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1.1 WELDING IN THE WORLD

R.Weck

The traditional metal joining methods of bolting and riveting,
used for c¢enturies have been replaced almost entirely by
welding within a few decades. To begin with it offered econo-
mies because it saved material and labour. Much more important
proved the indirect economic benefits such as 1lighter and
faster ships, thicker pressure vessesls which cheapened power
generation and made possible cheap mass production of many new
chemicals.

The most widely used welding processes inveolve melting of the
metal and consequent destruction or impairment of its proper-
ties resulting from careful alloying, heat treatment and mecha-
nical working such as hot or cold rolling. As a conseguence
many problems arise such as c¢racks in weld or parent metal,
catastrophic failure by brittle fracture or £fatigue of the
whole construction if welding is used without thorough under-
standing of its scientific basis, These problems have pro-
foundly affected the production of metallic materials destined
for fabrication by welding because much tighter limits on
many elements in the chemical composition of metals and
alloys were impoged in sgpecifications and additional tests
for the control of mechanical properties such as low tempera-
ture notch toughness.

The hazards associated with the occurrence of defective welds
have c¢reated a new industry engaged in non-destructive weld
examination - now mandatory £for an ever increasing range of
constructions made by welding. This has substantially reduced
the «c¢ost advantage of welding compared with traditional
joining methods of riveting or bolting but has not stopped
the continuing growth and expansion of welding because very
few items of industrial equipment made from metals could
now be manufactured without it.

There is a growing need for the development o©of new Jeining
processes not invelving melting but based on solid phase
bonding which might. be less afflicted with problems arising
from the very high temperatures involved ' in fusion welding.
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TECHNICAL HISTORY AND FUTURE DEVELOPMENT OF THE WELDING 
INDUSTRY : :

Jan Skriniar - CZECHQSLOVAKIA -

Attempts to weld could be traced back in prehistoric times
already. Despite that it is one of the youngest engineering
production technologies. Industrially it found wider acceptance
in the beginning of this century, especially after the World
War I. However, its development was accelerated after the

World War TII. Now it still develops and expends into new

fields of application.

Welding is a field of technology, where immense reserves for
the future development have not been revealed yet. Up to now
we utilize merely 15 from among 180 theoretically possible
power sources and only some 50 from among 1000 possible
welding processes. In spite of that a great deal of achieve-
ments in  industry, civil engineering, transportaticon and
medicine could not have been reached without welding. Today
we are able to weld materials over 2 m in thickness, but
also the finest wires 0,001 mm in diameter. A layman is
not able to imagine how many things can be welded, brazed,
gsoldered or thermally cut. For example it is welding inside
a human eye, welding in joining bones, body tissues, etc.
At present welding is wutilized as a production technology
not only in common productional branches of industry, but
in astronautics as well. It even exceeds the limits ©of the
Earth.  Welding experiments have been carried out in the

- space and soon welding will be used as a production techno-

logy at interspace stations and constructional bases. Welding
in the world is used not only in engineering and metallurgy.
but in clothing industry as well. There it substitutes sewing
of ladies' underwear and men's shirts made ‘of artificial
fabrics. Moreover laser is wused for cutting of c¢lothes.
In metal industry itself it is applied in shops and in fiels
even at arctic conditions and on seabeds.

in the near future even wider application of. the new welding
processes as electron beam welding and laser welding can be
expected. However, the greatest progress could be expected
in further mechanization and automation of welding processes
themselves but also of complex automated workplaces, lines
and pilot plants (single purpose and versatile). But the
main role is still played by robotization. Equally utilization
of other new power sources for welding can be expected.

Technical progress and develepment of welding, especially
its intensification, wusually bring along deterioration of
working conditions. But the ways of their improvement are
under sarious investigation. Consumables producing less
harmful substances are being developed and protective aids
and equipments are being introduced. In this direction a
hopeful solution is seen in automation and robotization,
which would reduce direct contact of operators with the
actual welding process. ‘
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1.3 PROCESS-DEPENDENT CHARACTERISSI‘ICS-.'OF, WELﬁING FUME PARTICLES

Klas G Malmgvist, Gerd I Johansson, Mats Bohgard and
K _Roland Akselsaon - SWEDEN ‘

The aerosols from thirteen common electric-arc weldlng pro-
cesses have been characterized regarding total mass emission,
particle size distribution, elemental composition and, when
applicable, the oxidation state of chromium. The characteriza-
tions have been performed systematically for different combina-
tions of welding current and welding voltage. Thé  results are
compared with recent results from the literature. The highest
fume emission is found for SMAW and for GMAW of aluminium. The
fume emission rate is determined primarily by the welding
current. The relative fume formation index varies drastically
among the methods and is dependent on the welding parameters.
This study supports the findings that the oxidizing potential
of the gas surrounding the electric arc is of considerable
importance in determining the fume production, with increasged
fume production when the oxidizing potential of the protective
gas is increased. The fume contains the same elements as the
consumable but for .some elements the relative abundancies  are
changed due to fractionation effects during aerosol formation.
This may be explained by different vapour pressures of the pure
elements and their compounds. Welding voltage and current mode
have drastic effects on the elemental COMPOSltan of the fume.
The elemental composition of a GMAW aeroscl is also dependent
on- the protective gas. The chromium in the SMAW .aerosols is
almost entirely hexavalent (and soluble). In the GMAW aeroscls
only trivalent chromium is found. The mass median aerodynamic
diameter wvaries from well below 0,25 to 0.6 and seems
to be essentially independent of e weldin parameters.




1,4lENVIRONMENTAL MONITORING OF WELDING FUMES AND GASES

Gaetano CECCHETTI - ITALY

In industrial hygiene the control of workroom air pollutants is
very important. In many .cases a double sampling strategy is
used: a) a sampling aimed at the assessment of the technical
pPreventive system; b) a sampling aimed at the control of the
working condition  of a single worker or of a homogeneous group
and therefore their exposure to pollutants. The environmental
monitoring is different in the two cases.

The considerations above explained are general but important
when the monitoring of welding fumes and gases is perfomed. In
fact, the fluctuations in pollution owing to working processes
and periods,  adopted welding system, protective devices require
appropriate systems for determining the real fumes and gases
concentration.

Static sampling will be used when the efficiency of both local
exhaust systems and total environmental air change systems is
to be tested; instead, if the pollutants concentration level is
to be controlled in the breathing zone personal sampling will
be generally used. In the latter case it is very important the
gampling time that has to be in compliance both with the short
exposure concentration limit (STEL) and with the 8 hour expo~
sure concentration limit (TWA).

Samplers equipped with size-selectors in order to separate the
respirable particles from the non respirable ones are not
generally used for toxicologic evaluations;

In the case of gaseous pollutants (CO, NO, KO _, Dzdne) direct
analyzers will be used, preferably equippéﬁ with graphic
recording systems in order to control the pollution during
the time. ‘

Impact static samplers will be useful all the same to evaluate
the granulometric c¢lasses, their classification and, particu-
larly, to distinguish the fumes from the grosser ejected
products. The examination of the several granulometric classes
allows to determine the superficial characteristics of the -
particles and their chemical-physical nature.

The operative conditions of different sampling methods are
indicated and a vreview of available results 1is reported
taking into account both the personal experience and the
literature. ‘







1.6 AIR CONTAMINANTS INVOLVED IN WELDING IN SWEDISH INDUSTRIES

ULf Ulfvarson - SWEDEN

Welding and similar operations were investigated with regard
to air contaminants and their effects on health. The article
gives a summary account of exposure investigations and an
evaluation of the effects of local exhaust ventilation and
ozone~reducing gases. The most difficult problem is that of
exposure to chromium, particularly hexavalent chromium, in
‘'work on chromium-bearing material, e.g. the welding or thermal
spraying oOf stainless steel. Another serious problem is that
of ozone exposure 'in certain forms of gas-shielded arc welding.
In practice, local exhaust devices are not used in such a way
that they have any chance of bringing exposure to these sub-
gtances down to acceptable 1levels. 8pecial shielding gases
have been developed with the object of reducing -ozone exposure,
but their effect is not general. In trials, these gases have

shown a proven effect only in the MIG welding of stainless
steel.

wwo




1.7 OZONE AND NITROGEN OXIDES IN GAS. 'SH.I}E'_.LDED ARC WELDING

Ladislav Sipek and Erik Smars - SWEDEN

The paper summarizes the results of AGA's axtensive resgearch
programme started 1975 and deallng with the formation of ozone

and nitrogen oxides mainly in connection with gas shielded arc
welding.

It describes how these subgtancas are formed dans distributed,
the interaction between ozone and nitric oxide and how ozone
can eventually be eliminated. The problem with the relation
between measured breathing zone concentration and that of
emitted amount of the substances is pointed out. Methods and
equipment for and results from emission measurements of ogzone
and nitrogen oxides are described for gas tungsten arc (GTA)
welding of =stainless steel and aluminium as well as of gas
metal arc (GMA) welding of carbon steel, stainless steel and
aluminium using different shielding gases. Measurements of the
concentraions and their spatial distribution in the vicinity of
a2 gas tungsten arc and in the plume under controlled air draft
conditions are presented. With controlled air draft around a
welder, measurements of the c¢oncentration behind and in front
of the head shield correlated with the emission valuea were
performed.

Descriptions are given on the effects of adding a small amount
of nitric oxide ( 300 ppm) to the shielding gas on the amounts
of ozone &and nitrogen oxides emitted, on the concentrations
and their distribution in the plume and on the concentration
behind and in front of the head shield of a welder in a room
with controlled air draft. 4

Results are also presented of measurements with a specially
designed torch with fume exhaust for GMA welding of aluminium.




1.80N SITE QZONE MEASUREMENTS:IN WELDING SHOPS

\_“
B. Engstrdm - FINLAND

Although several laboratory based studies on ozone in gas~
shielded welding are available, there 1is still not full
agreement about its hygienic role in real working conditions.
This it due to the lack of adequately performed breathing zone
measurements in on s8ite conditions. The ozone concentrations
were measured in different welding shops during varying gas-
shielded welding processes. Paired measurements enabled us
also to evaluate the influence of ventilation and shielding
gas on the ozone level. :

The ozone concentration of the breating zone of the welder was
measured using a chemiluminescent meter (AID model 560). All
- gamples were drawn through a dust c¢ollecting teflon filter
which was situated inside the welding helmet. To minimize the
sampling error from dust, the sampling period was restricted
to about ten minutes. Before each period the filter was
changed. In -order to neutralize the measurement system each
sampling period was preceded by the flushing of the sgampling
lines with strongly ozonized air. The system was calibrated
on site with a calibrator from AID, which itself had been
calibrated in the Ilaboratory using a ‘colorometric potassium
iodide method. Different welding parameters and ventilation,
which may influence the ozone concentration during welding,
‘were registered. ' :

The ozone concentrations varied from 0.007 to 0.7 ppm depend-
ing on the welding conditions. The highest level with maximum
concentrations up to 7 ppm was found in MIG-welding of alumi-
nium. In GTA~ and MIG-welding of mild steel the concentrations
were far below the current TLV-value, 0.1 ppm.

Thz ozone measurements verified the pattern of ozone occur-
rence reported in laboratory studies. Welding on mild steel
displayed lower ozone concentration in the breathing zone
than the levels -obtained in the welding of stainless steel
and aluminium. According to our results, the most effective
way to reduce the ozone concentration in the breathing =zone
seems to be the use of effective local ventilation. In some
situations, the use of special shielding gas may reduce
the ozone Jlevel.




1.9 EXPOSITION DURCH SCHWEISSRAUCHE AM ARBEITSPLATZ UNTER BESON-
DERER BERUCKSICHTIGUNG VON NICKEL UND CHROMATEN

W. Coenen, I. Grothe und G. Kilhnen - F.R.GERMANY

Das BIA fihrt in Zusammenarbeit‘ mit den Eisen- und Metall-
berufsqenossenschaften ein umfangreiches Messprogramm durch:
mit dem Ziel, im direkten Atembereich der Schweisser (zwischen
Schweisserschutzschild und Gesicht) die S&chadstoffkonzentra-
tion zu bestimmen. Hierzu wurde eine spezielle Probenahme-
technik sowie ein Datenblatt zur Dokumentation schweissspezi-
fischer Parameter entw1ckelt.. Die Luftproben werden iiber
mehrere Stunden entnommen. Die am Arbeitsplatz  vorliegenden
Bedingungen (Schweissverfahren, S8chweissposition, Lichtbogen-
brenndauer, . Raumgrdsse, Liftungsverhiltnisse etc.) werden
im einzelnen festgehalten. Da die Messungen liberwiegend beim
Schweissen von rostfreien bzw. hochlegierten St#hlen erfolgen,
werden neben der Gesamtschweissrauchkonzentration der Nickel-,
Chrom- und Chromatanteil nach anerkannten Verfahren analytisch
bestimmt.

Bei der statistischen Auswertung des mehrere hundert Stichpro-
ben umfassenden Messwertekollektivs konnten bisher eindeutige
Abhdngigkeiten der 8chadstoffkonzentration vom Schweissver—
fahren ‘

- Lichtbogenhandschweissen mit unmantelten Elektroden
- Wolfram-Inertgas-Schweissen.

= Metall-Inertgas-Schweissen und

- Metall~Aktivgas~Schweissan

nachgewiesen werden. Ledlgllch beim Llchtbngenbandschwe1ssen
sind die Chromatkonzentrationen kritisch zu bewerten, wihrend
die Nickelkonzentrationen im wesentlichen nur beim Schweissen
von Reinnickel kritische Werte annehmen. Mit statistischen .
Verfahren werden die wesentlichen multivariablen Einflusg-
grdssen und deren Einfluss auf die HShe der Konzentration
untersucht. Diese Erkenntnisse ermbglichen die Durchfiihrung
gezlelter und damit Okonomischer technischer Schutzmassnahmen
in den notwendigen Fillen.




1.10 GASES AND FUMES CONCENTRATIONS IN THE BREATHING ZONE:
THE CASE OF STAINLESS STEEL WELDERS '

F.Diebold, J.C.Limasset - FRANCE

The "Institut National de Recherche et de Sécurité" (I.N.R.S.)
has developed a method for the sampling and the measurement
of the chemical constituents found in workers' masks during
industrial arc-welding operations, Gases are analyzed in real
time with specific analyzers, such as carbon monoxyde (infrared
abgorption), nitrogen dioxide (ozone chemiluminesc¢ence) and
ozone (ethylene chemiluminescence). The mean total particles
concentration is determined by gravimetry and the main chemical
elements by ©plasma emission spectroscopy (I.C.P.) (iron,
gilicium, manganese, chromium, nickel, molybdenum, vanadium,
copper}), by flame emission spectroscopy (sodium, potassium)
or by atomic abscrption (lead).

