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Abstract

This literature review, with 176 citations, was prepared under contract to the American Welding Society for its Safety
and Health Committee. The review deals with studies of the health effects of fumes, gases, radiation, and noise generated
during various welding processes. Section 1 summarizes recent studies of occupational exposures, Section 2 contains
information related to human health effects, and Section 3 discusses the effects of exposures in animals.
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Glossary”

ACGIH American Conference of Governmental Industrial Hygienists
BALF Bronchoalveolar lavage fluid

CI Confidence Interval

Cr(VD) Hexavalent chromium

ELF- EMF Extremely low frequency electromagnetic field
Dyspnea Difficulty breathing; shortness of breath
Erythema Reddening of the skin

FCAW Flux cored arc welding

GMAW Gas metal arc welding

GTAW Gas tungsten arc welding

IgA Immunoglobulin A

IgG Immunoglobulin G

IgM Immunoglobulin M

Leukocyte White blood cell

LEV Local exhaust ventilation

MAC Maximum Allowable Concentration

MAL Maximum Admissible Limit

n Number

nm Nanometer

NIOSH National Institute for Occupational Safety and Health
NO nitric oxide

OEL Occupational exposure limit

OR* Odds ratio

OSHA Occupational Safety and Health Administration
PAH Polycyclic aromatic hydrocarbons

PEL Permissible Exposure Limit

PAC Plasma arc cutting

PMN Polymorphonuclear leukocyte

RR* Relative risk

SIR* Standardized incidence ratio

SMAW Shielded metal arc welding

SMR* Standardized mortality ratio

TLV Threshold Limit Value

TWA Time-weighted average

um Micrometer

ug Microgram

uv Ultraviolet

* Abbreviations for commonly used pulmonary function tests and for epidemiological terminology used in this document
are found in Appendices A and B, respectively. The appendices describe the derivation of these terms and how they are
used.

vii


https://webstore.ansi.org/RecordDetail.aspx?sku=AWS%20EWH%20XIII&source=preview
https://webstore.ansi.org/Standards/AWS/AWSEWHXIII-1274184&source=preview
https://webstore.ansi.org/Standards/AWS/AWSEWHXIII-1274184?source=preview

This is a preview of "AWS EWH XIII". Click here to purchase the full version from the ANSI store.

Table of Contents

Page No
PEOFSORMEL ...ttt st st sttt sttt ettt a et a et s a e et b e bt en b naeenee iii
FOTOWOTA ...ttt sttt st st e a e s he et st a e e bt a e saeesa e eae bt e bt ean e bt anenaeeas \
GLOSSATY ettt ettt ettt ettt ekt e s at et e e bt e et e e bt e st e bt e sht e e bt e e bt e e bt e s hb e et e e ebbeeab e e beeeabeenbeenas vii
LIST Of TADIES ..ottt et e te et e st e et e et e e sbe e s st e e s beessbeesbeessbeasseenseesssaeaseeesbeenseansseeasaesssassseesssaensaensees Xi
LIST Of FUQUFES .veevveeieeeeeeieeeeeeeee ettt eettestteeteesteeteesate e st essseasseesseessseeasseasseessseeaseenseesssaenseeasbeenssansseanseesssasnseesssaensaenses Xi
TREFOAUCTION ...ttt ettt et bttt s at e bt e bbbt st e bt e et e bt et e s bt eatesbeentesaeemtenbeen 1
EXCCUTIVE SUIMITIATY ..ottt ettt ettt ettt et e sttt e st e st e s ate st e e bt e s abeeabeesabeeaeesateeabtesabeeabeesabeenseesateenseenseesn 3
TOCHIICAL SUTITATY ...ttt ettt et e b e et b et st et esa et s bt e at e s ab e e satesabe e ebeeeabe e bt e sabeeabeesateenseenseens 9
Section One—The Exposure

1. FUME COMPOSIEION ..c.tiiienitetientieiiesteet ettt et ettt e s bt eet et et e s bt et et e e s teebe et e sbeemtesueeaesbeembeebeenteebeentesueeneesbeensesaean 19
2. ANALYLICA] PIOCEAUIES ....cveeutiiiiiiiiieierieeierttet ettt ettt ettt b et ea e be e bt e bt et e s bt ebesbeesbenbeensenbeens 21
2.1 CRIOMUUIN ..ttt sttt et et b et sa e se e s et e saeessesbe e b e sueeeseeneemtesaeenbesaeemnesueennensenen 21

