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CHAPTER I 

BACKGROUND AND SETTING 

It is generally presumed that students need a safe 

environment in which to learn (Layman, 1991). In the 

classroom it is relatively simple to provide such a 

situation. However, many educational topics are better 

learned when accompanied by appropriate laboratory 

experiences. Laboratory experiences provide application of 

skills and concepts which are important for many subjects. 

Laboratories may not be expected to be as clean as the 

classroom, however, they are expected to maintain cleanliness 

and safety to the point that education is enhanced. This 

would include safety from less obvious, as well as the 

readily apparent dangers. 

Courses which include welding operations can pose such 

unobvious threats. Fumes and gases which are recognized as 

hazardous to human health are produced in both electric and 

gas welding operations. The immediate effects of exposure to 

welding particulates can include irritation of the skin, eyes 

and respiratory system. Exposure over an extended period of 

time can lead to chronic health problems (Jacobs and Miller, 

1991). 

Westrom and Lee (1989) found that agricultural science 

teachers are aware that agricultural mechanics laboratories 

can pose health threats to teachers, students, and visitors. 

They found that air quality ranked second (23%) among 
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agricultural science teachers in a list of ten greatest 

environmental problems associated with agricultural mechanics 

laboratories. Twenty-five percent of the data sample 

indicated that laboratory noise was the most serious 

environmental problem. 

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). 

Due to cost and ease of maintenance, exhaust fans are the 

most common type of mechanical ventilation in secondary 

agricultural mechanics laboratories (Layman, 1991). For most 

welding laboratories, exhaust system performance data are not 

included in the mechanical and educational specifications for 

facilities. This often leaves school administrators and 

teachers ignorant of the strength or weakness of the system 

in use at their school (Jacobs and Miller, 1991). 

Layman (1991) found that students and teachers at Texas 

Tech University were exposed to levels of welding fume 

particulate which exceeded Occupational Safety and Health 

Administration (OSHA) time weighted averages (TWA), despite 

the use of a mechanical ventilation system. In that study, 

no other documentation was found to suggest that agricultural 

mechanics laboratories exceeded OSHA standards. However, 

this was attributed to previous studies emphasizing 

industrial user hazards versus secondary school settings. 

Industrial workers are exposed to welding hazards more often 
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and for longer periods of time, whereas student exposure is 

typically shorter and less frequent. It was further stated 

that although their exposure is different than that of 

industrial workers, students still come into contact and can 

be affected by the hazards associated with welding 

operations. 

Agricultural mechanics laboratories are included in the 

majority of agricultural science programs within the state of 

Texas. It is then safe to assume that the potential for 

exposure to welding fume particulates exists for teachers and 

students utilizing these facilities. 

Statement of the Problem 

A welder is not necessarily protected just because a 

ventilation system is in use. Students who weld can be 

exposed to welding fumes prior to fume removal by the exhaust 

system. In fact, some exhaust systems exacerbate exposure by 

drawing fumes into the student's breathing zone (Layman, 

1991). 

The major purpose of this study was to determine if the 

ventilation systems in high school agricultural science 

welding laboratories within a 40-mile radius of Lubbock, 

Texas, provide adequate protection from welding fume exposure 

for students enrolled in agricultural mechanics courses 

according to standards set by OSHA. 
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Research Questions 

The major objective of this study was to determine if 

welding fume exhaust systems in agricultural mechanics 

laboratories of secondary schools within a 40-mile radius of 

Lubbock, Texas, are allowing students to be exposed to 

unacceptable levels of hazardous materials based upon OSHA 

standards. As a means of accomplishing this objective, the 

study was designed to answer the following questions: 

1. What is the level of researcher exposure to iron oxide 

collected on a filter for a specified, timed welding 

session with the ventilation system turned on? 

2. What is the level of researcher exposure to iron oxide 

collected on a filter for a specified, timed welding 

session with the ventilation system turned off? 

3. What effect does the ventilation system have on 

researcher exposure to iron oxide? 

4. Do area agricultural mechanics laboratories expose 

users to iron oxide levels which exceed OSHA 

standards? 

s. How many minutes of continuous welding can be performed 

before OSHA limits are reached? 

6. What type of ventilation systems are being used in area 

high schools? 

7. Does the type of ventilation system in use affect 

researcher exposure to iron oxide? 
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Definition of Terms 

For purposes of this study, the following terms were 

defined as follows: 

Agricultural Mechanics. Agricultural Mechanics is a 

discipline of study offered at the secondary level (grades 9-

12) in the agricultural science curricula to train students 

in mechanical skills associated with agricultural operations. 

Agricultural Sciences. Agricultural Sciences is a 

discipline of study offered at the secondary school level 

(grades 9-12) to train students in sciences related to 

agriculture. 

Arc Welding. Arc welding is electric welding using either 

uncoated or coated electrodes. 

Bench Welding. Bench welding is electric welding perfromed 

with the metal to be welded placed upon a metal bench and 

implies that the project being welded is relatively small in 

size. 

Ceiling 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) which, when present 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 concentration do not develop. 
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Dusts. Dusts are solid particles generated by handling, 

crushing, grinding, rapidly impacting, detonating, 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). 

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. 

Mechanical Ventilation. Mechanical Ventilation is the 

process of supplying air to or removing air from a space by 

mechanical means. Exhaust fans are an example. 

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. 

Smoke. Smoke is an air suspension of particulates, usually 

but not necessarily solid, formed from combustion. 

Threshold Limit Value (TLV). TLV refers to airborne 

concentrations of substances and represents the exposure 

level under which most people can work, day after day, 

without adverse effect. 
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TLV-Ceiling CTLV-C). TLV-C is the concentration that 

should not be exceeded even instantaneously. 

TLV-Short Term Exposure Limit (TLV-STEL). TLV-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. 

TLV-Time Weighted Average (TLV-TWA). TLV-TWA is the time

weighted average for normal eight-hour day or forty-hour 

week. 

Time Weighted Average (TWA). TWA is the mean of several 

samples taken at various times during the working day. TWA 

is usually more representative of the true exposure of a 

person for evaluation of long-term effect from a harmful 

agent. 

ventilation. Ventilation is the circulation of fresh air 

in order to replace contaminated air. 

