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CHAPTER I 

INTRODUCTION 

Background and Setting 

It has often been said that students need a clean healthy environment in which to live 

and learn. H students have a healthy environment in which to learn, they will be more 

responsive to learning. Learning does not take place in classrooms alone. Students are 

also learning in shops or laboratories. Many agricultural science students are exposed to 

situations which are not as clean and healthy as a regular classroom. Many agricultural 

mechanics classes involve arc and oxyacetylene welding. In these laboratory based 

classes, they are surrounded by smoke and flying particles that when inhaled have the 

potential of being dangerous to their health. 

The National Institute for Occupational Safety and Health (NIOSH) (1981) found 

numerous ways in which toxic materials can enter the body, but none are any more 

dangerous than inhalation into the respiratory system. When inhaled, toxic materials are 

more quickly absorbed in the lungs; passed into the bloodstream and reach the brain much 

more quickly than when ingested or absorbed through the skin. Inhalation hazards arise 

from excessive concentrations of mists, vapors, gases, or solids that are in the form of 

dusts or fumes. Depending on the solubility of the materials, inhalation of chemical agents 

may irritate the upper respiratory tract, including the mucous membranes, or it may harm 

the terminal passages of the lungs and air sacs (NIOSH, 1981 ). Welding fumes that are 

absorbed by the body for a period of time are considered capable of producing chronic 

health problems (Jacobs, 1983). 

Agricultural mechanics laboratories have not been documented as exceeding the 

safety limits established by the Occupational Safety and Health Administration (OSHA). 
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The reason for this is because the numerous studies conducted on welding safety have been 

done with more emphasis on industrial user hazards, rather than secondary school 

agricultural mechanics shops. Industrial workers are exposed to the fumes and gases 

generated during the welding process more often and for longer periods of time. They may 

be exposed for several hours every day, whereas students may only be exposed for a few 

hours a week. Although there is a difference in the length and amount of exposure, 

students still come in contact and can be affected by the hazards associated with welding. 

In a study conducted by Westrom and Lee (1989), 303 agricultural science teachers 

replied to a questionnaire which identified the factors in the school work place that 

contribute to the health status of secondary agriculture science teachers. Of the teachers 

who responded, 42% perceived the physical environment to be deficient The teachers 

cited conditions such as laboratory noise and air quality as concerns. In a list of the ten 

greatest environmental problems associated with agricultural mechanics laboratories, air 

quality was ranked second with 23%. Laboratory noise level was first on the list with 25% 

of the data sample. Westrom and Lee found that a large percentage of agricultural science 

teachers are concerned about the quality of the teaching environment 

All secondary agricultural mechanics laboratories are equipped or are required to be 

equipped with some type of ventilation system to minimize the health hazards to students, 

teachers and visitors in the area (Jacobs 1979). Most schools use mechanical methods of 

removing welding fumes from the laboratory. Ventilating fans are the most common type 

of mechanical ventilation used due to affordability and ease of maintenance. The main 

concern is the well-being of the students. Are they provided a safe and healthy 

environment in which to learn? Also, are the teachers and visitors at risk when they enter 

an agricultural mechanics welding laboratory? 
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Statement of the Problem 

A welder is not being protected just because a ventilation system is in operation. A 

person can enter a welding laboratory and observe inadequate ventilation due to the smoke 

in the air. They may also experience coughing, sneezing, or watery and irritated eyes 

(Carr, 1982). Exposure to fumes, dusts, and vapors over a period of time can cause 

damage to a person's respiratory system, eyes, and skin. Are students, teachers, and 

visitors who are involved with arc welding, oxyacetylene welding, and a combination of 

both processes in the agricultural mechanics welding laboratory at Texas Tech University 

exposed to levels of welding fume particulates above the limits set by OSHA? 

Objectives of the Study 

The objectives of this study were to determine if agricultural mechanics students 

enrolled in the MCAG 2201 laboratory at Texas Tech University are exposed to health 

hazards in the welding laboratory, and determine if teachers and visitors, who are present 

in this laboratory, might also be at risk. This study attempted to answer the following 

questions: 

1. What is the students level of exposure to fumes in the welding laboratory? 

2. What is the teachers level of exposure to fumes in the welding laboratory? 

3. What is the visitors level of exposure to fumes in the welding laboratory? 

4. How do welding fume particulate exposures compare between the student, 

teacher, and visitor in the welding lab? 

5. What is the exposure level of oxyacetylene welding compared to electric arc 

welding? 
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Research Hypotheses 

The following hypotheses were stated in the null form for the purpose of statistical 

testing. These hypotheses were tested at the 0.05 level of significance. 

H0-1: There will be no significant difference in the student's exposure to 

welding fumes and the standards of welding fume exposure as set by OSHA. 

H0-2: There will be no significant difference in the teachers exposure to 

welding fumes and the standards of welding fume exposure as set by OSHA. 

H0-3: There will be no significant difference in the visitors exposure to welding 

fumes and the standards of welding fume exposure as set by OSHA. 

H0-4: There will be no significant difference in the amount of exposure to 

welding fumes of the students, teacher, and the visitor. 

H0-5: There will be no significant difference in the amount of welding fume 

particulate generated by the arc welding, oxyacetylene welding processes, and a 

combination of both. 

Definition of Terms 

AWc<ultural Mechanics - Agricultural Mechanics is a form of instruction offered at 

the secondary school level (grades 9-12) in agricultural science curricula to train students in 

mechanic skills associated with agricultural operations. 

AiWcultural Sciences - Agricultural Science is a form of instruction offered at the 

secondary school level (grades 9-12) to train students in agricultural related sciences. 

Arc Weldin~ - Arc welding is electric welding using either uncoated or coated 

electrodes. 

Carbon Monoxide - Carbon Monoxide is a gas usually formed by the incomplete 

combustion of carbon containing substances. It is odorless and colorless and cannot be 
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detected. Common results of exposure include: pounding of the heart, a dull headache, 

flashes before the eyes, ringing in the ears, and nausea. 

Ceilin~ Limit - Ceiling limit is the maximum level of an environmental contaminant 

which should not be exceeded for any period of time. 

Contaminant- A contaminant is a substance (dust, fumes, mist, vapor, or gas) 

whose presence in the air is harmful, hazardous, or undesirable. 

Dilution Ventilation - Dilution Ventilation involves the addition of enough fresh air to 

the contaminated air so that hazardous concentrations do not develop. 

Dusts - Dusts are solid particles generated by handling, crushing, grinding, rapid 

impact, detonation, and breaking apart by heating of organic and inorganic matter. 

Exhaust hood - An exhaust hood is a shaped inlet designed to capture contaminated 

air and conduct it into an exhaust duct 

Fumes - Fumes are forms of particulate matter which differ from dust in the way 

they are generated and their particle size (less than 1 micron in diameter and generated by 

such processes as combustion, condensation, and sublimation). 

Gases - Gases are formless fluids which tend to occupy an entire space uniformly at 

ordinary temperatures and pressures. 

General Ventilation - General ventilation is the removal and replacement of air from 

an enclosed space in a non-localized manner for the purpose of controlling concentrations 

of air contaminants. 

Iron Oxide - Iron oxide is produced from the iron in base metal. Fumes are given off 

during the welding process from both the base metal and the electrode. Common results of 

exposure include irritation of nasal passages, throat, and lungs. 

Mechanical Ventilation- Mechanical ventilation is the process of supplying air to or 

removing air from a space by mechanical means. 
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National Institute for Occupational Safety & Health CNIOSID - NIOSH is a federal 

government agency in the Department of Health Education and Welfare whose purpose is 

to provide research on safety and health matters in industry. 

Occupational Safety and Health Administration or Occupational and Safety Health 

Act <OSHA)- OSHA is a federal government agency in the Department of Labor whose 

purpose is to establish and enforce safety and health standards in industry. 

Ozone - Ozone is a gas produced by ultraviolet radiation in the air in the vicinity of 

arc welding and oxyacetylene cutting operations. Common results of exposure include 

headache, chest pain, and dryness of the respiratory tract. 

Particulate- A particulate is a particle of solid or liquid matter. 

~- PPM is parts of vapor or gas per million parts of air (by volume). 

