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Foreword

This index was prepared for the Safety and Health Committee of the American Welding Society to provide key-word
search capability for the series Effects of Welding on Health, Volumes I through XIV. These works review and evaluate
research conducted throughout the world on the potential health effects associated with physical and chemical hazards
produced by different welding processes. The first volume covered research published before 1978, while the latter thir-
teen covered the time periods between 1978 and 2005 (the last volume also included an appendix with short summaries
of articles on the effects of welding on human health published between 2006 and 2009).
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cardiovascular disease and, XI:50
chronic bronchitis and, X:33
epidemiologic studies, II:xxiii, III:16, VIII:9–10, 29–31
lung cancer epidemiology, VII:31, 33, XII:5, 15–16, 47–50

fume exposure covariates, XIV:5
incidence in welders, IV:18–19, V:2, 29, X:11–12, 41–44

mesothelioma incidence and, IV:18–19, XIV:14
pneumoconiosis and, IV:11
pulmonary function testing, VIII:28–29, IX:31–32, 

X:31–32, XI:3, 9
respiratory disease in welders, IV:xvi, V:11–12
shipyard welding and, X:3–4
stainless steel welders, lung cancer epidemiology, X:4

Asbestosis
case reports, IX:9, 32
epidemiologic studies, X:10, 37
incidence of, in welders, V:12
mesothelioma and, X:39

Aspartate aminotransferase (AST) levels, thoriated electrode 
exposure, X:45

Aspergillus pneumonia, case reports, XIII:69
Asphyxiation, welding and, I:29
Assessment techniques, respiratory effects of welding and, 

III:6, 8–11
Asthma

in apprentice welders, XIV:3
automotive assembly operations and, XIV:4
case reports, IX:9, 32–33, XIV:32–33
chromium compounds, III:8
duration of exposure and, XI:4–6
epidemiologic studies, IX:3, 9, X:10, 32–35, XIII:61–64, 

XIV:13, 82
hard metal coatings exposure, X:39–40
metal fume fever and, XIV:31
nickel compounds, III:8
occupational exposure studies, XI:3–4, 9–10, 30–35, 

XIII:4–5, 20–21, XIV:3–4, 30
pulmonary function testing, IX:29, XIV:28
respiratory changes in welders, XII:4, 14, 40–42
welding toxicity studies and, III:xiv, 8

Atherosclerosis, biochemical effects of welding and, IV:24
Atmospheric gases, hazard analysis, II:2
Atomic absorption spectrometry (AAS)

aerosol analysis, VIII:13–14
biological monitoring studies, VII:41
chromium compound exposure studies, IV:4–5, V:7–9
electrode composition, VII:16
fume exposure studies, VII:5, 17
kidney disease studies of welders, V:21
metal analysis in welders, IX:22
nickel analysis, X:7
urogenital tract studies, VIII:39–40
workplace exposure analysis, XI:20–21

Atopic dermatitis, epidemiology, XI:44–45

Atrial fibrillation, welding and, I:31–32
Augmentation index, cardiovascular effects of welding, 

XIV:87
Austenitic electrodes

animal studies of toxicity effects, VII:44–45
pulmonary function testing, VII:28–29

Austenitic stainless steel, workplace exposure analysis, 
XIII:18, 48–51

Australian welders
mesothelioma incidence in, V:30
retinal injury in, XIV:15, 40

Automated electron beam analysis, welding particles, V:7
Automotive welding

accident and injury studies, XIV:27
aluminum exposure, neurocognitive loss and, XIV:43
asthma and, XIV:4, 31–32
inflammation and oxidative stress in, XIV:88
lung cancer incidence and, X:41, XIII:7, XIII:78–79
manganese exposure effects, XIII:11–12, 99–101
pulmonary function testing, XIV:29, 81

Autopsies
pulmonary fibrosis studies, IV:13
respiratory tract studies, IV:xiii, xvi

B
Back injuries. See also Lower back pain

epidemiologic studies, VIII:38, IX:11–12, 44–45, XIV:55
Bacterial assays, fume exposure studies, VI:11, 46–47, VII:12, 

