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INDUSTRIAL HYGIENE STUDY  
AT  

M/S RAIL WHEEL FACTORY 
YELAHANKA, BANGALORE, KARNATAKA 

 
 

1. INTRODUCTION 
 

Rail Wheel Factory, Yelahanka, Bangalore is engaged in the production of wheel 

and axle assemblies for wagons, passenger coaches and locomotives. The plant was 

commissioned in the year 1984 with the Production capacity of 90,000 wheels and 

48,000 axles per annum. Since then, with further expansion and capacity addition over a 

period of years, it has now grown in to one of the major factory with a production capacity 

of > 200000 wheels and >100000 axles per year. Factory has 2448 regular employees.  
The Manufacturing of the casted wheels and forged axle are carried out in various 

steps unit process in the factory premises and most of the unit processes are performed 

at high temperature and pressure. The different unit processes such as Scrap melting in 
EAF, wheel casting and processing, gas cutting and welding etc are give rise emission of 

airborne chemical contaminants like Dust, Metallic fumes, welding fumes, welding gases 

etc in various work areas of the factory.  

The Manufacturing process of the casted wheels and forged axle of various size 
and shapes involves a number of operations and use of different material including few 

chemicals in the factory premises. Most of the unit processes are performed at high 

temperature and pressure. These operations are hazardous in nature. The raw materials, 
processed materials, various other chemicals while handling in the different operations 

may get released in to the work environment (Then called as airborne chemical 

contaminants). Exposure of workers to such contaminated environment poses potential 

danger to the workforce and led to Acute or Chronic nature of Occupational diseases, 

Accidents, Injury, and illnesses. Therefore, Quantitative assessment of particular 

chemical contaminant in such environment is very much essential and required to decide 

for applicability of specific & effective control measures so as to safeguard workers at 

workplace. 
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       The Management of the Rail Wheel Factory has been striving to improve the health 

and safety of the workers and environment by putting up efforts to carry out various 

activities related to SHE and also strict compliances in order to fulfill the need of stringent 

EHS regulations. The management of Factory has also acquired national and 
international certifications in the field of Quality, Occupational Safety and Health etc.  

        In addition, further step in the same direction, the Management of the company 

requested the Regional Labour Institute, Chennai to conduct an Industrial Hygiene study 
of their factory. Consequently, the present Industrial Hygiene study in the factory was 

taken up by the Industrial Hygiene Division of RLI, Chennai from 30.07.2019 to 

01.08.2019.  
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2.  OBJECTIVES 
 
 Industrial Hygiene Study was conducted with the following objectives 
1. To assess the airborne levels of following air contaminants at different locations of 

Wheel shop.  
i) Metallic dust 

ii) Graphite dust 

iii) Iron fumes 

iv) Copper fumes 

v) Manganese fumes 

vi) Carbon monoxide gas 

 

2. To suggest remedial measures wherever necessary to improve the work environment. 
3. To ensure legal compliances under factories Act 1948 and Karnataka Factories Rules 

1969. 
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3.  MANUFACTURING PROCESS  
The company manufactures two major product viz., Wheel in Wheel Shop and 

Axle in Axle shops. Wheel Shop consists of Melt Shop, Moulding Room and Wheel Final 

Processing Shop (WFPS). Scrap as raw material is melted in Three Electric Arc furnaces 
(EAF). The molten steel from the electric arc furnace is transferred to the ladle and the 

wheel is cast in the graphite mould through Controlled Pressure Pouring Process. The 

casted wheels are subjected to various other processes like normalization in a huge 

rotary hearth furnace to improve metallurgical structure and relieve internal stresses. 

Quenching of rim and tread area is done to increase their hardness. Shot-peened to 

induce compressive stresses and later subjected to magnetic particle testing for surface 
flaws and ultrasonically tested for internal flaws. 

 

 
Axle Manufacturing is carried out in Axle Shop - consists of Axle Forging Shop, 

Axle Machine Shop and Assembly Shop. Billets cut from Blooms are heated in a Rotary 

Hearth Furnace to forging temperatures. They are then forged on a Special Purpose 
Long Forging Machine having multiple hammers. The forged axle is gas cut to required 

length, heat treated under controlled conditions and machined before subjected to 

Ultrasonic and Magnetic Particle testing. Finally the wheels and the axle are assembled 
together in assembly section. Wheel manufacturing process operations are explain 

below.  

 

3.1 Wheel Shop 
 There are various unit processes in production of wheels in the wheel shop of the 

factory which includes following: 

 

i) Melting at Electric Arc Furnace 

ii) Slag-Off Station 

iii) Wheel Casting Section 

iv) Controlled Cooling in HW Kiln 

v) Sprue wash 

vi) Wheel final processing shop 

vii) Sand Plant 
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viii) Cope Baking and Cleaning section 

ix) Silica Spray section 

x) Mould preparation Section 

xi) Graphite Mould Grinding Section 
xii) Moulding Room Basement 

 

 
3.1.1 Electric Arc Furnace  
 There are three electric arc furnaces each of 20 MT capacities. Steel Scrap such 

as axle end cuts, wheel cuts, calcined lime, graphite powder etc is melted in the electric 

arc furnace where the temperature is raised to 1750oC by arching using graphite 

electrode.  The alloying agents added in different stages of melting process are Ferro-

silicon and Ferro-Manganese and Fluorspar, Graphite powder etc.  The molten metal is 
transferred to the pre-heated ladle.  The ladle containing the molten metal is transferred 

to the John Mohr Pit near casting station by an overhead crane for wheel casting. 

 
3.1.2 Slag-Off Station 
 The ladle containing molten steel is brought to the slag off station where impurities 

(slag) layer floating on the top of the molten steel is removed before the ladle move to the 
John Mohr Pit.  A worker pushes the top layer out with the help of a long rod.  Slag falls 

down in a slag pot kept at the back of the furnace and below the ladle. 

 

 
3.1.3 Wheel Casting Station 

Molten metal is kept in a pit called as John Mohr pit where the measurement of 

temperature and addition of aluminium star performed and later covered airtight by a 

solid integrated lid. Compressed air, forced into the chamber, pushes the steel up 

through the ceramic pouring tube and into the graphite mould positioned over the tube. 