The obtained data concern about thirty working-places relating
to boilerworking (welding, gouging or plasma cutting) of
highly alloyed steels (stainless steels, Inconel) in arms
factory and nuclear, chemical or food industry.

The results are interpreted by comparing the total emiszssion

and the air concentration of each titrated element with the
corresponding threshold limit values adopted by the A.C.G.I.H.




1.11 SCHWEISSRAUCHE BEIM SCHWEISSEN HOCHLEGIERTER WERKSTOFFE - THRE
BEURTEILUNG HINSICHTLICH MENGE, CHEMISCHER ZUSAMMENSETZUNG,
MORPHOLOGIE EINSCHLIESSLICH DER SCHWEISSPARAMETEREINFLUSSE

F.Eichhorn und Th.Oldenburg - F.R.GERMANY

Schweissrauchkonzentrationsmessungen am Arbeitsplatz und die
medizinische  Uberwachung der Schweisser im Betrieb sind in
der Regel die Grundlage fiir eine praxisnahe Untersuchung
der Schweissrauchproblematik unter dem Aspekt des Gesundheits-—
schutzes. Damit den Anwendern der Schweisstechnik in den
Fertigungsbetrieben geeignete baten zur Minimierung der
Schweissrauchentstehung von der verfahrenstechnischen Seite
her bei  gleichbleibend guter Schweissnahtqualitit an die -
Hand gegeben werden kdnnen, sind Grundlagenuntersuchungen
ziz den verschiedenen . Parametereinfliissen notwendig. Deshalb
wurde eine umfangreiche Palette solcher Daten zusammengestellt.

Als charakterisierende Gréssen des Schweissrauchs wurden
im ISF die entstehende Schweissrauchmenge, seine chemische
Zusammensetzung und seine morphologische Beschaffenheit
untersucht. Die Schweissrauchmenge wurde durch Emissions-
versuche ermittelt, bei denen externe Stdrungen weitgehend
ausgeschlossen sind. Die chemische Analyse, die mit Hilfe
der Atomabsorbtions-Spektroskopie und in Einzelfdllen zur
Fluorbestimmung mit der fluoridsensitiven Elektrode durch-
gefiihrt wurde, befasste sich hauptsidchlich mit den Elementen
Mn, Ni und Cr, wobei Cr als Gesamt-Cr und CrVI bestimmt wurde.
Teilweise wurden die Schweissrauche auch auf andere Elemente
wie Ca, Na, Ba, Co, Fe, Cu, Pb, V, Sn und Zn hin analysiert.
Die Untersuchung der Schweissrauchmorphologie  beschrinkte

sich im wesentlichen auf die Ermittlung der Partikelgrdssen-
verteilung. Mit Hilfe eines Kaskadenimpaktors wurde der aero—
dynamische Durchmesser und mit Hilfe von Raster und Transmis-
sionsemelektronenmikroskopischen Aufnahmen der geometrische

burchmesser der Schweissrauchpartikel bestimmt. ‘

Bei den Schweissversuchen kam eine ganze Reihe verschiedener
Schweisszusatzwerkstoffe unterschiedlicher Durchmescser und
auch verschiedener Hersteller zum Binsatz.

Untersucht wurden Schweissrauche beim Lichtbogenhandschweissen
mit Stabelektrode und beim Metall-Schutzgasschweissen. Ein
Vergleich dieser beiden Verfahren muss sich sowohl auf die
- Schweissrauchemission als auch auf die Schweissrauchzusammen-—
setzung und die Partikelgrdssenverteilung beziehen, da ausser
dem unterschiedlichen Verfahrensablauf und der unterschied-
lichen PYorm der Zusatzwerkstoffe die Art der in der Praxis
moglichen bzw. iblichen Schweicoparametervariation sehr
unterschiedlich ist. Beim Lichtbogenhandschweissen steigt
mit einem Anwachsen der Strom— und Spannungswerte in dem
vom Hersteller angegebenen Bereich die Rauchemission sowie
der Anteil der Elemente Cr, Mn und Ni im Rauch. Beim Schutzgas-~
schweissen muss Jedoch =zwischen Kurzlichtbogenbereich mit
héheren Emissionswerten und Spriihlichtbogenbereich mit gerin-
geren Emissionswerten unterschieden werden. Auch. die chemische
Zusammensetzung macht diese Unterscheidung deutlich, da sich
die Elementgehalte durch entsprechende Tief- bzw. Hochlagen
auszeichnen., | . . . =
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Intensiv untersucht wurden auch die Einfllisse der Schweiss-
arameter, Stromart, Schweissstrom und Schweissspannung auf
ie Schwelissrauchentstehung. Ausser den Schweissparametern

wirkt vor allem die Art des verwendeten Schutzgases beim

Metall-Schutzgasschweissen wund die Art der Umhiillung der
Stabelektroden beim Lichtbogenhandschweissen auf Emission,
Rauchzusammensetzung und Partikelgr8ssenverteilung ein. 50

~weisen z.B. die basisch umblllten Elektroden zwar geringere

;Emissionswerte auf _als rutilumhiillte, jedoch bedeutend hdhere
Cr—-, Mn-, Ni- und F -Gehalte im Schweisgsrauch. '

Beim Metall-Schutzgasschweissen wurde zus3tzlich die immer
stdrker in den Vordergrund tretende Variante 'des Impulslicht-
bogen~8chweissens in die Untersuchungen einbezogen.




1.12 EXPOSURE OF WELDERS 'TO FUMES, Cr, Ni AND Cu AND GASES FROM
THE WELDING OF STAINLESS AND HIGH ALLOY STEELS
/ . ‘ o

J.F. van der Wal - NETHERLANDS

The TNO Research Institute for Environmental Hygiene started
in the year 1982 a wide research programme on the exposure of
welders to chemical agents {(fumes and gases) and physical
agents {ultraviolet radiation, noise, heat, air movements and
ventilation) in workplaces and enclosed spaces. Exposure to
chromium, nickel and copper fumes from the welding of stainless

steel and high alley steels are algso included.

The exposure form welding of stainless steel {(55) was investi-
gated, using the following techniques: manual metal arc with
coated electrodes (MMA), metal inert gas (MIG), tungsten inert
gas (TIG) and plasma arc (PA)~Plasma cutting of S8 was inves-
tigated as well. '

The exposure to NO,, NO and 0, was also investigated.

The sampling and analysis for the determination of ¢r and Ni
engpled the determination of both the soluble and the insoluble
Cr™, total Cr and Ni-contents. Glass fibre -Eilters without
organic binders were used for the sampling of th . fumes ko
prevent the partial or complete reduction of Cr to Cr
as occurs by using organic filters or glass fibre filters
with organic binders. The most common situation is the welding
in workplaces without the use of local exhaust ventilation.
The results in this situation are summarized in the next table.

Weldipg Alloy Breathing zone lEVE}Q m"3 {range)
technique ‘ ' ‘ .

cr®t . er Ni Cu
MMA | ss 30-1500 50-1600 10-140
MIG, TI, GPA  §S . 1 20-60  10-40
Plasma cutting 88 1 20-500 10-250
TIG monel. ‘ , 330 22¢
MIG Al-bronze | upto 4000
Microplasma inconel 1 3 5

The N02 and NO-levels as’ time weighted averages (TWA) did

not exfeed 1 mg m from all welding technigques mentioned. .

above, both of alloyed and non alloyed gteels. The O,-levels
were under the detection limit of 5 for all teéhniques
and steels with thé exception of MIG welgéng of Al-bronze (due
to the Al-content of 10%): up to 50 m 0, and micro plasma
cutting of inconel. This latter due/to the v%ry short distance
between the plasma torgh and the breathing zone ( 20 cm),
where more than SOO/mam was measured. -

The effect of measures to decrease the breathing zone concen-
~trations in several situations are discussed.







1.13 INVESTIGATION ON CRYSTALLINE MATERIALS IN WELDING FUMES OF
COVERED ELECTRODES

M. Kobayashi and S, Tsutsumi - JAPAN

Crystalline materials in welding fumes of covered eslectrodes
have been identified by X-ray diffraction method. Nine test
electrodes have been prepared with covering of single component
material, MnO,, Fe,0, or SiO, using various binding agents.
Five commercigl eléc rodes in%luding three types of non-lime
electrodes and two types of lime electrodes have been used.
The fume of tested electrode covered with MnoO or Fe203
consisted mainly of MnFe Q4 or Fe O, respectively. Fe,0

and amorphous materials afe formed  in? the fumes Of tested
electrode covered with Sioz; The fumes of non~lime electrodes
consisted mainly of Fe30 + MnFe,0, was also found in limenite
type. Since these fumes contaihed about 20% 8i0,, other
elements seemed to form amorphous materials togetﬁer with
8i0,. The X-ray diffraction pattern of the Ffumes of lime
typé electrodes were so complicated that they were separated
into water soluble, magnetic and non-magnetic materials.
KCaF., NaF, CaF, and Fe 04 were identified as the main crys-
talline materials in tﬁe fume of general lime type. WNaF,
CaF,, MgO and Fe,0, were identified as the main crystal-
liné materials in “the fume of general lime type. NaF, CaF ;
MgO and Fe,0, were identified in the fume of modified 1life
type. As sgoluble materials, K,CO0; or Na,COy was found in
general type or modified type regpectively. Both 1lime type
fumes contained a little amount of chlorine as KCl.




1.14 THE GROWTH OF A WELDING FUME AEROSOL AS A FUNCTION OF RELATIVE
HUMIDITY

Mats S Ahlberg, Hans—Christen Hansson and Ingrid Fingmark ~
SWEDEN . .

The lung deposition of hygroscopic aerosols is known to be
affected by the growth of the particles due to the water
uptake that occurs when they are exposed to the high relative
humidity in the respiratory tract.

In this study the growth of a manual metal arc (MMA) welding
fume as a function of relative humidity is investigated using
two electrostatic classifiers in series., The first classifier
extracts a well defined mobility fraction of the welding fume
aerosol. This mobility fraction is then exposed to humidified
sheath air in the second classifier and the growth is deter-
mined. The growth of the water soluble fraction of the welding
fume (about 25% in this case) is also studied in the same way
by generating an aerosol of the water soluble material with a
Collison atomizer.

The welding fume particles show different degrees of growth.
From no growth at all to that for the pure water soluble
material, This behaviour suggests that the welding fume
aerosol is an external mixture consisting of particles con~
taining different concentrations of hygroscopic material.
From particles containing no hygroscopic material at all
to particles consisting of only such material.

The implications of these findings on the Jung deposition of
the welding fume is discussed.




1.15 APPROCHE METHODOLOGIQUE DE LA POLLUTION CHIMIQUE ATMOSPHERIQUE
SUR DES POSTES DE SOUDURE (ACldE inox)

Eric Ansoborlo - FRANCE

Cette étude de poste de soudure sur acier inox 18~12 avec

baguettes & enrobage rutilo basique presente une methodologle
d'approche de la pollution et de la toxicité des fumées.

A partir des éléments de base des soudures effectudes au
poste de travail, c'est-a-dire la composition chimique des
métaux a souder, ainsi que c¢elle des é&lectrodes utilisées,
nous avons orienté notre étude de la fagon suivante :

Dans une premiére partie, nous avons reallse des prélevements
de fumées au poste de travail permettant d'obtenir la granulo-
métrie ainsi que la forme géométrique des particules par micro-
scopie électronique & balayage. Les particules sont de forme
sphérique et de diamétre géométrique moyen 0,3 microns. Ce
filtre est ensuite utilisé pour le suivi de mesures analy-
tiques, a savoir 1l1l'absorption atomlque pour 1'obtention du
pourcentage en éléments simples (présence 1mportante de K, Ca
provenant de l'enrobage et Fe, Ni, Cr, M, Si & environ 5 %)
et 1l'analyse X permettant de mettre en évidence les composés
formés du type KCaF3, K2Cr04, Mn02, 5i02...

bans une deuxiéme partie complémentaire, nous avons conduit
une étude thermodynamigue permettant de calculer la volatilité
des divers éléments présents (mécanismes de . vaporisation,
calculs de pressions et de flux des composés susceptibles de
se former). Ceci nous a permis d'évaluer les probabilités
des formes d'oxydes métalliques possibles (Cr03, Mn02, FeO,
NiQ). La comparaison de ces deux types de résultats mesures
analytiques et c¢alculs thermodynamigues nous a permis de bien
cerner et de bien comprendre le mécanisme de volatilisation.

Parallélement . & cette détermination chimique des é&léments
présents, nous avons utilisé un test de solubilité "in vitro"
(principe du modéle pulmonaire proposé par le Task group on
lung dynamics) permettant de reproduire le  processus de
solubilisation des poussidéres étudiées au niveau pulmonaire
{plus particuliérement les ¢éléments Cr, Ni, Fe, Mn).

On réalise un "sandwich" de poussiédres qui est 1léché par un
liguide biologique synthétique (solution de Gamble), il s'agit
donc d'un systéme & flux paralléle. reproduisant le liquide
pulmonaire. Les paramétres sont la température 37°C, le PpH
de la solution 7,3, le debit 0,1 ml/mn, le poids de poussiére,
la surface apparente et la densité de la poussiére. Les résul-~
tats pour chagque élément présent sont exprimés en pourcentage
cumulé dissous, fonction du temps, ,permettant d'établir 1la
cinétigue de dissolution des partlcules.

Ce modele permet aussi d'analyser le "sandwich" en fin d'essail
et d'observer ainsi des modifications éventuelles.