Limitations of the Study 

The following limitations were considered in this study: 

1. The study was limited to arc welding. 

2. The study was limited to bench welding. 

3. The study was limited to those schools within a 

40-mile radius of Lubbock, Texas. 

4. The study was limited to researcher exposure while 

only the researcher was welding. 
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5. The study was limited to the climatic conditions 

existing on the day a particular school was 

sampled. 

Need for the Study 

In the State of Texas, there is a need to evaluate the 

effectiveness of exhaust systems in secondary agricultural 

mechanics laboratories for the removal of conatminants from 

the breathing space of the individuals utilizing such 

facilities. No other studies have investigated Texas high 

school student exposure to airborne contaminants produced by 

welding operations. Information is needed to determine 

whether present conditions provide students with a safe and 

healthy environment for instruction. 

OSHA has established guidelines for employers to follow 

and established standards which employers must meet to 

protect employees from exposure to harmful chemicals. 

Students are generally not recognized as employees; 

therefore, compliance with OSHA standards has been minimal 1n 

most states (Miller,1991). However, OSHA does recommend that 

schools apply these standards to their facilities: 

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,p.l) 
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CHAPTER II 

REVIEW OF LITERATURE 

Welding processes can be performed under many 

circumstances: indoors, outdoors, confined spaces, open 

areas, above ground, and underwater (Layman, 1991). 

Electric arc welding is only one of many processes that can 

be utilized in metal fabrication. It is, however, one of 

the most commonly utilized processes in agricultural 

mechanics laboratories. Like all welding operations, arc 

welding produces fumes, gases, radiation, and other 

potentially harmful agents (American Welding Society, 

1979). This review includes: exposure to hazardous 

substances; hazardous chemicals produced in welding 

processes and associated occupational hazards/diseases; 

chemicals more oftenly produced by welding; welder's 

exposure to iron oxide; ventilation; ventilation 

requirements; regulatory agencies and health standards; and 

research conducted in high school vocational settings 

related to welding and air quality. 

Exposure to Hazardous Substances 

Hazardous substances typically enter the human body by 

one or more of three routes: absorption through the skin, 

ingestion through the stomach or inhalation through the 
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lungs. It is possible for welding fume particulates to 

enter the body by one or more of these routes. 

Stellman and Daum (1973) and NIOSH (1981) reported 

that the contents of the stomach will considerably dilute 

most ingested chemicals. Stellman and Daum (1973) found 

that almost all metallic dusts cause skin irritation. 

Peterson (1977), however, stated that most materials do not 

actually penetrate the skin. 

Stellman and Daum (1973) reported that most poisons 

affecting internal organs enter the body by being breathed 

1n. Peterson (1977) said that even though the lungs are 

best equipped to handle oxygen and carbon dioxide, any 

material diffused in the air that reaches the alveoli (tiny 

air sacs in the lungs where gases are exchanged) can 

diffuse into the bloodstream. Therefore, inhalation is the 

most important means of contact with hazardous substances. 

Peterson (1977) reported that man inhales from four to 

10 cubic meters (m3) of air in an eight-hour shift and can 

thus breathe considerable amounts of material, even at low 

concentrations. Therefore, the respiratory system is the 

easiest pathway for chemical toxicants to enter the body 

and will also subject the body to a higher concentration of 

the chemical (Layman, 1991). 
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Hazardous Chemicals Produced in Welding 
Processes and Associated 

Occupational Hazards/Diseases 

Stellman and Daum (1973) stated that the term 

"welding" refers to many industrial processes, but all of 

these processes require energy generation sufficient to 

bring about the melting or fusing of metals. They 

indicated that these processes released toxic fumes and 

chemicals into the atmosphere and that these fumes could 

arise from a number of sources including: the metals being 

welded, by-products from oxidation of gasses in the air, 

lubricating and cleaning chemicals used in the welding 

process, and unstripped coatings on the metal, such as 

metallic based paints. 

The American Welding Society (1979) said that welding 

exposure is unique. There is no material from any other 

source with a composition and structure directly comparable 

to that of welding fumes. 

Each welding process (arc welding, oxyacetylene 

welding, or cutting, etc.) can involve any number of 

several types of chemicals and reactions (Layman, 1991). 

Some chemicals can cause severe, irreversible damage, 

others may cause temporary problems, some create a nuisance 

(Jacobs, 1979; Stellman and Daum, 1973). 
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Table 1 lists selected chemicals and chemical 

compounds that can be produced in welding operations, the 

route by which the chemical enters the body and the health 

hazard(s) which are created (Jacobs, 1979; Stellman and 

Daum, 1973). The presence of any particular chemcal listed 

depends on several factors and not all chemicals listed 

will be present in a given operation. Some of the factors 

influencing the chemicals produced in a particular process 

include: type of base metal, filler rod, fluxes, or 

alloying elements being used. 

Stellman and Daum (1973) reported that most 

occupational diseases result from either the accumulation 

of toxic chemicals in the respiratory system itself or by 

passage of harmful substances through the lungs to the rest 

of the body. Also, complications are not limited to the 

respiratory system, as some chemicals can damage the brain, 

kidneys and other vital organs. 

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: 
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Table 1. Welding Fumes and Gases Health Hazards 

Chemical Agent 

Antimony 

Asbestos 

Chromium 

Fluorides 

Iron Oxide 

Lead 

Nitrogen Oxides 

Ozone 

Silicon Dioxide 

Zinc 

Route of Entry 

Exposed Skin 

Breathing fumes 

Breathing fibers 

Breathing fumes 

Breathing fumes 

Breathing fumes 

Health Hazard 

Inflanunation of 
hair follicles 
metallic taste, 
stomach distress 

Long-term exposure 
causes asbestosis 
of the lungs 

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 

Breathing fumes and Metallic taste in 
Ingestion mouth--long-term 

Breathing fumes 

Breathing fumes 

Breathing free 
silica 

Breathing fumes 
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effect: lead 
poisoning 

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 



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 (pp.13-42). 

