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ACRONYMS AND DEFINITIONS: 
 
ACRONYMS:  

 ACGIH    American Conference of Governmental Industrial Hygienists  

 AQG     Air Quality Guideline 

 BTS     British Thoracic Society 

 CNS     Central Nervous System 

 COPD                Chronic Obstructive Pulmonary Disorder 

 CSA                Central Statistics Agency 

 ECRHS              European Community Respiratory Health Survey 

 EHS     Environment, Health & Safety 

 EOSH     Encyclopedia of Occupational Health and Safety 

 EPA     Environmental Protection Authority 

 FEV1                 Forced Expiratory Volume in One Second  

 FEV1/FVC%     FEV1-Percent (FEV1%)  

 FVC                   Forced Vital Capacity  

 HDI                    Hexamethylene Diisocyanates 

 HP     Hypersensitivity Pneumonitis 

 HSE     Health and Safety Executive 

 HVLP     High Volume Low Pressure 

 IARC     International Agency for Research on Cancer 

 ILO                     International Labor Organization 

 IPDI     Isophorone Diisocyanate 

 KAP                   Knowledge Attitude and Practice 

 LEV     Local Exhaust Ventilation 

 MDI     Methylene Diisocyanate 

 MIE     Measuring Instrument for Environment. 

 MMF                 Maximum Mid Flow 

 MSDS     Material Safety Data Sheet 

 NDI     Naphthalene Diisocyanate 

 NIOSH    National Institute for Occupational Safety and Health (USA) 
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 OSH     Occupational Safety and Health 

 OSHA     Occupational Safety and Health Administration (USA) 

 PEFR                  Peak Expiratory Flow Rate 

 PEL     Permissible Exposure Limit  

 PM     Particulate Matter  

 PPD     Personal Protective Devices 

 SPSS     Statistical Package for Social Sciences 

 STEL     Short Term Exposure Limit 

 TDI      Toluene Diisocyanates 

 TLV     Threshold Limit Value 

 TWA     Time Weighted Average 

 VOC                   Volatile Organic Compounds 

 WHO     World Health Organization 

 WRA                  Work Related Asthma 

DEFINITIONS 
 
For the purposes of this research, the following terms are employed as here defined: 
 
Airborne contaminant: 

An airborne contaminant is a potentially harmful substance that is either naturally absent 

from air or is present in an unnaturally high concentration, and to which workers may be 

exposed in their working environment (Dietrich & Jennings, 2009). 

Breathing zone: 

The worker's breathing zone is described by a hemisphere of 300 mm radius extending in 

front of their face and measured from the midpoint of an imaginary line joining the ears 

(Dietrich & Jennings, 2009). 

Bronchitis:  

Inflammation of one or more bronchi, usually secondary to infection (Lunt J. and White J. 

2005). 
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Chronic Obstructive Pulmonary Disorder: 

A progressive disease process that most commonly results from smoking. COPD is 

characterized by difficulty breathing, wheezing and a chronic cough (Lunt J. and White J. 

2005). 

Dyspnea: Shortness of breath, difficult or laboured breathing (Lunt J. and White J. 2005). 

Equivalent aerodynamic diameter (EAD):  

The EAD of a particle of any shape or density is defined as the diameter of a sphere of unit 

density, that is, 1.0g/cm3, which exhibits the same aerodynamic behaviour as the particle in 

question (Dietrich & Jennings, 2009). 

Exposure measurement:  

Measurement of the concentration of a substance in respiratory air, most often using 

portable equipment (Statute books of the Swedish work environment authority, 2005). 

Exposure standard: 

An exposure standard represents an airborne concentration of a particular substance in the 

worker's breathing zone, exposure to which, according to current knowledge, should not 

cause adverse health effects nor cause undue discomfort to nearly all workers. The 

exposure standard can be of three forms; time- weighted average (TWA), peak, or short-

term exposure limit  (Dietrich & Jennings, 2009). 

Exposure standard - short term exposure limits (STEL): 

A 15 minute TWA exposure which should not be exceeded at any time during a working 

day even if the eight-hour TWA average is within the TWA exposure standard. Exposures 

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 between successive exposures at the 

STEL (Dietrich & Jennings, 2009). 

Exposure standard - time-weighted average (TWA): 

The average airborne concentration of a particular substance when calculated over a normal 

eight-hour working day, for a five-day working week (Dietrich & Jennings, 2009). 

FEV1: 

Volume of air exhaled during the first second of a forced expiratory manoeuvre from full 

vital capacity (FVC) (Lunt J. and White J. 2005). 

General ventilation: Mounted fans on walls and roofs 
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Irritation: 

Airway dysfunction caused by a reaction to a substance, which does not involve the 

immune system. Symptoms develop within a few hours of exposure (Lunt J. and White J. 

2005). 

Local exhaust ventilation: 

A ventilation system that captures and removes air contaminants at the point they are being 

produced before they escape into the workroom air. The system consists of hoods, 

ductwork, a fan and possibly an air-cleaning device (Lunt J. and White J. 2005). 

MF25% and MF50%: Mild Flow during exhalation of 25% and 50% of FVC. 

Natural ventilation: open air 

Occupational asthma: 

Asthma that is caused by exposure to substances at work. Occupational asthma is caused by 

workers breathing in substances at work that produce a hypersensitive state in the airways – 

the small tubes that carry air in and out of the lungs - and trigger a subsequent response in 

them. Not everyone who becomes sensitized goes on to get the clinical disease but once the 

lungs become hypersensitive further exposure to the substance, even at quite low levels, 

may provoke an attack (Lunt J. and White J. 2005). 

Occupational exposure:  

Maximum acceptable average concentration limit value (time-weighted average) of an air 

contaminant in respiratory air (Statute books of the Swedish work environment authority, 

2005). 

Personal samples:  
Atmospheric samples collected within the breathing zone of the worker (Dietrich & 

Jennings, 2009). 

Prevalence:  

Numbers or percentage of a population who have the condition (Lunt J. and White J. 2005). 

Sensitization: 

Development of allergy after exposure to even a small amount of an air contaminant (Lunt 

J. and White J. 2005). 
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Static samples: 

Samples taken at fixed locations, commonly between 1 and 2 metres above floor level 

(Dietrich & Jennings, 2009). 

Threshold limit value (TLV): 

TLV is a proprietary name registered by the American Conference of Governmental 

Industrial Hygienists (ACGIH) and refers to airborne concentrations of substances or levels 

of physical agents to which it is believed that nearly all workers may be repeatedly exposed 

day after day without adverse effect (Dietrich & Jennings, 2009). 

Work-aggravated/Pre-existing asthma: 

Asthma that the employee has, perhaps since childhood, worsened by workplace exposure. 

Work-aggravated asthma is broader and includes substances in the workplace that irritate 

the airways of individuals with pre-existing (eg. childhood) asthma. Respiratory irritants 

may provoke attacks in those with occupational asthma or pre-existing asthma of non-

occupational origin (Lunt J. and White J. 2005). 
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ABSTRACT 
 
Occupational diseases are hard to track for many reasons and usually were underreported. It is 

because they do not have unique pathologies and their long latency period. The automotive 

refinishing industry is a common setting of occupational exposure to isocyanates. 

 
The goal of this study was to examine the prevalence of chronic respiratory symptoms in 

automobile spray painting workers due to long term exposure to aerosols in the working 

environment and to compare these results with changes in spirometric parameters. And also the 

study aims to assess the knowledge, attitude, and practice (KAP) of the workers to automobile 

spray painting related respiratory diseases. 

 
A modified questionnaire on respiratory symptoms from the British Medical Research 

Council was used to take the data about respiratory symptoms. Spirometric parameters 

were determined using a Mijnhardt spirometre, Vicatest-P1.  Aerosol measurements was 

done using MIE DataRAM 4 (for data-logging Real-time Aerosol Monitor 4), model DR-

4000 which is a technologically advanced instrument (embodies U.S. patent No. 6,055,052) 

designed to measure the concentration of airborne particulate matter (liquid or solid), as 

well as mean particle size, air temperature and humidity, providing direct and continuous 

readout as well as electronic recording of the information. 

 
The study included 41 automobile painting workers from eight auto body workshops in 

Addis Ababa, Ethiopia. All subjects were men, but they differed in age and years of 

service. The group used for comparison consisted of 30 male office workers in Addis 

Ababa who had never been exposed to this kind of air pollution before. All the subjects 

were non-smokers.  

 
Automobile painters mostly complained of cough and wheezing associated with the 

workplace (29.3%, 53.7%) and also phlegm and breathlessness (24.4%, 21.9%) 

respectively. This indicated that the prevalence of chronic respiratory symptoms reported 

by the examined automobile spray painters was quite high. Results of lung function 

measurements were recorded on a decade age group. Comparing the lung function 

measurement results for FVC and FEV1 across all age categories of the study subjects, 
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controls have greater lung function measurement results which also indicated statistically 

significant difference ( p-value <0.05).  

 
The maximum mean mass concentration of aerosol in the auto body workshops was 110.10 

mg/m3 with the respective particle size of 2.88μm. The lower mean mass concentration of 

aerosol in the auto body workshops was 5.47mg/m3 with the respective particle size of 

2.36μm. The mean particle size of aerosol samples taken from the eight auto body work 

shops were below 4μm with the lowest and the highest values of 2.02μm and 3.56μm 

respectively. These are the particles most likely to cause adverse health effects. 

 
About 70.7% of the painters suggest using only personal protective devices as a protective 

measure from exposure of dangerous chemicals during painting; 17.1% of the painters 

propose using PPD and drinking milk as a protective measure where as 12.2% said 

provision of PPE and using painting booth as a protective measure. 

 
The results of the study confirmed that there was a direct relationship between exposure to 

aerosol concentration in the auto body workshops and decline in lung function 

measurements of FVC and FEV1. 

 
KEY WORDS: Respiratory disease symptoms, Automobile spray painters, aerosol,     

                Knowledge Attitude Practice, FVC, FEV1.  

 

 



1. INTRODUCTION 

1.1 GENERAL 

The evidence on airborne particulate matter (PM) and its public health impact is 

consistent in showing adverse health effects at exposures that are currently experienced 

by urban populations in both developed and developing countries. The range of health 

effects is broad, but is predominantly to the respiratory and cardiovascular systems. All 

population is affected, but susceptibility to the pollution may vary with health or age. The 

risk for various outcomes has been shown to increase with exposure and there is little 

evidence to suggest a threshold below which no adverse health effects would be 

anticipated. In fact, the low end of the range of concentrations at which adverse health 

effects has been demonstrated is not greatly above the background concentration, which 

for particles smaller than 2.5 μm (PM2.5) has been estimated to be 3–5 μg/m3 in both the 

United States and Western Europe (WHO, 2005). 

 
In 1993, the results of the landmark Harvard Six Cities cohort study were published 

reporting an association between long-term exposures to particulate air pollution and 

premature deaths. Researchers have extended the mortality follow-up in this study by 

eight additional years, during a period of reduced air pollution concentrations. Using 

estimates of pollution levels derived from ambient monitors, they found that reductions in 

death rates followed reductions in PM2.5 levels, including to concentrations below the 

current annual average standard of 15μg/m3. Total mortality and deaths from lung cancer 

and cardiovascular causes were all positively associated with PM2.5 concentrations. 

Reduction in risk was observed for deaths due to cardiovascular and respiratory disease, 

and not from lung cancer, a disease with a longer latency period and less reversibility 

(Laden et al. 2006). 

 
Exposure to airborne chemicals is very common in several different industrial branches. 

Dust, particles, different gases and moisture are almost always present. It has been 

showed that depending on size, particles can reach different parts of the human airways. 

Small particles are able to penetrate all the way down to the alveolar region, where 
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residence time is longer due to lower gas velocity in these parts of the airways (Dahlin, 

2007). 

 
Although Ethiopia is one of the least developed or underdeveloped countries in the world, 

there are economical activities both in the rural and urban areas which are polluting the 

natural and working environment. To mention some: 

 -Pesticide application in agricultural fields 

 -Urban air pollution from car emissions and construction activities 

 -Working environment pollution due to different industrial activities      

  
The international labor organization (ILO) was founded to ensure everyone the right to earn a 

living in freedom, dignity, and security. In short: the right to decent work. The belief that injury 

and disease “go with the job” is not acceptable. The challenge is to extend the benefits of this 

experience to the developing working world (Mulongni, 2006). 

 
The labor proclamation no. 377/2003 of the Federal Democratic Republic of Ethiopia by its 

article 98 defines occupational diseases as any pathological condition whether caused by 

physical, chemical or biological agents which arise as consequence of: 

 

a) The type of work performed by the worker; or 

b)  The surroundings in which the worker is obliged to work during a certain 

      period prior to the date in which the diseases become evident. 

  
1.2 WORKING ENVIRONMENT 
 
Industry is a major source of pollution when the proper control of emissions is not taken. 

Consequently, industrial operations can affect the health of workforce, the environment 

and the health of nearby and some times very far located population. Iron and steel 

industry is regarded as one of the basic industries for the development of any country. On 

the other hand, iron and steel industries are one of the major sources of air pollution, 

which is included in the list of industries with significant health impacts (Chaudhary & 

Atimtay, 2006). 
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According to the ILO, it is estimated that more than 160 million workers fall ill annually 

through exposures to hazards in the workplace. The stark reality is that the human and 

social cost of production is unacceptably high. These include both the direct and indirect 

costs such as medical expenses, lost working days, reductions in production, 

compensation, low staff morale, poor publicity and so on (HSE, 1992). 

 
Because comprehensive and harmonized data collection systems are poorly developed, 

information concerning occupational diseases in developing countries is difficult to 

obtain. However, the magnitude of the problem is grave. In the 2002 World Health 

Report, WHO concluded that workplace hazards are responsible globally for 16% of 

hearing loss, 13% of COPD, 11% of asthma, 10% of lung cancer (ILO-OSH, 2001). 

 
Ethiopia is one of the countries which miss comprehensive and harmonized data 

concerning occupational diseases (ILO, 2006). Below is Ethiopia’s profile by the 

International Labor Organization (ILO). 

 
According to ILO country profiles (ILO, 2006), deaths caused by dangerous substances 

in Ethiopia were 5,575 in 2001. By the same profile it was mentioned that even though 

Ethiopia ratified ILO-OSH conventions and protocols C155:1991, there was no listing of 

occupational diseases.  

 
Work-related diseases are hard to track for many reasons. Generally, they do not have 

unique pathologies, so that a lung cancer caused by cigarette smoking may not look 

different from one caused by a workplace carcinogen. Also, work-related diseases can be 

confounded by other factors, such as a worker who drinks alcohol excessively and is also 

exposed to a solvent that can cause kidney or liver disease. Another factor that 

contributes to underreporting of occupational diseases is the long latency period of many 

such diseases. That is, an exposure to a workplace toxin today may not result in disease 

symptoms until many years later. Consequently, the connection between exposure and 

disease is not made either by the worker or the medical provider (Brown, 2001).  
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1.3 AUTO BODY WORKSHOPS 
 
During spray painting in automobile body repair shops, workers are exposed to all of the 

paint components which are atomized. These are aggravated due to poorly ventilated 

working environments and on workers who do not use the right personal protective 

devices. Acute intoxication can occur mainly as a result of inhalation of solvents, 

especially in confined spaces with inadequate ventilation. Irritation of the eyes (with 

possible permanent damage to vision) and the respiratory tract occur by various paint 

components, in particular toluene and methylene diisocyanates (EOHS, 1998).  

 
Auto body shop operations can produce emissions of toxic air pollutants, including 

metals and diisocyanates. Paints can release some toxic air pollutants and volatile organic 

compounds (VOC). Chemicals in these substances can react in the air to form ground-

level ozone (smog), which has been linked to a number of respiratory effects. Lead, 

chromium, and cadmium are metals that form particle pollution during sanding and 

welding. Breathing particle pollution can cause respiratory problems and other harmful 

health effects.  Diisocyanates are toxic air pollutants emitted during painting operations. 

These compounds are a leading cause of occupational asthma (EPA, US, 2005). 

 
In 2001/02 an estimated 2.3 million people were suffering from an illness which they 

believed was caused or made worse by their current or past work. The occupations with 

the highest incidence rates of occupational asthma as reported by chest physicians in 

2001-2003 were vehicle spray painters (165 cases per 100 000), bakers, flour 

confectioners (105 cases per 100 000) and moulders, core makers, die casters (51 cases 

per 100 000) (www.hse.gov.uk/statistics). 

 
Auto body repair shops were studied because they are typically small, medium or micro 

enterprises, and medical surveillance and occupational hygiene programmes are usually 

inadequate in these enterprises. Additionally, studies have shown isocyanate exposed 

workers in small factories to have a significantly higher prevalence of respiratory 

symptoms than controls. This occupational category has one of the highest occupational 

asthma incidence rates in the UK, according to surveillance data. An estimated average of 
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1464 new cases per million employed spray painters occurs each year in the UK (Spies et 

al. 2005).  

Composed largely of small, family-owned businesses, shops in the industry have few 

resources to invest in comprehensive safety programs and engineering controls. The 

automotive refinishing industry is a common setting of occupational exposure to 

isocyanates. Auto body shops present particular challenges to design of workplace 

interventions to prevent isocyanate exposure. Many opportunities for airborne and skin 

exposure were found during common tasks including spray application of primer, sealer, 

and clear-coat, preparation and mixing of coats, wet and dry sanding, and spray-gun 

cleaning (Huertas et al. 2008). 

 
2.  LITERATURE REVIEW  

2.1 AIR POLLUTION 

 
Air pollution has long been a contributor to ill health. With the discovery of fire, humans 

began to pollute both the air in the places they lived and the air outside. As urban areas 

developed, pollution sources, such as chimneys and industrial processes, become 

concentrated in those areas, leading to visible and damaging pollution dominated by 

smoke. The harmful effects of air pollution were recognized early, In “on air, water, and 

places,” written nearly 2500 years ago, Hippocrates noted that people’s health could be 

affected by the air they breath and that the quality of the air differed by area (Frumkin, 

2005).  

 
Airborne PM, which includes dust, dirt, soot, smoke, and liquid droplets emitted into the 

air, is small enough to be suspended in the atmosphere. They can be characterized by 

their physical attributes, which influence their transport and deposition, and their 

chemical composition, which influences their effect on health (Manahan, 2000).  

 
The physical attributes of airborne particulates include mass concentration and size 

distribution. Ambient levels of mass concentration are measured in micrograms per cubic 

meter (μg/m3); size attributes are usually measured in aerodynamic diameter (Stern et al. 

1984). 
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Airborne PM represents a complex mixture of organic and inorganic substances. 

Particulate air pollution is a mixture of solid, liquid or solid and liquid particles 

suspended in the air. These suspended particles vary in size, composition and origin. It is 

convenient to classify particles by their aerodynamic properties because: (a) these 

properties govern the transport and removal of particles from the air; (b) they also govern 

their deposition within the respiratory system and (c) they are associated with the 

chemical composition and sources of particles. Particles are sampled and described on the 

basis of their aerodynamic diameter, usually called simply the particle size (WHO, 2003).  

