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Half life of chromium in serum and urine in a
former plasma cutter of stainless steel
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Abstract
For 8 years chromium in serum and urine
has been followed up in a former plasma
cutter of stainless steel who was exposed to
airborne dust and fumes containing chro-
mium during this work. After the first
examination for serum chromium the
exposure ended. Serum chromium con-
centration has been measured seven times
during the period and was initially very
high and has subsequently dropped slowly.
The half life was 40 months in serum. Uri-
nary chromium has been measured five
times. The half life was 129 months in
urine. The study shows that exposure to
airborne dust and fumes containing chro-
mium may cause accumulation of chro-
mium in the body, and that when exposure
ends, elimination of chromium is very
slow. Previous studies suggest that chro-
mium mainly accumulates in the lungs.
(Occup Environ Med 2000;57:140–142)
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Studies of chromium in the urine of subjects
exposed to airborne dust and fumes containing
chromium suggest a two or three phased elimi-
nation of chromium. The half life for the initial
phases is short, ranging from hours to days,
whereas the half life for the last phase is very
long, ranging from months to years.

In previous studies, elimination of chromium
has been examined by measuring urinary chro-
mium. In our case we have also monitored
serum chromium in a former plasma cutter
who has been exposed to dust and fumes con-
taining chromium in connection with plasma
cutting of stainless steel.

Plasma cutting is a technique used for
cutting diVerent kinds of metal—for example,
stainless steel. The cutting process takes place
by sending a jet of ionised gas (plasma) at
about 30 000°C at high speed against the
metal, which is melted away where the cut is
wanted. This causes a simultaneous release of
vapours and fumes containing components
from the metal.

Stainless steel usually contains about 18%
chromium and plasma cutters of stainless steel
are consequently exposed to chromium, in-

cluding hexavelent chromium, through the
inhaled air.1

Hexavalent chromium has a carcinogenic
eVect as well as other toxic eVects.2

Case report
On 1 November 1990, a 44 year old man was
examined for work related mucous membrane
symptoms and eczema. From 1960 to 1976 he
had worked in the metal industries, mainly
carrying out welding and flame cutting of ordi-
nary iron but also, to a minor extent, plasma
cutting of stainless steel. From 1976 to 1983 he
had worked as a ship’s painter, during which
period there was no known exposure to
chromium. From 1983 to 1990 he had been
working with plasma cutting of stainless steel.
The workshop in which the work was carried
out was about 200 m2, the floor to ceiling
height being 4 m. There were three plasma
cutting machines in the room, which were
exclusively used for plasma cutting of stainless
steel. Air extraction took place from the bottom
of the cutting tables on which the plates were
placed during the cutting. There was no
mechanical supply of fresh air into the room.
Visible fumes were often seen in connection
with the cutting. No personal protection
equipment—such as a mask or gloves—was
used. When the premises were inspected, the
hygiene conditions were found to be poor, with
considerable formation of dust and poor facili-
ties for personal hygiene. Measurements for
chromium in dust samples collected showed
high concentrations of chromium.

As part of the clinical examination of the
patient, serum chromium was measured on 9
November 1990 in the morning about 18
hours after the last exposure. Four days later
the patient had a mild apoplexia cerebri and
had to stop working. He has not been exposed
to chromium since and we therefore have had
the opportunity to study the development of
chromium in the serum and urine for the sub-
sequent 8 years.

Serum chromium has been measured seven
times over the years, firstly on 9 November
1990 and for the last time on 13 October 1998.
Urinary chromium has been measured five
times, firstly on 13 February 1991 and for the
last time on 5 May 1998.

Venous blood samples for measurement of
serum concentrations of chromium were
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obtained in a hospital laboratory and collected
in blood collection tubes for measurement of
trace elements. Serum chromium was
measured by electrothermic atomic absorption
spectrometry (graphite furnace technique,
GF-ASS) with matrix matched standards. The
matrix modifier contained 5% Triton-X-100.
The analytical method was controlled with
external and internal control samples. The
analysis used was the same throughout the
period of follow up (Medi-Lab, Copenhagen).
The reference value was <12 nmol/l. This value
was based on a study where serum chromium
was analysed in 21 healthy non-exposed people
(Grosch K, Medi-Lab Copenhagen, personal
communication). The highest value was 11.5
nmol/l.

The urine samples were voided in acid
cleaned polyethylene bottles. Urinary chro-
mium was measured by Zeeman atomic
absorption spectrometry under external and
internal quality control (Danish National
Institute of Occupational Health, Copen-
hagen).3 The reference value for urinary chro-
mium was <1.3 nmol/mmol creatinine. Creati-
nine concentration in urine was measured by
JaVe’s reaction.3 The analyses were the same
during the period of follow up.

The first serum chromium concentration
was 199 nmol/l and the last one 36 nmol/l. The
first urinary chromium concentration was
21.5 nmol/mmol creatinine and the last one
14.4 nmol/mmol creatinine. Serum creatinine
was normal.

The figure shows the correlation between
months since last exposure and log10 serum and
urinary chromium with 95% confidence inter-
vals (95% CIs). The regression lines are fitted
to log10 serum and urinary chromium. The half
life was calculated from the equation
T1⁄2=(log102)/S, where S is the slope of the
regression lines. The half life for serum
chromium was 40 months and 129 months for
urinary chromium.

Discussion
Serum chromium and urinary chromium
found in our patient were very high compared
with non-exposed people.

