. Pain

Eye contactRedness

Inhalation: may lead
to chemical
pneumonitis and
pulmonary edema,
severeirritation of
upper respiratory tract
with coughing, burns,
breathing difficulty,
and possible coma.
burns to the
respiratory tract.
Ingestion: severe and
permanent damage to
the digestive tract,
gastrointestinal tract
burns, severe pain,
nausea, vomiting
diarrhoea and shock.
Skin contactskin
burns and ulcers

Eye contact:eye
burns. May cause
blindness. May cause
chemical conjunctivitis
and corneal damage.
Inhalation: respiratory
tract irritation

Inhalation: Fresh | induce vomiting anc
air. Halfupright follow with

position. thorough gastric
Ingestion:drink lavage,
water demulcentsglucose Irritant

Skin contactrinse
with water
Eyecontact:rinse
with water
Oxidiser

&

Health
hazard

Inhalation: remove = No specific antidote
to fresh air but burns can be
Ingestion: give a  treated

cupful of water

Skin contactwash corrosive
skin withplenty of

water, seek

medical aid

Eye contactflush

eyes with plenty of

water

Inhalation: fresh Fresh air,

air, rest ventilation, drink
Ingestion:rinse water.
mouth
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Ingestion: Skin contactrinse irritant

gastrointestinal and then wash with
irritation. soap

Skin contactskin Eye contactrinse
irritation with water

Eye contact:
rednessmild eye

irritation

19. Sulphuic acid [nhalation:irritation of Inhalation: Remove Gve onefourth
the respiratory tract  victim to fresh air  litre of water or
with burning pain in Ingestion:give a milk or milk of

. . Danger

the nose and throat,  cupful of water magnesia or lime Sulphuric
coughing, wheezing, Skin contact:flush water. acid
shortness of breath skin with plenty of danger

and pulmonary edema water
Ingestion:severe and Eye contactflush
permanent damage to eyes with plenty of
the digestive tract. water

Causes gastrointesting

tract bums.

Skin contact:skin

burns

Eye contactsevere

eye burns. May cause

irreversible eye injury.

May cause blindness.

May cause permanent

corneal opacification.

1.5. SAFETMEASUREBO BE TAKEN WHHENDLING SOME COMMBEAGENTS

While preparing reagents, one should be aware of correct handling, procedure, storage and safety hazards. One
of the most common accidents which happen is while opening the bromine capsule to prepare bromine solution.
However, with adequate knowledge and careci@ents can be avoided in the chemistry lalsted below are

some reagents ialphabetical ordeand the precautions to be taken while storing and handling them.

1. Acetic Acid Keep container tightly closed.

Keep container in a cool, welentilated area.

Unused acetic acid should be discarded at the end of the de
Do not allow it to come in contact with eyes, skin or clothing
Keepcontainer tightly closed.

Do not store in direct sunlight.

Isolate from oxidizing materials and acids.

Store in a cool, dry, wellentilated area away from
incompatible substances.

Keep in a dark coloured bottle.

2. Ammonium
hydroxide solution

= =4 =4 -4 -4 8 8 9

3. Bromine water

=
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10.

11.

12.

13.

Dilute Hydrochloric

Acid

2,4¢Dinitrophenyt
hydrazine solution
(DNP or Brady's
reagent)

Eriochrome black

reagent

lodine solution

Methyl orange

azf Aa0KQ

Phenolphthalein

Picric acid

Potassium
dichromate

a

Qx¢

= =4 =4 -8 —a A -8 - 9

= =4 = =

=A =4 =8 -8 -8 A = =4

=)

Keep container in a cool, welentilated area.

Elemental bromine is toxic and causes burns. Do not ingest
breathe gas/fumes/ vapor/spray. Avoid contact with eyes.
Always wear suitable respiratory equipment/ N95 maskievhi
handling.

Avoid adding water. Slowly add acid to water to prevent
spattering or boiling.

Wash thoroughly with soap and water after handling.

Keep container tightly closed. Store in a cool, dry,-well
ventilated area.

Concentated hydrochloric acid (fuming hydrochloric acid)
forms acidic mist. Both the mist and the solution have corros
effects on human tissue, with the potential to damage
respiratory organs, eyes, skin, and intestines.

Do not breathe dust.

Do not allow solution or solid to come into contact with the
skin.

Store in Oxidizer Storage Area with other oxidizers and awa
from any combustible materials.

Emits toxic fumes of carbon monoxide, carbon dioxide,
nitrogen oxides and sulphur oxides under fire conditions.

In case of contact with the eyes, may cause irritation, rinse
immediately with plenty of water and seek medical advi
Keep away from incompatibles such as oxidizing agents,
reducing agents, metals.

