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Elimination of chromium in urine after

stainless steel welding

by Hans Welinder, PhD," Margareta Littorin, MD,' Bo Gullberg, BS,?

Staffan Skerfving, MD

WELINDERH, LITTORIN M, GULLBERG B, SKERFVING S. Elimination of chromium
in urine after stainless steel welding. Scand j work environ health 9 (1983) 397—-403. Nine
retired (on an average of four years) stainless steel welders had higher (p < 0.001) urinary
chromium levels [mean 7 (range 3—13) umol/mol of creatinine] than 21 nonexposed re-
ferents [mean = 1.5 (range < 0.6—7) umol/mol of creatinine] but did not differ in this re-
spect from 14 active welders studied at the end of a 31-d vacation (mean 9, range 4—17). This
result shows the existence of a slow compartment for chromium in the body. Urinary
chromium on time after the end of exposure was analyzed mathematically by use of an
exponential two-compartment model. Good fits were obtained, showing the existence of a
fast compartment in addition to the slow one. For four welders followed for 31 d, the bio-
logical half-time of the slow compartment ranged from 14 d to infinity. For 12 welders
followed for 60 h, the fast compartment had a median half-time of 7 (range 4—35) h. For 19
welders there was a significant (p < 0.01) correlation between chromium in air (total and
soluble hexavalent) and urinary chromium (rg = 0.68 and 0.64). However, the variation of
urinary chromium on chromium in air was considerable, especially at chromium air levels
at or below the hygienic standards. Correction for urinary chromium levels on Monday
morning did not decrease the variation.

Key terms: air, biological half-time, biological monitoring, kinetics.

Exposure to chromium and chromates is
common in many work environments, eg,
in stainless steel welding, in chromate
pigment production, and in electroplating
industries. Exposure to hexavalent chro-
mium may cause serious health effects,
eg, eczema, asthma, and bronchial cancer.
In stainless steel manual metal arc welding
the fumes contain chromium, 50—100 % of
which is hexavalent and water soluble (15).

To measure the exposure to chromium
during welding operations is tedious and
time-consuming. Thus biological moni-
toring of exposure would be preferable.
Chromium levels in urine have been rather
extensively employed for this purpose (4,
8, 10, 15). However, good biological moni-
toring requires knowledge of the kinetics
of the parameter studied. It is thus a major
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drawback that information on the kinetics
of chromium elimination in urine is lim-
ited (16).

In the present communication we report
a study on the kinetics of chromium elimi-
nation in the urine of stainless steel weld-
ers.

Material and methods
Subjects

Three different groups of male stainless
steel manual metal arc welders were stud-
ied. Most of the men had also used metal
inert gas and tungsten inert gas equip-
ment.

Group 1 consisted of 20 welders [mean
age 44 (range 33— 64) years, mean exposure
time 20 (range 7—41) years]. Urine samples
were obtained from these men on Friday
after work and on Monday morning before
work. Then all the urine voided was col-
lected until Tuesday morning before work
(fig 1). Air sampling was performed during
the workhours on Monday.

397



Group 2 comprised 14 welders [mean age
40 (range 29-64) years, mean exposure
time 13 (range 2—41) years]. Urine samples
were obtained twice, after work before
four weeks of vacation and before work
after the end of vacation. For four subjects
urine samples were also obtained after
2.5, 10, and 17 d of vacation.

Nine retired welders [mean age 68 (range
63-76) years, mean exposure time 35
(range 22—45) years, mean time after end of
exposure 4.5 (range 1-10) years] made up
group 3, from which urine samples were
also obtained.

Urine samples were obtained from 21
male referents [mean age 43 (range 32-60)
years] without occupational chromium
exposure. These subjects were matched to
group 1 for age and living area. Detailed
information on occupations has been giv-
en elsewhere (6).

Medical examinations

No evidence of significant disease, except
for hypertension in two persons (one weld-
er and one referent), was revealed by med-
ical history and biochemical examinations
(including liver and kidney tests).

