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mill area (r = 0-77, p < 0-001) and at the press area
(r = 0:57, p < 0-01). Comparing samples collected
at a similar time on successive days, the two compan-
ions had a change in GTN concentration in the same
direction in 14 cases and in the opposite in four
cases only (p < 0-05).

Variations between individuals— At each site of
production, the individual GTN concentration in the
plasma was compared with those of their colleagues
and given a rank number. Four rank numbers were
thus obtained for each individual at each site, and
the sum of the rank numbers obtained at the roll mill
correlated with that of the press area (r = 0-73,p <
0-02) illustrating the individual factor. There was no
significant difference between the GTN concentra-
tions in men and women, or between smokers and
non-smokers.

CONTROL STUDY

At the roll mill area one worker had 1015 nmol/l of
GTN in blood from the cubital vein and 11 nmol/l in
blood from the femoral vein. His companion had
115 and 4-8 nmol/l respectively. One worker at the
press area had a concentration of 20-7 nmol/l in
blood from the cubital vein and 4:4 nmol/l in blood
from the femoral vein.

TEST DOSE STUDY

After receiving 1 mg GTN sublingually in the morn-
ing, six of the 12 workers had transient pallor and
lightheadedness, but all recovered after a short rest.
The maximal plasma GTN concentration of 6-6
nmol/l (median 5-7, range 2-6-21-6 was found six
minutes after adminstration (median 6, range 4-10
minutes). The plasma half life was 3-0 minutes
(median 3-0, range 2-0-4-3). No significant correla-
tion was found between the maximal plasma GTN
concentration and the half life.

AIRBORNE GTN CONCENTRATIONS

The assay of gaseous GTN showed a fourfold varia-
tion between successive samples collected within
minutes at the same area. Gas samples were
obtained on only 28 of the 48 blood sampling occa-

sions. At the roll mill area gas was collected at three
sites: at the outlet fan, by the cutting machine, and
at the heater. The mean values were similar: 2-2,
2-1, and 2-5 mg/m? respectively. On six days, obser-
vations were made at both 9 am and 1 pm, and no
significant difference was found. Mean values were
2-3 and 2-7 mg/m® respectively and ranges 1-0-4-0
mg/m’. Thus gaseous GTN exposure seemed to be
equal at both production sites, and remained
unchanged during the day.

BLOOD PRESSURE AND PULSE RATE
The results of the investigations are shown in table
2.

HEADACHE

None of the subjects suffered from morning
headache. During working hours, however,
headache was a major discomfort, increasing during
the day. Of the 12 volunteers, only four reported a
headache at 9 am any day, whereas 11 had headache
by 1 pm on at least one of the days. In fact, only 13
of the 47 inquiries at this time of the day showed
absence from headache. At 9 am the mean headache
score was 2 mm, increasing to 17 mm (range 0-59)
at the roll mill area; at the press area, the increase
was from 3 to 18 mm (range 0-59). Both increases
were significant at the 5% level. The headache score
did not differ between the working sites or between
days one and two. The seven smokers were similar
to the non-smokers in this respect, and there was no
sex difference in the pattern. Between days one and
two the headache score did not correlate for each
individual and no correlation was found between
headache felt at the two sites of work, or by compar-
ing the symptoms of the two companions working
together.

CORRELATIONS
GTN correlation in room air versus cubital plasma
concentration—No significant correlation was found.
GTN concentration in plasma on exposure at work
versus GTN kinetics after a sublingual test dose—The
plasma GTN concentration of the pairs of workers
at 1 pm was compared and given a rank number.

Table 2  Pulse rate and systolic blood pressure in 12 workers before and during work on two successive days of exposure to

glyceryl trinitrate
Working site Pulse rate Blood pressure (systolic)
Mean (days 1 & 2) Range Mean (days 1 & 2) Range

Before work 73 72 60-90 124 125 95-150
9 am at press area 87** 92 64-104 125 125 90-150
9 am at roll mill area 84** 84 60-116 119 120 95-150
1 pm at press area 87** 85 68-108 119 120 90-145
1 pm at roll mill area 86** 84 72-100 115* 115 90-160

*p < 0-05; **p < 0-01.
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Each subject thus had four rank numbers that were
added to give an estimate of tendency towards
obtaining a high or low concentration of GTN in the
arm vein. This rank sum correlated neither with
plasma half life nor with the maximal GTN concen-
tration observed after sublingual GTN.

