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Kinetics of the metal components of intratracheally
instilled stainless steel welding fume suspensions in
rats
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ABSTRACT The kinetics of iron, chromium, nickel, and cobalt from manual metal arc and metal inert
gas stainless steel welding fumes were studied. Neutron activated welding fumes, in aqueous sus-
pensions, were instilled intratracheally into rats. The follow up continued for up to 106 days. From
both fumes, approximately 10% of the injection bolus was immediately lost into the gastrointestinal
tract, to be recovered in the faeces within three days. Thereafter, a pronounced difference was seen
in the kinetics of the two types of fumes. After the first day, chromium, nickel, and iron were lost
from the lungs with half times of about 53, 49, and 73 days after exposure to MMA/SS fumes,
whereas practically no loss could be seen in the metal components of the metal inert gas welding
fumes within two months. The disposition of chromium from MMA/SS fumes closely resembled
that of intratracheally instilled water soluble chromates. On the other hand, the disappearance of
trivalent chromium from MIS/SS fumes was considerably slower than that of the practically water
insoluble chromates, or even of trivalent chromium salts. Thus the physical characteristics of the
fume appreciably affect the kinetics of the clearance of chromium compounds from the lungs.

The most widely used stainless steel (SS) welding tech-
niques are manual metal arc (MMA) and metal inert
gas (MIG) welding. More attention has been paid to
the possible effects on health ofMMA mainly because
of the formation of hexavalent chromium (Cr) com-
pounds and the high fume emission rates in MMA/SS
welding. The concentrations of the alloyed metals are
higher in the MIG/SS welding fumes,' however, and
they disappear from the lungs only slowly.2 In
inhalation studies the large amounts of endogenous
iron (Fe) in the organs and low concentrations of
nickel (Ni) and Cr in the fumes preclude the eluci-
dation of their clearance routes from the lungs, distri-
bution in the body, and routes of excretion.3 To
improve the analytical sensitivity, the present study
made use of neutron activated welding fumes to
investigate in more detail the fate in the body of Fe,
Cr, Ni, and Cobalt (Co) from MMA/SS and MIG/SS
welding fumes administered by intratracheal
instillation.

Accepted 17 June 1985

Materials and methods

The welding fumes were generated by welding stain-
less steel (AISI 304) with a manual metal arc tech-
nique using a rutile electrode Esab OK 63-30
(diameter 4mm) (MMA/SS fumes) and with metal
inert gas technique using an OK Autrod 16-32
(diameter 0-8 mm) welding wire (MIG/SS fume).
The fumes have been characterised by Tuomisaari

et all as to morphology, chemical composition, sur-
face chemical analysis, water and acid solubility, and
main chemical compounds. The MMA/SS fumes con-
tain large particles (several micrometers in diameter),
as well as agglomerates and chains of smaller par-
ticles. The chains consist either of small particles (d <
50 nm) or of larger particles (d < 400 nm). The
MIG/SS fumes consist of chains of rather homoge-
nous particles (d < 100 nm). The main compounds in
MMA/SS fumes are oxides-for example, K2FeO4,
K2MnO4, and K2CrO4-and fluorides such as
KFeF3, KMnF3, KCrF3, and NaF, whereas the main
compound in MIG/SS welding fumes is a mixed spinel
containing some or all of the alloy elements (Fe, Mn,
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Kinetics of metal components of intratracheally instilled stainless steel welding fume suspensions in rats 113

Ni) (Fe, Cr, Mn)204; y-Fe2O3 and NiO are probably
also present. The concentrations of the alloy metals in
the MMA/SS fumes were Fe 4-1%, Cr 3-7%, Ni 0 4%,
and Co 0-001% and in the MIG/SS fumes Fe 29%, Cr
12%, Ni 4%, and Co 0-02%.
The fumes were gathered on to Millipore AAWP

037 filters and irradiated in quartz vials in a neutron
flux of 1013 ncm -2s-1 for 76 hours. The specific activ-
ity of the fume, calculated one week after the irra-
diation, was 240 MBq/g for MMA/SS fumes and 630
MBq/g for MIG/SS fumes. A 1% suspension of the
activated fume was prepared in 0-9% sodium chloride
and treated with ultrasound to avoid agglomeration.
Immediately after the ultrasound dispersion, a 0-2 ml
aliquot of this suspension was instilled intratracheally
into rats anaesthetised with halothane. Forty male
Wistar rats were used in each treatment group.
Groups of five animals were killed one hour and one,
four, eight, 14, 30, 60, and 103 days after the dosage.
Blood, lungs, kidneys, liver, spleen and the whole gas-
trointestinal tract together with its contents were used
for radio activity measurements. Twenty four hour
urine and faeces were also collected from four rats.
The samples were freeze dried, homogenised, and
packed into polyethylene capsules (10 cm3). If the
sample was too large to fit into the capsule a weighed
amount of the sample was used for the measurement.

