
Scand j work environ health 9 (1983) 333-340 

Monitoring exposure to chromic acid in 
chromeplating by measuring chromium in 
urine 
by Erik Lindberg, MD,' Olof Vesterberg, MD2 
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With personal air samplers, exposure to hexavalent chromium was measured in a group 
of eight chromeplaters during a period of 5 d; urine samples were collected at all times 
of urination for 7 d. The concentration of chromium in the urine increased from Monday 
morning to Tuesday afternoon and then remained constant within the group as a whole 
throughout the rest of the workweek. In a large group of 90 chromeplaters exposure was 
measured for 1 d, and urine samples were collected before and after the workshift on 
Monday and Thursday of the same week. There was a correlation between the exposure 
and the concentration of chromium in postshift urine samples on Thursday (correlation 
coefficient 0.71). Concentrations of chromium in urine of 5 100 nmoln indicate time- 
weighted average values of exposure of about or below 2 pglm3. Below this exposure 
no severe damage to the nasal septum and no influence on lung function have been 
found. After the initial measuring of the airborne hexavalent chromium and the con- 
centrations of chromium in the urine of exposed workers, urine analyses are recom- 
mended for follow-up controls. 

Keg terms: biological exposure tests, occupational exposure. 

Ever since the middle of the 19th century 
exposure to chromic acid and chromates 
has been known to carry the risk of 
damage to the airways, particularly the 
nose, with perforation of the septum. Con- 
nections between levels of exposure and 
nasal lesions were described by Bloom- 
field & Blum in 1928 (2). More than 50 years 
later a more-detailed study of chromic acid 
exposure, airway symptoms, and lung 
function was made (Lindberg & Heden- 
stierna, unpublished). Both subjective and 
objective symptoms were noted even at 
very low exposure levels (approximately 
1 pg/m3). Chromates also have a carcino- 
genic effect (12). 

Section of Occupational Medicine, National 
Board of Occupational Safety and Health, 
S-171 84 Solna, Sweden. 
Chemistry Unit, National Board of Occupa- 
tional Safety and Health, Solna, Sweden. 

Reprint requests to: Dr E Lindberg, Section of 
Occupational Medicine, National Board of 
Occupational Safety and Health, S-171 84 Solna, 
Sweden. 

It is a matter of immediate importance 
to have access to simple, reliable test meth- 
ods for determining both the air con- 
tent and biological uptake of chromic acid 
and chromates, ie, hexavalent (VI) chro- 
mium. Biochemical monitoring is parti- 
cularly attractive, however, because (i) the 
total uptake is measured, including skin 
absorption (14), and (ii)most places of work 
are small and have only a few exposed 
workers, and air measurements are there- 
fore costly. 

In 1977 Berode & Guillemin (1) reported 
some connections between chromium (VI) 
in the air and chromium levels in the urine 
of chromeplaters. These associations can 
be used to distinguish between low and 
very high levels of exposure by means of 
urinalysis. No reliable study of the low 
to moderately high exposure range (< 10 
pglm3) has been previously published. 

The aim of the present investigation was 
to study the possibility of using urinary 
chromium concentrations as a measure 
of the total uptake and to study the correla- 



tion between chromium in the urine and 
air at low and moderately high concentra- 
tions. An effort has also been made to find 
a "discriminatory level" of urinary chro- 
mium that indicates low exposure accord- 
ing to air measurements. 

Our study was begun when it was pos- 
sible to measure urinary concentrations 
with good precision and reliability down 
to the levels in nonexposed individuals 
(18). The uncertainty of earlier methods 
of analysis is illustrated by the fact that 
investigations that are more than 2-3 
years old report "normal values" in non- 
exposed individuals which are about 10 to 
100 times higher than those in more recent 
studies (table 1). 

Exposed subjects 

The investigation comprised a longitudi- 
nally monitored group of eight workers 
and a cross-sectionally studied group of 91 
workers. Both groups worked on a day 
shift. 

Longitudin~l study 

Eight male subjects at two factories were 
monitored continuously for 7 d. The me- 
dian age was 33 years, the range 17-59 
years. They were selected to represent the 
by far most common exposure range. The 
median exposure time was 4.5 years, the 
range 1.1-21 years. 