Jacobs (1979) reported that hazards associated with 

welding fumes and gases depend upon the following factors: 

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 

the actual particle size. Particles 0.1 to 30 microns in 

size are generally classified as dusts; particles 0.001 to 

1 micron in size are typically classified as fumes 

(McDermott, 1976). 

Carr (1980) stated that most dust particles generated 

by the welding process are below five microns. Most of 

these will settle to the ground or be contained in the 

upper respiratory tracts. Only the very fine particles and 

gases will enter the lungs. 

Particle size determines how far the respiratory tract 

will be penetrated and the number of particles that will be 

retained in the system. Particles one to two microns in 

size are deposited about equally in the upper respiratory 
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system and in the pulmonary air spaces. Particles smaller 

than one micron in size are typically found in the 

pulmonary air spaces (The American Welding Society, 1979). 

Conru (1988) reported that precise measurements of 

welding fumes are difficult to obtain. Different tests 

indicate that quantities emitted can vary greatly depending 

on welding parameters (voltage, current, inclination of the 

weld, torch, etc.). He also stated that a lack of detailed 

knowledge relating to the chemical state of real toxicity 

of many substances exists. 

Chemicals More Oftenly Produced by Welding 

Carbon dioxide (C02) occurs naturally in the 

atmosphere and is not itself a toxic substance. It is a 

normal product of oxyacetylene welding. However, high 

concentrations built up in poorly ventilated areas can 

reduce the supply of oxygen. Build-up of eight to fifteen 

percent usually induces the symptoms of suffocation: 

headache, dizziness, nausea, vomiting and eventually 

unconsciousness (Stellman and Daum, 1973). 

Peterson (1977) said that high concentrations of 

carbon dioxide cause an increase in respiration, which 

hastens the rate of its inhalation. It also dilutes the 

concentration of oxygen, which can cuase hypoxia; acidifies 

the blood, a condition known as acidosis; and acts as a 

cause of anoxia. 
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Carbon monoxide (CO) is produced when incomplete 

burning of acytylene occurs. It keeps oxygen (02) from 

reaching the tissues of the body by attaching to the 

hemoglobin in the blood (Stellman and Daum, 1973). 

Peterson (1977) stated that although hemoglobin affinity 

for CO is about 220 times greater than that for 02, a low 

CO partial pressure or high 02 partial pressure will cause 

the hemoglobin to release the co and will be "none the 

worse for wear." 

Stellman and Daum (1973) recognized that ozone gas is 

often formed during electrical storms and many people are 

familiar with its sweet odor. Ultraviolet radiation 

reacting with oxygen can form this same substance during 

welding processes. They noted that both flux-coated and 

bare-wire welding can produce concentrations higher than 

0.05 ppm. Concentrations this high were said to cause lung 

irritation and possibly cause fluid in the lungs, 

hemorrhage, shortness of breath, headache, and drowsiness. 

The amount of ozone produced depends on the metal, the gas 

or flux shield used, the welding current and the humidity 

(The American Welding Society, 1957). 

Iron oxide was the chemical component sampled for this 

study, so a more thourough review follows. 
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Welders' Exposure to Iron Oxide 

Pneumoconiosis is a catchall word for various 

pulmonary manifestations of dust inhalation, whether the 

dust is harmful or not, according to Olishifski (1979). 

Siderosis is a form of pneumoconiosis associated with iron 

oxide (Layman, 1991). 

Siderosis, often called arc-welder's disease, 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. It is 

particulary a problem for electric welders working in 

confined areas, but is not believed to cause any disability 

(Stellman and Daum, 1973). Workers are typically unaware 

of the presence of the condition until a chest x-ray is 

obtained (NIOSH, 1986). 

Siderosis was first described by Zenker in 1866. It 

is relatively benign and is characterized by large 

accumulations of inorganic iron containing macrophages in 

the lungs with minimal reactive fibrosis. Generally, 

pulmonary fibrosis occurs only when a fibrogenic dust 

component, such as silica, is also present in the 

environment (NIOSH,1986). 

Morgan and Kerr (1963) obtained lung biopsies in four 

welders with siderosis. Despite large amounts of iron in 
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the distal air passages and lymphatics, fibrosis was 

absent. 

Welding processes utilizing electric arc produce iron 

oxide fumes (Doig and McLaughlin, 1948). Also, the fume 

concentration can be extremely high for welders working in 

confined or poorly ventilated spaces. 

Layman (1991) reported that many studies have been 

done on the effects of iron oxide in the lungs. Although 

its presence in the lungs can be detected with x-rays, it 

apparently does not cause any damage. 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 peimentation of the lungs, most 
authorities agree that these iron deposits in the 
lungs are not dangerous. (p.23) 

Doig and McLaughlin (1948) reported many cases of iron 

oxide being found in the lungs of welders, but none were 

associated with any detrimental effects. 

Experiments using rats and cats as subjects provide 

contradictory evidence. The animals exposed to iron oxide 

fumes in these studies died as a result of their exposure 

(Massman, 1956). There have also been reported cases of 

clinical impairment in humans and abnormal pulmonary 

function tests have been reported (Morgan and Seaton, 

1975). 
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Ventilation 

Conru (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. 

According to McDermott (1976), six types of 

contaminants exist: dust, fumes, mists, smokes, vapors,and 

gases. Ventilation is the best way to insure the safety of 

workers because it reduces personal exposure to airborne 

contaminants resulting from welding operations. He also 

listed three other uses of ventilation: 

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

Two types of ventilation are utilized: dilution or 

general and local or exhaust ventilation. Dilution 

ventilation brings fresh air in to mix with the 

contaminated air, diluting the concentration of 

contaminants. Local or exhaust ventilation removes the 

contaminants from the air before they can disperse 

throughout the work place (Layman, 1991). 
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Most exhaust systems consist of three components: 

hoods, fans and ducts. There are two types of hoods; 

capturing and receiving. Capturing hoods draw in 

contaminants 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). 

Ventilation 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) 
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It should also be noted that welding screens, which 

protect others in the welding area from ultraviolet light, 

should not restrict ventilation. 