Keep container tightly closed. Keep container in a cool-well
ventilated area. Do not store above 25°C.

Avoid direct sunlight.

Protect from freezing and direct sunlight.

Avoid contact with eyes, skin, and clothes.

Wash thoroughly after handling.

Store with alcohols, glycols, amines and amides.

Contains ethyl alcohol, severe fire risk. Store in a dedicated
flammables cabinet. If a flammables cabinet is not available
store in flame resistant can.

Use and dispense in a hood.

Do not discharge onto the ground or into waterncse.

In case of accident, seek medical advice immediately.
Keep containers tightly closed.

Protect from light, including direct sunrays

Harmful if swallowed.

May cause irritation. Avoid breathing vapours, or dusts.
Use withadequate ventilation.

It is advisable to store picric acid wet with at least 30% wate
and in rubber stoppered flasks.

Use with adequate ventilation.
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14.

15.

16.

17.

Potassium
permanganate

Silver nitrate
solution

Sodium hydroxide

¢c2f{fSyQa

= =4

=

= =

=a =4 =4

Minimize dust generation and accumulation. Avbréathing
dust.

Avoid contact with eyes, skin, and clothing.

Do not store in direct sunlight. Store in a cool, dry area awa
from incompatible substances.

Solid KMn@®is a strong oxidizer and thus should be kept
separated fronpxidizable substances.

As an oxidizer that generates the dark brown product nO
potassium permanganate rapidly stains virtually any organic
material such as skin, paper, and clothing. Lemon juice is
enough to quickly remove colour.

Crystalline solid KMn@an cause serious eye injury also it is
skin and inhalation irritant, and can be fatal if swallowed.
Silver Nitrate is to be stored in dark brown glass bottle. Kee|
bottle in cabinet and away from sunlight.

Silver Nitrate should not be stored in Polyethylene bags or
bottles as it reacts with plastic and it turns "gummy".

Avoid release to the environment.

Caustic soda solution is highly corrosive and can be hazard:
to personnel.

Product should be stored between 29° to 38°C.

It is a deliquescent salt and has a strong affinity for moisture
should be stored in aitight plastic ontainer.

Do not allow solid or solution to come into contact with your
skin. When preparing solutions swirl the liquid constantly to
prevent "hot spots" developing.

Wear safety glasses.

Do not breathe dust.

Do not allow solution or solid to come into contact with the
skin.

The reagent should be freshly prepared and stored refrigera
in a dark glass container. It has an approximate diielbf 24
hours when stored in this way. After the test has been
performed, the resulting mixture should be acidified with dilu
acid before disposal. These precautions are to prevent the
formation of the highly explosive silver nitride.
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Section 2: CHEMICAL WASTE MANAGEMENT

Waste disposal ismaintegral part of anycience laboratory. Aachers or students perform demonstrations or laboratory
experiments, chemical waste is generated. These wastes should be collected in appropriate containers and disposed
offaccording to regulations'he propethandling, reduction, treatment and disposalf chemical wasteshould be our prime

focus as chemists due to major environmental concerns that these chemicals may cause if discarded into the land or water
ecosystems.

In order to minimize the amount of wastgenerded andto handle it safelyfollowing steps may be considered

0

(ii)

(iii)

(iv)

V)

(Vi)
(vii)

Spend time planning and preparing for the activity. Review the properties of the chemicals required and the products
generated using resources such as taterial Safety Dat&heets MISD$ If the reactants or products require
special disposal or create unique hazards, then modify the experiment to use safer materials.

Review the MSDS for safety hazards of a chemical before ordering it.

Use smatkcale or microscale procedures. Thesduce waste produce less fumessave on resources, and reduce
preparation time.

Make waste reduction/disposal a routine in every activity, students will develop a culture of concern for the
environment aml accept it as part of their responsibility.

Sometimedaboratory explosions occur from inappropriate mixing of wastes, such as mixing nitric acid waste with
organic wastes, sbe sure that waste materials are compatihle

Collect alcompatible waste solutions with similar properties in a Walielledcontainer.

Dispose dfwaste immediately, following thappropriateregulations. Disposal of small amounts of waste is easier
and quicker than disposal of larger, stockpiled amounts.

2.1. The PRINCIPIGE 3Rs

=3
W

Figure 27The 3 RQ
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2.1.1. REDUCE

() To lessen the usage of chemicals and thereby, decrease the chemical waste being generated, the students can be
given a small quantity of starting compound (0.25 g or 0.5 g) to start with for any preparation. This practice is not
only environment friendly bt is also economical and drastically reduces the expenses for procuring chemicals.

