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UNIT I       LABORATORY HYGIENE AND SAFETY 

 

1.1. Storage and handling of chemicals-corrosion, flammable, explosive, 

toxic, carcinogenic and poisonous chemicals. 

1.2. Simple first aid procedures for accidents involving acids, alkalis,    

       bromine, burns and cut by glass. 

1.3. Precautions to avoid poisoning-treatment for specific poisons, 

threshold vapour concentrations-safe limits-laboratory safety measures. 

1.4. Waste disposal-fume disposal-precautions for avoiding accidents. 

 

1.1 STORAGE AND HANDLING OF CHEMICALS 

 Most chemicals are expensive and as a rule spilling a chemical is a 

very bad practice.  Spillage implies wastage and pollution, in addition if 

endangers our health.  The following rules should be strictly observed in 

storage and handling of chemicals. 

1. After using a chemical, the container should be tightly closed and 

returned to its original place. 

2. Care should be taken to see if all the containers have the appropriate 

labels stuck them.  No bottle should be left unlabelled. 

3. Corrosive chemicals like acids and alkalis should not be straight away 

poured from their containers, they should be carefully siphoned 

avoiding spillage. 

4. Corrosive chemicals should be stored in corrosion resistant chambers. 

5. Some chemicals, especially concentrated aids, produce copious fumes 

on exposing to the atmosphere and therefore it is advisable to handle 

these inside a fume-hood. 



6. Flammable liquids should not be heated in an open vessel over free 

flame.  They should be heated in a flak fitted with a reflux condenser 

on a water or steam bath with the burner extinguished. 

7. Flammable solvents like benzene, alcohol, ether and CS2 should never 

be handled without turning off burners, heaters, etc., such liquids 

should not be kept in open beakers.  Excess of these should be 

returned to the container and not poured into the sink. 

8. Volatile solvents must be removed by distillation and not by 

evaporation. 

9. Some of the organic solvents like ether because of their high volatility, 

build up a pressure in the containers, such containers should be 

cooled in ice and then opened. Similarly, a bottle of NH3 should be 

opened only after cooling. 

10. Very rarely explosive chemicals are handled in the laboratory.  

However, they may be formed unexpectedly during certain chemical 

reactions.  Reagents involving poly nitro functional groups, ether 

linkage, peroxide linkage etc. should never be heated to dryness, 

because under dry conditions these can explode. Similarly, reagents 

like Ce (IV), which are capable of forming peroxides under oxidising 

conditions, should not be heated to dryness in a closed vessel. 

11. Only minimum quantity of reagents should be used: using 

excess of these is hazardous and also expensive. 

CARCINOGENIC CHEMICALS: 

 The list of carcinogens is expanding with the addition of more 

number of chemicals to it based on medical research.  The chemical 

we handle may be a potential carcinogen and therefore every chemical, 

even if it is known to be safe, should be handled with care. 

Carcinogenic and toxic chemicals should be kept in locked containers 

inside a fume-hood.  Every bottle containing such a chemical should 

have a warning label, usually a label showing a skull and two crossed 

bones is pasted on them. 



 

A skull and two crossed bones  

 

Table 1.1 shows the known carcinogens.  When handling these 

contamination of the scrupulously avoided.  They must be handled 

using gloves. 

Table 1.1 Commonly used hazardous chemicals 

HAZARD CHEMICALS 

Corrosive Acids, alkalis, bromine, 

chlorine, phenol 

Flammable Ethanol, benzene, CS2, Ethers, 

Acetone 

Carcinogenic Naphthyl amines and their salts, 

fluorine derivatives (2 – 

acetylamino fluorene) N-nitroso 

compounds benzene thiourea, 

Thioacetamides, Benzpyrene, 

Aziridine, Diazomethane, 

Dimethyl sulphate, methyl 

iodide 

 

HANDLING OD ETHERS: 

 When ethers are exposed to air for long periods, peroxides are formed.  

Accidental detonation of peroxides will lead to explosions.  This danger is 

more when an ether is distilled.  A sample of ether which is more viscous 

than usual or which contains precipitates is likely to contain peroxide.  

