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I. INTRODUCTION

The Planning Mzeting on Monitoring and Epidemiological Studies for
Toxie Chemical Control (Copenhagen, 5-8 May 1982) proposed the Occupa-
tional Exposure of Welders to Chromium as one of a number of studies

to be initiated to ezamine health risks posed by occupatiomal and
community exposures to chemicals, chromium being ome of the substances
selected by the Consultation in Baden. The planning meeting recommended
i{nter alia, the development of a Model Protocol for Epildemioclogical
Studies of Health Effects, and the development of a programme Lo pro—
vide central initiation and coordination of health studies in a number
of European nations, with emphasis on exposure monitoring and epidemi-
ology. Such a protocol was discussed in detail at a Planning Meeting
On Health Effects of Occupational Exposure of Welders To Chromium
(Copenhagen 4—-6 May 1982), at which the present state of knowledge of
welding fumes and the possible health effects due to the mixed exposure
to metals, their oxides, and other active substances (e.g. ozone, NO,
¥, Mn, Be, Cr, Ni, ete.) found in welding fumes was discussed. It is
agreed that welders, because of the uniformity of the occupatiocn world-
wide, represented a large heterogeneous homogenous population suitable
for multinational studies. Exposure—dependent pulmomary effects such
as siderosis and other RPEumocnniosies, raspiratory function changes
and chronic respiratory disease could also be expected. Psychological
and neurological changes, hepatotoxic and nephrotoxic effects, arthrosis,
gastrointestinal problems, dermatitis and white fingers, are suitable
health effacts for additional follow-up studlies.

Since increased lung cancer risks have been found in several studies of
general welding populations, it is suggested that, on the basis of posi-
tive in vitro and in vive studies of the genotoxicity of welding fumes
and acute inhalation studies, fumes from the welding of stainless steel
might be carcinogenic and affect lung function as well. These fumes

are characterized by the presence of high concentration of Cr and Ni in
different oxidation states and solubility fractions; several compounds

. of these two metals are, under certain circumstances, carcinegenie in




man. Thus there ig a4 selected group of stainless steel welders (l10-153Z%
of all welders) who are additiomally exposed to high concentrations of
variocus solubility fractions of crT and therefore at poesibly added

risk for respiratory tract cancer and chronic respiratory disease.

Pata on lung cancer risk in chromlum—associated occupatioms, other
than chromate production, and Ni-associated occupatious, other than Ni
refining, are insufficient for the evalvation of the relative contri-
bution to carcinogende risk, especially in such a group of stainless
steel welders with nixed exposures. It is therefore proposed to test
the hypothesis that Cr is the primary causitive agent in welders”

lung cancer by comparing the occurrence of delayed pulmonary effects
angd mortallity 1o stainless steel welders with that Iin mild steel
welders. The importance of this project is underlined by the possi-
bility that future industrial exposure to high levels of crt of mixed
solubility, is likely to be restricted to stainless steel welders:
other industries such ag primary chromare and chrome pigment producers
(at least in the industrialized part of the world) are currently making
concerned efforts to eliminate the exposure problem, while there is

at present no simple technologically practical solution available to

the welding induatry.

Based on technical and medical discussions, a Revised Outline Model
Protocol has been developed, and {1z intended for use as a guideline for
optimal studles of the health affects of mixed exposures encountered

by welders to be carried out in a number of countries umnder the central
coordinarion of WHO/EURQ. This protocol contains elements which are
egsential for higtorical prospective mortality and cancer incildence
studies of welders, and suggestions for a number of extended and/or
pllot studies, to be carried out where in.arest and facilitles exdst:
these include biological monitering, magnetopneumography, immunological

gurvelllance and a search for mental health effects.

Detalled discuzsions are centered around techniques for epidemiology

and exposure monitoring. The need for obtaining adequately large




cohorts of stainless steel welders with at least 25 or more years of
follow—up from first exposure must be stressed. Identificarion of a
cohort consisting of all employees as of 1960, and including as many

as possible of those employed before 1960 is ideal, provided that
company records were adequate. Such cohorts would permit a separate
analysis of the effect of exposure (based on some simple definition

of degree) and of latency based on five year intervals from first exposure,
and on the excluszion of an assumed lateney time in the caleulation of
expected incidence. In order to attempt a characterization of (ralative)
lifetime exposure to fumes and/or their constituents, standardized
exposure monitoring which resulted in individwal, job, and workplace

characterization is necessary.

There is a persistant need for central coordinatien of any planned
projects. At present there are several European and one American
round-robin studies of laboratory analysis of chromium in welding fumes,
using not necessarily compatible variations of the same analytical
techniques. Furthermore the need for exposure monitoring and workplace
and lifetime exposure characterization (e.g. low, medium, high within
agreed limits and definitions) must be stressed. Conflieting observa-
tiens in cancer epidemiology, e.g. latency dependence with a lack of
exposure dependence for welders, and exposure dependence in the chro-

mate industry, may be due to poor exposure characterization.

It is expected that by careful use of mild steel welding - and non-
welding cohorts as internal and external reference groups, the effects
of welding, and especially the effects of welders” exposure to chromium
can be established, provided that several countries participated in

the study programme: minimum cohort size being of the order of 300
stainless steel welders occupled at least since 1960, with as many

welders as possible from 1950, included inm the study groups.

A major result of the proposed WHO/EURQ programme is the possibility

of localizing high risk to few if any welding processes permitting

affeetive use of resources in reducing any risk so discovered. The




welding industry occupies 2% of the work force, and comprises perhaps
2,000.000 welders in Europe (including USSR), of which an estimared
200,000 are exposed to chromium, and that number is large enough to
support the importance of the study and the practical result would

serve the Interest of a large population.




CONCLUSIONS AND RECOMMENDATIONS OF THE 1982 PLANNING MEETING ON HEALTH
EFFECTS OF OCCUPATIONAL EXPQOSURE OF WELDERS TO CHROMIUM

Conclusions:

1.

2.

The cenclusion and recommendation of the Planning Meeting on Moni-
toring and Epidemiology, Copenhangen, 5-8 May 1981 should be applied
to special problems in studyilng health effects of occupational

exposure of welders, especially to chromium.

The expoaure of stainless steel welders to chromium in several oxid-
ation statez and solubility fractions at concentrationg, which are

high in relation to other welding processes, offers a good opportu-
nity to assess the health effects of inhaled chromivm in the welder

population.

A number of priority problems in occupational exposure to welding
fumes were identified and discussed and an outline proposal for moni-
toring and epidemiclogical studies was submitted for consideration

by WHO.

The project aims to test the hypothesis that cr¥ is the primary
causative agent for the higher incidence of lung cancer among welders
by imitiation of historical prospective epidemiological mortality
and cancer incidence srudies. Because of expected limitations in
estimating previous exposure, 1t is suggested to extend the project
to include follow-up studies on the currently and recently employed

welding population.

International coordination of studies of the potentially toxic effects
of Crt in welding fumes must be Iinitiated. In order to aveid pro-
blems such as ethnological origing and Intercountry variatioms in
workplace organization, it is necessary to have much larger cohorts

of workers under surveillance than can be found in one country.




Detailed proposals are presented for internationally coordinated
pilot monitoring and epidemiological studies. The proposal illu-
gtrates the type of protocol required for the design of pilot studies.
The problems described rapresent the lmmediate priority for interna—
tiomally coordinated studies, but can easlly be extended on national

level to take advantage of local interest and faciliries.

Recommendatlons:

A,

The Link Between Monitoring and Epidemioclogy

1.

B.

A need exists for substantial improvement in the compatability of
monitoring data and data produced or used by health information
gystems and epidemiological studies. The welders” environment is
frequently monitered for controlling workplace pollution without
registration of health status: it is therefore often difficult to
estimate the previous exposure of welders if and when health problems
appear. Regular contact 18 needed between groups performing the

analytical control and the medlcal supervision.

Exposure Assessment

Methods of monitering and evaluating exposure, which differ in various
coumtries, should be brought into conformity. For epidemiological
purposes it is necessary to use a reference method emabling results

from different plants and countries to be compared directly.

Methods for monitoring present exposure can provide data for use in
the retrospective studies: for theoretical and practical reasons
certain modifications should be made, e.g. conformity of reoutine
determinatlon of the ration between total dust and respirable frac-

tion in shop backgrounds.
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Account must be taken of the substantial differences observed
hetwsen laboratories in evaluating airborne concentrations of fumes
and especially concentrations of various solubility fractioems of
crt. A ascheme should be developed for harmonizing the analytical
methods and providing a basis for both retrespective and prospec—
tive epidemiology. The details of implementing the scheme should
be the responsibility of a technical committee. The scheme should
include research to solve the technical problems raised during

this meeting.

Data on national and intermationmal differences in the leng—term
variations of exposure to welding fumes are lacking. A protocol
for estimation of life-time exposure for epidemiological studies
should be developed, and the analysis of the differences between
some {or all) of the work places selected for studies should be
carried out. This would enable long-term sampling strategies to

be assezsed in terms of gampling frequency and cost.

Biological monitoring of chromium exposure by analyzing the chromium
content in urine must be further developed. Laboratories must be
stimulated to determine the most convenient sampling strategy (dura-

tion and frequency).

Development of Epidemiological Methodology

1.

The effects of long—term exposure to complex occupational environ-
ments, such as welding fumes, appear to be subtle: it is therefore
necessary to specifically develop sensitive rools to determine

relavant health parameters.
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Sampling, Analysis and Quality Assurance

1.

3.

Monitoring and epidemiological procedures for sampling, analysis,
data handling and presentation should be standardized, especially

with respect to the hexzavalent chromium analysis.

The quality assurance procedures resulting from the pilet projects
should be used, as necessary, as a basis for their more extensive

development.

To implement the same protocol in several plants the main Investi-
gators of omgoing and joining researches in different countries
have to meet as a technical committee to discuss the details of

analytical and epidemiological methodolagies.

Based on the above recommendations the following Model Qutline Protocol

and detailed study protocols are submitted for consideration by the 1982

Berlin Planning Meeting.
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IT. OQUILINE PROTOCOL
HEALTH EFFECTS OF OCCUPATIONAL EXPOSURE OF WELDERS TO CHROMITM

1. Purpose

Inereased lung cancer risks have bheen found In several studies of

welders. Other respirateory diseases also appear to ocecur more frequently
in welders than would be expected. Experimental studies suggest that
fumes from stainless steel welding may be carcinogenic and may affect

lung function. The purpose of this suggested stwdy is to test the hypo-
thesis rhar hexavalent chromium (Cr6+) is the primary causative agent.
This will be accomplished by comparing the cccurrence of delayed pulmonary
effects and mortality in stainless steel welders with that in mild steel
welders and in the general population. The effects of exposure to other
metals, such as nickel, and gaseous compoments, such as NO, and ozorne,

will alzso be considered.

2 Specific Objectives

2.1 Environmental Monitoring

To develop individual liferime exposure scores for each of the two main
types of fumes: those from stainless steel and those from mild steel
welding.

2.2 Biologlecal Monitoring

To assess current chromium and nickel exposures in welders by analyzing

biclogical samples, such as blood and urine.
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2.3 Cytogenetic Monltering

To determine in pilot studies genotoxiec effects in white blood cells

from non-smoking welders exposed to different kinds of fumes.

2.4 Lung Function

To assess whether or not changes 1in lung function parameters in welders

are assoclated with particular exposures.

MONITORING AND EPIDEMIOLOGY

2.5 Chroonic obstructive lung dlsease

To determine the prevalence of chronmic ebstructive lung disease in

welders and its potential association with certain kinds of welding fumes.

2.6 Pneumoconlosis

To assess the orilgin and deposition of foreign material in the lung and

its inter-individual wvariation.

2.7 Cancer

To determine whether or not the occurrence of lung cancer In stainless
steel welders is more frequent than in other welders or in the general

population.




13

?.8 Other Health Effects
To determine the role of welding in the psychological and neurological

changes observed in welders as well as hepato and nephro-toxic effects

and causing alteration in the immune system.

3. Background

3.1 Enviropmental Monitoring

Chronic exposures to welding fumes average about 4 mg/ma, but short-term
fume levels may exceed 100 mg/m3. In addition to variations of total
dust levels in the breathing zones of welders, the composition varies
according to the type of work. Of particular concern are chromium— and

nickel-containing fumes from stainless steel welding.

During menual metal arc and metal inert gas welding, high levels of Cr6+
and nickel as well as other pollutants common to other types of welding,
such as ozone and nitrous gases, are detected in the fumes of stainless
steel welding. The fume constituents vary in differemt welding proces-
ses, and the quantity of the airborne particles differs with variations
of currents and voltages. However, the fume from each process can be

characterised within relatively well-developed limits.