 
PM 10 refers to particles with an aerodynamic diameter of 10 microns or less, PM 2.5, or 

fine PM, has an aerodynamic diameter of up to 2.5 microns and ultra fine particles have a 

diameter of up to 0.1 microns (Frumkin, 2005). 

  
PM makes up the most visible and obvious form of air pollution. Atmospheric aerosols 

are solid or liquid particles smaller than 100 μm in diameter. Pollutant particles in the 

0.001 to 10 μm range are commonly suspended in the air near sources of pollution such 

as the urban atmosphere, industrial plants, highways, and power plants. A number of 

terms are commonly used to describe atmospheric particles; the more important of these 

are summarized in the following table (Table 1) (Manahan, 2000). 

 

Table 1: Important terms describing atmospheric particles (Manahan, 2000). 

 
Term Meaning 
Aerosol Colloidal-sized atmospheric particle 
Condensation aerosol Formed by condensation of vapors or reactions of gases 
Dispersion aerosol Formed by grinding of solids, atomization of liquids, or 

dispersion of dusts 
Fog Term denoting high level of water droplets 
Haze Denotes decreased visibility due to the presence of particles 
Mists Liquid particles 
Smoke Particles formed by incomplete combustion of fuel 
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2.2 TOXICOLOGY AND RISK ASSESSMENT 
 
A conceptual starting point for toxicology is that all substances have the potential to be 

toxic. Paracelsus, the father of toxicology, was the first to articulate this concept. 

Toxicology is the study of the adverse effects of chemicals on biological systems. These 

adverse effects can range from mild skin irritation to liver damage, congenital anomalies, 

or even death. The chemicals that are studied come from natural as well as industrial 

sources. The breadth of topics in toxicology requires the field to take an interdisciplinary 

approach, borrowing techniques and methods from numerous scientific fields as 

physiology, chemistry, pathology, biochemistry, medicine, pharmacology (Frumkin, 

2005). 

 
Toxicology is concerned with the health risks of human exposure to chemicals. 

Toxicological evaluation of new and existing chemicals and the various toxic effects 

which chemicals may exert and the different applications for which chemicals are 

designed to require in-depth understanding of the cause and effect relation, i.e. 

knowledge of the chemical and the specific organs upon which it impacts. As a result, 

toxicologists tend to focus on specific organs, specific applications (such as pesticides or 

drugs), specific compounds like metals or solvents or specific effects of compounds such 

as carcinogenicity and mutagenicity. Toxicological evaluation of chemicals requires 

knowledge on health consequences of acute, sub chronic, and chronic exposure via routes 

relevant to the common use of chemicals. Therefore, all elements of risk assessment: 

hazard identification, dose-response, exposure, and risk have to be evaluated (Greim & 

Snyder, 2008). 

 
In recent years attention in toxicology has shifted away from readily recognized, usually 

severe,  acute maladies that developed on a short time scale as a result of brief, intense 

exposure to toxicants, toward delayed, chronic, often less severe illnesses caused by long-

term exposure to low levels of toxicants. Although the total impact of the latter kinds of 

health effects may be substantial, their assessment is very difficult because of factors 

such as uncertainties in exposure, low occurrence above background levels of disease, 

and long latency periods (Manahan, 2000). 

 7



 
Massive exposure to respirable particles over a period of years at more than 5 mg/m3 is 

known to cause both chronic obstructive pulmonary diseases including bronchitis, 

emphysema, fibrosis, pneumoconiosis, and lung cancers (Greim & Snyder, 2008). 

 
Risk assessment is a process for describing the adverse effects of chemicals in a 

qualitative sense, and evaluating them quantitatively by determining how much of a 

chemical is required to produce a given response, so that the intrinsic properties of an 

agent (hazard identification) can be described, and the amount of chemical required to 

produce these properties (risk characterization) can be estimated (Greim & Snyder, 

2008). 

 
The toxicity of airborne PM is dependant on two factors; size and chemical composition. 

Generally the smaller the particle size the greater the toxicity, leading to the classification 

of PM10 and PM2.5. PM10 passes the initial clearance mechanisms in the nose and throat 

and enters the lungs, so is termed the ‘inhalable’ fraction. PM2.5 reaches the sensitive 

gaseous exchange regions of the alveoli, so is termed the ‘respirable’ fraction. The exact 

mechanism by which airborne PM exerts its toxic effect remains unclear. However, 

increasing the concentration of metals has been found to increase lung injury and acidity 

may play a role in increasing the bioavailability of these toxic components (Whittaker et 

al. 2006).  

 

2.3 OCCUPATIONAL HYGIENE 

 
The workplace can be thought of as a localized subset of the larger environment, a place 

where people confront environmental exposures each day as they earn their living. But 

occupational health is more than small-scale environmental health; it is a complex and 

fascinating topic that deserves special consideration (Frumkin, 2005).      

 
The main reasons are the following. First, work remains the central activity in which the 

world spends most of its time outside of the home. In the work environment, people have 

enormous potential for exposures over many years. Second, many hazardous exposures 
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are experienced at their highest level in the workplace. In fact, this is reflected in 

longstanding policy; regulations typically allow higher exposures in the workplace than 

in the general environment. Third, the workplace presents an extraordinarily broad range 

of exposures, from acute chemical poisoning to long-term chemical poisoning to 

psychological stress. These long-term, high-level, and diverse exposures account for a 

fourth special feature of the workplace; it has been a “laboratory” for many exposures, 

with workers the inadvertent guinea pigs. Many environmental hazards were first 

recognized in the workplace, through observations of highly exposed workers. Fifth, 

occupational health is not only a subset of public health; it is also a subset of labor 

relations, a sociopolitical context that embodies unique issues of power, history, justice, 

and law. Finally the workplace as a social construct offers many opportunities for health 

interventions, from health education to medical screening to drug screening. 

Occupational health is a unique and important part of environmental health (Frumkin, 

2005).     

 
Occupational hygiene is a science and art devoted to the anticipation, recognition, 

evaluation, and control of those environmental agents or factors arising in or from the 

workplace, which may negatively affect workers or members of the community. Often 

occupational diseases are irreversible and incurable. 
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To ensure occupational hygiene issues are addressed in a consistent manner, concerns 

will be handled according to the process outlined in the following figure:  

 

 

 

Figure 1: Progression of Occupational hygiene Issues Flowchart (EHS, 2007). 
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2.4 EXPOSURE ASSESSMENT AND STANDARDS 

 
The exposure assessment is an obvious key phase in the risk assessment process since 

without an exposure toxic chemicals are not hazardous. All potential exposure pathways 

are carefully considered with an analysis of contaminant releases, their transport and fate, 

and the population exposed. 

 
There are three primary steps to be considered during exposure assessment. These are 

characterization of the exposure setting, identification of exposure pathways and 

quantification of exposure. Pathways and media of concern for humans include inhalation 

of contaminated air, dermal exposure and ingestion. Exposure to environmental agents is 

a factor of magnitude of exposure, route of exposure and time component of exposure 

(duration and frequency). These all have an influence on the probability of a health effect 

occurring. 

 
To assure compliance with the TLVs or PELs, knowledge of individual worker exposures 

are needed. Assessment of the exposure to chemical agents primarily involves three 

approaches: (1) examination of exposure records, (2) environmental monitoring, and (3) 

biological monitoring. Records that can be used as a source of exposure data are 

industrial records; information from supplies (such as MSDSs), data pertinent to 

environmental discharges, and data provided by the company, its insurance carrier, and 

government agencies. Data from such sources are rather qualitative in nature but can be 

valuable in directing more definitive efforts for environmental monitoring or biological 

monitoring (Cokerham & Shana, 1994).  

 
Airborne exposure to chemicals is very common in several different industrial branches. 

Authorities in most countries have established limit values for the exposure to different 

chemicals that results from measurements are compared with. For a practicing industrial 

hygienist and for authorities a total level of some compound with a certain limit value is 

often sufficient information. If the value obtained is below the limit, the situation is 

regarded as acceptable and no measures are needed to improve the situation. On the other 

hand, if the value obtained is too high, something has to be done to lower the exposure 
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levels for the workers. However, if the exposure situation is studied in more detail, a 

different view would be obtained. To obtain a more detailed view of an aerosol it is 

necessary to use methods which not only just to obtain a total concentration, but also with 

the ability to separate particle size fractions, to study deposition in the airways. A total 

value of some air contaminant that is below a certain limit value is regarded as a safe 

level, but if the contaminant is associated to particles that penetrate deep into the lung, 

there is a great chance that a serious damage can occur anyway. This is a motive for the 

development of samplers that in greater detail can characterize an aerosol. This type of 

samplers can also be effective tools for medical studies, when a connection between 

exposure and disease is the primary goal (Dahlin, 2007). 

 
The primary sources of environmental evaluation criteria for the workplace are:  NIOSH 

Recommended Exposure Limits (RELs), the American Conference of Governmental 

Industrial Hygienists' (ACGIH) Threshold Limit Values (TLVs), and the U.S. 

Department of Labor, OSHA Permissible Exposure Limits (PELs). NIOSH encourages 

employers to follow the 1989 OSHA limits, the NIOSH RELs, the ACGIH TLVs, or 

whichever is the more protective criterion. The OSHA PELs reflect the feasibility of 

controlling exposures in various industries where the agents are used, whereas NIOSH 

RELs are based primarily on concerns relating to the prevention of occupational disease 

(McCammon, 1996).  

 
An exposure standard represents an airborne concentration of a particular substance in the 

worker's breathing zone, exposure to which, according to current knowledge, should not 

cause adverse health effects nor cause undue discomfort to nearly all workers. The 

exposure standard can be of three forms; time- weighted average (TWA), peak, or short-

term exposure limit (STEL). Time-weighted average (TWA) is the average airborne 

concentration of a particular substance when calculated over a normal eight-hour working 

day, for a five-day working week. A maximum or peak airborne concentration of a 

particular substance is determined over the shortest analytically practicable period of 

time, which does not exceed 15 minutes. Short term exposure limit (STEL) is a 15 minute 

TWA exposure which should not be exceeded at any time during a working day even if 

the eight-hour TWA average is within the TWA exposure standard. Exposures at the 
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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 between successive exposures at the 

STEL (Dietrich & Jennings, 2009). 

 
Table 2 describes WHO updated air quality guidelines for the exposure of PM2.5 and 

PM10 for  a year and a twenty-four hour period.   

 
Table 2: Updated WHO air quality guideline values (Krzyzanowski & Cohen, 2008). 

 
Pollutant Averaging time AQG value (μg/m3) 

Particulate matter   

1 year 10 PM2.5 

24 hour (99th percentile) 25 

1 year 20 PM10 

24 hour (99th percentile) 50 

 

 

2.5 AUTOMOBILE SPRAY PAINTING AND CHEMICALS TO  

      WHICH PAINTERS ARE EXPOSED 

 
During painting, multiple thin layers of the different paints are applied. When base metal 

is exposed, these areas are first covered with a primer. Once the vehicle is ready for final 

painting, several base coats are applied, the paint is allowed to sit a short while (10-20 

minutes), then the color paint is applied, again in several thin coats. Lastly, the clear top 

coat is sprayed on until a uniform gloss is achieved. The vehicle is then allowed to sit 

overnight or in a heated booth for 1-2 hours to allow the paint to dry (McCammon, 1996). 

 
High volume, low pressure (HVLP) spray guns are used to reduce the amount of paint 

over-spray. However, most of the painters still use the conventional spray gun to some 

degree (Fig.2), especially when applying the clear coats of paint. Below is a simulation of 

a typical conventional paint spray gun using smoke to make the air-jet visible.  
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Figure 2: The ‘throw’ of a typical compliant paint spray gun using smoke to make the 

air-jet visible (Four seconds after spraying started) (www.hse.gov.uk/mvr). 

*Spray guns produce a fast-moving air jet. 
 
Most painting was done in the spray booth (Fig.3), sometimes, due to the number of cars 

being painted and the limitations on drying times, many of the various primer, base, and 

color coats were applied outside the spray booth.  

 

 

 

Figure 3: Combined spray and drying booth (Ethionippone, Addis Ababa, 2009) 
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The paints are composed of a base coat, a reducer (thinner), and a hardener. The 

percentage and make-up of each component varies depending on the type of paint, i.e., a 

base coat, a color coat, or a top (clear) coat. The paints contain hexamethylene-1,6-

diisocyanate (HDI) polymer and very small amounts of the monomer (<0.006%). All of 

the various components contain solvents, especially the reducers which are all solvents 

(McCammon, 1996).  

 
The unique feature common to all diisocyanates is that they consist of two -N=C=O 

(isocyanate) functional groups attached to an aromatic or aliphatic parent compound 

(Appendix 1). Because of the highly unsaturated nature of the isocyanate functional 

group, the diisocyanates readily react with compounds containing active hydrogen atoms 

(nucleophiles). Thus, the diisocyanates readily react with water (humidity), alcohols, 

amines, etc.; the diisocyanates also react with themselves to form either dimers or 

trimers. Many material safety data sheets (MSDS) use isocyanate-related terms inter-

changeably (Christopher & Roegner, 2000). 

 
Diisocyanates are usually referred to by their specific acronym; e.g., TDI for 2,4- and 

2,6-toluene diisocyanate, HDI for 1,6-hexamethylene diisocyanate, MDI for 4,4'-

diphenylmethane diisocyanate, NDI for 1,5-naphthalene diisocyanate, etc. Commercial-

grade TDI is an 80:20 mixture of the 2,4- and 2,6- isomers of TDI, respectively 

(McCammon, 1996).  

 
Chemical structure of selected diisocyanates (OSHTECH inc. 2006). 

  

OCN- ( CH2)6 – NCO            (HDI) 

 

 

(TDI) 
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(MDI) 

 

Diisocyanates on the World Market (OSHTECH inc. 2006). 

 
MDI: Rigid Foams, Fibers 

TDI: Flexible Foams, Paints, Coating 

HDI: Paints, Coating 

IPDI: Elastomers 

NDI: Elastomers 

 
Painters in auto body shops are exposed to many hazardous chemicals, particularly 

diisocyanates (Tables 3 and 4), used in hardeners of two part paint systems and present in 

high concentrations in the final “clear” coat (Ceballos, 2008). 

 
The thinners (reducers) are mixed with anti-rust, primer and other types of paints for ease 

of application. And it is the source of volatile organic compounds such as xylene and 

toluene.      

 
Toluene is used as a solvent for paints. The toxicological mode of action for toluene is 

narcosis. At low concentrations it produces skin irritations and at higher levels it affects 

blood cells, the liver, kidney and the central nervous system (through which it causes 

headaches, nausea, and impaired coordination). Benzene has been used as a thinner and 

diluent of paints, inks and lacquers. It has been in commercial use for over a century and 

its toxic effects have been suspected for almost as long. The toxicological mode of action 

of benzene is narcosis, affecting the central nervous system. At high concentrations, 

inhalation of air containing approximately 64gm/m3 of benzene can be fatal within a few 

minutes, and one tenth of that level can cause acute poisoning within an hour. Exposure 
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causes skin irritation, fluid accumulation in the lungs (edema); excitation, depression, and 

may eventually lead to respiratory failure and death. At low concentrations, benzene can 

cause blood abnormalities, lower white-cell count and bone-marrow damage. Xylene is 

used as cleaner, solvent, and lacquer. As in the case of toluene and benzene, the xylene 

acts as  narcotics on the central nervous system, causing headaches, impaired 

coordination, edema, and nausea at higher concentrations; and skin irritations, anemia, 

blood cell damage, and a decrease in blood platelets at lower, chronic exposure levels  

(HoYu, 2005). 

Automobile painters were exposed to a mixture of solvents and these were detected in the 

working environment (Table 5 and 6). The average contents of xylene and tolune in these 

air samples were 46% and 29% respectively (Chen et al. 1991). 

 

Table 3: Isocyanate concentration in painter’s breathing zone (Timo et al. 2007) 

(Finnish TLV15min = 0.035mg NCO/m3) 

 

 

Work phase Number of 

samples 

Isocyanate concentration 

level ( mg NCO/ m3) 

primer spraying 3 0.003 – 0.42 

sealer spraying in the booth 3 0.18 – 6.0 

varnish spraying in the booth 2 0.044 – 0.070 

sealer/varnish mixing 4 < 0.001 

spray gun washing 5 < 0.001 
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Table 4: OSHA sampling results (Brooks, 2006) 

(Spray operator was found to be exposed to MDI in excess of the OSHA ceiling limit) 

 

Sampling Activity Results Duration Overexposure factor 

Day 1 Area sample Nondetected 27min 0 

Day 2 Spraying truck bed liner 0.34mg/m3 34min 1.69 

Day 3 Spraying truck bed liner 0.35mg/m3 31min 1.76 

 

Table 5: Detected solvents in the air samples of solvent exposed workers (Chen et al. 

1991).All figures are expressed as TLV-TWA (No of samples =67, sampling period= 

four hours) 

 

Solvents Range 

(ppm) 

Mean (SD) 

(ppm) 

TLV-TWA 

(ppm) 

No of samples that 

exceeded the TLV-TWA 

Xylene 0-365 30 (75) 100 7 

Toluene 0-540 19 (72) 100 1 

Acetone 0-124 8 (24) 750 0 

Benzene 0-20 2 (4) 10 3 

Methyl isobutyl ketone  0-68 2 (10) 50 1 

Methyl ethyl ketone 0-70 2 (9) 200 0 

Ethyl acetate 0-29 1 (4) 400 0 

Butyl acetate 0-41 2 (7) 150 0 

 

TLV- Threshold limit value recommended by the American Conference of Governmental 

Industrial Hygienist (ACGIH).  
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Table 6: Detected solvents in air samples of automobile spray painters working in 

painting booths (Chen et al. 1991). Figures are expressed as 15 minute time weighted 

average (No of samples = nine, sampling period = 15 minutes) 

 

Solvents Range 

(ppm) 

Mean (SD) 

(ppm) 

TLV-STEL* 

(ppm) 

No of samples (%) that 

exceeded the TLV-STEL 

Toluene 12-948 388 (391) 150 5 (55) 

Xylene 25-511 231 (192) 150 4 (44) 

Ethyl acetate 0-483 115 (165) 400** 1 (11) 

Methyl isobutyl ketone 8-369 76 (115) 75 2 (22) 

Benzene 7-138 53 (40) 25 8 (88) 

Butyl acetate 0-258 50 (81) 200 1 (11) 

 

*TLV-STEL recommended by the American conference of Governmental Industrial 

Hygienists. 

**No recommended value of TLV- STEL, 400ppm is the value of TLV-TWA. 

 

2.6 POTENTIAL ROUTES OF EXPOSURE  

 
The routes of exposure to isocyanates are mainly through inhalation and skin exposure.  

