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FOREWORD 

The purpose of the Occupational Safety and Health Act of 1970 (Public Law 
91-596) is to ensure safe and healthful working conditions for every working 
person and to preserve our human resources by providing ~edical and other 
criteria that will ensure, insofar as practicable, that no worker will 
suffer diminished hLalth, functional capacity, or life expectancy as~ 
result of his or her work experience. The Act authorizes the National 
Institute for Occupational Safety and Health (NIOSH) to develop and 
recommend occupational safety and health standards and to develop criteria 
for improving them. By this means, NIOSH communicates these criteria both 
to regulatory. agencieo 3nd others in the community of occupational safety 
and health. 

Criteria documents provide the basis for the occupational health and safety 
standards sought by Congreas. These documents generally contain a critical 
rev,iew of the scientific and technical information available on the 
prevalence of hazards, the existence of safety and health risks, and the 
adequacy of control methods. N:OSH distributes these documents to health 
professionals in academia, industry, organized labor, public interest 
groups, and other appropriate government agencies. 

This criteria document on welding, brazing, and thermal cutting reviews 
available information on the health risks for workers in these occupations 
and provides criteria for eliminating or minimizing the occupational risks 
these workers may encounter. Evidence from epidemiologic studies and case 
reports of workers exposed to welding en,issions clearly establishes the risk 
of acute and chronic respiratory disease. The major concern, however, is 
the excessive incidence of lung cancer among welders. A large body of 
evidence from resional occupational mortality data, case control studies, 
and cohort studies indicates that welders generally have a 40% increase in 
relative risk of developing lung cancer as a result of their work 
experiences. The basis of this excess risk is difficult to'determine given 
uncertainties about smoking habits, possible interactions among the various 
components of welding emissions, and possible exposures to other 
occupational carcinogens, including asbestos. The severity and prevalence 
of other respiratory conditions such as chronic bronchitis, pneumonia, and 
decrements in pulmonary function are not well characterized among welders, 
but these effects have been observed in both smoking and nonsmoking workers 
in this occupation. Excesses in morbidity and mortality among welders 
appear to exist even when exposures have been reported to be below current 
Occupational Safety and Health Administration (OSHA) permissible exposure 
limits (PELs) for the many individual components of welding emissions. 
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An exposure limit for total welding emissions cannot be established because 
the composition of welding fumes and gases varies for different welding 
processes and because the various compone~ts of the emissions may interact 
to produce adverse health effects. NIOSH therefore recommends that 
exposures to all welding emissions be reduced to the lowest feasible 
concentrations u,ing state-of-the-art engineering controls and work 
practices. Exposure limits for individual chemical or physical agents are 
to be considered upper boundaries of exposure. Presently it is not possible 
to associate a particular heal th hazard with a specific component of total 
welding emissions; however, the risk of lung cancer for workers who weld on 
stainless steel appears to be associated with exposure to fumes that contain 
nickel and chromium. NIOSH has previously recommended to OSHA that 
exposures to specific forms of these metals be treated as exposures to 
occupational carcinogens. Future research may make it possible to 
differentiate risks associated Ni th a part ici,lar exposure. NIOSH wi 11 
evaluate such data as they become avai lablo and revise this recommended 
standard as appropriate. 

The Institute takes sole responsibi I ity for the conclusions and 
recommendations presented in this document. All reviewers' comments are 
being sent with this document to the Occupational Safety and Health 
Administration (OSHA1 for c~ns\ration i~ s:~n;fard. setting. 

\~) \\-:-tilii .• '-, I '111..:-J 
;J . ) Dona I a MI I I a r , M. D. , D . T . P . H . ( Lond . ) 
A~sistant Surgeon General 
Director, National Institute for 

Occupational Safety and Health 
Centers for Disease Control 

iv 



ABSTRACT 

r\vi.. 
~"F+tt-6 document examines the occupation'al health risks associated with 

welding, brazing, and thermal cutting, and it provides ·criteria for 
eliminating or minimizing the risks encountered by workers in these 
occupations. The main health concerns are increased risks of lung cancer 

• and acute or chronic respiratory disease. 

/ Th;· data i~ this doc~menf-ind~elders have a 40% increase in 
relative risk of developing lung cancer as a result of their work 
experience. The basis for this excess risk is difficult to determine 
_because of unc·ertainties about smoking habits, possible interactions among 
the various components of welding emissions, and possible exposures to other 
occupation?.! carcinogens. However, the risk of lung cancer for workers who 
weld on "tainless steel appears to be associated with exposure to fumes. that 
contain nickel and chromium. • 

The severity and prevalence of noncarcinogenic respiratory conditions are 
not well characterized among welders, but they have been·observed in both 
smoking and nonsmoking workers in occupations associated with welding. 
Excesses in morbidity and mortality among welders exist even when reported 
exposures are below current Occupational Safety and Health Admin'istration 
(OSHA) permissible exposure I imits (PELs) for the many individual components 
of welding emissions. 

➔ An exposure limit for total welding emissions cannot be established because 
·the composition of welding fumEis and gases varies for different welding 
processes and because the various components of a welding emission may 
interact to produce adverse heal th effects. NIOSH therefore recommends that 
exposures to al I welding emissions be reduced to the lowest feasible 
concentrations using state-of-the-art engineering controls and work 
practices. Exposure Ii mi ts for individual chemical or phys i ca I agents are 
to be ,oo,ide,ed ,ppe, b""oda,ie, of e,po,,,e\ 
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I· . RECOMMENDATIONS FOR A STANDARD 

The National Institute for Occupational Safety and Health (NIOSH) r~co1m1ends 
that worker exposure to hazards associated with welding processes in the 
workplace be controlled by complying with the provisions presented in , 
Chapter I of this document. Chapters II and Ill provide adrlitional detail 
concerning the implementation of these provisions. Adheren~e to these 
recomendations should prevent or greatly reduce the risk of adverse health 
effects among expos~d workers. These reconmendations are designed to 
protect the health and provide for the safety of workers engaged in welding 
over a working lifetime; they are to be used as an adjunct to existing NIOSH 
recomendations. The following sections shall replace or modify the 

. provisions for welding, cutting, and brazing contained in 
29 CFR• 1910.251-?.54, 1915.51-57, and 1926.350-354. Other specific 
requirements contained in those regulations and not addressed in the NIOSH 
recomended, standard shall be retained. 

Section 1 - Definitions 

(a) Worker is any person who is or, may reasonably be expected to be 
exposed to chemical and physical hazards associated with welding 
processes. 

(b) Exposure Limit is the concentration of a chemical or physical 
agent emitted during welding that shal! not be exceeded in the 
workplace. The NJOSH recommended exposure limit (REL) shall be 
used when available for any chemical or physical agent.. In the 
absence of a NIOSH REL, the Occupational Safety and Health . 
Administration (OSHA) permissible exposure limit (PEL) shall be 
used unless a mor.e restrictive limit has been recommended by a 
recognized voluntary consensus group or conmittee. When neither a 
NIOSH REL nor an OSHA PEL exists, an appropriate consensus-group-
or comittee-recommended exposure limit shall be used. Although 
NIOSH has not evaluated the adequacy of such exposure limits, their 
adoption would be a prudent public health measure and would afford 
a greater degree of protection than using no limit. • 

The OSHA PELs shall not be exceeded under any circumstances. The 
Appendix lists some of the more co111110n chemical and physical agents 
that inay be found in the workplace or near workers engaged in 
welding. 

* Code of Federal Regulations. See CFR in References, which may be found in 
the full-length criteria document (Criteria for a Recommended Standard: 
Welding, Brazing, and Thermal Cutting). 
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(c) Weldi,19 includes those. processes that join or cut pieces of metal 
l::y heat, pressure, or both. These pr,1cesse:1 differ in the way heat 
is created and applied to the parts bt·ing joined; they comprise a' 
gro~p of processea referred to as welding, brazing, and thermal 
cutting. 

Section 2 - Recommended Exposvre LilTIJts 

Exposures to chemical and physical agents shal I be control led so that 
~orkers are not exposed to concentrations above tha exposure I imits (see 
Dafinition~, Section l(b)) ' 

An exposure I imit for total welding emissions cannol be es tab I ished because 
the composition of welding emissions (chemical and physical agentsi varies 
for different welding processes and because the various components of a 
welding emission n,ay interact to produce adverse irna I th effects. Thus even 
compliance with speci fie chemical or physical agent expo~ure limits may not 
ensure complete protection against an adverse health effect. Therefore, as 
a prudent pub I ic heal th measure, the empl0yer shall reduce worker exposures 
to al I chemical and physical agents associated with •elding to the lowest 
concentrations technically·feasible using current st.1te of-the-art 
engineering and good work practice controls. Exposure limits for individual 
chemical or physic~! agents are to be considered upper bounda~ies of 
exposure. 

Section 3 - ~dical M._c>ni_tori_n.9 

The following requirements supplement existing rr:edical monitoring measures 
that NIOSH recollVllend!': for workers exposed to specific chemical or physical 
agents. The objective of thestl ,equirements is to prcvide an additional 
level of monitoring for workers who may be exposed to welciing emissions or 
who may have been adversely affected by them i11 the past. NIOSH recommended 
sta11jards and existing OSHA standards shal I he used to determine the need 
tor spec i f i c med i ca I tests. ( See Appenu i x B o I t r,e f ,1 I I I ,mg t '.1 c r i t er i a 
document for pub I ,shed sources of NIOSH reco1TV11ei1cled standards for some 
specific chemical and physical agents.) 

(a) General 

(1) The employer shall institute a medical ,nonitoring program for 
all workers who are or may reasonably be expscted to bee-posed to 
hazards from welding processes 

(2) The employer shal I ensure that al I medical e~aminat ions and 
proced~res are performed by or under the direction of a I icensed 
physician. 

(3) The employer shal I prc,vide tha required medical monitoring 
without loss of pay or other cost to the workers, and at a 
reasonable time and pl.;.cc. 
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(b) Preplacement Medical Examination 

The preplacement medical examination shal I include the fol lowing items 
at a minimum: 

(c) 

(1) A comprehensive work and mecical history that emp~asizes 
identification of existing medical conditions and previous 
occupational exposLre to chemica! or physical health hazards, 
particularly those associated with welding proces&es. 

(2) A comprehensive physical examination. 

(3) A thorough examination of the respiratory system, including 
baseline pulmonary function tests (at a minimum, forced vital 
capacity [FVC] and forced expiratory volume in one second [FEV1]) 
using the current recommendations of the American Thoracic Society 
regarding testing pro~edures and equipment. (Guidelines are given 
in Appendix C of the furl-length criteria document.) 

(4) • A posterio-anterior chest radiograph that is interpreted by 
qualified B readers Ii .e., those who have passed the NIOSH . 
proficiency examination) us.ing the current recommendations ot the 
International Lab'Jur Office ( ILO) regarding the classification of 
pneumoconiosis. 

(5) An examination of the skin and eyes for scars that appear to 
have been caused by burns. The locations of such scars should be 
noted. 

(6) A base I ine cardiovascular evaluation. 

( 7) A base I ine audiogram. 

(8) A thorough ophthalmologic evaluation. 

Periodic Medical Examination 

A periodic medical examination shall be provided at least annually to 
all workers. The following conditions may shorten the interval between 
examinations and the need for special medical tests: 

(1) Workers reporting signs or symptoms associated with exposure 
to welding emissions, and 

(2) Airborne concentrations of specific agents that exceed 
exposure limits. 

Periodic medical examinations shal I include the fol lowing: 

(1) Updates of medical and occupational histories. These shal I 
include a description of the following items based on .an interview 
of the worker and recorde maintained by the employer: the type of 
welding performed, metals worked am! fluxes used, locations and 
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conditions (e.g., confined spaces and hot environments), and 
potentially hazardous exposures not directly related to welding 
(e.g., chlorinated hydrocarbons). 

(21 An evaluation of the respiratory system. B~cause of the 
potential for chronic respiratory disease, this evaluation shall 
include spi rometry at intervals indicated by the judgment of the 
examining physician. Workers with symptomatic, spirometric, or 
radiographic evidence of pulmonary impairment or disease shal I be 
counseled about the risks of further exposure. Smokers shal I be 
counseled about how smoking may enhance the adverse effects of 
other respiratory hazards. 

13) Posterio-anterior chest radiographs interpreted by qua Ii lied B 
readers (i.e., those who have passed the NIOSH proficien~y 
examination) using the current recommendations of the International 
Labour Office ( ILO) regarding the classification of 
pneumoconiosis. These radiographs shal I be performed at intervals 
determined by the examining physician. Periodic chest radiographs 
are recommended for monitoring workers exposed to fibrogenic 
respiratory hazards (e.g., quartz). At a minimum, chest 
radiographs should be obtained at 1- to 5-year intervals. depending 
on the nature and intensity of exposures and the related health 
risks. A recent chest radiograph obtained for other purposes 
(e.g., upon hospital izationl may be substituted for the periodic 
chest ridiograph if it is made available and is of acceptable 
quality. 

(4) An examination of the skin and eyes for scars that appear to 
have been caused by burns. The locations of such scars should be 
noted. 

(5) An evaluation of the cardiovascular system. 

(6) An ophthalmological evaluation. 

{7) An audiogram. 

(8) Other tests deemed appropriate by the attending physician. 

Sect.ion 4 - La~~ling and Posting 

Workers shal I be informed of exposure hazards, of potential adverse health 
effects, and of methods to protect themselves in accordance with 29 CFR 
1910.1200, Hazard Communication. Manufacturers of welding materi.als shal I 
warn employers and workers of the potentially hazardous cvmponents of the 
filler metals, electrodes, and flux materials by applying precautionary 
labels to the packing containers. Such labels shal I indicate the identity 
of the hazardous agents and the adverse health effects that inay result from 
exposure. In addition, the employer must comply with the labeling and 
posting requirements contained in the fol lowing subsections. 
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(a) Labeling 

Al I labels and warning signs sha·I I be printed in both English and in the 
predominant language of non-English-reading workers. Workers.who cannot 
read the language used on labels and posted siyns shall be identified so• 
that they may receive information regarding hazardous areas and be 
informed of the instructions printed on labels and signs. 

(1) Containers of fi lier metal, electrodes, and flux materials 
shall bear warning labels containing the fol lowing information at a 
minimum: 

• The following warning: 

WARNING 
Welding produces hazardous fumes and gases. 

Avoid breathing them. 
Use adequate ventilation 

• Instructions for emergency first aid 

• Instructions for safe use. 

• Instructions for the type of personal protective clothing 
or equipment to be worn 

(2) Labels shal I identify the hazardous constituents of the 
container's contents. 

(3) The fol lowing information shal I be included on the labels of 
containers holding fi lier metal, electrodes, and flux materials 
that contain agents identified as carcinogens by NIOSH and OSHA: 

• The name of the potential occupational carcinogen and a 
description of its health hazards. For materials 
containing carcinogens, the warning label listed in Section 
3(a)(1) above shal I include the fol lowing statement: 

Fumes or gases fr011 this [filler 111etal, electrode, or flux 
aaterlal] uy cause canc~r. 