3.2 Biological Monitoring

Biological samples, i.e. blood and urine, are of some value in assessing
current exposures to chromium and nickel at high levels. Welding fume

is almost entirely respirable, with medium particles dismeters ranging
from 0.2 w to 2.0 um, the metal vapour is deposited in the lower respir=-
atory tract. The more sparingly soluble particles may, however, only
slowly be cleared from the alveoli of the lungs, thus giving rise to only

small increases in metal levels of blood and urine. More easily soluble
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compounds of chromium and nickel temd to have a short half-life in the
body and will be excreted relatively rapidly. Thus, biological monitoring
results will probably vary according to the physicochemical characteris-
tics of the welding fumes.

3.3 Cytogenetic Monitoring

Welding fumes contain several genotoxic compounds, such as chromiwm,
nickel, ozone and nitrogem dioxide. Exposure to these substances may
give rise to genotoxic effects which can be momitored in white blood
cells from the exposed welder. The long-term significance of chromogome
changes in white blood cells 1is, however, unclear at this time. Smoking
causes genotoxic effects, and examination of non—smokers is, therefore,

of particular relevance.

3.4 Lung Funetion

Chronic exposure to fumes eventually results in a detectable reversible
deposition in the lungs. Several studies have shown that exposure Lo
welding fumes may cause small airway disease and contribute to the devel-
opment of chromie bronchitis and emphysema. Cross—sectional studies

show significant excess Iincidence of prneumonia as compared to that of

the general population. An unanswered question is, however: It 15 not
known whether pulmonary disease is associated with most welding proces-—
ses or only with particular kinds of fumes? Follow—up studies of respir-
atory function have demonstrated the workers” self-selection, a factor

which must also be taken into comsideration.
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MONITCORING AND EPIDEMIOLOGY
3.5 Chronic Obstructive Lung Disease

Several cases of chronic obstructive lung disease have been described
in welders. In vitro tests for fibrogenicity suggest that chromium is
possibly responsible for fibrosis, but some other facrors in additionm
to metal particles could be involved, e.g. NO,, although there is no

evidence at present for an excess risk of fibrosis in welders.

3.6 Pneumoconicsis

A large mumber of clinical studies have demonstrated the presence of
opacities in radiographic analysis inferred to be due to the accumulation

of welding fumes.

3.7 Cancer

Lung adenomas accompanied by cellular abnormalities were found in chro-
mium exposed mice, and severe abnormalities, squamous dysplasia and
atyplcal adenomatous hyperplasia were observed in the sputa of workers
exposed to chromium. A number of epidemiological studies have shown

an inecreased risk of lung cancer in welders. Shipyard welders have
been axposed to asbestos, however, and the influence of welding fumes
as such is not clear., In addition, smoking hablts of welders may have
contributed to an increased lung cancer incidence. Some tvypes of
welding fumes contain chromium and nickel, boeth known as human carcino-
gens, and stainless steel welders exposed to these metals may have an

excess cancer rTisk compared to, for example, mild steel welders.
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3.8 Other Health Effects
Nervous system, renal and liver effects were reported in epldemiological

studies on welders, but the number of cases are not enough to determine

which patrticular factors are responsible for the symptoms observed

4. Methods

4.1 Environmental Monitoring

Graviometric studies of total fume exposure should be based on personal
gamplers using either millipore ox glass—fibre filters. A standard
conditioning procedure is recommended whereby dessicated filters are
welghed before exposure and reconditioned after exposure and before final
weighing. Chemical analysgis of fumes collected on filters shall be per-
formed for iron, chromium and nickel. Each laboratory shall use its

preferred method of analysis.

The recommended procedure iz for water-soluble chromium to be determined
in a standardized aqueous dissolution of 30 minutes of 95°C, The water-
soluble chromium content is assumed to be exclusively in the form of Cr6+-
Total chromium shall be analysed by the method of preference of each
laboratory, provided that the amalytical procedures have been demonstrated
to be appropriate for use with welding fumes. This demonstration will be
verified by an analysis performed in each laboratory of a uniform sample
distributed among all laboratories. The sample shall comsis of standard
welding fume(s) with and without added Cr6+. Details of the analytical
procedures should be exchanged among the participating laboratories.

Total nickel content should be determined by the method of preference

by each laborateory without differentiation of oxidation state.

Although not mandatory, the monitoring of breathing-zome levels of the

gases, ozone and the oxides of nitrogen is recommended in those cases

were continuous monitoring equipment is available. The documentation of
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standardized sampling methodology and standardized analytical methedology
for each participating laboratory for the purpose of interlaberatory
comparison is strongly recommended. Personal samplers shall be placed
either in the breathing zome of the welding mask or on the lapel, and
measurements shall be carried out over much of a daily workshift as

possible (6-8 hours).

Characterizing workplaces by representative jobs (with personal samplers)
and job sites (with stationary samplers and, if pessible, c¢yclone sepa-—
rators) is also recommended. In addition, information concerning the
type of techmolegy and the nature of the welding consumables used is
desirable. This information should take the form of a listing of proces-—
ses and their applications including the type of material, type of work-
piece and the nature of the job. Furthermore, the intensity of work
should be determined by estimates of either arcing time per job shift,
the number of electrodes consumed per unit time or the quantity of con-
sumables purchased (kilogrammes of electrodes and wire per year). The
size of each establishment should be determined by the number of current
workers in each technology and the fraction of working time asigned to
welding. If possible, information concerning past changes in buildings,
category of activity and use and installation of ventilatien should be
obtained. .

MONITORING AND EPIDEMIOLOGY

To estimate the exposure a detailed lifetime occupatiomal history should
be obtained, with particular emphasis on welding methods, degree of expo-
sure (low, medium or high), use of electrodes or rods, type of steel,

use of primers and coatings, exposure circumstances {open air, shop or
enclosed space) and possibilities of indirect ("bystander") exposure. A
typical current exposure should be assessed in a representative group of
subjects: total dust exposure over about $ix hours, its content of soluble
and insoluble chromium and nickel, and averages of nitrogen dioxide and

ozone. If indicated, other parameters could be added.
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4,2 Blological Monitering

Under certain citcumstances of high exposure, individual exposure moni-
toring may appropriately be supplemented by a determimation of chromium
and nickel excretion in urine. Theze measurements should be performed
as 6-hour samples before and aftrer the workshift. They could be used
to identify highly exposed individuals and their occupational circum-—

stances.

4.3 Cytogenic Monitoring

Methads in routine use include examination for chromeosome aberrations
and assessment of sizster chromatid exchanges in eultures lymphocytes.

A blood sample for this purpeose should be obtained by venipunctute.

4.4. Tung Function

Detalled lung function studies are necessary to assess the possible
exlstence and extent of pulmonary disease. The lung function parameters
should at least include FEVI- Other lung function studies may be included
such as FEVye_75s closing time and CO diffusion capacity. These deter-
minations can usually be performed at a pulmonary medicine laboratory at

a central hospital. Although for jobsite measurements mobile equipment

1is preferable. Regular calibration of the equipment should be performed.
In relation to the examination, detrailed smoking history and past medical
history should be obtained, and a distinction should be made with respect

to Iifetime exposure levels.

4.5 Chronie Obgtruction Lung Diseasge

The degree of possible ehronic obstructive lung disease should be assessed

by sultable means.
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4.6 Prneumoconiosis

The presence of pneumoconiosis above the grade one-zero should be demon-
strated by standardized radiological techniques. For field studies,
equipment from local hospitals ox tuberculosis diagnosis centres could,
perhaps, be utilized. The X-rays should be evaluated according to the
ILO/UC eriteria by an experienced panel of X-ray readers. If possible,
a proportion of chest radiographs should be exchanges with other experi-
enced readers. Magnetopneumography where possible could be carried out

to assess the amount of iron (magnetite) deposited in the lungs.

4.7 Cancer

Single cases of lung cancer may occasionally be found on chest X-rays in
cross—sectional studies. Retrospective mortality data must be analysed

in Tespect to lifetime exposure.

For information on the incidence of precancerous changes, the cytological
examination of sputum should be included in the medical surveillance of
the workers. OSmears are to be stained by the Papanicolaou technique and
evaluated by pathologists. Lesions of cells from the upper respiratory
tract and oral cavity must be classified, by internationally accepted
eriteria, inte initial nonspecific stage (class I1), intermediate specific

stage (classes III~IV) and tumourous stage (classes IV-V).

4,8 Other Health Effects

Mortality amd morbidity data for chronic diseases of liver and kidney
- amy be found in the retrospective study. In the follow-up atudy general
clinical chemical analysis of the health status with special respect to

the immunosystem is recommended. The changes in mental health can be

tested by a single form of a standardized questionnaire.
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3. Study Populations

The mortality studies should be carried out only in countries which can
provide study populations of both stazinless steel and mild steel welders.
Latent periods for lung cancer in welders may be long (exceeding 20 years);
therefore, astudy populations should 1nclude all welders entering employment
from about 1950 onwards and remaining for at least one year. A populatien
of stainless steel welders should include as many workers emploved before
1960 as possible: preferably, at least 500 such workers. The mild steel
welding population should have been recruited during the same time period
but should be larger. A history of products and processeg should be pro-
vided for each participating workplace. Grading of each worker”s exposure

level is recommended.

Using certified ecauses of death, the mortality experience of the study
populations should be compared to natiomal and/or local mortality expe-
rience. When available, incidence data from cancer registries should
algo be used. Mortality from all canges combined, all cancers combined,
lung cancer and other respiratory diseases should be analysed saparately

uzing the claggification of the International classification of diseases.

All recently employed welders should be included in the follow—up studies
of other health effects.

6. Dara Evaluation

This ztudy includes no control group in the traditiconal meaning of this
term. Instead, welders exposed to chromium~containing fumes should be
compared to welders not so exposed. For comparison between different
study populations, man-years-at~rigsk and observed/expected death ratios
ghould be calculated in terms of 5—vear intervals after each worker”s
first expogsure. For analysis of some causes of death (e.g. lung cancer),
it is advisable to be able to exclude the first 15 or 20 years after
first exposure from the ealculation of expected and obsarved deaths. The

study populations should be subdivided by length of exposure (e.g. 1-4,
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5-9 and 10 or more years). Attributable risk (excess cases/man-years)

should also be calculated to facilitate intercountry comparisons.

7. Sipgnificance of Study

The identification of high-risk occupations within the welding industry
would offer important possibilities for efficient preventive efforts
aimed at one particular hazardous process. If stainless steel welding
causes more frequent pulmenary disease than does other kinds of welding,
chromium could most probably be identified as the responsible factor.

The significance of this study concerns both the growlng welding industry

and other settings with exposures to chromium.

8, Feagibility

Much esgential information on welding exposuras is available, within
national and international welding institutes. Study cohorts can be
identified with a reasonable effort. Medical expertise iz needed to
carry out ¥-ray and lung function evaluations. Monitoring determinations

also necessitate participation by specialists. This multidisciplinary

study will, therefore, need cooperation betwsen welding institutes, hos-

pitals and other centres where technology and specialists are available.

Mortality studies should be accompanied, where feasible, by workplace
monitoring and clinical evaluations. However, studles of cohorts of
stainless steel welders employed at early dates would be valuable without
menitoring and clinical studies. Pilot studies (e.g. cytogenic monitoring
and mental health effects) must always be accompanied by exposure moni-

toring.
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MODEL PROTOCOL FOR HEALTH HISTORY

Dear Participant,

You are being asked to participate in a program, designed and coordinated
by the World Health Organization, Eurcpaan Headguarters, together with

a number of local national laboratories to study the possible effacts of
welding on health, and the specific effects of chromium, which 1is a con—
stituant of stainless steel, and is a substance found in the fumes from
the welding of stainless steel, but which is absent in the fumes of mild
(non—alloyaed) steeal.