1.16 EXPOSURE MONITORING AND CHEMICAL ANALYSIS OF WELDING FUME

E. Thomsen and R.M. Stern - DENMARK

The use of impingers for the collection and fixation of fresh
welding fume is investigated to determine their utility for
occupational monitoring of reactive, short lived substances
of biological importance. Collection efficiencies for the par=-
ticulate aerosol which has a mass median diameter of 0.2
range from 10-50% with a single impinger (orifice 0.3-0.5 mn)
and from 30-90% 'with a double impinger: enhanced collection
in the second impinger occurring due to agglomeration of par-
ticulates in the saturated water vapor of the first impinger.
Short lived reactive species can be effectively fixed in a
s8ingle impinger by the addition of suitable selective complex~
ing agents. When used with the fume from the metal inert gas
welding of stainless steel, a water soluble Cr(VI) content of
3-6% is found compared to values of 0.,01-0.3% as determined
for fume analyzed after collection on membrane filters. This
implies severe underreporting of occupational exposures to
certain reactive sgpecies, and points to a possible origin of
poor correlation between the results of biological monitoring
and occupational exposure data, especially for urine- vs. air-
concentration of Cr(VI) for welders of stainless steel, where
the as-inhaled fume may have an active Cr(VI) content which
varies over two orders of magnitude among various samples of
nominally similar total chromium content. Because of the re-
fractory nature of certain stainless steel welding fume ma-
~trices, traditional techniques frequently result in signifi-
¢ant underdetermination of total Cr content, either due to a
lack o©of complete digestion, or logsses due to the production
of velatile Cr compounds. A number of traditional analytical
procedures, and certain replacement suggestions designed to
eliminate the problem, actually result in underreporting or
overestimation of Cr(VI) content due to auto-reduction or
auto-oxidation inherent with this type of matrix. A suggestion
is made for the establishment of a simple standard procedure o
for the analysis of welding fume matrices based on c¢urrent .
understanding of the problem. When used with a suitable in
vitro bioc-assay, impinger collection might be an alternate or
complement to in vivo inhalation testing. . =




Johannes Baecklund, Metall AB Refina, 5~37900 Hégsby, Sweden

An X~ray fluorescent instrument for on the site analysis of dust.

An X-ray instrument for quantitative determinations of low levels of
toxic elements in dust has b&en developed with the support of the Swedish Work
Health Fund. '

By using low-power X-ray tubes of new design giving high intensity and
purity of primary characteristics radiation, a proportional counter detector
and thick X-ray filtersz for wavelangth selectlan high select1v1ty and
contrast have been achiaved.

Coatings on standard filters of 1 ug/cmw? can be determined with
exposure times in the range 10-20 seconds for elements such as arsenic, lead,
cobolt and chromium and th1s level can be reduced further by use of spec1al
filter materials.

Elements are selected by ﬁlugging in precalibrated umits.

The instrument gives the game lnten$1ty as or hlgher intensity than
stationary, heavy laburatory instruments.

The signal/background ratio is similar to that of large instruments.

The cost of an ASFX instrument is a tenth of the cost for a large
instrument .

The main reasons for these results is the use of a combination of 2
lowpower X%-ray tube, emitting characteristic radiation frow a spot on its
surface with Ross filters in the secondary radiation. The high yield of
fluorescent radiation and the excellent comtrast in the thick filterpair
against primary radiation and the very short distances in the X-ray system
give you these high intensities and contrast with only 3W power on the X-ray
tube. Thus, an analytical instrument having a weight including rechargeable
batteries of less than 10 kg can be placed at the worksite and solve the same
analytical problem as a big and expensive lsboraty instrument.




1.18%-RAY DIFFRACTION AND X-RAY EMISSION SPECTROSCOPY IN CHEMICAL
COMPOUND ANALYSIS OF WELDING FUMES

V-P.Tanninen, H-K.Hyv8rinen, A.Grekula and P-L.Kalliomdki =
FINLAND ‘

Welding fumes typically have a very complex chemical structure
involving several chemical compounds. Crystalline and amorphous
phases are found in the same sample. In addition, the amounts
of the sample and the concentrations of the different compounds
within the sample are usually low. For these reasons, we
have used a modified =x-ray diffraction method and combined
the resgults to those otained by x=-ray spectroscopy to get as
reliable information as possible about the chemical compounds
of welding fumes.

The optimal analysis of samples of welding fumes using x~ray
diffraction required some modifications including an excep-
tionally good monochromatization of the incident beam and the
use of a chromium x-ray tube, instead of the conventionally

“used copper one. The experimental data was then handled by
the mathematical procedure usging Voigt function fit. Lattice
spacings, relative intensities, and thus the compounds are
obtained more reliably by this way than by the conventional
method. A detailed analysis of the satellite emission data
obtained with x-ray spectroscopy will give the valence of
different transition metals and thereby helps in the compound
analysis. For example, spinel structures of iron are revealed
using the K 1,3’ K , fine structure of iron.




1.19 ASSESSMENT OF THE USE OF ELECTRON -SPECTROSCOPY AND SPUTTERING
FOR STUDIES OF SOLIH FUME PARTICLES -~ -

Erkki Minni ~ FINLAND

In addition to the total particle yield and particle size™
Jdistribution the elemental contents ~of the particles are
egsential for characterization of the fumes. In some cases
also information on- the chemical state of the constituent
elements is important (e.g. Cr{III) and Cr(VI)). The surface
chemistry of the particles ‘iz essential from the point of.
view of toxicity because the surface chemistry normally
differs remarkably from the bulk properties.

The electron spectroscopic methods used for applied work are
¥-ray photoelectron speclroscopy (¥P5) ° and Auger-electron
spectroscopy (AES). Both in these spectroscopies are surface
sensitive (information depth typically 2-8 atomic layers} and
suitable for semiguantitative elemental analysis for all ele-
ments except hydrogen and helium. Especially XPS s suitable
for the analysis of chemical states, By combining sputtering
(ion bombardment causing etching) and electron spectroscopic
measurement it is possible- to study the changes in compositions
and chemical states perpendicularly of the particles.

As stated above electron spectroscopies seem to be an answer
to many gquestions but unfortunately these methods have also
disadvantages, The samples must in principle be conductors
which is not normally the situation with fume particles. This
makes the application of the auger-method often impossible;
the XPS-method is applicable by using e.g. flood gun {(gun
shutting low energy electrons onte the . surface). Generally
these spectroscopies need ultra high vacuum conditions which
causes long measuring times and makes these methods newer
routine techniques for large amounts of samples. ‘

Another very large problem is the need for sputtering. By
using flood gun spluttering is possible also for insulators
but always must be kept in mind that sputtering is a selective
process and same element as an element, alloy or compound
has different sputtering yield. Sputtering can also cause

reduction to lower oxidation states.

Due +to these problems electron . spectroscopic results must
be treated with adequate caution, taking into account all
possible pitfalls of the interpretation. In addition to dif-
fraction studies these methods, however, often give quite a
good picture of the chemical structure of the fume particles.




1.20 QUANTITATIVE ENERGY DISPERSIVE X-RAY 'MICROANANLYSIS OF WELDING
- FUMES . o ,

Aale Grekula, Raija Peura and Seppo J. Sivonen — FINLAND

'This paper describes the method and results of a X-ray micro-
- analysis and transmission electron microscopy study carried.
out on manual metal arc and metal inert gas welding fumes of
- mild and stainless steels. The fumes were analyzed quantitati~
vely, in contrast to many earlier reports in which a STEM/EDS
wag used for qualitative or semi-quantitative analysis only.

Samples were collected onto carbon coated Formvar f£ilm on
copper grids directly from the fume generated during welding.
The welding parameters were sgelected according to the recom-
mendations of the filler metal manufacturer.

Transmisgion electron microscopy was used to group the fumes
into certain populations on the basis of the morphology of
the fume agglomerates and the size of individual particles.
Populations were then studied by gquantitative energy disper-
sive X-ray microanalysis using a STEM/EDS at 100.kV. Charac-
teristic peak intensities of the elements detected were
converted to weight fractions according to the Cliff-Lorimer

ratio method, in which the characteristic X-ray intensity
ratio, I1,/I., of two elements, A and B, can be related to the
weight f@ac ions C_ and CB, by C /CB =k, (I,/1.). The constant
k is the relative sensitivity “factdy, ?%hf%h varies with
tfi8 accelerating voltage but is independent of the size
and composition of the particle as long as the thin foil
criterion =~ no absorption and neo fluorescence - is satisfied.
The 'kA factors were determined experimentally for the ele-
ments Erom Na to 8i, whereas for the elements heavier than
i, the factors used by Cliff(x) were adopted. An absorption
correction was applied to all analysis.

Several features in the particle chemistry of different popu-~

lations in each fume are described. The role of potassium

in the agglomerate formation in MMA fume and the distribution

of nickel between different populations of MIG stainless steel
- fume are also discussed.

(%) G. CLiff, (1984), University of Manchester, private com.




1.21 SCANNING ELECTRON MICROSCOPIC STUDIES ON FLAME CUTTING AND
WELDING FUMES IN A STEEL FOUNDRY ‘

Tom E. Gustafsson, Antti Tossavainen and Antero Aitio -~
FINLAND :

Flame cutting and manual metal arc welding fumesg from a steel
foundry were studied with scanning electron microscopy and
energy dispersive X-ray analysis. Most particles were less
than 1 in size. Spherical particles of 1 - 7 on Nuclepore
filters were analyzed for their My, Al, Ssi, K,”Ti, Cr, Mn, Fe
and Ni contents, 1In the welding fumes chromium exists as
chromate with =lag forming materials such as rutile, silicates
and fluorides. In flame cutting fumes chromium is mainly as
oxide Cro0 O3- In the analysis K -peaks were measured at
X-ray totgi counting rate of 1000 counts per second. The net
peak areas and particle diameter were collected in a micro com-
puter for further statistical analysis. Forty-five particles
from each sample were analysed and in total 16 elements from
each particle were measured. : :

Steel alloys contained 13 to 23% of chromium and 4 to 11% of
nickel., The airborne dust concentrations measured by personal
samplin% during three consecutive work days varied from 3 to
20 mg/m” and the acid soluble chrgmium and nickel concentrg-
tions ranged from 60 to TQOfQ/m and 50 to 1100 fg/m P
respectively.

Electron microscopic studies showed that in spherical particles
of welding and flame c¢utting fumes the Cr-content varied from
less than 3% up to 20%. However, in the flame cutting fumes
highly chromium rich particles were observed in 4% of the
analysed particles. The detection 1limit from dust samples
for chromium was 3% and for nickel 10%.

The nickel content in welding and flame cutting fumes was in
most of the cases below the detection limit, but in welding
fumes nickel rich particles were detected. The Fe~K absorption
is strong for Ni-K radiation and therefore from Fe matrix
analysed Ni/Fe peak ratios of order 0.5 represent a high
nickel content in the particles. Such ratios were detected
in 5% of the analysed particles.

In the flame cutting fumes in the particle range of 1 to 7
there are more chramium rich particles than in the are welding fumes of ed
steel. - ‘ ‘
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1.22 TEST PROGRAM TO DETERMINE WHETHER NICKEL CARBONLYL
FORMS DURING THE WELDING OF NICKEL-CONTAINING ALLOYS

Leonard G. Wiseman & Edwin T. Chapman
Inco Limited
Copper Cl1iff, Ontario

Tests are being performed to determine whether nickel
carbonyl can be formed during the welding  of nickel-containing
alloys as has sometimes been assumed. The:  program includes
thirty-five experimental combinations which have been chosen from
nine different substrates, a variety of filler rods and SMA, TIG,
MIG and submerged-arc welding processes. The fume column and
gases filtered from the column will be "analyzed with a
chemiluminescent device capable of detecting less than 1 ppb
Ni(CO)4. Carbon monoxide and the metals content of the fume -~
particularly Ni, Cr and Cr(VI) -- will also be determined. In
some experiments, the shielding gas will be spiked with CO and/or
Ni(CO)s to observe the stability of these compounds in the
welding environment, Tests to date with MIG and TIG processes
have not produced detectable levels of nickei‘carbony].

Suherfi 7 TELEGR.: TELEX: Tel.: (01) 29011
EK:ZFN;BE‘SIPENHAGEN @-Deamark UNISANTE Copenhapgen 13348 i . Ents.: 189/434




1.23 POLLUTION .CAUSED BY MANUAL ARC-WELDING: QUANTITY AND QUALITY
VARIATIONS OF THE WELDING FUMES IN FUNCTION OF ELECTRODES
CHARACTERISTICS (DIAMETER, WEIGHT, AND COAT COMPOSITION)

G.P.Gambaretto and G. Rausa - ITALY

Over twenty electrodes of several types were examined Ffor
the coat and welding fumes composition to evaluate the hazard
arising from the manual arc~welding.

All the fumes produced by welding (particle fraction) are
corrected with both electrode and coat weight.

All coat components are present in the welding fumes, though
each of them shows a different and relatively characteristic
behaviour: iron, magnesium and caleium show almost similar
concentrations in the fumes and coat; fluorine, manganese,
copper, zinc and lead are more concentrated in the fumes;
on the contrary, chromium and nickel show lower concentrations
in the fumes than in the coat. A lot of components showed a
good correlation between the percent concentration in the
fumes and that in the coat, but highest correlation factor
values are present between total amount of each component in
the electrode fumes and that in the electrode coat.