Cross-sectional correlation study 

The cross-sectional study group consisted 
of 91 persons, 15 of whom were women; 
it included all the workers who were ex- 
posed to chromic acid in 13 companies at 
the time of the investigation. The median 

Table 1. Concentration of chromium in urine from 
nonexposed referents in different studies. 

Author Year Chromium in urine 
(nmolll) 

- -- 

Tipton et al (22) 1969 - ~ 0 0 0  
V ~ l k l  (25) 1971 260 2 120 
Franchini et al (7) 1977 36 2 14 
Guthrie et al (10) 1978 6 - 24 
Veillon et al (24) 1979 5 -  10 
Nomiyama et al (19) 1980 9 + 8  

age was 36 years, and the range 17-70 
years. The median exposure time was 5 
years, the range 0.7-36 years. 

Methods 

Chromium in urine 

All urine samples were passed directly into 
250-ml polyethylene bottles previously 
washed with nitric acid. Both urine sam- 
ples and air samples were analyzed by our 
chemistry unit. The total concentration of 
chromium in the urine was determined by 
direct electrothermal atomic absorption 
spectrometry. The detection limit was 
about 5 nmolll. The coefficient of variation 
within the by far most common range 
(20-400 nmol/l) was about 3 % (18). The 
chromium concentrations were adjusted 
to a standard urine density of 1.024 (6). The 
adjusted concentrations will be referred to 
in this communication as U-Cr. 

The volume of the urine sample and the 
time of urination were also recorded. 

Exposure measurements and sampling 
strategy 

The sampling was done with glass fiber 
filters. The filters were leached in an 
alkaline buffer solution at pH 12. After 
buffering to pH 4, Zephiramin was added 
and the Zephiramin-chromium (VI) com- 
plex was extracted with methyl isobutyl 
ketone. The solution was analyzed by ato- 
mic absorption. The sampling and assay 
procedures have been tested in the field 
with a large number of parallel tests in 
different industrial plants. No significant 
differences were discernible after the fil- 
ters had been stored for different periods 
of time, ranging between 1 d and three 
months after collection of the sample, a 
finding which indicates that chromium 
(VI) was not reduced on the filter. 

The limit of detection was 0.2 pglfilter, 
corresponding to 0.2 pg/m3 over an 8-h 
sampling period. 

The glass fiber filter method was 
compared with sampling in an impinger 
bottle at pH 12 and the same analytical 
procedure in all other respects. No signi- 
ficant differences between the methods 
were detectable. 



A large number of simultaneous samples 
were taken at fixed sampling points 
within the relevant concentration ranges. 
The deviations between different filters 
did not exceed 25 %. The major portion of 
the deviation is probably due to volumet- 
ric errors (4). 

For measuring the total concentrations 
of chromium in the air, cellulose acetate 
filters were used for sampling. The anal- 
yses were performed with atomic absorp- 
tion spectrometry (15). 

In the continuously monitored group the 
exposure was checked with personal air 
samplers every day for one workweek. 
Separate urine samples from all times of 
urination were collected from Monday 
morning of the week of monitoring up to 
and including the following Monday morn- 
ing. 

For each morning and afternoon during 
the entire week linear regression lines 
were calculated for U-Cr and the mean 
value of chromium (VI) in the air during 
the week up to the time of urination. 

In the cross-sectional study all the ex- 
posed workers submitted urine samples 
immediately before and after their work- 
shifts on Monday and Thursday. 

In the same week, the total concentra- 
tions of chromium and chromium (VI) in 
the exposed workers' breathing zones 
were measured during one workshift with 
personal air samplers. Due to the low con- 
centrations of chromium in the air, it was 
only possible to obtain mean values of the 
concentration for whole shifts. Shorter ele- 
vated levels of exposure could not be 
measured. In some cases when exactly the 
same job at the same place of work was 
done by more than one worker, only one 
of them wore a personal air sampler, and 
it was assumed that the exposure was 
the same for fellow workers. This proce- 
dure was applied because of insufficient 
resources to provide each worker with 
his or her own air sampler in some plants 
with many exposed subjects. Thus for 12 
workers the exposure was estimated in- 
directly. They were all working far from 
the chrome baths under very homoge- 
neous conditions, and their exposure was 
low. 