When there is doubt about the presence of peroxides in ethers, these should 

not be handled without check.  Qualitative tests should be carried out to 

check the presence of peroxides in ethers. 



FERROUS THIOCYANATE TEST FOR PEROXIDES 

To 5 ml of the ether add a solution containing 5 ml of 1% FAS, 0.5ml 

of N H2SO4 and 0.5ml of 0.1N NH4CNS. A red colour develops if the ether 

contains peroxides. 

KI TEST FOR PEROXIDES 

Peroxides liberate iodine from KI, add 1ml of a freshly prepared 10% 

solution of KI to 10ml of ether.  A yellow colour develops if peroxides are 

present in the sample. 

REMOVAL OF PEROXIDES FROM EHERS 

 Addition of FeSO4 peroxide from ethers.  Each litre of ether should be 

treated with 40ml of 30% aq. FeSO4. This addition should be done very 

carefully because the reaction may be vigorous and may produce heat.  The 

ether can then be dried with MgSO4 and distilled before use. 

TOXIC AND POSIONOUS CHEMICALS 

 Some chemicals are toxic and poisonous in nature. So we have to be 

very careful.  While handling such chemicals Table 1.2 gives a list of various 

chemical classes of toxic compounds prolonged exposure to the vapours of 

these chemicals may create health problems.  These chemicals should be 

handled in well-ventilated room-preferably inside fume-hoods.  Nitrogen-

containing organic compounds are generally toxic.  Some of these are lethal 

when ingested even in small amounts.  Even pleasant-smelling vapours may 

be toxic. 

Table 1.2 Common Toxic and Poisonous chemicals 

CLASS EXAMPLES 

Aromatic hydrocarbon Benzene, toluene, xylenes, naphthalenes, 

anthracene 

Amines Aliphatic amines, anilines, naphthylamines, 

benzidines 

Chlorinated aliphatic 

hydrocarbons 

CHCl3, CCl4, CH3CCl3, CH2Cl2CH2Cl, 

Cl2C=CHCl2, CH2=CHCl 

Chlorinated aromatic 

hydrocarbons 

DDT, PCB, 2,4,5,- T, 2,4 - D 

Hydrazines  Hydrazine, aryl hydrazines, alkyl hydrazines 

Diazo compounds Diazomethane  

Inorganic compounds Compounds of the elements, As, Be, Cd, Co, 

Cr, Hg, Mn, Ni, Pb, P, Se, Te, Tl, Th, V 



Others  N-nitroso compounds, nitrogen mustards, m-

nitrophenyl RN(CH2 CH2 Cl)2. Methyl fluoro 
sulphonate (Magic methyl) 

 

1.2 SIMPLE FIRST AID PROCEDURES 

Organic substances on the skin: 

 Wash liberally with rectified spirit, then with soap and warm water. 

Acid on clothing: 

 Apply dilute NH4OH to the affected area of the dress and then wash 

thoroughly with water. 

Alkali on clothing: 

 Apply dilute acetic acid on the affected portion and then wash with 

plenty of water. 

Burns in the Eyes: 

 Splashing of any chemical into the eyes must be immediately treated 

with great care.  The eyes should be flushed with large quantities of water.  

Tap water can be directed into the eyes with a clear rubber tubing.  If the 

burn is due to acid material of HCHO, wash with a 5% solution of NaHCO3.  

If it is due to alkaline material, wash with 5% solution of boric acid.  In both 

cases follow washing with a drop or two of castor oil as a soothing agent. 

Inhalation of Toxic Vapours: 

 Needless inhalation of volatile vapours should be avoided.  Inhalation 

of vapours may produce severe headache.  The person should be taken to 

fresh air and administered two tablets of aspirin.  The patient must then 

rest for some time.  For accidental inhalation of chlorine or bromine, inhale 

NH3 or alcohol vapour when H2S or HCN is inhaled, the patient should be, 

inhale NH3 and if necessary be may be given artificial respiration.  For 

inhalation of any gas, moving the patient to an area of fresh air is important. 

Electrical shock: 

 This common problem in laboratories can be avoided by checking the 

instrument for any current leakage immediately after witching it an every 

time. 