Activity measurements were performed with an
Ortec Ge (Li) detector connected to an automatic
gamma spectrometer system. The detector efficiency
was 25% of that ofa 3" x 3" NaJ detector. The energy
resolution was 2-1 keV FWHM at 1332 keV. The
following gamma peaks were measured: 1099 keV
(59Fe), 320 keV (51Cr), 811 keV (58Co), and 1173 and
1332 keV (60Co).
A standard solution irradiated simultaneously with

the fumes and containing known amounts of Fe, Cr,
Ni, and Co was measured at the same time. The
detection limit depended to some extent on the sam-
ple. In most cases, however, it was 1 Mg for Fe,
0-003 pg for Cr, 0-03 pg for "Co, and 0 005 pg for
60co.

Results

MMA-SS WELDING FUMES

Iron
The amount of Fe in the lungs one hour after the
dosage was 89 pg; Fe cleared from the lungs with a
half time of 73 days (fig 1). Iron was found in blood
cells and liver eight, 14, and 30 days after the dosage;
on those days the average Fe content of blood cells
was 0 4pg per g and that in the whole liver, 3 6pg
(table 1). Ten milligrams of Fe were found in the
gastrointestinal tract one hour after the intratracheal
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Fig 1 Amounts of Fe, Cr, and Ni in rat lungs after
administration of activated MMA/SSfumes. For slow
clearances initial values CO and half times T112 of
monoexponential fits are given. When no clear decrease is
seen, average lung content is given.

instillation (table 2). Altogether 20 pg of Fe was found
in the faeces during the first three days after the injec-
tion. No Fe was detected in the urine (table 1).

Chromium
In the first lung specimens 47 pg of Cr was detected;
after the first day, Cr disappeared with a half time of
53 days. The Cr in the plasma, red blood cells, liver,
and kidneys was high immediately after the exposure
but decreased rapidly during the first day, and consid-
erably more slowly thereafter. The Cr content of the
spleen increased for two months after the exposure
(table 2). Chromium was found both in the gastro-
intestinal tract and in the faeces on the first three days
after intratracheal injection. The Cr amount in the
gastrointestinal tract one hour after the adminis-
tration of the fumes was 13 pg and the total Cr excre-
tion in the faeces was 11 pg. The urinary excretion of
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Table 1 Excretion rates (pgld) of Fe, Cr, and 58Co(Ni) into the urine andfaeces at different times after intratracheal
injection of2mg of activated MMA/SS weldingfumes in rats. Each figure is the mean value for two rats housed in the
same cage

Days

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 13-14 30-31

Fe
Urine - - - - - - - - - -

Faeces 13 5-3 2-0 - - - -

Cr
Urine 7-7 0-75 1-3 0-47 0-63 0-41 0-45 0-34 0-06 0-18
Faeces 6-2 4-1 0-7 - - - - -

Ni
Urine 2-7 0-15 0-25 0-16 0-25 - 0-11 - 0-09 -

Faeces 0-87 0-48 0-08 - - -

- Indicates below detection limit. Detection limits were I pg for Fe, 0-003 pg for Cr, and 0-03 pg for Ni. A specific amount of urine
(2 ml) was used for the activity measurements, whereas the faeces were measured as a whole.

Cr was 7-7 pg the first day after intratracheal injection,
the total urinary excretion of Cr was 12 pg in the first
eight days.