GTN concentration in plasma versus blood pres-
sure and pulse rate—Plasma GTN concentration
correlated with neither change in pulse rate nor with
change in blood pressure during work.

GTN concentration in plasma versus headache
score—No significant correlation was shown.

Headache versus change in blood pressure and
pulse rate—The correlations were not significant.

Discussion

During treatment with GTN, plasma concentrations
are usually in the range 2-2-44 nmol/l. Among the
present workers, cubital vein plasma concentrations
showed a 10-fold increase over therapeutic levels.
Concentrations in blood from the femoral vein were
much lower, strongly suggesting that the local
absorption of GTN through the skin of the hands
and arms was an important factor. This has previ-
ously been shown for ethylene glycol dinitrate,””®
the main component of dynamite. It is well known
that GTN is absorbed through the skin and use is
made of this in *transdermal infusion systems.” The
workers are well aware of this absorption, but
despite frequent changes of gloves and other meas-
ures, adequate protection was not gained. Contami-
nation of samples during blood collection is not
likely considering the precautions taken and the cor-
relations between day to day samples.

The site of production was important, since the
values found at the roll mill were consistently higher
than those at the press area. At both sites the plasma
GTN concentration increased during the day from
an initial level of zero in the morning. Since the
concentration of gaseous GTN was similar at the
various sampling times, this observation is compat-
ible with a cumulative dermal contamination during
the day, and further supported by the correlation
observed between the values obtained at 9 am and 1
pm.
After the sublingual administration of GTN a
plasma half life of three minutes was observed. This
is somewhat less than the 4-4 minutes reported by
Armstrong and coworkers,” who studied healthy
volunteers. Any large increase in GTN metabolism,
however, does not seem to have evolved in the pres-
ent workers. The pulse rate was higher during work
than in the morning, but no further increase took
place during the day, despite the significant increase
in plasma GTN. This might suggest that it was the

work itself rather than exposure to GTN that was
responsible for the increase in pulse rate. The slight
reduction in systolic blood pressure when the plasma
GTN was maximal, however, favours the effect of
GTN.!*!* Headache was the main discomfort, and
was experienced by 11 of the 12 workers; they often
needed analgesics to continue work. The pro-
nounced and significantly increasing headache
seemed to be directly related to exposure although
the degree of headache was similar in both the high
and low exposure areas. We have no explanation for
this observation. The discomfort felt by half the vol-
unteers after a test dose of 1 mg GTN sublingually
was also remarkable. This part of the study was done
on a Monday morning, when headache after expos-
ure to GTN is more severe than later in the week.

Gaseous GTN has been considered the main risk
to the workers’ health, and the safety rules are based
on measurements of this component. Nevertheless,
the variation in the concentration of GTN in air
samples from minute to minute, in addition to varia-
tions in sampling and analytical techniques, cast
doubt on the justification of monitoring gaseous
GTN as a means of ensuring the worker's health. At
the gas concentrations now encountered (1-4 mg/
m?) uptake through the lungs. probably contributes
little to the blood concentration when dermal
absorption also occurs. Dermal absorption of gase-
ous GTN ought also to be considered, since Hogs-
tedt and Stahl®* showed such an uptake of ethylene
glycol dinitrate. The present study shows that during
production of gun powder GTN is dermally
absorbed through the hands and arms despite the
use of protective clothing. Accordingly blood from
the arm veins cannot be used to study total exposure
to GTN, although it may be of value for monitoring
efforts made towards reducing dermal uptake. The
concentrations presently attained in blood from the
cubital vein show the importance of the working
conditions as well as of individual factors. The latter
probably concern the manner and the degree of
which GTN is handled during production, since the
rate of elimination showed only a moderate varia-
tion. The study suggests that major efforts should be
made to reduce dermal contact with GTN during
work.
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