 In case of electrical shock, turn off current and cautiously remove 

contact from patient using a dry stick or dry towel.  Start artificial 

respiration. 

 Immediately keep patient warm using a blanket or a hot water bottle. 

 Electrical fittings and wires confirming to ISI standard should alone 

be used in laboratories, collection of moisture or fumes in the electrical 

socket, usually produces shock through the appliances.  Therefore, 

periodically the sockets must be checked and cleaned by a qualified 

electrician. 

Hazards in the laboratory: 

 Laboratory work is subject to hazards of many kinds of which every 

student working in a laboratory should be aware.  This awareness will make 

a person’s instinct provides a sufficient motivation for finding ways of 

avoiding them.  The principal danger arises due to specific hazards and 

forgetfulness. 

Mercury Hazard: 

 Mercury is carelessly and playfully used in our laboratories through 

it is a poison.  Mercury vapour can attain a hazardous concentration in the 

laboratory atmosphere, if spillages are ignored.  It is a cumulative poison 

and gives rise to distressing physical and mental symptoms.  Mercury 

should be kept in covered vessels at all times.  Spills should be carefully 

cleaned using capillary tube attached to a suction flask and inaccessible 

droplets in floor cracks and hard to reach places should be covered with a 

liberal dusting of powdered sulphur. 

Fire hazard: 

 Majority of bench fires in the laboratory arises from one of the three 

causes. 

 The cracking of glass vessels during heating the addition of unglazed 

porcelain bit to a hot liquid both the result the previously superheated 

liquid.  Suddenly froths other and catches fir, the heating of volatile 

flammable liquid in flasks not fitted with reflux condenser. 

 Great are should be exercised in avoiding fire accidents in the 

laboratories because such accidents may prove fatal and involve great 



financial loss.  Avoid direct heating of organic substances with flame.  

Flammable materials must be handled in an area free from flame and 

electrical heaters. 

 When a chemical catches fire inside a test tube, beaker or flask, the 

mouth of the apparatus should be covered by an asbestos sheet or a wet 

towel to put out the fire.  When the clothing is on fire, wet gunny bag or 

heavy blanket must be wrapped around the body of the victim and held 

tightly.  Water never should be poured on the body when the clothing is on 

fire.  Waste flammable solvents must be discarded into the container 

provided for these, they should not be poured directly into the sink. 

 Metallic sodium must be handled with great care.  It catches fire with 

water.  Only the minimum quantity of sodium must be used in dry tubes. 

Cuts: 

 If the cuts lead to copious bleeding, bleeding must first be stopped.  If 

on the arm, leg, hand or foot and blood is scarlet and flowing intermittently 

apply a tourniquet about four inches below the armpits or four inches below 

the groin.  If the blood is dark or purplish apply the tourniquet below the 

wound. The tourniquet can be made with a piece of rubber tubing.  The 

tourniquet under no circumstances should be held tight for longer than 

fifteen minutes at a time.  Loosen it and allow blood to flow for a few seconds 

and then retighten.  When the blood clots, loosen but not remove the 

tourniquet.  If a tourniquet cannot be applied press a sterile gauze or clean 

firmly on to the wound, holding it in place until clotting takes place. 

 If the cut is slight and the bleeding little, remove all foreign materials 

like glass, dirt, etc. gently with cotton or by carefully washing with alcohol.  

Apply 3.5% tincture of iodine to all parts of the cut and to the skin around 

the cut.  Allow the tincture of iodine applied to dry and then bandage the 

wound using vaselined gauze.  (Tincture of iodine dissolved in ethanol.) 

 Forcing glass rod or glass tube through cork or rubber with bare 

hands.  Commonly leads to cut in the hand.  Such cuts can be avoided by 

using a towel for holding the glass rod or tube. 

 Do not walk bare-footed in the laboratory.  The laboratory floor is likely 

to contain glass bits. 



Burns and scalds: 

 This is a common problem encountered by students in the laboratory. 

From Hot objects: 

 Coming into contact with a hot object may produce a burned surface 

on the skin.  If clothing adheres to the burned skin donot attempt to remove 

it but carefully cut the clothing around the burned area.  A slight burn may 

be dressed with sterile gauze covered with boric ointment, sterile Vaseline 

or burnol.  Bandage securely but not tightly.  If blisters are formed, do not 

open them. 