Smoke - Smoke is an air suspension of particulates, usually but not necessarily 

solid, formed from combustion. 

Threshold Limit Value CJLV) - TL V refers to airborne concentrations of substances 

and represents the exposure level under which most people can work, day after day, 

without adverse effect. 

TLV-Ceilin~ CTLV-C)- TLV-C is the concentration that should not be exceeded even 

instantaneously. 

lLV- Short Tenn Exposure Limit <TLV -STELl - TL V -STEL is the maximum 

concentration to which persons can be exposed for a period of 15 minutes continuously 

without suffering; (a) irritation, (b) chronic or irreversible tissue change, or (c) narcosis of 

sufficient degree to increase accident proneness, impair self-rescue, or materially reduce 

work efficiency. 

1LY-Time Wei~hted Avera~ (TL V-TWA) - TL V -TWA is the time-weighted average 

for normal eight-hour day or forty-hour week. 
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Time Weiwted Ayera~e OWA> - TWA is the mean of several samples taken at 

various times during a working day. TWA is usually more representative of the true 

exposure to a person for evaluation of long term effect from a harmful agent 

arr. 

Ventilation - Ventilation is the circulation of fresh air in order to replace contaminated 

Limitations of the Study 

The following limitations were considered in this study: 

1. This study was limited to bench welding only. 

2. The size of the class was not controllable. 

3. This study was limited to the welding equipment, ventilation system, students, 

teachers, and visitors in the Agricultural Education and Mechanization Department at Texas 

Tech University. 

Need for the Study 

In the state of Texas, there is a need to check the effectiveness of ventilation systems 

in the removal of airborne contaminants that are produced by welding practices in 

agricultural science welding laboratories. No other studies have been conducted to 

discover the amount of exposure to welding fume particulates. Information was needed to 

determine if present conditions in agricultural mechanics welding laboratories provide a 

healthy environment for students, teachers, and visitors. 

The Occupational Safety and Health Administration has set standards and guidelines 

for employers to follow which protect employees from exposure to contaminated air. 

Although OSHA has no jurisdiction over state and local governments, which are in the 

control of public schools, OSHA does recommend standards for schools to follow: 
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Although recent federal and state legislation in the occupational safety and 
health area does not generally recognize students per se as employees and, 
therefore, does not provide direct protection, the application of these 
requirements to the school program will ultimately and effectively benefit 
the students. (NIOSH, 1979, b, p. 1) 

Wolff (1976) stated that OSHA standards do not and never can adequately cover 

every situation in the school shop, based solely on the inspection of an outside authority. 

He states such an effort would fail for two reasons: "(1) there aren't and never will be 

enough inspectors (federal and state), and (2) such an effort ignores a major cause of 

injuries, that is, the unsafe act" (p. 8). 

Some states have approved state jurisdiction for safety and health enforcement It is 

up to each individual state and local government to adopt the standards set by the 

Occupational Safety and Health Act The ultimate goal, as stated by NIOSH (1979, b), is 

that "we have to change attitudes so that people expect, as their right, a safe and healthful 

workplace" (p. 1). Jacobs (1979) stated that providing a safe and healthful environment 

for the agricultural mechanics laboratory is a primary concern for administrators and 

instructors. Beard and Wertheim (1967) reported that in other countries, it is stated that 

everyone should be protected from the effect of any agent in the air which can produce any 

demonstrable physiological effect, even if it is not shown to be harmful. 
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CHAPTER IT 

REVIEW OF LITERATURE 

Welding is a work process that can be done in any number of conditions: indoors, 

outdoors, confined spaces, open spaces, underwater or above ground. Welders also use a 

wide variety of welding and cutting processes. Electric arc welding, gas metal-arc welding 

(GMA W), gas tungsten-arc welding (GTA W), oxyacetylene welding, and oxyacetylene 

cutting are just a few of these processes. One thing all welding processes have in common 

is the production of fumes, gases, radiation, and other potentially harmful agents 

(American Welding Society, 1979). This review includes the research conducted in 

welding operations, some of the potential hazards to one's health associated with welding 

processes, ventilation considerations, and OSHA and NIOSH regulations. 

Welding Fumes and Gas Exposure 

There are many ways in which harmful substances can enter the body. These 

substances can be ingested into the stomach and absorbed through the skin. Olishifski 

(1979) reported that inhalation is by far the most efficient medium the body possesses for 

absorbing materials because the surface area of lung tissue averages 55 to 75 square 

meters, where as the skin averages two square meters. NIOSH (1981) reported that 

chemicals that are ingested into the stomach will be considerably diluted by the contents of 

the stomach. Inhalation is the easiest and most concentrated way for harmful contaminants 

to enter the body because the respiratory system is intimately connected to the circulatory 

system. 

Cornu (1988) reported that it is difficult to give precise measurements of welding 

fume exposure. Different tests have shown that the quantities emitted vary considerably 
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with the welding parameters (voltage, current, inclination of the weld, torch, etc.). He also 

stated that there is a lack of detailed knowledge relating to the chemical state of real toxicity 

of many substances. 

NIOSH (1981) classified inhaled contaminants in three general categories: 

1. particulates which when deposited in the lungs, may produce rapid 
local tissue damage, slower tissue reactions, disease, or physical 
plugging; 

2. toxic vapors and gases that produce adverse reaction in the tissue of 
the lungs; and 

3. toxic vapors and gases that do not affect the lung tissue locally but 
may either: 
a. pass from the lungs into the bloodstream, where they are 

carried to other body organs; or 
b. affect adversely the oxygen-carrying capacity of the blood 

cells themselves. (p. 13-42) 

The hazards associated with welding fumes and gases, as reported by Jacobs (1979), 

depend upon the following: 

1. the chemical composition of the materials being used; 
2. the concentration of chemicals in the breathing zone; and 
3. the duration of exposure. (p. 252) 

Welding fumes and dusts are classified and named by their actual particle size. Dusts 

are generally classified by particles 0.1 to 30 microns, where as fumes are classified from 

0.001 micron to 1 micron in size (McDermott, 1976). 

Chemicals Produced During the Welding Process 

Many types of chemicals are produced by the welding process. A great variance in 

the harmfulness of each chemical exists. Some chemicals can cause severe irreversible 

problems, others may cause only temporary damage, and some are considered a nuisance 

(Jacobs, 1979, and Stellman & Daum, 1973). 

Welding is not a simple process involving only a few chemicals and chemical 

processes. Each welding process (arc welding, oxyacetylene welding, or cutting, etc.) 
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involves any of a number of types of chemicals and reactions. The American Welding 

Society (1979) stated that " ... welding exposure is unique. There is no material from any 

other source directly comparable to the composition and structure of welding fumes. 

Exposure to by-product gases accompanies fume exposure" (p. xvii). 

Table 1 is a list of chemical agents and health hazards present in welding 

fumes and gases as presented by Jacobs (1979). All of the chemical agents listed are not 

present during all types of welding processes. Some of them come from the type of base 

metal being fused while others come from the filler~ fluxes, or alloying elements 

being used in the welding process. 

Occupational Diseases Associated With Welding 

Stellman and Dawn (1973) reported that many occupational diseases result from the 

accumulation of toxic chemicals in the respiratory system itself, and other diseases are 

caused by passage of harmful substances through the lungs to the rest of the body. The 

potential damage caused by inhalation of toxic chemicals is not limited to just the 

respiratory tract. Some of the chemicals associated with welding can cause damage to the 

brain, kidneys, and other vital organs. 