2.2 TROTIUI w.cniiiiiieiiteieetet ettt ettt et ettt ettt et e s et eae e bt e ase s bt eas e bt e b e bt ees e bt emsesaeemnenbeemnenbeennentenen 21

3. Electromagnetic RAGIALION ........covuiiiiiiriiiiiieiieieese ettt ettt e sb e st e bt st e bt e sat e e beesaaesanes 21
Bl BIUE LIZINE .ttt ettt b e e h ekt a e b e e bt e bt et b et e e bt et bt eb e et e e e e eas 21

3.2 UIRIaviolet LIZRt ..c.oiiiiiiiiiiiiccee e sttt s 22

4. INCIAENLAL EXPOSUIES ....cuveevtinieriiiieriietieiteieeitet ettt et sttt st et ea e b e bt e steebtesaesatesaeebt e besbeeatesbeentesbeentesueensesbeen 22
1 LA ettt et st a e s h e bt st b e s h et eb et sae e et saeennenaeen 22

4.2 PROSZEINC ...ttt et e st e s h e st e e e a e st eaesaeen 23

4.3 ISOCYANALES ..cuveenerietieitt ettt et e st ee e e sb e st e et e e sat e e bt e ebe e s bt e ebeesat e e baeeate e b e e ebbeeabeesh e e eabeeabae st e eabeenbe e e beeeseesane 24

5. WOTKPIACE EXPOSUIES.....cueitieniiitienieitteie ettt ettt ettt ettt et e bt et e s bt e st e s bt e s e be e st e ebeentesaeebesbeemtesbeeneenbeans 25
6. Hygiene and WOrk PraCtiCes ........cocueririiriiriiniiieieriet ettt sttt st sbe et s nebeens 28
6.1 VENTIALION ..c.eeiniiiiiiiiiriietietete ettt ettt ettt et ettt et sae et e as et eae e bt eanesaeennesbeemnenbeennentees 28

6.2 Compliance with Health and Safety Regulations ...........ccccoeveiriiriiriniinininincnetercrceeeeeeeeeeeeesie e 31

6.3 Accidents and INJULIES ......c..cocoioiiiiiiiiiiiit ettt s 31

Section Two—Effects of Welding on Human Health

7. RESPITALOTY TTACT.....e vttt ettt ettt et s b ettt et e bttt b e bt s bt e bt e st e s bt et e bessnenbeesnensene 32
7.1 Pulmonary FUNCHON. .....cc.eotiriiiiiiiieteteteet ettt ettt ettt et et et e b sbeebesbeesnenbeean 32

T2 ASTIIMA ..ttt st e h ettt ea e a et et e e bt e ne s bt e s erees 33

7.3 PREUMOCOMIOSIS ..euveeueteriieeiieeiteetee et eete ettt et eb e sttt ebeesbe e s beebeesateebeesatesabeesatesabeeabaesateebbesbesabeesaseeseenseens 34

7.4 Case Reports—PneumOCONIONSIS ... ..ccoueruteriirtieiirtiete ettt ettt ettt ett et te bttt e st e e tesaeentesbeenbesbeesenbens 36

7.5 Absences Due to Respiratory SYMPLOMIS. ....c..eccuiruiertirieruiriienteeiierteetesieeetesteeetesteestesbeetesaeentesbeenbesieensenbens 36

7.6 Respiratory Tract INTECHIONS ......cocveriiiiiriiiiiiicie ettt st st ees 37

TT PATTICIE SIZE ..ottt ettt ettt et b et sttt b et b et s et et e bt e ne s bt s erees 37

B CANCRT ..ttt ettt ettt ettt sttt h e bt e h e ekt ht e et e e bt e a bt e bt sat e e bt e a bt e eb e e et e e bt sabe e bt e sht e e beenaaesates 39
Bl LLUNE CANCET ...ttt sttt ettt a e e a e e sa e e a e e et ne e 40

8.2 KIANEY CANCET ..ottt ettt ettt ettt sttt h et e bt et e bt et e e bt e bt sbtenbe s st e besbe e b e e st enbeebsenbeeneenseenie 41