• Instructions for avoiding inhalation of fumes and excessive 
skin or eye contact with them. 

(4) Base metals that contain or are coated with materials 
containing carcinogens or other toxic metals (e.g., lead or 
mercury) shall be clearly labeled or marked to indicate their 
contents before being welded. 
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(b) Posting 

(1) In areas where welding is conducted, the following sign shall 
be posted in readily visible locations: 

WARNING 
Welding produces hazardous fumes, gases, and radiation. 
Appropriate personal protective equipment Is required. 

00 NOT LOOK AT ARC. EYE INJURY MAY OCCUR. 

(2) Signs posted in work areas where emissions contain carcinogens 
shal I di tier from the preced•ng example, as fol lows: 

• The word "DANGER" shal I be used instead of "WARNING." 

• The name of the carcinogen shall be included along with a 
warning describing its health hazards. If a carcinogen is 
contained in the base or filier metals, electrodes, or 
fluxes, the warning shall include the statement, "Fumes or 
gases from [the base metal(s), fi Iler metal, electrode, or 
f tux l may cause cancer," with the type(s) of base or f i Iler 
meta)s, electrodes, or fluxes specified. 

• Any requirements for personal protective clothing and 
equipment shal I also be stated. 

Section 5 - Protective_Clothing_and Equipment 

Engineering controls and safe work practices ~hall be used~.., keep the 
emissions from welding processes below the exposure limits specified in 
Chapter I, Section 2 of this document. In addition, the employer shall 
provide protective clothir.g and equipment to workers as follows: 

(a) Clothing 

(1) The employer shall provide and require the use of appropriate 
protective clothing as follows: 

• Fire-resistant gauntlet gloves and shirts with sleeves of 
sufficient length and construction· to protect the arms from 
heat, ultraviolet (UV) radiation, a~d sparks. Wool and 
leather clothing are preferable because they are more 
resistant to deterioration and flaml3S than cotton or 
synthetics. 

• Fire-resistant aprons, coveralls, and leggings or high 
boots. 

• Fire-resistant shoulder covers (e.g., capes), head covers 
(e.g., skul leaps), and ear covers for workers doing 
overhead work. 
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(2) The employer sh2I I do the fol lowing for workers welding with 
highly toxic materials (e.g., carcinogens, le,ad, fluorides): 

• Provide and require the use of work uni forms, coveral Is, or 
similar ful I-body coverings. 

• Provide lockers or other closed areas to store work 
clothing separately from street ~lathing. 

• Collect work clothing at the end of each work shift and 
provide for laundering. Clothing treated for fire 
resistance may need to be retreated after laundering. 
Laundry personnel shal I be adequately informed of the 
potential hazards and protected from any contaminants on 
the work clothing. • 

(3) The employer shat I ensure that protective clothing is 
inspected, maintained, and worn to preserve i'ts effectiveness. 

• Clothing shat I be kept reasonably free of oi I or grease. 

• Clothing treated for fire resistance shat I be retreated 
after laundering if necessary. 

• Upturned sleeves or cuffs shall be prohibited. 

• Sleeves and collars shat I be kept buttoned. 

(b) Eye and Face Protection 

(1) The employer shall provide and require the use of the 
fol lowing protective gear for the eyes and face: 

• Welding helmets that meet the requirements of 29 CFR 
1910,252(e)(2)(i i ), Specifications for Protectors. 

• Welding helmets with approved UV radiation filter plates, 
or safety spectacles with side-shields, or goggles for al I 
workers exposed to arc welding or cutting processes. 

• Goggles or similar eye protectors with filter lenses 'tor 
workers exposei to oxyfuel gas welding, brazing, or cutting. 

• Goggles or similar eye protectors with transparent lenses 
shall be used for workers exposed to resistance welding or 
to mechanical cleaning or chipping operations. 

(2) The shade numbers used for filter plates o.r lenses shall meet 
the requirements of 29 CFR 1910.252(e)(i i). • 
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(3) Eye and face protectors shal I be maintained and periodically 
cleaned and inspected by the r.mployer. Eye and face protectors 
shall be sanitized before being used by anoth,H worker. 

(c) Respiratory Protection 

Engineering controls and good work pr~ctices shall be used to control 
respiratory exposure to airborne contaminants. Workers shal I use 
respira\ory protection only when controls are not technically feasible, 
when certain routine or nonrouti11e short-term operations (e.g., 
maintenance and repair or emergencies) are performed, or when 
engineering and work practice controls do not reduce the concentration 
of the contaminant below the exposure limit. 

( 1) When respirators are used, a complete respiratory pro•e~tion 
program shal I be :nstituted as set forth in 29 CFR 1910.134. Th~s 
program shall include the following elements at a minimum: 

e A written pro3ram for respiratory protection· (e.g., 
standard operating procedures governing the selection and 
use of respirators). 

e Regular worker training. 

• Routine a,r monitoring and work surveillance. 

• Routine maintenance, properstorage, inspection, cleaning, 
and evaluation of respirators. 

• Test i ng of each r e'sp i rat or wh i I e i t is worn by an 
individual to confirm that the protection factor expected 
for that class of respirators is being achieved. 

(2) Selecting the appropriate respirator depends on the sp~cJfic 
contaminants and their concentfation in the worker's breathing 
zone. Before a respirator can be selected, an assessment of the 
work environment is usually necessary to determine the 
concentration of the specific metal fume and other particulates, 
gases, or vapors that may be present. Unti I an environmental 
assessment is completed, however, the employer should review the 
precautionary labels on ti Iler metals, electrodes, and flux 
materials and make a best estimate of the appropriate class of 
respirators. Only' the most protective types of respirators shall 
be used if eKposure to a carcinogen is likely (e.g., cadmium, 
chromium, nickel contained in fi Iler metals, electrodes, fluxes, or 
during stainless steel welding) or confirmed by environmental 
measurements. Respirators shall be selected in accordance with the 
most recent edition of the NIOSH Respirator Decision Logic [NIOSH 
1987). 

(3) When workers are exposed to a combination of contaminants in 
different pt,ysical forms, combination cartridge and particulate 
filter air purify·ng respirators may be acceptable under specific 
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conditions as long as none of the agents .are considered t,o be 
carcinogenic. In such cases, a qualified individual shal I select 
the respirator, taking into account the specific use conditions, 
which include the interaction of contaminants with the filter 
medium, space restrictions caused by the work location, and the use 
of,welding helmets or other face and eye protective devices. 

(4) A self-contained breathing apparatus or a supplied-air 
respirator with an auxi I iary self-contained breathing apparatus 
shall be used when welding in confined spaces. Such welding may 
reduce ambient oxygen concentration, especially if an inert-gas, 
shielded-arc welding process is used. 

(d) Hearing Protection 

The employer shal I provide and require the use of ear protectors 
whenever there is a potential for noise levels to exceed the NIOSH REL 
or OSHA PEL. 

• Insert-type ear protectors shall be fitted by a person trained 
in this procedure. 

• Inspection procedures shal I be established to assure proper 
issuance, maintenance, and use of ear protectors. 

• Workers shall be trainP.d in the proper care and use of al I ear 
protectors. 

Section 6 - lnfor■ ing Workers of the Hazard 

(a) Frequency of Hazard Communication 

Before ai,signment and at least annually thereafter, the employer shal I 
pr~vide information about workplace hazards to al I workers assigned to 
work in welding areas. In addition, employers shall fol low the OSHA 
regulations in 29 CFR 1910.1200, Hazard Communication. 

(b) Training Progra111 

Hazard information shall be disseminated through a training program that 
describes how a task is properly done, how each work practice reduces 
potential exposure, and how it benefits the w~rker to use such .a 
practice. Workers who are able to recognize hazards and who know how to 
control them are better equipped to protect themselves from unnecessary 
exposure. Frequent reinforcement of the training and supervision of 
work practices are assent ial. • 

(c) FIie of Written Hazard Information 

Appropriate written hazard information and records of training shal I be 
kept on file ·and made readily available to workers. This information 
shall include the following: 
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(1) Identification of the various health hazards, including 
specific metal fumes, gases released or formed by the processes, 
heat, noise and vibration, optical radiation, and X-radiation. 

(2) Instructions for preventing accidents such as explosion, fire, 
and electrocution. 

(3) An explanation of the hazards of working in confined spaces, 
including the risk of oxygen-deficient atmospheres, exposure to 
toxic or explosive chemicals, and the potential for heat stress. 

(4) An explanation of the potential health effects of exposure to 
chemical and physical agents generated by welding (~.9., a warning 
of the increased cancer risk for workers exposeo to carcinogens or 
fumes and gases during stainless steel welding). 

(5) Information on precautionary measures for minimizing hazards, 
including work practices, engineering controls, and personal 
protective equipment. 

(6) A description of the environmental and medical surveillance 
procedures and their benefits. 

(d) Instruction about Sanitation 

Workers shall also be instructed about their responsibilities for 
following proper sanitation procedures to protect their own health and 
safety and that of their fellow workers. 

(e) Tobacco Use 

Workers should be counseled against the use of tobacco products. 

Section 7 - Engineerin~ntrols and Work Practices 

(a) Engineering Controls 

The fol lowing engineering controls shall be used whenever welding is 
performed, unless they can be demonstrated to be infeasible. 

(1) Optical Radiation 

Welding shal I be performed in booths or screened areas constructed. 
of materials that are noncombustible, opaque, and minimally 
reflective to light in the range of 200 to 3,000 nanometers (nm). 
The booths and screens shal I be arranged in a manner that does not 
restrict ventilation. Such equipment shal I conform to the 
requirements of 29 CFR 1910.252(f)(1)(ii i ), Screens. 

(2) Chemicals (Gases, Fumes, and Particulates) 

Fixed-station local exhaust ventilation shal I be used whenever 
possible (e.g., at the workbench). In some situations where fixed 
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local exhaust is not feasible, a movable hood with a flexible duct 
may be used. For gas-shielded arc welding processes, contaminants 
can be removed by means of a low-volume, high-velocity exhaust 
(extracting gun). 

General ven~i lat ion may be necessary where local exhaust 
ventilation cannot be used; it may also be used to supplement local 
exhaust venti fat ion. 

When exhaust venti fat ion systems are used to control emissions, the 
following requirements shall apply: 

• Exhaust hoods and ductwork shall be constructed of 
fire-resistant materials. 

• Ventilation systems shall be equipped with alarms, 
flowmeters, or. other devices to indicate malfunction or 
blockage of the systems. These system~ shal I be inspected 
at the beginning of each shift to ensure their 
ef feet i veness. 

• The ventilating airflow shall be directed to carry 
contamir.ants from the process away from the breathing zone 
of the process operator or other workers. For local 
exhaust systems, this usua 11 y entai Is p I acement of the fume 
source between the operator and the face of the exhaust 
duct. 

• The hood design, capture velocity, and flow rate must be 
cholJen to capture the emissions effectively. 

• Clean make-up air shal I be provided in accordance with 
29 CFR 1910.252(f)(4)(i). 

• Locar exhaust systems used. to control welding fumes shall 
have in-line duct velocities. of at least 3,000 feet per 
minute (fpm) to prevent particulates from sett I ing in 
horizontal duct runs. 

•·Canopy ho~ds may be used under limited conditions. For 
example, they may _be advisable for collecting the heated 
fumes from automated welding operations and prevenfing 
their dissipation into the general work environment. If a 
canopy hood is used, however, the worker must not work 
directly over the welding process and there must be no 
cross currents beneath the hood. 

• Cooling fans shall be considered only when local exhaust is 
not possible (e.g., remote work areas or outdoor work 
settings,. Cooling fans can remove welding fumes from the 
breathing zone when properly placed at the•side of the 
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worker, but their use is rather limited and they may cause 
dispersion. Any use of a cooling fan at an indoor worksite 
requires supplemental general ventilation. 

(3) X-Rays 

Electron beam welding processes shall be enclosed and shielded with 
lead or other suitable materials of sufficient mass to prevent the 
emission of X-rays. All doors, ports, and other openings shal I be 
checked and maintained to ensure that they have proper seals that 
prevent X-ray emission. 

(4) Oxyfuel Equipment 

Oxyfuel equipment for welding shall be installed, maintained, and 
~sed in a manner that prevents leakage, explosion, or accidental 
fire. Such equipment shal I conform to the requirements of 29 CFR 
1910.252(a), lnstal lat ion and Operation of Oxygen-Fuel Gas Systems 
for Welding and Cutting. 

(5) Fires or Electric Shocks 

Arc and resistance welding equipment shal I be installed, 
maintained, a,1d used in a manner that prevents fire or electric 
shock. Such equipment shall conform to the requirements of 
29 CFR 1910.252(b), Application, Installation, and Operation of Arc 
Welding and Cutting Equipment, and to 29 CFR 1910.252(c), 
Installation and Operation of Resistance Welding Equipment. 

(b) Work Practices 

Work practices shal I, at a m1n1mum, conform to 29 CFR 1910.251-254, 
Welding, Cutting, and Brazing. Specific work requirements include the 
following: 

(1) Workers shal I use welding helmets. Hand-held screens shall be 
prohibited during welding. 

(2) Workers shal I adhere to the fol lowing safety procedures: 

• Workers shall observe the fire precautions prescribed in 
29 CFR 1910.252(d). 

• Workers shal I not conduct welding on materials that may 
produce toxic pyrolysis or combustion products. 

• Workers shal I use personal protective clothing and 
equipment selected specifically for the hazard. Whenever 
possible, the workpieces to be welded should be positioned 
to minimize worker exposure to molten metal, sparks, and 
fumes. 
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Section 8 - Sanitation 

(a) Food, Cosmetics, and Tobacco 

The storage, preparation, dispensing, or consumption of food or 
bevera3es; the storage or application of cosmetics; and the storage or 
use of al I tobacco products shal I be prohibited in areas where welding 
is conducted. 

(b) Handwashing 

The employer shall provide handwashing facilities and encourage workers· 
to use them before eating, smoking, using the toilet, or leaving the 
worksite. 

{c) Cleani"g of Clothes and Equipment 

Protective clothing, equipment, and tools shal I be cleaned periodically. 

{d) Toxic Waste Disposal 

Toxic wastes shal I be collected and disposed of in, a manner that is not 
hazardous to workers or others. 

{e) Cleanup of Work Area 

The work area shal I be cle'aned at the end of each shift (or more 
frequently if needed) using vacuum pickup. Dry sweeping or air hoses 
shal I ·not be used to clean the work area. Collected wastes shal I be 
placed in sealed containers with labels that indicate the contents. 
Cleanup and disposal shal I ,be conducted in a manner that prevents worker 
contact with wastes and complies with all applicable Federal, State, and 
loca I regulations. 

(f) Showering and Changing Facilities 

Workers shal I be provided with and advised to use faci Ii ties for 
showering and changing clothes at the end of each work shift. 