Element Concentration & | cCorrelation Significativity Ragression 4O
Electrodes { Fumes r* £ ¥ cases
Iron 33.11 + 15.81| 33.13 + B.74 | 0.304 + 0.207 > 0,05 —— | a3
Calaium 13.21 + 7.535 10.50 + 5.01 0.464 + 0.208 o 0.05 xmG, 31 +.0.316y 20
Magnesium 0.747 + 1,226 0.00 + 1.22 0.76 + 0,148 < b.001 x=(,315 + 0.756y 21
Manganese 3,58 + 1,37 | 7.15 § 2.71 0,625 + 0,17 ¢ 0.01 xm2, 72 + 1,237y 23
Chrome 0,236 + 0.293] 0.047 + 0.072( (.099 #+ 0.222 —_—— ' —— 22
Nickel 2,125 + 2.61 0.183 + 0.197) 0.514 + 0.208 & 0.0l x=0.004 + 0,00499y 14
Zine Q.041 + 0.023)|0.5424 + 0.68 0.236 + 0.28 el —— ’ 14
Copper 0.045 + 0.019| 0.234 + 0,318] 0.298 # 0.275 —-_— - 14
Lead U.056 + 0,066 0,146 * 0.05%] 0.147 % D.312 ——— —_— 11
Bilica 32,0 + 4.59 9.176 + 5.85 0.543 + 0,187 £ 0.01 x=4 045 + 0,427y 22
Fluorin 5.28 +°3.31 12.33 + 6.85 0,330 + 0.084 < 0.001 x%3.024 + 1l.95y 21
Yo n - Correlation
+ 3.4d.
determinations mean % 8.4 r+ P Ragression
Fumes quantlt G.657 + 0,33 D.855 ‘
q y ooig) 26 >0 0.001 |y = 0,178 + 0.0086 x
Electrode weight (g) 55,60 + 32,8 4 0,106
Fumes quantity {9) 0.657 + 0.33 0.674 ‘ !
2% - Q.001L ¥y « 0,367 + 0.0129 x
Coat welght (sl) 22,40 * 17.2 + Q.15
fumas (mg) 178.0 + 100.6 .7492
22 = .01 y « 30.56 4+ 3.21 x
electrode (gl 45.98 + 24.8 + 0,136
fumes (mg) 65.56 + 44.8 0.454 '
c - 0.05 = 19.89 + 17.7 x
®  electrode  (g) 2l 2.58 + 1.14 |+ 0.204 ¥
fumes 33.27 + 22.2 0.784
MR (ma) 22 z B.001 ly m 5.1+ 38,5 x,
alectrode (a} 0.734 + 0.51 + 0.138
fumes i T hea 1 6.3 Talear -
Mg ¢ (mg) 19 t 6.3 0.01 g = 2.45 + 0.0099 %
electrode {mg) 221.1 + 413.9 + 0.19 .
futes (mg) 0.378 + 0.42 0.548
415 22 = 0.01 y = 0,114 + 0.0098 x
electrode {mg) 27.1 + 23,47 + 0.187 :
i = Lumes mg) 18 1.086 & 1.147 0.776, 00l 0.157 + 0.00134
. = 0, . x
electrode {mg} 388.2 + 662.4 + 0,157 ¥
u 56.32 + 24, f
si0, Fumes (mg) 22 2+ 26,81 09735 001 |y = 26,03 « 9.62 »
electrode {9) 3.65 + 1,944 + 0,031
fumes {mg} ‘ 119.5 + 58.86 0.826
- 22 = Q.001 Yy = 41.6 + 53.9 %
electrode [{-}] 1.445% + Q,501 + 0.126 )




1.24 MEASUREMENT OF WELDING FUME AT HYPERBARIC CONDITIONS

0.Bjgrseth, E.Bgrresen, K.Jakobsen and B.Malvik - NORWAY

Samples of welding fume were collected during unmanned TIG
welding at 30 bar He in a laboratory simulator and in the
work chamber durlng a 16. bar Seaway qualification test leE
at Nutec. :

The laboratory test chamber was approximately 100 1l and the TIG
welding was performed on 20 mm thick rondels with a diameter
of 220 mm. The amount of welding fume per g weld deposit was
greater at 30 bar He compared to 1 bar HE., The Mn:Fe ratio
was also greater in the hyperbaric situation compared to
monobaric conditions. Normally small amounts of Th was detected
on the filter samples at 30 bar He. .

The hyperbaric work chamber at Nutec is 50 m3 and the welding
gqualification test was performed with two welders working on
a 36 inches piece of a pipeline. Using a local fume extraction
system the exposure could be kept below 5 mg/m”. Some of the
filters were analysed for a range of elementz. TIG and MMA
welding fume wére also examined using. SUM/EDAX.

Particle size distribution, element analysis of single par-
ticles and differences between TIG and MMA welding fume will
be discussed. '




L.25

MESSUNG DER SCHWEISSRAUCHMENGEN UND ANALYSE DER RAUCHBESTAND-
'TEILE BEIM WIDERSTANDSSCHWEISSEN R ‘

H.J. Krause und H, Ptess - F.,R.CERMANY

Beim Widerstandsschweissen von unbeschichteten Blechen k&nnen

~atembare Stiube sowohl durch Vergpritzen oder Verdampfen desg

z2u schweissenden Werkstoffs als auch durch Verschleiss der
Elektroden entstehen. Die Zusammensetzung ' der Stiube wird
aber 'im wesentlichen vom Blechwerkstoff bestimmt. Maximal

wurden  3,8% Cu0, der aus denm Elektrodenwerkstoff kommt, fest-

gestellt. Durch Legierungselemente der Elecktrodenwerstoffe,
z.B. Be und Cd, ist keine Gefdhrdung zu erwarten. Wesent-
lichen Einfluss auf die entstehende Staubmenge begitzen die
Schweissbedingungen., Mit Spritzen wurden beim Schweiszen von
unlegierten Stahlblechen unter Rurzzeitbedingungen bis zu
500 Staub pro &Schweisspunkt gemessen. Durch Vermeiden des
Spr{fzens verringert sich die Staubbildung erheblich. o

Beim Werkstoff X 5 CrNi 18 9 entstehen beim Schweissen mit
Spritzen rd. 40 Staub pro Schweisspunkt, Rund 10% hiervon
ist Cr0,; rund 6% NiO. Ohne Spritzen betrdgt die Staubbildung
im Mité%l nur B,Q}Q pro Schweisspunkt, wovon weniger als
5% Cro3 ist. ‘ ‘ .

Eine Gefihrdung durch zu hohe Staubkonzentrationen . ist bei

vergleichbaren  unbeschichteten Werkstoffen  und dhnlichen

Schweigsbedingungen, besonders beim Schweissen ohne Spritzen,
in der Fertigung im allgemeinen nicht zu erwarten, weil die
natiirliche Beliliftung ausreicht um die Grenzwerte einzuhalten.
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MEASUREMENT - OF THE WELDING FUME QUANTITIES AND ANALYSIS
OF THE FUME COMPOSITION DURING RESISTANCE WELDING

H.-J. Krause and H. Preb - BERLIN

During resistance welding of uncoated sheet fumes may form in
the breathing zone by splashing or evaporation of the material
to be welded as well as by electrode wear. The composition of
the fumesg, however, dJdepends mainly on the sheet material, As
a maximum, 3.8% CuQ was found which originated from the
electrode material. No hazard is to be expected from alloying
elements of the electrode material, as for example Be and Cd.
An essential influence on the amount of produced Ffume is
exerted by the welding conditions. With splashing in welding
of unalloyed steel sheet under short-time conditions up to

500 fume was measured for each welding spot. If splashing
is 5¥%vented the formation of fume is considerably reduced.

During welding of the material X 5 CrNi 18 9 with splashing the
amount of produced fume is approx. 50 for each welding spot.
About 10% of this fume is Cr0,; aﬁgut 6% is NiO. Without
splashing the formation of fume "amounts in the mean to only
3.3 for each welding spot, During welding of the material
X CrNb 17 with splashing the amount of produced fume is
Approx. 37/;; for each welding spot, out of which less than
5% is Cr03, ' .

A hazard due to too high fume concentration, when comparable
uncoated materials and similar welding conditions are applied,
is generally not to be expected, especially in welding without
splashing, as the natural ventilation is sufficient to observe
the limit values,




1.26 WORKER EXPOSURE TO WELDING FUMES AND GASES DURING HYDRAULIC
PLANT TURBINE REPAIR :

J.F.K.Froats, P.J.Mason, J.C.To ~ CANADA

During the repair of stainless steel hydraulic turbines, using
metal inert-gas (MIG) welding, workers are exposed to . a variety
of fumes and gases. In this study, exposures to hexavalent
chromium (CrvI), total chromium, total welding fume and ozone
were quantified for both Francis and propellor type turbine
repair. These exposures occured during in sSite repair over
regular 8 hour shifts. Hexavalent chromium was determined by
the modified INCO method,

The¢ results show that workers are exposed to levels of Cr (VI)
and total chromium well below the current ACGIH Threshold
Limit Values (TLVs). Total welding fume and ozone exposures
are at or slightly above the current TLD guidelines.

Recommendations are given for general ventilation rates and
personal respiratory protection so to minimize worker exposures
to welding fumes and gases to a level ag low as reasonably
achievable.




1.27 WELDING FUMES CONCENTRATION IN HEAVY CARPENTRY WORKING ENVI-
RONMENT AND TRIAL TO CORRELATE SAME WITH GAS AND POWDERED
FLUORIDES

G. Casciani, F. Ruspolini, U. Verdel, G. Cecchetti - ITALY

The results of a variety of test concerning welding fumes pol-
lution in the working environments of ten different Italian
heavy carpentry factoriesgs are reported.

OQur analyses concern coated-electrode and submersed-arc welding
and - take into examination processing on binary and ternary
steels deprived of metal components showing a remarkable toxiw
cological interest.

The data obtained, collected using both fixed and personal
samplers, therefore concern the total concentration of fumes,
Nox, CO, gas and powdered fluorides.

The fixed area sampling yielded the following results (mg/m3J:.

1) for submersed-arc weldings (75 samplings): x = 0.55,
B = 0-43' xmax = 2-00' xmin = 0-16;

2) for coated-electrode weldings (95 samplings): x = .1.50,
g = 0.83, Xoax © 3.40, Rein. = 0.34.

The values obtained through personal sampling, in addition to
the other working conditions, are obviously affected by the
presence of local exhaust systems; therefore, depending on the
latter's absence or inefficiency, the fumes concentrations may
achieve considerable peaks; the results obtained from 26
measurements are in effect as follows: x = 32.03, s = 28.00,
= 90.60, x = §.80. By far better is the situation
1H %he EHV1r0nmeﬁ%E provided with good local exhaust systems,
where a total of 150 measurements evidenced x = 4.34, = = 2.28,
X = 7.91, x , = 1.31.
max - min :
The F  testing enables the comparison between the drawing
methods via impinger (NIOSH, P & CAM 117/19%75) and via fil-
tration (membrane filter and alkaline filter; NIOSH, P & CAM
212/1975) . Analyses are always carried out by ISE method.

. Some correlation have bheen tried, about both total F  concen-—
trations achleved by either methods and the ratio between total
fumes and F . o

It has been confirmed that electrodes and acid flows give rise
to insignificant F concentrations: the analyses provide also
values showing a poor correlation one towards the other.

Measurement in environments where processing is carried out
with basic electrodes, evidence on the contrary total fluoride
concentrations ranging 8.2% through absorption in NaOH and 7.7%
through filtration. This correlation appears to be sufficiently
gignificant ( r = 0.90) and may be represented by the stralght
line:

y = 0. 9 x+ 0.14

where x : / F gas / + / F powdered /
y = / total absorption F_h/







5.3 MAGNETOPNEUMOGRAPHY AS A TOOL FOR MEASURING LUNG BURDEN OF
INDUSTRIAL AEROSOLS: S .

M. Lippmann - U.S5.A.

A variety of industrial dusts contain magnetite and/or other
minerals which can act as miniature permanent magnets. These
include welding fumes, asbestos, £fly ash, coal mine dust,
foundry dust, steel mill dust, ete. The presence of such dusts
within the thorax can be detected by a non-invasive technigue
known as maghetopneumography. It involves the brief applica-
rion of a strong electric field across the chest to align the
dipoles within the particles (magnetization) and to rotate
the magnetized particles into a common alignment. The remanent
field, which can be measured with & sensitive external magneto-
meter, decays as the magnetic particles become randomly orien-
ted. The strengh of the remanent field at the time the magne-
tizing field is turned off can be related to the amount of.
magnetic dust in the field of view of the magnetometer, provi-
ded that the spatial distribution of the dipoles in relation

to the detector and the relation between magnetic moment and
dust mass are known. .

Since the spatial distribution of particles within the thorax
and the magnetic moment/dust mass ratio are variable in time
and not well known, there will always be some differences be-
'tween thoracic retention and its estimate based on remanent
magnetic field. The sensitivity of various detector designs
to spatial inhomogeneity and the influences of biolegical pro-
cesses and the properties of the particles on dust distribution
within the thorax are discussed in terms of their effects on
the accuracy of remanent measurements as indicators of dust
retention.
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STAINLESS STEEL MANUAL METAL ARC~WELDING: AND CHROMIUM IN ELOOD

C. Gustavsson and H. Weiinder - SWEDEN

INTRODUCTION

Biological monitoring of chromium exposure by determination of

- chromium in urine (U-Cr) has been presented in many investiga-

tions. Information on the levels of chromium in blood (B~Cr)
is limited, wainly due to analytical obstacles. As hexavalent
soluble Cr penetrates into the erythrocytes and where it is
trapped, analyses of chromium in erythrocytes (Ery-Cr) has

been expected to supply additional information on exposure to
that derived from analyses of U-Cr or chromium in plasma (P-Cr)

(1). we here present a study on uptake and elimination of Cr in
whole blood, plasma, erythrocytes and urine in 4 gstainless
steel welders and 6 workers in the electroplating industry.

METHODS

B-Cr, P-Cr, Ery-Cr and U-Cr were analysed in 4 welders Thurs-
day after work, Friday before and after work and the following
Tuesday morning, after a work-free period of 87 hr. Analyses
were also performed on samples taken immediately after 31 days
of summer vacation. B-Cr, P-Cr, Ery-Cr and U-Cr were also
analysed in 6 electroplaters before and after the summer vacaw-
tion. '

B~-Cr, P-Cr and Ery-Cr were analysed by direct electrothermal
atomic absorption spectrophotometry (PE AA 5000, HGA 500,
A5 40) after dilution with water and addition of Mg ,(ND3)2
and Triton X-100.

RESULTS

Some of the results of the analyses are summarized in the
table below. ' -

U-Cr B-Cr P-Cr Ery-Cr

X umal/moel creatinine nmol/1 nmol/1l nmal/1
Welders ‘
after work 1l6.6-61.6 35-180 52190 27-188
87 hr later 7.1-28.2 31-150 38-146 27-148
after vacation 2.2-11.3 16-33 13-58 20-65
Electroplaters o
after work 4.8-36,7 48-248 38-271 77-403
after vacation 0.6— 8.9 48-175 38 77=-268

We found no clear difference in the kinetics of elimination
between P-Cr and Ery-Cr in the welders. Chromium was different-~
ly distributed between plasma and erythrocytes in welders and
electroplaters. Blood analyses did not add substantially to
the information given by urine analyses. Details of the analy-
tical procedure, the kineticg of elimination and the relation

 between different parameters will be given in the lecture.

l. Langard 8. Chromium In: H.A. Waldron (ed), Metals in the
environment. Academic Press, London, 1980.