All workers answered a questionnaire 
about their health, especially kidney dis- 
ease and diabetes, prior to the analysis of 

U-Cr. Their hands and forearms were in- 
spected to disclose yellow-colored skin or 
chrome ulcers - typical lesions by chro- 
mic acid in skin chaps - indicating con- 
tamination with chromic acid and thus 
probable dermal uptake (14). 

Correlations between chromium in the 
air and U-Cr were calculated. In order to 
get a more exclusive correlation between 
exposure by way of the airways and U-Cr, 
the correlations were also calculated after 
33 workers with yellow hands or chrome 
ulcers were excluded. 

One of the 91 workers in the cross-sec- 
tional study had diabetes and was ex- 
cluded from the calculations because dia- 
betes might influence chromium metabol- 
ism (3,5). No subject had proteinuria or a 
history of kidney disease. 

Statistical methods 

Linear regression lines were fitted accord- 
ing to the least square method. Covariance 
analysis was performed according to Tat- 
suoka (21). 

Results 

Continuously monitored group 

No one in the continuously monitored 
group had yellow hands or chrome ulcers 
at the time of the examination. The ex- 
posure range was between 1 and 10 yglm3. 
On Monday morning before the start of 
work, U-Cr was, on the average, more than 
10 times higher than in nonexposed sub- 
jects (fig 1 & table 1). By Tuesday after- 
noon it had increased to a level at which 
it remained without significant deviation 
during the rest of the workweek. 

When correlation lines were calculated 
for U-Cr various times during the week 
and the average exposure during the pre- 
ceding week days, no significant differ- 
ence could be found between the lines 
during the period from Tuesday afternoon 
to Friday afternoon. A covariance analysis 
of the difference between the lines gave 
p = 0.74 with respect to slope and p = 0.96 
with respect to position. The slope of the 
lines varied between 0.011 and 0.017 and 
averaged 0.014, which is close to the slope 
of 0.013 (the value later found in the cross- 
sectional study). 

Thus urine samples submitted some 
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Fig 1. Mean daily values of ex- 
posure and the mean concentra- 
tion of chromium in urine before 
and after the workshifts of a 
continuously monitored group 
(N = 8) during a workweek and 
at the corresponding times dur- 
ing the weekend. Values on Friday 
morning and Sunday morning are 
excluded because of missing 
urine samples. (B = before shift, 
A = after shift) 

Cr6' in air. pg/m3 
20 

I 

Fig 2. Correlation between chromium in the urine 
of the cross-sectionally studied group on Thursday 
afternoon and the mean exposure value for a 
representative day during the same week. (r = cor- 
relation coefficient) 

Cr in urine,nmol/l 

Fig 3. Correlation between chromium in the urine 
of the cross-sectionally studied group, excluding 
subjects with yellow hands or forearms, on Thurs- 
day afternoon and the mean exposure value for a 
representative day during the same week. (r = cor- 
relation coefficient) 



time between Tuesday afternoon and Fri- 
day afternoon could be used to estimate 
the air exposure. 

The previously mentioned correlations 
between U-Cr and exposure were as good 
as those between total excretion of chro- 
mium per 24 h and exposure. In both 
cases the correlation coefficients on most 
days were on the order of 0.9. However, 
single large deviations were obtained be- 
cause of periods with increased excretion 
of chromium in the urine without sirnul- 
taneously increased air concentrations. 

Cross-sectional study 

In the cross-sectional study comprising 
90 persons, 68 were exposed to air con- 
centrations of < 2 pglm3. In three cases the 
exposure was 10-20 pg/m3, and in the 
remaining 19 cases it varied between 2 and 
10 pglm3. 

There was a positive correlation between 
postshift U-Cr and the time-weighted con- 
centration of chromium (VI) in the air. But 
the correlation was relatively low, and the 
variation was large, as can be seen in fig 2. 