The steel fills the mould from bottom to form the Wheel. The mould box in which the 

wheel is cast, is made up of Graphite and consists of two parts, the Cope and Drag. In 

order to avoid the cooling of the top layer of the molten metal, rice husk is burnt over the 

molten metal in graphite mould in the riser. A Wheel is Cast in every 2 minutes, after 
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casting, mould is split and the wheel is transferred to a hot wheel kiln to normalized in a 

huge rotary hearth furnace.   

 

3.1.4 Sprue wash 
After normalization and cooling, the wheels are dressed by electric arcing 

(Gouging) and gas cutting in sprue wash.  Excess metal deposition from the risers of 

wheel is removed with the help of electric arcing wherein 1200 to 1400 ampere and 75 

Volt current is passed through copper coated carbon electrodes There after, the wheel 

undergoes heat treatment and then after finishing it is subjected to wheel final processing 

shop.  
 

3.1.5 Wheel final processing shop 
In this the Wheels are shot-peened, shot blasted to induce compressive stresses 

so that the Cast Wheels do not fail due to crack propagation while in service. Wheels are 
subjected to various machines viz, pal boring, surface grinding etc., Each Wheel is then 

subjected to magnetic particle testing for surface flaws and ultrasonically tested for 

internal defects to ensure maximum reliability at ultrasonic station. 
 

3.1.6 Sand Plant  
Sand, free from clay is received and cleaned. Thereafter, it is preheated in the 

heater to mix with the required quantity of Phenol-Formaldehyde Resin and Hexamine 

solution and baked at 140oC.  This is a batch process and the plant runs in all the three 

shifts. 

 
3.1.7 Cope Baking and Cleaning 

Coated sand is filled in the riser holes in the cope which is then baked at 230 – 

270oC through the electrically heated pad. Used cope and drag are rubbed with emery 

wheel manually and cleaned with compressed air to remove the sand. 

 

3.1.8 Silica Spray Section 
There are two Silica solution spray lines in silica spray section, one used for drag 

spray and another for cope spray.  Surface of the cope and the drag is cleaned by 
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blowing compressed air before spray. Silica solution is sprayed with the help of two spray 

guns for drag and three spray guns for cope. The operation is semi-automatic and carried 

out in the spray chamber especially made for this purpose.  

 
3.1.9   Mould Preparation 
 Graphite mould consists of two parts known as cope and drag. The graphite 

moulds are treated before the casting of the steel wheels. It is first cleaned and sprayed 

with silica powder. In sand plant, sand is mixed with resin and mixture is transported by a 

conveyor to the baking station. In the baking station, the inner surface of the cope is 

coated with a mixture of sand and resin. Before assembling, the inner surface of the cope 

and the drag are sprayed with silica solution. After assembly, the mould is shifted to the 

wheel casting station.  

 
3.1.10 Graphite Mould Grinding Station   

 The solid graphite moulds are machined to the desired dimension as per the     

specifications on vertical and horizontal lathe machines .There are two machining lathe in 
this section, a horizontal machine is used for ingate machining whereas the vertical turret 

lathe is used for profile machining of graphite mould blank.   

Graphite ingates are machined to the required size on the horizontal lathe 
machine.  Two persons at a time work on this machine which runs almost 5 - 6 hours per 

day. Both vertical and horizontal lathe machines in this section are provided with a duct 

for collecting the graphite dust and dust collector is located outside the shop.   

 
3.1.11 Moulding Room Basement 

Cutting waste from sprue wash operation, left over/unbaked sand from mould 

room, hub cutting waste, baked sand and other waste material from the moulding room 

are collected in a container through the different chute in the basement. This waste is 

disposed off periodically.   
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3.2 Axle Manufacturing 
Axle Manufacturing is carried out in Axle Shop which consists of Axle Forging 

Shop, Axle Machine Shop and Assembly Shop.  
Axles are manufactured from Billets cut from Blooms supplied by reputed 

indigenous Steel Plants. The Billets are heated in a Rotary Hearth Furnace to forging 

temperatures. They are then forged on a Special Purpose Long Forging Machine having 

multiple hammers. The machine is capable of forging axle to close tolerances in one-heat 

shaping at 4 minutes. The forged axle is gas cut to required length, number stamped and 

then heat treated under controlled conditions to ensure axle forgings meeting the desired 

metallurgical and physical properties. 
The forged axles are machined on a conventional machines for the operations 

include end machining, rough turning and finish, multiple operation axle machining 

centers and grinding/ burnishing machines etc., All axles are subjected to Ultrasonic 

Testing and magnetic particle testing for ensuring zero defect products of the highest 
quality. 

Finally the assembly of Wheel Sets is done on a highly automated Wheel 

Assembly Complex. Paired wheels are custom bored as per the wheel seat size to get 
correct interference fit. The wheels are then pressed on the axle in a 300T SMTC Wheel 

Press. 
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4.    METHODOLOGY  
  

The samples of different airborne contaminants were collected from different 
locations of the Wheel Shop viz., Electric Arc Furnace, Slag –off station, Wheel casting 

section, Sprue wash station, Sand Plant, Cope Baking and cleaning section, Silica spray 

section, Mould Preparing section, Graphite Mould grinding unit and moulding room 

basement of the wheel shop were taken and evaluated by using the following methods.  

  

1. The samples of total airborne siliceous dust, metal dust, and graphite dust were 

collected by passing the air through 37 mm pre-weighed glass  fibre filter papers with 

the help of personal samplers (Technovation-make) at a known air flow rate ranging 

between 2 –3 lpm. The collected samples was labelled and stored properly for further 

analysis and evaluated by gravimetric method and colorimetric method.  
 

2. Airborne metallic dust (general) especially respirable dust and total dust concentration 

was also measured by using real time direct dust monitoring instrument (HAZ DUST 
make).  

 
3. The concentration of carbon monoxide in the work environment at various locations 

was detected using direct reading carbon monoxide monitor. 