Inhaling even small amounts of isocyanates may sensitize a person and they can develop 

asthma like reactions and symptoms. Sensitization may happen within days of exposure 

or take months or years to develop. It is well known that once sensitized, a person is 

likely to experience symptoms upon repeated exposure, even in very small 

concentrations. Direct skin contact with isocyanate-containing products may cause 

rashes, blistering and reddening of the skin. Repeated skin contact may cause contact 

dermatitis and skin  sensitization. Some recent research has suggested that isocyanate 

exposure through the skin is very significant in the development of respiratory 

sensitization. Therefore, skin contact should be avoided. Exposure of isocyanates to the 

eye can result in eye irritation, temporary blurred vision and cornea damage (Dillon, 

2000). 
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2.7 HEALTH EFFECTS DUE TO OCCUPATIONAL EXPOSURE IN  

      AUTO BODY SHOPS DURING SPRAY PAINTING 

 
There is evidence of work-related asthma (WRA) among spray painters using isocyanate-

based aerosol paint. According to the European Community Respiratory Health Survey 

(ECRHS) classification, spray painting is considered an occupation with a high risk of 

respiratory impairment and asthma (Kogevinas et al. 1996). 

 
All isocyanates are hazardous substances and require care in handling. The greatest risks 

are from inhaling vapours, fine droplets (aerosols) and dusts containing isocyanates, as 

they irritate the linings of the nose, throat, lungs and eyes (Work safe Western Australia 

Commission, 2000). 

 
The properties of chemicals, the amount and duration of exposure, as well as unique 

individual factors may increase the chances of developing isocyanate-induced asthma. 

(Dillon, 2000). 

 
Acute exposure to an isocyanate usually occurs with a single exposure to a high 

concentration dose of the chemical. The exposure is usually of short duration. The 

exposure could result, for example, from an unexpected or accidental spill of the liquid 

chemical, or from the release of high concentrations of the chemical in vapour form. 

Exposure to high concentrations of isocyanate vapour or mist causes irritation to the eyes, 

nose and throat. Symptoms include itchy, watery eyes, a sensation of burning in the eyes, 

a runny nose, sneezing,  hoarseness,  coughing,  chest tightness,  fever,  fatigue. 

Symptoms may not appear for 6 to 10 hours following exposure and usually clear up 

within 12 to 24 hours. Often, because symptoms are delayed, workers don’t connect these 

symptoms with workplace exposure to the chemical. Chronic exposure to isocyanates at 

low concentrations over a long period of time will affect the lungs and skins as in acute 

exposures, but the symptoms and signs may be different (Work safe Alberta, 2006). 
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Here are lists and their description of health effects due to exposure to isocyanates: 

 
Irritation 
 
TDI and other isocyanates are powerful irritants to the respiratory tracts, mucous 

membranes of the eyes and gastrointestinal (Swensson et al. 1955; Upjohn Company 

1970). Direct skin contact with TDI can also cause marked inflammation (Fisher 1967). 

Respiratory irritation may progress to a chemical bronchitis with severe bronchospasm 

(Williamson 1965). 

 
Sensitization and Asthma 
 
Isocyanates can also sensitize workers, making them subject to severe asthma attacks if 

they are exposed again even at concentrations below the NIOSH REL (NIOSH 1973, 

1978). Death from severe asthma in sensitized subjects has been reported (Fabbri et al. 

1988). 

 
Hypersensitivity Pneumonitis 
 
Sporadic cases of hypersensitivity pneumonitis (HP) have also been reported in workers 

exposed to isocyanates (Charles et al. 1976; Fink and Schlueter 1978; Selden et al. 1989). 

Individuals with acute HP typically develop symptoms 4 to 6 hours after exposure. 

Symptoms are often flu-like, with fever, muscle aches, and headaches. Symptoms may 

also include a dry cough, chest tightness, and difficult breathing. Individuals with chronic 

HP often experience progressively more difficult breathing, fatigue, and weight loss 

(Parker et al. 1992). 

 
Cancer 

Data from recent studies of animals show that cancer is associated with exposure to 

commercial-grade TDI (an 80:20 mixture of 2, 4- and 2, 6-TDI). The responses of both 

rats and mice treated with TDI meet the OSHA criteria for classifying a substance as a 

potential occupational carcinogen [29 CFR 1990.112]. NIOSH therefore recommends that 

occupational exposure to TDI and its isomers be minimized (NIOSH 1989). 
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The carcinogenic effects of TDI (Loeser 1983; NTP 1986) were also investigated by the 

International Agency for Research on Cancer (IARC) and the World Health Organization 

(WHO) (IARC 1986; WHO 1987). IARC concluded that data were sufficient to show 

that TDI causes cancer in animals. WHO concluded that TDI should be treated as a 

potential human carcinogen. 
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3. OBJECTIVES OF THE STUDY 
 
3.1  General Objective 

 
 To identify the prevalence of respiratory diseases among automobile body 

painters. 

 
3.2.  Specific Objectives 

 
 To identify the factors which contribute to the prevalence of respiratory diseases 

among automobile spray painters. 

 To assess the knowledge, attitude, and practice (KAP) of the workers to occupational 

diseases in automobile spray painting. 

 To identify major respiratory diseases to be of occupational origin in automobile 

spray painting and enrich the listing by the Ministry of Labor and Social Affairs of 

the Federal Democratic Republic of Ethiopia. 
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4. MATERIALS AND METHODS 

4.1. STUDY AREA 

The study area was Addis Ababa which is the capital of Ethiopia, seat for diplomatic 

communities, the head quarter of African Union (AU) and United Nations Economic 

Commission for Africa (UN-ECA). 

 
It has an estimated 2.7 million residents (CSA, 2007). Vehicles which are of different 

types and usage are estimated to be more than 115 thousand and over 12,000 vehicles 

enter Ethiopia legally in ten months (Ethiopian Road transport Authority, 2000). 

 
It is very difficult to get sufficient information on the number of auto body workshops 

through out the city. They are of various sizes, from small family owned to large 

companies. They are engaged in activities such as mechanical, electrical and body 

maintenance.  

For this research, eight auto body workshops were selected for their conveniences which 

are of medium and large scale. They are located in Bole and Lideta sub cities, where a 

number of auto body workshops known for their long time services are found (Fig. 5 and 

Fig.6). 

 
The sampling strategy was judgmental (Fig. 4) which has a high risk of bias and at the 

same time can answer research questions efficiently. Judgmental sampling strategy is one 

of the sampling strategies as of random and stratified. The researcher with his prior 

knowledge about the auto body workshops and their working conditions can judge to 

collect the data from specific places to answer some of his/her questions efficiently.  
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Figure 4:  Judgmental sampling strategy with dots showing pollution sources. 

 

 

              

 

Figure 5:  Anbesa city bus workshop (one of the workshops, 2009). 
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4.2 STUDY SUBJECTS 

 
The study subjects were all men who earn their living by working in automobile spray 

painting activities. 

The most common tasks that are taken by automobile painting shop include: 

 

1. Vehicle cleaning and washing 

2. Structural body repair 

3. Cutting, welding and dismantling of the vehicle 

4. Sanding and grinding 

5. Putty application 

6. Paint mixing and post repair clean up 

7. Spray painting (priming, coating, clearcoating) 

8. Spray gun cleaning  

 

 

 

Figure 6: painting activity in one of the selected Auto body workshops (MOENCO, 

2009). 
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4.3 STUDY DESIGN 

It was a cross-sectional study evaluating the prevalence of diseases among automobile 

spray painters. In a cross-sectional study the prevalence of a disease or clinical parameter 

is compared among one or more exposure groups. Its shortcoming is that it is a poor 

proof of cause and that they can be biased because of subject selection (Cokerham and 

Shana, 1994). 

 
A preliminary survey was done in Auto body workshops in order to find out the level of 

both the occupational hygiene and the ventilation techniques. The survey included visual 

observations, interviews of painters and observations of their work, the ventilation 

method and the chemicals used (paints and solvents). A lot of attention was paid to 

personal working manners, used chemicals and personal protective equipment. 

 
During preliminary walkthrough survey it was found that automobile spray painters had 

the most serious exposure when working in an open area, painting rooms and painting 

booths with out using personal protective equipment or using improper protective 

devices. On average, painters spend 60-90 minutes per day in painting work in addition to 

the preparation activity.   

 
After the preliminary survey, eight typical auto body workshops were selected for more 

detailed investigations. These are AMCE, Anbesa city bus, Ethionippone, Johnny general 

auto service, MOENCO, Nyala motors, ORBIS, Tilahun Wolde auto service 

 
The fluctuation of aerosol exposure for automobile painters could not be neglected. Forty 

nine static/area air samples were taken from the eight auto body workshops.  There were 

a total of 41 workers in the eight auto body workshops who engage themselves in 

preparation and painting work.  

A control group of 30 individuals with the same sex and comparable age group were 

included which have never been exposed to automobile painting chemicals. All of them 

were office workers in Bole Sub-city administration. Their work experience ranging from 

one to twenty four years. 
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4.4. METHODS  
 

4.4.1. STANDARDIZED QUESTIONNAIRES 

Data for respiratory symptoms, occupational history, tobacco smoking, status of 

provision and use of personal protective devices (PPD) were taken using a modified and 

translated, (to local language, Amharic), British Medical Research council (BMRC) 

questionnaire of 1960.  

 
Interview was carried out by the researcher and a labor inspector. Prior to the interview a 

brief explanation was given about the questionnaire and its purpose to the interviewees.  

 
Working conditions (site information) of each workshop was taken together with the 

interview. The response  was given by the respective supervisors. 

 

4.4.2. AEROSOL MEASUREMENTS 

 
Measurement of aerosols was done using MIE DataRAM 4 (for data-logging Real-time 

Aerosol Monitor 4), model DR-4000 which is a technologically advanced instrument 

(embodies U.S. patent No. 6,055,052) designed to measure the concentration of airborne 

particulate matter (liquid or solid), as well as mean particle size, air temperature and 

humidity, providing direct and continuous readout as well as electronic recording of the 

information (Fig. 7 and Appendix 8). 

 
It covers a wide measurement range; from 0.0001mg/m3 (0.1μg /m3) to 400mg/m3, a 4 

million-fold span, corresponding to very clean air up to extremely high particle levels. 

For ambient sampling/monitoring the sampling inlet should be away and above any 

obstructions which may affect sampling representativeness. Typically, the inlet should be 

about one meter (or more) above ground (breathing zone). 

 
Taking air sample during spraying was difficult due to the nature of the work. The 

spraying was done intermittently allowing a drying (curing) time between every 

successive spraying. As a result the duration of air sampling varies and was limited 

between one to ten minutes. Calibration (zero concentration obtained by self-purging) 
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was performed between every successive measurement for five minutes. Sampling pump 

flow rate was 2 liter/minute. 

 

 

 

 

Figure 7:  MIE DataRAM 4  model DR-4000 (Appendix 8) 

 

4.4.3. SPIROMETRY 

Spirometry is a method of assessing lung function by measuring the volume of air that 

one is able to expel from the lungs after a maximal inspiration. It is a reliable method of 

differentiating between obstructive airways disorders (e.g. COPD, asthma) and restrictive 

diseases (where the size of the lungs is reduced, e.g. fibrotic lung disease). Spirometry is 

the most effective way of determining the severity of COPD.  

 
Spirometry measurements were done using a Mijnhardt spirometre, Vicatest-P1. Forced 

Vital Capacity (FVC), Forced Expiratory Volume in one second (FEV1), FEV1/FVC 

ratio, Peak Expiratory Flow Rate (PEFR), Mid Flows (MF50%, MF25%) of FVC and 

Maximum Mid Flow (MMF) were recorded by measuring the volume of air exhaled after 

full inspiration.  
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Measuring of FVC and FEV1 was done by the following procedure: 

 
 Attach a clean, one-way mouthpiece to the spirometer (a fresh one for each 

individual). 

 Ask the subject to breathe in as deeply as possible (full inspiration). 

 Individuals should hold their breath just long enough to seal their lips.  

 Individuals should blow the breath out, forcibly, as hard and as fast as possible, 

with nose closed.  

 Three readings were taken of which the best performance was recorded for each 

subject. 

 Calibration with age and sex was performed between every successive 

measurement. 

 
The predicted results for FVC and FEV1 were calculated according to the regression 

equations of spirometric lung function tests in normal non-smoking Ethiopian men and 

women (Mekonnen and Mengesha, 1985).  

Factors that affect lung function parameters are age, sex, height, weight, race and disease. 
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The measured lung function measurements were interpreted using the BTS COPD 

consortium, 2005. 

 

 

 

 
Figure 8: Interpretation of spirometric results (BTS, COPD consortium, 2005). 
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4.5 STATISTICAL ANALYSIS 

 
Statistical Package for Social Sciences (SPSS) version 15.0 was used to analyze the 

collected data.  

 
Values of aerosol aerodynamic particle diameter and their mass concentration were 

compared for the eight Auto body workshops. 

 
Respiratory symptoms such as cough, phlegm, wheezing and breathlessness were 

compared among study groups with the magnitude of their indicators.  

 
The results from the lung function test measurements were FVC, FEV1, FEV1/FVC%, 

PEFR, MF50%, MF25% and MMF. Mean and standard deviation, were used to 

summarize continuous variables in different age categories of the study population.  

 
Comparisons of lung function measurements were checked for their level of significance 

using t-test and one way analysis of variance (ANOVA). 

 
Pearson’s correlation coefficient was used to quantify the degree of linear relationship 

between FVC and FEV1 and personal data measurements. 

 
Regression analysis was used to assess the effects of FVC and FEV1 with personal data 

measurements. All data were analyzed at 95% confidence interval. 

 
 

 

 

 

 

 

 

 

 



5. RESULTS 

 
5.1. WORKING CONDITIONS OF THE AUTO BODY WORKSHOPS 

 
The paints and chemicals used by the auto body workshops are Acrylic (enamel), primer, 

Autobase, Autoclear, Autocryl, hardener, thinner, anti-rust and putty. All the paints and 

chemicals mentioned are products of Sikkens, Scottwarren and Kadisco (local company).  

 

Table 7: Important site information about the auto body workshops 

 

Workshops (Number of 

workers) 

Estimated 

workload 

(per week) 

Estimated paint used 

(per week) 

Type of ventilation Size of painting 

booths and 

rooms. 

AMCE (7) Three cargo 

body 

96kg LEV (Local Exhaust 

Ventilation) 

432m3 

(painting booth) 

Anbesa city bus (5) Ten repair 

works 

25 liters  Natural 50000m3 

(workshop) 

Ethionippone (6) Three cars 7kg Natural 

LEV 

112m3 

(painting booth) 

Johnny General Auto 

service (6) 

Three cars 12kg Natural 

LEV 

112m3 

(painting room) 

MOENCO (14) Eleven cars 22kg Natural 

General, LEV 

112m3 

(painting booth) 

Nyala Motors (7) Four cars 12kg Natural 96m3 

(painting room) 

ORBIS (6) Five cars 12.5 liters Natural 

LEV 

101m3 

(painting booth) 

Tilahun Wolde Auto 

service (3) 

One car 2.5 liters Natural 

General 

84m3 (painting 

room) 
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Two of the auto body workshops use only natural ventilation. Four of them have painting 

booths with local exhaust ventilation of which three use natural ventilation in addition. 

One of the auto body workshops has a modified painting room with local exhaust 

ventilation in addition to the natural ventilation. And one of them uses a modified 

painting room with general ventilation in addition to natural ventilation (Table 7). 

 
Table 8 shows measures used to control the spray painters exposure to aerosols and 

solvents in the auto body workshops. About 50 percent of the auto body workshops do 

not provide respiratory protection. And none of the workshops provide any device for eye 

protection and proper gloves for painters. 

On the other hand 75 percent of the auto body workshops provide overall and only one of 

the workshops provide coverall.  
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Table 8: Measures used to control the spray painter’s exposure to aerosols and solvents  
               in the auto body workshops 
 
 

Personal Protective Equipment (PPE) Work 
shop 

Ventilation Spray 
gun RP* Eye 

protection 
Coverall 
including 
head 
cover 

Overall Hand 

AMCE Painting 
booth/LEV 

 
HVLP 

0 0 0 1 0 

Anbesa city 
bus 

Not provided NS 0 0 0 1 0 

Ethionippone Painting 
booth/LEV 
 

 
HVLP 
 

1 0 0 1 0 

Johnny 
General Auto 
service  

Painting 
room/LEV 

 
NS 

1 0 0 1 0 

MOENCO Painting 
booth/LEV 

 
HVLP 

1 0 1 1 0 

Nyala Motors Not provided NS 0 0 0 0 0 
ORBIS Painting 

booth/LEV 
 

 
HVLP 
 

1 0 0 1 0 

Tilahun 
Wolde Auto 
service 

Painting 
room/General 
ventilation 

NS 0 0 0 0 0 

Total % PPE 50 0 12.5 75 0 
 
0 = Not provided 
1 = provided 
RP* = Respiratory protection 
NS = Not specified 

 

 

 

 

 

 

 

 35



5.2. AEROSOL MEASUREMENT RESULTS 

 
Table 9: Aerosol mass concentrations and particle size measured during automobile 

spray painting in the auto body workshops 

 
Mass concentrations (mg/m3) Particle diameter (μm) Workshop Number of 

samples 
 

Min. Max. Mean (SD) Min. Max. Mean (SD) 

AMCE  5 1.75 9.79 5.47 (2.95) 1.61 3.26 2.36 (0.68) 
Anbesa city bus 
enterprise 

6 0.61 13.42 5.78 (4.97) 2.65 3.76 3.32 (0.41) 

Ethionippone 7 1.94 96.90 34.70 (36.77) 1.50 2.87 2.02 (0.45) 
Johnny general auto 
service 

5 41.62 120.01 88.88 (31.45) 3.02 3.36 3.14 (0.13) 

MOENCO 11 4.23 94.03 39.57 (31.64) 2.40 3.57 3.23 (0.34) 
Nyala Motors 8 0.90 119.10 43.50 (48.11) 2.84 3.81 3.56 (0.33) 
ORBIS 5 22.00 75.31 43.29 (24.50) 3.02 3.84 3.51 (0.36) 
Tilahun Wolde auto 
service 

2 106.79 113.42 110.10 (4.68) 2.74 3.03 2.88 (0.20) 

Total 49       
 

 
The mean and standard deviation of mass concentration and aerodynamic particle 

diameter of aerosol measurements from the auto body workshops is presented in Table 9. 

The table shows the results of forty nine aerosol samples taken from the eight auto body 

workshops during spray painting. The maximum mean mass concentration measured is 

110.10 mg/m3  with the respective particle size of 2.88μm. And relatively the lower mean 

mass concentration measured is 5.47mg/m3 with the respective particle size of 2.36μm. 

The mean particle size of aerosol samples taken from the eight auto body workshops are 

below 4μm with the lowest and the highest values of 2.02μm and 3.56μm respectively. 