The American Welding Society (1973) listed eight 

factors that affect ventilation requirements: 

1. the welding process; 
2. the base metals; 
3. the electrode or wire filler; 
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) 

Regulatory Agencies and Safety Standards 

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. 

One criterion set by ACGIH, as stated by NIOSH (1981), 

is Threshold Limit Values (TLV), which refers to airborne 

concentrations of substances and represents an exposure 

level under which most people can work, day after day, 

without adverse effect. TLV refers specifically to limits 

published by ACGIH, which are reviewed and updated each 
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year. NIOSH (1981) listed three categories of Threshold 

Limit Values which are: 

1. Time-Weighted Average (TLV-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. 

2. Short-Term Exposure Limit (TLV-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. 

3. ceiling (TLV-C) is the concentration that should not 

be exceeded even instantaneously. (pp.13-15) 

NIOSH (1981) also gave the following points to keep in 

mind when working with TLV's: 

1. Concentrations of chemicals rarely remain constant in 

the shop throughout the school day. 
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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. (pp. 13-

46) 

The compilation of OSHA health and safety standards 

were prepared in 1970. Many of the TLVs established by the 

ACGIH 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). 

The ventilation standards set by OSHA (1990) are: 

(2) Ventilation for general welding and cutting -
(i) General mechanical ventilation shall be 

provided when welding or cutting is done on 
metals not covered in paragraphs (f)(S) 
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 
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( 3) 

cutting operations where the restrictions 
in paragraph (f)(2)(:) of this section are 
not present. 

Local 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). 

Table 2. Ventilation Requirements 

Welding Zone Minimum air flow Duct diameter 
(arc to torch) (cu. ft. /minute) (inches) 

4 to 6 inches 150 3 

6 to 8 inches 275 3.5 

8 to 10 inches 425 4.5 

10 to 12 inches 600 5.5 
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Research Conducted in High School 
Vocational Settings Related 
to Welding and Air Quality 

Layman (1991) found that students and teachers were 

exposed to levels of welding fume particulates that 

exceeded OSHA standards. Additionally, arc welding was 

found to produce more welding fume particulates than 

oxyacetylene welding. 

Carr (1980) found that carbon monoxide levels in 

secondary agricultural mechanics welding laboratories in 

Missouri were within OSHA limits, but both teachers and 

students were exposed to iron oxide levels which exceeded 

the standards. 

Studies by Carr and Jacobs show that when no 

ventilation system is used, or when the ventilation system 

in inoperable, collected samples exceed the standards set 

by OSHA. 

A study conducted by Jacobs (1983) in the agricultural 

mechanics laboratory at the University of Arizona tested 

the feasiblity of introducing unheated outside air into the 

airstream of a cross-flow exhaust system to reduce heating 

energy costs of a school welding laboratory. In addition 

to reducing heating costs, it was found that the system 

aided in the removal of iron oxide from the welder's 

breathing zone. 
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Jacobs and Miller (1991), in sampling twenty-one 

vocational and technical schools in Arizona, found that 

most schools (15) had a reduction in exposure when the 

ventilation systems were in operation versus amounts 

collected with the system not operating. Four schools, 

however, had increased levels of exposure when the systems 

were operating. They further concluded that excessive air 

movement in the welding station vicinity could cause 

exposure to undesirable fumes to increase. 

Summary 

This review of literature revealed that welding 

activities can pose many problems for teachers, students, 

and others that are exposed to the contaminants released by 

these processes. Also, it was found that ventilation is 

the best method of reducing or eleminating exposure to 

these substances and many regulatory standards exist for 

adequately safe systems. 

However, the review also found evidence that the 

operation of a ventilation system does not necessarily 

reduce exposure of those inside a laboratory facility to 

safe levels and may in some instances actually increase the 

level of exposure. 

No studies were found that had investigated the 

effectiveness of agicultural mechanics laboratory 

ventilation systems within the state of Texas. This study 
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will sample a selected population to assess the 
effectiveness of such systems within that population. 
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CHAPTER III 

METHODOLOGY 

The purpose of this study was to determine if 

agricultural science students using laboratory welding 

equipment at schools within a 40-mile radius of Lubbock, 

Texas were being exposed to unacceptable levels of welding 

fume particulate matter. In this chapter, the methods used 

will be described. The following topics will be covered: 

research design, subject selection, instrumentation, data 

collection, and data analysis. 

Research Design 

This study was a descriptive survey designed to collect 

data to determine if welding fume particulate exposure levels 

of agricultural mechanics laboratories in the area 

surrounding Lubbock, Texas, met OSHA and NIOSH standards. It 

was also intended to determine the difference in particulate 

levels between samples taken with the ventilation systems in 

operation versus samples taken with the ventilation systems 

not operating. An additional purpose was to determine what 

types of ventilation systems were in use at the area schools. 

Subject Selection 

The population of this study consisted of agricultural 

mechanics laboratories in a 40-mile radius of Lubbock, Texas, 

that had a functioning agricultural mechanics program in the 

28 



spring semester of 1992. There were 29 programs meeting 

these criteria. Data were collected in March and April of 

1992. Data from two to three agricultural mechanics 

laboratories were collected on wednesdays and Fridays until 

all laboratories in the study were sampled. This study was 

limited to the ventilation systems within the aforementioned 

schools. 

Instrumentation 

Welding fumes were produced by welding with an arc 

welding machine in the subject school using an E6011 mild 

steel electrode, 1/8 inch in diameter. Welding was performed 

on a 1/4 inch hot rolled, low carbon steel plate. 

Particulates entering the welder's breathing zone were 

sampled by using a Mine Safety Appliance (MSA) Portable 

Personal Sampling Pump Model G to draw samples into a field 

monitor's cassette containing a membrane filter that was 37 

millimeters in diameter with a pore size of 0.8 microns. 

The researcher served as the welder for all samples 

taken. 

Data Collection 

When taking samples of the welder's breathing zone in 

the agricultural mechanics laboratories, arc-welding machines 

belonging to the subject school were utilized. Care was 

taken to select a welding machine which was neither the 

closest nor the furtherest from the exhaust system. Rather a 
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machine which seemed to be of average proximity to the 

ventilating system for the individual laboratory was chosen. 