58Co as a tracer of nickel
The netron activation process produces 58Co from
58Ni; this is the only nickel derived species which can

be analysed. It is understandable that although 58Co
being situated in the crystal structure in the place of
nickel may behave like nickel in the dust particles in
the lungs, after dissolution, it is like any cobalt.
One hour after the exposure, 58Co corresponding to

5 1 pg Ni was detected in the lungs. After 24 hours,
2-4 pg only were detected; thereafter there was a slow
decline, with an approximate halftime of49 days. One
hour after the dose, "Co was found in the liver, kid-
neys, and gastrointestinal tract. Thereafter, its

amount in all tissues was at or below the detection
limit. The faecal excretion of 58Co corresponded to
14 pg Ni in the first three days. No excretion of 58Co
in the faeces was detected later on. The urinary excre-

tion of 58Co corresponded to 2-7pg Ni on the first
day, less than 0-3 pg Ni a day thereafter, and totalled
3-6pg of Ni a week.

MG-SS WELDING FUMES

Practically no decrease was seen in the pulmonary
content of Fe, Cr, Ni, or Co in the two months after
the exposure. By day 103, all metals showed a small
decrease.

Iron
The amount of Fe was about 500 + 100 pg in the
lungs. The levels of Fe were above the detection limit

Table 2 Tissue contents, plasma, and red cell concentrations of Fe, Cr, and Ni (measured as "8Co) at different times ajter intratracheal
instillation of 2mg activated MMA/SS welding fumes in rats. Tissue contents are expressed as pg, the concentrations in plasma and cells
as pg/g. Each group consists offive rats.

Duration I h I d 4 d 8 d 14 d 30 d 60 d 103 d

Fe
Lungs 89 ± 27 68 + 33 83 26 76 + 5 86 + 11 53 + 19 49 + 7 30 6
Gastrointestinal tract 9-6 + 6-9 - - - - - - -

Plasma
Red cells - - - - - - - -
Liver - - - 5-2±3-7 1-8+0-4 3-9+2-9 - -

Kidneys - - - - 0-91 + 0-17 1-7 + 1-4 - -

Spleen - - - -1_7 ± 1 4 - -

Cr
Lungs 47+ 13 35+13 39+12 35+2 34+4 20±7 19+4 10±2
Gastrointestinal tract 13 + 5 2-5 + 0-7 1-2 + 0-3 - - - - -

Plasma 0-28 + 0-12 0-06 ± 004 0-02 - - -

Red cells 0-46 + 0-27 0-28 ± 0-16 0-24 ± 0-09 0-15 ± 0-09 0-17 + 0-01 0-12 + 0-1 - -

Liver 3-4 + 1-0 1-7 ±+1-0 1-2 ±+0-4 0-73 ± 0-14 0-73 + 0-08 0-35 + 0-18 0-31 ± 0-12 0-29 + 0-02
Kidneys 4-8 + 2-1 2-5 + 1-7 2-0 + 0-5 1-5 + 0-2 1-3 ± 0-2 0-61 ± 0-32 0-36 + 0-08 0-21 + 0-06
Spleen 0-21 + 0-07 0-18 + 0-10 0-25 ± 0-09 0-29 + 0-04 0-54 + 0-03 0-60 + 0-27 1-16 ± 0-24 0-57 + 0-18

Ni
Lungs 5-1 + 1-5 2-4 + 1-1 2-1 ± 0-7 1-8 ± 0-1 1-5 + 0-2 0-8 + 0-3 0-8 + 0-1 0-5 + 0-1
Gastrointestinal tract 1-0 ± 0-6 - - - - - - -

Plasma - -- - - - - - -

Red cells - - - - - -

Liver 0-32 ± 0-2 <0-16 0-18 ± 0-06 0-10 ± 0-01 0-07 + 0-02 0-06 + 0-04
Kjdneys 0-15 <0-05 0-03 <0-03 <0-03 <003 -
Spleen < 0-02 < 0-03 < 0-03 < 0-03 < 0-03 < 0-02 < 0-02

- Indicates below detection limit.
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Kinetics of metal components of intratracheally instilled stainless steel welding fume suspensions in rats 115

Table 3 Tissue contents (Mug) and plasma and blood cell concentrations (pug/g) of Fe, Cr, Ni (measured as 58Co), and Co at different
times after intratracheal instillation of2mg ofactivated MIGISS welding fumes in rats. Each group consists offive animals

Duration Ih Id 4d 8d 14d 30d 60d / 103d

Fe
Lungs 480 + 70 540 ± 90 480 ± 100 450 + 120 560 + 130 510 ± 70 570 ± 120 420 + 100
Gastrointestinal tract 63 + 26 13 + I - - - - - -