8.3 PANCIEALIC CAICET .....eoviiuiiiiiiiii sttt st st en e ne 42

8.4 Cancer of the SMall INESHINE ....c...ocutriiriiiiniiieiee ettt ettt sneeaee 42

8.5 Non-Hodgkin's LYMPROMA......c..cooiiiiiiiiiiiiiieiecit ettt sttt ettt ettt e s te et e beesabesnseenns 43

ix


https://webstore.ansi.org/RecordDetail.aspx?sku=AWS%20EWH%20XIII&source=preview
https://webstore.ansi.org/Standards/AWS/AWSEWHXIII-1274184&source=preview
https://webstore.ansi.org/Standards/AWS/AWSEWHXIII-1274184?source=preview

This is a preview of "AWS EWH XIII". Click here to purchase the full version from the ANSI store.

Page No

8.0 CaNCEr OF the EY@.....oouiiiiiiiiiiieeee ettt ettt e b ettt e st s bt e bt e st e st ettt e e eae 44

8.7 SKIN CANCET ...ttt ettt ettt st sttt bt et e b e ea et e bt e st e bt e bt e st e sbeebt e bt e bt et e ebeenbeente et enee 44

8.8  Childhood Brain TUIMOLS .......ccceicieriirieiirietieiete sttt ettt st eve ettt saeesae s aesneeas et enenneene 44

8.9 Cancer Associated with Electromagnetic FIelds ..........cccovviiiiiiiiiiiiiiiieiiiiicneeteee et 44

9. MEtal FUME FEVET ....couiiiiiiiiiiii ettt et sttt e bttt e b e s bt e bt e st e e bt e sateebeesanesates 45
10, Effects 0N the Far.....co.eiiiiiiie ettt sttt sttt et e b e sbe et e ebe e tesaeenaesbeenbesbean 46
11. Effects on the Eye and VISION .......ccc.coeiiiiiiiiiniiiieeetceieeetce ettt sttt st et sbe et st naesaeeaesaeen 47
T1.T EY@ INJULIES vttt ettt ettt et sa e ebt bt et b e eb et ea e bt eb e et e e st e sbe et e beembenbeennenbeas 47
T1.2 VISUAL ACUILY wenviiiiieiiieiiieeieesite ettt ettt ettt e e s bt et e et e st e e bt e sat e e beesabesabeesabesabeenbaesaseenbeesaseenseenseesn 47
T1.3 RELIMA ..ttt ettt et e b et e b e et et e s at e et e e s at e s bt e ebteeab e e bbeeabeeabeesabeeabeesbaeenbeenbeens 47
T14 COTIICA ..ttt ettt et e s bt et e b e e st e bt e s at e et e e sue e s bt e ebtesab e e bteeabeeabeesabeenbeesbaeenbeenbeens 48

12, EffEctS 0N the SKIM ...ooueiiiiiiiiiiieieeeee ettt sttt st et bt s e s bt et e e bt et e eb e et e ebeentesaeenaesaeenbesaean 48
12,1 SYSEEMIC SCIBTOSIS .uveuvventiriteniieiientietteteete sttt ettt ettt ettt et s beeb b et ea e bt ebt et e eatesbeentenbeenbenbeennenanens 49

13. Effects On the NETVOUS SYSIEIM .....ovuuiiiiiiriiiiieie ettt ettt sttt sttt st et esat e sbe e st e sabe e baesaseesbeesaseeseenseesn 50
13.1 Effects Of AIUMINUITL c..cooutiiiiiieiiiieiceetecct ettt ettt ettt ettt et essesaeestesbe e ne s bt ennenbeas 50
13.2 Effects Of MANZANESE........c.coervirtirieieieieteteiteitee sttt st sttt st et et et eae bt ebe bt sae sttt e e e e eseenesaeebeebenbenaens 51