(g) Flanunable Materials 

Work areas shal I be kept free of flammable debris. Flalllllable work 
materials (rags, solvents, etc.) shal I be stored in approved safety 
containers. 

Section 9 - Exposure Monitoring 

(a) General 

(1) Exposure monitoring shal I be conducted as specified in parts 
(b), (c), and (d) of this section for all workers performing 
welding and for al I other workers who may be oc~Jpational ly exposed 
through their proximity to the~e processes. 
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(2) Air from the worker's breathing zone shall be sampled for 
fumes and ~ases. Samples for workers performing welding shal I be 
col lccted ,n the welding helmet; samples for other ,workers shal I be 
collected as close to the mouth and nose as possible. 

(3) Results of al I exposure monitoring (e.g .. of fumes, gases, and 
physical agents) shall be recorded and retained as specified in 
Chapter I, Section 10 of this document. 

(b) Determination of Exposures 

(1) The emp!oyer shal I conduct industrial hygiene surveys to 
determine whether exposures to any air contaminant exceed the 
applicable exposure limit (see definition in Section 1(b)). 

(2) The employer shal I keep records of these surveys as defined in 
Chapter I, Sect ion 10 of this document. If the employer cone ludes 
that exposures are below NI0SH exposure limits, the records must 
show the basis for this conclusion. 

(3) Surveys shal I be performed semiannually or whenever changes in 
work processes or conditions are I ikely to produce increased 
concentrations of ,any air contaminant. 

(c) Routine Monitoring 

(1) If the occupational exposure to any air contaminant is at or 
above the exposure limit (Jee definition in Section 1(b)), a 
program of personal monitoring shal I be instituted to permit 
calculation of each worker's exposure. Source and area monitoring 
may be a useful supplement to personal monitoring. In al I personal 
monitoring, samples representative of a time-weighted average (TWA) 
and/or ceiling exposure (depending on the specific agent) shall be 
collected in the breathing zone of the worker. Sampling and 
analysis shall be done in, accordance ..vith the methods given in 
Chapter VI, Table VI<. For each determination of ,an occupational 
exposure, a sufficient number of samples shal I be collected to 
characterize each worker's exposure during each work shift. Though 
not al I workers have to be monitored, sufficient samples should be 
collected to characterize the exposures of all workers who may be 
potentially exposed. Variations in work habits and production 
schedules, worker locations, and job functions shal I be considered 
when deciding on sampling locations, times, and frequencies. 

A worker exposed to any specific fume or gas at concentrations 
below its exposure limit shall be monitored at least once every 
6 months; more frequent 1119nitorin9 may be indicated by a 
professional industrial hygienist. 

If a worker is exposed to any specific fume or gas in excess of the 
exposure limit, controls shall be initiated as specified in Chapter 
I, Section 7 of thiJ document. In addition, the worker shal I be 
notified of the exposure and of the control measures being 
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implemented .. The worker's exposure sha,11 be evaluated at least 
once a month. Such monitoring sha 11 continue unt i I two consecutive 
determinations at least 1 week apart are below the exposure limit. 
At,er that point, monitoring shall be conducted at least 
semiannually or whenever the work process or conditions change. 

(d) Physical Agent Monitoring 

(1) Exposure to UV radiation shall be prevented by means of a 
management control program. The program shall require the use of 
barriers wherever possible. Where barriers cannot be used, workers 
shal I use personal protective devices, including proper clothing, 
sunscreens with a sun protection factor (SPF) ~15, and body and 
face shields. The use of barriers and protective .devices shal I be 
evaluated every month. • • 

(2) Noise exposures shall be evaluated for all workers performing 
• welding. Plasma•arc, metal spraying, and arc air gouging processes 
are likely to result in excessive noise exposures. Employers shall 
meet the requirements of 29 CFR 1g10.95(c), Hearing Conservation 
Program, whenever a worker's noise exposure is >85 decibels 
measured on the A scale (dBA) as an 8-hr TWA. All monitoring 
instrument~ ~hall conform to the requirements of 29 CFR 
1910.95(d)(2), ~,nitoring; they shal I have a Type i I microphone at 
a minimum. Such noise monitoring surveys must be ,epeated whenever 
a change in the work p~ocess or environment increases the potential 

-for wor~er noise exposurb~. 

(3) Electron beam welding eq~ipment shall be surveyed periodically 
to detect any leakage of X-radiation. A preliminary survey shall 
be conducted at the time of instal :at ion while operaHng at maximum 
current and voltage levels. Subsequent surveys should be made • 
whenever the equipment is moved or repaired. Operators of such 
equipment shall use fi Im' badges or some other means of monitoring 
X-ray exposure. 

(4) Environmental heat exposures shal I be assessed w~;~.,ever thq,,. 
potential exists for workers to be exposed to elevated ambient 
temperatures (e.g., when working in confined spac~s or subjected to 
poor vent i I at ion). Monitoring practices sha II be those specified 
in Criteria for a Recomended Standard .... Occupational Exposure to 
Hot Environments [NluSH 1986]. 

Section 10 - Recordkeeplng 

(a) Exposure Monitoring 

The employer shall establish and maintain an accurate record of all 
exposure measurements as required in Chapter I, Section 9 of this 
document. These records shal I include the name of thr worker being 
monitored, social security number, duties performed and job locations, 
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dates and times of measurements, sampling and analytical met~od3 used, 
type of personal protection used (it any), and nu~ber, ~uration, and 
results of samples taken. 

(b) Medical Monitoring 

The employer shal I es tab I ish and mai11tain an accurate r<Jr.ord for each 
worker s~bject to the medical monitoring speci lied ,n Chapter I, 
Section 3 of this oocu~ent. 

(c) Record Retention 

In accordan~e with the requirements of 29 CFR 1910 20(d), Preservation 
of Records, the employer shal I retain the records d1·r.cribed in Chapter 
I, SPctions 3, 6, and 9 of this document for at least ti1e fol!:>wrng 
periods: 

(1) Thirty years for exposure monitoring reco~ds, and 

(2) Duration of employment plus 30 years fer medical survei I lance 
records. • 

(d) Availabi iity of Records 

(1) In accordance with 29 CFR 1910.20, Access to Employee Expocure 
and Medical Records, th'. employer shal I upon request al low 
examination and copying of exposure moni taring records by the 
subject worker, the, former worker, or anyone. having the speci fie 
written consent of the subject or former worker. 

(2) Any 1,,edical records that are required by this recormiended 
standard shal I be provided upon request for examination and copying 
to the subJect worker, the iormer worker, or anyone having the 
speci fie written consent of t~e subject or former worker. 

(e) Transfer of Records 

The employer shal I comply with tha requirements for t~e transfei of 
records as set f6rth in 29 CFR 1910.20(h), Transfer of. Records. 
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II. HAZARD IDENTIFICATION 

A. Workplace ~nitoring and Analytical Methods 

An occupational health program should include methods for thoroughly 
identifying and assessing al I potential hazar~s ii it is to protect welders 
from the adverse health effects of chemical and physical agents in their 
work environment. Information provided by monitoring and analysis is needed 
to determine whether controls (e.g., engineering controls or protective 
clothing) are necessary, what types of tests should·be, cond~cted in a 
medical monitoring program, what information should be incl,1ded in a worker 
training program, what types of warning signs should be posted, and what, 
types of work practices may be required to protect the health of workers. 
Routine exposure monitoring is also an important part of th,s program 
because it gauges the effectiveness of controls. 

1. Airborne Contaminants 

Routine air monitoring of the workplace helps lo determine whether a 
worker is exposed to any individual chemica'I at .:>r above its exposure 
I imi t. Thesa data must be obtained for al I workers involved in welding 
activities and for al I other persons working near welding sites. If a 
worker's exposure can be accurately characterized, and if concentrations 
of specific agrnts are found to be below their exposure li.mits (or below 
their action limits if the agents have established NIOSH RELs), further 
characterization of the work environment is not needed as long as the 
process or work conditions do not change. No safe exposure 
concentration has been established for ch11micals that NIOSH has 
identified as potential occupational carcinbgens. 

An effective air monitoring program shol'ld include the following 
components to accurately assess each worker's exposure: 

• A procedure to assess the worker's potential for exposure. This 
procedure should include collection of data on the types of 
materials being used (e.g , welding rods and fluxes) and the. 
composition of the base metals, 

• Knowledge of air sampling and analytical method(s) required to 
determine concentrations of airborne chemical and physical agents, 
and 

• Information on the number of workers potentially exposed and the 
duration of their exposure. 
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a. Determining the Potential for Exposure 

The first step in determining the potential fo,r exposure to a 
specific ~gent is the preparation of a hazard inventory. This 
inyentory should include information on the type of welding process 
that wi I I be performed, the possible chemical and physical agents 
that may be encountered, and the composition of the base metal, 

• coatings on the metal, fi I lers, and fluxes. This initial assessment 
should include a review of al I precautionary labels on containers of 
ti lier metals, electrodes, and flux materials and any material 
safety data sheets. (Refe• to Chapter 111, B [Potential for 
Exposure) in the full-length criteria document, for a more detailed 
description of contaminants that may be encountered during welding.) 

After an initial assessment of potential airborne exposures, 
employers should identify workers whose exposures to a specific 
agent may be at or above its exposure ! imit (or action limit if the 
agent has an establ;shed NIOSY REL). To determine which workers may 
lie at ir.creai;ed risk of exposure, the follow'ing work conditions 
should be evaluated: the locati~n of the walding process with 
respect to ,the worller(s), frequency of the welding being performed, 
the use of engineering controls, and the type of work practices 
employed. If some uncertainty exists about a worker's exposure 
(regardless of job title), the worker should be included in the air 
monitoring program, at least initially. 

b. Sampling Strategy (Location, Number, and Frequency of Sampling) 

The fol lowing subsections provide some basic criteria for 
establishing and implementing a sampling strategy. 

(1) Sampling Location 

The sampling location is important in achieving an accurate 
characterization of th& suspected exposure. The preferred 
sampling location is within the breathing zone of the worker and 
is referred to as a personal sample. The concentration of fumes 
or gases in the welder's breathing zone for a given process 
varies depending on the specific work practices of the welder 
and the type of exhaust ventilation usP.d. For examp.le, if a 
wedder leans over the work, exposure for that worker wi 11 be 
greater than for a welder in an upright position .. Moreton et 
al. [1975) reported that exposure concentrations varied by a 
tac.tor of six among welders who performed the :;ame task but used 
different work practices. In addition, the concentration of 
airborne contaminants typically varies as a function of distance 
from the worksite. The type of venti latiM, convective drafts, 
and location of the operation further increase the variability 
of contaminant concentrations with distance from the source. 

If personal samples are collected on a worker wearing a welding 
helmet, the inlet to the sampling device should be correctly 
posit_ioned within the helmet. The helmet reduces to some degree 
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the amount of contaminant in the breathing zone. Johnson (1959] 
sampled outside and inside a welding helmet simultaneously 
during production welding. Concentrations of iron fumes were 
compared for the two sample locations. The ratio of outside to 
inside concentrations ranged from 1.03:1 to 7.55:1, with an 
average of 3.5:1. Based on this and similar experimental 
studies, the American Welding Society (AWS) Standard F1.1-76, 
"Method for Sampling Airborne Particulates Generated by Welding 
and Allied Processes," specifies that air sam~les snould be 
taken within the welding helmet 50 millimeters (nm) to tt,s left 
or right of the welder's mout,h. In a similar st'udy measuring 
the performance of ,full-facepiece respirators, Myers and Hornung 
(1987] found that sampling errors in the facepiece were 
minimized by piacing the inlet of the sampling probe to within 
1/2 to 3/4 inch (in.) of the wearer's mouth. 

Because welding emissions often consist of fumes and gases, 
different samp I i ng media are of ten required. However,, space is 
restricted in the welding helmet, and wearing several air 
sampling instruments can cause discomfort. Thus a given worker 
may have to be moni tared over 'a period o'f several days, or 
di,fferent types of samples may have to be collected on various 
workers at the same worksite. 

(2) Number of Samples Required 

Once the sampling location has been identified, employers should 
select the number and type of, workers to be sampled by 
considering which workers have the highest potential for 
exposure and which workers are potentially exposed despite 
working some distance from the welding process. For a more, 
detailed discussion on the selection of workers and a strategy 
for sample collection, consult the NIOSH Occupational Exposure 
Sampling Strategy Manual [Leidel et al. 1977]. This manual also 
provides guidance on the length of time needed for sample 
cc!lection, number of samples required for statistical validity, 
and the scheduling of sample collection (i.e., on one or 
multiple days) to accurately define workers' exposures. 

(3) Sampl il'lg Frequency 

Unless welding is performed under production-line conditions, 
sampling should be conducted at frequent intervals to , 
characterize exposures adequately and determine the need for 
controls. Howevar, when the welding procdss is repetitive (as 
it is on a production line), exposure conditions may be 
characterized and quantified by an initial sampling survey. It 
can be assumed that conditions wi II remain relatively constant 
during future welding activities if there is no change in the 
process or type of welding. Under these circumstances, routine 
sampling should not be n0cessary. This strategy applies only 
when the survey results indicate that workers are not being 
exposed to any agent at or above its exposure limit (or action 
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I imit if the agent has an established NIOSH REL). With these 
survey results, no further sampling is necessary as long as no 
change occurs in the conditions that existed during sampling. 

Unfortunately, it is not always possible to note when conditions 
change. For example, if debris accumulates in the ventilation 
system, the collection efficiency of the system may decrease, 
and workers' exposures could increase without any visible signs 
of change. Although this type of potential problem may not 
necessitate routine air sample monitoring, it does require 
periodic examination of the ventilation system to ensure that it 
is operating at optimum -fficiency. If the potential exists for 
any condition to change (e.g., malfunction of ventilation 
system) without apparent warning, then a routine monitoring 
program should be implemented and continued unti I al I such 
conditions can be standardized. Fur a more detailed discussion 
on determining the need for additional sampling, consult the 
NIOSH Occu11ational E_xp_()~l,J!~ ~Empli_ng_~t_r_at~[II_ "4E_nu;;__! [Leidel el 
al. 1977]. 

c. Analytical Methods' 

Analytical methods for assessing sa~ples·of most welding emissions 
have been developed by NIOSH and are listed in Table I 1-1. M~thods 
for monitoring physi~al agents are presented in Table I 1-2. 

2. Physical Agent Monitoring 

Physical hazards associaterl Hith welding include electromagnetic 
radiation, X-radiation, ar.~ noise. The fol lowing guidance is provided 
to assist in the initial assessment of these potential hazards. 

a. Monitoring UV Radiation Levels 

Quantifying exposure to optical radiation is difficult, and the 
N!OSH criteria document on radiation [NIOSH 1972bl does not include 
speci fie recommendations for monitoring UV radiation. The fol lowing 
guide! ines are provided to assist in the recognition and control of 
any potential exposure to UV radiation. 