46
Bag filters, design requirements, IX:27
Barium exposure

animal studies, VII:45–46
biological monitoring of, X:16, 61–62
electrode composition, VIII:12
emission studies, VI:21–22

biological monitoring techniques, VI:43
fume generation rates, IX:20–21

Barrier curtains, laser welding, IX:25
Basal cell carcinoma

epidemiologic studies, XII:53
skin cancer, XIII:84–85

ultraviolet radiation overexposure and, I:40
Basal ganglia disorders

manganese exposure and, XIV:16, 45-49
in welders, XIV:9

Basic-cored wires, fume composition and, X:7
Baum-Mulholland particle coagulation theory, fume emission 

rates (FER), VI:16
Bauxite pneumoconiosis, IV:11
Beer consumption, chromium levels and, IX:5, 13
Benchmark dose method, manganese exposure studies, XIV:86
Bending and brazing operations, epidemiologic studies, 

correlation with welding effects, II:19–22
2-Benzyl-2-pyridylketone-2-pyridylhyrazone nickel analysis, 

X:8
Berylliosis

agents for production of, II:10
chronic and acute, IX:49–50
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cardiovascular disease and, XI:50
epidemiologic studies, IX:12–13, 49–50, XI:13, 52
fume generation studies, II:1, III:3
pneumoconiosis studies, II:xx

Beta glucuronidase, in vitro studies, VII:47
BHK-21 (baby hamster kidney) cells

cell transformation assays, V:41
fume exposure studies, VI:11, 47–49
mammalian cell studies, VIII:41–43
in vitro studies of welding and, V:4

Biliary tract cancer, epidemiologic studies, XI:11, 41
Bioavailability studies

manganese exposure, XIV:9, 17, 49
Biochemical effects of welding

animal studies, VII:12, 45, IX:56–57
cadmium compounds, II:26–27
cobalt exposure, II:27
manganese, animal exposure studies, II:28–29
nickel, animal exposure studies, II:28–29
toxicology research, II:23–30

epidemiologic studies, IV:xviii, 24–25
fume elimination studies and, III:19
fume exposure studies, II:16–17
of heavy metals in welding fumes, III:14–15
limitations on use of, II:xiii
testing techniques for, II:xiii, xxi, xxiii
toxicity studies, III:xiv–xv

Biological Exposure Index, carbon monoxide compounds, 
VIII:14

Biological monitoring. See also Blood analysis, Fecal analysis, 
Hair analysis, Urinary analysis

analytic techniques, VII:41
barium exposure, X:61–62
cadmium exposure, X:62–63
cobalt exposure, X:63–65

chromium, X:63, XIV:55
dioxin exposure, XII:28–29
epidemiologic studies, VII:4, 10–11, 17, 40–41, XI:14, 55
Finnish workplace exposure studies, X:23
fume exposure studies, IV:xiv, VI:9–10, 41–44
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cadmium, VI:44
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lead, VI:43–44
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summary of studies, XIV:89

Biomagnetic techniques, epidemiologic studies and, XI:11
Biomarkers

chromium exposure, IX:13, 50–51
epidemiologic studies, XI:14, 55–56
exposure studies using, X:17, 66–69
oxidative stress and inflammation in welders and, XIV:6, 

17–18
polycyclic aromatic hydrocarbon monitoring, XIV:19

Biopsies
kidney disease, VII:39
lung tissue, VII:5, XIV:13–14
nasal sinus cancer, VII:34
respiratory disease studies, VI:28

Birth defects. See also e.g. Spina bifida, specific birth defects
animal studies of fetal development, X:69
children of welders, X:1, 4, 15, 57–58, XI:13, 51

Bisphenol-A, incidental exposure studies, IX:26
Bitumen storage tanks, accident analysis of, X:9, 29
“Black lung,” brain tumors and, II:xxi
“Black welding flux”

fume carcinogenicity studies, II:xxi
fume exposure studies, II:17

Bladder cancer
epidemiologic studies, IX:4, 9–10, 36–37, X:4, 15–16, 

71–72, XII:5, 16, 50–51, XIV:5, 37–38
fume carcinogenicity studies, II:xxi, 18–19
incidence of, in welders, V:31
in Israeli welders, XIV:14
mortality rates, II:21–22
smoking and, X:42