The correlation was improved when 33 
persons with skin obviously contaminated 
by chromium were excluded. The regres- 
sion line was also steeper and approached 
that found for the continuously monitored 
group (fig 3). 

When making correlations between 
chromium in the urine and exposure, we 
not only used the U-Cr values themselves 
but also the differences between U-Cr 
values on Monday morning and Thursday 
morning or afternoon, respectively. How- 
ever, the correlations thus found were con- 
siderably weaker than when the exposure 
was correlated directly with postshift U-Cr 
values. The correlations were practically 
uninfluenced if the 12 workers were ex- 
cluded whose exposure was estimated in- 
directly. 

The correlation between U-Cr and total 
air chromium exposure was much weaker 
than between U-Cr and the exposure to 
chromium (VI). 

Discriminatory level 

No exposed subjects with signs of ulcera- 
tion of the nasal septum or impaired lung 
function were detected when the time- 

weighted air concentration was < 2 pglm3 
(Lindberg & Hedenstierna, unpublished). 
Thus it was desirable to find a limit for 
U-Cr values indicating an exposure of 
< 2 pglm3. Mathematical methods for ana- 
lyzing the correlation with confidence in- 
tervals are not adequate as the variation 
around the line is not homogeneous. 

However, a confidence interval for the 
by far most common exposure range, at 
least in Sweden, ie, < 10 pg/m3. was cal- 
culated as a rough approximation. .Thus 
three workers with extremely high expo- 
sures, who had worked at a very old- 
fashioned plant which has now been 
closed, were excluded. (An exposure of 
> 10 pglm3 was not found in any other 
factory.) Three workers (numbered 1, 2 & 
3 in the figures) with a different kind of 
exposure were also excluded from the 
calculation at .this time. They worked as a 
grinder, fitter, and pickler, respectively, 
and were exposed partly to poorly soluble 
chromates and chromium. (Most platers 
have a different exposure during some 
part of the workday. As there were no 
sharp limits between "mainly plating" and 
"mainly different exposure," it was not 
adequate to exclude any workers. Instead 
we made this note on the exposure.) Thus, 
with extreme and different exposures ex- 
cluded, a 95 % confidence interval, includ- 
ing 51 of the 57 individuals in fig 3, gave 
an exposure of 5 1.8 pglm3 at U-Cr = 100 
nmolll. In the U-Cr range of 0- 100 nmolll 
the correlation with exposure appears to 
be very poor (fig 3). 

Discussion 

In our study the average U-Cr level was 
fairly constant from Tuesday through Fri- 
day after the workshifts (see fig 1). In 
earlier studies (11, 23) U-Cr was higher 
after the workshifts than before them. The 
higher concentrations in the evening 
apply, however, to exposure levels that 
were 10 times higher than those indicated 
by the urinary concentrations in our in- 
vestigation. In two cases (23) the urinary 
concentrations were only 2-3 times higher 
than in our series, and then the tendency 
towards higher evening values disappears 
almost entirely. The reason for this pheno- 
menon may be that at high levels of expo- 
sure only a small proportion of the chro- 



mium (VI) is taken up by the blood cells 
(16) so that most of it remains in the plasma 
and gives rise to excretion peaks in the 
urine. 

There is a similar study of chromeplaters 
(7) whose urinary excretion levels are 
about four times higher than in our series. 
In this case there was a sharp increase in 
U-Cr during the first day of work after 4 d 
without exposure. During the fifth day of 
work the difference between morning and 
afternoon values was small. This finding 
tallies quite well with the overall picture. 

The high U-Cr values on Friday after- 
noon and Saturday morning were due to 
high values in the three most heavily ex- 
posed workers. This result may have been 
caused by chance or may be due to skin 
contamination during cleaning-up work 
on Friday afternoon. 