 
4. Samples of Iron Oxide fumes, copper fumes and Manganese fumes were collected at 

different locations in the work area by passing the air through cellulose membrane 

filter papers using static personal sampler (Technovation-make) at a known rate 

ranging between 1.5 – 3 lpm.  The samples were digested with Nitric acid and 
analysed by colorimetric method. Flow rate of sampling was measured with the help 

of in-built rota meter which was calibrated with the help of another calibration rota 

meter in the appropriate range. 
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5. GENERAL OBSERVATIONS  
General observations with reference to the various operations while walkthrough are 

furnished as follows:   

 
 
1. In the wheel shop three electric arc furnaces are continuously work in all three 

shifts. 16 Nos. of roof exhaust fans have been provided in the middle of the 

roof of the shed over the arc furnaces, it was found that no roof exhaust fan 

was in operation. The workers have been provided with protective equipment 

such as hard hat, respirators (IS:9473), Infrared goggles, ear plugs, leather 

gloves, safety shoes, and aluminized apron etc, helpers were observed 

working without using PPEs. 
2. Removal of the slag and other waste deposited at back side basement area of 

the furnaces was performed everyday for an about 10 to 20 minutes in the 

morning hours using JCB machine, it was observed that JCB operator was not 
wearing any PPEs, also the work was performed under the dark as no lighting 

was found on. The operation also leads to generate lot of dust.   

3. The electric arc furnaces were provided with hood connected to the fume/dust 

collection/extraction system. It is already pointed out in the previous studies 
that the long gap in-between the hood of the exhaust and furnace opening. 

Similar observation has been seen, which may be due to movement of 

overhead crane in between this gap. It is observed that all the (3 No.) furnaces 
were provided with the fume/dust extraction system called primary and 

secondary fume extraction system as per the recommendations of in previous 

studies.  

4. For the worker working at the electric arc furnaces provided with powerful air 

circulating fans at the back of the operators to push away the dust, fumes and 

splashes. 

5. Continuous high noise was felt near the Furnace area, operator/workers were 

found wearing ear plugs.    

6. Floor cleaning was performed by using brooms, which generate dust in front of 

the electric arc furnaces.   
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7. Three numbers overhead cranes are provided in melting and casting area. 

Crane operator cabins have been provided with closed and air conditioned to 

prevent potential exposure to the fumes and dust generated in melting and 

wheel casting operation.   
8. At pouring station one wheel get casted at interval of every 5 minutes, each 

wheel before casting required to fix one Asbestos gasket ring which use as a 

sealant between drag and pouring tube and prevent bleeding of liquid steel. It 

was observed that after casting the wheel, used asbestos gasket spread over 

the pouring area as well on conveyer. it is informed by the management that 

the asbestos waste generated in this operation is collected in thick polybags 
and stored in the basement area for disposal to the authorised hazardous 

waste collecting agency.   

9. Regular movement of the fork lift was observed near the hot kiln area of wheel 

shop. 
10. Uncovered containers filled with dry rice husk kept for use at wheel casting 

shop in pouring station and control room was obstructing smooth movement of 

man and machinery as well as poses fire hazard due to possible splashes of 
molten steel.       

11. Most of the processes like melting at electric arc furnace, wheel casting, hot 

kiln near riser splitter, sprue wash, borer, normalizing furnace, drag and cope 
baking treatment etc., are heat emitting operations due to which it was 

observed that atmospheric workplace temperature was higher than the normal 

ambient temperature in the shop floor. To avoid stress due to heat, circulation 

of air through powerful fans with 900 rpm as well as cool air vent were provided 
in the various locations inside the plant.     

12. Sprue Wash Operation gives off copper fumes in addition to high noise, heat 

and sparks. The workers were found using air cooled helmet with face shield 

and airline respirator, aluminized suit, leather gloves, leather leg guards, ear 

plugs, Infrared goggles and safety shoes. Four numbers of powerful air 

circulating fans were provided at the back of the operators to push away the 
dust and fumes as well as cool air vent also provided. Fume/dust extraction 

system was observed operating.  
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13. In Cope Baking area, sand mixed with Phenol-Formaldehyde resin and 

hexamine is filed in moulds and baked, It was observed that the sand conveyer 

window panel was found broken. It was also observed that sand dust gets 

dispersed in the atmosphere when pneumatic pressure is released in core 
baker. 

14. Near baking area mild ammonia and phenolic odour was felt during the baking 

of the cope, which may be due to degradation of hexamine and resin at high 

temperature, worker were found using respirator, safety shoes and hand 

gloves.    
15. At silica spray operation, spray chamber entry gate was observed in damaged 

condition due to which complete closing of gates not ensured. This may led 

silica exposure to the operators and worker. Workers were found using helmet 

and goggles.   

16. Vertical turret lathe machines and Ingate sleve machine of graphite mould 
repair shop is provided with a duct connected to the dust collector unit which is 

located outside of the mould repair shop to collect graphite dust generated 

during the machining of graphite mould. Two workers are engaged on each 
machine, it was observed that while working on vertical turret lathe machine 

one worker has to hold the dust collector hood pipe near to the dust generating 

source. Workers were found using provided PPEs viz., dust respirators, 
helmet, safety shoes, and hand gloves.  

17. Various graphite moulds are lying here and there for repair or disposal in mould 

repair shop due to which men movement space was compromised. it is also 

observed that barrels filled with oil & solvents placed in work areas of mould 
repair shop, poses obstruction and possible fire hazards.      

18. The leakage of graphite dust was observed in the dust collection unit which is 

located outside of the graphite mould repair shop and normal broom stick 

cleaning method was opted for collection of dust spread on floor.   

19.  To avoid the exposure of graphite dust from Dust collector unit of mould repair 

shop to the staff rest room by wind movement, management has developed 
beautiful, heighted, vertical wall panel garden of live green plant in between.     
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20. In the corner of the wheel-axle assembly area, imported axle from china was 

unboxed and contractual labours are engaged in the work of removing paint 

coating of the axle by using solvent thinner. It was observed that no labours 

were using appropriate respirator, hand gloves, and goggles. 
21.  The recommendation of the previous study for the solid concrete floor has 

been implemented in the Pre Conditioning Bay area. Air-acetylene flame being 

used to cut heavy scrap in this area. Mild leakage of the gas was felt due to 

improper fitting of the regulators on the gas cylinder. many numbers of 

powerful air circulating fans were provided at the both sides of the yard so that 

the dust and fumes push away from the scrap cutting workers.  
22. Overhead crane with SWL of 10 Ton was in operation for lifting of scrap in Pre 

Conditioning Bay area above the scrap cutting area, it was observed that the 

crane operator was kept open the door and not using any PPEs.     