Blakeley-Zatka technique, chromium compound exposure 
studies, IV:4–5, V:7–9

Blood analysis. See also Hematocrit levels in welders
aluminum exposure, V:3, X:52–53, XII:23, XIV:85, 89
animal studies

biochemical studies, VII:45, IX:14–15
cadmium exposure, II:26
toxicology studies, IV:26–27
whole-body effects of welding, V:39–40

antioxidant enzymes, XIV:13
barium exposure, X:16, 61–62
biochemical effects of welding, I:30–31, 41–43, IV:24–25

monitoring techniques, VII:4, 10–11
biological monitoring, XIV:89
cadmium exposure, VI:38–39, 44, IX:46–47

animal studies, II:26
renal effects, VI:9
urogenital tract, VII:38–39

chromium exposure, II:xvi, VII:40–41, X:7, 16, 63, 
XII:67–68

biological monitoring techniques, VI:41–43, XIV:19, 55
biomarkers, IX:50–51
epidemiologic studies, IX:5, 13, 31, 51–52
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C-reactive protein levels, XIV:17–18
endocrine system effects, XIV:88
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manganese exposure, II:xviii, VII:40, X:16–17, 58, 65, 
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mercury exposure, X:15, 58–59, 65–66
metal fume fever, XIV:38–39

zinc levels, V:20
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mutagenicity and carcinogenicity studies, III:15–16
nickel levels, V:3, VIII:41

animal studies, II:28–29
biological monitoring techniques, XIV:19, 55
exposure studies, IX:31, 52

oxidative stress and inflammation, XIV:50–52, 88
pulmonary function testing, X:31
readaptation time effects and, III:13
respiratory disease studies, V:13
serum ferritin levels, pneumoconiosis, XIV:13–14
thoriated electrode exposure, X:45
urogenital tract studies, VIII:39–40
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whole-body effects of welding, animal studies, V:39–40
workplace exposure studies, X:22–23
zinc exposure, IX:53
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welders and, I:xix, 32–34

Blue light radiation
exposure studies, VII:6, 19–20, 35–36, VIII:14–16, XIII:2, 

15, 39–40
hazard analysis, IV:19

B lymphocytes, welding effects, XII:8–9
Body weight/lung weight ratio, animal toxicology studies, 

IV:25–26
Boilermakers, polycyclic aromatic hydrocarbon monitoring in, 

XIV:19, 55–57
Bone analysis, lead exposure, X:15, 59–61
Bone disorders, welding and, I:xix
Brain cancer

children of welders, VIII:32–33, IX:37, XIII:9, 23, 85
electromagnetic field exposure, IX:38, X:47–48
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studies, XIV:43–44
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asthma incidence and, XIV:4
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cobalt exposure, X:63–65
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fume emission studies, VI:5, 20

ventilation systems analysis, XIII:55–59
Brazilian welders, eye injuries in, XIV:84
Breast cancer

electromagnetic field (EMF) exposure, X:12
in male welders, electromagnetic fields (EMF) exposure, 

X:48
Breathing zone measurements

fume exposure studies, VI:15, VII:15
impact of helmets on, VI:16
manganese, VII:40

genotoxicity studies, X:67–68
manganese exposure, XII:58–61

neurophysiological effects, XIV:43
particles and metals analysis, X:33–34
training for use of, VII:7, 24
ventilation systems, XIII:18–19, 51–59
workplace exposure studies, XI:8, 18–20

Breathlessness, pulmonary function testing, VI:29–32, IX:3
British Standards Institute (BSI) welding standards, VIII:22
British welders. See United Kingdom
Bronchiectasis, epidemiologic studies, XI:15
Bronchiolitis fibrosa obliterans, pathogenesis, I:81
Bronchitis

animal fume inhalation studies, I:85–86
chronic bronchitis

cardiovascular effects, V:20
epidemiologic studies, IX:3, 29–32
iron exposure studies, IX:50
oxidative stress biomarkers, XIV:6, 13, 28-29
particle retention studies, V:19
pulmonary function testing, XI:3, 9, XIV:3, 13, 28–29
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incidence in welders, V:2, 12–13, VI:7, VII:7–8, 26–29, 