14. Effects on the CardiovasCular SYSEIM.......cc.eeutiiiiieriiriee sttt ettt ettt ettt st sbe et ebe et st enaeeaeenaesaean 52
15. Hand-Arm Vibration SYNATOME ........cccueeueeiiriirieniiiienieienieeteste ettt ettt st st et site st st bttt saeenaesmeenaesaeen 53
16. Effects on the ENdOCTINE SYSEIM ......couiiiiriiriiriiniieienieeteitetesitet sttt sttt sttt et et et et st enaesbeenbesaeen 54
17. Effects on the IMMUNE SYSTEML......ccuiiiiiiriiiiieieeie ettt sttt sttt st et e st e sbe e st e sabe e beesabeesbeessseenseenseesn 54
18. Effects 0N REPIOQUCTION . .....c..couitiiiririietirtertetetetet ettt ettt et ettt st sttt s a ettt et et et e st sbe b nesaeas 55
19, HEAIth SUIVEYS «..veviiiititiietcctetetete sttt ettt st st s sttt ea e bt et sae st ese et se st sb b e besaens 57
20. GENOLOXICIEY .vvtenterutenteriteteettete et e et eteetesteestesbeeatesbeeste bt esteabeeate bt eateabeeaeeabeembenbeeatenbeebeenbeeseamteebeentesaeenaesueensenbean 57
21. Effects Of CHIOMIUI ...c...ooiiiiiiiieieiieieeteetc ettt ettt ettt ettt e e sb et esbe et e s bt eate s bt et e sbeentesaeeaesueensenaeen 58
22, EfTECLS O MBICULY ...uvviiuiiiniieiieeiteeite ettt ettt sttt e sttt st et e s st e e bt e s at e s b e e sbtesabeeabbesabeenbaesabeenbeesasesnseenseesn 58
B T % i (T KN o) il <Y T A OSSPSR 58
24, Biolo@iCal MONITOTINE ......oviiiiiiiiiiieieit ettt ettt et st st e s r e et ea e eae e e e st enesaeennesaees 59

Section Three—Investigations in Animals

25, INNALALION STUAIES .....eveeniiriieiiriieterttet ettt ettt ettt ettt sbe et e s bt st e s bt e st e bt eaaesbeentesaeenaesaeennenbens 59
25.1 RESPITALION ...ttt ettt ettt ettt ettt et e e s bt et b e eb b et e bt e saeebe e bt s bt et e sbtembesb e ebt e b e e bt et e ebeenseeseensesuee 59
25.2 PUIMONATY FIDTOSIS .euutiiiiiiiieiiiieieeeteet ettt sttt ettt e st st et esabe et e e btesbeebeesetessaenane s 60
25.3 Metal FUME FEVET ....c.ueiiiiiiiiiiieiteeet ettt et ettt ettt e bt e st e bt e s beebeesateebeebee s 60
REFEICIICES ...ttt ettt ettt ettt e bt e bt e b e e et et e et e et e e st e sbeeat e bt eatenbeeete bt esbenbeebe et e entenaeenee 62
ACKNOWIEAZIMEIIES ...ttt ettt ettt ettt et e st b et e at e et e bt e besae e b e sbeeabeebeemeeeb s enbeeseemeeebeentesaeenaesueenbenaean 70
Appendix A—Common Measurements of Pulmonary FUNCHON .......c..coceeviiiiniiiiniiniininiciecceccececceee e 71
Appendix B—Occupational EpidemiolOgy .......ccc.eiiiiiriiiiiiniienieiriieiieeite sttt ettt ettt sttt st e e st e s e i s 73


https://webstore.ansi.org/RecordDetail.aspx?sku=AWS%20EWH%20XIII&source=preview
https://webstore.ansi.org/Standards/AWS/AWSEWHXIII-1274184&source=preview
https://webstore.ansi.org/Standards/AWS/AWSEWHXIII-1274184?source=preview

This is a preview of "AWS EWH XIII". Click here to purchase the full version from the ANSI store.

List of Tables

Table

1  Percent Mn and Cr in each Electrode and its Fume, and Ratio of Mn and Cr in the Fumes and

) 2 [Ted 5 g0 e (= TSR

2 Effect of Additives in Shielding Gas on Levels of Cr(VI) and Ozone in Fumes Generated by

GMAW 0f Stainless STEEL ........ccooiiiiiiiiiiiiiiiiiic e
3 Exposure Means Relative to Current Occupational Exposure Limits (OELs) by Analyte..................
4  Breathing Zone Particulate Concentrations by Welding Process..........ccoceeveroeeneiinnenienenieeneeee

5  Occupational Injuries Experienced During a 3-month Period by Welders and Lathe Machine

OPETALOTS ..evvieitteiieeteei et et e sttt et e sttt e bt e s ateeabeesateeabeesaeesabeesstesabeenbaesabeeabeesabeenseesatesabaensbesabeesasesaseennes
6  Symptoms Reported by Welders and Controls in Ile-Ife, Nigeria ........cccceoeveeieneeiiininiienieenceee,
7  Concentrations of Fine Particles (PM, 5) at Various Sites in a Welding Workplace...........c.cccccee.e.

