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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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A
Abortion. See Spontaneous abortion
Absenteeism. See also Sick leave rates

acute respiratory infection and, IV:14
hygiene and work practices, XII:34–35
illness-related absences, incidences of, V:3
neck and shoulder disorders, VII:38
respiratory disease-related absences, IV:xvi, V:14–15, 

XIII:21–22, 69–70
Abstract reasoning, aluminum exposure studies, XIV:7, 16
A.C. power systems

extremely low-frequency electromagnetic (ELF) exposure, 
VIII:5

symmetrical susceptibility bridge, particle retention studies, 
VIII:27

Accidents. See also Injuries
construction welding incidents, VIII:24
contact lenses in welders, VI:37
cross-sectional surveys, XIII:20, XIV:27
electrocutions, XII:13
epidemiological studies, IX:8
explosions, XII:13
falls, VIII:9
fault tree analysis, VIII:19–20
hygiene and work practices, VII:6–7, 21, 23, X:9, 29, 

XII:13, 33–35
ignition hazard analysis, VIII:20
laser welding, X:8, 24–25
list by employee activity, VIII:22, 24
list by incident type, VIII:21
maritime welding incidents, VIII:25–26
neck and shoulder injuries, IX:11–12, 43–45
NIOSH-HETAB field investigations, VIII:20
partially chlorinated hydrocarbons, VIII:20
Pakistani welders, XIV:12
prevalence studies of, XIII:57–59
published searches, VIII:19
radiographic weld inspection, VIII:17–18
research overview, VIII:19–23
risk assessment studies, IV:11
statistical analysis of, I:41, II:xix–xx, 22
studies of fatalities, VIII:6
working conditions and, IX:28–29
by work location, VIII:23

ACGIH noise exposure guidelines, VIII:34–36
Actinic elastosis, epidemiologic studies, IV:xvii
Actinic ray photokeratitis. See Keratoconjunctivitis
Acute gastritis, welding and, I:34

Acute myelocytic leukemia, VIII:31
Acute nonlymphocytic leukemia, in children of welders, IX:37
Acute respiratory disease

animal studies, IV:25
case studies, VII:8, 29–30
Finnish welders, I:7–8
fume exposure, I:5–7, IV:13–14, VII:8, 29–30
nitrogen oxide exposure, I:5–7
ozone exposure, I:5–6
phosgene exposure, I:5
prevalence of, I:7
in shipyard welders, V:3
siderosis and pneumoconiosis, I:7–11
welding fumes and, III:6, IV:11, 13–14

Acute toxicity studies
aluminum exposure, I:xv
animal studies, I:83–85, 90–91

in guinea pigs, I:92–93
in rabbits, I:90–91
in rats, I:83–85
toxicity variations, VI:45–46

cadmium exposure, I:5, 7
fume exposure studies, II:9–13
gas shielded arc welding, I:xv
gas welding, I:xv
pneumoconiosis, causative agents, II:9–10
pulmonary function tests, II:11–12
pulmonary inflammation, II:10–11
radiation effects, II:12–13

Acute tubular necrosis in welders, chromium exposure, IX:46, 
X:54–55

Adaptometry, eye and vision injuries, VII:36
Adrenal gland, in welders

epidemiological studies, I:36, XIV:38
neuroblastoma, incidence of, V:33

Adrenalin levels in welders, fume exposure studies, VI:9, 
VI:39–40

Aerosol exposure. See also Particle analysis
analytic studies, VIII:13–14, X:22
animal studies

cadmium exposure, II:26
pneumoconiosis, V:37–39
toxicologic effects, III:16–18

Baum-Mulholland particle coagulation theory, VI:16
cardiovascular effects of, V:3
composition analysis, VI:15–16
elimination pathways for, III:6–7
fume exposure studies, IV:xv, XIII:14

Effects of Welding on Health, Index—I through XIV
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fume generation rates, V:7, IX:20, 22
generation of, III:1–2
hard metal coatings, X:39–40
hemolysis and, II:14
laser welding hazards, X:24–25
morphology, V:7
photometric measurement, VI:5, 16
pulmonary function testing, III:8–10
radiation exposure studies, IX:26–27
respiratory tract studies, IV:xvi

toxicity studies, II:8–9
thoriated electrodes, XIV:24
workplace analysis, XIII:18, 49–51, XIV:12, 25