Please angwer the questlions to your best ability. Note that for some
cases you are asked to place a check in the appropriate box:

b What is the state of your health in the past 12 menths?
2) BEXCelleND sivissvammanrsnbissnnnnnrnnannannnnanessnmenssn
B) GOOQ sacencsssnssssssssosassssstastssvssvtnvssbontdsnnns [:]
¢) I must be careful ......................................[:]

d) I have a problem, explain:

and for some anawers you are asked to supply additional information (as
in answer d) above). For sone gquestions you are asked to write a number
in the box or boxes:

3. How many days sick leave have you had from work in the pasr
12 months?

If you have been sick 12 days, write the number

in the bozxes ........................................--.--.-

These have been divided into how many periods of the following duratiom:

1f you have had 4 periods of 2 day illness and 1 period of 4 days,
indlcate as follows:

] day wevevssvscnssnsmnmannstnensannnnsssanasnanvansssbnnnss
2 dAYE casnarsrarcsarararsanranansatsrrarnatsaaanmananansnng
3 dAYS aesssascesccsnansanranrasannrrranarsarnanssnnanannnrn
-

5 dAYSE ecacencessnsasasaascanasasananaansensrasssaannacsananns

DOEO8O

More than 5 days N R N R RN R R R N R NN RN R R R A R R N )




Ta
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Name or Code NNPBET ssest st srrasncvsstsssnscsnnnnssvidrsnnss
Employer ..'.'-"...I'..'I‘.-..'.-..I....'...I"I".'..-‘.l'

Date of first employment at present employer «svesssesaasens

Do you have any recurring problems with your health?

o [ ]

YESD If yes explain:

What has been the state of your health the past
12 months?

FRCElleoNl seossasacesstasarsnansstsssssnsannanabtstssssannsns
GO0 seusstnrssanusnnnésssassnnnrstsnsronnsnisssssssanananas
I must be careful but my problems do not interfere

With WOTK srresacensmntsssansnsssossssansamnssssttsssnsnnnes

I have problems which make working difficult; explain:

Have you visited a doctor during the past 12 months?

ND R e L L R EE S E R R R N N R R I N BN AN I

Yes [:} If yes, indicate the mmber of visits,

and what reason:

0

.

0]
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3. How many days sick leave have you had from work the
past 12 MONENS wevs vt s s v vt s sesvasortransansssraassssnranas [:][:]

These have been divided into how many periods of the
following duration (write the number of periods for

each)

L] 0% seseuaassssssnsnssasssnasssnsssnrsanrrnrairnnbnnniss
7 QAYS ssuusensansasasanassncasssarvanvannnabrarrrbertiodts
3 088 sessssscascascasscansannanensnannsanmnnmnnsnnnubisss
4 dAYE wveucesnanaasasssnananasnrnnrnnrannnannriveb bt bri

5 d&ys YT Y R R R X

LO00O0O0

morTe than 5 days sesssvrencanssrsnccscsasnnsasensanannnvniss

4. 1f you have been on sick leave the past year, indicate

the most common reasons {(check several if appropriate)

Back problems (pain, slipped disc etf.) sevescvcsrnrasannns
Coldas/InfluenZa ciseststessrrarnsnsenscssnnsasananannrssiss
Sinug Infection .vvievvtevsssssrssnsnarsssnrrssssanssnannans
S0Te LhIOSAL cevssucssasssnasasrassrstiasesssttssssnrannanan
Bronchitls ssssnsassassssasansnsnrssnsrmssnbsnbssssossrsrnssan
Pnetumonia seesssssssasnrsancsanasasnnrancarnassnaussbssarsas

OLNET ssantavssssnssssssanssnsansnnssnsannvbbubbbbdtobbsana

LOO0O00O




5.

Have you ever had any of the

Heart disease

Asthma

Bronchitis

Emphysema

Hay fewver

Infected sinuses

Back pain

Join—disease

Exema

Tye problems {except

welders eys)

Reduced hearing

Stomach or intestinal

disease (ulcer?)

Other

27

following diseases:

yes, started year 19
TIO swsssssronansnsnnssitnsa
yes, started year 19
DO sassssstssanrmnnarnissss
yes, started year 19
TIO sssnnnmnunnensnvssnsnnas
yes, started year 19
O sasasussavssossranesenss
yes, started year 19
TIO sssassnnasabessssssnnsnn
yes, started year 19
TIO wewsssstssnrnsnanansssis
yeg, started year 19
NO waasmassstsssrsranannnns
yes, started year 19
O sssassamsutbosssssasannnns
yes, started year 19
TIO sasrmannmannmbsctssvnsss
yes, started fear 19
DO savsssssssnsannnsnnterss
yes, started year 19
TIO sssssssssnranansnintsans

yes, started year 19

T sssesssssnsasnnwnidsddidts

VEE sssascnavbviitrsrsannnas

None of the abﬂve prassasasssrrh bl bt AR sannawr it b ifaasaanuS

OO0 ooocdoodgob

0]
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Do you regularly (more than cnce a week) take any

form of medicine?

| N I R O T T TN R e
Pain K111eT8 wivessuesvosssvsisssoranrrssststsanessrnansranas
Heart medicing sesvssesrsnasssnansnanssrasnssnrrnranrsvneris
Blood pressure reducing medicing sssesssssrssssnscanssnsasns
Mediecine to remove body water (divreties) sesevecrencacanss
Asthma spray OF PIlIS sessvesrvarrsrnnsnancnannannsnnnnmabs
Cough medlcine evecaveerresrrsbtiinesvbsasossittsstssrisss
Sleeping pllls or tranguillizZer ceeeacevvevivisvnssaronrens
Ulcer medicine sieeieevassvissviesrrsssrssrnsannsannsnansans

Other

O COO0OO00O00

Have you had any form for medical treatment in the

past 12 months?

HO wancanmsvrsumtssevivsstsvssssssssssssssnenssansnnsnsnnvs
Physiﬂtherapy Y RN R N T N N I N A
HOEpital Stay AL A sasEEEsEAEARTERTRR TR TY IR Y RNECSIRE AR A AN A AR S

Operatiﬂn R R R R T NN R R RN AR

OO0

Explain:

How often do you have a cold?

Almost daily T T T R T N T T Y
OHCE a mDnth P T R ]
4 times a VEAT sassssssrasrawr s b b st sdbraassanssinssasnsanvnny

Onece a V@AY ssstsspraanssssassssanranvidvidttttdrassssasannas

D000

AlMOSE NEVAT s staasassssasasssnsnnranssnswsavbbbidbdbpannsa
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How often do you have a sore throat?

Once a mﬂﬂth O MOIE sesasnanvasdss bbb sranasansannnasvdsddsdsns
4 times a Year [T N Y S E S RS R EEEE R RN RN R R N RN N ]
Dnce a Year T T R R L T N N )

AlDOZBE NEVET sasssasasaswavibit bt ssnsnannvanbvbsdtstsssanans

D0o00

How often do you have inflamed sinuses?

Otce a mﬂnth O MOTE ssssvanasnaanibsssbrttsranasnnvavbddbds
4 tinmes a YEAL swsrrvststirstrtansnnanevibtttdttsrrancnaans
nce a VEAT sssrssnasnsasvtstsssrsanssasnnnribibissransanmas

AlmDEt TIEVEY sssssanansavnsvnsvt bddansisaansnavasnndbbddbans

DO

How often are you hoarse, loose your veice, or

have laryngitis?

Daily (almGSt) T T R R R R e s s R N E N R N R R R R A R R R N N N ]
Once a anth T T R R R R N PN N L N NN RN
4 times a FEEL snansssnswisttrastasasannsaannvsvststrarnnancs

AlmOSt NEVAET ssvasssanwvsnsv b bétssasaannssnrriddtttassnsnnner

OO0

How often do you have headache?

Almost daily AR ey R RN R NN
Soveral times A WeEK sssssasssvetssssasnssannvennvistssssss

Several times a MONEN sasassasrristsspssasnnannnwnunsbbbsssss

AIMOSE TNEVEY v ssrssasavsasnssbdddtsasanannsnrnnsdsibisssssas

HENN




13.

T4,

15.

16.
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Are you often excessively tired after work?

YES wssusransnsnannnsnnruniis it s ts s asonanannnivubbbbtsssacssnas

NQ Easasaasnwk i b bl l R ER AR ansnnnnnwEsd R bR RN AR RAR R

DO

Dont kﬂDW T T N P T N N N

How often have you had welders eye (arc eye, eye
flash) in the past ]2 months?

(Write number of incidents — if none write Zero).seessesecs-

[

If yes - have you been off work with it. (Write number

of days = if none write Zerﬂ) assssvbed bbb bR AR B AR R TR r YRl

How often do you have itchy or painfull eyes?

Almost dafly sssesssssassscnnanaannesvsassrranncnnraninssis
Onece A4 MONEN saasasssasarssrtstsssansnassssvtsstsnrnansnnny
4 LIMEE 3 YBHAY saussvrsstorsascansransnavbsssssarsasarnsnny
ONCE & YEAY susrstvessssnrnnanmasnnbstssantratnansntstansnsas

AlMOBL NEVEY wavwivis sttt b s anassnannnanb i bbb ébsssnnannsnnitis

(D000

Have you hade metal fume fever during the past year?

NG e s wr i d i BRI AR E AR D aRBEVRE R E R AR s PR AR

Yes [:] 1f yes write the number of times:

0

If yves — write the welding processes used

I1f yes — have you been off work with it. (Write number

of days, — if none write zero): [i][:]
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17. Have you ever had attacks of white or dead fimger

where you have lost the feeling in them?

HO cusssnssnsanannssbittittntnnransansnbssnastraanananunnssvs
YWBE wemeussbrnrarannrorrstittbtstasannanraannauvbbbtbbassons
DONL KOOW cesesssssnnansansannrsssssspansnnanantbsssssbonsnnass
If yes — do these attacks come when you touch cold

tools or when you are out in the cold?

YOS ssssusansvsusssrrnasansnnmenisbb bt raasanasnnanrnubsssdss
NO wasnsssssirtttsarasansannrnnstdestpanrasasnabmviiesstdrsas

Dont knOW A masd vt iR rAN AR annniR At R RARARRARERInwREEYEEE

Lo oo

18. Do you cough in the morning (including smokers cough)?

NO '..‘.."..II'.‘I--.....I-‘.III'II'..'......'.'...-...'.I‘

YES sm v R s b a e rarasasvanabtdbddd s asnsrasnnd iR REEEREE SRS

30

19. Do you ususlly cough during the day?

No 'Ql-ill-lIQIIttdiIQ'l'.l.l'III'"...‘”..-'l.."'"'.‘..“

YE‘.E T A E T R R N R N I N R NN N

If yes — does it recurr during most of the day while

at work?

No s s s mapwrswbdtiaasassanunnnvbbdd bl RS aBanaawrdsdddEFEEARAas

YES seasnacssaasnbdbbsstssrssannsrnnvdbdbttsssannannredbsdis

D00 0Od

DDnt LUJDW s b bt ansnsrannnverwidd it b ARrARRNERRERUREBRYREARER RS

20. Have you had daily cough for periods of as long as

three months each yeax?

NO T T T T E R R E N R W I N N N I NN A I I N

U]

Yes R s e e s N R R R N N R RN NN RN NN

If yes - after how many years welding did you begin

roe have these pEriOdS? Y T R EE RN E T RN NN RN NN N ] D
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Do you usually bring up any phiegm from your chest

first thing in the moraing?

NO Gttt et sttt st tntsansasnsasnsansaanasnasnsaasnannssnrnrrnnis

Y08 cuansnsassnsansssasnavanansannsbnbiabtsdsssssstnssasnsa [:]

Have you within the past several years had a period
where you have brought up phlegm from your chest in
the morning on most days for a period of 3 months or

more?

NO & arswwTawRBavR ke by by bR R R PR FRR A RS RS E RS

L)
TS cauvasscesasanstssarssasrnonanvatsrateenstasrssssnnmnne [:]

If yes, after how many years welding did you begin

ta have thEQE periadﬂ? N N T Y [:J
Have you ever coughed up blood?

NO LI RN RN T R R RN N R RN N R R R N R B LR R R B R LA B N L B L

Yaz (indicate Which Year ) FF B FAREFA SR A SR AERREERRREN

Are you troubled with shortness of breath?

NEVET touvt e sssssasrasssrasnsansanssnnrsanamnnvetsbbb it basnss
When you climb two sets of stairs, or are hurrying
on the level or walking up a slight hill — Ye$ serveenvves

- NO svsssenssnas

LU O

When you walk with other people at an ordimary pace

on the lEVEl = Y285 sasnsssnvns

NO svansansanwes
When you walk at your own pace te the point where you

have to stop for breath I '{-1- T

OO0 OO

When washing or dressing - Ye8 ccciisannns

ND YT EEEEEEEE]
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Have you ever had attacks where you have had difficulty in

breathing - with s wheezing or whisteling noise in your lungs?

NO ssransasnvsistsssrnnsnnnnnrvittrsranancnbbsstbsrnssrasnns
VYES sasasesnastasssrnrancsnenbbestatbrstassransdtsssrnrsancncs
If yes, has this happened while at work?