From strong acids: 

 Wash immediately with large quantities of water and then with a 5% 

solution of NaHCO3.  Lightly dust on sterile boric acid powder and bandage 

with wet compress of saturated boric acid. 

From strong alkalis: 

 Wash quickly with large quantities of water and then with a 5% 

solution of acetic acid.  Dress with boric ointment.  Similar treatment is used 

for burns from sodium peroxide and metallic sodium. 

From Bromine: 

 Wash immediately with large quantities of water and then apply gently 

concentrated thiosulphate solution with a cotton wad repeatedly.  Dry gently 

and apply carron oil (a mixture of linseed oil and lime water). 

From Phenol: 

   Wash immediately with ethanol.  If the burn is severe, dress with boric 

ointment or sterile Vaseline. 

1.3 POISONING, PRECAUTIONS TO AVOID POISONING 

 It is prudent to assume that every chemical used in a laboratory is a 

poison and hence handle it with care.  Certain general rules should be 

followed to avoid poisoning. 

Precautions to avoid poisoning: 

 Poisonous liquids should never be pipetted out by mouth. 

 Laboratory apparatus like beaker, standard flask etc. should never be 

used to keep food or drinking water. 

 Never drink or eat anything in the laboratory. 



 Lunch boxes should not be kept inside the laboratory. 

 Nickel spatulas should be used to take out solid chemicals and 

dropping tubes to take liquids. 

 Chemicals should not be handled with bare hands 

Treatment for specific poisons: 

If a chemical is swallowed, immediately treatment should be given to the 

patient. 

Acetone: 

Induce vomiting and administer Universal Antidote.  Keep the patient 

awake. 

Acids: 

 Do not induce vomiting, administer MgO, milk of magnesia or lime 

water immediately.  Repeat the dose every 15 minutes or 20 minutes.  

Administer milk or white of egg in cold water.  Carbonates should not be 

given to the patient.  Administer a few milli litres of mineral oil, four or five 

times every 15 minutes. 

Alkalis: 

Do not induce vomiting, administer 5% of acetic acid or vinegar.  To 

administer milk or white of egg. 

Methyl alcohol: 

Induce vomiting and then administer milk or white of egg. 

Aniline and its derivatives: 

 Induce vomiting and then administer 5% solution of acetic acid. 

Arsenic compounds: 

Induce vomiting and then administer a solution of 4g of thiosulphate 

in 450ml of water.  Then administer a few millilitres of milk of magnesia, a 

glass of milk or white of egg. Follow this treatment with 25ml of castor oil. 

Barium compounds: 

Induce vomiting and follow the treatment as with arsenic poisoning. 

Bromine solution: 

Induce vomiting and then administer a solution of starch and 5% 

solution of NaHCO3followed by milk or white of egg. 

 



Phenol: 

Administer immediately 50% pure ethanol and induce vomiting, then, 

administer milk or egg albumin in cold water. 

Copper compounds:  

Induce vomiting and administer 100 ml of NaHPO4 solution 

Cyanides:. 

The treatment should be very speedy.  Induce vomiting and administer 

250ml of water containing 10ml of 3% H2O2 or 250ml of freshly prepared 

solution containing 5% FeSO4 and 5% NaHCO3.  Make the patient inhale 

vapours of amyl alcohol. 

Iodine: 

Administer a thin paste of soluble starch in water or milk, induce 

vomiting. 

Lead compounds: 

Induce vomiting and administer 4g of thiosulphate in 450ml of water, 

make the patient drink milk. 

Mercury and its compounds: 

Induce vomiting and administer milk or white of egg and then 4g of 

thiosulphate in 450ml of water. 

Nitrobenzene: 

Administer 100ml of 3% acetic acid solution and then large quantities 

of water. 

Oxalic acid and oxalates: 

Induce vomiting using mustard emetic (mustard powder in hot water). 

Administer milk or magnesium oxide paste. 

Phosphorus and its compounds: 

Administer 2g of CuSO4 in 100ml of water. 