In their literature study, Brune et al (1993)
found 53 studies dealing with normal concen-
trations for serum chromium and 58 studies
dealing with normal concentrations for urinary
chromium. The range of the arithmetic mean
values was 1–3 nmol/l for serum chromium and
0.2–1 nmol/mmol creatinine for urinary chro-
mium in people with no known exposure to
chromium.4

The high concentrations in our patient cannot
be explained by contamination. The blood and
urine samples were taken in a hospital labora-
tory with special tubes and bottles for trace ele-
ment measurement. Previous studies have
shown that vacutainer needles used for veni-
puncture do not add measurable chromium to
the blood (<1.7 nmol/l).5 A non-exposed worker
from the same company had a normal urinary
chromium concentration with the same sam-
pling and analysing technique. So contamina-
tion can be considered to be negligible.

The half life for serum chromium and
urinary chromium was very long in our patient.
There was no sign of renal disease and the slow
elimination cannot be explained by decreased
renal function.

In a study where elimination of chromium
was studied in people given a bolus dose in
drinking water the half life was much shorter,
<40 hours, and was longest after ingestion of
hexavalent chromium.5 In our patient chro-
mium was not ingested but inhaled as fumes
and dust. The half life therefore reflects the
absorption and elimination from the lungs.

No previous studies of chromium elimina-
tion in plasma cutters have been found.
However, the agents found in the fumes from
stainless steel welding are the same as those in
fumes from plasma cutting of stainless steel.1 3

In the breathing zone of 13 plasma cutters the
mean concentration of total chromium was 129
µg/m3 (20–440 µg/m3) and the mean concentra-
tion of hexavalent chromium 17 µg/m3 (<1–40
µg/m3).1 Although these concentrations are
higher than those found during welding in
stainless steel,3 the absorption, accumulation,
and elimination of chromium in plasma cutters
of stainless steel may be compared with those
in welders of stainless steel.

In animal tests in which rats were exposed to
welding fumes containing chromium, an initial
rapid elimination from the lungs of a small part
of the inhaled chromium was found on the first
day. Subsequently a long half life was found in
the lungs for the rest of the chromium—that is,
most of it. In two studies the long half life was
found to be about 50 days and in one study it
was 240 days.6–8

Several studies of the excretion of chromium
in the urine of welders who carried out manual
metal arc welding of stainless steel (MMA/SS)
have been made. These studies have shown that
the urinary chromium concentration 16 hours
after exposure was about 64% of the highest
concentration measured immediately after ex-
posure. Sixty four hours after exposure the uri-
nary concentration was about 56% of the peak
value. On the basis of these findings the initial
half life for urinary chromium excretion was
estimated to be about 7 hours.9 This figure

Serum and urinary chromium measured during an 8 year
period in a former plasma cutter of stainless steel. The
vertical lines indicate 95% CIs. The other lines are
regression lines fitted to serum and urinary chromium. Half
life was 40 months for serum chromium and 129 months for
urinary chromium. The regression equations were:
Log10 (serum chromium)=−0.007575×month+2.220697.
The slope was diVerent from 0 (p<0.0001).
Log10 (urinary chromium)=−0.002336×month+1.379243.
The slope was diVerent from 0 (p=0.0212).
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corresponds to the half life as calculated by
Welinder et al (1983), where the initial mean
half life was 7 hours with a variation ranging
from 4 to 35 hours.10

In follow up studies carried out 1 month
after exposure a second phase with a half life of
20–27 days has been found. In the study
carried out by Welinder et al. (1983) the half
life for four subjects was 14 days, 33 days in two
subjects, and infinite in the two other
subjects.10 In nine retired welders the concen-
tration of chromium in the urine was found to
be increased, being 7 µmol/mol creatinine on
average. This was not significantly diVerent
from concentrations found in active welders
after 4 weeks holiday (9 µmol/mol creatinine).
This indicates that there is an extremely slow
phase of urinary elimination of chromium after
exposure to MMA/SS welding fumes from
stainless steel.

Other components of MMA/SS welding
fumes have long half lives as well. Magneto-
pneumographic studies, for example, show that
magnetic dust is eliminated from the lungs at a
half life rate of 3–5 years in MMA/SS welders
who have welded light steel.11

Results are available from a few necropsy
studies of chromium concentrations in diVer-
ent organs of subjects exposed to chromium
compared with a control group. Hyodo et al
examined tissue samples from various organs
in a worker who had worked with the produc-
tion of chromate for 30 years until 10 years
before his death and had thus been exposed to
dust containing chromium.12 The highest con-
centration was found in lung tissue (3.56 µg/g
compared with <0.1 µg/g in other organs). The
concentration found in lung tissue was about
20 times as high as the average of five subjects
in a control group. In the other organs,
concentrations were about twice as high as
those of the control group. Raithel et al
examined the lung tissue of two former welders
who had welded stainless steel.13 Chromium
concentrations in their lungs were 10–15 times
as high as those in 68 controls. There was no
information available about the intensity or
duration of exposure or the time interval from
the end of exposure to the time when the
examination was carried out. The necropsy
examinations showed that chromium accumu-
lated in the lungs and was eliminated slowly.

On the basis of these studies, there seem to
be three successive half life periods in the
urinary excretion of chromium in MMA/SS

welders: 7 hours, 15–30 days, and 3–5 years.
The quantity of body chromium in each phase
must depend on the quantity accumulated in
the body. If considerable accumulation has
occurred, most of the chromium is found in the
slowest phase.

Our patient had accumulated chromium in
the body over a long period. Most of the chro-
mium found in the body of our patient was
therefore in the slowest phase. The regression
lines of serum and urinary chromium over time
therefore show the elimination in the slowest
phase.

The first blood sample was taken 18 hours
after last exposure. The chromium inhaled 2
days before therefore was in a faster phase.
When calculating the regression line excluding
the first serum chromium, the half life of serum
chromium was slightly longer, 43 months.

The half life of urinary chromium was
considerably longer than the half life of serum
chromium, 129 months versus 40–43 months.
This diVerence we cannot explain.
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