Olishifski (1979) stated that the occupational diseases associated with inhalation of 

toxic materials depend on four factors: type of dust inhaled, length of time the person is 

exposed, concentration of the airborne dusts in the persons breathing zone, and the overall 

size of the particles located in the persons breathing wne. The American Welding Society 

(1979) reported that the actual size of the particle is of great importance because it is an 

indication of how far the particle will penetrate in the respiratory system, and the number of 

particles that will be retained in the respiratory system. Particles one to two microns in size 

are deposited about equally in the upper respiratory system and in the pulmonary air 
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Table 1 

Welding Fumes and Gases Health Hazards 

============================================================= 
Chemical 
Agent 

Antimony 

Arsenic 

Asbestos 

Beryllium 

Cadmium 

Chromium 

Flourides 

Iron Oxide 

Lead 

Mercury 

Nitrogen Oxides 

Ozone 

Silicon Dioxide 

Zinc 

Route of 
Entry 

Exposed skin 

Breathing fumes 

Breathing fibers 

Breathing fumes 

Breathing fumes 

Breathing fumes 

Breathing fumes 

Breathing fumes 

Breathing fumes and 
Ingestion 

Breathing vapors 

Breathing fumes 

Breathing fumes 

Breathing free silica 

Breathing fumes 

Health Hazard 

lnflamation of hair follicles--Breathing fumes
metallic taste--stomach distress 

lnflamation of mucous membranes, and 
exposed skin 

Long-term exposure causes asbestosis of the 
lungs 

Acute exposure--chemical pneumonia; long
term effect accumulative; fatigue and 
weakness 

Severe lung irritation--long-term exposure 
causes emphysema and kidney damage 

Extremely toxic and irritant to skin, eyes, and 
mucous membranes 

Irritant and accumulative effect--bone damage 
and fluid in the lungs 

Irritant to nasal passages, throat, and lungs 

Metallic taste in mouth--long-term effect-
lead poisoning 

Kidney damage; respiratory failure long-term 
exposure--tumors, emotional and hearing 
problems 

Irritant--hard to detect; dangerous 
concentrations can injure lungs 

Very irritating to mucous membranes excess 
produces fluid on the lungs 

Long term exposure leads to silicosis 

24 hour metal fume fever 
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spaces. The smaller particles, one micron or less, are generally deposited in the pulmonary 

air spaces. Carr (1980) reported that the majority of dust particles will settle to the ground 

or be contained in the upper respiratory tracts while only very fine particles and gases will 

enter the lungs. Also, most of the particles generated from the welding process are below 

five microns. 

Limitations of Previous Studies 

The American Welding Society (1973) stated that numerous studies have been 

conducted to compare occupational diseases with the constituents of welding fumes and 

gases. The limiting factor for most of the studies is that they concentrated on single 

constituent effects rather than the effects of several possible hazardous constituents. 

According to the American Welding Society (1973), many studies have also been 

conducted to: identify and determine concentrations of metal and metal compounds in the 

welding fumes; identify the gases produced during welding operations, and the possibility 

of hazardous conditions; and to evaluate ventilation systems. It has been discovered that 

fumes and gases do not originate from one location. They come from the base and filler 

metals, the electrode or shielding gas, protective coatings on base metal, and from reactions 

that occur in the welding process. 

Based on information from the American Welding Society (1973), even under 

identical circumstances, fume sampling can produce varied results. However, the reasons 

for such variance are easy to identify: (1) sampling techniques may vary from small 

personal samplers to highly sophisticated equipment that combine sampling, separation of 

fumes and gas, and simulation of the welders' breathing, (2) differences in analytical 

techniques, (3) the actual placement of the sampling device such as inside or outside the 

helmet, even the actual breathing of welders affects the sample, (4) the welding process 

13 



and welding variables, such as current, voltage, shielding gas flow, welding speed, etc., 

(5) differences in the composition of the base metal, and also its cleanliness, and (6) the 

size of the enclosure and the type and amount of ventilation. Because of these and other 

variables, comparisons of the results of other studies is neither practical nor desirable. 

Also, there are many experimental details that are frequently not reported (American 

Welding Society, 1973). 

Numerous health hazards are associated with welding operations. Those associated 

with iron oxide, carbon monoxide, and ozone are the most prevalent and will be discussed 

in detail. 

Welders' Exposure to Iron Oxide 

The term pneumoconiosis refers to the deposition of particulate matters in the lungs. 

Pneumoconiosis is classified as inert, which are benign (harmless), and fibrotic and non

fibrotic which are harmful. The main types of benign pneumoconiosis associated with 

welding are siderosis from iron oxide, stannosis from tin-oxide, and aluminosis from 

aluminum oxide. Three forms of harmful pneumoconiosis are silicosis, asbestosis and 

berylliosis. Silicosis comes from silicon dioxide, asbestosis from asbestos and berylliosis 

from beryllium. Berylliosis is the only form of monofibrotic pneumoconiosis (American 

Welding Society, 1973). Siderosis, more commonly called welder's siderosis or iron 

oxide lung is the most common health hazard associated with welding. 

The major sources of iron oxide are from welding and cutting. Iron oxide comes 

from the oxidation of iron in the metal being welded or cut. Many studies have been done 

on the effects of iron oxide in the lungs. Although iron oxide does show up on x-rays, no 

apparent damage occurs from it Doig and McLaughlin (1948) reported numerous 
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accounts of iron oxide being found in the lungs of welders but none have been associated 

with any detrimental effects. 

NIOSH (1978) reported: 

Iron is the principal alloying element in steel manufacture. During the 
welding process, iron oxide fumes arise from both the base metal and the 
electrode. The primary acute effect of this exposure is irritation of nasal 
passages, throat and lungs. Although long-term exposure to iron oxide 
fumes may result in iron pigmentation of the lungs, most authorities agree 
that these iron deposits in the lungs are not dangerous. (p. 23) 

Siderosis, often called Welder's Siderosis, is the term used to describe the disease 

associated with iron oxide. It simply means that iron dust is present in the lungs due to the 

inhalation of welding fumes (Stellman and Daum, 1973). 

However, other studies using animals such as rats and cats as subjects while 

subjecting them to iron oxide fumes are contradictory. The animals exposed in these 

studies died as a result of their exposure (Massman, 1956). 

The American Welding Society (1973) reported that welder's siderosis is assumed to 

be benign: 

... there are few cases of siderosis in which the welders have had both 
respiratory symptoms and severe impairment of lung function. Histological 
examination of the lungs of several subjects has revealed fibrosis as well 
as emphysema. This fibrosis has not been attributed to the inhalation of iron, 
but rather to the coinhalation of other substances found in the welding fumes 
or to another disease process. (p. 3) 

Welders' Exposure to Carbon Monoxide 

Carbon monoxide (CO) is a colorless, odorless, toxic gas produced by any process 

that involves the incomplete combustion of carbon-containing substances (Olishifski, 

1979). There are many occupations other than welding where CO can be a problem, such 

as: automotive repair, fire fighting, mining, and industrial plants. In oxyacetylene 

welding, carbon monoxide results from the incomplete burning of acetylene. 
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Carbon monoxide poisoning comes entirely from inhalation. CO is considered to be 

an asphyxiant in that it causes oxygen starvation by tying up red blood cells. Stellman and 

Dawn (1973) reported the brain is the most dependent on the supply of oxygen from the 

blood: 

... most of the initial symptoms of carbon monoxide poisoning are due to 
brain misfunction caused by lack of oxygen. The first such symptom is 
headache. Further exposure causes throbbing headache, reddening of the 
skin, weakness, dizziness, dimness of vision, nausea, vomiting, and at even 
higher concentrations coma, suffocation, and death. (p. 165) 

NIOSH (1979, a) 

... research studies show that exposure to CO is usually sudden and the 
symptoms are acute and rapid in onset. Once the person is removed from the 
carbon monoxide exposure, the process is reversible and no permanent 
damage is known to occur. Prolonged exposure and unconsciousness may 
cause brain damage and result in neurological disturbances. CO is especially 
serious for persons with chronic heart or lung disease. (p. 73) 

In research conducted by Beard (1967) and Trouton and Eysewck (1961 ), it was 

discovered that workers show noticeable behavioral changes, decreased ability to 

discriminate auditory stimuli and time, and evidence of a lack of muscle-limb coordination 

where exposed to CO. Studies conducted by NIOSH (1979, a) showed that low levels of 

CO exposure could affect a worker's ability to work safely. 

Welders' Exposure to Ozone 

Ozone (03) is a colorless or pale blue gas with a sweet odor (Carr, 1980). It is 

produced by the ultraviolet radiation acting on the oxygen in the air in the vicinity of arc 

welding and cutting operations. Ozone is extremely irritating to all mucous membranes. 

Exposure to 03 can cause headache, chest pain, and dryness of the respiratory tract. 