(i) Semimicro kits can be used in qualitative organic and inorganic analysis and students should be encouraged to use
2 to 5 mL test tubes. The usage of 10 to 20 mL teseé$ukhould be completely stopped. This will ensure lesser
volumes of chemicals as well as reagents being used in trenldumped in the sink.

(iii) Groove tiles and Spdestsmay be used for functional group analysis etc. wherever possible, in order to rédduce
amount of chemicals and reagents required.

(iv) Work with dilute solutions as far gssible.

2.1.2. REUSE

0) The product of one experiment can be used as a starting material for another experiment. After the students leave
the lab, the synthesized compodmay be collected and stored in well labelled containers mentioning the name of
the compound along with the date. These may be handed over to the respective teachers for use in other
experiments such as compound analysis, recrystallization, determinatiorelting point, preparations etc.

(i) The derivative prepared in organic analysis can besexl by giving it to students of some other batch/ class for the
extra element detection experiments. Therefore,the compounds synthesized by one bastidehts or class of
students can also be fesed by another batch/ class of students.

(i) Instead of making sample notebooks and pasting the samples for examination record purpose, pictures of the
compound can be stored as a proof by the students and teacHdre compound prepared by them may be collected
by lab staff and stored for later use (as mentioned in the point (i) above). Thiswill ensure that the sample notebooks
and files, once discarded, do not pose any health hazard to the ecosysteninaals. Véstageof paper is reduced
this way.

(iv) Some products of precipitation like silver chloride and barium sulphate can be used for-aaimm analysis
experiments instead of giving fresh sample of chemical from new bottle.

(v) The leftover solutions from titraibn experiment should not be discarded in the sink. ltcan be rather stored in
labelled glass jarsvfth name of solution, concentration of solution and daa@d maybe later used by some other
class or batch for a similar experiment. Similarly, the statdatutions prepared by all the students should not be
discarded into the sink. It can be collected in a labelled glass jar and given as an unknown sample solution to another
batch for determining the strength during titration.
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2.1.3. RECYCLE

0] All the organic solvents can be distilled and used again and should not be discarded in thiasis&lvents may be
collected after each class and placed in labelled gassind laterhanded ovetto the teacher for distillation.

(i) Bottles containing chemicalsftover in them should never be discarded as sufitey can rather beategorized
depending upon the compoundnto different cartons Laterwith the help of the teacherthe compound can be

recrystallizecor distilled(as per the physical statand maybe used again as new

(iii) Brokenglasspiecesdiscarded glassware should not be disposed in the common dusifieplastic and glass waste
should be segregated and given for recycling whenever possible

2.2. SAFE DISPOSAL OF CHEMICAL WASTE

In case of chemicals and waste where the disposal is absolutely necessary, there are some key points that need to be kept in
mind. Adequate prdreatment, processing and waste segregation during disposal play an important role.

2.2.1. DISPOSAL OF CHEMEWITH LARGE QUANTITY OF WATER

There are some chemicatxluding dryingagentslike calcium chloride, magnesium sulphate, sodium sulphate, phosphorous
pentoxide etc. that can be safely drained with large quantities of w&arall amounts adilcoholic reagentsfine TLC grade

silica and alumina can also be safely drained with large dfiestof water.Disposal strategies in lab are laid down and
approved for only a handful of chemicals so far, however this can go a long way in cutting down the volume of chemicals
dumped in water treatment plants.

HOPHPHDP a! ¢COWEDIIET hb ¢1 9 &

NoYlF GSNAIFE 2y GKS GaNBR f Aadé¢Thask &ahighly t&igSenlicaliesedricldd& SR R2 gy |

1 Compounds of the following elementantimony, arsenic, barium, berylliurbpron, cadmium,chromium,cobalt,
copper,lead, mercury,molybdenum nickel,selenium silver,tellurium, thallium, tin, titanium, uranium,vanadium,
andzinc.

Organohalogen, organophosphorous or organonitrogen pesticides, triazine herbicides, any other biocides.
Mineral oil and hydrocarbon

Cyanided-luorides and nitrites

= == =4 =4

Poisonous organosilicon compounds, metal phosphides and phosphorous element

2.2.3. SAFE DISPOSAL OF LIQUIDS / SOLUTIONS

(i) Store used organic solvents separately.
(i) Store halogenated organic liquids separately.
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(iii) A mixture of chloroform and acetone can explode so these should never be stored together.
(iv) Store the following inorganic solverggparately

a) Waste acid solutions
b) Waste base/ alkaline solutions
c) Wasteinorganic solutions

Once these waste acid solutionand waste base solutionare stored safely, they may be disposed judiciously. Precipitation
techniquecan be used to separate out all the heavy metals. Then the supernidqaid can be drained out ands pH can

be adjusted to the range of 7 to 8 using the waateadbase solutions This liquid may then be drainexit and disposed
safely.