HO wsssssnnuasnnnsstssrascsannnrbbbbbasstsoaannsavbssettrsoacns
YOS ssssnsansanaussssassnssanansnibtbstasenannnsvssrsenones

DonE KNOW sssasasasvsssssssassnsanavbbbtssrsransansnnausvids

D00 Do

Have you ever with the past few years had pain or discomfort

in your chestc?

o it resremeseaitteraaennaanaasatattrenannn
YES anssasonrevtissnamunannnerdbstansasavnnstbossnacannravis
If yes, do you get 1t when you walk up hill or hurry?

NO asassansrtttssnssansasassnsbtrtasansranrsbttssasasnsnnna
VYOS ssvasnasanntbisssanannnssnttattaraasanannnvtbtosssncnnns

DONLE KNOW sswisésssssnannnsswidbdsasnsannsrbbttdissssannnas

OOOo 40

Have you ever had exzema, rash, or other skin irritation?

MO wasnttostssrcsnnnnasasssosanucsnnanntidtbdssnannansnvsress
YEE aamawuiitsgtsrnnannnnrsnbbtdttraonanasatbtssdsssnararnnse
If ves, do the problems disappear during weekends

or vacation?

NO uesstitronnnnnnnnssssstssnnsansanbsdibtbtstamsannsrantssts

Yes i.|'.llill'lll'.l‘.'ll--ll"li.'l.'.lIIII"II.iDOOQIIQI

Do) D0

PONE KDOW swssts st saansnsnsnnrisdtbtassasrnssvasbissssaasnnnsy
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29,

30.

3.

34

Have you within the past few years had spells of vomiting, or

diarrhea during or after working hours?

NO sseesasssvstontsossassssssrsrssnsassansnsssaassansnannsas
Occaﬂﬁionﬂlly R R R R NN N N NN N NN W NN

Frequently N YN s R )

Do you ever have stomach pains?

NO wavsuramtrbaustnsdbtvtitstessstdbststsssssanssnnssasnanans
Yes 0CCassSionally sececscensacccnaacnancannnannnbnanbiavisss
Veg FLequUently sececascevannssnanratvtssststvsstossassonnsns
If yes, do they occurr just after mealtime ...ccoseevsrserss
Dizappear after mPAlS .c.oveavevcuvsvssssssssassnssnnsnannnas

Are independent Qf mealS R N Y R N N T

Ic you feel stressed in your work?

No & B A KB A KRR A R EA S SA RS E RS R E TR YT YRR AR AR

YES AR F F PR R R AR S A RE R AR SRS AR Y VR TR RS R AT FRR S
Do you think you have a health probiem associated with your

work?

NO & A 8 A S ASASSAESEAASETEERTRRER AR AR T R E RS

VES suusasssassasmsssansvrrasbbbtbtossnssnssanannannnnmentttd

D000 L0

00

]
il
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Have any members of your near family had lung cancer?

YeS Aasasaswsuws bbb i snnaassnuwhs bt dARAREFanwErdd R ERERRE
NO ‘.lll-lIIIl.-0i.-..llIIIIQ-.-t.||..1"......".'1‘...."‘

Dont KIIOW cosvnsnnssnnrnibdbébstnasaasnsnwnssuibsistssssananasn

nnn

If yes, explain:

Where have you lived for most of your life?

In a FUTA]l GTBEA sssswsvvs s ssssssansasnnsnwbidédsfssanusannnsnas
In a EHall LOWH savivsssssnrnransmansbtbbsssnronnnnnnvrdidddd

In a big City assasmsndd b b it i aananansnvendd AR d RN AAR R AR R EEN

L0

Near to a large factory YRR N N ]




MODEL PROTOCOL FOR ASSESSMENT OF LIFETIME WELDING EXPOSURE
Have you ever worked as a welder?

No [:] If no go to question 353
Yes [:] If yes please answer all rhe following questions.

Do you currently weld as part of your Job?

Yas [:] If yes go to question 3§
No D If no please answer the following:

When did you stop welding?

0=-3 months AZ0 sssssrrssarsssssnrasnssrannnansy
4_12 mﬂnths agO R R Y
1-5 years ago

More than 5 YeaATrS A0 sess st s errarnsnaa

Why did you stop welding? (check only one)

Transferred

Became unemployed

Sick leave tvvevvnnnsnn YT I LY
Changed jobs because welding made me sick or feel
uncomfortable

Other; explain:

With what age did you firset begin ro weld?

How many years have you been employed as a welder?
How many different employers have you had im this
period?
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41,
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37

For how many years have you worked at other occupations, or

been on sick leave? [:][:]

If none — write zero: [j]

In which industry are you curremtly employed as a

welder?

Shipbullding sesessessssrsasscnssssssrssrssaccavisstasssnanas
CONSETUCTION siassanmssrsvtssasrsaanaststssansannubssssrrans
Chemical sesssnascevissrssanansannesstssanannnrbtttssnasnas
TranspPorLALiOoN scesnsnsveviersnssanrrsssrremnasevsssssnnanns
TOOO wvsestssannnununrstssannnnsensivisstansannsvbttsssannnsas
Pharmaceurical cescavecssssanasanavssnssansansrsssrerranans

Job ShOP e Y E F E R R E N RN NN N N N I A R A I

DO00O000

Other .'1'.-ll'litiiilQ'l.-ll"‘i...l""l“‘."."..'....‘

Indicate the number of years you have worked in the following

industriaes (if never write zero).

Shipbuilding --ssrevsssacsasnenuisrsrasacnanvsssssnsanacans
CONSETUCEION ssasasermnsitstsassnansttssronsnntetsssssnsnna
ChHemMical savissssscacsnarnsssssannsnnusudbtstsrananrntsssss
Transportation cecevesssacanssviisssnassnnaatssrrornnnvansny
FOOO eanttttonsanrnrsrasnrtsananncsinttbssransnnndsdtttrsrssncs
Pharmacentical seasssssasretvrssssaanancvsvssssnannnannesss

JOb ShDP T F T E E R R X E N EEE NN R R R R NN N

LOOO0000

OfhEeT seasassnsvessbsnacnsnnsritttranansanbbbdssnsnnnwntéssd

How many hours a week do you usually weld now?

Less FHAN 5 sssssrawsrittasansansrbtsasnnsannrbdssassananrs
5_10 e Y T E R R e E R R N N R N R R R RN I I A N B R

11-20 PR T E R N R T A R R R R RN NI A A

More than 20 ssnasnsussrtissrnaannnrnibtrassasannnvidbtsnans

00




43.

38

Is this typical for your lifetime average welding experience?

YES .d’itlIil-liti‘.#‘#lliiilQ..Q!l.ﬂl.lll'l..llﬁilﬁllﬂllill!D
No [:] If no explain how many hours per week
have you welded on the average? DD

Indicate the extent to which you have used the following welding
techniques and materlals - Write the number of years in each

box. If never used write zeros.

A B C D E
Stainless Construction Low Alloy
Steel (mild) steal Aluminium Steel Other
Leee [ 0O O O O

Electrode

2. Tnert Gas D D D D D

(MIG/MAG)

3. Tungsten

(r16) o U o O O

4. Aurogen

(Gas) L i L o U

5. Other

Please write in the box the letter and number in the above scheme

which corresponds to the combination used most frequently. DD
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45,

b6 .

47.

39

For the combination used most frequently indicate the most

common surface treatment of the base matetrial:

No surface LTeatment .cevevscissssnnsansrantvtssstsssnannnns
CalvaniZed secsssscvivsssonssranarrnsnnsuutssstsssvarnnanns
PAaiNteqd scecereacsssstssrasanannnsrssatsrsssnsanannabssstsss
Primod suesaesantsstotssnansannannsttsvsssssrsssrnrannnsnnns
DFMEY wessonasnsensansvrnetstsssrrnannsnsannvtibosbrssnssanrannans

Dont EIOW sssssamsawnswbisdsdsssanannnnsnivibbdbtssssssnans

LUO000

If the material was primed, what was the most frequent

material used?

Iron oxide (Ted) ceevsvesssnssnancnsvssstsssosssnrasanannnans
Tron oxide (F€1lOW) sreesevavsssssssrrananssvsssnsssssranas
Zine (ETBY) sveasnessssssrasnsnnsanssassstsssrsssanccanncins
Titanium (WHICE) sesescscrsnsssssssnsannessuuvissstsrannans
Titanium (blUE) sevesssssssssnnsansssisssssserarranansarnes
Titanium (ErEen) seessssassssansrsstsssrssnaasnnrvsstssvnns
Titanium (Pink) sessreasascasnssssssssssnrsasansanstssssnsas
DEHET sersossanasananssasssssannnmuiesartesrasnnunntbisntss

DDnt knOW YT A E N R R N RN RN ]

DODOOD000

If you use or have used manual coated electrodes,

what type were they?

Basie low hYergen IR L P N R N NN
Rutile T T T e E N R RN NN
B&Eichrutilﬂ T E R R T EE R E T T N I R ]

Cellulose N Iy N NN R RN

Ood

Do you use or have you used a special process, such as bronze,
copper, hard metal, nickel etc. on cast (black) iron etec.?

If so, describe what and how often:
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50.
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Have you ever welded on stainless steel?

No [:] If no go to question 50
Yes [i] If ves please answer the following:

What process do you use most?

Electrades I'FEEEREEEEREEEN NI N NN I I I A NI I B S IR I AN B R N R B B NN

MIG/MAG SO1lid Wire sessravis b tssssannansansnannsnuavbddsdbss
PQWdEr fidlled Wire sccacssnssnsnnsnamasnvsinvssbssssasnsannsnsn

TIG I N NI AN I RN I A B RE I B B A I N N RN

DO000

Dther T N N N N Y N )

On what type of materfal?

Thin plate (under 1 mm) T A R E R R N NN NN NN ]

(]

Plates 1;3 M sssssasasssnassnsnnrrrsnrti i tdaasspssasanwnavrs

Thick Plates assmssssuversnvandd RE N RAR AN RS AE R TR RN R YRR

an

When was the last time you welded stainless steel this year?

1-5 YEAYS AZD asviev vt s s tssrssasnanssnannsbibsbrsssisarsassnnsas

More than 5 YEarS AFD sssssnssstistrstssiasassnasnan ettty

nn

What type of protective devices do you use (indicate

the sumbar of years in use)?

BOOLN tsensmsacncsanasnnananssbsstssasstrssnsnnannnnnsnddidts
ReSplrator vessesssnsaccunsancimssbsttrssstonnnaraannsessas
Flow bench +eeessvsnrscsassansansntisndbtsasssssasssnsnsrnenass
FOInt axtrTAction sesecssrasnasncnnnanntsstssssasssnsansnanns
Ceneral only serisssssaassacncannsnnsnsabbnsssstsrsntansnnes

NQHE sssassassmssanaERETRERT R dt AR ARRREEREsRaRT R T R SRR FAAnEEny

UD0C000

OUtdQOLS secsssavaans P R N N N R NN N R N A
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Have you worked In small enclosad spaces?

Uslxally " PR A Ewd F A F R a4 B A BB EAaREEE L B S B BN B

L]
Occasaionally ssesessvesssssanens cerresrnsaens cetiearnanane [:J
[

Please indicate in each box the approzimate number of years
you have welded stainless steel, for each process indicated,

in each of the ten year petiods shown:

1, 1940-1950

2. 1951-1960

4. 1971“1980

00 0O 04gd g-

O
L
3. 1961-1970 ]
L]
O

5. 1981-
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55.

56.
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FLAME CUTTING AND BURNING

Have you ever worked with flame cutting/burning?

No [:] If no go to question 60
Tes [i] If yez pleagse answer the following:

Do vou currently work with flame entting?

YEE sevsssassssnssnssosssrasaasassassssncsnsansnsanasansnnnnans
o T T T
If no, when did you stop flame cutting?

O3 mOTILHS AZO sessennsncnsanranrsnsasrnrivstvbssisrsassoss
412 MOTIENE ASO cavevcauneantnetnnsstsstsssessssssssssssnss
15 YEATS ALO sawesssssavasvarrrrtnsstsssassasnssnasnannnss
More than 5 VEAIrS AZ0 sssarssrrsarssansasannsssnassrsnnsrns

How many yvears have vou worked with flame cutting? «civessen

OO0 0o

How many hours a week do you use a flame cutter?

Less than 5 NOULS tesssassanassaanssansnnsanwnuvnbv bbb trsn
6*10 HOUTE satenswrisnsostssasssassrnssscassanannsannnsnnsns
11220 HOUTS wetv sttt vt bttt stssasansnasnsassnasnsnnnsnannsntdbsd

More than 20 HOUYS waesssasssncansasssnsrnanssnranradessdsss

OO0

What 1s your mos. usual way of cutting?