It is not surprising that the correlation 
between U-Cr and the actual exposure 
did not prove to be sufficiently high to 
allow individual computation of the air 
exposure level. Among other things, there 
was probably some absorption through 
the skin without it always being colored 
yellow. Furthermore, only a small portion 
of the inspired chromic acid mist consists 
of such small particles that it can be ex- 
pected to diffuse far enough down into the 
lungs to allow complete absorption (Ek- 
holm, Ulfvarson & Lindberg, unpublish- 
ed). Therefore a large and perhaps widely 
varying portion probably adheres to mem- 
branes in the respiratory tract and is 
brought up with the mucus and swal- 
lowed. Absorption from the gastrointestinal 
tract differs greatly from individual to in- 
dividual. Thus after ingestion of soluble 
chromate the standard deviation of the 
serum concentrations can be greater than 
the mean (5). 

The deviation of about 25 % in the air 
measurements also contributes to the 
statistical variability. 

Variations in diet can probably also in- 
crease the statistical variability. For ex- 
ample, glucose loading can almost double 
the excretion of chromium in the urine (9). 
It is also likely that the consumption of 
nutrients other than pure glucose can af- 
fect the excretion of chromium. 

Part of the variability might be due to 
the fact that the air measurements could 
not always be done on Thursdays when the 

urine samples were turned in since the 
technicians had to distribute their work 
between various days of the week. How- 
ever, if only "simultaneous" air and urine 
determinations are included, the correla- 
tion coefficient only increases from 0.71 
to 0.75. 

No other special measures have been 
taken to reduce the variability so as to 
obtain "neat" results. On the contrary, the 
study includes the variations that occur 
under normal conditions. 

The poor correlation with exposure 
within the U-Cr range of 0- 100 nmolll may 
be caused by a relatively greater influence 
of dermal absorption when the air expo- 
sure is very low. 

No correlation between the total period 
of exposure and U-Cr could be seen de- 
spite the fact that prolonged renal expo- 
sure to chromium can result in increased 
"chromium clearance" owing to impaired 
reabsorption in the renal tubules (8, 17). 
However, the increase in "chromium clear- 
ance" is probably the greatest at the be- 
ginning of exposure (8,161. Only a few sub- 
jects had been employed for shorter pe- 
riods than three months. 

The exposure to chromium (VI) in stain- 
less steel welding also involves the water- 
soluble form. Exposure to chromium (VI) 
in welding fumes appears to produce con- 
siderably lower U-Cr concentrations than 
the corresponding exposure in chrome- 
plating (23). The explanation may be that 
the chromium (VI) in welding fumes is 
contained in a "matrix" of iron oxide (20) 
and is probably cleared from the airways 
to a considerably greater extent than the 
chromic acid mist. Only a few percent of 
swallowed chromium (VI) is absorbed (13). 
When chemical occupational health ha- 
zards are monitored at a particular place of 
work, there is always an element of un- 
certainty with both air and urine samples 
as to whether the findings are representa- 
tive or not. This uncertainty is the most 
readily overcome with repeated urine 
samples. Repeated air sampling requires 
much greater personnel resources. 

Conclusion 

Since this study and an earlier one (14) 
show that dermal uptake of chromium (VI) 
is significant, systemic effects of chro- 



mium (VI) should correlate primarily with 
urinary concentrations. But airway symp- 
toms can be presumed to b e  more depen- 
dent on inspired chromic acid than on 
total uptake. The desired goal of being 
able to use urinalyses t o  rule out expo- 
sure levels of more than 2 pglm3 - and 
thereby the risk of nasal ulcerations and im- 
paired lung function - has been attained 
with the limitation that U-Cr concentra- 
tions of 5 100 nmolll indicate a level of 
exposure around or below 2 pglm3. This 
statement holds true if the exposure to 
chromium (VI) mainly involves the freely 
soluble chromic acid. If considerable 
amounts of sparingly soluble chromates 
are involved, the total exposure to chro- 
mium (VI) may be heavier than that indi- 
cated by U-Cr (compare points 1, 2, & 3 in  
fig 3). 

When chromeplating plants are moni- 
tored, each work station should be investi- 
gated initially with both air and urine 
sampling. However, if both show low 
values, i n  most cases it should be  possible 
to carry out further checks with urine 
samples for the  intraindividual correlation 
between U-Cr and exposure is good. Con- 
sequently it should be  possible to make 
use of the  results of this study to replace 
many costly and resource-intensive air 
concentration measurements with urina- 
lyses. 
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