Age-related studies
cancer in welders, XIV:5
chromium compound exposure studies, V:8
chronic respiratory disease, I:17–19
eye injuries and vision damage, VI:8
hemochromatosis, XI:5
pulmonary function testing, IV:14–15, VI:7
respiratory disease in welders, V:11
shipyard welders, abnormal chest x-rays, I:8
visual acuity and, I:27
in welders, XI:54

Airborne contaminants, workplace exposure limits, IX:22–23
Air carbon arc welding

lead exposure during, X:8
noise production, I:77–78

Air cleaning equipment, hygiene and work practices, IX:27
Aircraft industry welders, lung cancer in, X:11
Air duct ventilation systems, workplace analysis, XIII:52–59
Air flow analysis

deficits, current research, X:3
ventilation systems, XIII:55–59

Air-line devices, impact of, on cardiovascular system, VI:38
Air monitoring

aluminum exposure, XIV:89
bypass leakage problems, X:7–8
fume composition studies, X:22
ventilation systems, manganese exposure, XIV:26

Air temperature, ventilation systems and, workplace analysis, 
XIII:52–59

Airways responsiveness data, occupational asthma, XI:30–35
AKI sampling technique, ozone exposure studies, V:10
ALARA (As Low As Reasonable Achievable) exposure policy, 

VIII:18
Albumin, liver function in welders and, I:35–36
Aldehydes, incidental exposure studies, IX:26
Algerian welders, pulmonary function testing, XIV:81
Aliphatic hydrocarbons, nervous system effects, VIII:7
Alkaline content of fumes

electrode composition, V:6
eye and vision effects of, III:xiv

Alkaline digestion medium, chromium emission studies, VI:21
Alkaline filter elution test, chromium exposure, IX:50–51
Alkaline phosphatase activity, pulmonary function testing, 

XIV:29
Allergic reactions

animal studies, VII:12, 45

asthma incidence, XIV:30
automotive assembly operations, XIV:4
case reports, IX:9
contact sensitivity

dermatitis, epidemiologic studies, VII:9, 37
fume component studies, VI:37–38, VII:9, 37–38

dermatoses, IV:20
epidemiologic studies, III:14, IV:xviii, VII:9, 37–38
fume components, IV:23–24
fume exposure studies, II:15–16, III:6, XI:35, XIV:3
incidental exposure studies, IX:14, 54
metal fume fever with, VII:35
metallic compound exposure studies, II:xxi
welding fumes and, III:6, XI:35

Alternating current welding, thoriated electrodes, exposure 
studies, XIV:11, 24

Aluminum exposure
acute poisoning, gas shielded arc welding, I:xv
alveolar macrophage incidence, VI:32
analytic techniques, XII:11, 23
animal studies

fume inhalation in rats, I:86–88
toxicology studies, IV:27

anti-oxidant systems, VIII:6
asthma in welders and, XII:42, XIV:30–31
biological monitoring, VII:10–11, 40, VIII:40, IX:13, 

52–53, XII:20, 69, XIV:89
fume exposure studies, VI:10, 43, VIII:12
fume generation rates during GMAW, IX:20–21
welding-related diseases, V:3, 21–23

blood studies of welders, I:42–43
central nervous system function and, X:14, 52–53
cognitive function studies, XII:17
fibrosis and, IV:13
fume generation studies, II:1
gas exposure studies, VI:6
gas metal arc welding (GMAW), VII:15
gas tungsten arc welding, thoriated electrodes, XIV:11
metal fume fever, studies of, V:3, 20
nervous system effects, IX:11, 42–43, XI:12, 46, XII:56, 

XIII:26–27, 96–98, XIV:1, 7, 16, 42–43, 85
Norwegian workers, XIV:3
ozone generation, I:3–4, 73–74, IV:xv, IX:24–25

gas metal arc welding, VI:15
particle studies, V:7
plasma arc welding, IX:32
pneumoconiosis studies, II:xx, IV:11, XIII:68–69
pulmonary function testing, VI:28–32, X:9–10
radiation exposure studies, VI:25

line spectra, I:76
respiratory tract fume exposure studies, V:19
sarcoid-like granulomatous aluminum disease, XIV:14
thoriated electrodes, exposure studies, XIV:24
workplace analysis, XIII:17–18

Aluminum-magnesium alloys, ozone production, I:3, 73–74
Alveolar bronchiolization, animal studies of welding effects, 