XII:14
neurological symptoms accompanying, VI:38
pathogenesis, I:81
plasma arc welding, IX:32
prevalence of, in welders, I:13–14, 16–17
pulmonary function testing, VI:29–32, IX:8–9, 29–32
respiratory changes in welders, XII:4
smoking and, VI:30–32

Bronchoalveolar lavage fluid (BALF)
animal studies and cell cultures, XII:71–72

fibrosis, XIV:20–21, 64–66
infectivity and inflammation, XIV:20, 60–63
metal fume fever, XIII:33

cardiovascular disease in welders and, XI:50
duration of exposure and IL-6 concentrations in, XI:6
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fume exposure and lung disease, XI:57–59
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pneumonia infection and, XIV:7
pulmonary inflammation, XII:72–75
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Bronchopneumonia, epidemiologic studies, XIV:14, 34–35
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Bubbling levels in flux, fume emission studies, VI:5, 20
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epidemiologic studies, IV:xiv, V:13, X:13, XI:3, 12, 45, 
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retinal damage from radiation, IV:19
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statistical analysis of, II:xix
ultraviolet radiation exposure, VI:24–25, 37
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Cadmium exposure

acute respiratory disease, I:5, 7
animal exposure studies, II:25–27
biochemical effects, II:16–17, IV:24
biological monitoring, V:21–23, X:16, 62–63
blood level studies, II:xv
carcinogenicity studies, VIII:33
case reports, X:10, 38
DNA biomarkers, X:68
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fume exposure studies
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protective coatings, IV:7
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pulmonary irritation from, II:11
respiratory tract effects of, II:xx, VII:24
urinary system effects of, II:xiv, 14
ventilation systems analysis, XIII:55–59
workplace analysis, XIII:17–18
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electrode composition, V:6
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bladder cancer incidence in, XIV:14, 37–38
brain cancer in, XIV:5, 14, 37
bronchitis and asthma in, X:35
lung cancer in, IX:9, X:45–46, XIV:14, 36
metal fume fever in, XIV:13
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welding safety regulations, VIII:22
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children of welders, VIII:6, 32–33, X:1, 4, 57–58
cohort studies, VIII:30
cross-sectional studies, VIII:29–30
current research on, X:4
electromagnetic fields (EMFs) and, IX:38, X:12, 47–48
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45–53, XIII:6–9, 22–24, 75–87, XIV:5, 14, 35–38

summary, XIV:83
extraneous exposures, X:45–46
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thoriated electrodes, X:12, 44–45

fume exposure studies, VI:7–8, 32–34
HETAB cluster studies, VIII:20
incidence of, in welders, V:1–2
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welders’ demographics, VIII:30–32

Capillary gas chromatography, production coating exposure 
studies, VIII:18

Capnovolumetry, pulmonary function in welders, XIV:81
Carbon arc cutting (CAC-A)

fume emission rates (FER), VI:5
lead exposure studies, X:22–23

Carbonate combustion, gas emission studies, VI:23
Carbon dioxide
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exposure studies of, X:23–25
radiation and chemical hazards analysis, X:8

electrode composition, VIII:12
eye injuries with, VIII:37
flux-cored arc welding, fume generation, XIV:11
as fume component, IX:19–21
fume exposure studies, VI:6, 23–24, VIII:5

composition analysis, XIII:14, 34–37
rat studies, I:46

fume generation rate, X:19–20
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noise exposure studies, VIII:34–36
oxidative stress and inflammation and, XIV:50–52
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production of, during welding, I:74–75
protective gear and equipment, XI:23
radiation line spectra, I:76
shielded flux cored electrodes, I:61
ultraviolet radiation exposure, XIII:15
welding arc production of, I:4

