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Vanadium in the blood and urine of workers
in a ferroaUoy plant

by BJ0RN GYLSETH, M.Sc.,! HAKON L. LEIRA, M.D.,! EILIV STEINNES, Ph.D.,2
and YNGVAR THOMASSEN, M.Sc.1

GYLSETH, B., LEIRA, H., STEINNES, E. and THOMASSEN, Y. Vanadium in the
blood and urine of workers in a ferroalloy plant. Scand. j. work environ. & health
5 (1979) 188-194. The concentration of vanadium in the blood and urine of both
nonexposed and occupationally exposed workers have been determined by neutron
activation analysis. A comparison of the exposure data and the corresponding blood
and urine values shows that the urine vanadium concentration adjusted for creatinine concentration is the most reliable exposure indicator. The normal levels of
vanadium in blood are less than 20 nmol/1. The corresponding urine values are less
than 3.5 nmoVmmol of creatinine.
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Vanadium compounds were recognized as
an industrial hazard more than half a
century ago (9). The discovery of high
concentrations of vanadium in the fly ash
from the combustion of petroleum products and coal has further increased the
interest in the toxicity of vanadium compounds.
Vanadium metal is mostly used in steel
alloys. Vanadium for this purpose is produced as ferrovanadium by thermoelectric
reduction in arc furnaces. Furthermore,
vanadium is frequently used as a catalyst.
In plants producing ferrovanadium, exposure to different vanadium compounds
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occurs. The threshold limit values (2, 10)
established for vanadium compounds seem
to be based on short-term effects. To our
knowledge, no long-term effects due to
vanadium exposure have been reported.
The health hazards of human exposure to
vanadium compounds include upper airway irritation and possible sensitization
followed by asthma and eczema. A green
discoloration of the tongue and a metal
taste are typical signs of exposure. Most
of these effects have been reported after
exposure to vanadium pentoxide (V205)
(5, 13, 14). Zenz and Berg (16) reported
marked upper airway irritation and cough
following exposures to 0.2 mg of V 20 5
m- 3 . No systemic complaints were observed.
The only information available concerning ferrovanadium exposure was published by Roshchin (11). Through both
animal and human studies he demonstrated that V 20 5 is more toxic than ferro-

vanadium, and based on these results a
threshold limit value of 1 mg of ferrovanadium'm- 3 has been recommended by
the American Conference of Governmental
Industrial Hygienists.
Vanadium has recently been demonstrated to be an "essential" trace element (4)
that is mainly excreted via urine and feces.
Its concentration in the urine of occupationally nonexposed persons is very low,
and due to improving analytical procedures the "normal" urinary vanadium values have been decreasing in the last few
years. Neutron activation analysis (17)
seems to be the most reliable method for
the analysis of vanadium at this concentration level. Several authors (6, 7, 8, 9, 16)
have determined the vanadium concentration in biological samples and have tried
to establish a relationship between vanadium exposure and excretion. The most recent results were reported by Sabbioni et
al. (12) and Cornelis et al. (3).
The purpose of the present study was to
evaluate whether vanadium concentrations
in blood (B-V) and urine (U-V) are suitable indicators for occupational vanadium
exposure. The study was designed to examine whether variations in vanadium
dust exposure produce detectable changes
in the U-V and B-V values during a workday or a workweek and whether a correlation exists between the two parameters.

FERROVANADIUM PRODUCTION
The production of pig iron at the plant
concerned started in 1927. In 1956 the
production of a refined iron product called
"vantit" was initiated. Blowing oxygen
through liquid iron causes the vanadium
contaminants in the iron to form stable
oxides which can be removed as slag. The
slag from this process contains 12-13 Ofo
vanadium.
After the removal of iron by magnetic
separation, the vanadium slag is used as
a raw material for ferrovanadium production. The slag is melted in a three-phase
electrofurnace by the addition of calcium

carbonate and ferrosilicon. After reduction
and separation the final product contains
50 % vanadium, 7 % silicon, 38 % iron,
and 2 % manganese.
The workers are exposed to slag dust
containing mainly V20 5 ; other oxides may,
however, be present (V02, V 203)' During
the reduction process the potmen are exposed to a mixture of metal and oxide
fumes of iron and vanadium. The crushing
and packing men are exposed to ferrovanadium dust.