V:4
Alveolar macrophages. See also Bronchoalveolar lavage fluid 

(BALF)
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animal studies, VI:45–46, VII:41–42
gene expression, X:73–74
pneumoconiosis, V:38–39
in vitro animal studies, X:71

as defense mechanism, II:29
epidemiologic studies, VIII:6, 25, X:5
fibrogenic potential studies, I:xxii
fume and gas exposure studies, VI:27, 32
iron exposure, animal studies of, II:27
lung disease and, X:1, 3
mammalian cell studies, VIII:42–43
metal fume fever, VII:34–35, X:1, 48–49, 70
protein synthesis induction and, X:5
research on, VII:7, 24–25
respiratory tract infection and, XIII:5–6
ultrafine particle analysis, XIII:72–74
in vitro studies, V:4, VII:12–13, IX:14, 55–56

animal studies, X:73–74
cytotoxicity, VII:47
toxicity assays, V:42

Alveolar proteinosis, animal studies, VII:11–12, 44–45
Alveolitis

asthma incidence, XIV:30
welding fumes and, XIV:3

Alzheimer’s disease
ELF-EMF exposure and, XIV:16
epidemiologic studies, XIV:41–49

Amberlite La-2 ion-exchange resin, atomic absorption analysis, 
VIII:13–14

Ambient air measurements
degreasing agents, VI:26–27
fume exposure studies, VI:15

American National Standards Institute (ANSI)
ANSI/ASC Z49.1-88, VIII:5, X:13, 50
ANSI/AWS F2.2-89, VIII:5
ANSI/AWS F3.1-89, VIII:5
ANSI C95.4 exposure guideline, VIII:17
welding standards, VIII:22

American Thoracic Society
occupational asthma studies, XIV:3
respiratory disease studies, V:16

American Welding Society (AWS) laboratory test methods
animal studies, inflammation and fibrosis, VII:11
AWS F1.2-79, Ames test, I:55
AWS F.12-1979, III:1, X:8, 22
fume condensates, I:xxii
fume exposure studies, VI:46–47
mild steel fume mutagenicity, VI:11, 14
mutagenicity studies, I:xxii, V:40–41
in vitro studies, V:4, VII:12, 46

δ-Amino levulinic acid (ALAU)
biological monitoring with, X:7, 21
lead exposure studies, VI:10, 43–44
urine levels of, II:16

δ-Amino levulinic acid dehydratase (ALA-D), fume exposure 
studies, II:xxi, 16

urine levels, II:16
Amyotrophic lateral sclerosis (ALS), XI:12

ELF-EMF exposure and, XIV:16, 42–49

epidemiologic studies, XI:45–46
in welders, IX:11, 43

Anemia, in welders, I:xix, 31. See also Hematocrit levels in 
welders

Animal studies. See also specific animals
acute respiratory disease, IV:25
aerosol exposure

cadmium exposure, II:26
pneumoconiosis, V:37–39
toxicologic effects, III:16–18

allergic reactions, VII:12, 45
aluminum exposure

fume inhalation in rats, I:86–88
toxicology studies, IV:27

alveolar bronchiolization, V:4
alveolar macrophages, VI:45–46, VII:41–42

pneumoconiosis, V:38–39
alveolar proteinosis, VII:11–12, 44–45
Ames test, inflammation and fibrosis, VII:11
anti-oxidants, X:18
arc welding radiation exposure, I:49, 105–106
arsenic toxicity, VII:11–12, 44–45
austenitic electrode toxicity, VII:44–45
barium exposure, VII:45–46
beryllium exposure, II:25–26
biochemical studies, VII:12, 45, IX:56–57

cadmium exposure, II:26–27
cobalt exposure, II:27
manganese exposure, II:28–29
nickel exposure, II:29
techniques, IX:56–57
toxicology research, II:23–30