StAt1oNATY CULLET +sasssasnaaassasansnnsssnasansnsrnbssnsss
Hand cutting e T N N N R R L R R N I N A

Other:
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58.

59.
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The material most often worked on has had the following

surface treatment:

NONE seaswvavssssrsananavtbbtisttssssansnnadbddbtssassnanvedsds
Painted sasswsvssssrsnnansnisssstssannansvridttasansnnnnwss
Prim&d e N Y A RS E N R E E R RN R NN R NN A N R R

Other

If primed, the most typical type of primer has bheen:

RO sencumunesssstsassanssnunnttttstnsannnnsnvtbsssnanannnany
Vellow eesnsssncanneseistsrriarnnnsavvrtttssransonannneidsss
GTEY ssvnsnsssrststsnssnnnsansstsassnranunsissssnasnsrannss
WHILE easvanmnnsasststrsrnaccnnetsitssnsananannndsbsssnonnns
BIUE savivsssssnssnanrasbssstsssssnsananunibdbbovsnnsnantnnsrses

GrEEn R Y T A E R R R E R E T R RS RN RN N IR N NI R I L

I O I R O

Piﬂk P Y R N R R RN N RN N N R N R RN E R R R RN

Othar

Has local ventilarion been in use at your cutting station?

NG [ I I R N N R NN

YEG snsansusnsvbttsttsassanavnvitddiasssnsnnnnsbbttbranansres

L0

First introduced in year 19

Have vou used a mask?

NEVEY sevivesrsprannnnnbnndtbbtsnasnassannnsbdsdbibrrnsnnnsin
occaﬁsionally TN L L R R N E T N N NN NN R R

Frequently ------ttoooccnp--------tttiotor--------ttoito:FQ

AlWEYS P A R R E E E N N N N R I NN RN R S AL A L

000




PLASMA CUTTING

Have you ever operated a plasma cutting machine or worked

with a plasma cutter?

No [:] If no go to question 67
Yes E:] If vesz please anawer the following:

Do you currently plasma cut?

YEB R F SRR R RN R R R R EFR R R R AR R RS AR AL AR

No [:] If no, when did you stop?

0-3 months AFQ sssssssssssssssassnnsnnannssasann s vsntaEY by
4—12 months agD s ssssasssananenanb bt d kv h bbb PR AR
1“5 VYEATSE AZD ssvnsrrsvwanrasrrnsunttnbnsd st vt s bbb bttt sng

More than 5 VEATYSE APO sessnsrssvasvrir s i v v st bissssssananna
How many years have you worked with plasma cutting?

Less than 5 VEALE assnssassssassannssndsvibsusbssserannsans
5—-10 VEAYE s wnrvrnavusa v i vdnv s b b b s 4 b h b P s s st inssssnsa

11-20 VEAYS susrannrrnvbnrdrddbdbttassasssassasasnsnnssnnrnrns

What material do you usually use?
Mild Steel R I I N e N N

Stainless SteEl ssssenssrrrassnennmnnsansssnsnnrnn st ebsan

Aluminium R N R R R R R R R R E NN RN NN AN NN I NI R NI I AL L

Have you ¢ver plasma cut stainless steel?

NQ 28 8BS EAR TR R AR Ar ey EA RS AR E AR

Yes [:] If yes, how many hours per week:

How many weeks per year:

How many years:




65.

66 .

67.

68.

69.

How many hours per week do you work with plasma cutting?

Less thHan 5 HOUTS sswssssstssnspnannsinisssassssssnansnnnnwid
BE=]10 hOUYSE eesvssssansasnnsnirsstssnsnannvrddsstssssnsnnnas
10=20 DhOWUYS svittrssansnnns st essbtssasananraniv bt stisssssnna

More than 20 HOUTS sannmamsnncetosssrssannsbarssssbsssnrnnnns
What type of protectien do you use?

NOHE e T e T TR R R E N NN NN N R R AL R LI LI )
M&Sk N Y L E R EE E N E R N R RN R R N R N R N NN

Table R EE R R EE R E R R RN R N R R NN R R I

GOUGING (air-arc)

Have you ever worked with gouging?

No D If no go to question /!

Tes D If yes please answer the following:
Do you woTk as a gouger at prasent?

YOE seaasnsssnitvettrasannnanssnwvdbbtdttonnssnannnunbbobisnds

NQ ....1...‘piII|III'dli.‘.l.'ll‘II-.‘|..‘|'.Ql-'.'l'I...'.

How many years have you worked as a gouger alltogether?

T.ess than 5 VEALS ssewstitssssansansavsvtissrsansnsnns PR RN
5—10 VRALYS sevsstsansassnsnnsvitssfiasansnsnbdbidssassnanany
11—20 yEﬂfE Y T I R A T E R R R R RN RN R RN IR A

More than 20 VEATS sssssnssssnsssrsamnsrnosnbstsnccnnnnavss

000

00

)

(JOJ0O
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How many hours per week have you gouged?

Less than 5 HoOUDS ssesssassnassasssnnsnnssnrsnnrnnsrasrnrrns
5=10 hoOUTE vewessssussnssrsssrassnsnrsnransnsannsnsnnnennnns
11=20 NOUTSES sarssrannssaassnsanansnsasasansnsannanwansnsonnsbs

More than 20 HOULS sssesssrsasansansanannrssanmanmedbubbbns

OO0
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GRINDING/POLISHING

Have you ever worked as a polisher/grinder?

No [:] If no go to question 77
Yas D If yes please answer the following:

How many years have you worked grimding/polishing?

Less than S VEATS ssvasasnasnassnvis bt bitssasananananviud b
5_10 VEATS snssaseasb bt s attsrsssnsasssnnrditsstarsancannvives
10-20 VEATS ssasssnsnvsvt sttt ssrssasannvbusdbisssaaspaannar

More than 20 YearS [T N Y RN RN R

nEEN

How many hours have you typically ground/polished?

Less than 5 HOUTS ssasnarrnrsrribttsnsasnnnsnnwnsrbbbbssnns
5_10 hﬂurs P T R N EE N EE E N E N N N RN N N NN NN
11—20 hOurS P T  E L R R R EE R N N N N N RN N I N A

More Flhann 20 HOUTS ssssvssrivststassssnnsnsnrribssdisansanas

D000

Have you mostly done:;

Dry grinding T T R R N N N R RN N

Wet grinding R L E R E R RN RN R N RN RN R R NN RN

U0d

?Qliﬁhing T N T L N T R EE SRR R RN NN N NN

What material have you most frequently used:

Construction (mild) steel tociesssasncasaceasvissssnassnnnns
Stainless SCEEl sesssssssansrrtttstoasnsanussnbhsnasrnarans
Other 2110V ccsssssnsssansanaseratttrssatosansanneetssssnss
AlUMIDIUD cevvevsvsssnssanansnatosssannsnnanastsssrssrannnsy

Other P N Y N T Y E AN R RS EEEEEE R R AR R E AN R S R RN

LO0O00]




76. When was the last time you ground/polished stainless steel?

Thisc MONEN ceseecanssnrrsnranansninrbdvav it bt totsdtststsnts
1 VeaTl QL0 sssrrascsasssssssssnnsansanssbevbbbdbsdrsssrsvnnsa
More than 1-5 VEALS AE0 sssnsavsrassravsstssssrnsrnavinnrne

More than 3 VRALS AFQ sssvasresss it vt tsittttsnsasaannnnnans




77.

78.

79.
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49

CUTTING OIL/FLUIDS

Have you ever worked with cutting £luids?

Na [:] If no go to question 81
Yes EI If yes please answer the following:

How many years have you worked with cutting fluids?

Less than 5 VEAYS sssevsssssanasassnasnittbtttssnsssrrassnsnns
6—10 VEAYS sssascasssnsannssratsrasssanannviddbtbvrisrraranns
11-20 VEATS sasavensssvtt bt ssrasatancsannravdvdstsrasarssancs

More than 20 YEAYS sessncasanansavavbdtsssrsssnanasnnrrivds

How many hours per week do you usge cutting fluids or are you

exposed to cutting fluids?

less than 5 HOUYS sassasasasssssssrrsasassnnnvansbbbtssdsss
6—10 hQUIS T T T T I I N Y RS E EE X R EE N R |
11=20 HOUTS sewitstsaasanannnsabsbisddamsananannisavidbsdss

More than 20 hours YT I R N N N NN N

What type of fluids have you most frequently used?

Minneral 0ll seassssrsitittssasasnsnnavistsdbssstssssannnsannns
water based P T R R N N N I E T X ENE R R R |
SYnthEtiQ T T E R A S E S EEE NN N R N R R R R RN RN R R RN NN

Other

Dont KINOW sssssnssnansnnnbbsbibsspraansnnnrabdibsdsstssanans

000

0O

04

[




OTHER EXPOSURES

Have you ever heen exposed to quartz sand in a casting hall?

No [:] If no go to question _34
Yesz [:] If yes please answer the following:

How many years have you worked with quartz sand?

Less than 5 VEAYS asswvettsss st tssrsasancsansnnnrsnabbvosdbsd
6-10 VEAYS sest vt bbbt 144348 400 sasnsanbv R st i ssrsaves
11-20 VEATS ssssansassnssssvwnwrdtbet bt rdttitssssnsassnnsns

More than 20 VEATYS sssvesssvnnrv st tsttsasssancssnsnnnasnnivns
How many hours per weaek have you usually worked with sand?
Less than 5 hourS sesesessrsssrrrrannnsaanssvansnsssstsnnrss
6_10 hDurs IR R T R N E R N N PN RN NN NN R YRR NN ]
1120 HOUTS wevneuansnss bt sbssnsnannannnnnannnrsomussttsatrs

More than 20 NHOUYS wv sttt sttt tnrtssnssansannaanamnanbibvtdbns

Have you ever worked with asbestos (insullationm, etc¢.)?

No [:] If no go to question 89
Yes D Tf yes please answer the following:

How many years have you worked directly with asbestos:

Less than 5 VEAYS sesssrrnsasaanasnranrsavnvidbbvrrtroasnanans
5"10 VYEAYS snwrws st vt ta vttt b s rssnsrannsnssnnnrenvravivtibsssns
11_20 VEAYS saasvsssrasarnvwbv st bvidttansaassannsnnvnsiuvins

More than 20 VEATrS st u s vt s st ssrsssansasnnnnasnnarrvdibbtsss




86.

87.

88.

59.

90.
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How many hours per week have you worked with ssbestos?

Less thal 5 ROUTSE sessssssssrananranvivibibtssssssannasnnnran
6“10 hourS N Y Y EE EE EE E Y R R N E N R NN R NN R RN NN N
11-20 ROUYS cusssnsasssanrnnmins sttt sssassssnasnvnvavabittss

Mare than 20 HoUre ceserssvrvss vttt rsrnnnsnmunnvdbdbbsabsnnas

DO00

Have you ever had indirect asbestos exposure {(e.g near

spraying in a shipyard)?

No [:]

Yes [:] If yes explain:

Have vou ever used asbestog ¢loth or gloves?

NO e NN Y YA E A F R LR EE E N N I I O B N BB L L AR B L L B R

VYOS saassanswntvisttsrreanannannvsnnvdbddsdtsrsoasansnnnnne [:]
n

Have you ever wotked with other dusty materials (cement,

sranite, demolition, glas fibre, etc.)?

No D I1f no go to question 92
Yes [:] if yes answer the following questions:

What type?

How many vears exposura?

lLess than 5 VEAYS sssssnssrasasassnntsstsbsassrrasrnsannnvns
6=10 VEATS swsusstttitrasasananssnbbbttsrisrsscasnnrnnnsbidid
11_20 yEaIS P Y R R N N N N W W N N N

More than 20 VEAYE ssssacsacasassavbsdssssssananunnnvubibitss

LJo00]
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92.
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How many hours per week have you been exposed to the above?

LESS than 5 hours R R E N N RN RN N NN AN BN N B N )
6“10 HOUTE cesuvenvenvsbbosssstssnssrnsnsrsanansannnnnsnnnner

ll“20 hOurB YR R LR R R R A Y N N A N A R ]

D000

More than 20 NOUTE cucsssssanassaamanvavbbbsssssssssssnsnns

Durlng your working career have you frequently been exposed

to the following conditions (several times each week or more)?