Many welding processes generate radiation from the entire UV 
spectrum or from parts of the UV spectrum. Most commercially 
avai !able UV measuring devices (with the exception of the 
thermopile) are wavelength selective. Thus measuring a welder's 
exposures to UV radiation Cdn be difficult. Other problems in 
accurately measuring worker exposures inciude measurement errors 
caused by water vapor in the air, errors caused by the 
directionality of exposure meters, reflection errors, and equipment 
problems such as solarization and aging of lenses and other 
co~ponents [NIOSH 1972a]. 
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Table 11-1.--NIOSH analytical methods for chemicais 
associated with·welding processes 

---------

Hazard 

Acetylene 
Arsenic, inorganic 
Asbestos 
Beryllium 
Cadmium 
Carbon dioxide 
Carbon monoxide 
Ci~rooiium(VI) 

Cobalt 
Copper forns 
Fibrous gla.:is 
Fluorides, inorganic 
Iron oxide fum, 
Lead, i norgan it 
Magnesium oxide fum~ 
Manganese 
Molybdenum 
Nickel, inorganic and compounds 
Nitrogen oxides 
Nuisance dust 
Ozone 
Phosgene 
Si Iver 
Tin, inorganic compounds except oxides 
Tungsten and cemented tungsten carbide 
Vanadium 
Zinc oxide 

NIOSH analytical method numbera 

None 
7900, 7300 
7400 
7102, 7300 
7048, 7300, 7200 
S249 
S340(4) 
7600 (Cr VI); 7024, 7200, 7300 
. (other chromium) 

7027, 7300 
7029, 7200, 7300 
0500, 7400 
7902 
7200, 7300 
7082, 7300 
7200,, 7300 
7200, 7300 
7300 
7200, 7300 
6700 (N02) 
0500 
S8, 153, 154 • 
219 
7200, 7300 
7300 
7074, 7300 
7300 
7502, 0500, 0600, 7030 

3 NIOSH Manual of Analytical Methods [NIOSH 1984]. 
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Table 11-2.--Methods for monitoring physical agents 
associated with welding processes 

......,.,....,_-~--··------------------

Hazard NIOSH criteria document number* 
---------------- ---------------- ------

Hot environments 
Noise 
UV radiation 

86--113 (revised) [NIOSH 1986] 
HSM 73-1101 [NIOSH 1972b] 
HSM 73-11009 [NIOSH 1972a] 

---------------------·------·----·-

*No NIOSH methods exist for monitoring these physical agents; however, 
direct-reading instruments may be used to assess workplace exposures, as 

• indicated in NIOSH criteria documents. 

Control of UV radiation exposure is best ensured through a 
management control program that relies on the containment of UV 
emissions through barriers. Where barriers cannot be used, personal 
protective devices such as appropriate clothing and barrier creams 
should be used to protect the skin; proper safety glasses should be 
worn to protect the eyes. 

b. Monitoring X-kadiation 

Electron beam welding'equipment .produces X-rays that are normally 
contai·ned by the welding chamber. The AWS recommendations outlined 
in F2. 1-78, "Reconmended Safe Practice for EI ec t ron Seam We Id i ng and 
Cutting" [AWS 1978]. specify that periodic surveys be made to detect 
any leakage of X~radiation. The electron beam should be grossly 
unfocused and aimed at a tungsten target. A preliminary assessment 
of the equipment should be made while it is operating at maximum 
current and voltage levels to detect leakage. Thereafter, periodic 
surveys can be made when the equipment is moved or repaired. Fi Im 
badges or some othermeans of X-ray exposure monitoring should be 
provided for equipment operators. 

c. Monitoring Noise Levels 

Excessive noise may be produced in a number of welding and allied 
processes including plasma arc, metal spraying, and arc air gouging 
processes. The potential for a given precess to generate excessive 
noise can quickly be determined using a sound level meter with an 
~-weighted scale and a type II microphone. However, these meters do 
not accurately measure impact noise. 

Operations that generate signif.icant noise levels during a ful I work 
shift require a comprehensive exposure evaluation. With the 
exception of routine "assembly line" operations, where sound level 
meters can be used to characterize exposures, most processes are 
best evaluated using dosimeters. Also, an octave band analysis can 
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be useful in determining the source and frequency ·of the noise so 
that appropriate sound-absorptive mater i a Is or a barrier for 
controlling t'he path of the sound can be selected. The NIOSH 
criteria document on noise [NIOSH 1972b] discusses equipment and 
procedures for monitoring noise levels, along with recommendations 
for reducing exposures and implementing a hearing conservation 
program. 

3. Biological Monitoring 

Biological indicators may be useful for assessing human expcsures to 
certain contaminants in the welding environment. Further information 
may be fou11d in Section 8,2 of this chapter (Biological Monitoring). 

B. Medical Monitoring 

Workers exposed to ~hemical and physical agents associated with welding 
processes are at risk of suffering adverse health effects. The respiratory 
system, eyes, and skin require particular attention during medical 
examinations conducted for ,prt:placement, periodic m,,n.i tori'ng, emergencies, 
or employment termination. 

Medical monitoring as described below should be made available to all 
workers. The employer should provide the fol lowing information to the 
physician responsible for the medical monitoring program: 

. • Any speci fie· requirements of the applicable OSHA star.•:lard or NIOSH 
recommended standard 

• ldenti fication of and extent· of exposure to physical and chemical 
agents that may be encountered by the worker 

•. Any available workplace sampling results that characterize exposures 
for job categories previous I y and currently he Id by the worker 

9 A description of any protec~ive devices or equipment the worker may 
be required to use 

• The composition and toxic properties of .the materials used in welding 

• The frequency and nature of any reported illness or injury of a worker 

1. Medical Examinations 

The objectives of a medical monitoring program are to augment the 
primary preventive measures, which include industrial hygiene monitoring 
of the workplace, the implementation of engineering controls, and the . 
use of proper work practices and personal protective equipment. Medical 
monitoring data may also be used for epidemiologic analysis within large 
plants and on an industry-wide basis; they should be compared with 
exposure data from industrial hygiene monitoring. 
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The preplacement medical exa,"lination allows t,he physician to assess the 
applicant's functional capacity and, insofar as possible, to match these 
capabi Ii ties with the physical 1.1emands and risks of the job. Further
more, it provides baseline medic41 data that can be compared with any 
subsequent health changes. This preplacement examination should also 
provide information on prior occupa\ional exposures. 

The fol lowing factors should be considered at the time of the 
prep1acement medical evaluation and during ongoing medical monitoring of 
the worker: (a) exposure to chemical and physical agents that may exert 
independent and/or interactive adverse effects on the worker's health 
(including exacerbation .of certain preexisting health problems and 
syne(gism with nonoccupational risk factors such as cigarette smoking), 
(b) anci I lary activities involved in welding (e.g., climbing and 
'i fting), a~d (c) potentially hazardous characteristics of the worksite 
(e.g., confined spaces, heat, and proximity to hazards such as explosive 
atmospheres, toxic chemicals, and noise). The speci fie types of 
information that should be gathered-are discussed in the fol lowing 
subsec t ions . 

a. Preplacement Examination 

(1) Medical Histo~y 

The medica: history should include information on work, social 
activities, family, and tobacco-smoking habits [Guidotti et al. 
1983]. Special attention should be given to any history of 
previous occupational exposure to chemical and physical agents 
that may be potentially hazardous. 

{2) Clinical Examination 

The preplacement examination should ascertain the worker's 
general fitness to engage in strenuous, hot work. Welding 
processes entai I the use of equipment that is often heavy and 
that may generate potentially harmful levels of UV radiation, 
heat, noise, fumes, and gases. The preplacement examination 
should be directed toward determining the fitness of the worker 
to perform the intended job assignment. 

Appropriate pulmonary and musculoskeletal evaluation should be 
given to workers whose jobs may require extremes of physical 
exertion or stamina (e.g., heavy I ifting), especially those who 
must wear personal respiratory protection. Because the standard 
12-lead electrocardiogram is of I ittle practical value in 
monitoring for nonsymptomatic cardiovascular disease, it is not 
recommended. More valuable diagnostic information is provided 
by physician interviews of workers that elicit reports of the 
occurrence and work-relatedness of angina, breathlessness, and 
other symptoms of chest i I lnesses. Special att.,iltion should 
also be given to workers who require the use of eye glasses; to 
assure that these workers must be able to wear simultaneously 
any equipment needed for respiratory protection, eye protection, 
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and visual acuity, and they must be able to maintain their 
·concurrent use during work activities., 

Specific welding processes entai I potential exposure to diverse 
chemical agents known to cause specific occupationally related 
adverse health effects. These are known as sentinel health 
events' (occupational), or SHE(O)s [Rutstein et al. 1983). For 
example, heating of metals with low-boiling points (such as zinc 
and cadmium) may result in metal fume fever. Exposure to 
cadmium fumes may result in delayed onset of pulmonary edema and 
may lead to pulmonary fibrosis and cancer. Nickel and chrome 
are both found in stainless steel and may cause allergic 
sensitization as a result of an acute exposure or cancer as a 
result of chronic exposure. Welding processes that involve the 
use of flux may generate irritating concentrations of 
fluorides. Welding on painted metal may result in exposure to 
I ead or other chemi ca I agents, and we Id i,ng on mater i a Is c I eaned 
with a chlorinated solvent may cause,photodecomposition of the 
solvent with resulting expos1,1re. In addition, the worker's 
·duties may be performed in proximity to unrelated operations 
that generate potentially harmful exposures (e.g., asbestos or 
cleaning or degreasing solvents). The physici'an must be aware 
of these potential exposures to ~valuate possible hazards t6 the 
individual worker. 

(3) Special Examinations and Laboratory Tests 

A pulmonary function test (PFT) and a 14- by 17-in. (36- by 
43-cm) postero-anterior chest radiograph should be taken and 
kept as part of the worker's med i ca I record [American Thoracic 
Society 1982). The preplacement chest radiograph and PFT gives 
the physician objective information with which to assess a 
worker's fitness for a specific job; it may also prevent 
confusion or misinterpretation of any subsequent lung tissue 
changes. 

The International Labour Office (ILO) stresses the importance of 
radiographic technique in the detection of early 
pneumoconiosis. High-speed and miniature films are not 
recommended. Films should be interpreted using the current 
recommendations of the ILO [ILO 1980). Classification of·films 
should be made by NIOSH-certified B readers [Martin 1985). 
Although the short classification may be useful for clinical 
purposes,· films that are obtained in a workplace program of 
medical monitoring for respiratory hazards must be read and 
reco<'.led by the_ complete cl,assi fication ,[Martin 1985]. 

Preplacement audiograms of all workers are recommended, since 
welders, brazers, and thermal cutters may be exposed to noise 
intensitie- exceeding prescribed levels. 
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b. Periodic Medical Examination 

A periodic medical examination should be conducted at leas·t annually 
or more frequently, depending on age, health status at the time of a 
prior examination, and reported signs or syMptoms associated with 
exposure to welding emissions. The purpose of these examinations is 
to detect any work-re.lated changes in health at an early stage. The 
physician should note any trends in health changes revealed by 
epidemiologic analyses of examination results. The occurrence of an 
occupationally related disease or other work-related adverse health 
effects should prompt an immediate evaluation of· industrial hygiene 
control measures and an assessment of the workplace to determine the 
presence of a previously unre~ognized or potential hazard. 

The physician's interview with the worker is an.essential part of a 
periodic medical examination.· The interview gives the physician the 
opportunity to learn of changes in (a) the type of welding p~rformed 
by the worker, (bl metals and/or fluxes being used, (c) the work 
setting (e.g., confined spaces), and (d) potentially hazardous 
workplace exposures that are in the vicinity of the worker but are 
not attributable to the worker's on-the-job activities. 

Because radiographic abnormalities may appear before pulmonary 
impairment is clinically manifested or. otherwise detectable, 
periodic chest radiographs are routinely recommended for monitoring 
workers exposed to fibrogenic respiratory hazards [American Thoracic 
Society 1982]. However, the chest radiograph may not distinguish 
between a relatively benign disease such as siderosis (caused by 
iron oxide exposure) and a disease that may be of greater medical 
importance such as pneumoconiosis. 

Under ordinary conditions, chest radiographs may be obtained for 
workers at 1- to 5-year intervals, depending on the nature and 
intensity of specific exposures and related health risks. Workers 
with 10 years or more of exposure and workers pre·;ious ly employed in 
dusty jobs may require chest radiographs at mo;e frequent 
int•uvals. These interva 1s may be ch:mged as cal led for by other 
regulatory requirements or at the discretion of the examining 
physician. For example, a previous radiograph (e.g., one taken at 
t11e time of hospitalization) may be substituted for one of the 
periodic chest radiographs if it is made available and is of 
acceptable quality. If a worker has radiographic evidence of 
pneumoconiosis or spirometric/symptomatic evidence of pulmonary 
impairment, the physician should counsel the worker and employer 
about the potential risks of further exposure and the benefits of 
removing the worker from exposure. Smokers should be counseled 
about how smoking may enhance the adverse effects of other 
respiratory hazards. 

Epidemiologic studies suggest an association between exposure to 
airborne welding fumes and gases and an excessive risk of lung 
cancer. BF.:.aus,· routine chest radiographs and sputum cytology are 
inadequatt ford, tecting bronchogenic carcinoma early enough to 
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alter the course of the disease, th,ey are not currently recommended 
as part of regular m.edical monitoring for lung cancer in workers . 

. During the periodic medical examination of individual welders, the 
physician should reexamine the skin, eyes, and other organ systems 
at risk to note changes from the previous examination. The , • 
physician should direct special attention to evidence of burns and 
effects from exposure to UV radiation and solvents. This evidence 
may suggest inadequate ir,dustrial hygiene control measures, improper 
work practices, or malfunctioning equipment (e.g.,· exposure to metal 
spatter, flying sparks, UV light flashes, or degreaser solvents). 
In addition, the physician should be vigilant for musculoskeletal 
morbidity attributable to ergonomic problems caused by inadequate 
worker training on the handling of equipment or by improper working 
position (e.g., kneeling and overhead welding). 

When welders are exposed to ag~nts for which there is an existing 
OSHA standard or for which NIOSH,has recommended medical monitoring, 
physicians should refer to the appropriate standard or 
recommendation for guidance on speciflc medical examinations. (See 
Appendix Bin the full-length criteria document for published 
sources of NIOSH RELs fer hazardous agents associated with various 
welding operations.) 

Hazardous agents that are commonly associated with welding processes 
are listed in Table 11-3 along with their potenti~I toxic effects 
and recommendations for additional tests. 