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

body weight/lung weight ratio, toxicology studies, IV:25–26
bronchitis, fume inhalation studies, I:85–86
cadmium exposure, II:25–27
calmodulin exposure, VII:45
carbon monoxide exposure, VI:10–11, 45–46
carcinogenicity studies, I:48, 101–102, V:37

metals, II:29–30
welding compounds, VI:32–34

chromium exposure
allergic reactions, VII:12
biomarkers, IX:51
carcinogenicity studies, V:4, 37
fume exposure studies, VI:11, 45–46
fume inhalation in rats, I:83–85
pulmonary retention and clearance, V:40, VII:42–44
toxicology studies, IV:25–27, VII:44–45
whole-body effects, V:39–40

cobalt exposure, II:27
combined fume exposure measurements, VI:14
corneal injuries, XIV:40
distribution and excretion of inhaled fumes, I:97–101
electrode composition
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fume inhalation studies
guinea pigs, I:92–93
rabbits, I:91
rats, I:83–85

inflammation and fibrosis, VII:11, 41–42
rutile electrodes

inhalation studies, I:46, 85–86
pneumoconiosis, V:37–39
toxicology studies, IV:xviii–xix

electromagnetic fields (EMFs), X:17, 69
emphysema, V:4, VI:10–11, 45–46
experimental techniques and design, II:24–25
fecal analysis

toxicology of nickel compounds, IV:27–28
whole-body effects of welding, V:39–40

fertility disorders, IX:4, 14, 54–55, X:17, 69–70
fibrosis, XIII:33, 116–117, XIV:4, 20–21, 63–66

fibrogenicity and, VI:46, VII:11, 41–42, IX:55
fluoride compounds, distribution and excretion, I:97–98
flux-cored arc welding (FCAW)

pneumoconiosis, V:37–39
toxicology research, II:25

fume exposure studies, II:23–30, VI:10–11, 45–46, 
IX:14–15, 56, XI:14, XIV:32

inhalation studies, I:45–54
techniques for, II:23–24

fume generation rates, III:xv, 16–18
threshold limit values (TLVs), VI:10–11

fume inhalation studies, I:45–54, 83–95, III:17–18, 
IV:27–28

gas exposure studies, VI:45–46
toxicology studies, IV:xviii, 27

gas metal arc welding (GMAW), V:4
fume exposure studies, VI:11
inflammation and fibrosis, VII:11, 41–42
pulmonary retention and clearance, VII:11, 42–44
toxicity effects, III:17–18, VII:44–45
whole-body effects, V:40

gas tungsten arc welding (GTAW), VI:11, 46–47
gene expression, X:18
genotoxic compounds, VI:46–47
hexavalent chromium, V:4
implantation techniques, V:4
infectivity, XIV:20, 60–63
inflammatory response studies, VII:11, 41–42, XIV:20, 60-

63
influenza and tuberculosis, I:49, 103–104
inhalation studies, XIII:116–120
intraperitoneal effects, I:102
intratracheal administration (instillation) techniques, 

I:94–97, VI:45–46, VII:7
biochemical effects, VII:45
fume carcinogenicity, V:37
fume exposure studies, VI:11
inflammation and fibrosis, VII:42
pneumoconiosis, V:38–39
toxicity studies, III:17–18, IV:27–28

iron exposure, II:27–28, III:xv
fume inhalation studies

in rabbits, I:91
in rats, I:85

pulmonary retention and clearance, V:40
kidney function, toxicology studies, IV:28
LD50 values, VII:11–12
leukocyte migration, IV:25
limitations of, II:23–24, III:17
lithium toxicity, IV:28
liver studies, I:88–89
lungs, in fume inhalation studies, XIII:32

in rabbits, I:90–91
in rats, I:83–86

lung weight/body weight ratio, fume exposure studies, 
VI:10–11

pneumoconiosis, V:38–39
magnesium exposure, I:86–88
manganese exposure, II:28–29, VI:45–46, XIV:66

distribution and excretion studies, I:98–100
fume exposure studies, VI:10–11, 45–46
pulmonary retention and clearance, VII:11, 43
toxicity effects, VII:44–45
whole-body effects of, V:40

metal compound analysis, II:25–30
immune response, II:29
serum lipoprotein changes, II:xviii
toxicology studies, III:xv, 16–18

metal fume fever, I:48–49, 103, X:18, XII:20–21, 71–72, 
XIII:33, XIII:118–120

methemoglobin studies
guinea pig studies, I:92–93
rabbits, I:91
rats, I:84–85

mild steel (MS) welding
inflammation and fibrosis, VII:11
pneumoconiosis, V:37–39

monoamine oxidase (MAO) analysis, II:28
neutron activation analysis, mixed studies, I:101
nickel exposure

allergic reactions, VII:12
biochemical effects, IV:24
carcinogenicity studies, II:29–30
fume exposure studies, II:28–29, VI:11, 45–46
pulmonary retention and clearance, VII:42–44
in rats, I:83–88
toxicity effects, IV:xviii, 27–28, VII:11–12, 44–45
whole-body effects of, V:40