The teacher at the subject school was then asked to 

instruct the investigator as to how the ventilation system 

worked and if there were any additional practices normally 

engaged in during welding instruction at the school (e.g., 

opening the shop door or opening windows). No teacher or 

student participation occurred in the actual collection of 

the samples. 

At each school, two 10-minute samples were to be taken. 

One with the exhaust system operating (sample A) and one 

without the ventilation system operating (sample B). 

A was taken first at each site, followed by sample B. 

Sample 

The 

ventilation system was allowed to run for at least 3 minutes 

after the first sample had been acquired. This allowed the 

air in the welding area to return to a condition close to 

that which preceeded taking sample A. 

The hot rolled steel padding plate and sufficient E6011, 

1/8 inch diameter mild steel electrodes were placed on the 

selected welding table. The Mine Safety Appliance (MSA) 

Portable Personal Sampling Pump Model G used to collect the 

welding particulates was then calibrated according to the 

instrument's instructions. The pump was clipped to the 

investigators belt and a clear plastic hose connected the 

pump to the filter cassette. Cassettes were attached to the 

welders shirt collar by a clip located at the end of the hose 

near the cassette. 
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The exhaust system was turned on, and when the 

investigator was in position to weld, the welder was turned 

on and adjusted to 110 amps or as close as possible with a 

particular welder. A stop watch with an audible alarm was 

then set for a ten minute time and started. The investigator 

unplugged the cassette, positioned his face shield and 

proceeded to weld until the alarm sounded. 

When the alarm sounded, welding was stopped and the 

cassette was immediately plugged, taken off of the hose and 

plugged on the other side, given an identifying mark (e.g., 

21A, meaning school #21, sample A) and set in the Mine Safety 

Appliance carrying case. 

Additional information was then recorded on a 

specifically designed data sheet. Information taken included 

the type of ventilation system in use, location of the system 

in relation to the welder, and any additional comments or 

notations the investigator felt it was necessary to make. 

A new cassette was then fastened to the MSA hose and the 

investigator's collar, the exhaust system turned off and the 

above process repeated through the placing of the new 

cassette in the MSA carrying case. 

Some training was required for servicing and calibrating 

the MSA Portable Personal Sampling Pump. A pilot study was 

_conducted using the agricultural mechanics welding laboratory 

at Texas Tech University prior to the field study. This 

allowed for sufficient practice and provided the opportunity 
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to correct operating problems that occurred in learning to 

use the device. 

Data Analysis 

The samples taken for this study were analyzed by 

American Analytical Laboratories, 3431 E. Melber Drive, 

Tucson, Arizona (85714). Results were reported in micrograms 

of iron oxide (Fe203) per filter paper (migr/fil). 

These data were then converted into milligrams per cubic 

meter (Mg/M3) using the calculation Mg/M3 = (Micrograms per 

filter) * (0.001/0.024), which in turn was used to produce 

the time-weighted concentration (TWC) with the calculation 

TWC = Mg/M3 * 48. Also from the Mg/M3 figures, fifty-minute 

equivilents (50"EQ) were calculated using the formula 50"EQ = 

Mg/M3 * 5. 

The actual change in Mg/M3 was calculated by subtracting 

the non-ventilated sample (sample B) from the ventilated 

sample (sample A): Change in Mg/M3 = (Mg/M3 A) - (Mg/M3 B). 

Mean, median and standard deviation were also 

calculated. Microsoft Excel 4.0 spreadsheet program for the 

Macintosh was utilized for all calculations. 
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CHAPTER IV 

RESULTS 

The purpose of this chapter is to present data collected 

during the study. The findings are reported for the seven 

research questions. 

Iron Oxide Exposure Levels in Area Agricultural 
Mechanics Laboratories 

Data were collected to determine the iron oxide exposure 

levels of area agricultural mechanics laboratories during the 

spring semester of 1992. The exposure levels generated 

during both the "on" and "off" conditions of ventilation 

system operation were used in calculations to produce the 

exposure levels presented in Table 3. The data in Table 3 

addresses research questions 1 and 2: 

1. What is the level of researcher exposure to iron oxide 

collected on a filter for a specified, timed welding 

session with the ventilation system turned on? 

2. What is the level of researcher exposure to iron oxide 

collected on a filter for a specified, timed welding 

session with the ventilation system turned off? 

The samples collected with the ventilation systems on 

resulted in a high of 30.00 mg/m3 and a low of 0.05 mg/m3 • 

. The mean was 2.84 mg/m3 with a standard deviation of 5.86 

mg/m3. The median was 0.77 mg/m3. The samples collected 

with the ventilation systems off resulted in a high of 18.88 

mg/m3 and a low of 0.13 mg/m3. 
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Table 3. Milligrams Iron Oxide per Cubic Meter for 
Various Conditions of Ventilation System 
Operations. 

Mg/M3 for Mg/M3 for 
School System "ON" System "OFF" 

1 0.38 0.29 
2 0.34 0.45 
3 1.64 2.09 
4 0.76 0.42 
5 0.54 0.52 

6 0.94 0.45 
7 0.31 0.48 
8 0.69 1.80 
9 0.88 0.76 

10 12.37 1.24 

11 30.00 18.88 
12 1.78 1.17 
13 5.88 9.58 
14 2.08 2.57 
15 0.77 2.20 

16 7.08 0.91 
17 0.76 1.42 
18 3.56 1.26 
19 1.13 0.59 
20 0.05 0.32 

21 0.74 1.97 
22 1.46 1.17 
23 0.58 0.18 
24 0.10 0.23 
25 1.03 0.22 

26 0.31 0.13 
27 0.68 1.23 
28 5.17 3.23 
29 0.36 0.16 

Mean 2.84 1.93 
Standard Deviation 5.87 3.71 

Median 0.77 0.91 
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The mean was 1.93 mg/m3 with a standard deviation of 3.71 

mg/m3. The median was 0.91 mg/m3. 