Chromium in urine

Urine samples were collected in acid-
washed bottles. Before storage and analy-
sis 100 ul of concentrated nitric acid was
added to 10 ml of urine. The analyses were
performed (sometimes after dilution) by
use of direct electrothermal atomic absorp-
tion spectrometry (Perkin Elmer AAS
5000, HGA 500 and autosampling system
AS 40). The working detection limit was
0.008 umol/l. The accuracy of the method
was confirmed by good results in inter-
laboratory checks. The method error, as
calculated from double analyses on differ-
ent days, was 0.021, 0.08, 0.09 and 0.14
pmol/l, respectively, for the following in-
tervals: 0-0.19, 0.20-0.57, 0.58—1.90, and
> 1.90 umol/l.

Urinary chromium was related to the
urinary creatinine levels, which were de-
termined by a spectrophotometric method
(13).
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Chromium in air

In welder group 1 the individual exposure
was determined in samples collected on
filters (Millipore AAWP 037; pore diameter
0.8 um) with a portable pump (Mine Safety
Appliances Co or Casella; 2 I/min) in the
breathing zones. The filters were divided
into two identical parts. From one half the
total chromium level was analyzed by
atomic absorption spectrometry after the
filter was treated with aqua regia and di-
luted with deionized water. The other half
of the filter was analyzed for water-soluble
hexavalent chromium by atomic absorp-
tion spectrometry after extraction with
deionized water and centrifugation.

Mathematical analysis

The data on the urinary chromium levels
were analyzed for the kinetics of elimina-
tion. First the mean of the referents (1.5
umol/mol of creatinine) was subtracted.
Then the chromium in the urine of the four
welders in group 2 who were studied for
31 d was analyzed with the use of a two-
compartment model. A computer fitted
the sum of two exponential functions of
urinary chromium on time, using the least
square method, to the data for each indi-
vidual.

Twelve subjects, for whom all urine
voided Monday afternoon through Tues-
day morning was obtained and for whom
the difference between the urinary chro-
mium level on Monday afternoon and
Monday morning was =7 umol/mol of
creatinine (ie, they were significantly ex-
posed), were selected for further analysis.

Then a new mathematical analysis was
performed in which the sum of two ex-
ponential functions was fitted to the uri-
nary chromium data from Monday after-
noon to Tuesday morning. The time cor-
responding to each urinary chromium
value was set to the center of the interval
during which the urine portion was col-
lected. We used the center of the sampling
periods because the chromium concentra-
tions in the urine produced in the kidney
decreased during each sampling period.
For the slow compartment a biological
half-time identical with that determined
for the four welders just discussed was
assumed.



Now the data on the urinary chromium
level on Friday afternoon could be fitted
to this preliminary curve. Thus the urinary
chromium level on Monday morning could
also be used (fig 1). Including these values,
a new set of calculations of a decay curve
(still using the assigned value for the half-
time of the slow compartment) was per-
formed. Thus the half-time for the fast
compartment and the Y intercepts for the
fast and the slow compartments were ob-
tained.

The fit of the model to the observed
values was expressed as the percentage of
the total variance explained by the calcu-
lated curve.

Results

The referents had a mean urinary chro-
mium level of 1.5 pmol/mol of creatinine
(table 1). The retired welders had a mean
level of 7 umol/mol of creatinine, a value
significantly higher than that of the re-
ferents (p < 0.001, two-tailed; Mann-
Whitney U test). The latter did not differ
(p > 0.1) from that of welders studied after
the end of their vacation, the mean level
for whom was 9 umol/mol of creatinine.

There was no significant correlation
between exposure time (welding years)
and the urinary chromium level, neither
for active welders (Monday morning or
after vacation) nor for retired ones.

In all but one of the 14 welders in group
2 there was a decrease in urinary chro-
mium during the vacation, the mean
changing from 45 to 9 pmol/mol of cre-
atinine (p < 0.005, one-tailed; Wilcoxon
matched-pairs signed-ranks test). In addi-

tion, there were significant decreases in
group 1 from Friday afternoon to Monday
morning (means 34 versus 19 pmol/mol of
creatinine; p < 0.005, one-tailed), as well
as from Monday afternoon to Tuesday
morning (means 45 versus 33 umol/mol of
creatinine; p < 0.01, one-tailed).