These are also shown graphically in Fig. 9. 

 
The mean and standard deviation of mass concentration (μg/m3) and particle diameter 

(μm) of reference aerosol measurements of 14 samples were presented in Table 10 with 

respective values of 67.36 μg/m3 and 1.04μm. The samples were collected from offices in 

Bole sub-city. The sampling period was limited from one to ten minutes due to the nature 

of the work (Appendix 3). 
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Figure 9: Graph showing mean mass concentration of aerosols (mg/m3) with their  

     respective particle size (μm) of the eight auto body workshops. 

 
 
Table 10: Reference aerosol measurements taken at offices and in residences 
 

 

Mass concentrations (mg/m3) Particle diameter (μm) Number 
of samples 

 
Min. Max. Mean (SD) Min. Max. Mean (SD) 

14 0.036 0.089 0.067 (0.015) 0.61 1.67 1.04 (0.32) 
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5.3 PERSONAL DATA MEASUREMENTS 

 Table 11:  Mean ± SD of personal data measurements of study subjects  
      
      

Age group 
Automobile spray 
painters (N=41) 

(18 - 27) (28 – 37) (38 – 47) (48 – 57) 

Number (%) 8 (19.5) 13 (31.7) 9 (22.0) 11 (26.8) 
Age(yr) 24.5±2.88 32.77±2.68 41.44±3.43 52.64±3.17 
Height(cm) 168.38±5.71 170.00±6.45 169.67±8.76 168.09±6.11 
Weight(kg) 62.63±2.72 64.62±6.33 65.11±4.86 67.00±7.63 
Service(yr) 6.25±2.87 11.85±3.65 17.44±5.88 28.18±7.04 
Control group 
(N=30) 

    

Number (%) 7 (23.3) 11 (36.7) 8 (26.7) 4 (13.3) 
Age(yr) 23.51±1.43 32.62±2.86 43.93±2.80 54.49±3.49 
Height(cm) 170.93±6.99 168.53±4.17 172.77±3.56 168.07±4.22 
Weight(kg) 61.82±10.01 68.92±5.80 76.07±4.03 77.60±2.50 
 
 
As shown in Table 11 the anthropometric and service years of painters were analyzed by 

a decade age group. 

 
The largest group 13 (31.7%) of the painters are in the age group of (28-37). Similarly 

large in comparison 11 (36.7%) of the control group are in the age category of (28-37). 

The painters’ service or years of experience increased with an increasing of age. All of 

the study subjects are non-smokers. 

 
5.4 PREVALENCE OF RESPIRATORY SYMPTOMS 
 
Table 12: Respiratory symptoms in automobile spray painters and in the control group 
 

Painters (41) Control (30) P *OR **RR  
Parameters N (%) N (%)    

Cough  12 (29.3) 1 (3.3) 0.005 12.00 8.78 
Phlegm  10 (24.4) 4 (13.3) 0.247 2.10 1.83 
Wheezing 22 (53.7) 7 (23.3) 0.010 3.80 2.30 
Breathlessness 9 (21.9) 2 (6.7) 0.079 3.94 3.29 
 
*OR= odds ratio, **RR= Relative risk (statistical parameters for risk estimation) 
Significant with p-value < 0.05 
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Number of cases and percentage prevalence of respiratory symptoms are presented in 

Table 12 together with odds ratio, relative risk and p-value. The major indicators of some 

degree of respiratory impairment considered in this study were cough, phlegm, wheezing 

and breathlessness. Comparing the painters to the control group, the percentage 

prevalence of cough and wheezing (29.3, 53.7) are higher in the painters with statistically 

significant difference (OR=12.00, 3.80, RR=8.78, 2.30 and p-value =0.005, 0.010).  

Similarly the percentage prevalence of phlegm and breathlessness (24.4, 21.9) are higher 

in painters, but are not statistically significant (OR=2.10, 3.94, RR=1.83, 3.29 and P-

value =0.247, 0.079). 

 
5.5 LUNG FUNCTION TEST RESULTS 

 
Table 13: Mean ± SD of lung function measurements of the study subjects by a decade  

      age category 

 

Age group 
Automobile spray 
painters (N=41) 

(18 - 27) (28 – 37) (38 – 47) (48 – 57) 

Number (%) 8 (19.5) 13 (31.7) 9 (22.0) 11 (26.8)  
FVC liter 1.81±0.33 1.88±0.39 1.92±0.43 1.61±0.50 
FEV1 liter 1.66±0.30 1.75±0.35 1.78±0.41 1.46±0.45 
FEV1/FVC 91.50±3.16 93.31±1.70 92.56±2.51 90.73±4.17 
PEFR liter 6.85±1.35 6.41±1.16 6.27±1.30 4.37±1.83 
MEF50% liter 5.52±1.37 5.48±1.03 4.50±1.20 3.24±1.41 
MMF25% liter 2.15±1.12 2.90±0.86 2.02±0.90 1.88±0.86 
MMF liter 4.62±1.38 4.95±0.94 3.98±1.11 3.06±1.35 
Age group 
Control group 
(N=30) 

(18 - 27) (28 – 37) (38 – 47) (48 – 57) 

Number (%) 7 (23.3) 11 (36.7) 8 (26.7) 4 (13.3) 
FVC liter 2.81±0.68 2.76±0.50 2.81±0.51 3.04±0.19 
FEV1 liter 2.70±0.68 2.62±0.46 2.57±0.40 2.71±0.20 
FEV1/FVC 95.87±1.22 95.11±1.06 91.63±5.85 89.22±6.24 
PEFR liter 8.77±1.72 8.02±1.54 6.89±1.60 6.92±1.96 
MEF50% liter 7.06±1.69 6.38±1.48 4.55±0.80 5.34±2.36 
MMF25% liter 3.88±1.49 3.92±1.30 2.22±0.84 2.48±1.76 
MMF liter 6.29±1.58 6.03±1.40 4.03±0.72 4.63±2.18 
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Mean and standard deviation of lung function measurement results of the study subjects 

by a decade age category are presented in Table 13. From ANOVA table (Appendix 4), 

lung function measurement results for FVC and FEV1 are significantly different with an 

increasing age for painters with respective F and P values of (2.309, 0.041) and (2.461, 

0.031). However the pattern is not uniform. 

Lung function measurement results for FVC, FEV1, FEV1%, PEFR and MMF are 

significantly different with an increasing age for the control group with respective F and 

P-values of (42.17, <0.05), (55.97, <0.05), (90.32, <0.05), 179.90, <0.05), (433.30, 

<0.05), (209.96, <0.05) and (404.98, <0.05) (Appendix 4). However the pattern is not 

uniform. 

 

Table 14: Mean values of spirometric parameters in automobile spray painters and the  

      control group (t-test for equality of means using independent samples test) 

 
Painters (N=41) 

 
Controls (N=30) 

 
 

Parameter 
Mean (SD) Mean (SD) 

 
t-test 

 
P-value 

FVC liter 1.81 (0.42) 2.83 (0.54) -8.959 0.000* 
FEV1 liter 1.66 (0.39) 2.65 (0.50) -9.316 0.000* 
FEV1/FVC% 92.10 (3.06) 93.63 (4.55) -1.701 0.093 
PEFR liter 5.92 (1.68) 7.78 (1.86) -4.400 0.000* 
MEF50% liter 4.67 (1.54) 5.95 (1.85) -3.163 0.002* 
MMF25% liter 2.29 (0.99) 3.30 (1.57) -3.315 0.001* 
MMF liter 4.17 (1.37) 5.40 (1.76) -3.313 0.001* 

 

* Significant with a P-value < 0.05 

Mean and standard deviations of spirometric parameters in automobile spray painters and 

the control group are presented in Table 14. From the table it can be seen that all 

spirometric measurement results except FEV1/FVC% have statistically significant 

difference between the painters and control group. The mean difference of the 

spirometric measurement results between the control and the painters are positive except 

for FEV1/FVC% in (38-47) and (48-57) age categories (Appendix 5). It shows that the 

controls have better lung function than the exposed group. 
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Table 15: Paired sample t- test for measured FVC and FEV1 versus predicted FVC and 

FEV1 of automobile spray painters and the control group (analyzed by age group) 

 

Painters Age group (Number) Mean (SD) t-value p-value 

Measured FVC 

Predicted FVC 

18-27 (8) 

18-27 (8) 

1.81 (0.33) 

6.32 (0.05) 

-42.66 0.000* 

Measured FEV1 

Predicted FEV1 

18-27 (8) 

18-27 (8) 

1.66 (0.30) 

2.94 (0.09) 

-14.18 0.000* 

Measured FVC 

Predicted FVC 

28-37 (13) 

28-37 (13) 

1.88 (0.39) 

6.16 (0.05) 

-36.11 0.000* 

Measured FEV1 

Predicted FEV1 

28-37 (13) 

28-37 (13) 

1.75 (0.35) 

2.67 (0.09) 

-7.92 0.000* 

Measured FVC 

Predicted FVC 

38-47 (9) 

38-47 (9) 

1.92 (0.43) 

5.99 (0.07) 

-31.49 0.000* 

Measured FEV1 

Predicted FEV1 

38-47 (9) 

38-47 (9) 

1.78 (0.41) 

2.38 (0.11) 

-5.375 0.001* 

Measured FVC 

Predicted FVC 

48-57 (11) 

48-57 (11) 

1.61 (0.50) 

5.77 (0.07) 

-27.113 0.000* 

Measured FEV1 

Predicted FEV1 

48-57 (11) 

48-57 (11) 

1.46 (0.45) 

2.01 (0.11) 

-3.862 0.003* 

Control group Age group (Number) Mean (SD) T-value P-value 

Measured FVC 

Predicted FVC 

18-27 (7) 

18-27 (7) 

2.81 (0.68) 

6.34 (0.03) 

-65.779 0.000* 

Measured FEV1 

Predicted FEV1 

18-27 (7) 

18-27 (7) 

2.70 (0.68) 

2.97 (0.05) 

-5.072 0.000* 

Measured FVC 

Predicted FVC 

28-37 (11) 

28-37 (11) 

2.76 (0.50) 

6.16 (0.56) 

-133.668 0.000* 

Measured FEV1 

Predicted FEV1 

28-37 (11) 

28-37 (11) 

2.62 (0.46) 

2.67 (0.09) 

-2.172 0.031* 

Measured FVC 

Predicted FVC 

38-47 (8) 

38-47 (8) 

2.81 (0.51) 

5.95 (0.05) 

-120.454 0.000* 

Measured FEV1 

Predicted FEV1 

38-47 (8) 

38-47 (8) 

2.56 (0.41) 

2.30 (0.09) 

13.423 0.000* 

Measured FVC 

Predicted FVC 

48-57 (4) 

48-57 (4) 

3.04 (0.19) 

5.73 (0.07) 

-174.069 0.000* 

Measured FEV1 

Predicted FEV1 

48-57 (4) 

48-57 (4) 

2.71 (0.20) 

1.94 (0.12) 

59.286 0.000* 
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Paired sample t-test for measured FVC and FEV1 versus predicted FVC and FEV1 of 

automobile spray painters and the control group analyzed by decade age category is 

presented in Table 15. 

The predicted results for FVC and FEV1 were calculated according to the regression 

equations of spirometric lung function tests in normal non-smoking Ethiopian men and 

women (Mekonnen and Mengesha, 1985). 

 
Table 16: Mean percentage (SD) of FEV1< 80% predicted and FEV1/FVC% < 70% of 

automobile spray painters and the control group by age category 

 
Age group (18-27) (28-37) (38-47) (48-57) 

Automobile spray painters (31)     

FEV1 56.33±9.37 60.67±11.93 62.54±2.41 62.78±12.94 

N (%) 8 (100) 10 (76.92) 5 (55.55) 8 (72.73) 

Automobile spray painters (-)     

FEV1/FVC% - - - - 

N (%) - - - - 

Control group (3)     

FEV1 68.70±1.62 - - - 

N (%) 3 (42.86) - - - 

Control group (-)     

FEV1/FVC% - - - - 

N (%) - - - - 

 

Mean percentage (SD) of [FEV1< 80% predicted and FEV1/FVC% < 70%] and [FEV1≥ 

80% predicted and FEV1/FVC% ≥ 70%] for automobile spray painters and the control 

group by age category are presented in Table 16 and Table 17 respectively. 

About 75.6% of the painters have FEV1values less than 80% of the predicted. The lowest 

value of the predicted FEV1 is 56.33 in the age category of (18-27).   

And only 24.4% of painters have FEV1 values ≥ 80% of the predicted with the largest 

value of 101.11 in the age category of (48-57). All the painters irrespective of their age 

category have FEV1/FVC% values ≥ 70%. 

About 10% of the control groups have FEV1 values < 80% predicted. All of them are 

from (18-27) age category with a value of 68.70. 
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And 90% of the control groups have FEV1 values ≥ 80% of the predicted with a 

maximum value of 140.28 in the age category of (48-57). All the control groups 

irrespective of their age category have FEV1/FVC% values ≥ 70%. 

 

Table 17: Mean percentage (SD) of FEV1 ≥ 80% predicted and FEV1/FVC% ≥ 70% of 

automobile spray painters and the control group by age category 

 
Age group (18-27) (28-37) (38-47) (48-57) 

Automobile spray painters (10)     

FEV1 - 84.13±4.20 89.51±4.56 101.11±18.43 

N (%) - 3 (23.08) 4 (44.44) 3 (27.27) 

Automobile spray painters (41)     

FEV1/FVC% 91.50±3.16 93.31±1.70 92.56±2.51 90.73±4.17 

N (%) 8 (100) 13 (100) 9 (100) 11 (100) 

Control group (27)     

FEV1 106.59±17.43 98.01±16.33 111.08±15.38 140.28±10.83 

N (%) 4 (57.14) 11 (100) 8 (100) 4 (100) 

Control group (30)     

FEV1/FVC% 95.87±1.22 95.11±1.06 91.63±5.85 89.22±6.24 

N (%) 7 (100) 11 (100) 8 (100) 4 (100) 
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Table 18: Linear regression of FVC and FEV1 with anthropometric measurements of the 

control group   

Valid number was 30. 

Unstandardized Coefficients 

 
FVC B SE P-value 

Constant 1.363 2.027 0.504 

Age  -0.026 0.007 0.001* 

Height -0.012 0.012 0.348 

Weight 0.057 0.623 0.000* 

    

FEV1 B SE P-value 

Constant 1.960 1.910 0.308 

Age -0.027 0.007 0.000* 

Height -0.014 0.012 0.233 

Weight 0.053 0.010 0.000* 

 

Predictors: (Constant), Weight of respondents', Height of respondents', Age of 
respondents' 
Dependent Variables: FVC and FEV1 
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6. DISCUSSION 
 
 6.1 PAINTERS AND THE AUTO BODY WORKSHOPS  

Answering to the questionnaire, the painters complained more often of their respiratory 

symptoms (Appendix 2). About 70.7% of the painters responded to have used only 

personal protective equipment as a protective measure from exposure of dangerous 

chemicals during painting. And also 17.1% of the painters responded to use PPD and 

drinking milk as a protective measure where as 12.2% said provision of PPD and using 

painting booth as a protective measure. 

 
To remove paint splash from their body parts (mostly hands and faces) all of the painters 

use thinner and diluent which are solvents. About 7.3% of the respondents said they also 

use brake oil when they are in short of thinner and diluent. 

 
About 48.8% of the painters can read and understand the instructions and safety 

precautions written on the package where as 51.2% of them do not read and understand 

due to their low educational level. Formal instruction about safe painting procedures were 

given for 46.3% of the painters where as 53.7% of them has got the instruction 

informally. About 43.9% of the painters have got training on safe painting procedure 

where as 56.1% did not have any kind of training on safe painting procedures. 

 
All respondents knew respiratory impairment is the major health problem associated with 

painting work. In addition to the respiratory impairment 14.6%, 12.2% and 2.4% of the 

painters mentioned health problem on skin, on the eye and liver respectively (Appendix 2).   

 
About 50% of the auto body workshops had a downdraft spray booth and HVLP spray 

guns. Using HVLP spray painting guns can reduce paint usage and over spray 

production, resulting in noticeably lower worker exposures.    

 
In a published report about OSHA compliance issues in isocyanate exposure in an auto 

body repair and collision center by Brooks, 2006 in occupational and environmental 

hygiene journal, it was clearly stated that workers were not aware of the hazards 
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associated with their use of chemicals and were not adequately trained in the signs and 

symptoms of exposure and how to adequately protect themselves. 

From interviews, OSHA found that employees used half-mask respirators fitted with 

organic vapor cartridges. But the employer had not developed a change-out schedule for 

respirator cartridges used for protection against air contaminants with poor warning 

properties. 

 
In a study by Minov et al. 2008 it was stated that spray booths are the primary means of 

engineering control for airborne isocyanate exposure in this industry. All the workshops 

in this study had a downdraft spray booth and HVLP spray guns. However, they were not 

tested for efficiency and not routinely serviced. This might give the workers a false sense 

of security                                                                                        

 
 

6.2 AEROSOL MEASUREMENTS 

 
The aerosol measurements in the auto body workshops range from 5.47mg/m3 with the 

respective particle diameter of 2.36μm to 110.10 mg/m3 with the respective particle 

diameter of 2.88μm. These are the concentrations of air pollutants to which the workers 

would be exposed if they do not use the right personal protective devices and working in 

poorly ventilated workshops. 

 
One of the auto body workshops (Tilahun Wolde in Table 9) which was very small and 

family owned has poorly ventilated painting room. It has an average aerosol mass 

concentration of 110.10 mg/m3, which was the maximum, in the painting room. This 

workshop also did not provide any kind of personal protective devices (Table 8) which 

made painters to be exposed for painting chemicals and its components. This is the 

characteristics of most small family owned auto body workshops in Addis Ababa.  

 
In Table 9 it can be noted that aerodynamic particle diameter of all aerosol measurement 

results were below 4 μm (PM4). Among the painters in the auto body workshops 31.7% 

were exposed to PM2.5 and 100% of them were exposed to PM10.  
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In pollution prevention and abatement handbook, World Bank Group 1998, it was shown 

that the particles most likely to cause adverse health effects are the fine particulates PM10 

and PM2.5 — particles smaller than 10 microns and 2.5 microns in aerodynamic diameter, 

respectively. 

 
The mass concentrations with the respective particle diameter of the investigated auto 

body workshops were by far over the updated WHO air quality guideline values 

(Krzyzanowski & Cohen, 2008). 

 
On the other hand the mean mass concentrations of aerosol measurements taken at offices 

and in residences were 0.067 mg/m3 with the respective mean particle diameter of 

1.04μm. The reference air sample PM2.5 concentration was also above the updated WHO 

air quality guideline values. In 1997 the US EPA established an annual average air 

quality standard for PM2.5 and for PM10 of just 0.015 mg/m3 and 0.050 mg/m3 

respectively (Brunekreef, 2006). 