8 Relative Risk of Lung Cancer Among Welders Grouped According to Duration of Employment

as a Welder at the Shipyard Compared with other Shipyard Workers (Referents)...........ccccceeeveruenene.
9  Odds Ratio for Small Bowel Adenocarcinoma According to Selected Welding Exposures...............
10 Odds Ratio for Acute Leukemia Cases by OCCUPALION.........coereeieriirieniinieniiniieienieeetenieere e eneeneenaees

11 Risk Associated with Occupational Exposure Among 80 Cases of Systemic Sclerosis and

160 MAtCREd CONIOLS ...cuvvvvieiiieiieeeee ettt e et e e e e et e e e e esaaae e e e s esaaaeeeeseaaseeesessarereesens

12 Standardized Mortality Ratios (SMRs) of IHD in Two Cohorts of Welders and Gas Cutters

Followed Until the End Of 1995 ......ooo oot eettae e e e eetar e e e e eearnaee s

13 Comparison of Occupational Exposures Reported by Patients with Male Infertility (Cases)

versus Men whose Partners Were INFErtile .......ooovvvviiiiieeeiiiiieieiee e

List of Figures

Figure

1 Changes in Effective Radiance (Mean + Standard Deviation) for Ultraviolet Radiation at 1 meter

from the Arc wWith Welding CUITENE .......cc.ccueieiiiiirininerteteteetet ettt sttt
2 Quantification of Ultrafine Particles in Alveolar Macrophages...........cccecvereeienieerieneeieneenie e

3 Frequency of Occupations Among Patients Attending the Fertility Clinic Compared with that of

the Same Occupation in the District Of MUNSIET .........cocceirirerenienierieeeteieeeeeeeerenee e

4 Number of Polymorphonuclear Leukocytes (PMNs) in Bronchoalveolar Lavage Fluid (BALF)

from Mice 24 hours after 3-hour Exposures to 1 mg/m3 ZnO for 1, 3, or 5 Days .........cccoveevevevrernenen.

5 Total Protein in Bronchoalveolar Lavage Fluid from Mice 24 hours after 3-hour Exposures

t0 1 M@/m3 ZnO fOT 1, 3, 07 5 DAYS ...ouververiieiieieiiceeieieiesie ettt bbb es s senansens

X1


https://webstore.ansi.org/RecordDetail.aspx?sku=AWS%20EWH%20XIII&source=preview
https://webstore.ansi.org/Standards/AWS/AWSEWHXIII-1274184&source=preview
https://webstore.ansi.org/Standards/AWS/AWSEWHXIII-1274184?source=preview

This is a preview of "AWS EWH XIII". Click here to purchase the full version from the ANSI store.

Introduction

The health of workers in the welding environment is a major concern of the American Welding Society. To stay abreast
of this subject, the health literature is periodically reviewed and published in the report Effects of Welding on Health.
Twelve volumes have been published to date; the first covered data published before 1978, while the remainder covered
2-year to 3-year periods between 1978 and December, 1999. The current report includes information published between
January, 2000 and December, 2002. It should be read in conjunction with the previous volumes for a comprehensive
treatment of the literature on the Effects of Welding on Health. Included in Section 1 of this volume are studies of the
characteristics of welding emissions that may have an impact on the control technologies necessary to protect the
welder. In keeping with previous volumes, health reports and epidemiological studies of humans are discussed in Sec-
tion 2 and organized according to the affected organ system. Research studies in animals are discussed in Section 3.