23. It was observed that cutting operation in Pre Conditioning Bay and Pre 
Conditioning Bay Extension area was done by workers using PPEs such as 

helmet, respirator, Infrared goggles, ear plugs, leather gloves, safety shoes, 

and aluminized apron. It was also observed that the workers in this area are 
not aware of proper use of PPEs, few workers found wearing two dust mask 

one over the other.   
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6. HARMFUL PROPERTIES OF THE STUDIED AIRBORNE CONTAMINANTS    
 
6.1 Metallic dust & fumes 
 Welding fumes is a complex mixture of very small, condensed solids (fumes) and 
gases. The base and filler metals, fluxes, coatings, and shielding gases all contribute 

even chemical changes to the surrounding atmosphere from the intense radiation and 

heat can add to the mixture. 

 The effects of welding fumes exposure to a person will depend on the particular 

components of the fumes smoke and the amount of it the welder breathes. Some effects 

may occur shortly after exposure called acute effects. Long-term or chronic effects may 
not become apparent until after years of exposure. 

 Metal fume fever is the most common acute respiratory illness experienced by 

welders. It is a flu-like illness that lasts 24–48 hours. It is typically caused by exposure to 

zinc fumes, but copper, magnesium, and cadmium are also known to cause metal fume 
fever. Acute exposures to high concentrations of copper can be more serious though, 

producing severe lung irritation, pulmonary edema, or even death. Some metals are 

especially hazardous viz., lead, cadmium, beryllium, and mercury. 
 Carbon steel, which includes mild steel, is the most common material welded. The 

manganese in the steel and the filler metal sometimes results in overexposure to 

manganese. Chronic manganese poisoning can cause Parkinson’s-like disease and 
other neurological effects. 

 Stainless steel, high alloy steels, and nickel alloys expose workers to chromium 

and/or nickel fumes. Both nickel and chromium are classified as human carcinogens. 

 Hazardous gases can also be produced during welding. Depending on the 
specifics process, these could include ozone, nitrogen dioxide, carbon monoxide, and 

fluorine compounds. These gases may cause both short and long-term effects. 

 Exposures to welding fume and gases can be highly variable depending on the 

position of the welder and workplace, the air speed, direction and conditions of 

confinement. However if adequate ventilation is provided, then the total fume exposure 

during welding will be significantly less than the exposure standard for welding fume.  
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6.1.1 Iron fumes 
Chronic exposure to iron dust and iron fumes over the standard may lead to 

occupational lung disease called Siderosis and skin disease called dermatitis. Prolonged 

or repeated exposure can discolor the eyes, causing permanent Iron staining. Exposure 
can cause metal fume fever which is a flu-like illness with symptoms of metallic taste, 

fever and chill, aches, chest tightness and cough.  

 

6.1.2 Manganese fumes  
Chronic exposure to manganese fumes over the standard may lead to disorders of 

the nervous system and reproductive system. Potential symptoms: Parkinson's (gait 
disturbances, clumsiness, tremor, speech disturbances, mask-like facial expression, 

psychological disturbances, asthenia, insomnia, mental confusion, hypersomnia, 

anorexia, headache, metal fume fever, dry throat, cough, chest tightness, dyspnea, rales, 

flu-like fever, low-back pain, vomiting, malaise, lassitude (weakness, exhaustion), kidney 
damage, bronchitis, pneumonitis. 

  
6.1.3 Copper fumes  

A copper fume produces occupational poisoning, lung disease, its sequelae and 

skin dermatitis. Inhalation of dust may result in irritation of the nasal mucous membranes. 
Inhalation of copper oxide fumes may cause irritation of the upper respiratory tract and 

may result in a form of metal fume fever, characterized by flu-like symptoms such as 

chills, fever, nausea, and vomiting. Ingestion of copper metal may cause metallic taste 

and gastrointestinal irritation. Copper particles embedded in the eye may cause redness, 
pain and discoloration of ocular tissue.  

 

6.2 Siliceous dust 
          Occupational lung disease ‘Silicosis’ is produced due to exposure of free Silica. 

Free silica causes diffuse interstitial fibrosis of the lungs. Onset of disease takes 5 – 10 

years of exposure. Its most common symptom is undue shortness of breath (dyspnea), 

characteristic manifestations in the chest X-ray, abnormality in stethoscopic examinations 

is also observed in the absence of further exposure. Bronchial Carcinoma, a malignancy 

of the interior of lungs is observed in some cases of silicosis. Cigarette smoking appears 

to have synergetic effect in the production of bronchial tumors. Studies have indicated 
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that asbestos workers who smoke cigarettes have eight times more risk of lung cancer as 

compared to the exposed non smokers and 92 times more risk as compared to the non 

smokers not exposed to asbestos. 

Mesothelioma, associated with the asbestos exposure is diffuse cancers of the 
pleura and abdominal wall (peritoneum).  The interval between the initial exposure to the 

dust and development of the tumors is rarely less than 20 years and averages at about 

30 years. 

              The Permissible Limit of Exposure (PLE) for 8 hours of silica dust is depend on 

% silica available in the dust and can be calculated by using formula as mentioned in the 

Schedule-II of the Factories Act-1948, the same is shown in the Table -2.  
 