 
Exposure of the painters to the aerosol constituents in the auto body workshops occur 

primarily via inhalation and dermal routes and secondary by oral exposure. This occurs 

mainly during the spray painting process, when the paint, hardener and thinner 

combination is ejected from the spray nozzle. It was noted that spraying take place 

outside the painting booth/room in most of the investigated auto body workshops. During 

this time the number of workers exposed to the hazardous substances increases. This is 

also the characteristics of most auto body workshops in Addis Ababa. It is of concern as 

56.1% of the study subjects who were involved in spray painting did not have any kind of 

formal training on the nature of painting chemicals and safety precautions during 

painting. 

 
According to Spies et al. 2005 the existing airborne occupational exposure limit (OEL) in 

South Africa for aliphatic HDI is 0.02mg/m3, the NIOSH TLV for HDI is 0.035mg/m3. In 

Table 6 the concentration of solvents in air samples of automobile painters working in 

painting booths was shown. The solvents include toluene, xylene, ethyl acetate, methyl 

isobutyl ketone, and benzene and butyl acetate. There are, however, no OEL in Ethiopia 
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for isocyanates and volatile organic compounds. Even though the aerosol measurement 

result in this study does not specify the exact concentrations of isocyanates and organic 

solvents due to limitations, it can be estimated to how much isocyanate and VOC 

concentrations the auto body painters could be exposed to.  

 
By the same study HDI monomer exposure was of concern as the median HDI monomer 

exposure ranged from 0.002 to 0.116 mg/m3 with only two repair shops having a median 

exposure below a generally accepted occupational exposure limit (OEL) of 0.02mg/m3, 

and the median for 112 samples was 0.06mg/m3. The median HDI polymer exposure 

ranged from 0.015 to 0.304 mg/m3 and the median for 112 samples is 0.184mg/m3. 

 
About 81.5 % of all HDI monomer measurements exceeded the South African OEL of 

0.02mg/m3 but only 3.4% of the polymer HDI samples were higher than a guideline limit. 

And also 90% of establishments had at least one HDI monomer airborne concentration 

above the OEL and 30% for polymer HDI concentrations. A study by Timo et al. 2007 

showed that concentrations of isocyanates were high in painters breathing zone when 

solvent-based paints were sprayed.  

 
In a published report about OSHA compliance issues in isocyanate exposure in an auto 

body repair and collision center by Brooks, 2006 a breathing zone sample was collected 

from the spray operator. And the spray operator was found to be exposed to MDI in 

excess of the OSHA ceiling limit. 

 

6.3 LUNG FUNCTION MEASUREMENTS 

 
Comparing the lung function measurement results for FVC and FEV1 across all age 

categories of the study subjects, controls have greater lung function measurement results 

which also indicates statistically significant difference with p-value <0.05. Similarly 

comparing the lung function measurement results of FEV1/FVC% for the relatively 

younger age categories, that is, (18-27) and (28-37), control groups have greater lung 

function measurement results which also indicates statistical significance with p-value 

<0.05. Where as when we compare lung function measurement results of FEV1/FVC% 
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for the relatively aged study subjects, that is, (38-47) and (48-57), controls have lower 

lung function measurement results than the painters but the difference is not statistically 

significant with p-value > 0.05 (Appendix 5). This could be due to restrictive disorder in 

the lung function of painters in the mentioned age group. It could be an indication of lung 

function abnormality (BTS COPD consortium, 2005). 

 
The above results are supported by the graphical representations in Figure 10, Figure 11 

and Figure 12 which represents FVC, FEV1 and FEV1/FVC% of painters and the control 

groups against their age category.   
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Figure 10: Graph showing FVC of automobile spray painters and control group across 

age category. 
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 50



 

Figure 12: Graph showing FEV1/FVC% of automobile spray painters and control group  

across age category. 

 
Table 14 and Figures (10-12) showed that automobile spray painters had lower FVC and 

FEV1 than that of the control group. FVC and FEV1 reduction was statistically 

significant for all age categories of the study subjects indicating that automobile spray 

painters were more vulnerable to reductions of their lung function.  

 
Most of the lung function parameters did not show any consistent trend by increasing 

age. This was supported by a study done by Mekonnen and Agonafir, 

2004.Anthropometric values of individuals could contribute for the above inconsistency.  

In Figures 10 & 11 the mean lung function measurement results for FVC and FEV1 

showed a sharp increase from (38-47) to (48-57) age category for the control group. It 

could be due to the very small sample size for the (48-57) age category and 

anthropometric factors.  
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In Table 15 (Paired sample t-test) comparisons of measured FVC and FEV1 values 

against predicted FVC and FEV1 among the same age group were shown. It was clear 

that there was statistically significant difference with P-values < 0.05. It indicated that 

painters lung functions were affected by their working conditions. And also most of the 

measured values of FVC and FEV1 for the controls were significantly less than the 

predicted. It could be due to spirometry measurements were done in the sitting position 

and also could be an indication that the prediction equation needs to be revised. The mean 

differences between the measured and predicted values were negative with the exception 

for FEV1 of the control group in the age category of (38-47) and (48-57).  It could be due 

to irregularities during spirometry or could happen due to anthropometric parameters in 

the predicted regression equation (Mekonnen and Mengesha 1985). 

 
The study done by Fereidoun et al. 2007 showed that there was a direct relationship 

between particulate pollution rate and decline in lung function. In the study conducted in 

Iran, particle pollution in Zanjan was lower than Tehran and decline in vital capacity and 

lung function in Zanjan students was lower than Tehran students. It was also mentioned 

that particulate pollution have measurably slower FEV1, changes in FEV1 was 

considerable in Tehran students, while these changes in Zanjan students was 

inconsiderable. And also an increase in FEV1 / FVC was observed in the two groups, 

changes in FEV1 / FVC in the two groups were considerable but on the contrary this 

increase in Tehran students was more than Zanjan students.  

 
With reduced FVC and FEV1 for automobile spray painters shown in Table 13 we saw 

that FEV1/FVC% is slightly greater than that of the controls in the age category of (38-

47) and (48-57). It could be a sign for restrictive disorder on their lung function. 

 
A supporting document could be found from BTS COPD consortium, 2005. It was shown 

that [FEV1/FVC ratio = normal (>0.7)] is one of the identifying parameters for the 

presence of restrictive disorder which is one of lung function abnormalities (Fig.8).  

Liebrich et al. in 2000 reported that an increase of 10 μg/m3 in particulate matter less than 

10 μm in diameter (PM10) resulted in a decrease of 3.4% in FVC and of 1.6% in FEV1 in 

healthy non-smokers.  
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The correlation of lung function measurement results of FVC and FEV1 were analyzed 

against age, height, weight and service. However years of service was not considered for 

the control group. 

 
For automobile spray painters FVC and FEV1 were negatively correlated with age and 

service and positively correlated with height but the correlations were not significant 

statistically. Where as the above parameters were positively correlated with weight which 

was statistically significant with P-value < 0.05. For the control groups FVC was 

positively correlated with age, height and weight of which the correlations were 

significant with P-value < 0.01 for age and weight. FEV1 of the control groups was 

correlated negatively with age and height which were statistically significant with P-

value < 0.01. Where as FEV1 of the control groups was correlated positively with weight 

which was statistically significant with P < 0.01 (Appendix 6). 

 
In Table 16 and Table 17 mean percentage values of FEV1 and its predicted value as well 

as FEV1/FVC% of all study subjects were used to determine lung function impairments.  

 
About 75.6% of automobile spray painters and 10% of the control groups have FEV1 

values less than 80% of the predicted. This showed the presence of abnormalities in their 

lung functions which was disclosed by BTS COPD consortium, 2005. By this consortium 

COPD can be diagnosed only if FEV1 < 80% of predicted value and FEV1/FVC < 0.7 

(70%). The severity of the predicted obstruction in COPD is indicated by the extent of 

FEV1 reduction. 

 
The study by Fell et al. 2003 showed that spirometric airflow limitation (FEV1/FVC less 

than 0.7 and FEV1 less than 80% of predicted values) was observed in 17.6% of the 

exposed population and 20.0% in the controls. The prevalence of COPD in the two 

groups was 14.3% and 14.0%, respectively.   

 
Age and weight were significant predictors of both FVC and FEV1 with P-value < 0.05 

(Table 18). This was also supported by a study made by (Mekonnen & Agonafir, 2004).  
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6.4 PREVALENCE OF RESPIRATORY SYMPTOMS 

 
Analyzing respiratory symptoms from the questionnaire in the group of automobile spray 

painters and the control groups, it was found that a high percentage of painters showed 

respiratory impairment symptoms like cough, phlegm, wheezing and breathlessness with 

a percentage of 29.3, 24.4, 53.7 and 21.9 respectively. And the corresponding percentage 

prevalence for the controls were 3.3, 13.3, 23.3 and 6.7 (Table 12). 

 
The study by Cullen et al. 1996 showed a 20% prevalence of respiratory symptoms in 

automobile painters using isocyanate based aerosol paints. According to Mapp et al. 1995 

the estimated prevalence of WRA among painters using isocyanate based aerosol paints 

was 7.1%. 

 
A study conducted previously in chemical pesticide sprayers of Ethiopian state farms 

showed similar results (Mekonnen and Agonafir, 2004). In this study, the percentage 

prevalence of cough and breathlessness was higher in the sprayers. 

 
Another study (Kezunovic, 2008) showed that potroom workers mostly complained of 

breathlessness at workplace (56.7%) and of dysponea when climbing stairs (51.2%). The 

exposed subjects had reported more respiratory diseases than the subjects from the 

unexposed group. About 15.8% of the exposed subjects diagnosed for pneumonia and 

4.2% for asthma. In this study subjects in the unexposed group reported significantly 

fewer respiratory symptoms.  
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7. CONCLUSIONS AND RECOMMENDATIONS 
  

7.1. CONCLUSIONS 
 
The concentrations of aerosol samples from the auto body workshops with PM 2.5 and 

PM 10 were very high comparing to US EPA and WHO standards.   

 
The aerodynamic particle diameter of all the aerosol samples from the auto body 

workshops were below 4μm. These are the particles most likely to cause adverse health 

effects. 

 
This study confirms that there was a direct relationship between exposure to aerosol 

concentration in the auto body workshops and decline in lung function measurements of 

FVC and FEV1. 

 
Automobile spray operators were found to be exposed to high concentrations of 

isocyanates and organic solvents which are the main components of the aerosols ejected 

from the spray nozzle. 

 
The percentage prevalence of respiratory impairment symptoms like cough, phlegm, 

wheezing and breathlessness were higher in automobile spray painters. 

 
The findings from this study confirm that automobile spray painting is an occupation 

which involves the risk of respiratory impairment. 

 
The painters were not adequately trained in the signs and symptoms of exposure and how 

to adequately protect themselves. 

 
The right Personal Protective Devices were not provided adequately for the painters. 

 
Most of the auto body workshops investigated were not properly equipped for painting 

activities. 
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Poor ventilation and open air spray painting were observed in the investigated auto body 

painting workshops. The spray booths investigated were not checked for their efficiency 

and not serviced on schedule (Appendix 7). This might give the workers a false sense of 

security.  

 
Exposure of the painters occurs mainly during the spray painting process. During which 

the paint, hardener and thinner combination is ejected from the spray nozzle.  

 
Age and weight were significant predictors of FVC and FEV1 which are indicators of 

lung function status. 

 
 

7.2. RECOMMENDATIONS 

 
Auto body workshops should be properly ventilated and need to be equipped with a 

downdraft spray booth and HPLV spray guns for the painting job. Scheduled and proper 

maintenance of painting booths should be done. 

 
Implementing engineering and administrative controls to reduce the hazards in auto body 

painting shop. The employer must provide automobile spray painters with the right PPD 

such as respirators, gloves and eye protection.  

 
Formal trainings should be given to improve the workers' awareness of the health hazards 

of the chemicals and the importance of using PPD during automobile painting. 

 
The training sessions should be documented and evaluated to ensure that employees 

know how to handle chemicals that they are using and are following safe work 

procedures.  

 
Regular medical examinations for the automobile spray painters. 
 
Small family owned auto body workshops should be given financial and technical 

support from government offices such as trade and industry. And they should be 

organized under the umbrella of small and micro enterprises to have spray booths and 
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proper working places. Its implementation should be supplemented by training and 

follow up. 

 
The auto body shop owners must make material safety data sheets (MSDSs) available 

and accessible to all employees. Auto body shop employees must know the location of 

the MSDS. Each MSDS must contain the physical and chemical properties of a 

substance, as well as the physical and health hazards, routes of exposure, symptoms of 

exposure, precautions for safe handling, and emergency and first aid procedures. 

 
Less harmful paints and painting technique should be invented. 

 
The ministry of labor and social affairs in consultation with the concerned authority 

should issue directives which contain schedules listing respiratory diseases to be of 

occupational origin from automobile spray painting workshops. 

 
Further studies should be done especially on characterizing the chemicals and their 

respective concentrations in the aerosols ejected from the spray gun during automobile 

painting. 

 
Even though the employer is obliged to ensure the workplace and its premises do not 

cause dangers to the health of the workers by labor proclamation number 377/2003 by the 

Federal Democratic Republic of Ethiopia, proper follow up and enforcement should be 

done.  

 
Provided by the employer, workers should be obliged by the owners to use PPD during 

spray painting. The workers should obey all health and safety instructions issued by the 

employer or by the competent authority.  
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8. LIMITATIONS OF THE STUDY 

The limitations of this study were: 

1) The little amount of research fund allocated for the study had its impact on the 

sample size.  

2) Given small sample sizes and the very short sampling time (duration) for aerosol 

monitoring due to the nature of the work, the results for aerosol mass 

concentrations and aerodynamic particle diameter may not be perfectly 

conclusive. 

3) Lack of laboratory facilities and sampling equipments are also the reasons why 

characterization of the chemical components and their respective concentrations 

in the aerosol samples taken from the working environment were not analyzed. 
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10. APPENDICES 

 
Appendix 1: Diisocyanate synonyms. 
 
TDI 
 
2,4-Diisocyanato-1-methylbenzene 

2,4-Diisocyanatotoluene 

2,4-TDI 

2,4-Tolylene diisocyanate 

4-Methyl-phenylene diisocyanate 

Di-iso-cyanatoluene 

Isocyanic acid, 4-methyl-m-phenylene ester 

Isocyanic acid, methylphenylene ester 

m-tolylene diisocyanate 

Toluene-2,4-diisocyanate 

Toluene diisocyanate 

 
MDI 
 
1,1-Methylenebis(4-isocyanatobenzene) 

4,4'-Diisocyanatodiphenylmethane 

4,4'-Diphenylmethane diisocyanate 

4,4'-Methylenebis(phenyl isocyanate) 

4,4'-Methylenediphenyl diisocyanate 

Bis (1,4-isocyanatophenyl)methane 

Bis(4-isocyanatophenyl)methane 

Diphenylmethane 4,4'-diisocyanate 

Diphenylmethane diisocyanate 

Methylenebis(4-isocyanatobenzene) 

Methylenebis(4-phenylene isocyanate) 

Methylene bisphenyl isocyanate 

Methylene-di-p-phenylene isocyanate 

Methylene di (phenylene isocyanate) 
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HDI 
 
1,6-Diisocyanatohexane 

1,6-Hexamethylene diisocyanate 

1,6-Hexanediol diisocyanate 

Hexamethylene-1,6-diisocyanate 

Hexamethylene diisocyanate 

HMDI (4,4' dicyclohexylmethane diisocyanate) 

Isocyanic acid, hexamethylene ester 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix 2: Knowledge, attitude and practice (KAP) of automobile spray painters in the study sites 
 
 

Number 
of 
responde
nts 

Helping  to 
remove splashing  
on body parts 

Are painting 
chemicals 
dangerous? 
Suggest protective 
measures 

Reading & 
understanding 
information on 
packages 

Instruction & training about safe 
painting 

Should 
painters wear 
PPD  

Major health problems 
during painting 

1(JU) Using thinner and 
diluent 

Yes (using PPE) yes Formal instruction, no training yes Respiratory & skin problem 

2(SI) Using thinner and 
diluent 

Yes (using PPE, 
milk 

yes Formal instruction, no training yes Respiratory 

3(DW) Using thinner and 
diluent 

Yes (using PPE) yes Formal instruction, no training yes Respiratory & skin problem 

4(TT) Using thinner and 
diluent 

Yes(using PPE, 
milk, juices) 

yes Informal instruction, training 
given 

yes Respiratory 

5(UK) Using thinner and 
diluent 

Yes (using PPE) yes Formal instruction. training given yes Respiratory 

6(AK) Using thinner and 
diluent 

Yes (using PPE & 
milk) 

yes Informal instruction, no training  yes Respiratory 

7(NA) Using thinner and 
diluent 

Yes (using PPE) No(low education 
level) 

Informal instruction, no training  yes Respiratory 

8(NI) Using thinner and 
diluent 

Yes (using PPE) No(low education 
level) 

Informal instruction, no training yes Respiratory 

9(TE) Using thinner and 
diluent 

Yes (using PPE) yes Formal instruction, training given yes Respiratory, eye & skin 
problem 

10(AY) Using thinner and 
diluent 

Yes (using PPE & 
diet) 

No(low education 
level) 

Formal instruction, training given yes Respiratory 

11(HT) Using thinner and 
diluent 

Yes (using PPE & 
painting booth) 

yes Formal instruction, training given yes Respiratory 

 
Continued… 
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12(TB) Using thinner and 

diluent 
Yes (using PPE) No(low education 

level) 
Informal instruction,  no training yes Respiratory 

13(SB) Using thinner, 
diluent, brake oil 

Yes (using PPE & 
milk) 

Yes Informal instruction, no training yes Respiratory 

14(TA) Using thinner, 
diluent,brake oil 

Yes (using PPE, 
milk & sport) 

Yes Formal instruction, training given yes Respiratory 

15(MA) Using thinner, 
diluent,brake oil 

Yes (using PPE & 
milk) 

No(low education 
level) 

Formal instruction, training given yes Respiratory 

16(EA) Using  thinner and 
diluent  

Yes (using PPE) No(low education 
level) 

Informal instruction, training 
given 

yes Respiratory 

17(AH) Using thinner & 
diluent 

Yes (using PPE) No(low education 
level) 

Informal instruction, no training yes Respiratory 

18(GG) Using thinner & 
diluent 

Yes (using PPE) No(low education 
level) 

Informal instruction, no training yes Respiratory 

19(MA) Using thinner & 
diluent 

Yes (using PPE) No(low education 
level) 

Informal instruction, no training yes Respiratory 

20(ZT) Using thinner & 
diluent 

Yes (using PPE) No(low education 
level) 

Informal instruction, no training yes Respiratory &eye 

21(SK) Using thinner & 
diluent 

Yes (using PPE- 
proper size) 

No(low education 
level) 