KINETICS OF CHROMIUM IN BIOLOGICAL MATERIALS DURING 'ONE WEEK
OF STAINLESS STEEL WELDING

K.H.5challer, A.Zoher, D;Weltie, H.Valentin - F.R.GERMANY

We investigated 20 are welders during one week welding with
18~-20% Cr containing electrodes. The chromium concentrations
were determined in blood and urine samples before, during and
after the work shift as well as after the weekend. According
to the external exposure {(personal air monitoring) the collec-
tiv can be divided in three groups:

Groups ' Cr VI{as Cr03) Cr-Total
3
(/ug/m ) ( pg/m™)

Group 1 - predominantly tungsten 5.1 (5.1-437) 18 (4.0-822)
inert-gas and metal inert- .
gas welding, with up to 20%
manual arc welding usging
coated electrodes

Group Z ~ occasional tungsten 123.3 (26-247) 268 (54-714)
inert-gas and metal inert-
gas welding, with over 20%

up to 60% manual arc welding
using coated electrodes

Group 3 - predominantly (over 60% 350 (5-2350) - 661 (9-5161)
up to 100%) manual welding :
using coated electrodes

A — by e e ey . e e e ———

Linear relationships were found between the external exposure
to Cr=-vI and total Cr and the renal excretion of Cr (r = 0.58)
and the plaszma Cr levels (r = 0.62). The wvalues for the renal

Cr elimination g &reatinine are 5.3 for the preshift
samples, 7.8 at mld a and 10.3 for the postshift zamples. The
high exposure group is correspondingly higher as the day

progresses, viz 16.1, 18.3 and 26.6 \y/g creat. For the plasma
Cr levels medians of 1.9 mg/l (préshift) and 2.4 uy/l (post-
gshift) were calculated for the whole group, fug results
for group 3 were 4.4 and 5.8 1l resp. The correlation
coefficient for the relationship between Cr in urine and
Cr in plasma ‘is 0.69. In the course of the day and the week
"saw tooth curves" are formed with respect to Cr in plasma
and urine.

The preshift Jlevels in blood and urine are increasing during
the week. Welders with postshift chromium levels in urine ex-
ceading l‘j@/g creat. do not eliminate the metal during the
night or over the weekend to the normal range (below iégyg
creat); this can be interpreted as an accumulation of chrofmi
in the human hody.
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CHROMIUM
Hexavalent chromium is a broad-spectrum genotoxin. It induces point muta-—
tions in bacteria, fungi and cultured mammalian cells, and dominant-lethal
mutations in mice treated in vivoe. Criviil induces chromosomal anomalies in
mammalian cells in vitro, and in fish and mammals treated in wivo. Cr(vI]
provokes DNA-repair in bacteria and DNA damage and misincorporation of
nucleotides in an in vitro transcription assay. Treatment of chick or
mammalian cells in vitro, and rats in vivo with Cr[VI] induces DNA damage
(strand breaks and DNA-protein and IMA interstrand cross-links). Crivil is
reduced to CrlITI] by biological fluids and by NADPH-dependent enzyme
systems with concomitant loss of genotoxicity. People occupationally ex-
posed to chromium compounds have elevated incidences of chromosomal anoma-
lies in their peripheral lymphocytes. There is no substantive evidence that
CrlIII) causes point mutations. Certain forms of CrITIIl induce chromosomal
anomalies in cultured mammalian cells at doses at least 100 times greater
than those required by Crivil. Crivil, which is readily absorbed, distri-
buted around the body and actively transported across cell membranes, is
reduced to CrlITI] within the cell: CrlITI} can form stable complexes with
a variety of biological ligands. It is thought, therefore, that intracell-
ular reduction of CriVI] to Cr(III), and reaction of Cr[III] with DNA is
the most likely mechanism for the genotoxic activity of chromium compounds,

NICKEL
Nickel salts cause misincorporation of nucleotides in an in vitro DNA
transcription assay. Insoluble nickel cempounds are solubilised in the
presence of DNA and rat liver microsomes and bind to DNA. There is limited
evidence that soluble nickel salts induce point mutations and prophage in

‘bacteria, Crystalline particles of nickel sulphides induced mutation in a

protozoan. Soluble nickel compounds and crystalline particles of nickel
sulphides caused DNA damage (including strand breaks and DNA-protein cross-—
links) in mammalian cells jipn vitro and in rats treated in vivo. More
morphological transformation occurred in mammalian cells treated with crys-
talline particles of nickel sulphides than in cells treated with amorphous
particulates. More efficient phagocytosis of crystalline nickel particles
was responsible for their higher transforming ability. Negative reaﬁlts
were obtained when a soluble nickel salt was assayed for clastogenicity and

- induction of heritable dominant lethal mutations in mice, Nickel compounds

are very weakly clastogenic in vitro. Nickel-exposed workers show very
slight excesses of chromosomal anomalies in their peripheral lymphocytes.
Phagocytosis of crystalline nickel particles appears to be the most effec—
tive means of introducing high local concentrations of solubilised Nit¥
close to critical targets such as DRA. -

4
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M.-L. Lindbohm

2.7




2.8 A CARCINOGENICITY STUDY IN HAMSTERS AND IN VITRO GENOTOXICITY
TESTING OF THE PARTICULATE FRACTION FROM TWO STAINLESS STEEL
WELDING FUMES

P.G.J.Reuzel, R.B.Beems, W.K.de Raat and P.H.M,TLohman ~
NETHERLANDS .

The particulate fraction of two stainless steel welding fumes
~generated by either manual metal arg (MMA) welding or by metal
inert gas (MIG) welding were examined in hamsters for carcino-
genic properties by repeated intratracheal instillations to
hamsters and for genotoxicity using short-term in vitro tests.
The hamsters were given the test materials in saline as vehicle
or, for comparison, CaCrO, in saline once a week during one
year. Thereafter the animals were observed for a period of at
most 340 days. Lung weights were clearly elevated in hamsters
treated with 2 -mg MMA welding fume particles or to 2 mg MIG
welding fume particles, In addition these hamster revealed a
specific pneumonia, interstitial pneumonia, alveclar bronchio-
lisation and emphysema. Similar, though 1less severe changes
were observed in lungs of hamsters of the CaCr0O, group or
in hamsters treated with 0.5 mg MMA welding fume " particles.
Residual deposits of welding fumes were observed in the lungs
of most animals treated with welding fume. Malignant tumours
(2/70) were found in lungs of hamsters exposed to MMA welding
- fume particles, but no malignant tumours were sgeen in the con-
trols or in hamsters exposed to MIG welding fume particles or
CaCr0,. Malignant 1lung tumours, however, have not been ob-
sarvea in a total of 791 historical controls. MMA welding fume
particles were found to be genotoxic when tested with the Ames
test and with a test for sister chromatid exchange induction in
Chinese hamster cells. The effects were almost similar to those
of XK,Cr0, 1f compared on the basis of the soluble chromium
cht&%t. %enotoxicity tests with MIG were essentially negative.




CHROMIUM AND NICKEL COMPbUNDS AND STAINLESS STEEL WELDI&G FUMES
IN CELL TRANSFORMATION ASSAYS IN VITRO - -

K. Hansen and R.M. Stern - DENMARK

A series of nickel compounds, nickel metal, chromium compounds,
and chromium and nickel containing fumes from the welding of
stainless steel, have been tested in the BHK and SHE cell
- transformation assays in vitro, to determine their relative
toxicity and transformation potency. For the nickel compounds,
which included as relatively insoluble particulates a  known
carcinogen (alpha Ni,S,), and several oxides either of Com—
mergial interest or 3E0‘?md in the working environment in the
metal industry (e.g. NiO), and a soluble salt (Ni(CH cog) .},
a wide range of transformation potency was found as a functfon
of nickel dose per area of culture. On the other hand all
nickel c¢ontaining substances produced the same number of
transformed coleonies at the same degree of toxicity (e.g. 50%
survival). Toxicity may arise from Ni originating in membrane
bound or phagocitized particles, or nickel available from
solution. If toxicity is a direct measure of available nickel,
then apparently nickel ion or nickel per se .is the ultimate
transforming agent independent of source or uptake mechanism.
Similar results were obtained for hexavalent chromium com—
pounds where the major effect for .substances such ag CaCroO y
K,Cr, 0., and manual metal arc stainless steel welding fumeg,
c%ula be shown to be due to growth-medium-soluble Cr(vIi).
For almost insoluble PbCrQ,, effects were Ffound only at
total doses 10 times those™ necessary for the mofe soluble
compounds, which resulted in soluble Cr(VI) concentrations
20 times lower, implying that the major transport mechanism
of Cr(VI) was by phagocytosis. Trivalent chromium compounds -
were not active: neither were mild steel welding fumes.
Soluble Cr(VI) compounds were toxic at dose levels (l—ng/ml)
much lower = than were soluble Ni compounds (75 /mlYy: for
intermediate and low solubility compounds the actifity depends
almost completely on the relative level of phagoevtotic
activity which can vary by several orders of magnitude.
When collected in a water impinger, the fumes from the metal
inert gas welding of stainless steel demonstrated a toxicity
which was more than a factor of two in excess of that which
could be attributed to their relatively high soluble Cr(VI)
content, implying the presence of a short lived Cr({(VI) species
with a unique biological ‘acitivity, which is, neither collected
nor assayed in fumes obtained by standard hygienic monitoring
technigques.




2.10 POXICITY OF ¢

3 AND N0,

G. von Nieding, BERLIN

When evaluating the effects of irritant gases, & distinction
must be made between acute and chronic exposure. Depending on
concentration,  exposure period and physico-chemical properties
of the irritamts, different cliniecal manifestations may occur,
~e.9. lung edema, bronchitis obliterans, and emphysema. Bguiva-
lent concentrations versus time ratios, i.e. identical doses
may cause lung edema, at short-term exposure to high concentra-
tions, whereas long-term exposure +to low concentrations has
resulted in emphysema-like changes.

The type of lung reaction is essentially determined also by
the physico-chemical characteristics of the irritants: as
compared to other irritant gases like sulfur dioxide (S0.)
NO, and O, are poorly soluble in water. While 80, with if=z
hi%h wate% solubility is -qguickly dissolved in “the upper
respiratory tract, NO and O, are capable of penetrating
deeper into the respiratory trgct, i.e. reaching the alveoli
of the lung. ‘ .

Varying reactions of the bronchial system upon acute exposure
to the gases mentioned have been described: the effect of 30
is most probably due to reflectory bronchoconstriction withiﬁ
the upper part of the respiratory tract, whereas microedema
of the bhronchial mucosa and of the interstitium is discussed
as possible effect of NO, and 0., possibly due to the liberation
of biogenic amines such #% histamine.

The long term effect of irritant gases is determined, apart
from the water solubility, by their chemical structure: NO
and O, constitute unsaturated molecules and exhibit a radical~
like “structure, the 1latter involves the potential for the
liberation of aggressive oxygen atoms, The radical structure
and instability of these molecules is a condition for interfe-
rence with the molecular structures of the tissue proteins,
leading to the typical emphysema-like damage seen after
chronic¢ - exposure to NO, and/or 0, in animal experiments.




5 11 RESPIRATORY TOXICOLOGY OF NICKEL AND CHROMIUM

Leonard 5. Levy — UNITED KINGDOM

If the inhalation of fumes from welding processes constitute a
carcinogenic risk to man, ‘then it is appropriate to examine
our knowledge of the toxicology of those components of the
fume with known genotoxic or carcinogenic activity. In the
case of welding fume from stainless steel, attention is imme-
diately drawn to Ni and Cr. There is a great similarity in the
development of our knowledge of the respiratory toxicology of
both these materials and also, a similarity in our present
state of knowledge surrounding the exact nature of' those
compounds of Ni and Cr which may be carcinogenic. At the out-
get, it should be stated that it iz unlikely, both from the
human and animal evidence, that all compounds o©f Ni and Cr
are carcinogenic per se. The key issues that have occupied
researchers both in industrial toxicology and experimental
carcinogenesis over the last 30 or so years have been in trying
to identify those compounds which are carcinogenic from those
which are not, so that effective occupational health and
hygiene strategies -can be developed to eliminate or control
those areas of risk.

For both Ni and Cr, the earliest evidence of respiratory cancer
came from the processing of their respective ores. In the case
of Ni this was by use of the Mond carbonyl process and as a
result, both nasal cavity cancers and lung cancers were pro-
duced in excess numbers. In the case of chromium, the proces-
ging of chromite ore in the blchromatenpradUcing industry was
associated only with an increase in lung cancer. In both indus-
tries, there is still uncertainty as to the exact nature of
those metallic compounds responsible for the cancer risks al-
though . process changes as well as improving hygiene conditions
has drastically decreased the risk. Animal studies have greatly
assisted in our understanding of these materials and have sepa-
rated those metallic compounds which are carcinogenic £from
those which  are not. However, great care is needed in the in-
terpretation of animal data as a means of explaining the human
experience. Factors such as route of exposure, dose levels and
tumour type must be carefully considered in rodent carclnoge—
nesgis studies.

The object of this paper is to thus critically review the
available human and animal evidence relating to the carcino-
genicity of Ni and Cr compounds so that useful predictons may
be made regarding any ensuing risk that may be encountered
from them in user industries; the inhalation of stainless
steel welding fume is the perfect example.