Noise (so that you could not talk in a normal volce)essa...
Cold, draffs cecesacenacsnnasnabnantibsbssstrsasnsrasnannsna
Vibrations from hamd toolS ecascassrsevsvsvnvsscsessrssnanns
High Cemperatures cisssssssssnssnsansaaransansncnnssisststnns
Difficult/unconfortable poSLltioNSs seeccccececvansinnsssuvsany
Heavy loads to 1Ift OT CATYYY sesssssnrscsanansannensrnnnsns
Fumesz from welding, cutting, gouging ssessessrsncasrncancnes
Fumes from paint, laquer, varnish, etc. cecacecnccivsnsnens
Glas fibre +essssvssnsrasnssanasnananscncnnasanasoassssssrsns

PlaStiﬁ fumES R R N R T N NN A N I R )

LO0OOO00000

Fumes from,sclvents (triclorcethylene, carbon tetra
Chloride AEC.seett sttt srsansanasnsannannasauvusstssssssnnaan
soldering fumes (braZing) AssassasssreRravnm ARt R bR R RRRE RS

Other

O 0o

None of thE abGVE I T A  E E E E R N T R NN )
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Appendix ]

GUIDE TO RETROSPECTIVE CANCER INCIDENCE/MORTALITY STUDY

The need has been stressed for establighing the largest possible cohort
size (exposed and controls) to enable the possible detection of an
enhanced Incidence rate of respiratory tract cancer among stainless sreel
welders compared to non—-stainless welders, and of the combined welding

populations compared to non welding controls.

The data obtained by the single published survey (8jdgren 1980) can be
considerad as probably representative of the real situwation, as it agrees
to within a factor of two in relative risk ratio predicted from am inde-
pendent risk calculation (Stern 1981) im this study a cohort of 243 welders

was assembled who satisfied the criteria that

1) they were prineipally occupied with welding of stainless sreel.
2) had a minimum of 5 years exposure to fumes during the period 1950-19635.
3) mortality was followed through 1977 (min. 17 years, max. 27 years

from onset).

The average length of exposure was 1l years (2735 welders years).
The average estimated Cr(VI) exposure was at 270 ug/m3.
The total Cr(VI) exposure was 3.4 mg/mB'years.
J cases observed.
0.68 cases expected.
Risk ratioc 4.4 p<0.03 not smoking adjusted.
p<0.05 smoking adjusted.

Background incident rate 18/100,000 (rural Sweden).

It can be seen that a study of this size can barely sustaln statistical
analysis. A cohort size of at least 300 men or 5000 man years would
permift 2 much more reliable test of the hypothesis of the effects of

chromium eXposure.
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It should be recognized that welders, in general, can be consideres as
possibly exposed to three carcinogens: chromium, asbestos, cigarette
smoke. It is therefore strongly recommended that the design of epide-—
miological studies should refleet the severe limitations of not identi-
fying separate cohorts, and care should be taken to screen individuals
into several groups with distinet sets of limited exposures. It is
suggested that mixed exposures of asbestos and chromium be avolded.
This entails a separate study of chromium and non chromium exposed
welders, divided into smokers and non—-smokersn for whom there 1s strong
evidence for the absence of asbestos exposurel Similarly, a separate
study of ashestos and non—asbestos exposure among non~chromimm exposed

welders, separated into smokers and non smokers might be considered.
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Appendix 2

ASSESSMENT COF RISK OF LUNG CANCER FOR WELDERS

K. M+ Stern
The Danish Welding Institute
2600 Glostrup, Demmark

ABSTRACT

Certain welding fumes contain significant amounts of Cr, Mn and Ni, and
trace amounts of Ags and Pb, metals whichexhibit mutagenicity in one or
more in wvitro bicassay, and several of which are strongly suspected
human careinogens, albeit in unknown forms. It wmight therefore he
expected that welders suffer an excess risk of respiratory tract cancer
because of their occupation. A sgurvey of the world literature has
disclosed 19 epidemiological studies of cancer incidence among welders,
16 of which vield a total of 586 casez of lung cancer observed, based
on approximately 600,000 man years at risk: a risk ratio of less than
unity was excluded within 95% confidence limits for 5 of these studies:
A risk ratio of 1.3 was mot excluded in any study. Although there may
bae many possible origing to the excess risk, if welders of stainless
steels suffer an "Equivalent Lung Cancer Risk™ to that of chromate
workers because of their equivalent Cr(VI) exposure, then a resulting
threefold risk ratie for the 10% of all welders engaged in stainless steel
welding would account for the total overineidence experienced by the entire

occupational group.

® Heldref Publicatioms
Washington D.C., 1983
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INTRODUCTICN

Technologiecal developments in metallurgy and in construction techniques
over the past four decades have been accompanied by a similar increase
in the use of welding in all branches of industry, especilally shipbuild-
ing, transportation, (petro)chemical, and building construetion, leading
to a current welding populations of between 0.5-2% of the work force in
nost indugstrialized countries (Stern, 198la). A significant fraction of
welders form stable, local cohorts with average occupational experience
of the order of 17 years (Coggio, 1979; Gobbate et al., 1979; Attfield
and Ross, 1978; Mehl, 1970}, and are exposed to eight hour average fume
concantrations of the order of 2—101ng/m3 (Stern, 1981la: Ulfvarson, 1981},
although there are extremely wide variations in individual exposures
depending on the welding technology used, the nature of the base materials,

job type, and individual occupational status.

Although it is impossible to predict in advance the details of an indi-
vidual welders” exposure, laboratory experiments have demonstrated that
one can predict the approzimate composition of welding fumes characte-
ristic for a given combination of proeess, consumable (a.g. wire or
electrode), and work piece. In additilon to the photo-oxident gases NO,
NGOy and Oy, significant concentrations of Al, Na, Mg, F, 81, K, Ca, Ti,
Mn, Cr, Fe, NI and trace amounts of Cd, Zn, As, Mo, and Pb can be found
in certain fumes (Stern 198la; Mayer et al., 1980).

The approximately twenty major welding technolegies, when applied toten
major c¢lasses of materials, provide the possibility of 5-10,000 different
wotking emvironments. Fortunately two major technologles, manual metal
arc welding (MMA) using stick elgetrodas, and Metal Inert Gas (MIG) welding
(using continucus wire) applied toMild Steel (M3), Stainless Steel (88)
and Aluminum (Al), yield combinations which are practiced by of the order
of 704 of the welding population. In order of complexity, the result—
ing exposures are: MIG/Al; Aluminum oxide, ozone: MIG/MS; Ferric oxide,
gilicon, copper, and NO and NO,: MIG/58; oxides of iron, manganese,

gilicon, copper, nitrogen plus nickel, chromium and ozone: MMA/MS; same




57

as MIG/MS plus sodium, potassium, melybdenum, flucrine, titanfum caleiunm,
aluminum: MMA/SS; same as MMA/MS plus chromium, nickel, vanadium.
Examples of average, eight-~hour workplace exposures for typical appli-
cations are given inTable I (Sterm, 198la; Ulfvarson, 1981): 80% of each
pecupational subgroup 1s exposed to average values within  a factor of

three ¢f these values.

While the acute effects of inhalation toxlicity of various welding fume
components (e.g. CB, NOZ’ Cr{VI), Mn, Cd) have been reported and recently
reviewed (Stern, 1981b:; Newhouse and Murray, 1981), effects of chronic
exposure have received less attention and are apparently diffieulr to
document, especially because of confounding effects due to population
dynamics, and the masking of welding related health problems by tobacco
use (Loeb, 1979; (xhdj et al., 1978). On the other hand, the presence
of Ni and Cr in high concentrations in certain welding fumes, and the
ubiquitous presence of traces of As, Pb, and cccasiomally Cr(VI) and
benzopyrene in the general welding workshop background enviroonment, and
signifieant concentrations of pyrolytic decomposition products from
organic primers and of asbestos in the working enviromnment of shipyard
welders, raises the serious question as to whether or not welders are
axposed to excess risk from respiratory tract cancer bacange of their

accupation.

Epidemioalogy Of (Lung) Cancer Among Welders

A search of the world literature has revealed 19 epidemiological studies
of cancer incidence among welding populations. Of these, 15 report more
than 3 cases of lung cancer, and 16 of these collectively report a total
of 386 cases, based on approximately 600,000 man years of observation:
Arisk rario of less than unity was excluded within 95% confidence limits
for 5 of these gstudies, and nona of the studies exclude a risgk ratio of

1.3:} within 95%% confidence l1imits. Theirdetails arelisted in Table IT.
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Although it would appear that welders are at some eXCess risk for lung
cancer because of their occupation, a number of additiopal comments
should be made after examination of the studies listed above. It should
be noted that a large number of shipyard welders are included in the
total population. Since there is strong evidence that any type of
employment in shipyards raises the risk of cancer (studies 8, 13, 15,
18) and of a variety of pneumoconioses (Selikeff et al., 1980: Coggio,
1979; Gobbato et al., 1979) above that of the local population, the
excess risk among many shipyard welder cohorts probably contains a
significant contribution fromtheir employment in shipyards, and is not
necessarily do to their activity as welders: these shipyard welders are
at lower risk than are members of a number of other shipyard trades.
Note that crude lung cancermortality rates among the walding populations
range from 183/100,000 (study8) to 54/100,000 (study 9) so that detalls
of age distribution, tobacco use, and other factors, among the welders
and cholee of reference populationwill significantly effect the relative

results in each case.

Process Dependent High Risk Hot Spot for Welders

After excluding effects for shipyard employment and smoking (meost of the
studies described have been corrected for smoking prevalence) there
gtill appears to be a small but irreducable excess risk for lung cancer
for general welding populations. O(ne may therefore consider the possib-
ility of overthrowing the negative hypothesis that this sxcess risk is
not due to any specific (combination of) component(s) in welding fumes,

but is a result of the general lung burden of metallic oxide dusts and

co-exposure to the photo—oxidant gases (e.z. welding fumes per ge)s This

¢could be accomplished by establishing the existence of a sufficiently
high risk for a well defined but limited cohert of welders, exposed to
known (or stromgly suspected) carcinogens absent from the working envi-

roument of the general welding population.

Although most metallic ions are mutagenic in at least one short term

in vitre bloassay (Hansen and Stern,l982;Sunderman,1980;Flessal,1979;
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ESTIMATED CUMULATIVE EXPOSURES TO Cr(VI) IN VARIOQUS INDUSTRIES+

Average Average
Total Airborme Cumulatcive
Cr(VI) Exposure to
Average Concentration gr(V I
cohort ug /m ug/m” ° years
experience Low High
Industry (years) Exposure Exposure Low Bigh
Stainless Steel 17 50 400 850 6,800
Welding
Chromate 20 100 500 2,000 10,000
Production
Chrome Plating:
0ld Plants 5 50 1,000 250 5,000
New Plants 5 5 25 25 125
Ferrochrome 20 10 140 200 2,800
Chrome Pigment 15 60 600 200 9,000
Tanning#® (as (10) 10% 50% (100)* {300)*

Cr(111) only,

except for 2 bath processes)

+ After Stern 1982a.




DiPacle and Casto, 1979; Sirover and Loeb, 1976) only inorganic compounds
of Ni, Cr, As, Cd, and Be are suspected or demonstrated human carcino—
gens (ILARC, 1280, 1976), and of these, only Cr and Ni appear in signifi-
cant concentrations inm the welding environment, and then only in the
fumes from welding of stainless steel, or Ni-plated mild steel. An
extensive series of investigations has demonstrated that both Ni (Niebuhy
et al., 1980; Sunderman and Stern, 1982; Bansen and Stern, 1982) and Cr(vIi)
(Maxild et al., 1979; Hedenstedt et al., 1978; Koshi, 1979; Knudsen, 1980;
Knudsen and Sterm, 1980; White et al., 1980; Stern et al., 1982a; Petersen
et al., 1982; Stern er al., 1982b) from welding fumes are biologically

active both in vitro and inviveo and do not exhibit propertiesz (in the

test systems used) which differ fromthose of Ni and Cr from non welding
sources (e¢.g. the metal salts). One cantherefore conclude that there is
at present no evidence to support a premise that exposures to Ni and/or
Cr in welding fumes present risks which are different from those due to

exposures which result in equivalent dose inthe non-welding industries.