2.24. SAFE DISPOSAL OFORGANIC SOLVENTS / COMPOUNDS

Use incineratiortechnique for the safe disposal of:
(i) Soluble organic waste including most organic solids
(i) Paraffin and mineral oil (from oil baths and pumps)

(iif) Halogenated organic solvents

2.25. SAFEDISPOSAL OF SOLID WASTE

Separation of solid waste into separate bins is very important. Glassware/ broken glass pieces, plastic, chemical waste and
paper waste should be segregated so that different treatments of waste may be Botes.papers, Whatman papers and
waste paper can be collected and put inrze feet deep biedegradation pit(Figure 28)

Figure 28: Separation of solid waste into separate bins
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https://holscience.com/safety/
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Department: Electronics

INTRODUCTION:
OBJECTIVES:

With the rapid expansion of technologywaste or electronic waste has become a growing concern for human hi
and environment. Consequently, volume of electrical and electronic products continue to grow every-yeesteE
refers to the electronic prodet which can be discarded after the end of its useful life. This includes but not limit
laboratory equipment and components, household appliances, medical equipment, information technolog
telecommunication equipment. Most of the people are unawasf the hazardous effect of disposingwaste
carelessly. When incinerated or placed in landfill sites, the toxic components that are considered harmful are re
This can pose a serious threat to human health and environment. Proper segregatioisarashtting can reduce the
problem associated with-easte by reuse or recycling. This would also lower the extraction of raw material for
electronic products which may otherwise lead to resource depletion. The objective of this technical sesgioovil®
an insight into evaste handling, effective management practices and challenges along with safety concerns i
electrical and electronic equipment.

METHODOLOGY:

The technical session would be strictly online viitteractive session and active participation of target audience.
course would include lecture onmgaste management practices and safety measures on their handling. Illustre
and diagrams along with textual content for smooth learning in onlineeneduld be included in the presentation.
order to develop interest amongst the participants and to make them comfortable, verbal discussion or discus
chat window will be made. Learning through short videos and clips will also be includedsisien as video base
learning will encourage the participants to learn and understand effectively the issues arising due to impwnayste ¢
RAalLlalt a2 GKFG LINRBLISN YSI & dzNdase std@ly of sand of thé dqBpyhendvighd
also be presented to identify the key issue and related harmful effects. Existing government policies and actic
up by industries for recycling ofwaste will be presented.-earning approach on the topic will be beneficial to bri
the learnerswith different skills and knowledge at the same level. Assessment exercise fassefsment of the
participants at the end of the session will be provided.
OUTCOMES:

Department of Electronics will organize thevaste training for the lab staff to ake them understand how-waste is
generated and now becoming the fastest growing waste stream in the world. They will be able to recognize ani
consequences of improper disposal eivaste and the grave danger it poses to our environment. Thdygaiih the
cognizance of the process involved in recycling-ofakte, its benefits and the organizations where it is carried ¢
They will be able to think that how the lack of implementation of policies regardiwgste collection and recyclin
have halth and ecological risk. They will be able to know the currewste management initiatives and there is i
urgent need to implement proper strategies as large number of workers from slum area are involved in segreg
metals and components witholnowing the risk it is posing to their own health. The illustrations, diagrams, te:
content, short video clips will enable the attendees to learn and accept the fact that hazardous natuveasfeeis
another concern for the environmental problems rdwide. In addition to this attendees will be able to learn regard
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safe handling of electronic equipment in day to day life and in laboratories. The participants will be kept &
involved in the training program.

Section 1: E Waste Management

U What is Ewaste?

E-WASTE. || Composition of e-waste

Others

Consumer 10%
Electronics
14%

Large Household
Appliances
42%

IT

Communications
Technology
34%

Figure 29: composition of-@vaste

Electronic waste or-gvaste is generated when electronic and electrical equipment become unfit for their originally intended

use or has become obsolete. These can include computers, servers, mainframes, monitors, compact discs (CDs), printers,
scanners,cbJA SNE > OF f Odzf F §2N&EZ o6l GGSNR OStfaxr OStfdzZ I NJLK2ySas
of technology, older models get fast replaced with newer models which has led to an exponential increasasie e
generation. Ewastetypically consists of metals, plastics, cathode ray tubes (CRTSs), printed circuit boards, cables, and so on.
The presence of toxic substances such as lithium, mercury, nickel, polychlorinated biphenyls (PCBs), lead etc. makes scientif
recycling of evaste a high priority task. Processing these in a crude manner with rudimentary techniques such as incineration
can be very harmful for human, animals as well as the environment. Valuable metals such as copper, silver, gold, and platinum
could also be recovetefrom ewastes, if they are scientifically processed.
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E-WASTE MANAGEMENT