Permanganates: 

 Induce vomiting and administer milk or white of egg, then 5ml of 3% 

H2O2 in 100ml of water slightly acidified with acetic acid. 

Pyridine and its ompounds: 

 Induce vomiting and administer 2g of tannic acid in 5ml of water. 



Silver compounds: 

 Administer 100ml of 25% NaCl and then milk or white of egg. 

Tin compounds: 

 Induce vomiting and administer 100ml of milk of magnesia or mineral 

oil. 

Zinc compounds: 

 Induce vomiting and administer large quantities of 5% NaHCO3 

solution followed by milk or white of egg. 

Universal Antidote: 

 This is prepared by mixing of 2 parts of pulverized charcoal, 1 part of 

MgO and 1 part of tannic acid.  A few grams of this can be added to a cup of 

warm water and then administered.  The universal antidote is administered 

when the specific antidote is not known. 

Tartar Emetic: 

 This is prepared by stirring 0.006g of potassium antimonyl tartarate 

(tartar emetic) in 25g of water. 

 When a poison is swallowed, inducing vomiting must be commonly 

adopted.  Vomiting is induced by  

1. Tickling back of throat 

2. Using emetics such as tartar emetic or warm salt water. 

Vomiting reduces the amount of poison in the stomach.  The white of 

egg or milk serves as a demulcent, i.e. a substance which soothes the 

injured tissues and lessens irritation. 

Vomiting should not be induced when a person has swallowed acid or 

alkali corrosives, vinegar, fruit juice, milk or water may be given.  Table 

1.3 gives a list of poisons for which vomiting should not be induced. 

Table 1.3 Poisons for which vomiting should not be induced 

Class  Examples 

Alkali corrosives NH3, bleach (sodium hypochlorite), detergents, lime 

(CaO), lye (NaOH), washing soda 

Phenolic  Carbolic acid (derivative) and disinfectants 

Others  Benzene, gasoline, keroseneha 



, pine oil, strong acids, strychnine, naphtha, creosote 

(phenols), paint thinners and removers, dry cleaning 

fluids 

 

Table 1.4 gives a list of poisons for which vomiting should be induced. 

Table 1.4 Poisons for which vomiting should be induced 

Alcohol (ethyl) 

Alcohol (wood, methyl) 

Antifreeze (ethylene glycol) 

Insect repellents 

HCHO 

Borax 

Camphor 

 

All the treatments mentioned so far are only first-aid, after which the 

patient should be taken to the doctor without delay.  Some of the poisons 

have delayed action and as such consultation which a doctor is a necessity 

even if the patient feels all right after the first-aid. 

Safe limits of vapour concentrations: 

 The safe limits of concentrations of chemical vapours in the air we 

breathe are much smaller than what we normal assume.  For example, the 

Threshold concentration limit for mercury vapour is 0.1µg/cubic metre, 

which can be easily attained from mercury spills on warm laboratory floors.  

Therefore, stringent safety rules and careful handling of chemicals are 

essential for keeping the laboratory atmospheric concentrations of chemicals 

below the threshold limits.  Table 1.5 indicates the safe or threshold limits of 

vapour concentrations for some of the chemicals handled in the laboratory. 

Table 1.5 Threshold limit values for Toxic vapours (µg/cubic metre of air) 

Substance Threshold limit Substance Threshold limit 

Acetone 2400 Ethylamine 45 

Acetonitrile 70 HBr 10 

Ammonia 70 HCl 7 

Benzene 80 H2S 30 

Bromine 0.7 Hg 0.1 

CO2 9000 HNO3 25 



CO 110 HCHO 6 

CHCl3 240 SO2 13 

Chromic acid  0.1   

 

Laboratory safety measures 

 Laboratory safety receives little or no attention in our colleges due to 

lack of knowledge in difference and lack of finance.  Unwary students and 

teachers are exposed to various health hazards and the adverse health 

consequences of some of these hazards are ignored. 