Excessive exposure can produce pulmonary edema (NIOSH, 1978). 
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The American Welding Society (1957) stated that the amount of ozone produced 

depends on the metal, the gas or flux shield used, the welding current, and the humidity. 

When welding aluminum, for instance, the amount of ozone produced will be higher than 

when welding steel. Studies show that ozone is formed by all welding processes but the 

amount produced is higher in automatic welding processes. 

Studies conducted by Stokinger (1965) on animals showed that a tolerance to ozone 

can be built up. However, exposure to ozone alters the structure of cells and tissues, 

particularly those of the lungs. 

Stellman and Dawn (1973) report that any exposure to ozone is unsafe: 

... ozone affects the genetic structure of the cells in a manner similar to x
rays... any dose will affect the cells in the same way. There is a good 
possibility that ozone causes cancer. (p. 164) 

Cornu (1988) reported that ozone is a fairly unstable gas in that it breaks down easily 

to form oxygen and it scarcely persists close to the welder. Danger to the welder is greatly 

decreased with adequate ventilation. However, inadequate ventilation could result in 

exposure at dangerous levels. 

Metal Fume Fever 

Metal fume fever is a term used to describe the effects of poisoning of some types of 

metal oxides. It is an illness with symptoms similar to flu. The most common types are 

copper oxide, magnesium oxide, and zinc oxide. There are also other names for it When 

related to copper oxide it is often called brass chills or brass-foundry worker's ague 

(Stellman & Dawn, 1973). When related to zinc, it is commonly called zinc chills 

(American Welding Society, 1957). 

The symptoms associated with metal fume fever are chills, fever, cough, nausea, 

vomiting, diarrhea, stomach pains, thirst, and exhaustion. Stellman and Daum (1973) 
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stated that zinc chills is over in a few hours and the worker develops an immunity which is 

lost after a day or two away from the job. 

The American Welding Society (1957) reported that metal fume fever comes mainly 

from the welding of galvanized material, brass or bronze, and from the use of bronze filler 

metal. It is an annoying condition but poses no serious health conditions. An attack 

usually comes after a day's work, but usually lasts no longer than 24 hours. Adequate 

ventilation is generally enough to prevent it 

Ventilation 

There are two types of ventilation: dilution or general and local or exhaust 

ventilation. Dilution or general ventilation brings in fresh air to mix with the contaminated 

air to dilute the contaminant Local exhaust ventilation catches the contaminants at their 

source before they are dispersed in the work area. 

Cornu (1988) stated that welding involves the emission of a certain quantity of fume, 

gas and particulate and that it is very important that personnel are protected from these 

substances. 

The American Technical Society (1953) reported that the smoke and fumes given off 

by welding processes are not harmful if the welding area is properly ventilated. It was also 

suggested that small shops without ventilation should use some type of exhaust system. 

The federal government has developed specific standards for ventilation through the 

National Institute of Occupational Safety and Health (NIOSH) in the Department of Health, 

Education, and Welfare and through the Occupational Safety and Health Administration 

(OSHA) in the Department of Labor. 

NIOSH (1973) reported that not many years ago, the design of ventilation systems 

was an art, but with advancements, it is classified as an engineering science. A good 
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ventilation system can add to the productivity and well-being of workers. Old "rule-of

thumb" methods have been replaced by rules based on theory, supported by 

experimentation, and validated by experience. 

According to McDermott (1976), there are six types of contamination: dust, fumes, 

mists, smoke, vapors, and gases. Ventilation is the best way to insure the safety of 

workers by reducing personal exposure to airborne contaminants resulting from welding 

operations. Ventilation can be used to either dilute contaminants to safe levels or stop them 

at the source before they are allowed to contaminate the working environment 

Ventilation Standards and Requirements 

McDermott (1976) reported that ventilation is required by OSHA standards for two 

reasons: 

1. to control employee exposures to potentially harmful materials; and 
2. to prevent fire or explosion hazards. (p. 22) 

For these reasons performance and design standards must be met. The ventilation 

system should maintain contaminant exposure limits below regulation limits while meeting 

specific design requirements. The factors that govern welder exposure to contaminants, as 

stated by McDermott, (1976) are: 

1. dimensions of the welding space, especially ceiling heights; 
2. the number of welders; and 
3. possible evaluation of hazardous fumes or dust according to the metals, 

fluxes, and other materials involved. (p. 41) 

McDermott (1976) also listed three other uses of ventilation: 

1. comfort; 
2. material reuse; and 
3. environmental protection (p. 4) 

It should also be noted that welding screens, which protect others in the welding area 

from ultraviolet light, should not restrict ventilation. 
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Three components of a ventilation system are hoods, fans, and ducts. There are two 

types of hoods; capturing and receiving. Capturing hoods draw in contaminants generated 

outside the hood and receiving hoods catch contaminants thrown out by the process in a 

given direction. Fans generate the suction in the system that draws air in through the hood. 

Ducts are tubes that connect the hoods and fans through which air is moved (McDermott, 

1976). 

The American Welding Society (1973) listed eight factors that affect ventilation 

requirements: 

1. the welding process; 
2. the base metals; 
3. the electrode or filler wire; 
4. type of shielding; 
5. the presence of protective coatings on the base metal; 
6. the welding parameters; 
7. the joint configuration and location; and 
8. the overall working conditions. (p. 64) 

Soundly engineered ventilation is the most effective means to control these hazards 

(McDermott, 1976). 

Ventilation Problems 

Stellman and Daum (1973) stated than even though ventilation systems are as 

important to one's health as garbage and sewer systems, they are often not maintained 

properly. 

One of the major problems of ventilation systems is neglect. Because such 
systems are not directly related to production, there is not a great deal of 
incentive for maintenance. If a piece of production machinery breaks down, 
it is usually fixed immediately, but the ventilation is allowed to run down 
without a second thought. (p. 292) 

A study was conducted by Jacobs (1983) in the agricultural mechanics laboratory at 

the University of Arizona, to test the feasibility of introducing unheated outside air into the 

airstream of a cross-flow exhaust system to reduce heating energy costs of a school 
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welding laboratory. It was found that not only did this reduce heating costs, it also aided 

in removing more iron oxide from the welder's breathing zone. 

Carr (1980) reported that carbon monoxide levels, in secondary agricultural 

mechanics welding laboratories in Missouri schools were within the OSHA limits, but both 

teachers and students were exposed to levels of iron oxide that exceeded the standards. 

She also stated the importance of developing a uniform set of recommendations for 

agriculture mechanic welding exhaust systems because of the great variations in physical 

plants and equipment used in the laboratories. Also, McDermott (1976) claims that due to 

new welding techniques, use of more toxic substances and worker's exposure to smoke 

and finely divided particles in the work place, there is a need to check and maintain 

ventilation systems. 

Studies by Carr and Jacobs show that when no ventilation system is used, or when 

the ventilation system is inoperable, collected samples exceed the standards set by OSHA. 

Regulatory Safety Organizations 

In 1938, the American Conference of Governmental Industrial Hygienists (ACGIH) 

was founded to conduct research in industrial health. Unlike the Occupational Safety and 

Health Administration (OSHA) and the National Institute for Occupational Safety and 

Health (NIOSH), ACGIH is not a governmental agency. Its purpose is to develop criteria 

and techniques for industrial health. 

Threshold Limit Values 

One criteria set by ACGIH, as stated by NIOSH (1981), is Threshold Limit Values 

(TL V), which refers to airborne concentrations of substances and represents an exposure 

level under which most people can work, day after day, without adverse effect TL V 
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refers specifically to limits published by A COlli, which are reviewed and updated each 

year. NIOSH (1981) also listed three categories of Threshold Limit Values which are: 

1. 

2. 

3. 

Time-Weighted Average (IL V-TWA) is the time-weighted average 
concentration for a normal eight-hour day or forty-hour week. Nearly 
all persons may be exposed day after day to airborne concentrations at 
these limits without adverse effect 
Short-Term Exposure Limit (ILV-STEL) is the maximal concentration 
to which persons can be exposed for a period of up to fifteen minutes 
continuously without suffering: 
a irritation 
b. chronic or irreversible tissue change 
c. narcosis of sufficient degree to increase accident proneness, impair 

self rescue or materially reduce work efficiency. No more than 
four fifteen-minute exposure periods per day are permitted, with at 
least sixty minutes between exposure periods. 