Many of the studies on the effects of welding on health published during the current report period focused on matters
that have been explored in the older literature. The effects of welding on the respiratory tract continue to be examined
and attention has been paid to the increased potency of respiratory tract infections in active welders. The number of
investigations of the association of asthma with welding has increased as the prevalence of both occupational and non-
occupational asthma increases in industrialized countries worldwide. As in the past, attention is focused on the incidence
of lung cancer in welders. Four of the five studies conducted on lung cancer during this report period showed no statisti-
cally significant associations between welding and the incidence of this disease. Two reports showed that the effects on
the skin and eyes of ultraviolet radiation from the welding arc can be exacerbated by the use of photosensitizing or
photo-allergenic medications. The neurological effects of aluminum and manganese continued to receive attention
during this report period.
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Executive Summary

Electromagnetic Radiation

Blue Light. Exposure to intense blue light in the visible
range of 400 nm to 500 nm can cause photoretinitis with
symptoms of decreased visual acuity, blurred vision, and
scotoma (blind spot). Okuno et al. (Ref. 104) examined
the blue-light hazard associated with GMAW, SMAW,
and plasma arc cutting and found that the effective radi-
ance increased with the welding current for both GMAW
and SMAW. CO,-shielded GMAW had the highest
effective radiance of the arc welding and cutting proce-
dures examined. The permissible daily exposure times
for GMAW ranged from 0.63 to 2.7 seconds at different
welding currents and those for SMAW ranged from 2.9
to 5.3 seconds. While plasma arc cutting was less hazard-
ous than GMAW and SMAW, it still had a high effective
radiance with a permissible exposure time of 10 seconds.
Okuno et al. concluded that the arc welding and cutting
processes examined are capable of producing photoretin-
itis with short exposures and considered them to be very
hazardous to the retina.

Ultraviolet Light. Acute effects of exposure to ultravio-
let (UV) light include erythema (reddening of the skin)
and photokeratitis (welder’s flash or arc eye). The symp-
toms of photokeratitis, a common injury among welders,
include ocular pain, photophobia, and a sensation of sand
in the eyes. Okuno et al. (Ref. 103) determined the effec-
tive radiance and corresponding permissible exposure
time for UV light generated by CO,-shielded FCAW and
GMAW. The effective radiance was found to be
inversely proportional to the square of the distance from
the arc and varied with the angle, reaching a maximum
between 50° and 60°, where the most intense UV radia-
tion would be directed to the face when the worker
assumes a typical welding position. At a distance of
1 meter from the arc, the permissible exposure time var-
ied from 4 to 100 seconds depending on the welding cur-
rent. Since welders are generally closer than 1 meter to
the weld, the permissible exposure time would be lower
than this and the exposures received by the unprotected
eye would be higher. Okuno et al. noted that UV radia-
tion may also present a hazard to nearby workers since,
at a distance of 10 meters from the arc, the permissible

exposure time measured under different test conditions
ranged from 6 minutes to 3 hours.

In a similar study, Kozlowski (Ref. 71) determined effec-
tive radiances and safe exposure times for welding pro-
cesses based on Polish Threshold Limit Values. For
these studies, welding was conducted at currents that
ranged from 40 A to 60 A and measurements were taken
at 0.75 meters from the arc. A safe exposure time of
3 seconds was determined for daily exposures to argon-
shielded GMAW. For SMAW, the safe exposure times
ranged from 2.3 to 7.2 seconds for three different elec-
trodes. Oxyfuel gas welding and cutting presented a
much lower UV hazard as the respective safe exposure
times were 2.5 hours and 1.43 hours.

Ventilation

The use of local exhaust ventilation (LEV) can reduce
exposure to welding fumes, but its effectiveness varies
with the type of LEV unit (Ref. 155), the upkeep of the
LEV unit (Ref. 46), and the welding habits and posture
of the welder (Ref. 157). Guffey and Simcox (Refs. 46,
132) demonstrated that, even when they are not well
maintained, LEV systems can still offer some protection
to the welder. They found that high individual exposures
were usually attributed to welding posture, work prac-
tices, or improper use of the LEV device. Wallace et al.
(Ref. 157) described an incident in which a welder, using
an LEV device that was attached to the welding gun,
moved the device upwards to avoid disturbing the weld.
He had much higher exposures than another welder who,
when using the same device, left the exhaust hood close
to the weld but increased the shield gas flow to protect
the weld. Wallace and Fishbach (Ref. 155) noted that
local exhaust devices are less effective when welding is
performed outdoors because of the disruption of air flow
by natural wind currents. They suggested that the ability
of the welder to stand upwind of the welding plume may
be more important than the use of LEV.

Smargiassi et al. (Ref. 137) examined manganese expo-
sures during welding operations in a factory where acces-
sories for heavy excavation machinery were assembled.
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