METHODS
Seventeen workers participated in the investigation. In order to look for differences
between persons with little or no exposure
and those with moderate to high exposure,
we divided the men into the following two
groups:
A. 6 persons working on the pig iron
furnace - none to low exposure,
B. 11 persons working in the slag production, on the ferrovanadium furnace and
in the crushing/packing department moderate to high exposure.
The daily vanadium exposure of the
persons in group B was recorded with
personal sampling devices on four successive days (Monday-Thursday). Blood and
urine samples were collected from both
groups before and after the workshift the
first day and after the workshift on the
fourth day.

Dust sampling

The dust samples were collected on 37mm, 0.8-,um Millipore membrane filters
with Casella personal air samplers using
an adjusted flow of approximately
21· min-i. The filter monitors were mounted in the breathing zone of the workers.
The filter was changed every day. Before use, the filters were desiccated for 24
h and weighed with an accuracy of ± 0.1
mg. The same weighing procedure was
employed after the sampling.
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Dust analysis

Biological sampling

The filter samples were digested in Teflon
autoclaves with a 1 : 1 mixture of aqua regia and hydrofluoric acid.
After digestion of the samples at 150°C
for 30 min, boric acid was added and heated for 15 min at 120°C. The solutions were
analyzed by electrothermal atomic absorption spectrometry with a Perkin-Elmer
model 300 AAS equipped with a deuterium background corrector, an HGA-76
graphite furnace, a model AS-l auto sampling system, and a model 56 recorder.
Samples of 20 pI were dried at 100°C,
ashed at 1,600°C, and atomized at 2,700°C.
The 318 nm vanadium resonance line was
used. It was shown that standardization
against pure aqueous vanadium standards
using reference ferrovanadium samples
gave accurate results.

The urine samples were collected in acidwashed 100-ml polyethylene bottles. The
blood samples were collected in preevacuated, heparinized 10-ml glass tubes. After
the sampling, the bottles and tubes were
stored at -21°C.
Blood and urine analysis
The vanadium concentration in the blood
and urine samples was determined according to a neutron activation method described in detail elsewhere (1). Two-milliliter samples were pipetted into polyethylene tubes which were heat-sealed. Twomilliliter aliquots of an aqueous vanadium
standard solution were placed in the same
kind of vial. Each sample or standard was

Table 1. Mean vanadium concentration in blood (nmol/l).

Exposure level

Mean

Range

Statistically
significant
difference
(P
0.05)

<

Mean
(total)

Confidence
limits
(p
0.05)

15.9-25.9

<

Statistically
significant
difference
(p
0.05)

<

None to low
Monday morning (I)
Monday afternoon (11)
Thursday afternoon (III)

22.8
18.7
22.4

8-54
10-36
10--48

I-II
II-III
III-I

(-)
(-)
(-)

20.2

36.5
38.5
30.4

12-74
16-66
12-58

I-II
II-III
III-I

(-)
(-)
(-)

35.7

(+)

Moderate to high
Monday morning (I)
Monday afternoon (II)
Thursday afternoon (III)

29.8--43.0

Table 2. Mean vanadium concentration in urine adjusted for creatinine excretion (umol V/mmol

creatinine X 10-2).

Exposure level

Mean

Range

Statistically
significant
difference
(P
0.05)

<

Mean
(total)

Confidence
limits
(p
0.05)

0.27~.48

<

Statistically
significant
difference
(p
0.05)

<

None to low
Monday morning (1)
Monday afternoon (II)
Thursday afternoon (III)

0.39
0.36
0.34

O.13~.58
0.1~.55
O.1~.69

I-II
II-III
III-I

(-)
(-)
(-)

0.36

Moderate to high
Monday morning (I)
Monday afternoon (II)
Thursday afternoon (III)

1.21
1.54
1.82

I-II
0.67-1.60
0.68-3.60 II-III
0.44-2.42 III-I

(-)
(-)
(-)

1.52
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(+)

1.23-1.87

irradiated for 5 min in a JEEP-II reactor
(Kjeller, Norway) at a thermal flux of
1.5 X 10 13n cm-2s- 1 • After the irradiation
the sample was digested with HN0 3 /H 2S0 4
in a 250-ml beaker in the presence of 2.5
mg of a vanadium (V) carrier and a known
amount of 48V tracer with the use of an
electrothermal burner. Then the beaker
was carefully cooled with water, 10 ml of
8 M HCI were added, and the solution was
extracted with 25 ml of 50 Ofo (v/v) tributylphosphate in toluene in a separator funnel. After being washed with 10 ml of 8
M HCI, the organic phase was transferred
to a 100-ml polyethylene bottle, and the
)' activity of the separated sample was
recorded with a Ge (Li) detector connected
to a multichannel analyzer. The counting
period was 5 min, and it began about 8
min after the end of the irradiation. The
analysis was based on the 1434 keV )' ray
of 52V (Tl/ 2 = 3.8 min). The chemical yield
for the separation was 50-70 %, as measured by means of the 983 keV )' ray of the
48V tracer. (48V is not produced from natural vanadium by thermal neutron activation.)