Plasma
Blood cells - 0-39 + 0-19 - 0 44 + 0-14 - - 0-74 + 0-09 0-55 + 0-48
Kidneys - 3-0+0-2 3-0±0-4 3-0±03 - 1-2+0-3 -

Liver <5 <4 4-4+2-4 6-9+0-3 2-7+0-2 2-3+0-7 -

Spleen - - - - 1-9 + 1-3 2-1±+ 1-5 2-1 + 09 -

Cr
Lungs 240 ± 40 260 ± 50 240 ± 50 230 ± 40 270 + 70 240_± 70 270 ± 60 210 ± 50
Gastrointestinal tract 32 + 15 5 3 + 1-7 0-59 + 0-39 - - - -

Plasma 0-2 + 03 0-01 - 0-03 -

Blood cells 0-2 + 0.1 - - 0-07 + 0-10 - - 0-03
Kidneys 0-026_ 0005 0-013 ± 0005 0-036 ± 0009 0045+± 0-029 0094± 0021 0-12 + 0-05 0-15 ± 0-04 0-13 ± 0-05
Liver 0-026 + 0-005 0-037 ± 0-017 0-022 + 0-013 0-030 ± 0-008 0-050 + 0-027 0-068 ± 0-018 -
Spleen <0007 <0-009 0-007 + 0-003 0-010 + 0-007 <0-02 <0-02 -

Ni
Lungs 62± 10 68 + 13 59+ 12 51 + 15 61 + 14 50 ± 7 57± 11 39 10
Gastrointestinal tract 8-2 ± 3-4 1-6 _ 0-6 - - - - -

Plasma - -

Blood cells - - - - -

Kidneys 0-07 ± 0-02 0-06 ± 0-01 0-05 ± 0-01 0-03 + 0-02 0-03 + 0-01 -

Liver 0-20 _ 0-03 0-14 + 004 0-17 + 0-03 0-12 + 0-03 0-14 + 0-03 0-07 ± 0-02
Spleen

Co
Lungs 0-32 _ 0-05 0-36 + 0-07 0-32 ± 0-06 0-30 + 0-08 0-32 + 0-08 0-27 + 0-04 0-33 ± 0-07 0-22 + 0-06
Gastrointestinal tract 0-04 + 0-01 0-008 ± 0-003 - - 0-007 + 0-001 - - -

Plasma - - - - - - - -

Blood cells - - - - - - - -
Kidneys
Liver
Spleen - - - - - - - -

- Indicates below detection limit.

in erythrocytes one, eight, 60, and 103 days after the
injection. In the liver the amount of Fe reached a value
of about 7 pg in one week, then decreased slowly, and
fell below the detection limit in two months. The con-
tent of Fe in the kidneys reached its highest level (3 pg)
on the first day after the injection, and began to
decrease about eight days after the injection. In the
spleen the Fe content slowly reached the level of 2 pg
(table 3). In the gastrointestinal tract Fe was found

only one hour after the injection (table 3). Excretion
of Fe into faeces, a total of about 63 pg, could be
observed only during the first three days after the
injection (table 4). The amount of Fe excreted in the
urine was below the detection limit (table 4).

Chromium
The Cr content found in the lungs after the injection
was 240 + 50 pg (table 3; fig 2). Cr could be detected

Table 4 Excretion rates (4ug/d) ofFe, Cr, Ni (measured as 58Co), and Co in urine andfaeces at different times after
intratracheal instillation of 2mg of activated MIGISS welding fumes in rats. Each figure is the mean value of two rats
housed in the same cage.

Days

0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 13-14 29-30

Fe
Urine <-26 <20 < 19 <28 <6 <7 <5 <7 <6 <10
Faeces 34 23 3-0 2-8 - - - - - -

Cr
Urine 0-26 0-12 0-17 0-09 <0-2 <0-1 <0-1 <0-3 <0-18 0-26
Faeces 17 11 1-2 0-82 0-54 0-50 0-47 0-34 0-74 -

Ni
Urine 2-2 0-91 0-55- 0-61 <0-5 0-28 0-14 0-15 0-18 0-19
Faeces 4-7 2-9 0-38 0-25 0-16 0-20 0-16 - 0-24 -

Co
Urine
Faeces 0-025 0-015 0-005 0-002

- Indicates below detection limit.
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Cobalt
The amount of Co in the lungs was small, 0 33 pg. In

Fe the gastrointestinal tract 0 04 jg of Co was detected
CFe00*100OMg one hour after administration. The total Co excretion

in faeces in the first two days after administration was
about 0-045 jg. Co could not be detected in the other
organs (table 1) or at other times in the urine or faeces
(table 2).