nitrogen oxide exposure, VI:10–11, 45–46
ozone exposure, VI:10–11, 45–46
particle analysis, I:45–54, 83–94, V:4, VI:46, VII:42–44

gas metal arc welding (GMAW), VII:42–44
particle size distribution, III:xv

pneumoconiosis, V:37–39
pneumonia

fume inhalation studies, I:84–85, 87–88, 92, 94, V:4
stainless steel, SMAW, XIV:1

pneumonitis, V:4, VII:41
pulmonary edema

cadmium exposure, II:26
fume inhalation studies, VII:41, 45–46
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guinea pig studies, I:93–94
pneumoconiosis, V:38–39
in rats, I:45–46, 84–85

pulmonary fibrosis, XIII:33, 116–117
pulmonary retention and clearance studies, IV:25–27, V:40, 

VII:11, 42–44
radiation effects, I:49, III:18
reproductive function

cadmium compound exposure, II:27
fume inhalation studies, in rats, I:89, II:25

research techniques, II:23–24, VII:11–12
toxicology studies, III:17–18, IV:28

respiratory system, V:4, VI:45–46
cadmium exposure, II:27
inflammation and fibrosis, VII:11
iron exposure, II:27–28
leukocyte migration, IV:xviii
nickel exposure, II:28

sampling techniques, toxicicity studies, IV:28
serum enzyme testing

intratracheal fume administration, I:95–97
manganese levels, II:28
toxicology studies, IV:26–27

shielded metal arc welding (SMAW), II:25
allergic sensitivity, VII:45
fume exposure studies, VI:11, 46–47
inflammation and fibrosis, VII:11, 41–42
pneumoconiosis, V:4, 38–39
pneumonia, XIV:1
pulmonary retention and clearance, VII:11, 42–44
toxicology studies, IV:25–27
whole-body effects, V:40

siderosis, I:46, 92
silica compound exposure, I:99–100
silicon toxicity, IV:27
skin injury studies, II:25
stainless steel (SS) welding, VI:11

fume inhalation studies in rats, I:86
inflammation and fibrosis, VII:11
pneumonia and, XIV:1
pulmonary retention and clearance studies, V:4, 40, 

VII:43–44
toxicology studies, IV:xviii

subcutaneous effects, I:102–103
toxicity effects, II:xxii, 23, IV:xviii–xix, 25–28, VII:11–12, 

44–45
acute toxicity, I:83–85, 90–93
DNA analysis, IV:27–28
elimination pathways, III:16–18, 23–30
exposure pathways, II:23–24
toxicity variations, VI:45–46

transmission electron microscopy (TEM), VII:43–44
tuberculosis and welding fumes, I:104
ultraviolet (UV) radiation effects, I:105–106
urine analysis in

fume exposure studies, VI:11
inflammation and fibrosis, VII:11
pneumoconiosis, V:38–39
whole-body effects, V:39–40

in vitro studies, IV:xix, IX:55–56, X:18, 71
weight change

in rabbits, I:91
in rats, I:84–85, 95–97

whole-body effects, IV:27–28, V:39–40
x-ray microanalysis, VII:43–44
zinc compound exposure, V:39–40, VI:45

Anion exchange high-pressure liquid chromatography, 
chromium emission studies, VI:21

Anosmia, chromium exposure and, XIII:31, 111–112
Anoxia, carbon monoxide exposure and, IV:11
Anthropometry, respiratory tract studies, V:18
Antioxidants

animal studies, X:18, 70–71
epidemiologic studies, VIII:6, X:5, 16, 61
inflammation and oxidative stress and, XIV:6, 49–52, 88
lung disease and, X:1
pulmonary function testing, XIV:13, 28–29
respiratory tract exposure studies, VIII:25–26

Antiproteinases, alveolar macrophages, VII:25
Apolipoprotein D (apo-D), kidney disease in welders and, 

X:54–55
Apprentice welders

asthma and metal fume fever in, XIV:13, 31
pulmonary function and asthma in, XIV:3