/Obsolete electranics enter A

the recycle process
 Dismantle and shredded
" tooptimalsize
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Electronic items
are used

* Device detalls noted and -
' functionality checked

Figure 30 : BNVaste management

U Process of Bvaste Recycling

Due to widespread environmental degradation, recycling -ofaste has become a growing trendséraps are typically
sophisticated and manufactured from diverse elements such as metals, plastics, glass, circuit boards, etc. which can be
recycled and reused for new products manufacturing. The first step of recycling includes collecting and transporting the e
waste from usr to the recycling facility. Next the waste is shred and sorted either manually or mechanically. Then the dust

is extracted and metals are magnetically separated from shredded waste. The plastic and glass materials are separated using
water separation fdbwed by purification of the water stream. The final stage involves preparing the recycled materials for
sale as raw materials to produce new electronics. The step by step process is explained below:

1. Collecting and Transporting
This is the first step afcycling ewaste. In majority of cases, the consumers can contact the e waste vendor, who
then collects the material directly from their homes. Sometime, recyclers also placdaakebooths or collection
bins in specific places. When these bins getdijlthe recyclers then transport thewgastes to recycling facilities and
plants.

2. Shredding and Sorting
After collecting and transporting, the next step is to shred and sort theaste. Shredding involves breakingvaste
into smaller pieces for propesorting. With the use of hands, these tiny prices get sorted and then manually
dismantled. This is typically labeintensive as waste items are, at this stage, separated to retrieve different parts.
After this, the materials get categorized into core nmédés and components. Then, these items get sorted into
various categories. Typically, these category includes items that you a@seras they are and those that require
further recycling processes.

3. Dust Extraction
The tiny waste particles get smoothdpread via a shaking process on the conveyor belt. The smoothly spread e
waste pieces then get broken down even further. At this point, the dust gets extracted and discarded in an
environmentally compliant manner. This way, there is no environmental degjad
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4. Magnetic Separation
After the dust is separated, a strong overhead magnet helps to separate steel and iron from other wastes. This
successfully recycles the steel from the waste stream. Sometimes, mechanical processes may also be required to
sepaate circuit board, copper, and aluminium from other wastes particles.

5. Water Separation
Water separation technique is then employed to separate the glass from the plastic. The leads that contain glass
are sent to smelters for use in the production of ktes, xray tubes, and new CRTSs.

6. Purification of Waste Stream
The next thing is locating and extracting leftover metals from plastics to purify the waste stream further.

7. Preparing Recycled Materials for Sale
The final stage is preparing recycledterials for sale. Here, the materials separated during SSS get prepared for
sale as raw materials to produce new electronics.

2 - recycle
don't throw away
The average India

citizen throws away
of e-waste each year

95% Of e-waste > 4

0
can be recycled A)

85% ‘

Smart members recycle

of e-wasteeach year

India's Professional E-waste
Management Companies provide e-
waste free india .

Figure 31: various modes of preparing recycled material for sale

U Benefits of Eg waste Management

Ewaste Recycling Helps to Conserve Available Natural Resource as it helps recover valuable materials from electronic
products. So the manufacturers can now obtain raw materials from recycled waste which in turn saves and conserves natural
resourcesRecycling pdritizes Environmental Protection as it involves properly handling and processing of hazardous and
toxic substances such as lead, mercury, cadmium. It also helps in improving economic condition of the society by creating
jobs such as professional recyclddsually, uncollected-astes get dumped at incinerators and landfills which pollute the
water and soil. By recyclingwaste, the amount of @vastes pilling up at these places is considerably reduced saving the
environment from its harmful effects.

58



Ewaste Recycling organisations in DeiNCR

1. Resource E Was8nlution Pvt Ltd
518 FIE PATPARGANJ INDUSTRIAL AREA Near Haridarshan Building
011 4940 2735

2. Greeniva Recycléwt. Ltd.
Industrial Area, Kanti Nagar New Delhi, Delhi
011 655 0035

3. E Waste Recyclersdia
New Delhi, Delhi
099901 33388

4. Greenzon #vasteRecycler Delhi
New Delhi, Delhi
098112 06076

5. Adatte BEWasteManagement Private Limite
New Delhi, Delhi
097899 78420

Section 2: Safety Measures

fatal

E | eCtri Ca | 3-[:6hase

urns

o 2mps - '
igh-voltagef= ngineering

undergraduate riskg hazards
outlets
Volts
shock  hazardous
Science lab safety rules and symbols are needed for thebs#lh of staff and students working in science laboratories. In

order to ensure the workers safety some signs and symbols are globally developed and adopted as illustrated B2figures
and33.
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workstation or an equipment is installed it must comply with the standard installation regulations. The following poirts shou
be followed in order to avoid any electrical hazard in laboratory:

=A =4 =4 -4 =4

has been spilled on it.