Ceiling (IL V -C) is the concentration that should not be exceeded even 
instantaneously. (p. 13-15) 

Olishifski (1979) stated that TL Vis a copyrighted trademark of the American 

Conference of Governmental Industrial Hygienists and should not be used to refer to the 

values published in OSHA or other standards. 

NIOSH (1981) also gave the following points to keep in mind when working with 

TLVs: 

1. Concentrations of chemicals rarely remain constant in the shop 
throughout a school day. 

2. Most industrial/vocational education environments contain mixtures of 
chemicals rather than single compounds. 

3. Because individual susceptibilities vary, control measures must be 
provided for those persons whose sensitivity places them outside the 
average. (p. 13-46) 

OSHA Health and Safety Standards 

The compilation of OSHA health and safety standards were prepared in 1970. Many 

of the TLVs established by the ACGlli were adopted by OSHA. By federal standards, 

TLVs became Permissible Exposure Limits (PELs). They represent the legal minimum 

level of contaminants in the air of the workplace (NIOSH, 1981). 
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The ventilation standards set by OSHA (1990) in regard to welding are: 

(2) Ventilation/or general welding and cutting-
(i) General mechanical ventilation shall be provided when welding 

or cutting is done on metals not covered in paragraphs (f)(5) 
through (12) of this section. 
(a) In a space of less than 10,000 cubic feet per welder. 
(b) In a room having a ceiling height of less than 16 feet. 
(c) In confined spaces where the welding space contains 

partitions, balconies, or other structural barriers to the extent 
that they significantly obstruct cross ventilation. 

(ii) Minimum rate. Such ventilation shall be at the minimum rate of 
2,000 cubic feet per minute per welder, except where local exhaust 
hoods and booths as per paragraph (f)(3) of this section, or airline 
respirators approved by the United States Bureau of Mines for 
such purposes are provided. Natural ventilation is considered 
sufficient for welding or cutting operations where the restrictions 
in paragraph (f)(2)(:) of this section are not present. 

(3) weal exhaust hoods and booths. Mechanical local exhaust ventilation 
may be by means of either of the following: 
(i) Hoods. Freely movable hoods intended to be placed by the 

welder as near as practicable to the work being welded and 
provided with a rate of airflow sufficient to maintain a velocity in 
the direction of the hood of 100 linear feet per minute in the zone 
of welding when the hood is at its most remote distance from the 
point of welding. The rates of ventilation required to accomplish 
this velocity focusing a 3-inch wide flanged suction opening are 
shown in Table 2. 

(ii) Fixed enclosure. A fixed enclosure with a top and not less than 
two sides which surround the welding or cutting operations and 
with a rate of airflow sufficient to maintain a velocity away from 
the welder of not less than 100 linear feet per minute (p. 13699). 

OSHA (1989) has also set limits which are posted in a chart for all contaminants 

found in the air based on PEL, TWA, STEL, and Ceiling. Those that are important to this 

study are listed in Table 3. 
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Table2 

Ventilation Requirements 

====================================================== 
Minimum air flow Ductdia. 

Welding Zone cu. ft. (minutes) (inches) 

4 to 6 inches from arc or torch 150 3 

6 to 8 inches from arc or torch 275 31/2 

8 to 10 inches from arc or torch 425 41/2 

10 to 12 inches from arc or torch 600 51/2 

Table 3 

Limits For Air Contaminants 

============================================================= 
Transitional limits Final Rule Limits ** 

PEL* 1WA STEL CEILING 
Contaminant mg!m3 mg!m3 mg!m3 mg/m3 

Iron oxide (total particulate) 10 

Carbon Monoxide 50 35 229 

Ozone 0.2 0.2 0.6 

Zinc Oxide (respirable fraction) 5 5 

Welding fume (total particulate) 5 

* The transitional PELs are 8-hours TWAs unless noted. 
** Unless otherwise noted, employers in General Industry (i.e., those covered by 

29 CFR (1910) may use any combination of controls to achieve these limits 
until December 31, 1992, as set forth in 29 CFR 1910.1000 (f). 
(a) Part of vapor or gas per million parts of contaminated air by volume. 
(b) Approximate milligrams of substances per cubic meter of air. 
(c) Duration is for 15 minutes, unless otherwise noted (p. 20-31). 
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CHAPTER ill 

:METIIODOLOGY 

The purpose of this study was to determine the amount of airborne particulate matter 

that agricultural mechanics students, teachers, and visitors, in the MCAG 2201 welding 

laboratory at Texas Tech University, are exposed to. In this chapter, a description of the 

methods used will be given. The following areas will be discussed: research design, 

control factors, subject selection, instrumentation, conditions of testing, and data analysis. 

Research Design 

This was a descriptive study designed to collect data to determine if the amount of 

airborne welding particulates were within OSHA regulations, and to test the differences in 

the amount of welding fume exposure of students, teachers, and visitors. Another purpose 

of this study was to test differences in the amount of welding fume particulate generated by 

arc welding, oxyacetylene welding, and a combination of the two welding processes. All 

tests were conducted with only the ventilation system in operation. All doors and windows 

remained closed throughout the sampling procedure. 

Control Factors 

The following controls were monitored by the investigator: 

1. The investigator was instructed by OSHA personnel, at the Department of 

Labor office in Lubbock, Texas, on the use of the sampling equipment prior to the study. 

2. The investigator was instructed by Chemical Engineering personnel, at Texas 

Tech University, on the use of the analytical balance prior to the study. 

3. The air sampling pumps were charged and properly calibrated before each use. 
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4. The analytical balance was properly calibrated before each use and periodically 

tested and recalibrated during each use. 

5. The investigator acted as the teacher and was monitored with air sampling 

equipment 

6. One-eighth inch Lincoln E6011 fleetweld and 180 E6013 fleetweld 37 

electrodes were provided for each student. 

7. Timing, recording, and equipment setup were performed by the investigator. 

8. The ventilator system was turned on when the welding began. 

9. Students were monitored with air sampling equipment for two hours and 30 

minutes, during each data collection period. 

10. The students were instructed on test procedures and fitted with the air sampling 

equipment 

11. Six filter cassettes were used in each sampling process. Five were used to 

collect data, one was used as a control and was weighed to account for any changes in 

weight other than particulate matter. 

12. Another MSA pump and cassette with filter was used to represent a visitor in 

the lab. 

Subject Selection 

The population selected for this study consisted of those students enrolled in the 

MCAG 2201laboratory, Welding and Metalwork, at Texas Tech University during the 

Spring semester of 1991. There were two, 170 minute laboratory periods each week. 

During each period, three students were selected at random to participate in the study. To 

maintain a random sample, each student was given a number. With the use of a list of 

random numbers, students were then selected to participate in the study. The investigator 
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participated in the study to represent a teacher, and a MSA Personal Air Sampling Pump 

was placed on a table in the center of the environment to represent a visitor. This study 

was limited to the ventilation system and welding equipment found in the welding 

laboratory at Texas Tech University. Sampling took place during actual class time under 

normal laboratory working conditions. 

Instrumentation 

During arc welding, the students welded on a low-carbon, hot-rolled steel, with one

eighth inch E6011 Lincoln fleetweld 180 and E6013 Lincoln fleetweld 37 electrodes. 

During oxyacetylene welding, the students welded on low-carbon, hot-rolled steel using 

one-sixteenth inch steel filler rods, and cut on low-carbon, hot-rolled one-quarter inch 

steel. Three students in each class were monitored by a Mine Safety Appliance (MSA) 

Portable Personal Sampling Pump Model G. This pump was used to collect particulate 

matter generated during the welding process. 

The pumps were attached to the students' belts. A clear plastic hose was used to 

connect the plastic field monitors' cassette to the pump. The cassettes were attached to the 

student's collar to keep them within the breathing zone of the student. The pump did not 

restrict the welders' movements allowing them to move and weld freely. The cassette 

contained a membrane filter that was 37 millimeters in diameter and had a pore size of 0.8 

rmcrons. 