Informal instruction, no training yes Respiratory &eye 

22(AB) Using thinner & 
diluent 

Yes (using PPE- 
proper size) 

No(low education 
level) 

Informal instruction, no training yes Respiratory & skin problem 

23(SH) Using thinner & 
diluent 

Yes (using PPE & 
painting booth) 

yes Formal instruction, training given yes Respiratory 

24(SM) Using thinner & 
diluent 

Yes (using PPE) yes Formal instruction, training given yes Respiratory 

25(TM) Using thinner & 
diluent 

Yes (using PPE) yes Formal instruction, training given yes Respiratory 

 
 
Continued… 
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26(TY) Using thinner & 
diluent 

Yes (using PPE) No(low education 
level) 

Formal instruction, training given yes Respiratory 

27(SW) Using thinner & 
diluent 

Yes (using PPE) Yes Formal instruction, training given yes Respiratory 

28(GH) Using thinner & 
diluent 

Yes (using PPE) No(low education 
level) 

Formal instruction, training given yes Respiratory 

29(AY) Using thinner 
& diluent 

Yes (using PPE) No(low education 
level) 

Formal instruction, training given yes Respiratory 

30(SH) Using thinner 
& diluent 

Yes (using PPE) No(low education 
level) 

Formal instruction, training given yes Respiratory & liver 

31(MA) Using thinner & 
diluent 

Yes (using PPE) Yes Informal instruction, no training yes Respiratory 

32(AY) Using thinner & 
diluent 

Yes (using PPE) No(low education 
level) 

 Informal instruction, no training yes Respiratory 

33(WA) Using thinner & 
diluent 

Yes (using PPE) No(low education 
level) 

Informal instruction, no training yes Respiratory 

34(BA) Using thinner & 
diluent 

Yes ( using PPE, 
painting booth) 

Yes Informal instruction, no training yes Respiratory 

35(SN) Using thinner & 
diluent 

Yes (using PPE 
& painting booth) 

Yes Informal instruction, no training yes Respiratory & skin problem 

36(GG) Using thinner & 
diluent 

Yes (using PPE, 
painting booth) 

No(low education 
level) 

Informal instruction, no training yes Respiratory 

37(HB) Using thinner & 
diluent 

Yes (using PPE) No(low education 
level) 

Informal instruction, no training yes Respiratory & skin problem 

38(TK) Using thinner & 
diluent 

Yes (using PPE) Yes Informal instruction, no training yes Respiratory &eye 

39(ZS) Using thinner & 
diluent 

Yes (using PPE) Yes Formal instruction, training given yes Respiratory 

40(SA) Using thinner & 
diluent 

Yes (using PPE) Yes Formal instruction, training given yes Respiratory &eye 

41(SM) Using thinner & 
diluent 

Yes (using PPE) No(low education 
level) 

Informal instruction, no training yes Respiratory 

 



Appendix 3: Results of aerosol measurements taken from the eight auto body workshops   

and reference samples (raw data) 

 
Aerosol measurements taken at AMCE auto body workshop 

 
No. Average mass 

concentration 
(μg/m3). 

Average particle 
diameter (μm). 

Temperature (degree 
Celsius). 

Relative humidity     
    (%) 

Time (duration) of 
measurement. 
(min.) 

1 1748.6 1.7845 23.6 46 3 
2 5488.0 2.4071 24.5 44 3 
3 6171.5 2.7387 25.6 42 5 
4 4158.1 3.2643 27.3 39 10 
5 9791.2 1.6081 28.6 37 4 

 

Aerosol measurements taken at Anbesa city bus enterprise auto body workshop 
 

No. Average mass 
concentration 

(μg/m3). 

Average particle 
diameter (μm). 

Temperature (degree 
Celsius). 

Relative humidity     
    (%) 

Time (duration) of 
measurement. 
(min.) 

1 3365.3 3.7604 27.1 31 3 
2 1206.5 3.5024 29.0 31 3 
3 13416.9 3.6667 30.1 29 3 
4 7254.0 3.0767 31.5 28 3 
5 610.5 2.6456 32.3 27 3 
6 8840.9 3.2831 33.0 26 3 

 
Aerosol measurements taken at Ethionippone auto body workshop 
 

No. Average mass 
concentration 

(μg/m3). 

Average particle 
diameter (μm). 

Temperature (degree 
Celsius). 

Relative humidity     
    (%) 

Time (duration) of 
measurement. 
(min.) 

1 10747.8 1.9769 26.2 28 1 
2 12158.6 1.9765 27.0 28 1 
3 57070.7 1.5807 27.9 27 1 
4 3986.6 2.8660 27.9 26 1 
5 96902.7 2.2324 28.7 26 1 
6 60100.2 1.5006 29.1 25 1 
7 1942.5 2.0164 29.2 25 1 

 
Aerosol measurements taken at Johnny General Auto body work shop 

 
No. Average mass 

concentration (μg/m3). 
Average particle 
diameter (μm). 

Temperature (degree 
Celsius). 

Relative humidity     
    (%) 

Time (duration) of 
measurement. 
(min.) 

1 88414.7 3.3624 21.2 47 2 
2 79654.0 3.0152 21.4 52 2 
3 114718.5 3.0836 21.7 54 2 
4 41615.1 3.1207 22.4 54 2 
5 120005.7 3.1412 22.6 54 2 

 70



Aerosol measurements taken at MOENCO auto body workshop 
 

No. Average mass 
concentration (μg/m3). 

Average particle 
diameter (μm). 

Temperature (degree Celsius). Relative humidity     
    (%) 

Time (duration) of 
measurement. 
(min.) 

1 4231.1 2.3956 25.6 35 2 
2 18100.4 3.4247 26.6 40 3 
3 6004.1 3.2809 27.2 41 3 
4 14057.4 3.2982 27.7 42 3 
5 66312.5 3.4087 28.3 42 3 
6 94027.0 3.1267 28.9 42 3 
7 39467.2 3.3514 29.5 42 3 
8 23225.2 3.4892 29.6 41 3 
9 38317.3 3.5700 30.5 39 3 

10 90303.1 3.4023 30.9 39 3 
11 41189.8 2.8167 31.3 38 2 

 

Aerosol measurements taken at Nyala Motors auto body workshop 
 

No. Average mass 
concentration (μg/m3). 

Average particle 
diameter (μm). 

Temperature (degree Celsius). Relative humidity     
    (%) 

Time (duration) of 
measurement. 
(min.) 

1 1344.3 3.7952 26.0 40 3 
2 30620.5 3.7838 29.2 39 3 
3 20236.5 3.7581 33.2 36 3 
4 902.4 2.8401 37.4 30 3 
5 2578.0 3.4514 41.9 26 3 
6 119103.8 3.5447 44.3 23 2 
7 66710.7 3.4801 43.4 21 2 
8 106537.9 3.8114 42.4 20 3 

 
Aerosol measurements taken at ORBIS auto body workshop 

 
No. Average mass 

concentration (μg/m3). 
Average particle 
diameter (μm). 

Temperature (degree Celsius). Relative humidity     
    (%) 

Time (duration) of 
measurement. 
(min.) 

1 27876.8 3.8041 24.7 28 3 
2 21997.4 3.8363 25.3 26 3 
3 27281.3 3.6676 26.5 25 3 
4 75308.4 3.0182 27.7 24 3 
5 64000.9 3.2470 28.8 23 3 

 

Aerosol measurements taken at Tilahun Wolde auto body workshop 
 

No. Average mass 
concentration (μg/m3). 

Average particle 
diameter (μm). 

Temperature (degree Celsius). Relative humidity     
    (%) 

Time (duration) of 
measurement 
(min.) 

1 113417.0 2.7406 24.6 53 2 
2 106792.9 3.0266 25.2 52 3 
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Blank aerosol measurements taken at offices in Bole sub-city 
 

No. Average mass 
concentration (μg/m3). 

Average particle 
diameter (μm). 

Temperature (degree Celsius). Relative humidity     
    (%) 

Time (duration) of 
measurement 
(min.) 

1 85.4 1.1071 26.0 27 1 
2 80.0 1.5084 26.1 27 1 
3 89.2 1.6739 26.2 27 1 
4 68.1 1.0385 27.4 27 1 
5 74.1 1.0864 28.7 26 1 
6 48.3 0.9032 31.1 25 1 
7 49.7 0.8112 32.7 25 1 
8 70.1 1.0268 33.0 24 1 
9 54.8 0.8976 33.2 23 1 

10 62.4 0.8356 33.4 23 1 
11 75.1 0.6807 24.3 39 2 
12 67.5 0.6085 24.4 44 2 
13 36.0 0.8300 33.6 25 1 
14 82.3 1.5316 30.4 31 3 
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Appendix 4: One way ANOVA Tables of Lung Function Measurements in chronological age  

 

 
 

Lung Function   Measurements (painters) 
 Sum of Squares df Mean Square F Sig. 

FVC 
  
  

Between Groups 
Within Groups 
Total 

5.463 
1.749 
7.212 

23 
17 
40 

.238 

.103 
  

2.309 
 
 

.041
 
 

FEV1 
  
  

Between Groups 
Within Groups 
Total 

4.703 
1.412 
6.115 

23 
17 
40 

.204 

.083 
  

2.461 
 
 

.031
 
 

FEV1% 
  
  

Between Groups 
Within Groups 
Total 

158.110 
215.500 
373.610 

23 
17 
40 

6.874 
12.676 

  

.542 
 
 

.914
 
 

PEFR 
  
  

Between Groups 
Within Groups 
Total 

80.485 
33.079 

113.564 

23 
17 
40 

3.499 
1.946 

  

1.798 
 
 

.109
 
 

MF50% 
  
  

Between Groups 
Within Groups 
Total 

65.404 
29.052 
94.456 

23 
17 
40 

2.844 
1.709 

  

1.664 
 
 

.142
 
 

MF25% 
  
  

Between Groups 
Within Groups 
Total 

20.472 
18.572 
39.044 

23 
17 
40 

.890 
1.092 

  

.815 
 
 

.681
 
 

MMF 
  
  

Between Groups 
Within Groups 
Total 

47.255 
28.334 
75.589 

23 
17 
40 

2.055 
1.667 

  

1.233 
 
 

.333
 
 

 
 
 Lung Function  Measurements (control) Sum of Squares df Mean Square F Sig. 
FVC 
  
  

Between Groups 
Within Groups 
Total 

110.322 
164.497 
274.819 

17 
1069 
1086 

6.490 
.154 

  

42.173 
 
 

.000
 
 

FEV1 
  
  

Between Groups 
Within Groups 
Total 

105.428 
118.438 
223.866 

17 
1069 
1086 

6.202 
.111 

  

55.975 
 
 

.000
 
 

FEV1% 
  
  

Between Groups 
Within Groups 
Total 

16325.425 
11365.833 
27691.259 

17 
1069 
1086 

960.319 
10.632 

  

90.322 
 
 

.000
 
 

PEFR 
  
  

Between Groups 
Within Groups 
Total 

2681.030 
937.147 

3618.177 

17 
1069 
1086 

157.708 
.877 

  

179.897 
 
 

.000
 
 

MF50% 
  
  

Between Groups 
Within Groups 
Total 

3174.181 
460.655 

3634.836 

17 
1069 
1086 

186.717 
.431 

  

433.296 
 
 

.000
 
 

MF25% 
  
  

Between Groups 
Within Groups 
Total 

1977.782 
592.325 

2570.107 

17 
1069 
1086 

116.340 
.554 

  

209.965 
 
 

.000
 
 

MMF 
  
  

Between Groups 
Within Groups 
Total 

2853.610 
443.088 

3296.698 

17 
1069 
1086 

167.859 
.414 

  

404.980 
 
 

.000
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Appendix 5: Multiple comparison table of mean difference of lung function 

measurements across age category 

 

Age 
category 
 

Lung function 

variables 

Category of 
respondents' 

 

N 
 

Mean 
 

Std. Error 
Mean 
 

Mean difference 

(I-J) 

Sig. 

FVC Not exposed (I) 
Exposed (J) 

7 
8 

2.8143 
1.8113 

0.28160 
0.11603 

1.00304* 
  

0.004 
  

FEV1 Not exposed (I) 
Exposed (J) 

7 
8 

2.7014 
1.6575 

0.28139 
0.10545 

1.04393* 
  

0.003 
  

FEV1/FVC% Not exposed (I) 
Exposed (J) 

7 
8 

95.8571 
91.5000 

0.50843 
1.11803 

4.35714* 
  

0.005 
  

PEFR Not exposed (I) 
Exposed (J) 

7 
8 

8.7714 
6.8500 

0.70836 
0.47921 

1.92143* 
  

0.039 
  

MF50% Not exposed (I) 
Exposed (J) 

7 
8 

7.0143 
5.5250 

0.68432 
0.48431 

1.48929 
  

0.093 
  

MF25% Not exposed (I) 
Exposed (J) 

7 
8 

3.8429 
2.1500 

0.61017 
0.39731 

1.69286* 
  

0.033 
  

18-27 

MMF Not exposed (I) 
Exposed (J) 

7 
8 

6.2429 
4.6250 

0.64286 
0.48944 

1.61786 
  

0.063 
  

FVC Not exposed (I) 
Exposed (J) 

11 
13 

2.7764 
1.8823 

0.15996 
0.10754 

0.89406* 
  

0.000 
  

FEV1 Not exposed (I) 
Exposed (J) 

11 
13 

2.6391 
1.7531 

0.14814 
0.09662 

0.88601* 
  

0.000 
  

FEV1/FVC% Not exposed (I) 
Exposed (J) 

11 
13 

95.0909 
93.3077 

0.34257 
0.47210 

1.78322* 
  

0.007 
  

PEFR Not exposed (I) 
Exposed (J) 

11 
13 

8.0636 
6.4154 

0.48865 
0.32182 

1.64825* 
  

0.008 
  

MF50% Not exposed (I) 
Exposed (J) 

11 
13 

6.4455 
5.4846 

0.46834 
0.28529 

0.96084 
  

0.084 
  

MF25% Not exposed (I) 
Exposed (J) 

11 
13 

3.9636 
2.9000 

0.41850 
0.23778 

1.06364* 
  

0.031 
  

28-37 

MMF Not exposed (I) 
Exposed (J) 

11 
13 

6.0727 
4.9538 

0.44335 
0.26180 

1.11888* 
  

0.035 
  

FVC Not exposed (I) 
Exposed (J) 

8 
9 

2.8288 
1.9244 

0.19088 
0.14399 

0.90431* 
  

0.002 
  

FEV1 Not exposed (I) 
Exposed (J) 

8 
9 

2.5875 
1.7833 

0.15381 
0.13671 

0.80417* 
  

0.001 
  

FEV1/FVC% Not exposed (I) 
Exposed (J) 

8 
9 

91.7500 
92.5556 

2.18559 
0.83518 

-0.80556 
  

0.724 
  

PEFR Not exposed (I) 
Exposed (J) 

8 
9 

6.9000 
6.2667 

0.61120 
0.43525 

0.63333 
  

0.404 
  

MF50% Not exposed (I) 
Exposed (J) 

8 
9 

4.5625 
4.5000 

0.30702 
0.40139 

0.06250 
  

0.905 
  

MF25% Not exposed (I) 
Exposed (J) 

8 
9 

2.2500 
2.0222 

0.32016 
0.30082 

0.22778 
  

0.612 
  

38-47 

MMF Not exposed (I) 
Exposed (J) 

8 
9 

4.0500 
3.9778 

0.27451 
0.36923 

0.07222 
  

0.880 
  

 

 

 74



 

FVC Not exposed (I) 
Exposed (J) 

4 
11 

3.0425 
1.6155 

0.10957 
0.15253 

1.42705* 
  

0.000 
  

FEV1 Not exposed (I) 
Exposed (J) 

4 
11 

2.7200 
1.4655 

0.11583 
0.13568 

1.25455* 
  

0.000 
  

FEV1/FVC% Not exposed (I) 
Exposed (J) 

4 
11 

89.5000 
90.7273 

3.59398 
1.25836 

-1.22727 
  

0.683 
  

PEFR Not exposed (I) 
Exposed (J) 

4 
11 

7.0500 
4.3727 

1.17651 
0.55088 

2.67727* 
  

0.036 
  

MF50% Not exposed (I) 
Exposed (J) 

4 
11 

5.5000 
3.2455 

1.40594 
0.42605 

2.25455 
  

0.055 
  

MF25% Not exposed (I) 
Exposed (J)  

4 
11 

2.6000 
1.8818 

1.05357 
0.25931 

0.71818 
  

0.348 
  

48-57 

MMF Not exposed (I) 
Exposed (J) 

4 
11 

4.7750 
3.0636 

1.30344 
0.40705 

1.71136 
  

0.113 
  

 

* The mean difference is significant at P<0.05 levels. 
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Appendix 6: Pearson’s correlation of FVC and FEV1 with the anthropometric 

measurements of automobile spray painters and the control group 

 
Automobile spray painters 

 

  FVC Age Height Weight Service 
FVC 1 -.200 .091 .387(*) -.096
Age  1 -.120 .284 .823(**)
Height  1 .342(*) -.110
Weight  1 .385(*)
Service  1

* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 
 
Control group  
 

  FVC Age Height Weight 
FVC 1 .094(**) .015 .185(**)
Age  1 .006 .707(**)
Height  1 .148(**)
Weight   1

** Correlation is significant at the 0.01 level (2-tailed). 
 

Automobile spray painters 

 

  FEV1 Age Height Weight Service 
FEV1 1 -.225 .080 .330(*) -.139
Age  1 -.120 .284 .823(**)
Height  1 .342(*) -.110
Weight  1 .385(*)
Service  1

* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 
 

Control group 

 

  FEV1 Age Height Weight 
FEV1 1 -.090(**) -.114(**) .086(**)
Age  1 .006 .707(**)
Height  1 .148(**)
Weight  1

** Correlation is significant at the 0.01 level (2-tailed). 
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Appendix 7: Pictures taken from the auto body workshops during data collection. 
 

   
 
 
A) Spraying in open air (Anbesa city bus auto body workshop, 2009) 
 
 

 
 
B) Filter through which air sucked out from spray booth (ORBIS, 2009). 
 
 
 
 
                          
 
 
 

 77



Appendix 8: The instrument used to measure the aerosols in the workshops. 
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Questionnaire on Respiratory Symptoms 
 
1. Name of the firm            

2. Work section (identification number)         

3. Address: Woreda    , Kebele    

4. Interviewer        

5. Date         

Personal Information  

1. Name  ---------------------------------- Date of birth (age)   Sex------------ 

2. Martial status: Single             Married,          widowed ,          Separated or divorced  

3. Level of education            Work Shift(time)      

4. Salary per month (in birr)    Number of children _____________ 

5. Weight (kg) ______________ Height (cm) ______________ 

 

These questions pertain mainly to your chest, please answer yes or no if possible. If you 

are in doubt whether your answer is yes or no, record no.  