Thus the data indicated a rapid initial
decrease in the urinary chromium level
after the end of exposure, and probably a

" considerably slower (if any) change later

on. To elucidate this further, the elimina-
tion pattern was studied more closely
during the vacations of a subsample of
four welders from group 2. The half-time
of the slow compartment was infinite for
two subjects, 33 d for one, and 14 d for one
(fig 2). Thus, as suggested by the data
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Fig 1. Chromium levels in the urine (U-Cr) of welder
6 during and after welding stainless steel. The bars
indicate urine sampling time and the level in the
sample; the numbered circles are the times and
levels used in further calculations, and the shaded
area indicates the urinary chromium level of the
referents.

Table 1. Chromium levels in the urine (U-Cr) of 34 active (groups 1 and 2) and 9 retired (group 3)

welders and 21 referents.

Exposure- U-Cr
free period {(wmol/mol of creatinine)
Mean Range Mean Range
Group 1
Friday after work (N = 19) 0h - 34 4—-112
Monday before work (N = 20) 60 h 56—65 h 19 2—-62
Tuesday before work (N = 20) 11 h 8—12 h 33 2—98
Group 2
Before vacation (N = 14) 0h - 45 5141
After vacation (N = 14) 31 d - 9 4-17
Group 3 (N=9) 4 years 1—10 years 7 3—-13
Reference group (N = 21) - — =1.5 <0.6—7
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Table 2. Determinations of chromium in the urine (U-Cr) (umol/mol of creatinine) of 12 welders.

b Monday

Subject Friday Sample 12 Sample 20 Sample 3 Sample 4b Tuesday®
Welder 1

Time 1450 0545 1645 2350 0500

U-Cr 42 20 38 28 34
Welder 2

Time 1540 0530 1800 2130 0530

U-Cr 25 15 53 30 37
Welder 3

Time 1700 0600 1700 2210 0600

U-Cr 84 35 114 69 73
Welder 4

Time 1435 0330 1650 2130 0600

U-Cr 19 17 85 63 46
Welder 5

Time 1645 0530 1545 1815 0530

U-Cr 36 17 51 47 37
Welder 6

Time 1615 0600 1545 1800 2200 0600

U-Cr 33 19 72 55 49 31
Welder 7

Time 1205 0540 1745 2250 0620

U-Cr 29 17 24 19 17
Welder 8

Time 1500 0600 1600 1800 2030 0600

U-Cr 12 62 131 121 93 74
Welder 9

Time 1500 0600 1700 2200 0500

U-Cr 48 30 37 31 28
Welder 10

Time 1800 0600 1800 2100 0600

U-Cr 42 21 160 119 98
Welder 11

Time 1600 0600 1800 2200 0600

u-cr 84 31 54 44 38
Welder 12 )

Time 1600 0500 1800 2200 0600

U-Cr 13 8 20 19 10

2 Before work.
b After work.

Table 3. Kinetics of the elimination of chromium
in the urine (U-Cr) of welders after welding stain-
less steel. A two-compartment model was em-
ployed. The biological half-time of the slow
compartment was assumed to be infinite.

. Fraction of Fraction of

orf‘atll:ie“g:t initial U-Cr  total variance

Subject compartment in the slow  explained by

-omp compartment the curve

) (%) (%)
Welder 1 35 26 88
Weider 2 10 31 77
Welder 3 7 34 84
Welder 4 7 17 99
Welder 5 12 30 99
Weider 6 5 25 98
Welder 7 5 70 96
Welder 8 4 45 97
Welder 9 6 82 94
Welder 10 9 11 91
Welder 11 9 57 99
Welder 12 5 3t 91
Median 7 31 95

already given, after the initial decay, the
level changed only very slowly.