2. Biological Monitoring 

Urinary or blood concentrations of lead, cadmium, chromium, and 
aluminum, and urinary concentrations o:· fluoride ions may be useful 
biological indicators of worker exposure to welding emissions. Several 
studies have correlated exposures to welding fumes containing chromium 
[Tola et al. 1977; Mutti et al. 1979; Kalliomaki et al. 1981; Sjogren et 
al. 1983a], aluminum [Sjogren 1983b; Mussi et al. 1984], or fluoride 
[Krechniak 1969; Pantucek 1975] with their urinary or blood 
concentrations. However, biological monitoring may not be sensitive 
enough to use as a primary monitoring measure. For example, Tola et·af. 
[1977] found no increase in urinary chromium concentra.tions when 
environmental chromium concentrations were within the NIOSH REL. 
Biological monitoring has the potential for assessing total exposure 
when the work load (physical activity) and the routes of exposure are 
taken into account. Mutti et al. [1979] and Pantucek [1975] showed that 
urinary levels of chromium and fluoride can provide information on 
either current exposure or body burden, depending on the timing of the 
sample collection. Schaller and Valentin [1984] concluded that aluminum 
concentration in serum seemed to be an indicator of body burden, and 
that aluminum concentration in urine seemed to be an indicator of 

. current exposure. Thus biological monitoring may be a useful adjunct 
for detecting accidental exposure or a failure of primary control 
measures. 
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Table 11-3.--Hazardous agents associated -with welding processes and their potential toxic effects 

Hazardous 
agent 

Gllti: 

Acetylenec 

Carbon 
monoxide 

Oxides of 
nitrogen 

Ozone 

Phosgene 

~= 

Arsenic 

Beryllium 

___________ T,._,o""x,._,i__.c........_e~f""'fe...,c..,t.,.sa ______________ _ 
Short-term Long-term 

Anesthesia (at high concentration) 

Headache, nausea, dizziness, collapse, 
death 

Pneumonitis, pulmonary edema 

Respiratory tract irritation (cough, 
chest tightness), dryness of mucous 
membranes, headache, sleepiness, 
fatigue, pulmonary edema, wheezing 

Pneumonitis, pulmonary edema 

Dermatitis, gastrointestinal symptoms 
(nausea, vomiting, diarrhea) 

N/A 

Cardiovascular effects (cardio
myopathy, exacerbates existing 
coronary artery disease) 

Chronic bronchitis,- emphysema, 
pulmonary fibrosis 

Pulmonary insufficiency 

Emphysema, pulmonary fibrosis 

Cancer (lung, lymphatic, skin), 
skin (hyperpigmentation, palmar/ 
plantar warts, hyperkeratosis), 
anemia, leukopenia, cardiomyopathy, 
hepatic cirrhosis, peripheral 

Supplemental testsb 

Carboxyhemoglobin (COHb) 

neuritis (numbness, weakness, ataxia) 

Skin (ulcers, dermatitis); 
conjunctivitis; rhinjtis, pharyngitis, 
tracheobronchitis, chemical 
pneumonitis 

Cancer (lung),- pulmonary symptoms 
(cough, chest pain, cyanosis), 
~vstemic weakness, enlargement of 
l .~rand spleen 

(continued) 

See footnotes at end of- table. 
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Table II-3 (Continued).--Hazardous agents associated with welding processes and their potential toxic effects 

Hazardous 
agent 

Cadmium 

___________ Twxui.i;_tl.f.e.rna 
Short-term 

Pulmonary edema (cough, dyspnea, 
chest tightness), nasal irritation 
& ulceration 

Chromium(Vl)d Skin irritation (dermatitis, 

Cobalt 

Copper 

Iron 

lead 

ulcer), respiratory tract irritation, 
and effects on nose (epistaxis, 
septal perforation), eyes (conjunc
tivitis), and ears (tympanic 
membrane perforation) 

·Pulmonary sensitization (asthma-like 
reaction), skin sensitization and 
irritation 

Hetal fume fever,e nasal mucosa 
irritation 

See footnotes at end of table. 

----------
Long-term 

Cancer (prostate, lung); 
pulmonary fibrosis, emphysema, 
honeycomb lung; kidney 
(proteinuria-low molecular); 
hematopoietic disturbance 
(anemia); skeletal (suspected 
osteomalacia); prostate examination 
(for workers 40 years and older); 
anosmia (loss of sense of smell) 

Cancer (lung), kidney and liver 
damage (suspected) 

Pulmonary fibrosis, thyroid 
hyperplasia (possible), 
polycythemia (possible) 

Not known 

Siderosis (pulmonary deposition 
of iron dust) 

Supplemental testsb 

Blood urea nitrogen 
(BUN), complete blood 
count (CBC), low MW 
protein in urine 

Nervous system (neuropathy- Zinc protoporphyrin (ZPP) 
extenso~ palsy), gastroi~testinal 
simptoms (anorexia, constipation, 
abdominal colic), nephropathy, 
reproductive effects (on fetal 
brain), hematopoietic effects -
(porphyrin metabolism disturbance) 

(continued) 
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ldble II-] ICw,tinued).--Hdzdrdous dgenls dSSOLiated with welding processes dnd thEir potential toxic effects 

·H•zardous 
agent 

Hagne!>ium 

HctnganPse 

Molybdenum 

Nilkel 

Silver 

Tin 

Titctnium 

Tungsten 1 

Vctnadium 

Short-term ToxL1. .... ~lid 

Jrritdtion of ndsal muco\a and 
conjunctiva; metdl fume fevere 

ChemiLctl pne&monitis 

Irritation of mucous membranes 
!eyes dnd nose) 

Dermdtit1!>, dstl,md-like lunq disedse 

Conjunctivitis. up~er respirdtory 
trctct irritcttion (cough, dyspnea) 

Upper ctnd lower re~pircttory trdct 
irritcttion (nose bleeding, cough), 
conjunctivitis, dermcttitis-

See footnotes at end of table. 

Long-term Supplementctl te~tsb 

Not known 

Nervous system (irritability, 
drowsiness, impotence, musculctr 
rigidity, spasmodic laughing/ 
weeping, Sp?eLh & gait disturbances) 

(dncer (nose, 1 drynx, dnd lung), 
upper and lower respiratory lrdct 
i-ritation (no~e b1eeding, ulcer 
ctnd septal perfordtion), rendl 
dysfunction 

Argyria or argyrosis (pigmentation 
of skin and eyes resulting from silver 
deposition) 

Stannosis (pneum&coniosis resulting 
rrom inhalation of tin oxide) 

Pneumoconiosis 

fxtrinsic asthma, pneumoconiosis, 
diffuse interstitial pneumonitis, 
f i bro~ is 

Chronic bronchit s, emphysema, 
pneumonia chron r eye irrildtion, 
derma~itis, poss ble skin and/or 
respi-atory allergy 

(continued) 
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Table 11-3 (Continued).--Hazardous ag~nts associ~ted with weldirg processes and their potential toxic effects 

Hazardous 
agent 

Zinc 

Other minerals: 

Asbestos 

fluorides 

Silica 

Physical agents: 

Toxic effectsa 
Short-term 

Metal fume fevere, 
skin eruption (oxide pox) 

Respiratory irritation, gastro
intestinal symptoms 

Electricity Electrocution, burns 

Hot Heat rash, heat cramps, heat 
environments exhaustion (irritability, mental 

dullness, general weakness), 
heat stroke 

Noise .Temporary auditory threshold shift 

Vibration 

See footnotes at end of table. 

Long-term 

Not known 

Cancer (lung, mesothel;um), 
asbestosis, pJeural lhickening 

Osteosclerosis, pulmonary 
insufficiency, kidney 
dysfunctions9 

Silicosis 

Not known 

Not known 

Hearing loss _ 

Vibration white finger syndrome, 
Raynaud's phenomenon resulting 
from localized vibration (tingling 
numbness, blanching of fingers) 

Supplemental testsb 

Post-shift urinalysis 
for f; bone density on 
periodic thest X-ray; 
renal funct1ons9 

(continued) 
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T;ble ll-3 (Continuedl.--hdzardous agPnls a~soriated with welding processes and their potent' • toxic effects 

Hazardous 
agent 

Ionizing 
radiation 

Ultraviolet 
radiation 
(200-400 nm) 

Visible light 
(400-760 nm) 

- - sha.=t-=-te~~----IJ;w._1.____cl.Le.u_~d _ -~~---Long-term 

Ervthema, radiodermatitis, nausea, 
vomiting, diarrhea, weakness, bone 
marrow depression, shock, death 

Photokeratitis, conjunctivitis, skin 
erythema and burns 

Eye discomtort, tatigue, heaaachP, 
retinal changes (retinal burn) 

Cancer, cataracts, reproductive 
effects 

Cancer (skin), catancts 

Eye discomfort, fatigue, 
headache, retinal changes 
(retinal burn) 

Suppl~ •Qntal testsb 

Film ~~dges or dosimeters 

aoistinction between short-term ana long-term effects is not clear-cut and is somewhat arbitrary. Shcrt-term 
effects are u~ually the result of acute e•posure(s) and may appear invneniately to several days or ~eeks after the 
exposure. Long-term effects are usually the result of chronic, repeated low-dose e•posures e•te~ding from several 
months to many years. However, long-term effects mdy dlso include the aftereffects of single or repeated acute 
exposures. 

brests to be considered at the discretion of the attending physician. 
CMay contain toxic impurities such dS arsine, carbon disulfide, carbon mono•ide, hyorogen sulfide, and phosµhine. 
droxicity infor~ation is mostly from chromium plating operation and chromium pigment manuf~cturing. 
€Metal fume fever is manifested by fever, chills, cough, Joint and muscle pains, and genera' aalaise. 
fReports of health effects of tungsten come almost exclusively from the studies of workers exposed to tungsten 
carbide, which usually contains cobalt. 

gRenal functions should be evaluated because renal dysfunctions are known to hinder urinary excretion ot tluorides. 



3. R~ordkeeping 

Medical records ar>ri exposurP. monitoring results must be maintained for 
workers as speci fiea •n ~hapter I, Sedicn 10(c) of t.his document. Such 
records must be kept for at least 30 years after termination of 
employment. Copies of environmental exposure records for each worker 
must be included with the merlical recorJs. These records must be ,nade 
avai table to the worker or former worker or to anyone having the 
specific writ.ten consent of the worker, as specified in Chapter I, 
Section 10(d) of this document. 

4. Ergonomic Monitoring 

Ergonomic factors in the workplace should be assessed to determine the 
need for changes in the work environment, equipment, or work practices, 
or compensating exercises to avoid fatigue or in'jury. Work postures, 
vibrating equipment, and moving of heavy objects may all strain the 
muscles and joints of welders. The static positions frequently used in 
welding and similar processes may also create ergonomic problems that 
require analysis. Fo~ example, several studles [Herberts and Kadefors 
1976; Kadefors et al. 1976; Petersen et al. 1977) have indicated that 
overhead welding may severely strain the supraspinatus muscle of the 
shoulder, leading to tendinitis. The move~ent of ~orkpJeces and 
distribution of workloads may ~!so require study and planning. 

I Iner-Paine [1977) reported the use of video monitor,ing to observe and 
record the physical exertion of welders while they worked. This 
technique was useful in diagnosing the causes of back and shoulder pain 
among shipyard welders. Grandjean [1981) has published additional 
information on ergonomic principles that can be adapted to jobs 
typically performed by welders. 
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111 . M,ETHODS FOR PROTECT I NG WORKERS 

A. Informing Workers of Hazards 

Employers should provide information about workplace hazards before 
assignment and at least annually thereat tar to al I workers assigned to work 
in welding, brazing, and thermai cutting areas. The OSHA "Hazard 
Coimunicat ion" regulation must be fol lowed (29 .CFR 1910.1200]. 

Appropriate written information on hazards (including material safety data 
sheets) should be kept on ti.le and shou'ld be readily avai !able to workers. 
This information should ir,clude a description of'the potential health 
ha.zards associated with wtilding (e.g., exposures to noise, vibration, hot 
metal, optical and X-radiation, and carcinogenic agents such as chromium, 
nickel, and cadmium) and their possible adverse health effects (e.g., 
hearing loss, eye injury, burns, and cancer). Workers should also be 
informed of the most corrmon types of accidents encountered while welding 
(e.g., explosions, fires, electrocution, and asphyxiation from oxygen
deficient environments). This information should list precautionary 
measures for minimizing exposure and injury, including work practices, 
engineering controls, and personal protective equipment. The file should 
also include a description of the environmental, medical monitoring, and 
emergency first aid pro·cedures that have been implemented. 

Workers should also be instructed about their responsibi I ities for fol lowing 
proper sanitation procedures to help protect their health and provide for 
their safety as wel I as that of their fellow workers. 

Information on hazards should be disseminated to all workers through a 
training program that describes how a task is properly performe.d, how 
specific work practites reduce exposures or minimize the risk of injury, and 
how compliance with these procedures wi I I benefit the worker. Frequent 
reinforcement of this training and routine monitoring of work practices are 
essent i a I. 

8. Engineering•Controls 

Because walding processes involve many chem.ical and physical agents, the 
hazards they pose cannot always be control led using current engineering 
control methods. The processes are usually dynamic, making it difficult to 
use fixed systems to control exposures. In addition, because of the various 
characteristics of welding emissions (e.g., fumes, gases, radiation) and the 
extent and fluctuation of exposure at different processes, the evaluation of 
exposures is often imprecise, and appropriate controls are difficult to 
implement. Despite these limitations, engineering controls should be 
implemented wherever they can minimize the risk of exposure. 
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1. Optical (Radiation) Hazards 

When feasible, welding s~ould be performed in booths or screened areas 
constructed of one of the following materials: (1) metal, (2) flame
resistant fabric that is opaque to most optical radiation, or 
(3) transparent colored polyvinyl chloride material that is formulated 
with a flame retardant and a UV-visible absorber in the range of 200 to 
3,000 nm [Tola et al. 1977; Moss and Gawenda 1978; Sliney et al. 1981). 
The booths and screens should be arranged so that they do not restrict 
ventilation. Such equipment must conform to requirements of 29 CFR 
1910.252(f)(1)(i ii), "Screens." 

To minimize ozone prnduction, an opaque shroud should be placed around 
the arc to minimize the interaction between the optical radiation and 
the oxides of nitrogen that are generated during the process [Ferry and 
Ginther 1953; Ditschun and Sahoo 1983). 

2. Chemical Hazards (Gases and Fumes) 

Gases and fumes generated during welding may necessitate both local and 
general exh~ust ventilation. Although local exhaust ventilation is 
preferred. wherever possible, general ventilation may be used in some 
cases where the exposures are wel I charac·terized and local ~xhaust 
ventilation cannot .be placed close to the source of emissions [ACGIH 
1984). 

Ventilation systems should meet the fol lowing minimum specifications: 

• Exhaust hoods and ductwork should be constructed of fire
resistant materials. 

• Systems should.be equipped with alarms, flowmeters, or other 
devices to indicate malfunction or blockage of ductwork. 

• The air velocity at the face of the duct should be sufficient to 
capture the emissions. Hood design should be such that captured 
emissions are carried away from the breathing zone of the worker. 

• Provision should be made for clean make-up air; 29 CFR 
1910.252(f)(4)(i) states, "All air replacing that withdrawn shall 
be clean and respirable." 