RESULTS
The mean vanadium concentration in
blood and urine is given for the two
groups in tables 1 and 2, respectively.
With the assumption of a log-normal dis-

tribution, the confidence limits at the
p < 0.05 level are calculated and the statistical significance indicated (Student's ttest). One of the workers showed a significantly higher U-V and B-V concentration
than the others. His B-V value was especially high before work on the first day.
This high value may be due to the fact that
this man, unlike the others, had been at
work the two previous days. A high exposure often occurs at his worksite (slag separation). His values have been omitted from
the following discussion, the results presented being based therefore on the value
determined for the other 16 workers.
There was a statistically significant difference in the B-V and U-V concentrations
(p < 0.001) between the two groups. No
statistically significant difference was
found between the before and after shift
values on the first day or between the
before shift values on the first day
and after shift values on the fourth
day. It was shown that for the moderate to
high exposure group there was a slight
increase in vanadium excretion during the
period of investigation (significant at the
p < 0.15 level), while the B-V values revealed no significant alteration. A fair correlation between the U-V and B-V concentr.ations was found (r = 0.50). These
results are plotted in log-log scale in fig. 1.
The B-V and U-V concentrations after
the workshift on the first and the fourth
day were also plotted versus the vanadium
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Fig. 1. Correlation between the concentration

of vanadium (V) in blood
and urine adjusted for
creatinine excretion.
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Fig. 2. Correlation between the vanadium (V)
concentration in urine
and the daily total vanadium exposure (-); the
urinary concentration of
vanadium has been adjusted for creatinine and
the daily total vanadium
exposure (---).
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exposure the same days, respectively.
These results are shown in fig. 2 and 3. In
fig. 2 it can be seen that the vanadium excretion adjusted to the urinary creatinine
concentration shows a slightly higher
correlation with vanadium exposure than
does the U-V value (r = 0.46 vs. r = 0.36).
In a separate experiment to test the
precision of the analytical method, six aliquots of a pooled sample of blood from a
nonexposed person ("normal blood") were
analyzed, and the concentration was
found to be 15.4 ± 1.8 nmol/1.
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DISCUSSION
A comparison of the exposure and the
concentration of vanadium in blood and
urine demonstrates that the urinary concentration adjusted for creatinine concentration is the most reliable exposure indicator. At the exposure levels encountered
in this study, the B-V and U-V values for
a single worker give no clear information
about the exposure level. However, on a
group basis, B-V and U-V analysis can be
used to reveal exposure, and under certain

conditions the U-V analysis may give an
indication of the exposure level. However,
the differences are small and the method
difficult and expensive, so for routine control other criteria should be sought for the
control of vanadium dust exposure of this
kind.
It is evident from the present investigation that neutron activation analysis, as
applied in this work, is adequately sensitive for the determination of normal vanadium levels in urine and presumably
also in blood. The precision is ± 10 Ufo or
better for vanadium levels exceeding 20
nmol/l. The possibility of blank contribution, however, cannot be excluded. An
analysis of distilled water stored in the
same kind of glass tubes as those used
for the collection of the blood samples
showed values on the order of 5-10 nmol
VII. Furthermore, contamination from
steel syringe tips could be significant.
This possibility does not affect the preceding discussion of group differences, but it
may lead to considerable relative error,
especially in the case of "normal" blood.
In a recent investigation by Sabbioni et
al. (12) the vanadium concentration in the
blood of nonexposed persons from Italy
was found to be within the range of 16140 nmol/l, with a mean value of 72 nmol/
1, which is significantly higher than the
"normal" level indication in the present
study. About 90 Ufo of the blood vanadium
was found to be in the plasma, and it was
predominantly associated with transferrin.
Comelis et al. (3), on the other hand, reported values of 0.3-5.2 nmol/l for 17
human sera from Belgium, and these concentrations are appreciably lower than the
present data. An analysis of an additional
number of samples showed results confirming this concentration level (R. Cornelis, personal communication). The reason
for the observed differences is not known
at present. Geographic variations associated with nutritional habits might account
for some difference in B-V values, but
hardly as much as a factor of 50 between
different areas of Central Europe. What
seems to be apparent, however, is that the
B-V concentration, in the absence of significant environmental exposure, is much
lower than what has previously been assumed.
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