Effect of Ventilation Systems on Researcher 
Exposure to Iron Oxide 

Descriptive data were generated from the collected data 

to determine the effect that operation of the ventilation 

system had on exposure levels. This data is presented in 

Table 4 and answers research question three: 

3. What effect does the ventilation system have on 

researcher exposure to iron oxide? 

Operation of the ventilation system at each test site 

had either a positive or negative effect on the level of 

student exposure to iron oxide. System operation at 

seventeen schools increased the levels of iron oxide 

exposure, while twelve schools showed that iron oxide entered 

the breathing zone at lesser levels while the system was in 

operation. An 11.13 mg/m3 increase in particulate was 

highest while a 1.43 mg/m3 decrease was the lowest change in 

particulate exposure. The mean change was 0.91, with a 

standard deviation of 3.23, and a median of 0.11. 

Percentage change in exposure to particulate matter 

resulted in a high of 899.66% increased exposure to a low of 

82.89 % decreased exposure. The mean was 89.47 with a 

-standard deviation of 220.97 and a median of 25.00. 
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Table 4. Change in Researcher Exposure to Iron Oxide. 

School Change %Change 
1 0.08 28.57 
2 -0.11 -24.07 
3 -0.45 -21.71 
4 0.34 82.00 
5 0.02 3.20 

6 0.50 111.21 
7 -0.17 -34.78 
8 -1.11 -61.66 
9 0.11 14.75 

10 11.13 899.66 

11 11.13 58.94 
12 0.62 52.86 
13 -3.71 -38.70 
14 -0.48 -18.83 
15 -1.43 -65.15 

16 6.18 679.82 
17 -0.65 -46.18 
18 2.30 182.78 
19 0.53 90.14 
20 -0.26 -82.89 

21 -1.23 -62.58 
22 0.29 25.00 
23 0.40 225.58 
24 -0.13 -54.55 
25 0.81 375.00 

26 0.18 134.38 
27 -0.55 -44.75 
28 1.94 60.21 
29 0.20 126.32 

Mean 0.91 89.47 
Standard Deviation 3.23 220.97 

Median 0.11 25.00 
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Comparison of Collected Data and OSHA Standards 

Data were also calculated to compare area laboratories 

with OSHA standards. The results are presented in Table 5 

and answer research question 4: 

4. Do area agricultural mechanics laboratories expose 

users to iron oxide levels which exceed OSHA 

standards? 

The guideline given by OSHA is 5 mg/m3 1n one 24-hour 

period. 

The ten-minute samples indicated five schools produced 

levels above OSHA guidelines, while 24 schools were below the 

governmental standards. The highest concentration was 25.00 

mg/m3 above the 5 mg/m3 standard, while the lowest 

concentration was 4.95 mg/m3 below it. The mean, standard 

deviation, median, and mode for comparisons of ten-minute 

samples were -2.1, 5.87, -4.23, and -4.69 respectively. 

These data were then used to project 50 minute 

equivilant exposures. Twelve schools were above the limit 

and seventeen were below. The highest concentration 

collected was 145.00 mg/m3 above governmental standards and 

the lowest was 4.73 mg/m3 below. The mean, standard 

deviation, median and mode for the entire group were as 

follows: 9.20, 29.34, -1.17, -3.44. 

Upon calculating projections for eight-hour equivalents, 

one school was found to be in compliance, with -2.40; the 
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Table 5. Samples and Projected Concentration versus OSHA 
Standard of 5 mg/m3 in One 24-hour Period. 

School Mg/M3 OSHA 50 
+/- mn.eq. 

1 0.38 -4.63 1.88 
2 0.34 -4.66 1.71 
3 1.64 -3.36 8.19 
4 0.76 -4.24 3.79 
5 0.54 -4.46 2.69 

6 0.94 -4.06 4.71 
7 0.31 -4.69 1.56 
8 0.69 -4.31 3.46 
9 0.88 -4.13 4.38 
10 12.37 7.37 61.85 

11 30.00 25.00 150.00 
12 1.78 -3.22 8.92 
13 5.88 0.88 29.38 
14 2.08 -2.92 10.42 
15 0.77 -4.23 3.83 

16 7.08 2.08 35.42 
17 0.76 -4.24 3.81 
18 3.56 -1.44 17.79 
19 1.13 -3.88 5.63 
20 0.05 -4.95 0.27 

21 0.74 -4.26 3.69 
22 1.46 -3.54 7.29 
23 0.58 -4.42 2.92 
24 0.10 -4.90 0.52 
25 1.03 -3.97 5.15 

26 0.31 -4.69 1.56 
27 0.68 -4.32 3.40 
28 5.17 0.17 25.83 
29 0.36 -4.64 1.79 

Mean 2.84 -2.16 14.20 
SD 5.87 5.87 29.34 

Median 0.77 -4.23 3.83 

OSHA 8 hour 
+/- eq. 

-3.13 18.00 
-3.29 16.40 

3.19 78.60 
-1.21 36.40 
-2.31 25.80 

-0.29 45.20 
-3.44 15.00 
-1.54 33.20 
-0.63 42.00 
56.85 593.80 

145.00 1440.00 
3.92 85.60 

24.38 282.00 
5.42 100.00 

-1.17 36.80 

30.42 340.00 
-1.19 36.60 
12.79 170.80 

0.63 54.00 
-4.73 2.60 

-1.31 35.40 
2.29 70.00 

-2.08 28.00 
-4.48 5.00 

0.15 49.40 

-3.44 15.00 
-1.60 32.60 
20.83 248.00 
-3.21 17.20 

9.20 136.32 
29.34 281.63 
-1.17 36.80 
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OSHA 
+I-

13.00 
11.40 
73.60 
31.40 
20.80 

40.20 
10.00 
28.20 
37.00 

588.80 

1435.00 
80.60 

277.00 
95.00 
31.80 

335.00 
31.60 

165.80 
49.00 
-2.40 

30.40 
65.00 
23.00 

0.00 
44.40 

10.00 
27.60 

243.00 
12.20 

131.32 
281.63 

31.80 

Min. 
til 

OSHA 
133.33 
146.34 

30.53 
65.93 
93.02 

53.10 
160.00 

72.29 
57.14 

4.04 

1.67 
28.04 

8.51 
24.00 
65.22 

7.06 
65.57 
14.05 
44.44 

923.08 

67.80 
34.29 
85.71 

480.00 
48.58 

160.00 
73.62 

9.68 
139.53 

106.78 
181.28 

65.22 



remaining 28 schools were above the exposure level, with a 

high of 1435.00 mg/m3. The mean, standard deviation, and 

median for eight-hour projections were 131.32, 281.63, and 

31.80, respectively. 