Various designs of exhaust ventilation systems can provide effective 
control of fume and gas emissions. In.general, local exhaust 
ventilation works wel I for welding processes that are conducted at a 
fixed location such as a workbench, or that are performed on parts of 
the same size and shape. The-degree of effectiv,eness depends on the 
distance between the face of th~ duct inlet and the work, the design of 
the system, and th~ flow rate and volume of air exhausted. The use of 
s.ide baffles or flanges at the duct inlet can increase the capture 
velocity. The effectiveness of the exhaust ventilation system declines 
as the distance between the work and the duct inlet increases; a 
distance of about 9 to 14 in. (24 to 36 cm) is adequate for capturing 
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fumes and gases. After optimizing the design of the duct hood so that 
it can be placed as close as possible to the work, the flow rate should 
be adjusted to ensure an effective capture velocity. 

When welding is performed at remote sites or with different-sized or 
very large part~. a flanged hood with a flexible duct may be 
appropriate. The hood face· should be placed at a 0- to 45-degree angle 
to the work surface and positioned on the side opposite the welder. The 
use of a flexible duct syste~ requires that the welder be properly 
instructed to keep the duct hood close to the emission source and to 
ensure that the duct is not twisted or bent. 

An alternative to using an exhaust hood for gas-shielded arc welding 
processes is to exhaust the emissions by means of an extracting gun. 
Such extraction systems can reduce breathing zone concentrations by 70% 
or more [Hughe3 and Amendola 1982]. These systems require that the gun 
and shielding gas flow rates be carefully balanced to maintain weld 
quality and sti II provide good exhaust flow. 

General ventilation can be used to supplement local exhaust 
ventilation. General ventilation may be necessary where local exhausts 
cannot be placed close enough to the work to be completely effective. 
The ACGIH [1984] recommends that where local exhaust cannot be used. 
'800 cubic feet per minute (cfm) of air be exhausted for every pound of 
welding rod us~d per hour. 

In-line duct velocities for local exhaust systems that are used to 
control welding emissions should exceed 3,000 feet per minute (fpm) to 
prevent particulates from sett I ing in horizontal duct runs. The 
recirculation of air from local exhaust 3ystems may be appropriate 
depending on the potential toxicity of the emissions and the efficiency 
of the filter collection system. The recirculation of air from local 
exhaust systems is not recommended when the collected emissions are 
unknown or contain extremely toxic agents. Local exhaust systems must 
be equipped with flow or vacuum meters or other devices to monitor air 
flow. These exhaust systems should not be used if their failure to work 
properly wi I I result in bodily harm before remedial action can be taken 
[Hughes and Amendola 1982]. 

Fbr automated welding processes where the worker does not work directly 
over the source of emissions and there are no cross currents, canopy 
hoods could be used for collecting heated fumes and gases. When 
properly placed at the side of the worker and operated at a relatively 
low velocity, cooling fans can be used in some work environments to 
remove welding fumes from the breathing zone. Cooling fans have I imi ted 
use and should be considered only when local exhaust is not possible. 
The use of a cooling fan in an indoor situation requires supplemental 
general ventilation. 

3. X-Radiation 

Electron beam welding processes should be enclosed and shielded with 
lead or other suitable materials that have a mass sufficient to prevent 
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the emission of X-rays. Al I doors, ports, and other openings should be 
checked for X-ray emissions to ensure that al I seals ar.e working 
properly. 

4. Noise 

During plasma arc wel~ing and cutting and during arc air gouging 
processes, a water table or other method of similar effectivene5s should 
be us.ed to control noise :md airborne emissions. 

a. Acoustic Shi.aids 

An effective noise reduction of up to 8 decibels (dB) can be 
3chieved by placing an acoustic shield between the worker and the 
source of the noise [Salmon et al. 1975] usually constructed of 
safety glass or clear plastic (polycarbonate or polymethyl 
methacrylate), is plac~d. This shield is most effective when its 
smaller dimension ( length or width) is at least three times the 
wavelength of the sound that is contributing to the noise. Thus 
shields can be effective barriers ag~inst the hjgh-frequency sound 
emitted from the air ejection systems of plasma and metal spray guns. 

b. Total Enclosure 

A reduction of up to 20 dB can result when the machinery or process 
is totally enclosed. However, heat buildup is a potential problem 
and may require the installation of adequate ventilation.• Vibration 
within these enclosures should be isolated from the floor. The 
enclosure must have ports for possible servicing of electrical, 
water, oi I, and other systems. These ports should be sealed with 
sound-dampening materials (e.g., 1/8-in. or heavier rubber washers). 

c. Other Recllmmendations 

Personal hearing protection devices are recommended if engineering 
• controls cannot maintain worker exposures at 85 dBA as an 8-hr TWA. 

Ear plugs (molded, foam, or acoustic wool) and earmuffs can 
significantly reduce a worker's noise exposure. 

To determine whether the hearing protection device wi II be adequate, 
the manufacturers' data on noise attenuation should be compared with 
the actual reduction required. Employers can. also use one of three 
methods developed by NIOSH and reported in the List of Personal 
Hearing Protectors and Attenuation Data [NIOSH 1976]. Additional 
information on hearing protection devices may be found in the 
Compendium of Hearing Protection Devices [Lempert 1984]. Extreme 
care must be taken in using the manufacturers' data, as it 
represents the maximum protection possible under ideal conditions. 
In a NIOSH study to determine the noise reduction provided by 
insert-type hearing protectors, 50% of the wor.kers tested were 
receiving less than one-half the expected noise attenuation [Lempert 
and Edwards 1983]. Noise reduction was also less than expected when 
the Mine Safety and Health Administration (MSHA) conducted a 
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study in which microphones were placed inside and outside the 
protective cup on muff-type protectors while the workers performed 
their normal tasks [Bureau of the Census 1984). 

Whenever workers are exposed to noise levels exceeding 85 dBA as an 
8-hr TWA, the employer must administer a continuing, effective 
hearing conservation program [29 CFR 1910.95(c)]. The program must 
include monit•Hing, worker notification, an audiometric testing 
program, avai labi Ii ty of hearing protectors for workers, record
keeping, and a trai,ning progr3111. Hearing protection becon1es 
mandatory when workers' exposures exceed 90 dBA as an 8-hr TWA 
[29 CFR 1910.95(b)]. 

5. Oxyfuel Equipment 

Ventilation systems and other control devices for oxyfuel equipment 
should be inspected at least weekly to ensure their effectiveness. 
Oxyfuel equipment for welding should be installed and maintained in a 
manner that prevents leakage, ·explosion, or aGcidental fire. Such 
equipment must conform to the requirements of 29 CFR 1910.252(a), 
"lnstal lat ion and operation of oxygen-fuel gas systems for welding and 
cutting." 

6. Fire or Electric Shock 

Arc and resistance welding equipment should be installed and maintained 
in a manner that prevents fire or electric shock. Such equipment must 
conform to the requirements of 29 CFR 1910.252(b), "Application, 
installation, and operation of arc welding and cutting equipment," and 
to 29 CFR 1910.252(c), "lnstal lation and operation of resistance welding 
equipment." 

C. Work Practices 

The prevention of occupational i I lness and injury while welding requires the 
use af wel I-designed work practices. These include wearing personal 
protective clothing; using safe work procedures for process operations; 
practicing good·housekeeping, sanitation, and personal hygiene; handling 
compressed gases safely; and being informed on how to handle emergency 
situations. Together with engineering controls, such practices can reduce 
the health risks to workers. At a minimum, work practices must conform to 
OSHA standards (e.g., 29 CFR 1910.251-254, "Welding, Cutting, and Brazing" 
[OSHA]). Additional information on proper work practices is available in 
the ANSI Z49.1 standard, "Safety in welding and cutting" [AWS 1973] and in 
the National Safety Council's Accident Prevention Manual [McElroy 1980]. 

1. Specific Work Procedures 

The manner in which a worker prepares for and carries out welding 
processes has a direct bearing on the type and extent of the exposure 
hazard. For example, Moreton et al. (1975] found that variations in the 
size of work area, ventilation, and work practices caused welders 
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performing the same welding task to be exposed to breathing zone 
concentrations of fumes and gases that varied by a factor of up to six. 

Other factors that affect the generation of fumes, gases, and optical 
radiation include the operating current and voltage, the diameter and 
angle of the electrode, and the type of shielding gas used. Some of 
these factors may not be up to the worker's discretion to change, and 
others may depend on product specifications or production schedulas. 

The type of wel.ding process used on steel can affect fume generation 
rates. Flux-cored arc and shielded metal arc welding generate many more 
fumes than gas metal arc and gas tungsten arc welding.' When shielded 
metal arc welding must be used, low-fuming electrodes may be acceptable 
substitutes for conventional types. The electrical current and the 
position of the electrode while welding both affect fume generation 
[Thrysin et al. 1952; Morita and Tanigaki 1977; Pattee et al. 1978]. An 
increase in the welding current tends to increase the rate of fuming, 
gas production, and opt i ca I radiation emission. Manufacturers of 
consumable electrodes usually ·specify a range of amperages that sh.ould 
be used during welding. The welder can minimize emissions by using the 
lowest acceptable amperage. In addition, holding the electrode as close 
to the work surface as possible and perpendicular to it wi I I minimize 
the arc voltage used and ·thus decrease the rate of fuming (Kobayashi 
et al. 1976; Pattee et al. 1978). 

Pattee et al. [1978) noted that when the contact-tube-to-work distance 
is increased, a greater metal deposition rate occurs, which in effect 
decreases the fume generation rate. However, fume rate tends to 
increase when the polarity is de+ (i.e., reverse polarity) rather than 
de- or ac [Kobayashi et al. 1976; Pattee et al .. 1978) or when the 
thickness of ·he metal increases [Hei le and Hi II 1975; Kobayashi et al. 
1976; Si ek i·erzynska and Pa I uch 1972; U Ir i ch et a I. 1977). The type and 
moisture content of flux coating used on electrodes also affects t:1e 
fume generation rate [Kobayashi et al. 1976), as does the composition of 
the shielding or plasma gas [Pattee et al. 1978]. 

Special precautions should be taken when working in areas not 
specifically designed for welding. Such precautions must include 
( 1) observing fire precautions prescribed in 29 CFR 191.0 .252(d), • 
(2) removing, shielding, or .cooling any materials present that may 
produce toxic pyrolysis or combustion products, and (3) using 
appropriate personal protective clothing and equipment required for the 
specific hazard. Whenever possible, the workpieces to be wel~ed should 
be positioned to minimize worker exposure to molten metal, sparks, and 
fumes. 

2. Confined Spa~9S· 

Working in confined spaces can be extremely hazardous as a result of 
explosive, toxic, or oxygen-deficient atmospheres [NIOSH 1979). 
Although a.confined space may initially have good air quality, any 
subsequent welding in·this space can cause a rapid buildup of toxic air 
contaminants, a displacement of oxygen by an inert or asphyxiating gas, 
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or an excess of.oxygen that might explode. Only by careful preparation 
can a worker be assured of working safely within a confined space. A 
complete set of recommendations for working in a confined space is 
presented in the NIOSH document Criteria for a Recommended Standard: 
Working in Confined Spaces [NIOSH 1979]. Some of the more pertinent 
recommendations are given below. 

a. Before workers enter a tank, reaction vessel, ship compartment, 
or other confined space, a permit entry procedure should be set up. 
Authorization to permit entry should be assigned to a qualified 
person, and access should be permitted only when al I necessary 
measures have been taken to protect the worker. The fol lowing 
precautions must be taken before permission is given: 

• All pipes, ducts, and power lines connected to the space but 
not necessary to the operation must be disconnected or shut 
off. Al I shutoff valves and switches must be tagged and 
secured with a safety lockout device. 

• Continuous mechanical ventilation must be provided when. 
welding or thermal cutting is done in confined spaces. 
Oxygen must never be used for ventilation purposes [29 CFR 
1910.252]. 

• Initial air monitoring must be performed to determine the 
presence of flammable or explosive materials and toxic 
chemicals, and to determine if there is sufficient or 
excessive oxygen. Depending on the monitoring results and 
the adequacy of the mechanical ventilation, continuous 
monitoring may be necessary during welding. Prohibit entry 
when tests indicate flammable concentrations greater than 10% 
of the lower flammable limit. 

• Gas cylinders and power sources for welding processes must be 
located in a secure position outside the space. 

• A desi~nated worker must be stationed outside the confined 
work spac~ to maintain visual and voice contact and to assist 
or rescue the entering worker if necessary. The designated 
worker must be equipped with appropriate protective gear and 
must remain in position throughout the time that any worker 
is within the enclosed space . 

. • The worker entering the confined space must be outfitted with 
a safety ~arness, a I ifeline, and appropriate-personal 
protective clothing and equipment, including a respirator. 

• Lifelines must be attached so that the welder's body cannot 
become jammed in a smal I exit opening. 

• When not in use, torches and other gas- or oxygen-supplied 
equipment must be removed from the confined space 
[2~ CFR F10.252(d)(4)( ii)]. 
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• All welders and persons supporting those workers shall be 
trained in the following areas: emergency entry and exit 
procedures, use of applicable respirators, first aid, lockout 
procedures, safety equipment use, rescue procedures, permit 
system, and good work practices. 

The type of respirator required depends on the concentration of oxygen 
and the contaminants that might be generated. Respirator requirements 
may range from none to a self-contained breathing a~paratus with a full 
facepiece operated in pressure-demand or positive-pressure mode. 
Respirators must be selected in accordance with the most re.cent edit ion 
of the NIOSH Respirator Decision Logic [NIOSH 1987]. 

Even though continuous mechanical ventilation is required during welding 
processes in confine4 spaces, initiaJ and continuous environmental 
monitoring is extremely important. Equipment used for monitoring of 
fumes and gases should be explosionproof, and continuous monitoring 
equipment should have an audible alarm or danger-signaling device to 
alert workers when a hazardous situation develops. Al I instruments 
should be calibrated periodicatly in accordance with. the manufacturers' 
instructions. The results of each calibration must be recorded, ti led 
by the employer, and made avai !able for inspection for 1 year after the 
calibration date. Monitoring equipment must be reliable and have 
sufficient sensitivity to clearly identify a hazardous condition. 

Oxygen deficiencies are of particular concern when welding in confined 
spaces. The normal 21% concentration of oxygen in air may be decreased 
in confined spaces by chemical or biological processes. When oxygen 
concentrations fal I below 16.8% by volume, a worker may have difficulty 
remaining alert. Whenever the oxygen content fal Is below 19.5%, 
appropriate re5pirators must be used. 

NIOSH respirator certification [30 CFR 11] requires that only 
self-contained breathing apparatuses or supplied-air respirators with 
auxi !iary self-contained breathing apparatuses be used in atmospheres 
below 19.5% oxygen. 