Cr
C =240 * 50,ug

Ni
CO = 60,ug
TV2=170 * 50 d

120

Discussion

MMA/SS WELDING FUMES
The amounts of Fe, Cr, and Ni in the injection solu-
tion were 82 jg, 74 pg, and 8 jg. The gastrointestinal
tract contained 96 jpg Fe, 13 pg Cr, and 10 jig Ni
(measured as "Co) one hour after administration.
The ratios of the elements thus correspond well with
those in the fumes. Thus a fraction (about 10%) of the
injection bolus had entered the gastrointestinal tract
immediately after the injection.

Fig 2 Amounts of Fe, Cr, and Ni in rat lungs after
administration of activated MIGISS fumes (abbreviations
see fig 1).

in blood only at separate points and in rather low
concentrations. In the liver the amount of Cr
increased for a month after exposure, and disappeared
in one more month. Even the content of Cr in the
kidneys showed a maximum one month after
exposure (table 3). In the spleen the amount of Cr
remained low. The initial amount of Cr (32 jg)
observed in the gastrointestinal tract one hour after
the injection was eliminated from this area in one

week (table 3). The total amount of Cr excreted into
faeces in the first two days after administration was

roughly 30 jg (table 4). In addition, about 0 5 jg ofCr
was excreted in the faeces per day for two weeks. Four
days after the exposure, a total of 0O65 jg of Cr had
been excreted in the urine (table 4).

"8Co as a tracer of nickel
After the exposure 62 jg of Ni (58Co) was detected in
the lungs. The highest contents of 58Co in the liver
(about 0-2 jg Ni) and the kidneys (about 0-07 jg Ni)
were observed one hour after administration. There-
after 58Co was eliminated slowly from both organs
(table 3). A 58Co content corresponding to 8 2 jig of
Ni was detected in the gastrointestinal tract one hour
after administration, where it was eliminated in the
first day. The total excretion of 58Co in the faeces in
the first three days was equivalent to 8 jg Ni. There-
after, about 0-2 jg was excreted daily in the faeces for
10 days (table 4). An amount of 58Co corresponding
to 3 jg of Ni was excreted in the urine during the first
week; thereafter, about 0-2 pg was excreted in the
urine daily for 100 days (table 4).

Iron
The Fe content in the lungs decreased slowly, with a
half time of 73 days. This finding corresponds well
with the behaviour of Fe in rat lungs after intermittent
inhalation exposure to MMA/SS welding-fumes
(T112 = 59 days).2 3 The half time in the present study
was also similar to those reported for Fe3O4 and
Fe2O3 after inhalation exposure to monodisperse iron
oxide particles.46
The disappearance routes of Fe from the lungs

could not be reliably determined because the anal-
ytical sensitivity was not good enough. Nevertheless,
the slightly raised Fe levels in blood cells, liver, and
kidneys eight, 14, and 30 days after injection suggest
that to some extent Fe is absorbed either directly from
the lungs or from the gastrointestinal tract.

Chromium
The water soluble (and hexavalent) fraction of total
Cr in the MMA/SS fumes used in this study was
77%.1 Several studies have recently been performed
on the kinetics of intratracheally instilled chro-
mates.7-9 There seems to be an immediate disap-
pearance of a part of the chromate solution from the
lungs after the instillation, the extent of which varies
and is probably affected mostly by the volume instilled
and by the technique of instillation.7-9 After this
immediate loss there is a rather rapid phase of disap-
pearance: Weber and coworkers detected a half time
of about one day for Cr in rat lungs, and Baetjer et al
about one to two days in guinea pigs.11 From the
published data, however, it may be calculated that the
amount of Cr cleared through this fast clearance com-
ponent is small (less than 10%).7 10 Subsequent to the
fast initial clearance a slower disappearance was
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Kinetics of metal components of intratracheally instilled stainless steel welding fume suspensions in rats 117
noted: 14% was found in rat lungs after 40 days7; a
half time of about 30 days may be derived from the
data of Weber for the rat,7 and 46 days for the guinea
pig from Baetjer et al.10 Thus the kinetics of Cr from
welding fume suspension in the present study corre-
spond extremely well with alkaline water soluble chro-
mates. Twenty six per cent of the dose was found in
the lungs after 60 days; 14% still remained after 103
days. The rate of disappearance of Cr from rat lungs
after inhalation exposure to MMA/SS fumes was also
similar to that in the present study (half time of 40
days).2 3