Arc eye. See Photokeratitis
Arc intensity, ultraviolet radiation exposure, VIII:15
Arc temperature, electrode composition, V:6
“Arc welder’s flash,” contact lenses and, III:13
Arc welder’s lung. See Siderosis
Arc welding

endocrine gland tumors and, XIV:38
fume generation rates and, III:2
particle generation by, XIII:72–74
radiation

animal studies, I:49, 105–106
electric current, I:77
obstruction, I:77
process differences, I:77
reflection, I:77
spectral variation, I:76

Argentina, lung cancer in welders, XII:49–53
Argon

electrode composition, VIII:12
as fume component, IX:19–20
fume generation studies, shielded welding, V:6, 26, 

X:19–20, XIII:36–37
nitrogen oxide production and, I:74
ozone generation, IV:6–7, IX:25

exposure studies, V:9–10, XI:17
shielded welding, I:6, 73–74

particle size distribution of welding fumes, I:71
pulmonary function and respiratory disease, IX:31

Aromatic amines, bladder cancer and, XIV:5
Arsenic

animal studies
toxicity effects, VII:44–45
trioxide toxicity, VII:11–12

carcinogenicity studies, VII:33–34
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urine analysis studies, II:xiv
Arterial blood gas analysis, metal fume fever, XIV:38–39
Asbestos. See also Mesothelioma

cancer incidence and, VII:8–9, VIII:6, 30–31
carcinogenicity studies, VI:34
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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epidemiologic studies, VII:38
Beryllium

animal studies, II:25–26
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

aluminum, VI:43
barium, VI:43
cadmium, VI:44
hair analysis, heavy metal monitoring, VI:44
lead, VI:43–44
manganese, VI:43
nickel and chromium compounds, VI:41–43

health effects of welding and, V:3, 21–22
inductively-coupled plasma mass spectroscopy, XII:23
lead exposure, X:65
manganese exposure, X:65
mercury exposure, X:65–66
metals analysis, IX:13, 22, 51–53, X:7, 21–22, XII:20, 

67–70, XIII:32, 114–115, XIV:19
nickel, XIV:55
overview, VIII:7, 40–41

plutonium exposure, X:66
polycyclic aromatic hydrocarbons (PAHs), XIV:19, 55–57
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

copper levels, II:xvi
C-reactive protein levels, XIV:17–18
endocrine system effects, XIV:88
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fume exposure studies, VI:9–10
genotoxicity studies, X:17, 66–68, XIV:20, 58–59
iron exposure studies, IX:50
kidney disease in welders and, V:21
lead levels, II:xvi, 16, III:14, IV:xviii, VI:43–44, X:7–8, 

16, 60, XII:68–69, 65, XIV:19, 57
manganese exposure, II:xviii, VII:40, X:16–17, 58, 65, 

XII:18, XIV:19, 57, 85–87, 89
neurophysiological effects, XIV:43

mercury exposure, X:15, 58–59, 65–66
metal fume fever, XIV:38–39

zinc levels, V:20
metallic compounds, II:xiii–xv, xx, xxiii, IX:13, X:17, 21
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
vibration-induced white fingers (VWF) and, X:13, 55
in vitro techniques, IX:56
whole-body effects of welding, animal studies, V:39–40
workplace exposure studies, X:22–23
zinc exposure, IX:53

Blood pressure measurements, cardiovascular system of 
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
epidemiologic studies, VII:3–4, 9, VIII:6, 33, XII:5, 

XIV:37
diagnostic sensitivity bias in, V:32

fume carcinogenicity studies, II:xxi, 17–18
incidence in welders, I:28–29, V:2, 31–33, XIV:5, 14

Brain electric activity mapping (BEAM), manganese exposure 
studies, XIV:43–44

Braze welding
asthma incidence and, XIV:4
cadmium exposure, X:38
cobalt exposure, X:63–65
fume composition studies, X:7, 20
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
respiratory disease studies of, V:17–18

death rates, II:8
effects of smoking incidence of, III:10
epidemiologic studies, VIII:6, VIII:27–29, X:10, 32–35, 

XII:42
ferrous materials, I:xv–xvi
fume exposure studies, III:6–7, VI:27

research techniques, VII:3, 7–8, 26–29
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
ferritin measurements, XIII:21, 67–68
fume exposure and lung disease, XI:57–59
inflammation in welders and, XIV:6, 49–52
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metal fume fever studies, VII:35, IX:10, 39, XII:6, 17, 
53–54

animal studies, XIII:118–120
pneumoconiosis and, XIV:34
pneumonia infection and, XIV:7
pulmonary inflammation, XII:72–75
siderosis in welders and, IX:32
ultrafine particle analysis, XIII:72–74