3. Preparation for Work 

Before welding is performed in any work area, the worker should be aware 
of any potentially hazardous materials or conditions that may exist in 
that area. Before striking an arc or. lighting a flame the worker must 
remove al I nearby flammable materials if the piece to be welded or cut 
is not readily movable. A number of companies have a "permit system" 
that requires the supervisor's approval before welding is performed 
[Shel I Chemical Company 1974; Toleen 1977]. Befqre issuing such a 
permit, the supervisor must check for conformance to OSHA regulations 
(such as 29 CFR 1910.252) and any r.~eci fie company rules. Some of the 
most common company requirements include checking the serviceability of 
local firefighting equipment, moving al I combustible materials at least 
35 ft (10.7 m) from the work site, and assigning a worker (equipped with 
a suitable extinguisher and trained in its use) to perform a fire watch 
from outside the workspace. Combustibles that cannot be removed should 
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be shielded with a nonfla~mable material. Shielding should also be 
provided to cover openings or cracks in floors, wal Is, and windows to 
prevent other workers from being exposed to sparks, hot metal and slag, 
and optical radiation. 

The fire watch should be continued for at least 30'min after job 
completion to guard against smoldering fires. The workpiece and work 
area should also be free of substances that may be rendered more' 
hazardous by the work. These include any halogenated hydrocarbons in 
the atmosphere that can be decomposed to phosgene or other harmful 
products by an arc or a flame [Frant 1974]. Polymer materials may also 
form· hazardous fumes or gases when exposed to heat [Robbins and Ware 

• 1964]. Finally, the worker shoul-: be informed of (1) any unusually 
hazardous constituents of the work materials such as beryl I ium, cadmium, 
chromium, nickel, etc., (2) any hazardous coatings such as lead paint, 
mercury, or zinc. and (3) any prerautions and control measures necessary 
for minimizing potential health risks. 

4. Containers 

Drums, containers, pipes, jackets, and other hol l9w structures should be 
properly prepared and tested before welding [McElroy 1980]. Preparation 
of hollow structures varies depending on their contents. At a minimum, 
the fol low.ing procedures should be undertaken to minimize the risk of 
accidental injury or exposure to toxic agen;s: remove al I ignition 
sources; disconnect the structure from any pipes, hoses, er other 
connections; examine the i~terior for waste or debris; and cleanse the 
st r uc tu re of fl ammab I e mat.er i a Is or mater i a Is that cou Id· produce 
flammable or toxic vapors upon heating. The appropriate cleaning 
process for containers depends on the materials present. For many types 
of materials, an adequate cleaning process consists of steaming the 
container, washing with caustic soda, and rinsing with boiling water. 
The container should be dried and inspected. Check for the presence of 
flammable or toxic gases or vapors. Vent the container to prevent a 
buildup of pressure in the i~terior. Further protection may te given by 
fi 11 ing the container with water to within an inch or two of the area to 
be welded or cut, and/or purging the interior of the container with 
inert gas. Before cutting or welding is permitted, the a~ea must be 
inspected by the individual responsible for authorizing welding 
processes (29 CFR 1910.252). Preferably, such authorization should be 
in the form of a written permit. 

5. Emergencies 

The employer should formulate a set of written procedures covering fire, 
explosion, electrical shock, asphyxiation, and any other foreseeable 
emergency that may arise in welding processes. All potentially affected 
workers shoulq receive training in evacuation procedures to be used in 
the event of fire or explosion. Al I workers who are involved in welding 
processes should be thoroughly trained in the proper work practices to 
reduce the potential for starting fires and causing explosions. 
Selected workers should be given specific training in first aid, 
cardiopulmonary resuscitation, and fire control. Procedures should 
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include prearranged plans for transportation of injured workers and 
provision for emergency medical care. At least two trained persons in 
every wo·rk area should have received extensive emergency training. 
Necessary emergency equipment, including appropriate respirators and 
other personal protective equipment, should be stored in readily 
accessible locations. • 

D. Personal Protective Clothing and Equipment 

1. Clothing 

The employer should provide and require the use of protective clothing 
as fol lows: 

• Al I welders should wear flame-resistant gauntlet gloves and 
shirts with sleeves of sufficient length and construction to 
protect the arms from heat, UV radiation, and sparks. In most 
cas~~. wool and leather clothes are. preferable because they are 
more resistant to deterioration and flames than cotton or 
synthetics. Welders should not wear I ight-weight, translucent 
fabrics and fabrics that show severe wear with holes [USAEHA 
1984]. 

• All welders should wear fire-resistant aprons, coveralls, and 
leggings or high boots. 

• Weiders performing overhead work should wear ti.re-resistant 
shoulder covers (e.g., capes), head covers (e.g., skul leaps), and 
ear covers. 

• Workers welding on metal alloys that contain highly toxic 
elements (e.g., beryllium, cadmium, chromium, lead, mercury, or 
nickel), should wear work uniforms, coveral Is, or similar 
full-body coverings that are laundered each day. Employers 
should provide lockers or other closed areas to store work and 
street clothing separately. Employers should collect work 
clothing at the end of each work shift and provide for its 
laundering. Any clothing treated for fire resistance should be 
retrt:ated after each laundering. Laundry personnel shou.ld be 
informed about the potent.ial hazards of hand! ing contaminated 
clothing and instructed, on measures to minimize their health risk. 

• Employers should ensure that protective clothing is inspected and 
maintained to preserve its effectiveness. Clothing• should be 
kept reasonably free o,f oi I or grease. Front pockets and 
upturned sleeves or cuffs should be prohibited, and sleeves and 
collars should be kept buttoned to prevent hot metal slag or 
sparks from contacting the skin. • 

• Workers and persons responsible for worker health and safety 
should be informed that protective clothing m<iy interfere with 
the body's heat dissipation, especially during hot weather or in 
hot industries or work situations (e.g., confined spaces). 
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Therefore, additional monitoring is required to prevent heat
related i ! lness when protective clothing is worn under 'these 
cond i t ions . 

2. ~ye and Face Protection 

The employer should provide and require the use of welding helmets with 
the fol lowing eye and face protection: approved UV filter plates and 
safety spectacles with side shields or 9oggles for workers exposed to 
arc weldi,1g or cutting processes; gog,gles or similar eye protectcrs v.i th 
fi ltur lenses for oxyfuel gas welding, brazing, or cutting; and goggles 
or s1mi lar eye protectors with transparent lenses for resistance welding 
and brazing. Hand-held screens for shielding the face and eyes should 
not be used since they may inadvertently be held incorrectly. A report 
prepared by C.E. Moss (1985] provides a compendium of protective eyeware 
that Aay be helpful in choosing appropriate eye protection. All welding 
helmets must meet the requirements of 29 CFR 1910.252(e)(2)(i i l: 
"Specifications for protectors." Eye and face protectors should be 
periodically inspected and maintained by the employer. Eye and face 
protectors should be sanitized before being used by another worker. In 
addition, submerged arc welders must, where th6 work permits, be 
enclosed in an individual bootn coated on the inside with a 
nor.reflective mat..:rial as set forth in 29 CFR 1910.252(e)(2)(i i ). 

3. Respiratory Protection 

Engineering controls should be the primary method used to control 
exposure to airborne contaminants. Respi ,atory protection should be 
used by workers only in the fol lowing circumstances: 

• During the development, installation, or testing of required 
engineering controls; 

• When engineering controls are not feasible to control exposure to 
airborne contaminants our1ng short-duration operations such as 
maintenance and repair; and 

• During emergencies. 

Respiratory protection is the least preferred method of control ling 
worker exposurt>s and should not be use:: rodinely to prevent or minimize 
exposures: When respirators are used, employers should institute a 
complete respiratory protection program that includes worker training at 
regular intervals in the use and I imitations of respirators, routine air 
monitoring, and maintenance, inspection, cleaning, and evaluation of the 
respirator. Respirators should be used in accordance with lhe • 
manufacturer's instructions. Each respirator user should be fit tested 
and, i'f possible, receive a quantitative, on-the-job evaluation of his 
or her respirator protection factor to confirm the protection factor 
assumed for.that class of respirator. For additional information on the 
use of respiratory protection, refer to the NIOSH Guide to Industrial 
Respiratory Protection [NIOSH 1987a]. 
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Selection of the appropriate respirator depends on the types of 
contaminants and their concentration in the worker's breathing zone. 
Before a respirator can be selected, an assessment of the work 
environment is typically necessary to determine the concentrations of 
specific metal fumes and other particulates, gases, or vapors that may 
be present. As an interim measure unti I the environmental assessment 
has been made, the ev•luator should conduct an initial re~iew of 
precautionary labels on fi Iler metals,· electrodes, and flux materials to 
make a best estimate of the appropriate class of respirators. 
:1espi rator types shal 1. be selected in accordance with the most recent 
edit ion of ~he NIOSH Respirator Decision_J,Qg_ic, [NIOSH 1987b]. The 
fol lowing respirators should be used it a carciriogen is present at any 
detectable concentration, or ,if any other conditions are present that 
are considered to be immediately dangerous to life or heaith (IDLH): 

• A self-contained breathing apparatus with·a ful I facepiece 
operated in a pressure-demand or other p~sitive-pressure mode. 

• A combination respirator that includes a supplied-air respirator 
with a ful I facepiece operated in pressure-demand or positive
pressure mode and an auxi I iary self-contained breathing apparatus 

•operated in a pressure-demand or other positive-pressure mode. 

When respirators must be selected tor combinations of contaminants in 
di.fterent physical forms, combination cartridge and particulate filter 
3ir-purifying respirators may be acceptable under specific conditions as 
long as none of the agents are considered carcinogenic. The actual 
respirator selection Should be made bY a ·:iualified individual, taking 
into account specific use conditions including the interaction of 
contaminants with the filter medium, space restrictions caused by the 
work location, and the use of welding helmets or oth~r face and eye 
protective devices. 

~hen welding is performed in confined spaces. the potential exists for a 
reduction in ambient oxygen concentrations. A self-contain'ed breathing 
appara:us or suppl ied-~i r respirator with an auxi I iary self-contained 
breathing apparatus must be used for oxygen concentrations below 19.5% 
(at sea level). 

In accordance with 29 CFR 1910.1200, "Hazard Communication," workers must be 
informed of exposure hazards, of potential 3dverse health effects, and of 
methods to protect themselves. Though al I workers associated with welding 
processes shculd have received, such information as part of their training, 
labels and signs serve a·s important reminders. Labels and signs also 
provide an initial warning to other workers who may not normally work near 
those processes. Depending on the process, warning signs may state a need 
to weJr eye protection, hearing protectors, or a resp irater; or they may be 
used to limit entry to.an area without protective equipment. For transient 
nonproduction work, it may be necessary to display warning signs at the 
worksite to inform other workers of the potential hazards. 
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L::oels on container .. of fi Iler metal, electrodes, and flux materials that 
are toxic shal I include the fol lowing ,nformation: (1) the name of the 
metal and a warning des..:r1b1ng its hea1th hazards (for materials containing 
.:;arc.inogens, the ·~arning should include a statement that fumes or gases from 
these materials may cause cancerl. 121 1nst•uctions to avoid inhalation of 
or excessive skin or eye contact w1 th the fumes of the materials, 
~3) instruct ions for emergency t, rst aid 111 case of exposure, 
(4) appropriate instructions for the safe use of the materials, and 
(5) instructions for thp type of personal protective clothing or equipment 
to be worn. Base metals .that contain or are coaterl with mate'rials 
containing carcinogens or oth~r toxic metals (e.g lead or mercury) should 
be clearly labeled or markPd to 1nd1cate their contents before being 
welded. This same type of informal ion must be posted in areas where welding 
is being per formed. 

All l~bels and warning signs should be printed in both English and the 
predominant language of non~Engl1sh reading workers. Workers who cannot 
read labe!s or p0sted signs should be identified so that they may receive 
information about hazardous areas and be informed of the instructions 
printed on labels and signs. 

F. Sanitation 

The preparation, storage, or consumption of food should not be permitted in 
areas where welding takes place. The employer should make handwashing 
faci Ii ties avai !able and encourage the workers to use theM before·eating, 
smoking, using the toilet, or leaving the work site. Tools and protective 
clothing and equipment should be cleaned as needed to maintain a sanitary 
condition. Toxic wastes should be collected and disposed of in a manner 
that is not hazardous to workers or surrounding environments. No dry 
sweeping or 'blowing should be permitted in areas where welding is performed 
with materials containing carcinogens or other highly toxic metals. Vacuum 
pickup or wet mopping should be used to clean the work area at the end of 
each work shift or more frequently as needed to maintain good housekeeping 
practices. Collected wastes should be placed in sealed containers that are 
labeled as to their contents. Cleanup and disposal should be conducted in a 
manner that enables workers to avoid contact with the waste and to observe 
applicable Federal, State, or local regulations. 

Uncovered tobacco products should not be permitted to be carried or used for 
smoking or chewing. Workers should be provided with and advised to use 
faci I ities for showering and changing clothes at the end of each work 
shift. Work areas should be kept free of flammable debris. Flammable work 
materials (rags, solvents, etc.) should be stored in approved safety cans. 

Fume and gas composition may be affected by material substitution. Toxic 
agents in welding fumes and gases may require remedial action such as 
changing the dlectrodes, fluxes, or type of welding process if appropriate 
control measures cannot be implemented. Materials tilat may come into 
contact with welding processes (e.g., metals coated with oi I and paint) 
should always be cleaned to prevent exposure to other toxic agents [DWI 

46 



1977). Because impuriti.es or contaminants are often contained in fluxes 
[Steel and Sandersqn 1966] or base metal coatings [Pegues 1960], 
substitutions should be done cautiously to avoid introducing other toxic 
exposures. In practice, however, substitution is not always an alternative 
to minimizing exposures, since material and process selection usually depend 
on the type of weld required and the qua I ity ~f t~e finished product. 
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CX) 

Hazardous agent 

Acetylene 

Aluminum 

Arsenic, inorganic 

Beryllium 

Cadmium 

APPENDIX 

OSHA PELs, NIOSH Rfls, and ACGIH TLVs for selected 
chemicals and physical agents associated with welding processe~ 

OSHA PEL 

2,500 ppm (10% of lower 
explps1ve limit) 
(specific conditions: 
see 29 CFR 1915. 12) 

None 

10 µg/m3, 8-hr TWA 

2 µg/m 3, 8-hr TWA; 
5 µg/m 3 , accepta~le 
ceiling; 25 µg/m , 
maximum ceiling (30 min) 

fume: 0. I mg/~3 , 8-hr 
TWA; 0.3 mg/m , ceiling 

Dust: 0.2 mg/~3, 8-hr 
TWA; 0.6 mg/m , ceiling 

NIOSH RELa 

No exposure >2,500 ppm 
(2,662 mg/m3), iWA 

None 

2 µg/m 3 , _ceiling (15 min)c 
(carcinogen) 
Not to exceed 0.5 µg/m3c 
(carcinogen) 

Lowest feasible limitc 
(carcinogen) 

ACGIH nvb 

Gas acts a, a simple asphyxiant 
without other significant physi
ologic effects. A TLV may not 
be recommended for each simple 
asphyxiant because the limiting 
factor is the available oxygen. 