The laboratory should be arranged so as to provide two or more doors of 

escape in case of emergency.  A shower and a CO2 fire extinguisher should 

be provided near one exit.  A first-aid kit containing band-aids, sterile gauze 

adhesive tape, petroleum jelly, a mild antiseptic, sterile cotton swabs, 

tweezers, sewing needles, razor blades, an eye cup in a sterile wrapper, a 

dilute boric acid solution for eyes and a quick reference first-aid manual 

must be kept in a box in the laboratory, students should familiarize 

themselves with the locations of the fire extinguisher, eyewash bottles, 

shower and first-aid kit.  All injuries and accidents must be reported to the 

teacher as soon as possible, 

 The college authorities and the teacher are responsible for ensuring 

the fulfilment of these safety measures.  If it is not so, the students have the 

right to bring the deficiencies to the notice of teachers for corrective 

measures. 

1.4 WASTE DISPOSAL: 

1. Waste disposal in a chemical laboratory is an important aspect of 

health care.  The following general rules should be observed in the 

regard. Corrosive waste should be treated and made harmless before 

letting it down the sink.  If it is directly discharged, the laboratory 

drainage fittings will be ruined.  Concentrated acids and alkalis should 

never be poured into the sink. 



2. Toxic chemicals should never be washed down the sink.  If this is done, 

their vapours will pollute the laboratory air, causing serious health 

damage.  If treatment procedures are known, they should be treated 

before discharge otherwise, they must be poured into special 

containers and kept aside for disposal at a far-away place. 

3. All waste products should be discarded only into the containers 

intended for these.  It is advisable to remove waste matter from a 

laboratory as frequently as possible to avoid serious health problems. 

Fume Disposal: 

 Formation of fumes is very common in che ical laboratories.  Frequent 

exposure to chemical fume is a sure way of contracting diseases 

connected with lungs.  Therefore, every laboratory must have an efficient 

fume disposal system.  Exhaust fans can to some extent suck out fumes 

from the laboratory.  However, these are not efficient in removing all the 

fumes.  It is desirable to carry out reactions producing fumes inside fume-

hoods. Fume-hoods fitted with proper motors can suck all the fumes from 

the laboratory and discharge the fumes into the atmosphere above the 

building.  Any operation producing fumes should be done only inside the 

fume-hood, after switching on the motor.  Chemicals which produce 

fumes on exposure to air should also be stored in fume-hoods.  Attempts 

should be made to absorb the fumes produced during a reaction in some 

reagents.  For example, if HCl is evolved in a reaction, it should be trapped 

with water or aqueous alkali. 

 Freely let-out laboratory fumes cause great damage to the laboratory 

fittings and furniture in addition to posing health hazards. 

General precautions for avoiding accidents: 

 In a chemical laboratory, accidents may occur inspite of all the 

precautions observed by the students and the teachers.  Therefore, 

knowledge of emergency procedures and first-aid techniques is essential 

for everyone using the laboratory.  Sufficient space for free movement 

adequate ventilation, use of appliances obtained from reliable companies 



and carefully reading the instructions are some of the important 

requirements for avoiding accidents in the laboratory. 

1. The use of an overcoat or an apron is desirable to minimize exposure 

of the skin to chemicals coming directly into contact with the body.  

An overcoat saves the dress from getting stained by chemicals. 

2. Wearing safety goggles is essential for preventing eye injuries by 

splashing of chemicals. 

3. Whenever, poisonous or toxic chemicals are handled, a pair of gloves 

must invariably be used. 

4. A common hazard in a chemical laboratory fire hazard.  This can be 

prevented by extinguisher burner and turning off electrical heaters, 

before even opening the containers of flammable chemicals.   

5. When pipetting, it is a good practice always to use a rubber bulb rather 

than the mouth.   Several solutions give off toxic vapours which would 

be drawn into the mouth on pipetting.  All solutions are dangerous if 

drawn into the mouth. 

6. Toxic solutions and reagents which produce fumes should be handled 

only in the fume-hood. 

7. Cigarette-smoking should be strictly avoided inside the laboratory. 

8. Any spillage on the table or floor must be wiped and washed 

immediately with water so that it does not come into contact with the 

body later. 

9. At the end of a practical class, all the apparatus used should be 

cleaned and the hands washed with soap. 

10. All the glass rods and tubes should be fire-polished. 

 

  