Carbon monoxide
animal exposure studies, VI:10–11, 45–46
blood studies of welders, I:43
cardiovascular effects of, I:xix, 31–34
combined exposure measurements, VI:14
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production of, during welding, I:74–75
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teeth and oral cavity effected by, IV:23
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welding arc production of, I:4
workplace exposure limits, IX:23

Carbon steel welding
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oxidative stress and inflammation and, XIV:50–52
particle emissions analysis, XIV:12, 25
ventilation practices for, XIII:19, 54–59

Carbon tetrachloride, degreasing agents, exposure studies, 
VI:26

Carboxyhemoglobin levels
carbon monoxide exposure, VIII:5, 14
effects of welding on, IV:xvii, 21
ELF exposure studies, VIII:16
fume particulates, II:14

Carcinogenicity of welding fumes and gases. See also 
Mutagenicity

animal studies, I:48, 101–102, II:29–30, V:37, VI:32–34
chromium compounds, III:2–3, IV:5
current research on, X:1
epidemiologic studies of risk potential, I:xxi–xxii
fume condensate studies, I:xxii, III:xv, 15–16
fume exposure studies, I:xvi
fume generation, II:xxi, 17–19
IARC multinational studies, IX:3–4, 9, 33–39
incidence of, IV:xix
limits of research on, III:19
lung cancer epidemiology, XI:36–40, XII:49–50
respiratory tract disease, I:22–25
in vitro studies, II:31–33, III:18–19

fume condensates, I:xxii
techniques used in, VI:13–14

Cardiac defibrillators, electromagnetic field exposure, X:26, 
XI:8, 22–23

Cardiac pacemakers, electromagnetic field (EMF) exposure, 
X:8, 26

Cardiovascular system. See also Heart rate
epidemiologic studies, IV:xvii, 21, X:13, 55, XI:13, 48–50, 

XII:18, 61, XIII:28, 101–103, XIV:52
screening protocols, XIV:18
study design and, I:xix
summary of, XIV:87

fume exposure studies, I:31–34, II:xx, III:13, V:3, 12, 20, 
VI:38

fume generation studies, II:14
gas shielded arc welding (GSAW), I:xvi
metal fume fever pathogenesis, VII:35
pulmonary function and, VII:27–28

Carpal tunnel syndrome, epidemiologic studies, IX:12, 45–46, 
XI:12, 46

Cartridge filters, design requirements, IX:27
Case-control epidemiologic studies, VIII:30

cancer epidemiology, VII:31–32
lung cancer in welders, IX:33, 35

Catalase levels
current research, X:5, 61
oxidative stress and, XIV:50–52
pulmonary function testing, XIV:13, 29

Catalytic converters, hyperbaric welding, VIII:11
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epidemiologic studies, XI:44
epidemiology, I:26
infrared (IR) radiation and, IX:10, 40
lens accomodation and visual acuity, I:27
pathogenesis, I:26–27
radiation exposure and, II:xx, VI:35–37, VII:35–36
ultraviolet exposure in welders and, VI:8
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cDNA microarray analysis, inflammation and oxidative stress 
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infectivity and inflammation, XIV:20
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Cell-mediated immunity, effects of welding on, VIII:7
Cellular immune response, oxidative stress and inflammation 

in welders and, XIV:88
Cellulose filter, chromium analysis, X:20
Central nervous system. See Nervous system
Central serous chorioretinopathy (CSCR), epidemiology, 

XII:54–56
Ceruloplasmin

current research, X:5, 16, 61
levels analysis, VIII:6
respiratory tract exposure studies, VIII:25–26

Chelation therapy
lead exposure, X:60–61, XIII:31–32, 113–114
manganese poisoning, XI:52
mercury exposure, X:59, XIII:113
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Chemical hazards, carbon dioxide lasers, X:23–25
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Chemical pneumonia, zinc oxide exposure, XIV:15
Chemical pneumonitis, cadmium exposure, X:38
Chemiluminescent monitoring

lipid peridoxation assays, IX:57
ozone generation, IX:24–25, X:20
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