Bronchopneumonia, epidemiologic studies, XIV:14, 34–35
Bronchospasm, in metal fume fever studies, II:15–16
BSFR-2101 protable fan unit, ventilation systems analysis, 

XIII:53–59
Bubbling levels in flux, fume emission studies, VI:5, 20
Buccal cancer, epidemiologic studies, VIII:32
Bulgarian welders, reproductive disorders among, X:15, 58
Burn injuries

accident surveys, XIII:20
circumferential burn, II:13
comparison of welders and constuction workers, XI:23–24
ear injuries, I:39, III:12, VII:35, IX:10, X:49–50
epidemiologic studies, IV:xiv, V:13, X:13, XI:3, 12, 45, 

XIV:54–55
eye injuries, XIII:93–95, XIV:39
flash burns, IV:19–20
hot metal on skin, II:13
hygiene and work practices, XII:13, 36
incidence of, in welders, III:1, IV:11
photosensitivity in welders and, XIII:13
radio frequency radiation, VIII:17
ray burn, II:xxi–xxii, 13
retinal damage from radiation, IV:19
skin, I:39–40, III:xiv, IV:xvii, 16, 20, X:50, XIII:26, 93–95

radiation-induced, II:xix
statistical analysis of, II:xix
ultraviolet radiation exposure, VI:24–25, 37

Bystander effect, lung function tests and, IV:15

C
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
epidemiologic studies, II:19, IX:13, XI:13, 52
fertility and, XI:51
fume exposure studies

biological monitoring techniques, VI:10, 44
preheated fluxes, VI:20
similarity of toxicity to metal fume fever, VI:8, 34–35

fume generation studies, III:3
genotoxicity studies and, X:17
hair analysis, II:xvi, xviii, VI:44
human fatalities, IV:xviii

kidney disease and, I:31, V:3, 21, VI:9, 38–39, VII:4, 10, 
38–39, X:14, 54

kidney function, IX:12, 46–48, XIV:18, 52–53
local exhaust ventilation systems and exposure to, XIII:19
lung cancer epidemiology, XII:48–50
metal fume fever, II:15–16, VIII:6, 34, IX:50
metallothionein levels, X:5
neutron activation analysis of, V:3
nervous system effects, XIV:85–86
pneumonitis incidence and, XII:15
in production coatings, exposure studies, VI:26
protective coatings, IV:7
pulmonary function tests, III:11, IX:50
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

Calcium
aerosol analysis, VIII:13
electrode composition, V:6

Calcite electrode coatings, XIV:11, 24
Calmodulin, animal studies of, VII:45
Canadian welders

asthma in, XII:41–42, XIV:13, 31
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
pulmonary function testing, X:31, XI:3, 9
welding safety regulations, VIII:22

Cancer. See also Carcinogenicity, specific types of cancer
carcinogenicity of compounds, I:xxi–xxii, VI:13
case-control studies, VIII:30
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
ELF exposure studies, VIII:16
epidemiologic studies, III:xv, VI:7–8, 32–34, VII:3–4, 8–9, 

13, 30–34, VIII:6, 29–34, IX:3–4, 9–10, 33–39, 
X:11–12, 40–48, XI:4, 10–11, 36–41, XII:5, 15–17, 
45–53, XIII:6–9, 22–24, 75–87, XIV:5, 14, 35–38

summary, XIV:83
extraneous exposures, X:45–46

study design, I:xviii
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
metal carcinogens, VII:33–34, VIII:33–34
mortality studies, I:22, XIII:7–9
non-stationarity conditions, VIII:30
PACs combined with welding emissions, incidence of, 

VI:14
pulmonary fibrosis studies, IV:13
reproductive disorders in welder parents, VIII:32–33
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risk multipliers, VIII:30
screening techniques for, VII:9, 34
thoriated electrodes and, X:12, 44–45
ultraviolet (UV) radiation and, IX:38–39
unresolved hazard studies, VIII:9
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

accidents and injuries, X:24–25
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
of shielding gas, V:6

gas metal arc welding (GMAW), IX:7
ventilation systems, XIV:12, 25–26

hyperbaric pressure studies, VI:40
laser welding with, VIII:1–16, IX:8
nickel compounds, VII:16
noise exposure studies, VIII:34–36
oxidative stress and inflammation and, XIV:50–52
particle size distribution of welding fumes, I:71
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
fume exposure studies, II:3, IV:xv, 1, VI:6, 23–24, VIII:5, 