During the study the investigator represented an instructor so that the instruction 

exposure could be monitored. The investigator's sampling equipment was worn in the 

same manner as the student. Transparent tape was used to seal the sides of the cassette 

during sampling. 
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Another MSA pump and filter were placed in the laboratory to represent a visitor. 

The pump with attached filter was placed on a table in approximately the center of the 

room. The pump was turned on and off at the same time as the other pumps. 

An extra cassette with a filter was placed in the environment The purpose of this 

filter was to account for any changes in weight other than particulate matter. This filter was 

placed in the environment with plugs in place. It was also kept with the other filters that 

were used and was reweighed at the same time as the other filters. 

The MSA pumps were battery powered and each had a built-in rechargeable battery. 

The batteries were charged for at least 16 hours prior to the sampling using an MSA 10 unit 

battery charger. The pumps were connected to the charger by electrical jacks. Based on 

advice from an OSHA official, the pumps were allowed to discharge completely after each 

use, and then fully recharged for at least 16 hours. This was done to insure a good, even 

charge on the batteries. 

The MSA pumps were calibrated using a Gilibrator, which is a primary flow 

calibrator made by Gilian Instrument Group designed specifically for measuring the flow 

rate to calibrate air sampling pumps. It electronically measures the time it takes a bubble 

from a detergent solution to pass by two markings on the inside of a glass tube and 

presents the time in liters per minute (Umin.) on a digital display screen. The Gilibrator 

also averages the readings electronically. It is more accurate than using a burette and soap 

solution, and much faster. A clear plastic tube is connected to the pump with a field 

monitor cassette attached to the other end of the tube on the outlet side. Another tube was 

connected to the inlet side of the cassette and then to the connector on the Gilibrator. With 

all connections secure, the pump and Gilibrator were turned on. Calibration was started 

when a button on the Gilibrator was pushed to release a bubble from the detergent solution. 

The Gilibrator gives a reading in liters per minute, and the pump can be adjusted to change 
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the flow rate if necessary. This process was repeated until the pump was correctly adjusted 

to approximately two liters per minute. Three readings were then taken and averaged for 

the final reading. 

A CAHNN entron Automatic Electrobalance Model 25 was used to weigh the 

membrane filter prior to and after sampling. The electrobalance is capable of weighing to 

.01 milligrams. The balance was carefully calibrated before each use. It was then checked 

and recalibrated, if necessary, after every two to three filters. This was done because of 

the sensitivity of the balance, as the slightest movement can cause a change in readings. 

Each filter was weighed on the balance and carefully placed in a numbered field monitor 

cassette. The cassettes were then completely sealed by inserting plugs and wrapping with 

tranparent tape. 

Samples were collected using the MSA Personal Air Sampling Pumps which were 

precalibrated to a flow rate of 2.00 to 2.09 liters per minute. Mter sampling was 

completed, the cassettes were taken to the laboratory and carefully reweighed on the 

balance. 

A pilot study was conducted during the Fall semester of 1990 to test equipment and 

solve any problems that could be encountered during the sampling process. 

Conditions of Testing 

This study was conducted to determine the amount of particulates generated during 

welding processes. It was based on conditions found in the welding laboratory at Texas 

Tech University. 

The welding laboratory in the Department of Agriculture Education and 

Mechanization at Texas Tech is 38' x 65' (2275 ft2), with a ceiling height is 15 feet There 

is a general dilution ventilation system in operation in the laboratory. The system is 
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composed of three 1/4-horsepower, 16-inch diameter exhaust fans located in the ceiling, 

and a 3' 3" x 8' (26 ft2) fresh air intake vent on the east wall. The oxyacetylene welding 

and cutting section of the laboratory is comprised of a manifold system, with 12 individual 

work stations, two portable oxyacetylene units, and a Cut-0-Matic track torch. In the arc 

welding section, there are 10 arc welding machines. Of these machines, there is one 

General Electric 300 amp AC welding machine, two Lincoln 225 amp AC welding 

machines, three Lincoln Idealarc 250 amp ACIDC welding machines, two Miller Dialarc 

250 amp AC/DC welding machines, two Chemtron Sureweld 295 amp AC welding 

machines. There are also six other types of welding and cutting machines: three Miller CP-

200 amp DC GMA W welding machines and one Miller Matic 35s 150 amp DC GMA W 

welding machine; one Miller Plazcut DC plasma cutting unit; and one Miller Dialarc HF-P 

100 amp GTA W welding machine. Other equipment important to the study are two Baldor 

3 horsepower, 14 inch grinders. 

The sampling of air in the welding laboratories took place two days each week, 

Tuesday and Thursday, during the Spring semester beginning January 22, 1991. It was 

done on these two days due to the fact that these were the days each week scheduled for the 

MCAG 2201 Welding & Metalworks laboratory. Class began at 2:00P.M. and ended at 

4:50P.M. on Tuesday and the Thursday class began at 12:30 P.M. and ended at 3:20 

P.M .. The sampling equipment, MSA pumps, plastic hoses and cassettes with filter, were 

prepared prior to class time each day. Sampling was not started until fifteen minutes into 

each lab period. This was done to allow all laboratory activities to commence and to allow 

time for attaching the sampling equipment to the persons involved. Also this time was 

used to make sure the lab was arranged correctly for the testing to be done on that day, i.e., 

making sure all door and windows were closed, the ventilation system was turned on or 

off, etc. Promptly at 2:15 P.M. on Tuesdays and at 12:45 P.M. on Thursdays, all pumps 
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were turned on by the investigator. The investigator turned all the pumps on and off to 

make sure they were all set at the same time and to make sure all pumps were working 

properly. 

Periodically throughout testing, the investigator checked all the equipment to make 

sure it was working correctly to insure accurate fmdings. An extra MSA pump was kept in 

the lab in case one of the others stopped working. The subjects were also asked to check 

the pumps occasionally and report any faulty equipment to the investigator. 

Samplings were stopped promptly at 4:45P.M. on Tuesdays and 3:15P.M. on 

Thursdays. At these times all pumps were turned off by the investigator. The last ten or 

fifteen minutes of the period were set aside for clean up, sweeping off tables, sweeping the 

floor and putting up the equipment Sampling was not stopped until all clean up 

procedures were completed. This was done to insure that sufficient and accurate accounts 

of all exposure to welding fumes and dusts could be collected. 

Data Analysis 

The types of statistical techniques used in this study will be descriptive and 

appropriate inferential statistics. The computer program used for analysis was SPSS for 

the Macintosh. The data were analysed for making comparisons between OSHA standards 

and sampling data collected from arc welding, oxyacetylene welding, and a combination of 

both methods. Data comparisons were also made between students, teachers, and visitors 

welding fume exposure during the three welding procedures. 

For comparisons to be made with OSHA standards a modification was made in the 

Time Weighted Average (fW A) formula given by OSHA. The reason for this was that the 

exposure standard of 5 mg!m3, set by OSHA is based on an eight hour TWA. The formula 

for finding this TWA is: 
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1W A= C1 X T1 + C2 X T2 + C3 X T3 + Cn X Tn 
8 (hrs.) 

Cn = the concentration during the sampling period. 

T n = the length of sampling time. 

In using this formula, all times (f n) must add to eight hours, or all unknown times must be 

considered as zero. This would cause the TWA to be inaccurate and misrepresentative of 

the actual welding fume particulate exposure. Although this formula may be 

misrepresentative of the actual exposure, if not all times are known, it must be adhered to 

by the Federal Government for enforcement by law. However, for the purpose of this 

study, a 1W A of two and a half hours or 150 minutes was needed. The change in the 

formula was accomplished by reducing the 480 minute OSHA TWA to a 150 minute TWA 

with the following formula: 

1W A2 = 150 x 5mg/m3 
480 

TW A2 = Time Weighted Average for this study. 

The formula converts the 480-minute TWA to a figure which is appropriate for a school 

laboratory setting. 

Calculations for finding the amounts of welding fume particulate generated were 

comprised of several steps. First, the total volume, in liters, of air sampled was needed. 

Volume(!) was calculated with the following formula: 

V 1 = Volume in liters. 

Tt = 150 minutes. 