Equivalent Risk for Welders Exposure to Cr(VI)

It is convenlent to briefly introduce the concept of Risk Equivalence
(Stern 1982b) which states that in the absence of direct epidemiologleal
evidence for human risk (or adequate in vive bicassay data), equivalent
exposures to active substances should be assumed to result in equivalent
risks This premise permits the assessment of risk in situations where
actual risk is unmeasured or unmeasurable. For the rcase of stalnless
steel welders, the concept can be used to estimate the excess risk of
lung cancer due to occupational exposure to Ni and Cr(VI) based on those
equivalent exposures in the chromate and nickel industries where the risk

15 well knowns

A recent survey of occupational exposures to chromium (Stern, 1982a) has

revealed that average (crossectional) cumulative—exposures to Cr(VI) (in

(mg/m3) (years)) forhighand (low) exposure groups invarious industries

are quite similar, e.g.: Stainless steel welders: 6.8 (0.9); Chromate
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production workerxs: 10 (2.0):; Chrome platers: 5.0 {0.25); Ferrachrome
workers: 9.0 (0.9). The details are shown in Table III. Analysis of the
literature ( LARC, 1980) shows that an approximately (logarithmic) average
exposure of 3 2 (mg/m3) (years) to Cr(VI) results in approximately an
(logarithmic) average absolute lung cancer mortality rate of (500 250/
100,000 cases/man year: (approximately a risk ratio of 6:1 assuming a
background raw mortality rate of 80/100,000).

From Table I it c¢an be seen that an average stainless steel welding
cohort with 20 years experilence has a cumulative exposure to Cr(VI) of
the order of 3 (mg/m3) {years) (highly exposed individuals, or those
with wmore than the average length of exposure have average values
approximately 1.5-2 times this number). Thus stainless steel welders
have, if their exposure to Cr(VI) results in a risk equivalent to that
of the chromium industry in general, an occupational lung cancer risk
ratio significantly greater than unity, which is, on the average, of
sufficient magnitude to account for the entire gverincidence observed
for the gemeral welding population. The observation of Sjbgren (1980)
supports this hypothesis. The risk arising from exposure to Ni appears
to be negligible compared to that due to Cr(VI) (Stern, 198la).

SummaAry and Conclusions

Welders, as a well defined occupational group appear to exhibit an excess
risk for lung cancer approximately 30% above that of the non-welding
pepulation, which cannot be completely accounted for by tobacco use or
bystander exposure (primarily to asbestos in shipyards). If, as it would
appear, the biological activity of Cr(VI) ipn welding fumes is not diffe-
rent from that of Cr(V1) as found in other industries, then since stain-
less steel welders have exposures to a respirable aercsol containing
various solubilities of Cr(VI) which are equivalent to the average
cumulative Cr(VI) exposure in the general chromate—-producing and —utiliz-
arion industyy, they should be expected to have an equivalent risk for

lung cancer. Since the average excess risk ratio inthe chromate industry
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lies between 2.5:1 and 10:1, the stainless ateel welding popularion which
comprises of the order of 10% of the weldingwork force, could be respons-—
ible for a significant fraection of the overall excess risk observed.
Verification of this hypothesis can only be accomplished by epidemio-
logical studies specifically designed for this purposge, where special
attention 1s paid to the definition and selection of sufficiently exposed
cohorts (e.g. 3(mg/m3) years Cr(VI)) having adequate latency time (e.g.
20 years) and appropriate reference populations (e.g. non=shipyard
welders of mild steel).

The demonstration of sueh am internal "high risk" hot spot in the weld-
ing industry would strongly. emphasize the need for risk modelling and
lifetime exposure monitoring in studies of other industries with heto-—
rogeneous and mixed exposures. Many epidemiclogical studies may give
non-significant results only because the "at risk" cohorts are not well
defined, and are diluted by the presence of large number of unexposed

individuals.
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Appendix 3

MODEL PROTOCOL FOR DETERMINATION OF CHROMIUM IN URINE AND BLOOD
Collection of air and urine samples

Alr and urine samples should be ecollected during one work week. TUrine
samples should be taken from every subject at 07:00, 11:00, and 16:00
avery day of the week, plus the previous Friday at 16:00 and the following
Monday at 07:00. Air samples should be collected each morning and after-
naon on Monday through Friday, for between 3-4 hours each periocd. Control
subjects should have air samples measured on Tuesday and Thursday only.
Blood samples should be collected ou Monday at 07:00 and Tuesday at 07:00
and 16:00.

Welding fume samples should be collected using preweighed cellulose ester
membrane filters (millipore or equivalent) mounted in cassettes having a

cover with several small holes, used together with a personal sampling

pump.

The cagssette holder shall be placed in the welders breathing zone, inside
the face mask, Each pump-filter combinatien should be calibrated againar
a flow metet before and after the sampling period. Flow rates of between
1.5 = 3 1/m are acceptable. Total fume concentrations should be deter—
mined by direct welghing. Analysis should be made routinely for chromium,
iron, nickel, fluorine. Chromium analysis shall be made following the

standard protocol accompanying this document.

Urine samples should be collected in polyethylene bottles which have been
allowed to stand overnight in a 10% Deconex solution, then rinsed several

times with a final rinse of distilled water.

Before collection, subjects should remove work clothing and wash their

hands to prevent possible contamination. Before the last sample of the
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day, subject should take a shower. A early morning sample, taken after
waking up, should be collected at home. A first sample at the workplace

should be taken as indicated.

Venous blood samples of 5 ml should be drawn inte carefully washed hepa-

rinized tubes.

Analysis

Urin samples should first be measured for specific gravity and an aliquot

removed for creatinine measurement, preferably by the Jaffe reaction.

Urine and blood chromium are preferably measured using electrothermal AAS,
with a 0.5 + 4.5 ml dillution of the samples and 20 ul samples used for

analysis.

The method should be calibrated using aqueous calibratiom standards of 2,
5, 10 and 20 ug/l chromium as potassium chromate prepared daily from a

stack solution. The absence of dilutiom effect should be demonstrated.

The reliability of the method should be checked using a number of urine
samples spiked with 20 ug/l and 100 ug/l chromium. The precision should
also be verified by analysis of a number of duplicate samples. A detec-
rion limit of 2 ug/l Cr or less should be verified.

Pata for individual welders, and the group of welders for each welding
process, which enables a determination of the correlation of urinary
chromium concentration increase during the work shift with airborne
chromiuwe for individual welders and processes, should be collectad and
analysed following Tola, S.; Kilpig, M.; Virtame and Haapa, K., Scand.
j. work, environment & Health 3: 192-202 (1977).
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Appendix 4

PROPOSED MODEL PROTOCOL FOR STUDIES OF EYE ABNORMALITIES IN WELDERS

It is proposed that the lens of the eys can be used as 3 dosimeter for
non-ionizing radiation from the welding arc, and that lifetime welding
exposure can to some degree be estimated from the degree of radiatiom
induced opacity. This hypothesis is based on the observation of a
statistically significant overprevalence of sclerosis, opalesence,
cortico-nuclear opacity, anterior capsular lens opacity, and posterior
capsular lens apacity among welders compared to non—welding cohorts,
independent of the use of eveglasses, and/or age. (L. Ambrosi, et al.
Eye Findings In Arc Welders, la medicina del lavoro (Milan) 1983, in

Press )s

It 13 proposed to preform a routine examination of the anterior segment
of the eye using a slit lamp (Topocon 51-5D or equivalent) with a camera
attached. The pupils should be dilated (tropamyde 1%) and a photograph

obtained of each eye under suitable condirien.

It is proposed to attempt to correlate a model grading scheme (of the
degree of opacity) with lifetime exposure as determined from the appro—

priate walding experience protocol
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Appendix 5

PROPOSED MODEL PROTOCOL FQR STUDIES OF WELDING FUME CONTENT OF THE
THORAY USING MAGNETOPNEUMOGRAPHY

Recent evidence has been presented which verifies that the amount of
welding fume retained in the thorax, and determined by remanent magnetic
field measurements (PMG) (magnetopnewmography) correlates with lifetime
welding exposure. This finding suggests that PMG can be used to deter-—
mine lifetime exposure in welders, and hence is a useful technique for
sorting individuals into cohorts of various degrees of exposure for
teasting different hypothesis with respect to the health effects of

welding: i.e. the establishment of dose/response relationships.

Although the number of instruments currently available for clinical study
is small, there is strong indication that a larger number will soon be
available. 1If this is indeed the case during the coming years, it would
be of great use if PMG screening could be performed on welders who par—
ticipate in any of the epidemielogical/clinical studies developed within

the WHO/EURO program.

Because there are a number of different instrument designs available or
under development (remanent field measurements using Helmholz coils,
pancake coils, local magnetization, surface demagnetizatiom, and sus-
ceptibility measurements using symmetrical and unsymmetrical arrangements)
it is necessary that results are comparable through the use of appropri-
ate phantom samples which can be exchanges for intercalibration. Such
samples can be prepared using mixtures of form and magnetite powder,
having volumes of between 1-6 1, with total magnetite concentrations of
S0-500 mg/1.
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Appendix 6

PROPOSED STANDARD METHOD FOR DETERMINATION OF TOTAL HEXAVALENT CHROMIUM -
IN WELDING FUMES (After NIOSH)

(Note: it 15 observed that In all ecases tudies for welding fume, only
chromlum in the oxidation state +6 1s water soluble, while all other
oxidatrionzs statez of chromium are inscluble in aquecus solutions. Thus,
a determination of the chromlum ion concentration by a non-selective
technique (i.e. AAS) in aguecus solution 1Is edquivalent to a determina-
tlon of the water soluble Cr+6 concentration in the fume, the total con-
centration of Cr not withstanding. The fraction of Cr(+6) In welding
fumes of all processes which 12 not water soluble 1n a standard 30 min.
room temperature agitation has never been found to exceed 0.57%7 and is
typically of the order of 0.2%. For most purposes, it is sufficient to
determine only the water soluble Cr (e.g. Cr(+6) content of MMA fumes.
Total Cr(+6) content of MMA or MIG fumes must be determined by a complex
technique, which gpecifically avelds the acidificacion step of the normal
DPC technique, which, in the case of welding fumes, has been shown to

lead to a reduction {occasionally to zero) of the measured Cr(+6) content).

1. Synopsis

This method expands the diphenylcarbazide method (Refs. 11.1, 11.2)

from acid- or water-soluble to total hexavalent chromium (Cr(VI)).

A known volume of air is drawn through a polyvinyl chloride (PVC)
filter. The filter is extracted with hot, 3% sodium carbonate - 27
godium hydroxdde solution to dissolve all Cr(VI) and to protect it

from reduction to trivalent chromium. The extract is acidified with

sulfuric acid and analyzed by diphenylcarbazide colorimetry at 540 nm.
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Working Range, Sensitivity, and Detection Limit

2.1

2.2

The working range is 0.5 to 10 pg Cr(VI)/m3 in a 600-L air
sample. This corresponds to 0.3 to 6 pg Cr(VI)/sample, dissolved
in 25 mlL. The samples may be diluted for larger amounts of Cr(VI).

For smaller amounts, larger air samples must be taken.

The sensitivity (0.0044 Absorbance) and detection limit are
approximately 0.05 ng Cr(VI)/m3 for a 600-L air sample, using a

final volume of 25 mlL and a 5-cm optical cell.

Interferences

3.1

3.2

3.3

3.4

Iron (ILI) and vanadium (V) give yellow diphenylcarbazide com—
plexes, with color intensities equal to 0.04 pg Cr(VI) given by
200 pg Fe (III) or 4 pg V (V). The vanadium complex is unstable,
and samples containing vanadium in less than a 10-fold excess by
weight over Cr(VI) may be determined accutately by allowing the
solution to stand for 10 minutes after addition of the diphenyl—
carbazide. For samples contalning large amounts of iron or vana-
dium, these elements are removed from the sample by extraction

at pH 4 with 8-quinolinoel in chloroform (Ref. 11.4).

Mercury (I or IL) reacts slowly with diphenylcarbazide to give a
violet-blue precipitate. Addition of sodium chloride before
color development eliminates this interfarence (Ref. 11.4).
Nitrates caunse fading of the color; this can be eliminated by
buffering to pH 2 with sodium dihydrogen phosphate (Ref. 11.3).

Chromium (III), when present at 100 pg/sample, has ne effect on
the determination of 0.5 pg Cr(VI).
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Precision and Accuracy

4ol

4.2

4.3

The precision of the analytical method, using PVC filters splked
with 0.3, 0.6, and 1.2 pg Cr(VI) as potassium dichromate solution,
was 3.4%, 2.0%, and 3.2% relative standard deviation (RSD),

respectively.

A collection efficiency of 0.945 was determined for 100 pg/m3
Cr(vVl) as chromic acid mist using 5-um pore size PVC fllters
(Ref. 11.2).

Racoveries of Cr(VvI) determined by adding weighed amounts of the
pure compounds to PVC filters and extracting were (mean % reco-
very # standard deviation): barium chromate (BaCrQ,), 99.8 * 4.6
caleium chromate (CaCrQ;), 99.5 ¢ 7.3; lead chromate (PbCrOa),
98,5 * 2.6; and potassium dichromate (K20r207), 95.1 * 2.9.