In 12 subjects (group 1) the pattern of
initial decay was studied more closely (fig
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1 & 3, table 2). Now an assigned half-time
of infinite length was applied for the slow
compartment on the basis of the data ob-
tained for the four subjects studied during
vacation, which means that for this parti-
cular choice the model is identical with a
one-compartment model with a constant.
The median half-time of the fast compart-
ment was 7 (range 4—-35) h (table 3). The
fit of the observed levels on time was close
to the model.

The slow compartment corresponded to
amedian of 31 (range 11-82) % of the levels
measured at the end of work for the 12
welders whose data were analyzed mathe-
matically.

There were significant (p < 0.01) correla-
tions between chromium in air on the one
hand-both total chromium (fig 4) (r = 0.86,
linear correlation; rg= 0.68, Spearman
rank correlation coefficient) and soluble
hexavalent chromium (r = 0.79; rg = 0.64)
— and urinary chromium on the other for



19 welders (group 1). However, below air
levels of 100 pg/m3, the variation was
great.

Due to the rapid decay of the first com-
partment, the levels measured on Monday
morning should mainly reflect the slow
compartment. Indeed our chemically ana-
lyzed data on the urinary chromium levels
for Monday morning were close to the ones
calculated with the model (median differ-
ence 1.2 umol/mol of creatinine, range
0.1-9.4 umol/mol of creatinine). A hypo-
thesis that the difference between levels at
the end of work (fast and slow compart-
ment) and levels on Monday morning (slow
compartment) does reflect the exposure
during the day was tested for 19 welders
(group 1, fig 4). There was a significant
correlation between total chromium levels
in the air and urine (r = 0.89, rg = 0.59,
p < 0.01). However, at chromium air levels
below 100 pg/m3, there was a considerable
variation in urinary chromium on chro-
mium in air. The use of soluble hexavalent
chromium in air instead of total chromium
did not improve the picture (not shown in
fig 4).

Discussion

The main findings of the present study
were the following: (i) the elimination pat-
tern of chromium in urine after exposure
to fumes from stainless steel welding was
well described by a two-compartment
model with at least one fast compartment,
with a half-time of a few hours, and one
slow one, with a half-time of weeks to
years, and (ii) there was a positive correla-
tion between chromium in the air and
urine, but the air chromium levels could
not be deduced accurately from the urinary
chromium value at low levels.

We chose to perform the analysis using
a two-compartment model. This approach
gave a good fit for the available data. It is
quite clear that there is a fast compart-
ment. In addition the data obtained for
the welders studied during vacation and
for retired welders showed that there is at
least one much slower compartment. How-
ever the available limited information in
terms of number of subjects and measure-
ments of urinary chromium levels, as well
as the short observation periods, does not
allow firm conclusions on whether inter-
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Fig 2. Decrease of chromium in the urine (U-Cr) of
four welders during vacation.
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Fig 3. Chromium levels in the urine (U-Cr) of welder
6 after welding stainless steel. The numbers of the
dots correspond with the numbers on the bars
of fig 1. Elimination curves based on a two-com-
partment model are shown. The biological half-
time of the slow compartment was assumed to be
infinite.
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Fig 4. Relation between the time-weighted average
levels of total chromium in the air during 1 d of
welding stainless steel and the levels of chromium
in the urine (U-Cr) of 19 welders at the end of the
workday (open circles). Closed circles denote U-Cr
when the Monday morning level has been sub-
tracted. The regression equations were Y = 0.36X
+ 16 for the uncorrected values (broken line) and
Y = 0.31X + 3.8 for corrected ones (solid line).

100

401



mediate compartments exist, although the
short half-time of the second compartment
observed for two of the welders studied
during vacation might indicate the pres-
ence of one or more additional pools. In-
deed, in the rat, the excretion of trivalent
chromium follows a three-compartment
pattern (7). The welders’ pattern of accu-
mulation/elimination followed for one (15)
or four (8) weeks may also indicate the
presence of a middle compartment with
a half-time of a few days.