Ft = Flow Rate, which was determined by pre- and post-calibration procedures, 

using the highest flow rate present 
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The second step was to convert the volume, in liters, to cubic meters. This was done 

using the following conversion formula: 

1 x 10-3 or V2 = V1 x 0.001 

V 1 = Volume in liters 

V2 =Volume in cubic meters (m3) 

The third step was to calculate the total sample concentration during the sampling 

period This was done using the following formula: 

C1 = Total sample concentration during the sampling period in milligrams per cubic 

meter (mg!m3). 

S1 =net sample weight, in milligrams (mg). 

V 2 = Volume, in cubic meters (m3). 

Separate confidence interval calculations were needed for the student, teacher, and 

visitor exposure levels so comparisons could be made to OSHA standards. The standards 

set by OSHA on welding fume particulates are not variable, they remain constant 

Therefore, confidence intervals were needed in the study for comparisons of the data 

collected during the study to the fixed OSHA standards. Confidence intervals were 

calculated for the students, teachers, and visitors. These calculations were carried out at 

the 95% confidence level or the 0.05 level of significance. Confidence intervals were hand 

calculated using the following formula as presented by Howell (1985): 

M = X ± 1 (SD t..Jn ) 

X = sample mean 

1. = t score 
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S D = standard deviation 

rn = sample size. 

The data obtained through these calculations were used to answer the corresponding null 

hypotheses. 

Another statistical procedure used in this study was an analysis of variance or an 

ANOV A test. An ANOV A test was used to see if any significant differences occurred 

between the subjects welding fume exposure levels, and also to test for any significant 

differences in the amount of welding fume particulates generated during the welding 

processes. A Post Hoc Least Significant Difference test was used to determine exactly 

where any significant differences occured. ANOV A were conducted at the 0.05 level of 

significance. These tests were run on the SPSS 4.0 for Macintosh computers. 
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CHAPTER IV 

RESULTS 

The purpose of this chapter is to present the data which were collected during the 

study. The findings are reported on five research questions and five null hypotheses. 

Exposure to Welding Fume Particulates 

Descriptive data were used to identify the levels of exposure to welding fume 

particulates of the student, teacher, and visitor in the MCAG 2201 welding and metalworks 

laboratory at Texas Tech University during the Spring semester of 1991. The levels of 

exposure to welding fume particulate at Texas Tech are presented in Table 4. The data 

presented in Table 4 were used to answer Research Questions 1, 2, 3, and 4. 

Research Question 1: What is the students level of exposure to welding fume 

particulates in the welding laboratory? 

Research Question 2: What is the teachers level of exposure to welding fume 

particulates in the welding laboratory? 

Research Question 3: What is the visitors level of exposure to welding fume 

particulates in the welding laboratory? 

Research Question 4: How do welding fume particulate exposures compare between 

the student, teacher, and visitor in the welding laboratory? 

The types of welding involved in the study at Texas Tech are oxyacetylene welding 

and electric arc welding. Descriptive data were used to identify the level of exposure to 

welding fume particulates of the student, teacher, and visitor during oxyacetylene welding, 

arc welding, and a combination of both processes. The levels found during the study are 
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presented in Tables 5, 6, and 7. The data presented in Table 5, 6, and 7 were used to 

answer Research Question 5. 

Research Question 5: What is the exposure level of oxyacetylene welding compared 

to electric arc welding, and a combination of oxyacetylene and arc welding? 

Table4 

Welding Fume Particulate Exposures for the Welding 
Laboratory at Texas Tech 

======================== 
Subject n SD 

Student 60 3.208 mg!m3 2.15 

Teacher 20 3.111 mg!m3 1.761 

Visitor 19 1.518 mg!m3 0.903 

Table 5 

Students Exposure to Welding Fume Particulates 

========================================== 
Type of Welding 

Arc Welding 

Oxyacetylene 

Arc and Oxyacetylene 

n 

18 

12 

30 

3.7151 

0.4848 

3.9934 
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Table6 

Teachers Exposure to Welding Fume Particulates 

========================================== 
Type of Welding 

Arc Welding 

Oxyacetylene 

Arc and Oxyacetylene 

Table 7 

n 

6 

4 

10 

2.8348 

0.8336 

1.3861 

Visitors Exposure to Welding Fume Particulates 

========================================== 
Type of Welding 

Arc Welding 

Oxyacetylene 

Arc and Oxyacetylene 

n 

6 

4 

9 

1.3861 

0.4061 

2.0992 

A Comparison of Subjects Welding Fume Exposure Levels 
and OSHA Standards of Welding Fume Exposures 

Since OSHA standards are fixed and the data collected were variable, confidence 

inteiVals were calculated. Confidence inteiVals were calculated for the student, teacher, 

and visitor, at the 0.05 level of significance. Also, the OSHA time weighted average 

calculated for an eight hour period was adjusted to a two and a half hour period. This 

modification provided a more accurate figure to which comparisons were made. 
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Statistical analysis was used to determine the levels of welding fume exposures of 

the students, teachers, and visitors, in the welding laboratory at Texas Tech compared with 

OSHA standards. The following hypotheses were tested: 

H0-1: There will be no significant difference in the students exposure to welding 

fumes and the standards of welding fume exposure as set by OSHA. 

H0-2: There will be no significant difference in the teachers exposure to welding 

fumes and the standards of welding fume exposure as set by OSHA. 

H0-3: There will be no significant difference in the visitors exposure to welding 

fumes and the standards of welding fume exposure as set by OSHA. 

As shown in Table 8 null hypotheses 1 and 2 were rejected. Significant differences 

were discovered in the student and visitor, and visitor and teacher exposures to welding 

fumes and the standards of welding fume exposure as set by OSHA. Students and 

teachers were exposed to levels of welding particulates that exceeded OSHA standards. 

The null hypothesis 3 was not rejected. There was no significant difference in the 

visitors exposure to welding fumes and the standards of welding fume exposure as set by 

OSHA. 

Table 8 

Comparison of Subjects' Confidence Intervals With OSHA Standards 

============================================== 
Subject 1@ 0.05 x Confidence Interval 

Student 2.000 3.208 2.653 < x < 3.763 * 
Teacher 2.093 3.111 2.287 < x < 3.934 * 
Visitor 2.101 1.518 1.083 < x < 1.953 

* Exceeds the modified OSHA standard of 1.563 mg,lm3 
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Comparisons of Subjects and Their Levels of Exposure to 
Welding Fume Particulates and of Types of Welding 

and Amounts of Welding Particulates Generated 

The following hypothesis was tested using an ANOV A test to make comparisons 

between the subjects involved in the study and their levels of exposure to welding fume 

particulates. 

H0-4: There will be no significant difference in the amount of exposure to 

welding fumes of the students, teacher, and the visitor. 

As shown in Table 9, there were significant differences discovered in the amount of 

exposure to welding fumes of the student, teacher, and visitor. Therefore, the null 

hypothesis was rejected A Post Hoc LSD test was used to locate specific differences. 

The results of this test are presented in Table 10. This LSD test revealed no significant 

differences in the amount of exposure to welding fumes of the student and teacher. 

However, significant differences were found to exist between the student and visitor, and 

the teacher and visitor. 

Table9 

Analysis of Variance for Student, Teacher, and Visitor Exposures to Welding Fume 
Particulates 

============================================================= 
Sum of Mean F F 

Source D.F. Squares Squares Ratio Pro b. 

Between Groups 2 42.7844 21.3922 5.9293 .0037 

Within Groups 96 346.3535 3.6078 

Total 98 389.1379 

39 



Table 10 

Post Hoc, Multiple Range Test, LSD Procedure for Student Teacher and 
Visitor Exposures to Welding Fume Particulates ' ' 

===================================================== 
Subject 

Visitor 

Teacher 

Student 

1.5175 

3.1112 

3.2084 

Visitor 

s 
s 

Teacher Student 

NS 

The following hypothesis was tested using analysis of variance for comparisons to 

be made between the type of welding procedure and the amount of welding fume 

particulate generated by each. 

H0-5: There will be no significant difference in the amount of welding fume 

particulate generated by the arc welding, oxyacetylene welding processes, and a 

combination of both. 