= =4

All lighting stands must be properly secured.
Avoid using extension cords. Extension cords are intended for temporary use only.

We must alwayslisconnect a plug by pulling on the connector body not the cable.
While servicing any device it must be removed from the circuit first.
Fuses or circuit breakers shall neverllypassed. Keep electrical service and breaker panels accessible at all times.
Keep all cords and wires out of foot traffic areas and do not roll chairs over electrical cords or wires.
Electrical equipment and connections should not be handled with wetidanor should they be used after liquid

1 Never overload a circuit. High wattage appliances like &exzrefrigerators, copy machines and laboratory
equipment must be plugged directly into a wall holder. It must not be supplied power via extension cords or power

strips.

1 Do not use any machine that smokes, sparks, or appears defective in any way. Inetlgediatove damaged or
defective office machines from service.
1 Avoid stretching or pinching cords. Check cable, cords, and connectors periodically and immediately replace any
items that show signs of cracking, chipping or other deterioration.
1 Attention for proper earthing of electrical equipment.

==

A grounded tool has a threeonductor cord with a thre@@ronged plug that must be plugged into a grounded outlet.

1 Never clip off ground pins on thregire appliances or use twwire adapters to wed incompatiblequipment. All
electrical repairs must be done by qualified individuals

For equipment like Oscilloscope, Function Generator, power supply etc. and potentiometer special care must be taken while
using them. We should adhere to the following pointsai@id electrical hazards:

1 Use only the power cord specified for each product and certified for the country of use.

1 When operating with AC power, this device is grounded through the grounding conductor of the power cord. To
avoid electric shock, the grounmdj conductor must be connected to earth ground. Before making connections to
the input or output terminals of the product, ensure that the device is properly grounded.

1 Do not operate the devices with covers or panels removed.

1 Do not slide sensitive compents over any surface. Do not touch exposed connector pins. Handle sensitive
components as little as possible.

60



1 Power supplies are equipped with three wire line cords which ground the chassis to power line gdoumok cut
off or disable the ground plug.

1 For function generatorbefore applying power, ensure that the line selector is in the proper position for the power
source being used.

1 To prevent equipment overheating, provide proper ventilation.

1 In potentiometer zero deflection cannot be obtained is the emf of the cell connectprimiarycircuit must be more than
or equal to the emf of the cell of secondary circuit.

1 Cross section area of wire should be uniform else potential gradient willenobhstant.

1 Current through the potentiometer wire should not be passed for a long duration otherwise heating up of wire
results in resistance change and hence potential gradient will also change.

Figure 34: Electronics laboratory equipment

Sensitive electronic circuits and electronic components have to be handled with great care. The inappropriate handling of
electronic component can damage or destroy the devices. The devices can be destroyed by dhighg-torents through

the device, by overheating the device, by mixing up the polarity, or by electrostatic discharge (ESD). Therefore, alteays hand
the electronic devices as indicated by the handout, the data sheet or other documentation. An ESI3 evexid transfer

of charge from one object to another in an attempt to become electrically neutral. Electrostatic charge is most commonly

created by the contact and separation of two electrically nonconductive materials. The amount and type of chaitje(po

or negative) depends on the materials involved. The following common materials, often found in business and laboratory
environments, are all sources of static electricity:

Common plastic bags

Common packing tape
Paperwork

Common untreated plastic marials
Styrofoam parts

=A =4 =4 A -4

Correct handling and care of electronic instruments in chemistry, biochemistry, zoology, botany and physics laboratory such
as pH meter, conductivity meter, spectrophotometer, and caloriméfigure 35 has been enlightened as limlvs.

1 A pH electrode is fragile and one should not be tempted to use it as a stirring glass rod when adjusting pH.
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1 A pH meter needs to be calibrated daily with the help of standard buffer solutions.

1 Avoid temperature fluctuations and never keep the mplter exposed to direct sunlight as pH readings are temperature
sensitive

1 Glassis rapidly attacked by hydrofluoric acid so never keep the electrode in HF solution as it can lead to irreparable damag
of the electrode.

91 After every soaking the electrodealid be rinsed with distilled water. Droplets adhering to electrode should be gently
dried with tissue paper and not rubbed or wiped.

1 The conductive electrode of conductivity meter should be cleaned thoroughly by stirring it with a mild detergent or
isoprapyl alcohol.

1 The electrodes of conductivity meter are sensitive so should not be stroked on a hard surface. They should be cleaned
with tap water, wiped with a soft tissue paper and recalibrated before every use.