The available data do not allow detailed
conclusions about the half-time of the slow
compartment. Thus the data on welders on
vacation are too few and the vacation pe-
riod too short. Neither do we know what
the level of urinary chromium was for the
retired welders at the end of work. How-
ever, it is quite clear that the elimination
rate is very slow; there is at least one pool
with a half-time of weeks to years. Obser-
vations by Mutti et al (8), on elevated chro-
mium levels in welders three weeks after
the end of exposure, are also in agreement
with a compartment with a slow elimina-
tion rate.

The rate of elimination from the slow
pool could not be estimated for the weld-
ers studied only Friday afternoon through
Tuesday morning. Thus, for this compart-
ment, we had to select a half-time from the
other information available. We chose
infinity. Of course it could not be infinite
in reality. However, the choice affected the
estimate of the half-time of the fast com-
partment very little whether an infinite
half-time for the slow compartment was
applied or whether one of years, months,
or even weeks had been used.

To get a good picture of the last part of
elimination of the fast compartment, data
collected on Friday afternoon and Monday
morning were used in combination with
data obtained for the same individual Mon-
day afternoon through Tuesday morning.
There is no reason to believe that the elimi-
nation pattern Friday-Monday should dif-
fer from that of Monday-Tuesday as we
found no systematic variation in the half-
time of the fast compartment on the
highest urinary chromium levels mea-
sured. The operation performed thus
seems justifiable.

There are a couple of other possible
sources of error as regards the estimation
of the decay rates of the fast compartment.
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The observations from each subject are
few. In addition there is an analytical error
in each observation. However at least the
median should be fairly accurate.

The median half-time of 7 h for the fast
compartment is shorter than the 13—-38 h
registered earlier by a Finnish group (16)
who studied four welders. These authors
applied a linear one-compartment model
and a background level, a procedure iden-
tical to our use of a two-compartment
model with an infinite half-time for the
slow compartment. Their Monday morn-
ing levels were similar to ours, but they
employed lower background levels (the
arrival at which is not obvious from their
paper). In addition they used the urinary
chromium level at the end of work, not as
in the present study, the highest level,
which was mostly found some hours after
the end of exposure. Both these differ-
ences tend to give too long a half-time for
the Finnish welders.

The variation in the fast-compartment
half-time between individuals is interest-
ing in light of the interindividual varia-
tions in excretion patterns for other heavy
metals, eg, methylmercury (11), cadmium
(18), and lead (9). However the uncertainty
in our individual estimates is too great to
allow firm conclusions on the size of inter-
individual differences in excretion pat-
terns and associated variation in risks at
exposure.

As a result of the elimination of the slow
compartment, the retired welders must
have excreted several milligrams of chro-
mium after the end of exposure. Data on
analyses of autopsy material from chro-
mium-exposed workers (2, 14, 17) indicate
that no organ but the lung contains such
large amounts. Thus the lung is probably
the location of the slow compartment.
This assumption is supported by studies
made by Kallioméki et al (5), who found
positive correlations between the remanent
magnetic field of the chest area, chromium
exposure, and the urinary chromium level
of stainless steel welders.

As the urinary chromium level on Mon-
day morning probably mainly reflects the
slow compartment, it might perhaps be
useful as an integrated dose index in the
biological monitoring of exposure. How-
ever we were not able to show a correla-
tion to exposure time among welders. This



lack may be due to variations in exposure
intensity or elimination kinetics.

Like other workers (8, 10, 15), we found a
correlation between chromium in the air
and urine. However, at air levels at or be-
low the hygienic standards [Sweden
20 pg/m?3 (12), USA 50 pug/m3 (1)], the varia-
tion had a magnitude making urinary chro-
mium an imprecise tool for biological
monitoring. Neither subtraction of the
Monday morning background urinary
chromium levels, nor the use of soluble
hexavalent chromium in the air only, de-
creases this variation. Again, the interindi-
vidual variation in elimination Kkinetics
may have contributed.

As to the biological monitoring of risk
by following the urinary chromium levels,
not much is known. Franchini et al (3)
briefly mentioned slight effects on kidneys
in welders, but unfortunately did not give
the wurinary chromium levels. In our
welders neither genotoxic effects (6) nor
kidney damage could be demonstrated.
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