2.12 DISTRIBUTION, STRUCTURE AND COMPOSITION OF INHALED MANUAL METAL
ARC AND SHIELDGAS STAINLESS AND MILD STEEL WELDING PUMES
IN RAT LUNG

5. Anttila, 8. Sutinen, P.L. Kalliom&ki, 8.J. Sivonen,
A, Grekula and J. Nickels -~ FINLAND

As reported earl¥fr, male Wistar rats were exposed one hour
per day (50 mg/m”) for 1, 2, 3 or 4 weeks to manual metal
arc mild steel (MMA/MS) or stainless steel (MMA/SS), or
metal inert gas stainless steel (MIG/SS) welding fumes.
In retention study, the animals were killed in groups of
4 expogsed rats and 2 controls at 1, 2, 3 or 4 weeks from
the beginning of the study, and in c¢learance study, 1, 3
or B hours, 1, 4, 7, 14, 28, 56 or 106 days after a total
of four weeks of exposure. The concentrations of metals
(Fe, Cr, Mn and Ni) analysed in lung tissue showed remarkable
differences between welding fume types (Kalliom#ki et al.:
Am Ind Hyg Assoc J 44:649-654 (1983), Idem: Br J Ind Med
40:229-234 (1983)). To study the fate of fume particles
and tissue reactions in lung, tissue was taken from a total
of 48 exposed rats (22 exposed to MMA/MS, 20 to MMA/SS and
& to MIG/SS) and from 5 controls. The lung were fixed intrabron-
chially with phosphate buffered 3% glutaraldehyde. For light
microscopy, paraffin sections were stained with haematoxylin-
eosin, van Gieson and Berlin blue stains. The amount of macro-
phages containing dust and/or haemosiderin wag estimated in
air spaces, interstitium and lymphatic tissue and the presence
of acute tissue reaction recorded without knowing the identi-
fication of specimens. For electron microscopy, tissue was
postfixed in osmium tetroxide, embedded in epon-araldite and
cut to 100 nm sections. The particle aggregates and single
particles were first photographed in transmission mode, after
which the elelmental composition of the same particles was
analysed in situ using energy dispersive x-ray microanalysis
in STEM mode. '

MIG/88 fumes secemed to produce larger amounts of dusty macro-
phages in air spaces than MMA/MS or MIG/SS5 fumes. Haemosiderin
containing macrophages were most numerous in lungs exposed to
MMA/MS fumes and least in those exposed to MIG/SS fumes. Acute
alveolitis with granulomas was observed in most lungs of the
MMA/MS group, in some of the MMA/SS and MIG/88 groups but not
in controls. By electron microscopy the largest amounts of fume
particles were detected in the MIG/SS group: very small (3-70
nm) metal rich (8i, Cr, Mn, Fe. and Ni) particles resembled
the particles in air sgamples of the same fume as will be re-
ported szeparately. In the MMA/SS fume two particle types were
geen: one like those in the MIG/SS fume and the other of 100-
250 nm containing light elements in addition to stainless
gteel. The last particles seemed to have lost all of their
sodium, potassium and chromium as compared to the correspond-
ing particles in the air samples. MMA/MS welding also generated
two main particle types: one round and even of about 100 nm
containing metals (Si, Mn and Fe) and the other irregular in
shape and somewhat larger also containing light elements.

The present results corresponded well to those obtained pre-~
viously by instrumental neutron activation and magnetic measu-
rements of lung tissue.




.13 POSSIBLE BRONCHOCARCINOGENIC EFFECTS OF WELDING AND THERMAL
SPRAYING FUMES CONTAINING CHROMIUM

N.O.Berg,; M.Berlin, B. Ruddell, A. Schutz, K. Warfv:.nge -
SWEDEN ‘

The possible bronchocarcinogenic effects of fumes released
during the welding of stainless steel and the thermal spraying
of chromium have been studied ‘on the rat. The Ffume particles
were shown to contain tri- and hexavalent chromium in soluble
and low soluble forms; they were collected and implanted as
pellets in the bronchi of groups of 100 rats by the method of
Laskin et al.x A negative control group of 100 rats was in-
cluded, Tand positive controls receiving pellets containing
benz (a)pyrene. The experiment was continued for 34 months; no
significant differences were noted between the growth rates,
survival times and terminal organ weights of the test and
negatlve control groups. At autopsy, the macroscopic and micro-
scopic appearance of the organs in the three groups, including
the local reaction to the implanted pellet, were similar. No
precancerous changes were observed at the implantation sites;
one rat receiving a pellet containing welding fumes showed an
epithelial cell cancer remote from the implantation 'site and
not associated with the bronchus which had the appearance of
a metastasis. All of the benz(a)pyrene control rats developed -
epithelial cell tumours. The occupational health implications
of these findings are discussed.

¥ S.Laskin, M.Ruschner, R.T.Drew  Studies in pulmonary car—
cinogenesis, In: Inhalation Carc¢inogenesis (M.G. Hanha Jr,
P. Nettesheim and J.R. Gilbert, 'eds). AEC Symposium Series 18.
Oak Ridge, Tenn., United Staes Atomic Energy chmisslcn, Pbivi-
sion of Technical Information (1970) 321—350.




2,14 ALTERNATING CURRENT SUSCEPTIBILITY BRIDGE MAGNETOPNEUMOGRAPHY

'K.Drenck and R.M.Stern - DENMARK

A survey of the recent progress in remanent field magnetopneu-
mography of welders exposed to ferrimagnetic contamination
reveals the need for additional measurement techniques and a
reassessment of the utility of the method. The design of a new
altern ating current susceptibility bridge, proposed for supp-
lemental screening is presented. The instrument consists of
two adjacent Helmholtz coil pairs of 40 cm mean diameter, 40 cm
separation, mounted so as to provide a field free region at a
point in the center of the common median plane of the coils,
when the instrument is in balance: the earth's field is inde-~
pendently cancelled. Insertion 0f a test object in the uniform
magnetic field of one the Helmholtz coil pairs results a the
net magnetic field in the centrally located field free region,
which can be detected by a sensitive fluxgate magnetometer.
The magnitude of this field is proportional to the net magnetic
moment of the test object. Ferro—, ferri- and paramagnetic sub-
stances induce an unbalanced field of opposite sign to that
resulting from diamagnetic objects. When operated at 20a,
80 Hz, the instrument has a sensitivity of 0.6 pT/mg FeBQ

(1/1 particles dispersed in o0il), and a . noise  level of lﬂ
PT/ when measurements are made with a notch filter and a
lock in amplyfier. For unexposed individuals the thorax is
diamagnetic with the mean value of the magnetic moment corres-
ponding to that from 20 1 H,O. -Because welding fumes contain a
range of magnetic materials dependent of the type of technology
used, a determination of the thorax fume content by eigther DC
remanent field or AC susceptibility magnetopneumography re-
guires detailed knowledge of the nature of the fume to permit
assignment of & value of the sgpecific magnetic moment. When
the two tecnigues are used together, it is hoped that a model-
independent value of the thorax retentioncan be determined.
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A MOBILE MAGNETOPNEUMOGRAPH WITH DUST QUALITY SENSING
K. Kalliomskill), P-L. Kalliomiki2), M- Moilanenl
M-L. Junttilal) and K. Aittoniemi3)

1)oulu University, BF~-%0570 Oulu, Finland
z)lnstitute of Occupational Health, - '

S§F-00290 Helsinki, Finland
3)putokxumpu company, SF-00100 Helsinki, Finland

Workers in the metal and metallurgical industry are
exposed to airborn particulates which nearly always
contain iron in the form of ferrimagnetic magnetite. If
the worker's exposure is homogenous, i.e. he is pre-
dominantly exposed to only one type of fumes the amount of
lung-retained dust can be estimated once the magnetic
properties of the inhaled dusts and fumes are known. The
remanent magnetic field of the dust retained in the lungs
is measured with a fluxgate or EQUID magnetometer after

the chest area has been magnetized in a homogenous field

In most cases, however, the worker's exposure is hetero-
genous. For example, & welder often uses several welding

methods that generate fumes which differ magnetically.

fhen the static measuring method does not reliably reveal

the actual character of the contaminants retained in the
lungs. This problem can be solved using the coersive force
(which is different for different industrial metal
aerosols) to identify dusts. Due to particle rotatien in
living tissue, one hag to measure the pulse ccoersive force
(H P). By the application of short pulses to magnetize
and demagnetize a subject, the gquality and amount of the

! -

dust retained in the lungs can be determined, if the pulse -

coersive force of the dust sample is known (1). :

This paper explains a magnetic method which yields
jnformation on the quality of the dust in the lungs. The
new computer controlled instrument is installed in '

a trailer, thereby enabling measurements to be taken,
e.g., on the parking lot of any factory. The measurements
take from 10 to 15 minutes per subject, and the sensi-
tivity is 1 mg of magnetite when a fluxgate magnetometer
is used. The results of pulse coersive force measurements
of dust in the lunge in stainless steel welders and
shipyard mild steel welders are given. According to these
measurements stainless steel shieldgas and manual metal
arc weldexs and grinders can be classified into at least
three groups which correspond well with the workers
occupational history.

1. Kalliomkki, K., Kallioméki, P-L., Moilanen, M.t A new
magnetic method for studying the quality of lung-
retained dust in-vivo. Acta Polytecnica Bcandinavica,
Applied Physics Beries, Topics in Technical Physies, '

138 (1983) 72-75. - . ' o o '
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STABILITY OF REMANENT MAGNETISM OF DIFFERENT WELDING FUMES
IN RAT LUNGS

K. Kalliomiki, P-L.Kalliomiki and M.Moilanen — FINLAND.

The magnetic component of welding fumes has been used as a
trager for the lung retained fume particles in geveral studies.
There is no studies on the stability of the remanent magnetism
of lung retained welding fume particles though pure magnetite
(Fe,0,) has been proved to be stable. In this work the specific
remgng magnetic moment of four different welding fumes

has been followed for 106 days in rat lungs. The welding
fumes studied were manual metal arc (MMA), stainless steel (585)
and mild steel (MS) and metal inert gas (MIG), stainless steel
(85) and mild steel (MS) fumes (table 1). -

Table 1. The elemental concentration of the alloyed elements,
iron (Fe) compounds suggested to be present in the welding
fumg average valences and the remanent magnetic moments M

Am“/kg) for the manual metal arc mild steel (MMA/MS) an
stalnless steel (MMA/SS) and metal inert gas mild steel (MIG/
M8) and stainless steel (MIG/8S) welding fumes.

——— -

welding Fe Suggested Average Permanent

fume concen- Fe valence magnetic
tration compounds of iron 2
®)______. R Y
MIG/MS 40 (Fe,Mn) 40, 2.4 1.0
Fe,0,
| MnFe,0, ,
- MMA/MS 20 (Fe,Mn)304 2.4 0.3
MIG/38 30 (Fe,Mn)304 2.2 3.0
, (Fe,Mn,Ni)(Fe,Cr,Mn)204‘
MMA /S8 4 K FeF; : 2.7 0.05
K2F904
MnF9204

o —_- e e e e e SR B o L A . i e g

The f&l@fng fumes were irradiated in a neutron flux of 103 n
.cm “,8 for 76 h., A 1% suspension of the activated fume
was prepared in physiclogical saline. A 0.2 ml aliguat of
the suspension was injected intratracheally into 4 x 40
male Wistar rats. Groups of five rats were killed 1 h, 24 h,
4 4, 84, 14 4, 30 d, 56 4, and 106 d after‘the administration.
The magnetic, i.e. exogeneous iron (Fe of  the autopsied
lungs was measured with a SQUID magnetomgﬁér in a magnetically
shielded room. The activity measurements of the lungs were
performed using an Ortec Ge(Li) detector connected to an auto-
matic g¢gamma spectrometer syg em. The following -peak was
ggasured for Fe: 1099 KeV Fe) which had been formed £rom

Fe by thermal neutrons. The specific remanent moment was
calculated from the results by dividing the measured magnetic
moment by the amount of exogeneous iron.




MMA/S5 and MIG/MS welding produaed particles with a stable,
specific magnetic moment (MR Am /kg Fe) in rat lungs. ‘The
two other welding fumes pargicles (MIG/55 and MMA/MS)} had
specific remanent magnetic moment with a descending trend.
During the follow-up period of 106 4, the remanent mangetism of

the lung retained particles after fthe exposure to MIG/SS and
MMA/MS fumes last about 50% of the initial value.

The results proved that the unstability of the remanent magne-
tic moment of some welding fumes is caused by phenomena which
appear to be more physical (agglomeration, translocation) than
chemical (solubility) in nature. Follow-up times has to be
increased up to one year and the characterization of lung
retained particles in situ by electromicroscopic methods
should be performed,
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2,17 KINETICS OF MANGANESE IN RATS AFTER INHALATION EXPOSURE TO
WELDING FUMES '

P-L. Kalliomskil, E-L. Lakomaa2, A. Aitio} and M-L.
Junttila“ '

1 Institute of Occupational Health, Helsinki, Finland
Tecnnical Research Centre of Pinland,

Espoo, Finland '
3 University of Oulu, ©Oulu, Finland
fhe retention and clearance of manganese (Mn) was followed in
rats exposed to three types of welding fumes. Groups of 52
Wistar rats were exposed to manual metal arc (MMA) stainless
steel (S8) and mild steel (MS) and metal inert gas (MIG)
gtainless steel welding fumes. The exposures were performed by
"nose only" technigue 1 h per workday for 1, 2, 3, and 4 weeks
for the retention studies and for 4 weeks for the clearance
studies. The clearance of Mn was followed for 106 days after
exposure. Instrumental neutron activation analysis was used to
determine the levels of Mn in different organs of the rats.

 The lungs were saturated with Mm during the retention of MMA/SS
and MMA/MS welding fumes, and the level of Mn increased
linearly as a function of the length of exposure for MIG/SS5 -
welding fumes. The clearance from the lungs was different for
each type of exposure. MMA/SS5 welding fumes cleared with a
half-time of 40 days, MIG/SS with half-times of 2 and 125 days.
and MMA/MS with half-times of 0.5 and 6 days. ‘

Neither MMA/SS nor MIG/55 welding fumes caused any changes in
the concentrations of Mn in the kideneys. spleen, or brain.

The Mn concentrations were unchanged in the liver after
exposure. to MMA/SS and MMA/MS welding fumes. MMA/MS welding
fumes caused a reversible increase in the concentration of Mn
in the kidneys., a finding which led to the suspicion of urinary
excretion. A delayed increase of Mn in the brdin was noticed
8-56 days after 4 weeks ©of exposure to MMA/MS welding fumes. ‘
Also a reversible increase in the level of Mn in the spleen Wwas:
found after exposure to MMA/MS welding fumes.




2.18 MANGANES IN ARC WELDING OF STAINLESS STEEL - EXTERNAL EXPOSURE
AND BIOLOGICAL MONITORING

W.Zschiesche, E.Wilhelm, A.Zober, K.H.Schaller
- GERMANY 4 '

In the literature there 1is a controversial discusszion on
manganese exposure of welders.

Therefore we investigated 20 ar¢e welders during one week

welding with electrodes containing 18-20% Cr., 5-8% Ni and
less than 1% manganese. '

8 welders of this group were highly exgesed to dust (median
of all samples 12 mg respirable dust/m” air). The sampling
was carried out by Personal Air Samplers over 1l 'working
week. The median manganese concentrations all =amples
over all yorkplaces and all days was 257.7 / (range 23.3-8,
711.1 ;y/m™) in respirable dust. From g£’ 8 welders urine
as well as blood and plasma specimens were received before,
in and after shift during one week and the monday after the

weekend.