1 Simples precautions while using spectrofiioeter includes: allowing lamp to warm up, correct wavelength of light
should be used specific to particular applicatifingerprints and spilt sample should be wiped off the outside of the
cuvette before measuring. Before carrying the setup procedusdipi@tion has to be performed to ensure
measurement accuracy.

9 Since calorimeter is used to determine the heat flow in the chemical reaction, the solution should not be stirred vigorously
as it may add extra heat to the chemical reaction and fluctuatesaheings.

~
/
Tes Az
L
Cogg U

Figure 35: Commonly used instruments in science laboratories

1'T v/

Prevention is the area where you can make the biggest difference. A number of common sense rules can be applied. These
rules do not require additional materials but are extremely effective in preventing static damage.

1 Always keep your workbench clean arldar of unnecessary material, particularly common plastics.

1 Return ESBensitive items to their ESfyotective containers when not actively working with the items

1 Do not hold ESBensitive items like semiconductor device (diodes, transistors, integratedits) against your
clothing.

T 52y Qi (2dzOK aSyaridrodS AidSvya oSo3o YSilt 2EARS &SYAC(
Amplifiers, Logic gate).
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Department: PHYSICS

INTRODUCTION

The study of instrumentation and, associated safety and its management in physics provides many touchstones to
everyday lab applications for i.e., LCR Meter, DC. Voltage source, Rheostat, Inductor, Capacitor, Ammeter, Battery,
Voltmeter and Milti-meter, electric motor, fly wheel, pendulum, and pumps etc. However, laboratory activities in this
area are not without danger. Although in the field of radiation and ionization, and the use of ionizing radiation sources in
graduation, it is necessatg have planned safety protocols in place. In the radiation technologysimizing radiation

consists of electromagnetic radiation that lacks sufficient energy to ionize matter. These may include the use of lasers,
microwaves and infrared radiation inatphysics laboratory. The most common Fonizing radiation equipment used in
physics laboratories is the laser. Safety specifications vary depending on the class of laser instrument beilgriseyl.

with vacuums system, has the potential of an impdosand the possible hazards of flying glass, splattering chemicals and
fire. Potential risks must be carefully considered.

OBJECTIVES
We will cover the following segments:

(i) Safetymeasuredor electrical setup (s) and the management of grounding problem
(i) Instrumentation and safety measures related to Radiation and lonization

(i) Instrumentation and safetgoncernto Vacuum technology

(iv) Safety measures and megement for Laser & optical instruments

(v) Instrumentationfor advanced research instrumemnes. XRD, SEM

METHODOLOGY:

The technical session would be strictly online with interactive session and active participation ofatadgsice. The
course would include lecture on instrumentation and, its safety and management practices on their ha
lllustrations and diagrams along with textual content for smooth learning in online mode would be included
presentation. In ordr to develop interest amongst the participants and to make them comfortable, verbal discu
or discussion on chat window will be made.

OUTCOMES:

Through thigwo-day workshop, we wish to provide the participants with an overview of instrumentation and ge
physics laboratory procedures and safety measuAdter having good understanding of safety measures of abc
mentioned instruments and technology, stutts are able to handle the Laser and optical instruments, vacuum pt
Electrical and Mechanical setup.
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SECTION 1: INSTRUMENTATION, SAFETY MEASURES AND MANAGEME

The most basic physics laboratory equipment includes fume hoods, desks, tables, benches and gas, water and vacuum
lines. Safety equipment may inle gloves, goggles and eyewash stations.

1.1 MECHANICAL:

The study of mechanics in physics provides many touchstones to everyday applications. However, laboratory activities in this
area are not without dangeiRaw or manufactured samples in the physics laboratory merit various tools for processing.
Physicists @metimes use a mortar and pestle to grind samples. Other procgssimplements includepolishers,
sonicators, ultracentrifugesand other materials testingapparatus. A hydraulic press and stainless steel die set may be
used in making pellet samples forgperty measurementsAlways use caution when dealing with projectiles, falling objects,
moving equipment, exposed belts, heavy iron piece, powerful permanent magnets, sharps such as knives and razor blades,
and springs(Figure 37

Figure 37 (a) Hydraulic Press (b) Sonicator (c) Mortar and Pestle

1.2 IONIZING AND RADIATION EXPERIMENTS:

Although the use of ionizing radiation sources in graduation, it is necessary to have planned safety protocols in place. i.e
lonization chamberEvaporation technique experiments {eeam, Sputtering technique, thermal evaporation), Beta decay
experiment etc.(Figure 38)

The following safety procedures should be reviewed and adopted prior to dealing with radioactive materials:

1 Select only lowevel alpha and beta emitters.

1 To prevent accidental entry of radioactive materials into the body, high standards of cleanliness and good

housekeeping must be maintained in all laboratories where radioactive materials are present andior use
9 Visitors are not allowed without approval of chemical hygiene officer
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1 Always use gloves when handling more than a few hundred counts per minute. Wear protective clothing (lab coats,
masks, shoe covers) as needed.