The concentration of Cr was high in the plasma, red
cells, liver, and kidney one hour after the dosage, and
dropped rapidly in all these tissues to one fifth to one
half in 23 hours. This indicates that immediately after
exposure, Cr is in the hexavalent form and readily
penetrates cell membranes; the capacity of the body to
reduce Cr (VI) to Cr (III) is exceeded (in the erythro-
cytes for example) and Cr is not completely trapped in
erythrocytes but is capable of returning to the plasma
and may thus be excreted. It has been shown that
when a large amount of Cr is administered intra-
venously, the reduction of Cr (VI) is delayed."1 After
the reduction of Cr (VI) in the erythrocytes it stays
there and disappears only slowly (T1/2 27 days in this
study). Evidently a substantial part of the Cr in the
erythrocytes is released only on their destruction in
the spleen: the amount of Cr in the spleen increased
for 60 days. A similar build up of Cr in the spleen was
also detected after the intratracheal instillation of
chromates.8 10 The accumulation of Cr in the kidney
and liver also resembles that seen after exposure to
chromates.7-10 Generally, the kinetics of Cr from
MMA/SS fumes in rat was similar to that of intra-
tracheally instilled sodium chromates7
A large amount of Cr (15% of the dose) was

excreted in the faeces during the first three days after
exposure; thereafter no Cr could be detected in the
faeces. A similar, quantitatively important but short
lived faecal Cr excretion was detected in rats after
inhalation exposure to zinc chromate dust'2 and after
intratracheal instillation of sodium, zinc, or lead chro-
mates.8 Because absorption of Cr from the gastro-
intestinal tract is small,'3 14 removal of Cr com-
pounds from the lungs through the mucociliary
movement is limited after three days. A part of the
initial faecal excretion of Cr after the intratracheal
instillation is probably due to the immediate regur-
gitation of the injection bolus.

Thirteen per cent of the dose was excreted in the
urine in three days; by contrast with the faecal excre-
tion, a smaller, continuous excretion was seen in the
urine for a month (as long as the follow up was con-
tinued). This biphasic urinary excretion is similar to
that reported in MMA/SS-welders'51-7 and similar

also to that in experimental animals exposed to chro-
mates through the lungs.8'-2 The main clearance
mechanism of the Cr from intratracheally instilled
MMA/SS welding fumes is thus dissolution in situ,
transportation in the blood, and excretion in the
urine. Only the extent of lung retention (approxi-
mately 60%) and rate ofclearance from the lungs were
rather similar.

Nickel
Neutron activation does not produce suitable
y-emitting nickel nuclides, but fast neutrons produce
58Co from 58Ni by (n, p) reaction. In the lungs, the
behaviour of 58Co probably reflects that of nickel to
some extent.
The total amount of Ni instilled was 8 pg, of which

6 2pg were found in the lungs and gastrointestinal
tract one hour after administration. This indicates
that roughly 25% of the dose had probably entered
circulation.
The initial dose decreased to 2-4pg during the first

day, a finding that indicates the presence of a fast
component of alveolar lung clearance for Ni. The half
time of the slow lung clearance was 49 days. After the
19 hour cumulative inhalation exposure to MMA/SS
welding fumes, the half time of lung clearance for Ni
was 30 days.23 In those experimental conditions no
fast lung clearance component could be observed. In
MMA/SS welding fumes Ni is probably present as
rather pure NiO.' The lung clearance pattern for Ni
in rats after short term inhalation exposure to NiO
particles followed a double exponential function, the
half times of the fast clearance and the slow clearance
were about one and 36 days.18