The urinary manganese excretions of all welders over all
days and all specimens ranged from 0.6-6.7 (median 0.9)/qy1
and 0.6-7.3 (median O.S)ﬁpg g creatinine respectively;

urine levels are mainly th1n normal range (upper limit

of normal values for smokers: /g creat) The mean urinary
excretions Qf each welder over a 1 days ranged from 0.5-2.02
(median /@ great. Also the Mn levels in blood and

plasma were mainly in the normal range. FPFor plasma the Mn
concentrations of all specimens o©f all welders over all
days ranged from 0.3-8.8 (median 1.43) my/l, for blood from

7.4-33.,5 (median 12.1) 1. The mean c¢ongentrations of each
welder over all days ‘varied from 1.3-2.6 (medlan 1. 4)

for plasma and from 8.7-19.7 (median 12.0) for
regpectively. The Mn levels in the diffe biolog1ca1
materials showed no significant dlfferences before and after
gshift.

The external and internal exposure of stainless steel arc
welders using electrodes with less than 1% Mn to manganese
seems to be of little importance compared to that to chromlum
and nickel.




2.19 BLOOD CHROMIUM AND URINARY CHROMIUM EXCRETION OF STAINLESS
STEEL WELDERS DURING THEIR SUMMER VACATION

E.Rahkonen, P.L.Kalliomdki - FINLAND
J.J&8rvisalo - DENMARK '

The concentrations of chromium (Cr) ‘in . the urine and blood
of six stainless steel (S8S) welders during their scummer
vacation were determined in order to study the excretion of
body burden chromium. The welders had welded only S8, using
mainly the manual metal arch (MMA) method, for 5-21 years in
one workshop specializing in SS metal products. Dust samples
and metal analyses done in the workshop during the period
1275-82 gave an estimated exposure level to hexavalent chromium
for MMA/SS welders of 0.03 to 2 mg/m°. During the last two
months before the study two of the welders had used mainly the
tungsten inert gas (TIG) method and one welder had welded only
occasionally. The total diurnal urine was collected at six
hour intervals during the last working day before the vacation
and then during the first, third, £ifth, 10th 17th and 30th
days of the vacation. The blood samples were taken once on the
last working day and then once daily on the first, third and
fifth days of the vacation and also after the vacation. On the
basis of the results excretion of Cr during the vacation was
evaluated. The Cr concentrations in urine (0.50-0.72 ol/1)
and blood (0.30-0.53 umol/1l) of three MMA/S5 weldels were
high before the summer vacation and calculated half-time
of Cr in urine was 10-30 days and in blood 20-27 days. The
Cr levels in wurine (0.08-0.11mol/l) and blood of TIG/SS
welders before the vacation weré elevated from control levels
but no c¢lear deterioration trend were observed during the
follow-up period. According to the decrease of Cr concentra-
tions corected to creatinine in each six hour urine fraction
during the first three non-exposed days of MMA/SS welders, the
half-time of Cr was 3.5-14 days. The calculated total amount
of Cr excreted into urine during the follow-up period varied
from 0.1-0.9 mg. In this study, the urinary Cr concentrations
corrected to wurinary creatinine best fitted an exponential
curve. In practice, there are many difficulties in collecting
total diurnal urine samples and it is possible to estimate
exactly the total Cr excretion into urine only in experimental
condidions. The results in this study indicate that some part
of the absorbed Cr accumulates in the organs of 58 welders,
that a half-time of beody burden Cr is some weeks and that
perhaps a part of body burden Cr is excreted even more slowly.
Owing to different kinetic models of Cr compounds the clearance
of Cr in 85 welders is not simple and the material of this
study was tono small to calculate complicated mathematical
models for Cr excretion.







2.21 DETERMINATION OF NICKEL, CADMIUM AND CHROMIUM IN-WHOLE BLOOD
AND URINE BY ZEEMAN ATOMIC ABSORPTION SPECTROPHOTOMETRY

J.Molin Christensen, C.H. Brogren and M. Kirchhoff - DENMARK

A rapid ZEEMAN atomic absorption spectrophotometric procedure
for determining cadmium, nickel and chromium in heparinized
human whole blood and urine is dese¢ribed. The blood sample
iz  diluted with Triton-¥~100 and Cu({NO ), solution. The
proteins are denaturated by nutric acid agd removed by cen-
trifugation. Fourty of the supernatant is injected in
a pyrocoated graphit tube., Urine is diluted with Triton-
X-100/HNO golution. Values of cadmium, nickel and chro-
mium in :%lood are obtained by c¢omparison to working curves
prepared from blood standards of the metals. ‘

Results for determination of cadmium, nickel and chromium in
whole blood from the general population of DPenmark are given.

The rapidity and simplicity of the procedure result in de-
creased risk of contamination and makes the method attractive
as & screening technigue for routine use. '







2 .23 MUTAGENIC ACTIVITY OF SMOKE PRODUCED BY OXYACETYLENE FLAMES
DURING REFITTING OPERATIONS IN OIL TANKER

"F.Valerio, R.Puntoni, A.Lazzarotto, G.Raffetto - ITALY

Polyecyelic aromatic hydrocarbons (PAH) concentrations were

measured in smoke collected in oil tankers during refitting

operations in which oxyacetylene flames wegre used. High-
levels of benzopyrene (8.3 + 7.2 mg/l000 w”) and nitrogen -
oxides (from 2 to 20 ppm) were detected. The fraction of

collected smoke, soluble in cyclohexane, was injected into

the peritoneum of Balb/C mice. The frequency of sister chro-

matide exchange (8CE) induced in bone marrow cells was eva-

luated. A significant and dose-related increase of SCE was

seen, which was comparable to that induced by pure PAH.

Based on these results, the presence of other mutagenic

substances in addition to benzopyrene was suspected. Chemical

and biochemical results confirmed epidemiological evidence

of an increased risk of lung and bladder c¢ancer in workers

operating inside o1l tankers. The authors: propose the use

of. this coordinated approach for an effective primary cancer

prevention programme in the workplace based on qualltatlve

and quantltatlve assessment of cancer risk.




2,24 APPROCHE METHODOLOGIQUE DE L'ETUDE DES RISQUES ENGENDRES PAR

LES PQUSSIERES DE SOUDURE

M.H., Henge Napoli, C. Ancilotti, P. Blaise, G. Bourgineau
and M. Archimbaud ~ FRANCE :

Dans cette approche, nous préconisons 1'utilisation de diffé-
rents tests in vitro et in vivo pour évaluer :

- l'effet des poussiéres sur le systéme de défense pulmonaire,
=~ 1l'effet mutagéne des poussidres.
A ce titre, nous pratiquons :

1) Un test in wvitro sur deux macrophages "alvéolaires de
rat maintenus en survie en phase gazeuse, Ce test permet
d'évaluer la toxicité des poussidres et des gaz aux postes
de soudure.

2) Un_test in vivo de mutagendse (micronucleus) : les pous-
sieéres recueillies au poste de travail sont déposées direc-
tement au niveau du poumon. La présence des corps de Howel
Joly dans la mo#lle osseuse du fémur de souris indique
1'action toxique sur les chromosomes.

3) Un test in vitro de mutagenése (Ames) : les gaz sont piégés
dans une solution nutritive contenant une souche de bacté~-
ries mutantes. L'effet mutagdne est évalué par la numération
des revertants aprés étalement sur bolte,

Pour les poussiéres, différentes techniques de complexation
sont expérimentées avant 1'évaluation du pouvoir mutagéne.

Un poste de soudure est étudié et les résultats obtenus
pour ces différents tests seront présentés.




2,25 LONG~TERM INHALATION STUDIBS WITH NiQ AND As,O; AEROSOLS IN-
WISTAR RATS o Lo

U. Glaser, D. Hochrainer, H. 0Oldiges and 5. Takenaka -
F.R. GERMANY '

Two parallel long-term inhalation studies with submicron aero-
sols (MMD 0.3 /mn of nickel oxide and arsenic trioxide had .
been performed. 'In each study one hundred male Wistar rats 1
(INO-W 74, SPF) were used. At the lower exposure levels (60 e
/m° metal) fourty animals, at the higher levels (200 ug/m™ metal) twenty
rats had been exposed in inhalation chanbers for 18 ‘months,
and had been then conventionally housed till the termination
of the experiments (31th month after beginning of the in-
halation). In each study fourty control rats were kept 1in
filtered room air under the game conditions.

In comparison between the two control groups no difference
had been ascertained hematologically, clinico-chemically,
and pathologogically. The same mean survival time (about
30th month after the beginning of the inhalation) had been
observed. ‘ '

In the arsenic trioxide inhalation study all the results
were just similar to those of the controls at hoth exposure
jevels. Histopathologically no lung tumor had been detected
in. both control groups and the arsenic exposed rats. The
total tumor incidence (mostly neoplasms of skin and testes)
did not differ between the. controls and the arsenic trioxide
exposed groups.

In an earlier conducted subchronic - 4 months - NiO inhalation

study only ‘alightly depressed respiratory defense and imnune
response effects had been observed at nickel exposure levels

chosen in this study. Indeed the long-term exposure to ‘the

lower and higher aerosol concentrations revealed elevated

hematological (red blood cells) effects starting ‘at the 9th

month, decreased body weights beginning with the 12th month,

reduced mean survival times (about® 21th month} and severe

pulmonary alveolar proteinosis in every exposed rat. No pri-

mary lung tumor and only few hyperplastic changes in the lungs

were detected. Because of the short survival time the evalu-

akion of the Ni0 carcinogenicity is not representative from.
these results. FPurther investigations with even lower NiO
levels should provide information on the NiO carcinogenicity.




2326 LUNG CLEARANCE, TRANSFORTATION AND EXCRETION OF METALS IN
RATS AFTER INTRATRACHEAL INJECTION OF NEUTRON ACTIVATED
‘WELDING FUMES | -

. P<L. Kalliomiki, A. Aitio, H-K. Hyvirinen, K. Kalliomiki

and E. Lakomaa ~ FINLAND - " v

There are indications that the kinetics in the body of metals

contained in welding fumes are different, depending on their
sour¢e, and, notably on the welding techniques. In this
‘study we have made use of neutron activation of the welding
fumes in order to shed new light on this point.

The. welding fumes, - studied, were manual metal arc (MMA)
stainless steel (SS) and mild steel (MS) and metal inert gas :
(MIG) stainless steel (88) and mild steeltM§MS)_2nges.,‘They o
-were irradiated in a neutron flux of 10*’ncm “s for 76 .
‘hours. A suspension (1% w/v) of the activated fume was prepared E
'in 0.9% NaCl. A 0.2 ml aligiat of the suspension was instilled o
intratracheally into male Wistar rats. Groups of five animals -
were killed 1 h, 1 4, 4 d, 8 4, 14 4, 30 d, 56 4 and 106 d
after the instillation. The lungs, liver, kidneys, spleen,
GI-tract, whole blood, blood célls and plasma samples together
with 25 urine and feces were analysed for their metal contents
using an Ortec Ge(Li) detector connected to an automatic
gamma sp.ectx;:’cgneter system. TheBlfollow:i;ng.‘ -peakssg:ere nmeasured:
1099 kev: (“Fe) yo 320 kev (“Tcr), 811 kev (’°Co)gand 1173
and 3332 kev (""Co).  The radioactiye = nuclides Fe, Cr
and Co had been fgrmed from Fe, ~"Cr and €g by thermal
neutrons, wheregas Co had been formed £from, “"Ni by fast
‘neutrons. The Co is the only suitable  =emitting nuclide
forming from Ni. Therefore the kinetics ~of Ni. cannot be
followed in this study after the particles ‘have’ been disg-
golved in the lungs. o

Remarkable difference were seen in the disappearance i of
the metals from the lungs between different welding techhiques:
In exposure to MIG welding of 585, no clearance could be detec-
ted within 105 d in the p%monary contents of Fe or Cr, and
the dJdisappearance of Ni (7°Co) showed a media T, ,. of dis- -
appearance of 180 d. In exposure to MMA/SS wefh@%g fumes, .
the the half-times of Fre 5%nd Cr were 72 and 52 4, wereas .
the disappearance of Ni (°°Co) was biphasic with guccessive i
half~times of 1 and 39 d. In exposure to MS welding fimes, ‘
the dJdisappearance half-times of Fe and Co were 59 and 28 4,

respectively, in the case of MMA fumes, whereas in the case of
MIG/MS, both showed biphasic disappearance curves with half-

- times of 4 and 50 4 for both Fe and Co. LT

“In all cases, Cr Ni(°°Co) and were excreted  both.: in . urine
and feces, whereas the excretion of Fe took place preferen-
tially in the feces. In no case did we detect excretion of
all metals in the feces in their original proporticns; we
believe that this indicates that for the main part, the dis-
appearance of the fume particles from the 1lungs is not by
mucociliary movement to the oesophagus, but by dissolution
and absorption in situ,




2 27 ACUTE AND SUBACUTE EFFECTS OF INTRATRACHEAL INSTILLED NICKEL
CONTAINING PARTICLES IN HAMSTERS '

H. Muhle, W. Koch, B. Bellmann - F.R.GERMANY

A respirable fraction of stainless steel grinding dust was
collected at working places. The toxic effects of this material
is compared to Ni, 5,, Ni-powder, and a high chromium steel
dust which containéd léss than 1% of Nickel.




2.28" INHALATION TOXICITY OF WELDING FUMES TO RATS

- M.E. Kennebeck Jr. - U.S.A.

Groups of 40 rats were exposed for six hours to fumes “from’
six "welding materials which included those used in shielded
metal;‘gas metal and flux core arc welding, ' ‘ o :

-Urine " 'was collected from one group ‘of 10. rats’ which were
subsequently necropsied and their lungs examined microsco-
Pically. Another group of rats was subjected to lung lavage
at 20 hours post-exposure. Two additional groups were analysed
‘foichtogenetic effects (bone marrow) and wet/dry ‘lung weight
ratios. : :

Urine .samples failed to show mutagenic activity (5.  typh.) t
and cytogenetic effects. Lung weights taken at 14 days did P

- show, effects, but wet/dry lung weight ratios taken at 24 .and
72 hours were unremarkable. Microgcopic examination of lungs
taken at 14 days showed pigmented macrophages for all fumes
~and ogcasional focal acute pneumonitis and multifocal peri-
vascular  edema. Most lung 1lavage fluids were bleoody or had
reduced cell populations. Various parameters relating to ma-
crophage viability were measured and effects were significant.
The fume from the stainless steel electrode was determined

“to be the most toxic to rats. (Supported by the American
Welding Society, Miami, F1.)