14, XIII:34–37
animal studies, VI:10–11, 45–46
nickel compounds, VII:16

fume generation studies, IV:7
hemoglobin effects, I:xvi, VIII:5
hyperbaric pressure studies, VI:40
lung diffusion capacity studies, VI:28–32
lung function testing, X:30–32
lung transfer factor studies, X:3
production of, during welding, I:74–75
in protective coatings, IV:7
pulmonary function and, IV:11
teeth and oral cavity effected by, IV:23

transport tests, in welders, V:2–3, 13, 19
welding arc production of, I:4
workplace exposure limits, IX:23

Carbon steel welding
core wires, electrodes with, III:2
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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Cataracts
case studies, I:27
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

Cats, fume inhalation studies, I:47, 94–95
cDNA microarray analysis, inflammation and oxidative stress 

in welders, XIV:50–52
CEA tumor antigen, XI:54
Cell cultures

infectivity and inflammation, XIV:20
metal fume fever, XII:20–21, 71–72

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

Chemical absorbers, hyperbaric welding, VIII:11
Chemical hazards, carbon dioxide lasers, X:23–25
Chemical industry workers, as cohorts in welding morbidity 

studies, V:24
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

Chest radiography
metal fume fever, VIII:34 (See also X-rays)
pneumoconiosis epidemiology, XII:44–45, XIII:64–68

Chibro-Uvelin eyedrops, VII:36
Children of welders

brain tumor incidence in, XIII:9, 23, 85
cancer epidemiology, XII:53
cancer risk in, IX:10, 37–38, X:1, 4, 57–58
childhood cancers, epidemiologic studies, VIII:32–33
newborn health effects, XII:19, 65–66

Chinese hamster ovary (CHO) cells
cytogenetic assays, V:41–42
mammalian cell studies, VIII:41–43
in vitro studies of, V:4

Chinese welders
genotoxicity studies, XIII:30–31, 110–111
laryngeal cancer in, IX:37
manganese exposure in, XIV:7–8, 57

neurophysiological effects, XIV:43–44

oxidative stress and inflammation in, XIV:50–52
pneumoconiosis in, XIV:82
sino-nasal cancer in welders in, X:12, 46
women welders, lung cancer epidemiology, X:4, 42–43

Chiseling, noise exposure studies, VII:21–22
Chi-squared analysis, respiratory tract studies, VIII:28–29
Chloramine-T

as allergen in welders, IX:14
incidental exposure in welders, IX:54

Chlorendic anhydride, asthma epidemiology, XIII:4–5, 21, 64
Chlorinated hydrocarbons

decomposition, gas production, I:75–76
fume exposure studies, VI:6, 26–27

welding emissions combined with, VI:14
incidental exposure studies, XIII:16, 42–43

Chlorine exposure, asthma and, XIV:30
Cholecystitis, epidemiological studies, I:35
Chorioretinal burns, ultraviolet radiation from welding and, 

I:xviii
Chromate

gastrointestinal effects of, I:xix
respiratory tract cancer and, I:xxi–xxii

Chromium exposure. See also Hexavalent chromium, Trivalent 
chromium

aerosol measurements, IX:22, XI:16–17
allergic reactions, VII:9, 37–38

animal studies, VII:12
contact sensitivity, VI:37–38

alveolar macrophage studies, VIII:6, 25
analytic techniques, V:1, X:7, 20–21, XII:11, 23–24
animal studies

allergic reactions, VII:12
carcinogenicity studies, V:4, 37
fertility, X:69–70
fume exposure studies, VI:11, 45–46, IX:54–55
fume inhalation in rats, I:83–85
infectivity and inflammation, XIV:20
pulmonary retention and clearance, V:40, VII:42–44
toxicology studies, IV:25–27, VII:44–45
whole-body effects, V:39–40

asthma and, III:8, XIV:4
biochemical effects, III:15, IV:24–25
biological monitoring, IX:13, 51–52, X:16, 21, 63, XI:14, 

XII:20, 67–68, XIII:32, 114–115, XIV:19, 55, 89
analytical methods, VII:4, 7, 10–11, 40–42
welding-related diseases, V:3, 21–23

biomarkers, IX:22, 50–51
blood level studies, II:xv–xvi, xx
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