I. Cough  

a) Do you usually have a cough? (if no skip to c)  Yes                       No  

b) Do You usually cough as much as 4 to 6 times          Yes                       No 

a day, 4 or more days out of the week?. 

c) Do you usually cough at all on getting up, or              Yes                      No  

      first thing in the morning  

d) Do you usually cough at all during the rest of the       Yes                     No   

     day or night? If yes to a, b, c, d:  

e) Do you usually cough like this on most days for 3       Yes                     No   

       consecutive months or more during the year?  

f) During which month does your cough give you the most trouble?    

(month) 

g) For how many years have you had this cough?    (in years ) 

 

 1



II. Phlegm  

  

a) Do you usually bring up phlegm from your chest?      Yes                     No   

b) Do you usually bring up phlegm like this as much as 

            twice a day, 4 or more days out of the week?              Yes                     No   

c) Do you usually bring up phlegm at all getting up,  

      or first thing in the morning?                                      Yes                     No   

d) Do you usually bring up phlegm at all during 

             the rest of the day or at night? If yes to a, b, c, d:     Yes                     No   

e) Do you bring up Phlegm like this on most days for 3  

     consecutive months or more during the year?  Yes                     No 

f) During which months does your phlegm give you the most trouble?    

g) For how many years have you had trouble with phlegm?    (in years)** 

 

III. Episodes of Cough and phlegm  

a) Have you had periods or episodes of (* increased)cough  

          and/ or phlegm lasting for 3 weeks or more each year? If yes,   Yes                  No   

b) For how long have you had at least 1 such episode per year?   

      (in years)** 

IV. Wheezing  

1.  a. Does your chest ever sound wheezy or whistling? If yes:     Yes                No  

   1. When you have a cold?        2. Occasionally apart from colds?    

        3. Most days or nights?   If yes to 1, 2 or 3 above:  

 b. For how many years has this been present?    (in years)** 

 c. During which months does your wheezing give you the most trouble?     

2. a Have you ever had an attack of wheezing that  

      has made you feel short of breath? If yes,               Yes                 No  

     b. How old were you when you had first such attack?   Yes               No  

     c. Have you had 2 or more such episodes?               Yes              No 

     d. Have you ever required medicine or treatment for these attacks? Yes             No 

 

 2



V. Breathlessness  

1a. If disabled from walking by any condition other than heart or lung disease, please 

describe and proceed to question 2. Nature of conditions       

             

 

2 a. Are you troubled by shortness of breath when 

      hurrying on the level or walking up a slight hill? If yes,     Yes             No  

    b. Do you have to walk slower than people of your age         

         on the level because of breathlessness?                             Yes             No  

    c. Do you have to stop for breath when walking at your 

        own pace on the level?                                                        Yes             No 

    d. Do you ever have to stop to breath after walking                 

        a few minutes on the level?                                                 Yes No 

     

   e. For how long have you been this short of  breath?       --------------------- (years) 

   f. During which month do you have the most trouble  

      with your shortness of breath?                                        --------------------- (month) 

   g. Are you too breathless to leave the house or 

       breathless on dressing or undressing?                                  Yes                 No  

VI. Chest colds and chest illness 

1. a. If you get cold, does it usually go to your chest?        Yes No 

           (Usually means more than 0.5 the time). 

2. a. During the past 3 years, have you had any chest illnesses         Yes                  No   

        that have kept you off work, in doors at home or in bed? 

         If yes to a:  

 

    b. Did you produce phlegm with any of these chest illness?    Yes                   No    

   c. In the last 3 years, how many such illnesses,  

      with (increased)phlegm, did you have which lasted  

      a week or more ?    (Number of illnesses),  (No   such illnesses)* 

 

 3



VII. Past illnesses  

1.  Did you have any lung trouble before the age of 14?         Yes               No 

2. Have you had any of the following? (indicate the responses corresponding to each 

code: UU = The attack exists, VV = Confirmed by a doctor, WW= Age started, XX= 

The patient still has the problem, YY= The patient currently require treatment, ZZ, = 

Age stopped if the patient no longer have it)  

Chest attack   UU      XX            VV*       WW ** YY           ZZ* 

Attacks of bronchitis               

Pneumonia  

(bronchopneumonia)?           

Hay fever                         

Sinus trouble?                        

Pulmonary tuberculosis?   

Chronic bronchitis?   

Emphysema?           

Asthma?                    

4. Have you ever had:  

a. Any other chest illness? If yes, please specify   Yes                 No  

           

b. Any chest operations? If yes, please specify                      Yes                 No  

           

c. Any chest injuries? If yes, please specify    Yes                  No  

           

5a. Had a doctor told you that you had heart                          Yes                  No 

      trouble? If yes                                          

  b. Have you ever had a treatment for heart trouble              Yes                  No     

       in the past 10 years?   

 6a Has a doctor ever told you that you had high blood        Yes                  No   

     pressure? If yes 

  b. Have you had any treatment for high blood                    Yes                  No  

      pressure (hypertension) in the past 10 years?  

 4



Occupational History  

1a. Have you ever worked full time (40 hours per week or more) 

      for 6 months or more?                                                                    Yes                      No 

  b. Have you ever worked for a year or more in a dusty 

      job? If yes:                                                                                      Yes                      No   

Specify job      , Total years worked      

Was dust exposure: Mild    , Moderate   , Severe    

c. Have you ever been exposed to unhealthy gas or chemical fumes  

    in your work? If yes:      Yes                        No 

Specify job/industry       Total years worked    

Was the unhealthy gas or chemical fumes exposure:  Mild     ,        

Moderate   , Severe    

d. What has been your usual occupation or job the one you have worked at the        

longest?  

1. Job (occupation):          

2. Number of years employed in this occupation:       

3. Position ( job title):          

     e. What is your most recent job?  

1. Job (occupation):          

2. Position ( job title):          

3. Are you still employed at this job?  No     Yes, full time                

                                                                                     Yes, Part time                   

4. If not working at this job, at what age did you last work at it?                     

Tobacco Smoking   

(The following questions may apply for smoking pipes and cigars)  

a. Have you ever smoked cigarettes? (No means less than 20 packs  

    in a life time or less than 1 cigarettes a day for  1 year). If yes:      Yes               No 

b. Do you now smoke cigarettes (as of 1 month ago)?                       Yes               No 

c. How old were you when you first started regular cigarette smoking?            

                                                                                                                Age in years **  

d. If you have stopped smoking cigarettes completely, how old were 
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    you when you stopped?         Age in Years** 

      e. How many cigarettes do you smoke per day now?        

Cigarettes/day** 

Family History  

1. Were either of your natural parents ever told by a doctor that they had  a chronic 

lung condition such as:  

                                           Father                                                 Mother  

                                          Yes          No        Don’t know        Yes         No      Don’t know         

a. Chronic bronchitis   

b. Emphysema             

c. Asthma                    

d. Lung cancer          

e. Other chest conditions 

CAUSAL FACTORS OF EXPOSURE  

I. About protective devices:  

a. Do you always wear personal protective devices before 

    starting vehicle spray painting work ? If yes to a:  Yes                         No                                                

b. Evaluate the use and provision of personal protective devices (PPD) with emphasis 

on respirators or dust mask (Where A= PPD provided and properly used; B = PPD are 

not provided at all; C= PPD provided but not used as they are not the proper type, 

unfit or uncomfortable; D = proper type of PPD provided but workers are not 

interested to use, E= PPD are worn – out and do not protect from exposure)  

   PPD.       A  B  C  D  E  

1. Overall    

2. Safety shoe     

3. Respirators or       

     dust mask 

4. Gloves                     

5. Goggles                   

6. Aprons                   

7. Hats                                 
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II. Worker’s KAP (Knowledge, Attitude and Practice) during  

automobile painting in the workshop 

a. Have you ever split painting chemicals on your body? And if yes, what was the 

cause of the accident          

b. Do you have any idea as to how you can help a colleague during any incident of 

painting chemicals splash on his body?        

c. Are painting chemicals dangerous to you? 1. Not at all ----------,                               

2. Yes ------------,   3. Don’t know ------------ 

If no, why?            

If yes, what protective measures due you take to protect yourself?    

__________________________________________________________________ 

d. Can you read and understand the information written on the painting chemicals 

packages? If no, why?          

e. Have you been instructed about safe painting chemicals handling methods?  

1. No ---------, 2. Yes (informally) -------------------, 3. yes (formally) --------------- 

If formal training is given, explain, when, where and the duration of the training 

given?             

f. Should automobile spray painters wear personal protective devices (PPD)?                        

1. Yes           2. No          3. I do not know 

g. What are the major health problems faced during automobile spray painting?  

                          

                          

h. Suggest some possible solutions to be taken to promote safe automobile spray 

painting management?         
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Site information questionnaire 

 

1. Number of employee in the painting section ___________ 

 

2. Estimated workload,  

A) Per week     ________ 

B) Per month    _______ 

 

I) Low  II) Medium  III) High 

      

       3. Type of ventilation available; 

    

               a) Natural (open airways) 

     

               b) General (Fans on walls and roofs) 

    

               c) Hood / Lateral Exhaust ventilation 

      

       4. The size of the workshop (L x W x H)  

            ___________x ___________x ____________ = _____________ (m3)  

       

      5. Amount of paint used, 

a) Per week   ____________   

  b) Per month ____________   

                  I) Low  II) Medium  III) High 

      

      6. Types of paints used,  

  a) Chemical name ____________________________________________ 

  b) Manufacturer _____________________________________________ 

  c) Product number ____________________________________________ 

  d) Trade name _______________________________________________ 
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uS}”ðh ›"M LÃ KT>Ÿc~ ¾ISU UM¡„‹ ¾}²ÒË SÖÃp 
 

1. ¾É`Ï~ eU ------------------------------ ¾e^¨< ›Ã’ƒ--------------------------- 

2. ›É^h :- ¡/Ÿ}T ------------------------ 

3. nK SÖÃp ›É^Ñ> ----------------------- k”---------------------------------- 

 ¾ÓKcw S[Í / Personal information/ 

1. eU --------------------------------- �ÉT@ ---------------- ï� ---------               

2. ¾Òw‰ G<’@�'ÁLÑv/‹/    ÁÑv/‹     ›Ów„/� ¾’u\  

3. ¾ƒUI`ƒ Å[Í ----------------------- 4. ¾e^ c¯ƒ/ð[n------------- 

5. ¾¨` ÅS¨´ uw`---------------- ¾MÐ‹ w³ƒ----------- 

   6. ¡wÅƒ (Ÿ=.Ó) ---------------   lSƒ (c?.T@) ------------ 

¾T>Ÿ}K<ƒ ØÁo−‹ uÅ[ƒ LÃ Á}¢\ “†¨<:: ›− ¨Ã”U ›ÃÅKU uTKƒ 

ÃSMc<:: SMe−” ›−” ¨Ã”U ›ÃÅKU KTKƒ ¾T>Ö^Ö\ ŸJ’ ›ÃÅKU 

wK¨< ÃSMc<::      

I. dM/ Cough/ 

G. u}ÅÒÒT> ÁeM−�M;/"MJ’ ¨Å N ÃkØK</ 

    ›−                          ›ÁeK˜U              

K. uk” ¨<eØ u}ÅÒÒT> Ÿ4-6 Ñ>²? ÁeM−�M' ¨ÃU ›^ƒ ¨ÃU Ÿ›^ƒ  

   k“ƒ uLÃ udU”ƒ ÁeM−�M; 

 ›−    ›ÁeK˜U             

 N. ŸS˜�− uT>’c<uƒ ¨pƒ u}ÅÒÒT> dM ÁÒØS−�M ¨ÃU Øªƒ  

    Øªƒ u›w³—¨< ¾T>ÁeK<uƒ G<’@� ›K; 

        ›−                            ¾KU             

S. Ÿe^ ¨<Ü  uT>J’<uƒ Ñ>²? �“ uUiƒ u}ÅÒÒT> ¾T>ÁeK<uƒ G<’@� ›K; 

     ›−     ¾KU 

   K  ,G'K'N' �“ S  SMe− ›− ŸJ’  

W. ŸLÃ u}ÑKç¨< SMŸ< u›Sƒ ¨<eØ K}Ÿ��Ã feƒ ¨^ƒ ¨ÃU Ÿ²=Á    

   uLÃ KJ’ Ñ>²? u›w³™‡ k“ƒ u}ÅÒÒT> ÁeM−�M;  

  ›−      ›ÃÅKU                

[. dM u×U ¾T>Áe†Ó`−ƒ u¾ƒ—¨< ¾›S~ ¨`/¨^ƒ ’¨< ; --------------(¨`) 

c. u²=I SMŸ< Ke”ƒ ›Sƒ ›eM−�M ;  -------------------------- 
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II. ›¡�/ Phlegm/ 

G. ›¡� w²< Ñ>²? ŸÅ[ƒ− eu¨< Áe¨×K< ; 

  ›−     ›L¨×U   

K. u›w³—¨< u ‘G’ u}ÑKç¨< SMŸ< uk” G<Kƒ Ñ>²? ¨Ã”U udU”ƒ ›^ƒ               

¨ÃU Ÿ›^ƒ KT>uMÖ< k“ƒ ›¡� Áe¨ÓÇK< ; 

 ›−    ›L¨×U 

N. ŸS˜� uT>’c<uƒ ¨pƒ ¨Ã”U Öªƒ uTKÇ u›w³—¨< ›¡�” Á¨×K< ; 

 ›−    ›L¨×U 

S. Ÿe^ ¨<Ü  uT>J’<uƒ Ñ>²? �“ uUiƒ u}ÅÒÒT> ›¡� ¾T>Á¨Ö<uƒ 

G<’@� ›K ; 

 ›−    ¾KU   

   K ‘G’' ‘K’ ' ‘N’ ' �“ ‘S’ SMe− ›− ŸJ’ 

W. ŸLÃ u}ÑKç¨< SMŸ< u›Sƒ ¨<eØ K}Ÿ��Ã feƒ ¨^ƒ ¨ÃU Ÿ²=Á 

uLÃ KJ’ Ñ>²? u›w³™‡ k“ƒ u}ÅÒÒT> ›¡� Á¨×K< ; 

 ›−      ›L¨×U   

[ . ›¡� u×U ¾T>u³w− u¾ƒ—¨< ¾›S~ ¨`/¨^ƒ ’¨<;--------------------------- 

c. u²=I SMŸ< ›¡� Ke”ƒ ›S�ƒ ›e†Ó`−�M;---------------------(u›Sƒ)  

III.  ¾dM“ ¾›¡� ¡e}„‹/ Episodes of cough and Phlegm/ 

G. u¾›S~ Kfeƒ dU”�ƒ ¨Ã”U Ÿ²=Á KT>uMØ Ñ>²? ¾T>qÃ Ÿõ}— dM  

   ¨ÃU/�“ ›¡�  ›ÒØU−ƒ Á¨<nM ; 

 ›−     ›Á¨<pU             SMe−ƒ ›−” ŸJ’                       

K. �”Å²=I ›Ã’ƒ ›Ò×T> Ÿ}Ÿc} u›Sƒ u=Á”e KU” ÁIM Ñ>²? ÃqÃx�M ; 

   -------------------------------- (u›Sƒ)  

IV. ¾S}”ðe ‹Ó`/ wheezing/ 

G. 1. Å[ƒ− ›"vu= uƒ”ói TÖ` U¡”Áƒ c=`c=`�  ›Ã’ƒ eT@ƒ 

ÃcT−�M ; 

›−   ¾KU             SMe−ƒ ›−” ŸJ’ ÃI ¾T>Ÿc}¨<  

 

1. Ñ<”ó” uT>Ãμƒ Ñ>²? ’¨<” ;--------------------------------- 

2. ›Mö ›Mö ŸÑ<”ó” ¨<ÜU ; --------------------------- 

3. u›w³™‡ k“ƒ ¨ÃU Ui„‹ ; ------------------------- 

    K ‘1’ ' ‘2’  �“ ‘3’ SMe−ƒ ›− ŸJ’  

2. Ke”ƒ ›S�ƒ ÁIM qÃ„u�M;--------------------------( u›Sƒ )  
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3  u×U ¾T>Áe†Ó`−/¾T>u³w− u¾ƒ—¨< ¾›S~ ¨` /¨^ƒ    

   ’¨<; -------------------------------------- (¨`/¨^ƒ) 

K. 1.  S}”ðe �eŸ=Áp„ƒ É[e Áe†Ñ`−ƒ c=`c=`� ›ÒØU−ƒ Á¨<nM ; 

  ›−                ¾KU         SMe− ›− ŸJ’   

    2  �”Å²=I ›Ã’ƒ ›Ò×T> KSËS]Á Ñ>²? c=ÁÒØU−ƒ e”ƒ ›Sƒ−  

    ’u`; -------------------------( u›Sƒ)  

3  G<Kƒ �“ ŸG<Kƒ Ñ>²? uLÃ ŸLÃ ¾}ÑKì¨< ›Ã’ƒ }SddÃ        

   ›Ò×T>−‹ Å`fw−ƒ Á¨<nM  ;   

       ›−    ¾KU    

4  ŸLÃ ¾}Ökc<ƒ G<’@�−‹ c=ÁÒØU−ƒ SÉH’>ƒ ¨Ã”U ¾I¡U“  

        ›ÑMÓKAƒ }ÖpS¨< Á¨<nK< ; 

      ›−    ¾KU    

V.   ¾ƒ”ói TÖ` / Breathlessnes/ 

G. 1. ¾Mw ¨Ã”U ¾d”v  ISU vMJ’ U¡”Áƒ  u`UÍ S”kdke ¾TÃ‹K<  

ŸJ’ ÃØkc<M”“ ¨ÅT>kØK¨< ØÁo �”gÒÑ`&  

´`´` G<’@�−‹ ----------------------------------------------------------------------------------- 

K. 1. uT@ÇT S”ÑÊ‹ LÃ uõØ’ƒ uT>Õ²<uƒ ¨pƒ ¨Ã”U ƒ”i ÇÑ�T  

      uJ’< x�−‹ uT>”kdkc<uƒ Ñ>²?  ¾ƒ”ói TÖ` ›ÒØU−ƒ Á¨<nM;  

     ›−              ¾KU    SMe− ›− ŸJ’& 

2. uƒ”ói TÖ` U¡”Áƒ Ÿ�ÉT@ �Ÿ<Ä‹− v’c õØ’ƒ uT@ÇT S”ÑÉ LÃ 

KS”kdke }ÑÅªM:: 

 ›− ¾KU    

3. u^e− õØ’ƒ uT@ÇT ›"vu=−‹ uT>Õ²<uƒ ¨pƒ ¾S}”ðe ‹Ó`  

    ÑØU−ƒ um ›¾` KTÓ–ƒ qS¨< Á¨<nK<  

    ›−              ¾KU    

 