6.3 Carbon monoxide 

Carbon Monoxide (CO) is a colourless, odourless gas produced by incomplete 

combustion of organic matters.  CO is easily absorbed through lungs into the blood and 
combines with haemoglobin to form carboxy-haemoglobin.  CO competes with Oxygen 

for the bindings sites of the haemoglobin molecules.  Affinity of human haemoglobin for 

CO is about 240 times that of its affinity with Oxygen.  The formation of COHb blocks 
Oxygen carriage by inactivating haemoglobin and its presence in the blood reduces the 

dissociation of haemoglobin so that the release of remaining Oxygen to tissues is 

impaired.   
The victim of CO poisoning is classically described as being cherry red.  In the 

early stages of poisoning, the patient may appear pale.  Later, the skin nail beds and 

mucous membrane may become cherry red due to high concentration of COHb and low 

concentrations of reduced haemoglobin in the blood.    
 Acute poisoning may result in neurological or cardio vascular complications which 

are evident as soon as the patient recovers from initial coma.  In severe poisoning 

pulmonary oedema (excess fluid in the lung tissues may emerge Pneumonia somations 

due to respiration may develop after a few hours or days.  After severe intoxication, the 

patient may suffer from cerebral oedema with irreversible brain damage. 

CO does not accumulate in the body.  It is completely excreted after each 
exposure if sufficient time in fresh air is allowed.   
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The studied contaminants at rail wheel factory, their Permissible Limits of Exposure as 

mentioned in the Schedule-II of the Factories Act-1948, and TLV laid down by the 

American Conference of Governmental Industrial Hygienists (ACGIH), USA are shown in 

the Table-1 and Table-2.  

 

6.4 Graphite dust 
 Graphite dust may be irritating to the eyes and could possibly cause stinging, 

watering and redness. Contact with this dust may be abrasive and mildly annoying to the 

skin. Excessive exposure to graphite dust over extended periods of time can cause a 

chronic and more serious condition known as Graphitosis, which is a form of 
pneumoconiosis. This condition arises when inhaled particles of graphite are retained in 

the lungs and bronchi.  

 
 
7. PROVISIONS RELATED TO EXPOSURE OF CHEMICALS AND TOXIC 
SUBSTANCES 

 
Permissible Limits of Exposure (PLE): it is the acceptable amount or concentration 

of a substance in which is intended to protect workers from adverse health effects related 

to hazardous chemical exposure. Permissible Limits of Exposure of chemicals and toxic 
substances is mentioned under the Section 41F of Factories Act, 1948, Schedule-II and 

similarly in the section 131A, under the Schedule,   Table-1, Table-2, and Table-3 of the 

Karnataka Factories Rules,1969.  

 

Threshold Limit Values (TLVs): it is the value of chemical substance establishes 

the reasonable level or concentration at workplace to which a worker may be repeatedly 

exposed, day after day, over a working lifetime without any adverse health effects. The 

American Conference of Governmental Industrial Hygienists (ACGIH) USA has coined 

the term Threshold Limit Values (TLVs). These values are considered as guidance or 

reference value for the evaluation and control of workplace health hazards. 
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 The Permissible Limits of Exposure has been given by considering the duration of 

exposure in the work shift and listed as Time-Weighted Average Concentration (TWA), 

Short-Term Exposure Limit (STEL) and Ceiling limit (C) defined below. 

 
1. Time-Weighted Average Concentration (TWA):  

TWA is defined as a maximum average concentration of chemical and toxic 

substances which should not be exceeded in the work place for an 8 hour work 

shift in any day and 48 hour work-week. 
  

2. Short-Term Exposure Limit (STEL): 
STEL is defined as a exposure of chemical and toxic substances for duration of 

15-minute, which should not be exceeded at any time during a workday even if the 

eight-hour time-weighted average is within the limit. Exposure at the STEL should 

not be longer than 15 minutes and should not be repeated more than four times 
per day. There should be at least 60 minutes interval between successive 

exposures at the STEL.  

 
3. Ceiling limit (C):   

It is the concentration of chemical and toxic substances that should not be 

exceeded during any part of the working hours. 
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8.  ANALYTICAL RESULTS AND DISCUSSION 
 
8.1 General dust (particle not otherwise specifies)  
 
 The results showing airborne concentrations of total and respirable fraction of dust 
which contain significantly various mixture of component (without any speciation for 

single component) can be called as particle not otherwise specifies such dust with its 

concentrations obtained (inhalable and respirable forms) by using real time dust 

monitoring system HAZ-dust monitor at various locations and results are reported in the 

Table-3.   

  
The average concentration of total and respirable dust near electric arc furnace A, 

B, and C were found as 3.94, 5.66; 3.92 mg/m3 respectively. Whereas the average 

concentration of respirable dust near electric arc furnace A, B, and C were found as 0.84, 

1.31 & 1.34 mg/m3 respectively.  
Only ACGIH believes that even biologically inert, insoluble, or poorly soluble particles 

may have adverse effects and recommends that airborne concentrations should be kept 

below 3 mg/m3  for respirable and 10 mg/m3 for inhalable particles [Appendix B:Particles 
(insoluble or poorly soluble) Not otherwise specified (PNOS)]. As per this 

recommendation the observed dust concentrations in the electric arc furnaces area is 

below the recommended value.  
 

Similarly The average concentration of inhalable dust particle and respirable dust 

particles concentrations assessed at various locations including Slag off station, Wheel 

casting station/ pouring station, inside the furnace operators cabins, sprue wash area, 
shot blasting area, sand coating area, moulding room basement area, cope cleaning 

area, riser cope baking and grinding area. The obtained results for all the said locations 

are furnished in Table-3. It is pertinent to mentioned that the average concentration of the 

dust inhalable was <5.32 mg/m3 and respirable concentration of the dust are < 2.10 

mg/m3.  
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8.2   Siliceous Dust 
  

Free silica percentage in the samples collected at locations such Sand coating, 

Cope cleaning, Riser cope baking, Spray Mixing, Drag Spray and Cope Spray were 
estimated in the previous study and founded that the free silica percentage is less than 

1%. Since the Manufacturing operations are similar & the free silica <1%, the dust have 

been referred as amorphous silicates (PLE 10 mg/m3) as given in the Factories Act-1948. 