2.29In vitro cytotoiicity testiné of welding fume. particles with bovine

alveolar macrophages

R.N. Hooftman, P. Roza, C.W.M. Arkesteijn.

Alveolar macrophages play an important role in the defense of the lung
against inhaled particles (viable and non-viable), An in vitro model
system with bovine alveolar macrophages has been employed to measure
eytotoxic effects of various types of welding fumes. To get an impression
about the contribution of Cr to the toxicity of welding fumes for alveolar
macrophages both Cr(VI) (from KECrO ) and Cr(IIL) (from CrCla)'were
tested. Test parameters used were viability, phagocyticability and
morphology of the cells, ' ' : ‘

cr(VI) was found to be toxic for macrophages at concentrations 3 0,03 ug/ml,
while Cr(III) was found not to be toxic at far higher concentrations.

The initial results with welding fumes show that particles from manual metal
arc (MMA) welding of stainless steel are the most toxlc. It appears

that the toxicity of these fumes when based on the quantity of soluble
Cr(vi) is comparable with those of Cr(VI) from chro . This indicates

that Cr(VI) may play an important role in the toxiciéy of welding fumes

for alveolar macrophages. ) '

These investigations have been partially supported by the Comrission

of the European Communities, DG XIX/A-5 (comtract 7248/22/020) and

by the Netherlands Ministry of Housing, Physical Planning and Enviromment.

o gnin




2.30 IN VIVO' AND IN VITRO INCORPORATION OF Ni AND Cr IN LUNG AND

LIVER o

H.7. Hiidébrand, J.F. Mercier, M.C. Herlant Peers and
J.M. Haguenoer - FRANCE

By investigation in occupational medicine as well as on expe-
rimental animals it ijis generally established that the lung is
~ the target organ of Ni and Cr incorporation and that the com-
pounds of both metals may induce pulmonary carcinoma. Our
special interest is directed to . the mechanism in inducing
neoplasm and in particular to the incorporation and the trans-
port of Ni and Cr ions.

Tite giourse studies were undertaken with ‘6-3Ni(-II’), SJ"CJ:'(III),
and “"Cr(vI). The high affinity of Ni to lung tissue after
i.p. injection could not be confirmed Ffor Cr compounds, which
were more easily recovered in liver tissue, Binding to proteins
of both metal ions could be observed. Ni(II) was especially
. binding to mitochondrial and microsomal proteins of lung tis-
sue, Cr(VI) to cytosolic and microsomal proteins and Cr(III)
to cytosolic proteins only of lung and liver tissues.

Differences between the in vivo and in vitro incorporation are
remarkable for Cr(III). "In vitro, CI(III)} 1is binding to most
cellular proteins, in vivo, however, only two proteins could
be detected to bind Tt. -

Time course study have shown, that the‘Ni or Cr labelled pro-
teins are not all the same at the beginning of the incorpora-
tion (30') and after an elapsed period (2h).

This .investigation demonstrates that several cellular proteins
are implicated in the transport of Nickel and Chromium. Its
evolution supports the metabolization hypotheses of the metal
compounds, ‘ :




2 EH.CYTOTOXIC EFFECTS OF WhLDING FUMES ON HUMAN EMBRYONIC
EPITHELIAT PULMONARY CELLS IN CULTURE" ‘

H.F.Hildebrand, M. Collynwb'Hooge - FRANCE
R.M.Stern — DENMARK - , :

Certain welding fumes = contain significant amounts of Cr,
Mn, Ni and traces of other metals, which were shown to be
mutagenic in one or more in vitro bicassays. Some of these
metals are s&trongly suspected Eﬁman- carginogens, and it
might, therefore be expected that welders experience an
excess risk of respiratory tract -cancer because of their
occupation., The toxic effect of two MIG/858 and one MMA/SS
welding fumes were studies on -human embryonic eplthEllal
pulmenary cells in culture (L132).

The growth curves and the ‘survival curves were established
for different concentratlons of the ' three welding . fumes
and to Na Cr04 alone, -

an at least ten-fold higher inhibitory effect was observed
for the MMA/SS welding fume nearly identical to that of
the Na20r04 control,. : ‘

The ultrastructural study of the cells cultured  in presence
of the weldlng fumes revealed important changes o©f the shape
and the size of the cells as well as of their nuclei. The
cells are retracted globular and with a high number of micro-
villosities on their surface. 'In addition, one can observe
the particles penetrating the cells by phagocytosis. The
intra- and extracellular particles were analysed by X-ray
energy dispersive spectrometry and the main constituents
of the fumes were recovered. The EDS-¥~ray analyses also
revealed differences of the Mn content of the particles in
function of -their intra- or extracellular position. Mn seems
to be rapidly absorbed by the cell. '

This investigation demonstrates a hlgh cytotoxic effect  of

MMA/SS welding fumes probably due ko its chromium content.
The particles are  phagocytized and partly metabolized by
the cells. They also induced important morpholaglcal changes,
cytaly31s and aonsequently cell death. -




2.32 EXTENTION OF THE STARLING EQUATION TO DESCRIBE PULMONARY
EDEMA FOLLOWING OXIDANT GAS INJURY

Tee L.Guidotti - CANADA

'The mathematical description of £luid and protein f£lux in

the lung is the Starling Equation, the terms of which are
‘known or can be estimated (#) for a given location in Zone
III of the human lung (yields units of ¢m”/h.100g wet lung):

Qf = Kf (Pc = Pi) - { o i) - »
= 1.0% 10 - (-5%) - 0.8%(25 - 19%) = 10.2

Where Q. is net transvascular fluid flow, K, a permeability
constant, p_ - capillary hydrostatic pressure, pP; intersti-
tial hydrosfatic pressure, capillary osmoti& pressure,

interstitial fluid osmotic pressure, and the reflecting
coe¥ficient for exclusion of macromolecules. K. is known to
consist of the product of a permeability tem P_. and an
area term A; normalizing A to unity fixes P_. = 1.0." Vascular
reflexes. in the lung permit the assumption Ehat changes in A
have little effect p_ . Two aspects of the conventional Star~
ling Equation must b& questioned: 1) If changes in perfusion
such as those reported by von Nieding and Guidotti following
experimental inhalation of WNO in rabbits and dogs result
in redistribution and a reducé% value ©of A, the contraction
of perfusion into a smaller area may reduce the predicted
transvascular fluid flow into the interstitial sgpace and
may be protective. 2) 1If changes in tandem with P_. as a
result of toxic injury to membrane structures, the Ehanges
in transvascular f£luid flow would no show .the linear changes
predicted but would assume a quadratic form. A revised form
of the Starling Equation is offered which assumes a common
fluid impedance characteristic, , and expresses P, and
as functions of and which incorporates A as in independent
variable: ‘

Qe = Pgl) " A (B, ~By) - () (-

-t

Secondary changes in p. and 'p, are not included in this
model but may be sources of further variation from predicted
fluid behaviour at later stages in the process of edema
formation. This model provides new predictions for experi-~
mental testing. -




Ahstract not received

Effects on respiratory function ‘K. Kilburn 3.1.




3.2. EXPOSURE TO STAINLESS STEEL WELDING FUMES. THE MONITORING
OF EXPOSURE, AND EFFECTS ON STAINLESS STEEL WELDERS'
RESPIRATORY TRACT

E;Rahkonén, P.L.Kalliomdki, O.Korhonen, J.Nickels and
E.Vaheri - PINLAND B o

A’ cross-sectional study of 132 workers from ‘an ‘engineering
wWorks company specializing in stainless steel metal products
- was done to evaluate the adverse health effects of stainless
steel welding and grinding on welders' respiratory tract.
Exposure to metal fumes and dusts wasd estimated on the basis
of the contaminants retained in the workers' lungs. The amount
of retained contaminants was measured by magnetopneumograph.
Analyses of stationary air samples collected in 1975 - 1982
and by analyses of personal blood samples, urine samples, and
breathing zone air samples, all collected during one week.
According to exposure the workers were divided inte four
groups: 37 manual metal arc welders, 40 tungsten inert gas
welders, 18 grinders, and 37 nonexposed controls.  The welders
and controls were examined clinically, their symptom were re-
gistered, their lung functions (spirometry, maximal expiratory
- flow, diffusion capacity and nitrogen gingle breath) were
measured, and chest radiographs were taken. No siderosis
was found, the lung Ffunctions were within normal ranges of
yvariation, and slightly decreased values correlated only
with smoking habits. Clinical examinations and nasal biopsies
from the middle turbinate of 16 nonsmoking manual metal arc
welders and 12 controls were done by a otologist in order
to study the effects of stainless steel welding fumes on the
upper respiratory tract. The presence of epithelial metaplasia

and the degree of inflammation were studied cytologically and
histologically.




3.3 EPFECTS ON RESPIRATORY FUNCTION OF LONG TERM EXPOSURE TQ ARC
WELDING FUMES
OVERALL RESULTS OF 3 EPIDEMIOLOGICAL SURVEYS

J.M.MUR, Q.T.PHAM, C.MEYER-BISCH; F.DIEBOLD, $.SALSI, N.MASSIN,
J.J.MOULIN, D.TECULESCU, C.CAVELIER ‘

with the technical assistance of

J.C.HENQUEL, V.BAUDIN, M.BETZ, J.P,TOAMAIN - FRANCE

Epidemiclogical surveys on risks of pulmonary function impair-
ment due to chronic inhalation of arc welding Ffumes were con-
ducted in an electro-mechanical plant employing 8,600 workers
and in two other plants with 400 and 1,400 workers producing
industrial vehicles.

Metal welded is mainly mild steel and to a least extend
stainless steel and aluminium. Welding processes are various
(manual, semi-automatic, - automatic), but semi-automatic
MIG process with continuous plain. wire electrode is mainly
used, For certain fabrications {tanks) welders work in a
confined space. Gaseous and dust air pollution have been
measured for typical welding operations.

The welders of these plants (536 selected for the three sur-
veys) and "control" workers (558) from the -game plants were
submitted to a medical respiratory check-up, consisting in a
standardized questionnary on pulmonary symptoms (bronchitis,
emphysema, asthma), c¢linical examination.  (thoracic augculta-
tion), chest radiophotography and several pulmonary function
tests: flow-volume curves. before and after a pharmacodynamic
challenge of bronchial constriction (zcecholine), CO lung
transfer tests according to the single-breath and steady-state
. methods, and a N2 washout test.

Results of the three surveys are concordant and can be summe-

rized as follows: . - '

- the prevalence of bronchitis (cough, phlegm, ronchi) and of
non of specific radiological abnormalities (non siderotic
reticulo-micronodules) is slightly, but not significantly,
more important among welders than among "controls";

~ concerning the pulmonary function, there is no statistically
significant difference between welders and "controls" Ffor
the spirografic measurements, the bronchial reactivity to
acecholine nor for the closing volume and slope of phase IIT-
of the N, curve; on the contrary, pulmonary transfer of CO
(single-breath and steady-state methods) is impaired among
welders compared to controls, especially for smokers,

According to these results, €O transfer tests are recommended
for the monitoring of the welders' pulmonary function.




3.4 RESPIRATORY SYMPTOMS AND PUtMONARY FUNCTIDN AMONG DANISH
WELDERS :

O.Lyngenbo, M.V.Groth, 5.Groth, H.Dirksen and 0.0lsen -
DENMARK

Upper and lower respiratory symptoms were studied in 2,660
welders and 881 controls (electricians). From among the 2,660
welders, 74 non-smoking highly exposed electric—arc welders
{mild steel) were examined with lung function tests and
compared with a group of 31 matched controls. All partici-
pants were more than 34 years of age. Information about
welding fume exposure and respiratory symptoms was obtained
through a standardized questionnaire on respiratory symptoms
(BMRC) . Upper respiratory symptoms guch as colds, hoarssness
and inflammation of the throat were more prevalent among
welders (p 0.001) than controls. A dose-effect relationship
between welding fume exposure and upper respiratory symptoms
was found. Furthermore, the welders had a statistically signi-
ficant higher prevalence of lower respiratory symptoms (cough,
chronic bronchitis, dysponea, and wheezing) (p 0.001). Also
in the case of these symptoms a dose-effect relationship was
found. The results of the 1lung function tests showed that
the welders have a statistically significant reduced TLC
(p = 0.00), VC (p = 0.008), FEV, (p = 0,025), FVC (p = 0.001)
PEF (p = 0.0013), MEF,. (p = 0.03), TCO (p = 0,02), and slope
of alveolar plateau ?E = 0.02). The investigation concluded
that welding fume can provoke upper and lower respiratory
symptoms and can provoke reduction o¢f the most widely used
clinical lung function parameters.




3.5 A CASE OF DESQUAMATIVE INTERSTITIAL PﬁEUMONIA IN A WELDER

M. Silberschmid -~ DENMARK

In 1977, 5 months after employment, a 25 year old welder had
several work related, short attacks of fever, shivering and .
dyspnea. After 3 months he was hospitalized with excertional -
dyspnea, anemia and weight loss. ’

Diffuse irreqular opacities were seen on the chest radiogra-
phy. Obstructive ‘and restrictive ventilatory changes were
found and an open lung biopsy revealed the picture of a
desquamative interstitial = pneunomia. Besides occupational
exposure to welding fumes and gases no alternative cause
for the lung disease was found.

In 1983 the welder, who has become a bus driver, was still
receiving prednisone treatment. He complained of excertional
dyspnea, bronchial hyperreactivity as well as frequent pulmo-
nary infections., The chest X-ray showed signg of bilateral
fibrosis. Lung function was - unchanged from 1977. Arterial
blood gases were normal at rest. ‘ ‘

Occupational history: The welder worked in a factory of
agricultural machinery. He used MAG- and MIG welding of iron,
steel and aluminium plates. Exhaust ventilation was not func-
tioning properly and welding fumes concentrations equaled or
exceeded danish TLV. Nitrous gases and ozone concentrations
were not elevated. '

Possible pathogenetic mechanisms and the final diagnosis of
this rare case of a welding fume fever, developing into
irreversible pulmonary disease within 3 months, will be
discussed.