1 When work is completed each person wikan up his own work area and arrange for disposal or proper storage of
all radioactive materials and equipment.
T [F02NrG2NRSaE aKlIff LINPOARS &LISOALFE NIRA2FO0GAGS gl ads
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Figure38: Sputtering Set up

1.3 OPTICS AND LASER EXPERIMENTS:

Nortionizing radiation consists of electromagnetic radiation that lacks sufficient energy to ionize matter. These may
include the use of lasers, microwaves dnftared radiation in the physics laboratory. The most common-iomizing
radiation equipment used in physics laboratories is the laser. Safety specifications vary depending on the class of laser
instrument being used.e. HeNe laser (Fgure 39 a and b) CQ laser, Pulse Laser Deposition (PLD), Photo
Photoluminescenceetc.

1 Remove all watches and rings before changing or altering the experimental setup. Shiny jewellery can cause

hazardous reflections.

1 Before a laser operation, prepare a detailed operating procedure outlining operation.

1 Cover all exposed wiring and glass ba taser with a shield to prevent shock and contain any explosions of
the laser materials. Be sure all no energized parts of the equipment are grounded.

1 Set up the laser so that the beam path is not at normal eye level, i.e., below 3 feet (9 metersyerisdieet
(2 meters).

1 Whenever a laser is operated outside the visible range (such as al&@r), a warning device must be
installed to indicate its operation.

1 Use shields to prevent strong reflections and the direct beam from going beyond the ardach&s the
demonstration or experiments.

1 A key switch to lock the high voltage supply should be installed.
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1 Do not aim the laser with the eye. Direct reflection can cause eye damage.
1 Do not use sunglasses to protect the eyes. If laser safety gogglesedebe certain they are designed for
use with the laser being used.

@)

Irradiated cells
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Laser
output

Qutput coupler

High reflector
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Figure 39 :(a) HeNe Laser (b) Pictorial Laser diagram

1.4 VACUUM SYSTEMS:

Use only pressurized or evacuated items that are designed for such an activity. The instrument related to vacuums technology
has the potential of an implosion and the possible hazards of flying glass, splattering chemicals and fire. Potential risks a
always there and must be operated carefully. Equipment at reduced pressure can be prone to rapid pressure changes forcing
liquids through an apparatuse. vacuum Pump, CVD set up, Evaporation technique experimentbgam, Sputtering
technique, thermal evapaation) etc. (Figure 4Q
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1 Always use safety glasses or goggles with ANSI Z81 ratings.

1 Place vacuum apparatus out of harm's way so an accidental hit is minimized. Placement of transparent
plastic around the apparatus helps prevent injury from flygtess in case of an explosion.

1 Protect vacuum pumps with cold traps and vent the exhaust into an exhaust hood.

1 Do not allow water, solvents and corrosive gases to be drawn into vacuum systems.

Figure 40 Left side: Vacuum unit, Right side: Rotgsymp

1.5 ELECTRICITY EXPERIMENTS:

The followingS Ij dzA LJYa& yise@id& CR Meter, DC.Voltage source, Rheostat, Inductor, Capacitor, Ammeter,
Battery, Voltmeter and Multimeter etc. (Figure 41a-c) Consider the following safety specifications in working with

electricity:

i Know where the master switch is for electricity in the laboratory in case of an emergency.

i When unplugging cords, always pull cords from the plug at the electrical receptacle and never pull the
cords from the wire.

1 Use only ground fault interrupt circsit(GFI) protected circuits (proper grounding)

1 Be water phobic when working around electricity. Never use water or have wet hands when dealing with

cords, plugs or electrical equipment. Never run a cord near or over a sink.

1 Never plug damaged electrical dgment into a wall receptacle. This includes frayed wires, missing
ground pin and bent plugs.

i Never overload circuits as they will overheat and cause power outages or fires.
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(@) (b)

(©)

Figure 41 (a) LCR Meter (Byoltmeter (c) Electronic components

1.6 ANALYZER INSTRUMENTS:

Numerous instruments perform analysis on samples in physics laboratories. Some examples include impedance analyzers,
particle analyzers, optical multichannel analyzessmiconductor parameter analyzers, spectrum analyzers, capaciance
voltage (CV) analyzers, anday diffractometer for characterizing crystalline materials and identifying phasegire 42

a-c)
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