Advantages and Disadvantages

5.1 The method is simple, rapid, and is specific for Cr(VI) in the
presence of Cr(III) or other reducing substances such as lron.

5.2 The method prevents loss of hexavalent chromium by maintaining
alkaline conditions during extraction of the samples.

5.3 Water-insoluble and watetr-soluble hexavalent chromium compounds
are soluble in the alkaline extraction medium used.

Apparatus

6.1 The apparratus for the collection of the personal air samples is:

6.1.1 Filter holder, 3-piece cassette, polystyrene, 3/-mm

diametet.




6.2

6.3

6ud

6a3

6.6

6.7

6.8

6.1.4

Balad

6eleb

6.1.7

6.1.8

Bals9
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Shrinkable ecellulose band.

Polyvinyl chloride (PVC) filter, 3.0-pm pore size, 37-mm
diameter, supported by a backup pad. (NOTE: Cellulose
aster filters are unacceptable because they may react
with Cr(VI). Gelan VM-1 or equivalent are acceptable).
Persconal sawmpling punp, calibrated in line with a repre-
sentative filter to an accuracy of £ 5% at the recommendad
flow rate (1.5 to 2.5 L/min.).

Thermometer

Manometer

Stopwatch

Bottles, glass, sgerew cap (30-mL scintillation vials are
adequate).

Tweezers, polypropylene or polytetrafluoroethylene.

Spectrophotometer, for use at 540 nm with S~em cells.

Cuvettes, matched, 5w~¢m path length.

Filtzation apparatus, vacuum, with PVC filter, 5-pm pore size.

Beakers, borosilicate, 50-mL, with wateh glass covers.

Volumetrie flasks, 25-mlL, and 1-L.

Hot plate, 120-140%¢,

Micropipettes, 20-pl and other convenlent sizes.
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Reagents

ALl reapgents should be anailytical reagent grade, and "disti1led"
water means double—distilled or delonized.

7.1 Bulfuric acid, H,50,, concentrated (98%).

7.2 Bulfuric acid, 6 N« Add 167.0 ml concentrated sulfurie acid
(7.1) slowly to distilled water im a 1-L volumetric flask and
dilute to the mark with distilled water.

7.3 Sulfuric acid, 0.2 N. Add 5.5 mL of concentrated sulfuric
acid (7.1) to distilled water in a 1-L volumetric flask and
dilute to the mark with distilled water.

7«4 Sodium carbonate, Na, COy, anhyd rous.
7.5 Sodium hydroxide, NaCH.
7.6 Potassium chromate, K,Cr0,, or potassium dichromate, K26r207.

7.7 Filter extraction solutions. Dissolve 20.0 g of sodium hydroxide
and 30.0 g of sodium carbonate in distilled water in a 1-L
volumetric flask and dilute to the mark with disrilled water.
Store the solution in a tightly capped polyethylene bottle and
prepare {t f£resh monthly.

7.8 IDdphenylcarbazides Dissolve 0.50 g of sym—diphenylcarbazide in
a mixture of 100 mL of acetone and 100 ml of distilled water.
Store in an opaque bottle Iin the refrigerator. The solution is

stable for up to 1 month.

7.9 Cr{VI) stock standard (1000 ug/ml). Dissolve 3.735 g potassium
chromate or 2.829 g potassium dichromate in distilled water and
dilute to the mark in a 1-L volumetric flask. Store in a poly—

athylene bottle, and prepare it fresh every 6 months.
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7.10 €r(V1) working standard (10 pg/mL). Dilute 1 mlL of the Cr(VI)
stock standard to 100 mL with distilled water. Prepare the
solution fresh daily.

Procedure

8.1 Cleaning of equipment. Glassware, including screw—cap bottles,
should be washed in hot water with detexgent and rinsed with,
in order, tap water, dilute (5%) nitric acid, and distilled
water. Under no circumstances should chromic acid cleaning
solution be used.

8.2 Collection and shipping of samples.

8+2.]1 Assemble the PVC filter and the backup pad inthe cassette
filter holder and press together firmly to insure that a
seal is made around the edge of the filter. Apply a

shrinkable cellulose band around the aszembled cassette.

B.2+2 Remove the cassette plugs and attach the cassette to the
personal sampling pump by means of flexible tubing. Clip
the cassette face down to the worker™s lapel. The sampled
air should not pass through any hose or tubing before

entering the cassette.

8.2.3 Take the sample at an accurately known flow rate in the
range l.5 to 2.5 L/min. A sample size of 600 L is recom—
mended. Check the pump during operation to assure proper
funcetioning. BRecord the sampling the zampling time, flow

rate, and pressure.

8.2.4 Remove the PVC filter from the cassette within 1 hour of
completion of sampling and place it in a screw—-cap hottle.
Handle the filter only with plastic tweezers. Discard the
backup pad.
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With each batch of 10 samples or less, submit a blank

filter from the same batch used for sampling.

8.3 Analysis of Samples.

8.3.1

Be3.2

8.3.3

J.3.4

Remove the PVC filter from the bottle, place It in a 50-mL
beaker, and add 5.0 mL of filter extraction solution (7.7)-
Cover the beaker with a wateh glass and heat it near the
boiling point on a hot plate, with occasional swirling,

for 30 to 45 min. Do net allow the solution to evaporate

to dryness, because hexavalent chromlum may be lost dus
to reaction with the PVC filter. 4n indicationm that hexa—
valent chromium has been lost in this manner is a brown-—

colored PVC filter.

Cool the solution and transfer it gquantitatively, with
distilled water rinses, to a 25-mL volumetric flask,
keeping the total volume about 20 mL. (NOTE: If the solu-
tion is cloudy, it should be filtered first through a FVC
filter in a vacuum filtration apparatus (6.4), using

distilled water rinses).

Add 1.90 oL of 6 N sulfuric acid to the volumetric flask
and swirl to mix. CAUTION: carbon dioxide will be evolved,
causing increased pressure in the flask. Let the solution
sit for several minutes, until vigorous gas evolution

ceasas, and then dilute to the matk with distilled water.

Add 0.5 mL of diphenylcarbazide solution (7.8) and lnvert
several times to mix thoroughly. Then pour aout about
one-half of the contents of the flask, stopper the flask,
and shake it vigorously several rimes, removing the stop-
per each time to relieve pressure. (NOTE: This step
releases excess carbon dioxide, which would otherwise

cause high and erratic readings).
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8.3.5 Transfer the solution to a 5—cm cell and read the absorb-
ance at 540 mm. Zero the sgpectrophotometer with a reagent
blank. Intensely colored solutions may be diluted with
0.2 ¥ sulfuric acid and the resulting absorbance multi-

plied by the appropriate dilution factor.

9., ¢Calibration and Standardization.

9.1 To 25-ml volumetric flasks, add 20, 40, 60, 80, and 100-pL
volumes of Cr(VI} working standard (7.10) and dilute to the mark
with 0.20 N sulfuric acid (7.3) to produce solutions containing
0.2, 0.4, 0.6, 0.8, and 1.0 pg Cr(VI)« Add 0.5 ol diphenylcar—
bazide solution (7.8), mix, a2nd read the absorbance of each

solution in & S5-cm cell at 540 nm.

9.2 Draw a calibration curve by plotting the absorbance of the

standards vs. amount of Cr(VI), in micrograms/25 mL.

10+, Caleulations.

10.1 Subtract the absorbance of the sample blank from the absorbance

of each sampie.

10.2 From the calibration curve (9.2) determine the micrograms of
Cr(V1} in each sample.

10.3 Express the coneentration of Cr(VI) in the air sample as

)
€=y
whete ! C = congentration of Cr(VI), pg/mB
= weight of Cr(VI) in the sample, pg
V = volume of alr sampled, n3




NOTE: For personal sampling pumps with rotameters, the

air volume should be corrected

v
COLT

P, T
=th r—

= gample flow rate, L/min

t = gampling time, min

= pressure (mm Hg) of atmosphere when pump
was calibrated

= pressurae (mm Hg) of atmosphere sampled

= temperature (K) of atmosphere when pump
was calibrated

= temperature (K) of atmosphere zampled
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Appendix 7

PARTTAL LISTING OF CURRENT RESEARCH ON THE HEALTH EFFECTS OF WELDING

International Qrganizations

1)

2)

3)

International Institute of Welding
Commission VIII: Chairman Gideon Gerhardsom, S5AF, Stockholm.
Major interests: Chemlical analysis, health effects, risk

management and risk assessment.

European Council feor Cooperation in Welding.
Compilation of health related research among welding institutes
in the countries of the common marketl Coordination of collec—

tion strategies.

Health and safety directorate EEC/European Coal and Steel Union,
Luxembourg.

International projeets on welding: risk assessment carcinogeni-
clity, ete. (TNO, Holland; DVS, Germany; SVC, Denmark)

National Organizations (European)

1)

DPanish Welding Institute (and other Daniszh Laboratories), R.M.
Stern project leader.

Risk assessment and management.

Mutagenicity of metals, in vitro studles.

Cr(VI) analysis.

Reference standard welding aerosols.

Particle size distributions.

Analysis of stainless steel industry in Demmark.

Magnetopneumography.




National board of worker protection, Solna Sweden, Ulf Ulfvarson
project leader.
Analyais of welding industry in Sweden.

Analysis of welding fumes in the workplace.

German Welding Institute, Dusseldorf, H. Sossenheimer.
Humanization of the work place of welders: national project
involving collection, analysis of welding fumes, study of fume

formation. Clinical and epidemiolegical studies.

British Welding Institute, Abbingdon, Cambridgeshire.
Frank Coe, Director of project.
Study of welding fumes in industry. Study of healrh effects of

welding.

Institute of Oeccupational Health, Helsingfors, Finland.

P.-L. Kalliomgki and others.
In vivo studies of welding fume toxlcity. Epidemiology of

welders of stainless steel. Magnetopneumography.

Institut de Soudure, Paris (Beaufis, project leader).

Chemical analysis of welding fumes.

TNO, Holland.
In vitre and in vivo studies of toxicology and genotoxicology of

welding fumes.

In addition, a number of other countries have active programs of research
on welding and health effects: USSR (Kiev), Italy (Trieste), Norway (Oslo),

among others.
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Qutside Europe

1) Japanz Origin of welding fumes (Kope Steel Laboratories).

2) USA: Nature of the welding environment, effects of Cr and Ni
in welding fumes, epidemiology of stainless steel walders

(American Welding Society, Miami).

3) Australia: Nature of the welding environment (Australian Welding

Society).
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Appendix 8

CENTRAL REFERENCE LABORATORY FOR ANALYSIS OF WELDING FUMES

It is propesed to identify a single laboratory as a reference laboratory

for the production and analysis of welding fumes.

The Danish Welding Insgtitute currently produces a range of surrogate
standard welding fumes, which are thought to be representative of approxi-
mately 70-80Z of occupational exposures. Samples of thess fumes are
available.

A system of cascade impacter sampling and analysis for small quantities

of fume has been developed. A gervice for the chemical analysis of
weighed millipore filters containing known amount of welding fiume is
offered at a very low cost, utilizing a proton induced x-ray fluorescense
analysis system (PIXE) operated at the Bohr Institute by the national
meterological laboratory (Priece 100-200 DKr per analysis, for all elements
heavier than No. 14, depending on sample quality, number, and detectiom
threshold required). Chromium (VI} analysis following Appendix 6 is also

offered.
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Appendix 9

CENTRAL REFERENCE INSTITUTE FOR CLINICAL AND EPIDEMIOLOGICAL STUDIES

it is proposed that an institute be selected to act as a reference
center for clinical and epidemiological studies. Such a center will
provide the necessary coordination and harmonization of the respective
national projects, and will ensure maximum inter-comparability of the
results of various protocols, which, out of necessity, will have certain

elements of national character which will nor be identical in all cases.
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Appendix 10

PULMONARY FUNCTION PROTOCOL

The effects of long term inhalation of welding fumes are known to be,
for the wost part, subtle. It is the current impression that field
measurements of respiratory function will not provide significant
information on welders reaction to fume inhalation, since most effects
will be limited to the small airways and gas exchange region. It is
recommended that a complete battery of clinical respiratory fumctiom

tests be carried out. Such a2 battery should be composed of:

1} Total lung capacity
2) Vital capacity

3) Residual volume

4) FEV1
5) PEF
6) MEF

7) Closing volume (7)

8) Closing capacity (%)

9) Wash out volume

10) VTG

t1) Diffusion capacity (transfer factor)
12} Slope (of closing volume)

Derailed protocols for a number of these tests are described in the
core protocol "Health Significance Of Formaldehyde In The Indoor Environ-

ment" presented in the present consultancy.