4. uT@ÇT ›"vu=−‹ Ømƒ Åmn−‹” Ÿ}Õ²< u%EL ¾S}”ðe ‹Ó` ÑØU−ƒ    

    um ›¾` KTÓ–ƒ qS¨< Á¨<nK< ; 

    ›−                         ¾KU    

5. ÃI ¾S}”ðe ‹Ó` KU” ÁIM Ñ>²? qÃ„x�M;--------------------(›Sƒ)  

6. ¾S}”ðe ‹Ó` u×U ¾T>Áe†Ó`− u¾ƒ—¨< ¾›S~ ¨`/¨^ƒ ’¨<; 

    ---------------------------------------------------------------------------(¨`/¨^ƒ)  
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   VI.   ¾Å[ƒ p´n²? Ñ<”ó”“ ISU/ Chest colds and chest illness/ 

G. 1 . p´n²? c=cT−ƒ“ Ñ<”ó” c=Ãμƒ w²<¨<” Ñ>²? Å[ƒ− LÃ ISU 

ÃcT−�M ;     ›−     ¾KU    

        ( w²<¨<” Ñ>²? TKƒ ŸÓTi KuKÖ Ñ>²? TKƒ ’¨< )  

   2.   1/ vKñƒ feƒ ›S�ƒ Ÿe^ ¾T>Áek`'Ÿu?ƒ �”ÇÃ¨Ö< ¨Ã”U ›MÒ   

         ¨<eØ �”Ç=¨<K< ¾T>ÁeÑÉÉ ¾Å[ƒ ISV ›ÒØV−ƒ Á¨<nM;  

       ›−   ¾KU   

    SMe− ›− ŸJ’  

   2/ ŸLÃ uÅ[cw− ¾Å[ƒ ISU U¡”Áƒ ›¡� ›¨<Ø}¨< Á¨<nK< ; 

        ›−                 ¾KU    

 3/ vKóƒ feƒ ›S�ƒ KdU”ƒ ¨Ã”U Ÿ²=Á uLÃ ¾q¿ e”ƒ }SddÃ    

    ¾Å[ƒ ISV‹ lØ\ ŸÚS[ ›¡� T¨<×ƒ Ò` Å`fw− Á¨<nM ; 

    ----------------------- (¾ISV‹ w³ƒ) ------------------- (U”U ›Ã’ƒ ¾Å[ƒ 

ui� ›ÒØV˜ ›Á¨<pU)  

 

VII.  ¾q¿ ui�−‹/ Past  illnesses/ 

G. Ÿ›e^ ›^ƒ ›Sƒ− uòƒ ¾d”v ISU ›ÒØU−ƒ Á¨<p ’u` ; 

                 ›−            ›Á¨<pU    

K. ŸT>Ÿ}K<ƒ ¨<eØ ¾ƒ—¨< ›ÒØU−ƒ Á¨<nM ;( SMe−” Ÿ}²[²\ƒ ¢Ê‹   

   e` ÁekUÖ< ) 

UU= ui�¨<  S•\” ¾T>ÑMî  

VV= uI¡U“ Ê¡}` ¾}[ÒÑÖ  

WW= ui�¨< ¾ËS[uƒ �ÉT@  

XX=   ui}—¨< ›G<”U ui�¨< ›waƒ ›K  

YY= ui}—¨<  ›G<” ¨p�© I¡U“ ÁeðMÑªM 

ZZ= ui}—¨< ŸISS< ¾Ç’uƒ �ÉT@¨<  
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 ¾Å[ƒ ISU           UU          XX          VV       WW         YY       ZZ      
 
1. wa”"Ã}e   
     (Attacks of bronchitis) 
2. ¾d”v U‹  
     ( Pneumonia) 
3. ¾›uv i� ›K`Í= 

     (Hay fever) 
4. ¾›õ”Ý ðdi ›K`Í= 

      (Sinus trouble) 
5. ¾d”v ui� 

      (pulmonary tuberculosis) 
 

6. u[ÏU Ñ>²? ¾}Ÿc}  

  wa”"Ã}e(Chronic bronchitis)  
7. ¾›¾` Ÿ[Ö=ƒ SÔÇƒ 

   ( Emphysema ) 
8. ›eU 

    (Asthma ) 
 

S. ¾T>Ÿ}K<ƒ G<’@�−‹  Å`fw− Á¨<nM ; 

 

1. ¾}K¾ ¾Å[ƒ ISU ;     ›−            ¾KU  

      

     SMe− ›−” ŸJ’ Áw^\ƒ --------------------------------------------------- 

     

 2. ¾Å[ƒ kÊ ØÑ“ I¡U“ ;   ›−              ¾KU 

 
  SMe− ›−” ŸJ’ Áw^\ƒ -------------------------------------------------- 

 

 3. ¾Å[ƒ Ñ<Çƒ ;           ›−            ¾KU  

      

SMe− ›−” ŸJ’ Áw^\ƒ ----------------------------------------- 

 

W. 1 NŸ=U ¾Mw ‹Ó` �”ÇKw−ƒ ’Óaƒ Á¨<nM;   

        

 ›−   ¾KU  SMe−  ›− ŸJ’ 

         

   2 vKóƒ 1® ›S�ƒ KMw ‹Ó`− I¡U“ ›É`Ñ¨< Á¨<nK< ; 

   ›−    ¾KU 

                         

[. 1 NŸ=U  Ÿõ}— ¾ÅU Óòƒ �”ÇKw−ƒ ’Óaƒ Á¨<nM  ; 

›−             ¾KU 

          SMe−  ›− ŸJ’ 

   

 2. vKñƒ 1® ›S�ƒ  KŸõ}— ¾ÅU Óòƒ− I¡U“ ›É`Ñ¨< Á¨<nK<  

             ›−             ¾KU  
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Ÿ²=I kÅU ¾c\ƒ e^ / Occupational history/ 
 G. 1. KeÉeƒ ¨^ƒ �“ Ÿ²=Á uLÃ KJ’ Ñ>²? ‘usT> ¾S<K< Ñ>²? e^’ c`}¨<     

Á¨<nK<; 

         (4® c¯ƒ ¨ÃU ¾T>uMØ Ñ>²? udU”ƒ)  ƒ 
  

    ›−            ¾KU  

    2. K›Sƒ ¨ÃU Ÿ›Sƒ KT>uMØ Ñ>²? ›vD^ uT>ðÖ`uƒ ¾e^ x� 

c`}¨< Á¨<nK<; 

   ›−            ¾KU     SMe−ƒ ›−” ŸJ’  

e^¨<” ÃÓMì<ƒ ------------------------------------------------------------------ 

ÖpLL ¾c\uƒ Ñ>²? u›Sƒ ---------------------------------------------------- 

    K›vD^ ¾SÒKÖ< G<’@� U” ÃSeM ’u`  

kLM ( Mild) ---------------------------------------------------------------------- 

›T"Ã (Moderate) -------------------------------------------------------------- 

›ÅÑ— (Severe)   ------------------------------------------------------- 

3   ue^−ƒ  ìvÃ U¡”Áƒ Ku}uŸK ›¾` ¨Ã”U KŸ?T>"M }•‹ }ÒMÖ¨<   

    Á¨<nK<;  ›−   ¾KU    SMe−ƒ ›−” ŸJ’  

e^¨<” ¨Ã”U ów]"¨<” ÃÓKì<ƒ ---------------------------------------------------------- 

ÖpLL ¾c\uƒ Ñ>²? u›Sƒ ---------------------------------------------------------------------- 

K}uŸK ›¾` ¨Ã”U KŸ?T>"M }•‹ ¾SÒKÖ< G<’@� U” ÃSeM ’u`  

kLM (Mild) --------------------------------------------------------------------------------- 

S"ŸK— (Moderate) ---------------------------------------------------------------------- 

›ÅÑ— (Severe) ----------------------------------------------------------------------------- 

4 u”îî` K[ÏU Ñ>²? ¾c\ƒ  e^− U” ’u`; 

1. ¾e^¨< ›Ã’ƒ ----------------------------------------------------------------------------- 

2. u²=I e^ LÃ ¾q¿uƒ ÖpLL Ñ>²? u›Sƒ------------------------------------------ 

3. ¾e^ É`h ---------------------------------------------------------------------------------- 

5 u›G<’< Ñ>²? �¾W\ƒ ÁK¨< ¨p�© e^  

    1. ¾e^¨< ›Ã’ƒ ---------------------------------2. ¾e^ É`h ------------------------- 

3. ›G<”U ÃI”” e^ �¾W\ ’¨< ;- 

   ›ÃÅKU ----------------------------------------------------------------------------------- 

   ›−” uSK< c¯ƒ e^( usT>’ƒ) -------------------------------------------------- 

   ›−” uƒ`õ c¯ƒ --------------------------------------------------------------------- 

  4. ŸLÃ ¾}Ökc¨<” e^ �¾c\ "MJ’ KSÚ[h Ñ>²? X>W\ƒ �ÉT@−                    

e”ƒ  ’u`;     ------------------------------------------------------------------- 
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 c=Ò^ TÚe /Tobacco Smoking/ 

¾T>Ÿ}K<ƒ ØÁo−‹ c=Ò^“ úþ KT>ÁÚc< K=k`w ¾T>‹M ’¨<  

G. c=Ò^ ›ßc¨< Á¨<nK<; ( ›L¨<pU TKƒ uIÃ¨ƒ ²S” Ÿ2® þŸ?ƒ u�‹    

   ¨Ã”U u›Sƒ ¨<eØ Ÿ›”É c=Ò^ Á’c uk” �”ÅTKƒ ’¨<)  

 ›−              ¾KU 

K. ›G<” c=Ò^ ÁÚdK<; ( Ÿ›”É ¨` uòƒ ËUa)  

     ›−           ¾KU    

                           

N. c=Ò^” ÁKTs[Ø TÚe KSËS]Á Ñ>²?  X>ËU\ �ÉT@− e”ƒ ’u` ; 

   ----------------- ›Sƒ 

S. c=Ò^” TÚe S<K< uS<K< ›lS¨< ŸJ’'c=ÁqS< �ÉT@− e”ƒ ’c`;    

    ----------------›Sƒ  

W. ›G<” uk” U” ÁIM c=Ò^−‹” ÁÚdK<; -----------------c=Ò^−‹/uk”/                   

   

¾u?}cw �]¡ /Family History/  
G. u}ðØa ¨LÐ‹− ¾T>J’< u?}cw− ŸNŸ=U ²”É  Ÿ²=I u�‹ Ÿ}Ökc<ƒ 

u[ÏU Ñ>²? ŸT>Ÿc~ ¾dUv ISV‹ }Öm �”Å’u\ }’Ób†¨< Á¨<nM ;    

                              ›vƒ                                             �“ƒ  

 ›− ¾KU ›L¨<pU          ›−      ¾KU      ›L¨<pU 

1. u[ÏU Ñ>²? ¾T>Ÿcƒ 

     wa”"Ã}e(chronic 

      bronchitis)                           

2. ¾›¾` Ÿ[Ö=ƒ SÔÇƒ 

   (Emphysema ) 

3. ›eU( Asthma) 

4. ¾dUv ’k`d 

   (Lung cancer ) 

5. K?KA‹ ¾Å[ƒ ISV‹ 

     (Other chest illnesses) 
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¾SÒKØ U¡”Á„‹ / Causal Factors of Exposure/ 
  G. eKSŸLŸÁ Sd]Á−‹  

 

   1. ¾kKU  Skvƒ e^ uT>c\uƒ ¨pƒ ¾’õe ¨Ÿõ ¾Ñ<Çƒ SŸLŸÁ    

      Sd]Á−‹” ÃÖkTK< ; 

   ›−                      ›MÖkUU    

          SMe− ›− ŸJ’&  

    

2. ¾’õe ¨Ÿõ ¾Ñ<Çƒ SŸLŸÁ Sd]¾−‹ ›p`xƒ �“ ›ÖnkU ÓUÓT  

         (u}KÃ ¾S}”ðh ›"M SŸLŸÁ−‹ LÃ ¾}K¾ ƒŸ<[ƒ uTÉ[Ó  

         ¾}²ÒË)   

    A= ¾’õe ¨Ÿõ ¾Ñ<Çƒ SŸLŸÁ Sd]Á−‹ Ãk`vK< uƒ¡¡M uØpU        

 LÃ Ã¨<LK< 

    B= ¾Ñ<Çƒ SŸLŸÁ  Sd]Á−‹ S<K< uS<K< ›Ãk`u<U  

    C =¾’õe ¨Ÿõ ¾Ñ<Çƒ SŸLŸÁ Sd]Á−‹ Ãk`vK<::’Ñ` Ó”         

 ¾TÃS‡'¾TÃÑØS< �“  ƒ¡¡K— ÁMJ’<  uSJ“†¨<  ØpU LÃ    

             ›Ã¨<K<U                    

        D= ƒ¡¡K— ¾J’< ¾Ñ<Çƒ SŸLŸÁ Sd]Á−‹   Ãk`vK<:: ’Ñ` Ó”      

         W^}™‹ KSÖkU ðnÅ™‹   ›ÃÅK<U 

        E, ¾Ñ<Çƒ SŸLŸÁ  Sd]Á−‡ uT`Ë�†¨< ›ÑMÓKAƒ SeÖƒ ›Ã‹K<U  

 

  PPD                       A                    B                   C                   D                E       

¾e^ Mwe (Overall) ----------  
¾e^ ÝT (Safety shoe) ------  
¾S}”ðh ›"M Sgð— ----- 

(Respirators or dust mask)  
¾�Ï Õ”ƒ (Gloves) ---------- 
¾›Ã” S’ê` (Goggles) ------ 
¾ýLe+¡ i`Ø(Aprons) ------  
¾ß”pLƒ Sgð— (Hats) ----- 
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 K. (SŸ=“ kKU uSkvƒ e^ ¨pƒ ¾W^}™‹ �¨<kƒ'´”vK?/›SK"Ÿƒ/ �“         

}Óv^© �”pepc? ) Workers KAP during automobile Spray Painting.  
 

1. kKV‹” uc¨<’ƒ− LÃ [ß}¨< Á¨<nK<;SMe− ›−” ŸJ’ ¾[Ûuƒ   

    

   U¡”Áƒ U” ’u` ; --------------------------------------------------------------------- 
 

2 uc¨<’~ LÃ ¾kKU S[Úƒ uÉ”Ñƒ ¾Å[cuƒ” ÕÅ—−” uU” SMŸ<    

  K=[Æƒ �”ÅT>‹K< Á¨<nK< ; 

-------------------------------------------------------------------------------------------------------- 

  
3. ue^ x� ¾UƒÖkS<v†¨< kKV‹ KÖ?“− ÔÍ= “†¨<; 

 

  1. uõì<U ›ÃÅK<U --------------------------------------------------------------------------- 

 

  2. ›− “†¨< ------------------------------------------------------------------------------------ 

 

  3.›L¨<pU --------------------------------------------------------------------------------------- 

 

Ñ<Í= "MJ’< KU” ---------------------------------------------------------------------------------  

Ñ<Í= ŸJ’< Ö?“−ƒ” KSŸLŸM U” ›Ã’ƒ S”ÑÊ‹ ÃÖkTK<; --------------------- 

----------------------------------------------------------------------------------------------------------- 

4. ukKS< TgÑ>Á �n LÃ ¾}íð¨<” S[Í T”uw“ SÑ”²w Ã‹LK<; ------------ 

    "M‰K< KU” ; -------------------------------------------------------------------------------- 

5. ¾SŸ=“ kKV‹” ›ÁÁ´ �“ ›ÖnkU” u}SKŸ} eKT>¨cÅ¨<  

   Ø”no SS]Á }cØ„�M ; 

1. ›M}cÖU ---------------------------------------------------------------------------- 

2. }cØ„“M/ unM/ ------------------------------------------------------------------ 

3. }cØ„“M /uîOõ/ ---------------------------------------------------------------- 

   SÅu— ¾J’ eMÖ“ ¨eÅ¨< ŸJ’ SŠ ' ¾ƒ �“ KU” ÁIM Ñ>²? eMÖ“¨<”    

   �”Å¨cÆ Áw^\ ------------------------------------------------------------------------------ 

6. ¾SŸ=“ kKU  ku=−‹ ¾’õe ¨Ÿõ ¾Ñ<Çƒ SŸLŸÁ−‹” SÖkU ›Kv†¨<;  

     

     1. ›−    2. ¾KuƒU   3. ›L¨<pU 

7. SŸ=“ kKU uT>kvuƒ ¨pƒ ¾T>ÁÒØS<” ¾Ö?“ ‹Óa‹ U”É” “†¨<; 

   ------------------------------------------------------------------------------------------------ 

8. ¾SŸ=“  kKU ›kvw” u}SKŸ} uÖ?“ LÃ Ñ<Çƒ �”ÇÁeŸƒM KTÉ[Ó  

    SõƒN?  ÃJ“M wK¨< ¾T>Áeu<ƒ ›T^ß "K−ƒ  Ã”Ñ\” 

----------------------------------------------------------------------------------------------------------- 
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¾e^ x� S[Í Scwcu=Á SÖÃp 

 

1. ukKU Sku=Á ¡õM ¨<eØ ¾T>c\ c^}™‹ w³ƒ ----------------------------- 

2. ¾e^ SÖ” 

 

G. udU”ƒ ------------------------------------------------------------------------------ 

K. u¨` ---------------------------------------------------------------------------------- 

       

  1. ›’e}—  2.  S"ŸK—  3.  Ÿõ}— 

 

  3. ue^ x� ¾T>Ñ–¨< ¾›¾` Te}"ŸÁ (Te}”ðh) ²È 

     

   G. ¾}ðØa / ¾›¾` TeÑu=−‹” u`“ Se¢ƒ uT²ÒËƒ / ¨Ã”U  

 ¡õƒ x�−‹” uSÖkU 

    K. Î’@^M /  uÓÉÓÇ−‹“ u×]Á LÃ ó•‹” (T^Ñu=Á) uSƒŸM / 

    N. G<É   / Ÿe^¨< ›"vu= ›¾`” ex ¾T>Áe¨× Sd]Á /  

 

 

 4. ¾Ò^ÿ SÖ” /  `´Sƒ x  eóƒ x  lSƒ / 

-------------------   x -----------------  x  ------------------- =  ----------------- (m3 ) 

   

 5. ¾UƒÖkS<ƒ ¾kKU SÖ” / õÐ� / 

      G. udU”ƒ --------------------------- 

  K. u¨`   ------------------------------ 

 1. ›’e}—  2.  S"ŸK—  3.  Ÿõ}— 

   

 6. ¾UƒÖkS<uƒ ¾kKU  ›Ã’ƒ 

  G. ¾Ÿ?T>"K< eU  ------------------------------------------------------------- 

  K. ¾Ÿ?T>"K< ›U^‹  Ÿ<v”Á  --------------------------------------------- 

  N. ¾U`ƒ SKÁ lØ`  ---------------------------------------------------- 

  S. ¾”ÓÉ eU   ---------------------------------------------------------------          

                