As well as the         

The airborne concentrations of siliceous dust as amorphous silicates (Total) were 

assessed at various location such as Sand coating, Cope cleaning, Riser cope baking, 
Spray Mixing, Drag Spray and Cope Spray and estimated concentration are furnished in 

Table-4. The estimated average concentrations of amorphous silicates (Total) were found 

as 2.68, 2.06, 1.78, 0.64, 0.27, & 2.01 mg/m3 for the sampling location at Sand coating, 

Cope cleaning, Riser cope baking, Spray Mixing, Drag Spray and Cope Spray 
respectively. These estimated concentration levels for amorphous silicates (Total) are 

lower than the PLE i.e. 10 mg/m3 as per the Factories act-1948.     

Percentage of quartz calculated as ≤1 then the value for the silica in the form of 
quartz respirable and total dust will be estimated using the formula given in table-2 (2 & 3 

against quartz). The permissible limit of exposure for quartz estimated 7.5 mg/m3 for total 

dust and 3.33 mg/m3 for the respirable dust (respirable quartz % was considered 1). If 
compared the obtained concentrations of respirable and total dust in the quartz form, The 

estimated average concentrations of the quartz form of respirable and total dust for 

various locations (Sand coating, Cope cleaning, Riser cope baking, Spray Mixing, Drag 

Spray and Cope Spray) are below the limits. It is shall ensured that the workers engage 
in such locations for work with proper personal protective equipments viz. goggles, dust 

mask etc.   

 
  

 
8.3 Graphite Dust 
 
 The airborne concentration of Graphite Dust (respirable dust and total) at various 

location in graphite mould repair shop such as vertical turret lathe and ingate sleve 
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machine were measured using real time direct dust monitoring instrument (HAZ DUST) 

and estimated concentration are furnished in Table-5. The estimated average 

concentrations of Graphite Dust (respirable fraction) were found as 0.41, 0.98 mg/m3 for 

the location ingate sleve machine & vertical turret lathe respectively. Whereas estimated 
average concentrations of Graphite Dust (Total) were found as 0.68 (at ingate sleve 

machine) and 2.20 mg/m3 (at vertical turret lathe). The PLE for the total and respirable 

portion of Graphite Dust has not given in the Factories Act-1948 or Karnataka Factory 

Rules-1969 but the TLV for the respirable portion of the Graphite Dust (all forms except 

fibers) is recommended by ACGIH is 2 mg/m3. Hence, the concentration of graphite dust 

(respirable fraction) near ingate sleeve machine and at vertical turret lathe was found less 
in comparison with the ACGIH-TLV. However, it is suggested that the local exhaust 

system provided in graphite mould repair shop should be properly maintained and its 

efficiency should be inspected periodically. The suction duct of the exhaust system at 

vertical turret lathe machine should be attached with a properly designed hood in order to 
capture the dust effectively rather than handling manually.  

 
  

8.4   Iron Fumes 
 
 The concentrations of airborne Iron oxide fumes (as Fe) at various location 

includes near electric arc furnace, pouring station, slag off station, operators cabin of 
overhead crane in melting shop, shot blasting area and PC bay area was assessed and 

estimated concentration are furnished in Table-6. The estimated average concentration 

of iron Oxide fumes were found as 1.18, 1.75 & 1.18 mg/m3 for the location near   electric 

arc furnace, PC bay area & Slag off station respectively. Other locations such as pouring 
station, operator’s cabin of overhead crane in melting shop, shot blasting area, the 

average concentration of Iron Oxide fumes were found as 0.78, 0.20, and 0.25, mg/m3 

respectively. It is important to mention that these estimated concentration levels for iron 

oxide fumes are lower than the PLE i.e. 5 mg/m3 as per the Factories act-1948, 

Karnataka Factory Rules-1969 and TLV by ACGIH.       
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8.5 Manganese Fumes 
 

The concentrations of airborne contaminant viz., Manganese fume (as Mn) were 

assessed at various locations including near electric arc furnace, pouring station, slag off 

station, operators cabin of overhead crane in melting shop, shot blasting area and PC 

bay area. The estimated concentrations are furnished in Table-7. The estimated average 

concentration of Manganese fume (as Mn) were found as 0.178, 0.122, 0.223, 0.066, 

0.066 & 0.378 mg/m3 for the locations near electric arc furnace, pouring station, slag off 

station, operator’s cabin of overhead crane, shot blasting area & PC bay area 

respectively. 

The estimated concentration levels for Manganese fumes are lower than the PLE i.e. 1 

mg/m3 as per the Factories act-1948 & Karnataka Factory Rules-1969 but the 
concentration in mg/m3 at locations near electric arc furnace (0.178), pouring station 

(0.122), slag off station (0.223), & PC bay area (0.378) are exceeded in comparison with 

ACGIH TLV (0.1 mg/m3, inhalable).      
 
8.6 Copper Fumes  

The estimation of airborne concentrations of copper fumes was assessed at only 
one location i.e. near Sprue wash operation. The estimated average concentration of 

Copper Fumes was found 0.075 mg/m3 and furnished in Table-8. Estimated 

concentration levels for copper fumes are lower than the PLE i.e. 0.2 mg/m3 as per the 
Factories act-1948, Karnataka Factory Rules-1969 and TLV by ACGIH.  

As the Sprue Wash Operation area is highly congested and three persons are 

engaged simultaneously in this operation which gives off a lot of copper fumes in addition 

to high noise, heat and sparks. Therefore it is suggested that this area should be 
provided with sufficient space. Cool air vent provided in the location near to the workers, 

it is suggested that continuous and efficient functioning of cool air vent ventilator shall be 

strictly ensured. Proper PPEs and its proper use shall be strictly ensured. Dust/Fumes 

collection system shall be inspected regularly for its efficient functioning while sprue wash 

operation.     
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8.7 Carbon Monoxide 
  
 The concentrations of airborne Carbon Monoxide were assessed by using direct 

reading carbon monoxide detector at various location viz., near electric arc furnaces A, B 
& C, slag off station, pouring station, and cope cleaning area. The detected 

concentrations (Table -9) were found in traces (below 5 ppm) which are insignificant in 

comparison to the PLE i.e. 50 ppm as per the Factories act-1948, Karnataka Factory 

Rules-1969 and ACGIH TLV (25 ppm).  
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9.   RECOMMENDATIONS 
 

1. Secondary fumes extraction system is in placed on top of electric arc furnace which 

required to be assessed by authorised service engineer for its better and efficient 

working to prevent emission of metallic fumes in the work area in wheel shop. 