MMG/SS WELDING FUMES
The amounts of Fe, Cr, Ni, and Co in the injection
solution were 580 pg, 240 pg, 80 pg, and 0-4 pg. One
hour after the injection we detected 500pg of Fe,
240 pg of Cr, 61 pg of Ni (58Co), and 0 33 pg of Co in
the lungs and 63 pg of Fe, 32 pg of Cr, 8-2 pg of Ni,
and 0-04 pg of Co in the gastrointestinal tract. Thus
about 10% of the injection bolus had been trans-
ported from the trachea to the gastrointestinal tract.
The amounts of Fe, Cr, Ni (58Co), and Co recovered
in faeces during the first two days after the injection
were 60, 30, 85, and 0-045 ug: these values correspond
to the amounts of the elements observed in the gastro-
intestinal tract.

After the fourth day, only 58Co and Cr could be
detected in the faeces. Their ratio remained
unchanged. It seems that undissolved particulate
matter was constantly removed from the lungs to the
gastrointestinal tract, to be excreted in the faeces.
Failure to detect Fe in the faeces was not due to its
absence but to its high limit of detection. This disap-
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pearance was slow enough not to be detected by anal-
ysing the lungs for the metals before three months.
Al-Shamma etal showed that in guinea pigs after a
five to seven fold higher dose of MIG/SS fume sus-
pension, there was a gradual loss of Fe, Cr, and Co
from the lungs so that the amounts detected after 1 12
days were only about 10-20% of those found on day
719 There was a considerably smaller Cr content in
the fume in the study ofAl-Shamma et al.19 The larger
dose, given in a greater amount of water, a different
animal preparation (tracheostomy), and animal spe-
cies probably explains the difference.

There is thus a pronounced difference in the pul-
monary clearances of MMA/SS and MIG/SS fumes.
This is probably explained by the recent inhibition of
phagocytosis of MIG/SS fume particles in rat lungs
and the ensuing persistence of the particles of MIG/SS
fumes.20.

Iron
No significant clearance of Fe in the lungs could be
detected in two months. We reported earlier that after
inhalation exposure of rats to MIG/SS fumes, no
decrease was seen in the concentrations of total Fe in
the lungs within 106 days.3 There is, however, one
striking difference between this study and that per-
formed using the MIG fume inhalation3: the present
study measured only the extrinsic exposure derived
Fe, and no change was seen over two months. In the
previous study the amount of extrinsic Fe was esti-
mated from magnetopneumographic data, and a log-
linear decrease with a half time of 40 days was
detected. Quite evidently, then, the magnetic proper-
ties of extrinsic Fe change whereas the MIG fumes
remain in the lungs of the rat. This has far reaching
implications for the use of magnetopneumography in
the biological monitoring of MIG/SS-welders'
exposures, if the same phenomenon is also seen in
human lungs.

Chromium
The Cr compounds in MIG/SS welding fumes are
known to be mostly in an insoluble form. This lack of
solubility was clearly seen during the clearance. One
hour after the administration there was 240 + 50 ug
of Cr in the lungs and 32 + 15 pg in the gastro-
intestinal tract; these values together correspond to
the amount of Cr administered (240 pg).
No appreciable lung clearance could be detected for

Cr and it was persistent in the lungs even after
inhalation exposure to MIG/SS welding fumes.3

It has been shown earlier that the clearance of triva-
lent Cr from the lungs after intratracheal instillation
is much slower than that of the hexavalent salts.9 1o
Even the trivalent salts are cleared much faster than
the Cr from the MIG/SS fumes. The particulate struc-

Kalliomaki, Hyvarinen, Aitio, Lakoma, and Kalliomaki
ture of the fume thus has a remarkable effect on the
dissolution.

Cobalt
60Co and 58Co from Ni both cleared from the lungs
somewhat faster than Fe and Cr: the values for both
Co isotopes after 103 days were about 70% of those
seen one to four days after the exposure, whereas for
Cr and F-e the corresponding figure was approxi-
mately 80%. No reliable half times may be given to
any of the metals. Even after inhalation exposure to
MIG fumes, Ni was somewhat less persistent in the
lungs than Cr;or Fe.3

We thank Ms M Venalainen and Ms P Nummi for
their indispensable help with the analytical and cler-
ical work.

Requests for reprints to: Dr P-L Kalliomaki, Institute
of Occupational Health, Haartmaninkatu 1, SF-
00290 Helsinki, Finland.
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