Minutes of Continuous Welding Before Reaching 
OSHA Standards 

Because secondary laboratory sessions would be most 

efficiently measured in minutes, the minutes of continuous 

welding before OSHA limits would be reached was calculated 

for each lab. This data is also presented in Table 5 and 

answers research question 5: 

5. How many minutes of continuous welding can be performed 

before OSHA limits are reached? 

A high of 923.08 minutes and a low of 1.67 minutes were 

calculated using the 10-minute sample data. The population 

mean was 106.78, with a standard deviation of 181.28, and a 

median of 65.22. 

Types of Ventilation Systems Being Utilized 

Written descriptions were made of the ventilation 

systems in use at the area agricultural mechanics 

laboratories and are presented in Table 6. The data 1n Table 

6 answers research question 6: 

6. What type of ventilation systems are being used in area 

high schools? 

Two laboratories had duct systems while five laboratories had 

canopy hood exhaust ventilation. Nineteen laboratories 
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Table 6. Types of Ventilation Systems Utilized in Area High 
Schools 

School Ventilation System system Type 
1 2 wall fans wall fans 
2 2 ceiling fans ceiling fans 
3 open door open door 
4 canopy hood canopy hood 
5 portable fan portable fan 

6 ceiling fan/open combination 
door 

7 canopy hood canopy hood 
8 wall fan wall fans 
9 ceiling fan ceiling fans 
10 open door open door 

11 ducts ducts 
12 wall fan/open door combination 
13 wall fan wall fans 
14 wall fan/ceiling combination 

fan 
15 portablefan/open combination 

door 

16 2 wall fans wall fans 
17 wall fan wall fans 
18 ceiling fan ceiling fans 
19 wall/port/2 doors combination 
20 2 wall fans wall fans 

21 wall fan wall fans 
22 open door open door 
23 canopy hood canopy hood 
24 canopy hood canopy hood 
25 canopy hood canopy hood 

26 2 wall fans wall fans 
27 duct duct 
28 ceiling fan ceiling fans 
29 2 wall fans wall fans 
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utilized exhaust fans to ventilate fumes. Of these eight 

used one fan, seven used two fans, three used one fan with an 

open door, and one used two fans with an open door. Three 

laboratories only used open doors for ventilation. 

Effect of Ventilation System Type on 
Researcher Exposure 

Collected data were arranged to see if any associations 

between type of ventilation system and researcher exposure to 

iron oxide. Arranged data is presented in Table 7 and Table 

8. These tables answer research question 7: 

7. Does the type of ventilation system in use affect 

researcher exposure to iron oxide? 

Table 7. Effects of Ventilation System Type on Researcher 
Exposure. 

System Type 
Wall Fans 

Ceiling Fans 
Portable Fan 
Canopy Hood 

Ducts 
Open Door 

Combinations 
Totals 

Number Improving 
Exposure 

5 
1 
0 
2 
1 
1 
2 
12 
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Number Worsening 
Exposure 

4 
3 
1 
3 
1 
2 
3 
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Table 8. Effect of Ventilation System Type on Researcher 
Exposure by School. 

Sample 50 min 8hr vs. Min. til 
School system TyEe vs. OSHA vs.OSHA OSHA OSHA 

1 wall fans -4.63 -3.13 13.00 133.33 
2 2 ceiling fans -4.66 -3.29 11.40 146.34 
3 open door -3.36 3.19 73.60 30.53 
4 canopy hood -4.24 -1.21 31.40 65.93 
5 portable fan -4.46 -2.31 20.80 93.02 
6 combination -4.06 -0.29 40.20 53.10 
7 canopy hood -4.69 -3.44 10.00 160.00 
8 wall fan -4.31 -1.54 28.20 72.29 
9 ceiling fan -4.13 -0.63 37.00 57.14 
10 open door 7.37 56.85 588.80 4.04 
11 ducts 25.00 145.00 1435.00 1.67 
12 combination -3.22 3.92 80.60 28.04 
13 wall fan 0.88 24.38 277.00 8.51 
14 combination -2.92 5.42 95.00 24.00 
15 combination -4.23 -1.17 31.80 65.22 
16 2 wall fan 2.08 30.42 335.00 7.06 
17 wall fan -4.24 -1.19 31.60 65.57 
18 ceiling fan -1.44 12.79 165.80 14.05 
19 combination -3.88 0.63 49.00 44.44 
20 2 wall fans -4.95 -4.73 -2.40 923.08 
21 wall fan -4.26 -1.31 30.40 67.80 
22 open door -3.54 2.29 65.00 34.29 
23 canopy hood -4.42 -2.08 23.00 85.71 
24 canopy hood -4.90 -4.48 0.00 480.00 
25 canopy hood -3.97 0.15 44.40 48.58 
26 2 wall fans -4.69 -3.44 10.00 160.00 
27 duct -4.32 -1.60 27.60 73.62 
28 ceiling fan 0.17 20.83 243.00 9.68 
29 2 wall fans -4.64 -3.21 12.20 139.53 
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CHAPTER V 

SUMMARY, CONCLUSIONS, AND 

RECOMMENDATIONS 

This chapter summarizes the study and provides 

conclusions drawn from the information obtained. It also 

contains recommendations based upon the previously mentioned 

conclusions and identifies problems for further study. 

Summary 

The review of literature discovered that results of past 

studies have produced differing opinions about the health 

effects of welding. The review found evidence that 

ventilation systems can vary in method of contaminant removal 

and although government regulations concerning ventilation 

exist for industry, school settings are not covered by such 

regulations. The review found little information concerning 

studies of agricultural mechanics welding laboratories in 

secondary school settings. No such studies were located that 

investigated such settings within the State of Texas. The 

need for such a study existed. The results could help to 

protect the respiratory health of future students, teachers, 

and visitors of agricultural mechanics laboratories in the 

state by identifying problems which exist with the present 

systems, if any exist. 