2. While clearing the slag and other waste deposited at back side basement area of 

furnace, JCB operator has to be provided with respirator and other PPEs. Slag 

cleaning operation in this area should be carried after proper illumination with 

suitable lightings, before the cleaning activity basement area should be sprayed 

with water or while cleaning water sprinkler should be provided to trap the dust 

generation.   

3. The electric furnaces were provided with hood connected to the fume extraction 
system. It is to be ensured that while process operation both the primary and 

secondary dust extraction system should be in working condition. 

4. It is recommended to use wet floor cleaning method or industrial vacuum cleaner 
for cleaning.   

5. It is recommended to use appropriate method of cleaning like industrial vacuum 

cleaning to collect and clean asbestos gasket waste at wheel casting -pouring 
station shall be used. it is also recommended that the worker engaged in cleaning 

work in this area shall be provided with suitable respiratory protective equipment 

and protective clothing. 

6. Asbestos waste shall not be permitted to remain on the floors or surface at work 
place at the end of the working shift and shall be transferred without delay in to the 

suitable impermeable receptacle. Recommended to Follow the guideline mentioned 

under schedule-XIV of the Karnataka Factory Rules-1969.  

7. It is to ensure that the storage of rice husk in larger quantity near wheel casting 

area shall be the minimum and possibly covered storage.       

8. Sprue Wash Operation area is highly congested and three persons are engaged 

simultaneously in this operation which gives off a lot of copper fumes in addition to 

high noise, heat and sparks. Therefore it is suggested that this area should be 

provided with sufficient space. Continuous and efficient operation of cool air vent 

ventilator and proper PPEs and its proper use shall be strictly ensured. Similarly 
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dust collection system shall be inspected for its efficient functioning while sprue 

wash operation.  

 
9. It is recommended to take-up minor repair works time to time to repair window 

panel of sand conveyer in cope baking area to avoid sand dust exposure at 

workplace. 

10. it is suggested that any kind of leakage at Shot blasting operation shall be arrested 

by means of proper packing to prevent the escape of fine metal dust in work area. It 

shall be inspected and comply with complete closure before operation.  

11. Silica spray operation is covered by providing close cabinet; it is to be ensured that 

while operation the cabinet should be completely closed so that dust shall not air 

born. 

12. The Vertical Turret Lathe machines of mould repair shop shall be isolated by 
suitable Aluminium partition to prevent dispersion of graphite dust generated during 

operation.   

13.  It is recommended to fix the suction hood at suitable place near to the source of 
dust on a Vertical Turret Lathe machines, manual handling of suction hood shall be 

avoided in graphite mould repair shop. Efficiency of local exhaust system provided 

on Vertical Turret Lathe machines shall be checked periodically. 
14. Graphite dust collection unit placed outside of the Mould repair shops shall be 

inspected periodically for its efficient function. 

15. Graphite Mould repair shops shall be kept free for movement of men and 

machines. Barrels filled with flammable liquid shall be stored in appropriate and 
designated place.    

16. Workers engaged in the work of removing paint coating of the axle by using solvent 

thinner shall be provided with suitable PPEs like, Chemical Cartridge Respirators 

(IS: 8522- 1977), safety goggles, chemical resistance gloves, etc., its use shall be 

ensured.   

17. During the study workers found using damage PPEs like torn aluminised apron, 

leather gloves and improper use of the dust respirators in pre conditioning bay 

area. It is suggested to create awareness among workers, impart training to 

ensured effective use, maintenance and care of required PPEs.  
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18. It is recommended to impart training to the workers on proper use of the PPEs.  

19. Use of hearing protection e.g. ear plugs/ear muffs shall be effectively implemented 

among the workers engaged in Noise Hazard Area of the wheel and axle shop.  

20. The factory shall establish their own monitoring facilities by upgrading their existing   

laboratory by imparting necessary training to the Chemist and other suitable 
employees for carrying out the regular work environment monitoring. 

21. The process and many unit operations in the factory are dealt with high 

temperature; it is suggested to provide cool drinking water stations at suitable 

locations. Heat stress evaluation by an expert agency is suggested. 
 
  

  
 

 
 
 
 
 

 

 

 



Table-1: Permissible limit of exposure of studied airborne contaminants as per the 
Factories Act-1948 & TLV by ACGIH. 

 
Sr. 
No. 

Contaminants PLE-TWA 
(8hrs) 
                   

PLE-STEL 
(15 min) 

ACGIH 
TLV-TWA 
 (8 hrs) 

ACGIH 
TLV-STEL 
(15 min) 

ppm mg/m3 ppm mg/m3 ppm mg/m3 ppm mg/m3 
1 Iron Oxide fume 

(Fe2O3) as Fe 

- 5 - - - 5 - - 

2 Manganese 

fumes as Mn 

- 1 - 3 - 0.02(R) 

0.1 

(IHL) 

- - 

3 Copper fumes as 

copper 

- 0.2 - - - 0.2 - - 

4 Graphite 

 (Respirable 

fraction except all 

form of fibre) 

- - - - - 2.0 - - 

5 Carbon 

Monoxide 

50 55 400 440 25 - - - 

6 Amorphous 

siliceous dust 

10 - - - - - - - 

R= Respirable, IHL=Inhalable 
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Table-2: Permissible limit of exposure of Silica as per the factories act 1948. 
 

Substance   Permissible time-weighted average concentration (TWA) (8 
hours) 

Silica, SiO2  

(a) Crystalline  

(i)  Quartz 1) in term of dust count=16000 / % Quartz +10 mppcm 

 2) in term of respirable dust =10 / % of respirable Quartz +2 mg/m3 

 3) in term of Total dust =30 / % of Quartz +3 mg/m3 

(ii)    Cristobalite   :  Half the limits given against quartz 

(iii)   Tridymite     :  Half the limits given against quartz 

(iv)   Silica, fused  :  Same limits as for quartz 

(v)    Tripoli          :  Same limit as in formula in item (2) given against quartz 
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Table-3. Concentration of DUST at M/s R W F, Yelahanka, Bangalore. 