Alumin~m as welding fume: 
5 mg/m , 8-hr TWA 

200 µg/m3, 8-hr TWA 

2 µg/m 3, A2 

Cadmium o1ide fume as Cd, 
0.05 mg/m , ceiling 

(Continued) 

See footnotes at end of table. 
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Hazardous agent 

Carbon dioxide 

Carbon monoxide 

Chromi um(VI) 

Cobalt 

Copper fume 

fluorides, 
inorganic 

APPENDIX (Continued).--OSHA PELs, NIOSH RELs, and ACGIH TLVs for selected 
chemicals and physical agents associated with welding processes 

OSHA PEL 

5,000 ppm 
(9,000 mg/m3),c 
8-hr TWA 

50 ppm (55 mgtm3), 8-hr TWA; 

100 µg/m 3, ceiling 

0.1 mg/m3, 8-hr ·TwAc 

0.1 mg/m3, 8-hr TWAc 

2.5 mg/m3, 8-hr TWA 

NIOSH REL a 

10,000 ppm (18,000 mg/m3), 
TWA; 30,000 §Pm 
(54,000 mg/m ) , 
ceiling ( 10 min)c 

35 ppm (40 mg/m3) TWA; 
200 ppm (229 mg/m3), ceiling 
(no minimum time)~ 

Carcin~genic Cr(VI): 
l µg/m TWA 

Other C~(VI): 
25 µg/m , TWA; 
50 µg/m 3, ceiling (JS mi~)c 

NIOSH has concluded that there 
is insufficient e~idence to 
warrant recommending·a new PEL 

None 

2.5 mg f/m3 TWA 

ACGIH TLVb 

5,000 ppm (9.000 mg/ml), 
8-hr TwA'; 3~,000 ppm 
(54,000 mg/m ), STEL 

50 ppm (55 mgtm3), 
8-hr TWA; 400 ppm 
(440 mgtm3), STEL 

Water soluble: 50 µg/m3, 
8-hr TWA 

Certain3water insoluble: 
50 µg/m, 8-hr TWA, Al 

Metal, du~t, and fume 
0.05 mg/m, 8-hr TWA 

0.2 mg/m3 , 8-hr TWA; 
dusts and mists as Cu, 

2.5 mg/m3 , 8-hr TWA 

See footnotes at end of table. 

mg/Jn3 

(Continued) 
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g: 

Hazardous agent 

Hot environments 

Inert or nuisance 
dust 

I rt>n oxide fume 

Lead, inorganic 

Hagnesi;.m oxide 
fume 

APPENDIX (Continued).--OSHA PELs, NIOSH RELs, and ACGir TLVs for selected 
chemicals and physical agents associated with welding processes 

OSHA PEL 

None 

Total dust: 15 mg/m3 _ 

Respirable dust: 5 mg/m3 

Note: these apply only 
to mineral dust 

!C mg/m3 

50 µg/m 3, 8-hr TWA; 
determine >8-hr exposure 
by formula (29 (FR 1910. 1025) 

15 mg/m3, 8-hr TWA 

NICSH REL a 

Sliding scale limits 
based on environmental 
and metabolic heat loaosc 

None 

None 

<100 µg Pb/m3, TWA; maintain 
air level so that worker blood 
lead remains ibO µg/100 g 

None 

ACGIH nvb 

Sliding scale limits based on 
work-rest regimen and workload 

Nuisance part1culates: total 
dust, 10 mg/m , 8-hr TW1; 
respirable dust, 5 mg/m , 8-hr 
TWA 

5 mg/m 3, 8-hr TWA 
(welding fumes)C 

150 µg/m3 

10 mg/m3, 8-hr TWAc 

(Continued) 

See footnotes at end of table. 



0, _,. 

Hazardous agent 

Ma.nganese 

Molybdenum 

Nickel, inorganic 
and compounds 

Nitrogen ox i des 

Noise 

Ozone 

APPENDIX (Continued).--OSHA PELs, NIOSH RELs, and A(GIH TLVs for selected 
chemicals and physical agents associated with welding processes 

OSHA PEL 

5 mg/m3, ceiling 

5 mg/m3 (soluble), 
8-hr TW1; 
15 mg/m (insoluble), 
8-hr TWA 

1 mg Ni/m3, 8-hr TWA 

NOz: 5 ppm (9 mg/ml), 
ce, 1 ing 

NO: 25 ppm (30 mg/ml) 
8-hr TWA 

90 dBA, 8-hr TWA 

0. 1 ppm -(0.2 mg/m3), 
8-hr TWA 

NIOSH REL 3 

None 

None 

None 

0.015 mg Nj/m3, TWAc 
(carcinogen) 

N02 : 1 ppm (1.8 mg/m3), 
15 min ceiling 

NO: 25 -ppm (30 mg/m3), TWAc 

85 dBA, TWA; ·115 dBA, 
ceilingc 

None 

ACGIH TLVb 

Dust and compounds: 5 mg/m3, 
8-hr TWA 

fume: 1 mg/m3c 

Soluble compounds: 5 mg/m3, 
8-hr TWA 

Insoluble compounds: 
10 mg/m c 

Metal: l mg/m3 
Soluble §ompounds (as Ni): 
0. I mg/m, 8-hr TWA 

N02: 3 ppm (6 mg/m3), 
8-lir TWA; 
5 ppm (10 mg/m3), STEL 

85 dBA, 8-hr TWA; 
115 dBA, ceiling 

0. 1 ppm (0.2 mg/m3), 8-hr TWA; 
0.3 ppm (0.6 mg/m3), STEL 

(Continued) 

See footnotes at end of table. 



0, 
I'\) 

Hazardous agent 

Phosgene 

Sil, ca, 
crystalline 

Silver 

Tin, inorganic 
compounds except 
oxides 

Titanium dioxide 

APPENDIX (Continued) .--OSHA PELs, NI05H RELs, and ACGIH TLVs for selected 
chemicals and physical agents associated with welding processes 

OSHA PEL 

0. 1 ppm (0.4 mg/m3), 
8-hr TWA 

Respirdh1e quartz: 
250 mppcf or l.lL..mgLm3 
% SIOz+5 % SIOz+Z 

0.01 mg/m3 , 8-hr TWA' 

2 mg/m3 , 8-hr TWA' 

15 mg/m3, 8-hr TWA 

NIOSH REL a 

0. l ppm (0.4 mg/m3), TWA; 
0.2 ppm (0.8 mg/m3), ceiling 
( 15 min) c 

Respira~le free silica, 
50 µg/m TWA 

None 

None 

None 

ACGIH nvb 

0. l ppm (0.4 mg/m3), 8-hr TWA 

Respirable dust for qu1rtz and· 
fused silica: 100 µg/m 

Contained respirable ~uartz dust 
for tripoli: 100 µg/m 

Kespirable dust for cr1stobalite 
and tridymite: 50 µg/m 

Metal: ·0.1 mg/m3 , 8-hr TWA 
Soluble c~mpounds (as Ag): 
0.01 mg/m, 8-hr TWA 

Metal: 2 mg/m3 , 8-hr TWA 
Oxide and inorganic compounds, 
except SnH4 (as Sn): 
2 mg/m3, 8-hr TWA 

Nuisance particulate, 10 mg/m3 
of total dust 

(Continued) 

See footnotes at end of table. 



c,, 
(,) 

Hazardous agent 

Tungsten and 
cemented tungsten 
carbide 

Ultraviolet 
radiation 

Vanadium 

APPENDIX lContinued).--OSHA PELs, NIDSH RELs, and ACGIH TLVs for selected 
chemicals and phys,cal agents associated wit~ welding processes 

OSHA PEL 

None 

None 

Vanadium pento~ide: 
dust, 0.5 mgtm3 ceiling; 
fume, O. l mg/m, ceiling 

Ferrovanadium: 
8-hr TWA 

mg/m3, 

NIOSH REL a 

Insoluble tungsten; 5 mg/m3, 
TWA 

Soluble tungsten: 1 mg/m·\ TWA 

Dust ot cemented tungsten carbide 
containing ~2% cobalt: 
0.·l mg Co/m , TWA 

Dust of cemented tungsten carbide 
containing >0.j% nickel; 
15 g nickel/m , TWAc 

315-400 nm: 1 .0 mW/cm2 for 
period~ >1,000 sec; total 
radiant energi shall not 
not excee2 1,000 mWsec/cm2 
(1.0 J/cm ) for exposure times 
_i 1,000 sec 
200-315 nm; see requirements in 
in NIO~H [1 ➔ 72a]C 

Vanadium co~poJnds: 
0 .05 mg V/m· , ceiling ( 15 min) 

Metallic vanadium and vanadium 
.carbide: 1 mg V/m3 TwAc 

ACGIH nvb 

Insoluble compoun~s; 5 mgtm3, 
8-hr TWA; 10 mg/m, STEL 

Soluble compound~·: l mgtm3 , 
8-hr TWA; 3 my/m , STEL 

Prescribed time periods of allowaQle 
exposure based on measurements of 
effective irradian~e 

Respirabl~ dust and fume: 
0.05 mg/m, 8-hr TWA 

(Continued) 

See footnotes at end of table. 



0, _,.. 

Hazardous agent 

Welding fumes. 

Zinc oxide 

None 

APPENDIX (Continued).--OSHA PELs, NI05H RELs, and-ACGIH TLVs tor selected 
chemicals and phy,ic~l agents .associated with welding processes 

OSHA PEL NIOSH RELa 

None 

ACGIH nvb 

Total particulate that i~ 
not ot~erwise classified: 
5 mg/m, 8-hr TWA 

5 mg/m3, 8-hr TWA 5 mg/m3 TWA; 
15 mg/mj, ceiling ( 15 min) 

Fume: 5 mg/m3, TWA; 
10 mg/m3 , STEL 

aNIOSH TWA recommendations are based on time-weighted average (TWA) concentrations for up to a 10-hr workday and a 40-hr 
workweek over a working lifetime, unless otherwise noted. 

boefinitions for ACGIH TLVs: Al--confirmed human carcinogen; A2--suspected human carcinogen; short term exposure limit 
(STEL)--a 15-min TWA exposure that should not be exceeded at any time during a workday even if the 8-hr TWA is within the TLV; 
ceiling--the concentration that should not be exceeded during any part Qf the workday. . 

coenotes the lowest of the three exposure limits (OSHA PEL, NIOSH REI, or ACGIH TL~) listed tor the given hazardous agent. 



GLOSSARY 

The definitions in this glossary were derived from the American Welding 
Society's Weldi11g Terms_and Definitions [AWS 1980]. Welding Technology 
[Kennedy 1976], and ~elding and Other Joining Process~s [Lindberg and Braton 
1976). 

ARC CUTTING 

Cutting processes that melt the metals to be' cut with the heat of an arc 
between an electrode and the base metal. 

ARC WELDING 

Welding processes that produce coalescence of metals by heating them 
with an arc, with or. without the application of pressure, a,1d with or 
without the use of inert gases or f i Iler metal. 

CARBON ARC CUTTING 

An arc cutting process in which metals .are severed by melting them with 
the heat of an arc between a carbon electrode and the base metal. 

CARBON ARC WELDING 

An arc welding process that produces fusion,of metals by heating them 
with an arc between a carbon electrode and the work. No shielding is 
used. Pressure and fi Iler metal may or may not be used. 

COLD WELDING 

A sol id-state welding process in which press~re is used.at room 
temperature to produce coalescence of metals with substantial 
deformation at the weld. 

ELECTRON BEAM WELDING 

A welding process that produces coalescence of metals with the heat 
obtained from a concentrated beam composed primarily of high-velocity 
electrons impinging on the joint to be welded. 
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FLUX-CORED ARC WELDING 

An arc welding process that produces coalescence of metals by heating 
them with an arc betweeh a continuous ti Iler metal (consumable) 
electrode and the work. Shielding ts provided by a flux contained 
within the tubular electrode. Additional shielding may or may not be 
obtained from an externally supplied gas or gas mixture. 

FURNACE BRAZING 

A brazing process in which the parts to be joined are placed in a 
furnace heated to a suitable temperature. 

GAS METAL ARC WELDING 

An arc welding process that produces coalescence of metals by heating 
'them with an arc between a continuous fi Iler metal (consumable) 

electrode and the work. Shielding is obtained entirely from an, 
externally supplied gas or gas mixture. Some variations of this process 
are cal led MIG or CO2 welding (nonpreferred terms). 

GAS TUNGSTEN ARC WELDING 

An arc welding process that produces coalescence of metals by heating 
them with an arc between a tungsten (nonconsumable) eledtrode and the 
work. Shielding is obtained from a gas or gas mixture. Pressure and 
fi Iler metal may or may not be used. 

GOUGING 

The forming of a bevel or groove by material removal. 

LASER BEAM WELDING 

A welding pro~ess that produces coalescence of materials with the heat 
obtained from the application of a concentrated coherent I ight beam 
impinging on the members to be joined. 

MIG WELDING 

See preferred terms--GAS METAL ARC WELDING and FLUX-CORED ARC 
WELDING. 

OXYACETYLENE WELDINU 

'An oxyfuel gas welding process that produces coalescence of metals by 
heating them with a gas flame obtained from the combustion of acetylene 
with oxygen. The process may be used with or without the application of 
pressure and with or without the use of fi Iler metal. 
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OXYFUEL GAS WELDING 

Welding processes that produce coalescence b; heating materials with an 
oxyfuel gas flame, with or without the application of pressure and with 
or without the use of fi Iler metal. 

PLASMA ARC CUTTING 

An arc cutting process that severs metal by melting a localized area 
with a constricted arc and rcmov1ng the mol,en material with a 
high-velocit:;- jet of hot ionized gas issuing from the orifice. 

PLASMA ARC WELDING 

An arc welding process that produces coalescence of metals by heating 
them with a constricted arc between an electrode and the workpiece 
(transferred arc) or the electrode and the constricting nozzle 

.(nontransferred arc). Shielding is obtained from the hot ionized ga~ 
issuing from the orifice, which may be supp I emented by an aux i Ii ary 
source of shielding gas. Shielding gas may be an inert gas or a mixture 
of gases. Pressure may or may not be used, and fi Iler metal may or may 
not be supplied. 

RESISTANCE WELDING 

Welding processes that produce coalescence of metals with the 
application of pressure and with the heat obtained from resistance of 
the work to electric current in a circuit that includes the work. 

SHIELDED METAL ARC WELDING 

An arc welding process that produces coalescence of ~etals by heating 
them with an arc between a covered metal electrode and the work. 
Shielding is obtained from decomposition of the electrode co~ering. 
Pressure is not used, and ti lier metal is obtained from the electrode. 

SUBMERGED ARC WELDING 

An arc welding process that prnduces coalescence of metals by heating 
them with an arc or arcs between a bare metal electrode or electrodes 
and the work. The arc and molten metal are shielded by a blanket of 
granular fusible material on the work. Pressure is not used, and fi lier 
metal is obtained from the electrode or sometimes from a supplemental 
source (welding rod, flux, or metal granules). 

TIG WELDING 

See preferred term--GAS TUNGSTEN ARC WELDING. 

TORCH BRAZING 

A brazing process in which the heat required is furnished by a fuel gas 
flame. 
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