The purpose of this study was to determine exposure 

levels to particulate matter encountered by welders in area 
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high schools' agricultural mechanics laboratories. 

Information was also gathered as to what types of ventilation 

systems were being utilized and what effect, positive or 

negative, these systems were having on exposure levels. The 

study was designed to answer the following research 

questions: 

1. What is the level of researcher exposure to iron oxide 

collected on a filter for a specified, timed welding 

session with the ventilation system turned on? 

2. What is the level of researcher exposure to iron oxide 

collected on a filter for a specified, timed welding 

session with the ventilation system turned off? 

3. What effect does the ventilation system have on 

researcher exposure to iron oxide? 

4. Do area agricultural mechanics laboratories expose 

users to iron oxide levels which exceed OSHA 

standards? 

5. How many minutes of continuous welding can be performed 

before OSHA limits are reached? 

6. What type of ventilation systems are being used in area 

high schools? 

7. Does the type of ventilation system in use affect 

researcher exposure to iron oxide? 

The population of this study was comprised of area high 

schools agricultural mechanics laboratories within a 40-mile 

radius of Lubbock, Texas. Only the researcher participated 

in the study. Students and teachers were not present in the 
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lab during the data collection process. The study took place 

during the spring semester of 1992. 

A pilot study was conducted during the early Spring 

semester of 1992 in the agricultural mechanics laboratory at 

Texas Tech University prior to the actual study. The pilot 

study was performed to allow the researcher to become 

familiar with the equipment and procedures necessary to 

collect data. The pilot study also allowed for correction of 

any problems which existed at that time. Data collection was 

generally performed on Wednesdays and Fridays, requiring 25 

to 30 minutes per laboratory. 

During collection of data, doors and windows were 

positioned as the local teacher normally preferred them 

during classes. Welding stations of average proximity to the 

ventilation system were chosen for use in the study. The 

methodology allowed for clearing of the air between taking of 

samples. 

The analysis of the data collected from the area 

agricultural mechanics laboratories revealed that: 

1. Samples taken with the ventilation system on yielded 

researcher exposures ranging from 0.05 mg/m3 to 30.00 

mg/m3 with a mean of 2.84 mg/m3. 

2. Samples taken with the ventilation system off yielded 

researcher exposures ranging from 0.13 mg/m3 to 18.88 

mg/m3 with a mean of 1.93 mg/m3. 
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3. Ventilation systems increased researcher exposure to 

iron oxide by a mean average of 0.91 or a mean increase 

of 89.47%. 

4. Most area laboratories did not exceed OSHA standards in 

10-minute samples. 

5. More than half of all area laboratories did not exceed 

OSHA standards when 50-minute exposures were projected. 

6. All but one of the area laboratories exceeded OSHA 

standards when eight-hour exposures were projected. 

7. Area laboratories produced a range of 1.67 minutes to 

923.08 minutes of continuous welding prior to reaching 

OSHA standards, with a mean average of 106.78 minutes. 

8. Most area high schools utilize exhaust fans for 

agricultural mechanics welding laboratory ventilation, 

with wall and ceiling fans being the most prevalent 

location type. 

9. No convincing evidence of a relationship between 

ventilation system type and researcher exposure to iron 

oxide was collected. 

Conclusions 

The results and conclusions of this study are subject to 

the following limitations: 

1. The study was limited to only those agricultural 

mechanics laboratories within a 40-mile radius of 

Lubbock, Texas. 
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2. Equipment used to collect the data was limited to 

electrodes, the sampling pump, and electric welders and 

ventilation systems in place at the subject schools. 

3. No attempt was made to control various climatic 

conditions and the climatic conditions which were 

present at the particular site at the time samples were 

taken must be considered a limitation to the 

conclusions. 

The following conclusions were drawn from the results of 

this study: 

1. Most ventilation systems currently being used in area 

agricultural mechanics laboratories fail to reduce iron 

oxide exposure levels, and actually increase the amount 

of particulate entering the breathing zone. 

2. Few laboratories exceed OSHA standards in blocks of 

time measuring 50 minutes or less. 

3. Nearly all laboratories would exceed OSHA standards 1n 

eight-hour continuous welding sessions. 

4. The mean average for area agricultural mechanics 

welding laboratories for continuous minutes of welding 

before OSHA standards were reached was 106.78 minutes. 

5. Most area agricultural mechanics laboratories utilize 

exhaust fans for ventilation of welding laboratories. 

6. The type of system used did not effect iron oxide 

exposure level. 
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Reconunendations 

Based on the results and conclusions, the following 

reconunendations are provided: 

1. The incidence of increased iron oxide exposure with the 

use of certain ventilation systems should be 

investigated. 

2. Variables should be isolated to determine the effects 

they have on iron oxide exposure. some possibilities 

are: juxtaposition of the ventilation system in 

relation to the welder, size of the fan, speed of the 

fan, flow rate at the ventilation system, flow rate at 

the breathing zone, etc. 

3. Agriscience instructors should utilize the "minutes to 

OSHA" information for their laboratory to plan 

instructional time. 

4. Agriscience instructors should observe smoke patterns 

during the course of welding laboratories in their 

school. 

5. Agriscience instructors should have their individual 

laboratories evaluated. 

6. Agriscience instructors should consider the use of 

respiratory protection measures for themselves, their 

students and visitors to their laboratories. 
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Recommendations for Further Study 

The following are further questions that should be 

studied concerning agricultural mechanics welding 

laboratories: 

1. What factors affect iron oxide exposure? 

2. How does exposure affect student performance? 

3. How does exposure affect student ability to learn? 

4. What is the typical duration of exposure experienced by 

agriscience students? 

5. What is the typical duration of exposure experienced by 

agriscience teachers? 

6. Are students and teachers in other areas of Texas 

exposed to iron oxide levels which exceed OSHA 

standards? 

7. Can agriscience instructors accurately describe 

patterns created in their laboratories? 
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