 
 

Sl 
 
 

No 

Location / Operation No. of 
samples 

Total 
/Respir
able 

Concentration  
mg/m3 

Average 
mg/m3 

ACGIH 
Recomm
endations 

mg/m3 
Max Min 

WHEEL SHOP 
1 Electric Arc Furnace - A 10 T 4.38 3.70 3.94 

3 mg/m3  
for 

respirable 
and  

10 mg/m3 
for 

inhalable 
particles 

10 R 1.05 0.68 0.84 
2 Electric Arc Furnace - B 10 T 6.80 2.12 5.66 

10 R 2.01 0.54 1.31 
3 Electric Arc Furnace - C 10 T 5.90 2.27 3.92 

10 R 1.67 1.06 1.34 
4 Slag Off Station 10 T 3.24 2.12 2.73 

10 R 0.22 0.09 0.14 
5 Casting wheel at 

pouring Station 
10 T 1.90 1.00 1.60 
10 R 0.9 0.3 0.65 

6 Inside operator cabin- 
furnace -C 

10 T 2.76 2.12 2.42 
10 R 0.32 0.14 0.24 

7 General Atmosphere in 
wheel shop 

10 T 1.90 1.70 1.84 
10 R 0.50 0.20 0.32 

8 Sprue Wash 10 T 2.20 1.10 1.64 
10 R 1.80 0.60 1.02 

9 Shot Blasting 10 T 5.90 4.80 5.32 
10 R 3.00 1.72 2.10 

10 Molding Room 
Basement 

10 T 2.90 1.50 2.05 
10 R 1.90 0.63 1.29 

11 Cope Cleaning 10 T 2.60 1.84 2.06 
10 R 1.18 0.82 0.96 

12 Riser Cope Baking 10 T 1.88 1.37 1.78 
10 R 0.89 0.51 0.73 

13 Grinding Area 10 T 1.90 1.20 1.52 
10 R 0.80 0.30 0.50 

14 PC Bay 10 T 6.80 4.00 5.01 
10 R 2.80 1.10 1.82 
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Table-4. Concentration of Siliceous Dust at M/s R W F, Yelahanka, Bangalore. 
 
 

Sl 
 

 No 

Location / Operation No. of 
samples 

Total 
/Respir

able 

Concentration  
mg/m3 

Average 
mg/m3 

PLE 
mg/m3 

Max Min 
SPRAY AREA 

1 Spray Mixing 10 T 0.82 0.50 0.64 10 
mg/m3 

(Total)   
 

10 R 0.18 0.06 0.11 
 Drag Spray 10 T 0.38 0.19 0.27 
 10 R 0.18 0.11 0.14 
 Cope Spray 10 T 2.18 1.78 2.01 
 10 R 1.35 0.85 0.98 
 Sand Coating 10 T 3.00 2.20 2.68 
 10 R 1.70 0.70 1.10 

*  
 
 
 
Table-5. Concentration of Graphite Dust at M/s R W F, Yelahanka, Bangalore. 
 
 

Sl 
 

 No 

Location / Operation No. of 
samples 

Total 
(T) 

/Respir
able(R)  

Concentration  
mg/m3 

Average 
mg/m3 

TLV by  
ACGIH 
mg/m3 Max Min 

GRAPHITE MOULDREPAIR SHOP 
 Ingate Sleve Machine 

 
10 T 1.00 0.50 0.68 2  
10 R 0.70 0.20 0.41 

 Vertical Turret Lathe 
(5) 

10 T 2.80 1.60 2.20 
10 R 1.40 0.70 0.98 
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 Table-6. Concentration of IRON Fumes  at M/s R W F, Yelahanka, Bangalore. 
 
 

Sl.
No 

Location / Operation No. of 
samples 

Concentration  
mg/m3 

Average 
mg/m3 

TLV 
/PLE 

mg/m3 Max Min 
1 Near Electric Arc Furnace 8 1.28 1.06 1.18 

5 
 

2 Casting wheel at pouring 
Station 

4 0.84 0.71 0.78 

3 Slag Off Station 4 1.24 1.15 1.18 
4 Over head crane operator’s 

cabin 
4 0.35 0.26 0.20 

5 Shot Blasting 4 0.26 0.22 0.25 
6 PC Bay 8 1.80 1.60 1.75 

 
 
 
 
 

Table-7. Concentration of MANGANESE  Fumes  at M/s R W F, Yelahanka, 
Bangalore. 

 
 

Sl.
No 

Location / Operation No. of 
samples 

Concentration  
mg/m3 

Average 
mg/m3 

TLV/PLE  

Max Min 
1 Near Electric Arc 

Furnace 
8 0.222 0.133 0.178 ACGIH 

TLV- 
Inhalable 

is 0.1 
mg/m3 & 
PLE is 1 
mg/m3 

2 Casting wheel at pouring 
Station 

4 0.133 0.089 0.122 

3 Slag Off Station 4 0.267 0.178 0.223 
4 Over head crane 

operator’s cabin 
4 0.089 0.044 0.066 

5 Shot Blasting 4 0.089 0.044 0.066 
6 PC Bay 8 0.400 0.356 0.378 
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Table-8. Concentration of COPPER Fumes at M/s R W F, Yelahanka, Bangalore. 
 

Sl.
No 

Location / 
Operation 

No. of 
samples 

Concentration  
mg/m3 

Average 
mg/m3 

TLV/
PLE 
mg/
m3 

Max Min 

1 Spure Wash 
 

8 0.09 0.05 0.075 0.2 

 
 
 
 

Table-9. Concentration of CARBON MONOXIDE  at M/s R W F, Yelahanka, 
Bangalore. 

 
Sl.
No 

Location / Operation No. of 
samples 

Concentration 
ppm 

TLV/PLE  

1 Near Electric Arc Furnace-A 8 2 TLV is 25 
ppm & 

PLE is 50 
ppm 

2 Electric Arc Furnace - B 8 3 
3 Electric Arc Furnace -C 8 2 
4 Slag Off station 8 2 
5 Cope Cleaning 8 1 
6 Pouring Station 8 1 
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