The null hypothesis was rejected. As shown in Table 11, significant differences 

were found to exist in the amount of welding fume particulate generated by the arc 

welding, oxyacetylene welding and the combination of the arc welding and oxyacetylene 

welding processes. A Post Hoc, LSD test was used to locate specific differences. The 

results of this test are presented in Table 12. The LSD test revealed significant differences 

in the amount of welding fume particulate generated by arc welding and oxyacetylene 

welding, and the arc welding, oxyacetylene combination and oxyacetylene processes. 

However, no significant differences was discovered between arc welding and the 

combination of arc and oxyacetylene welding processes. 
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Table 11 

Anal~sis of Variance for the Amount of Welding Fume Particulate Generated by the Arc 
Welding, Oxyacetylene Welding, and a Combination of the Two Processes 

============================================================= 
Source D.F. 

Between Groups 2 

Within Groups 

Total 

Table 12 

96 

98 

Sum of 
Squares 

142.4940 

246.6439 

389.1379 

Mean 
Squares 

71.2470 

2.5692 

F 
Ratio 

27.7311 

F 
Pro b. 

.0000 

Post Hoc, Multiple Range Test, LSD Procedure for the Amount of Welding Fume 
Particulate Generated by the Arc Welding, Oxyacetylene Welding, and a 
Combination of the Two Processes 

============================================================= 
Type of Welding 

Oxyacetylene 

Arc 

Arc and Oxyacetylene 

0.5388 

3.0736 

3.6852 

Oxyacetylene 

s 
s 

Arc Arc and Oxyacetylene 

NS 

The means in Tables 10 and 12 were collected from subjects within their breathing 

zones during the two and a half hour sampling period 
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CHAPTERV 

SUMMARY, CONCLUSIONS, AND RECOMENDA TIONS 

The purpose of this chapter was to provide a summary of the study, conclusions, 

recommendations, and problems for further study. 

Summary 

It was discovered through a review of literature that a difference of opinion exists as 

to whether or not welding is hazardous to one's health. A review of literature reveals few 

studies concerning the hazards associated with welding processes and ventilation in 

agricultural mechanics laboratories in an educational setting. The researcher could not 

locate a study that had been conducted in the state of Texas. A need exists for such studies 

in agriculture mechanics laboratories in Texas. The result of these studies could assist in 

the remodeling of old laboratories and in the construction of new ones to protect students, 

instructors, and others and to help provide a safer and healthier environment in which to 

learn and work. 

The purpose of this study was to determine if students, teachers, and visitors, who 

are present in the welding laboratory at Texas Tech University, are exposed to high levels 

of welding fume particulates associated with welding fumes generated by the various 

welding procedures. 

This study was designed to answer the following research questions: 

1. What is the students level of exposure to fumes in the welding laboratory? 

2. What is the teachers level of exposure to fumes in the welding laboratory? 

3. What is the visitors level of exposure to fumes in the welding laboratory? 
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4. How do welding fume particulate exposures compare between the student, 

teacher, and visitor in the welding lab? 

5. What is the exposure level of oxyacetylene welding compared to electric arc 

welding? 

The following null hypotheses were also developed. 

H0-1: There will be no significant difference in the student's exposure to welding 

fumes and the standards of welding fume exposure as set by OSHA. 

H0-2: There will be no significant difference in the teachers exposure to 

welding fumes and the standards of welding fume exposure as set by OSHA. 

H0-3: There will be no significant difference in the visitors exposure to welding 

fumes and the standards of welding fume exposure as set by OSHA. 

H0-4: There will be no significant difference in the amount of exposure to 

welding fumes of the students, teacher, and the visitor. 

H0-5: There will be no significant difference in the amount of welding fume 

particulate generated by the arc welding, oxyacetylene welding processes, and a 

combination of both. 

These hypotheses and questions were tested and answered using descriptive and 

comparative statistics, and analysis of variance tests at the 0.050 level of significance. 

The population of this study was comprised of the students, teachers, and visitors in 

the MCAG 2201 welding laboratory at Texas Tech University. The subjects participating 

in this study consisted of the students enrolled and the teachers involved in the welding and 

metalworking course during the Spring semester of 1991. Students were randomly 

selected out of each of the two classes offered during the Spring semester. 

A pilot study was conducted prior to the collection of data in the agricultural 

mechanics welding laboratory at Texas Tech. The purpose of this study was to test and 
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become familiar with the sampling equipment and sampling procedures. This pilot study 

was conducted during the later part of the Fall semester of 1990. It was found that a period 

of three hours, two days a week was required to gather all the data for the study, and 

another two to three hours per week was necessary for weighing filters and calibrating 

sampling equipment 

Total welding fume particulate was collected in the welding lab. During the sampling 

period the dilution ventilation system was in normal operation, and all doors and windows 

remained closed. 

The cassettes used to collect the welding fume particulates were attached to the collar 

of the student and the teacher. Another cassette was placed in the center of the laboratory 

to represent the presence of a visitor. The cassettes were placed within the breathing zones 

of the subjects, and outside the welding helmets. The samples were collected during 

electric arc welding, oxyacetylene welding and a combination of the two processes. One 

of the welding classes was sampled for arc welding particulates the first half of the 

semester and oxyacetylene welding particulates the last half of the semester. The other 

class was sampled for the combination of arc and oxyacetylene welding the entire semester. 

Analysis of the data collected for the study on the amount of welding fume particulate 

exposure and generation revealed that: 

1. The ventilation system at Texas Tech exceeded the adjusted OSHA time weighted 

average standard of 1.563 mg/m3, during a two and a half hour period. 

2. Student and teachers were exposed to levels of welding fume particulates that 

exceeded the modified OSHA TWA standard. 

3. Visitors were found to be within the OSHA standards. 

4. The levels of exposure to welding fume particulates are higher for the student and 

teacher than for the visitor. 
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5. The exposure levels of oxyacetylene are lower than the exposure levels of arc and 

a combination of both arc and oxyacetylene welding processes. 

6. There were significant differences in the amount of exposure to welding fumes of 

the student and visitor; and the teacher and visitor. 

7. There were significant differences in the amount of welding fume particulate 

generated by oxyacetylene and arc welding; and oxyacetylene and the combination of arc 

and oxyacetylene welding processes. 

8. There are more welding fume particulates generated by the arc welding and the 

arc and oxyacetylene welding combination than by oxyacetylene welding alone. 

Conclusions 

The results and conclusions of this study were subject to the following limitations: 

1. This study was limited to bench welding only. 

2. The size of the class was not controllable. 

3. This study was limited to the welding equipment, ventilation system, students, 

teachers, and visitors in the Agricultural Education and Mechanization Department at Texas 

Tech University. 

The following conclusions were drawn based on the results of this study. 

1. Total welding fume particulate was an airborne contaminant in the welding 

laboratory at Texas Tech that exceeded modified OSHA standards. 

2. The visitors level of exposure to welding fume particulate was lower than the 

exposure of both the student and teacher. 

3. The amount of welding fume particulate generated by the oxyacetylene welding 

process is lower than the amount generated by arc welding or by the combination of the 

two processes. 
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Recommendations 

The following recommendations are suggested, based on the results and conclusions 

of this study. 

1. The ventilation system at Texas Tech should be expanded to meet the standards 

set by OSHA. 

2. The state of Texas should provide more research into the ventilation of school 

welding laboratories and shops for the health and safety of the students and others who 

may be present in them. 

Problems for Fmther Study 

The following questions were proposed during the planning of this study and need 

further investigation. 

1. How do factors such as temperature, climate, and humidity affect the levels of 

exposure to welding fume particulates? 

2. What are the advantages and disadvantages of various ventilation systems? 

3. What other airborne contaminants are generated during various welding 

procedures in agricultural mechanic laboratories? 

4. How does a clean, healthy environment affect a students ability to learn? 

5. What are the levels of exposure, of students present in agricultural mechanics 

laboratories in Texas, to all welding fume contaminants generated? 

6. What types of ventilation systems are found in agricultural mechanics welding 

laboratories in the state of Texas? 

7. How safe are agricultural mechanics laboratories in the state of Texas? 

8. Which type of ventilation system is the most effective in the removal of airborne 

contaminants? 
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