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Scand J Work Environ Health 13 (1987) 438—444

Hydrocarbon exposure from handling jet fuel

at some Swedish aircraft units

by Stina Holm, BA,' Dan Norbéck, BA,? Bertil Frenning, MD,? Carl-Johan Géthe, MD'

HOLM S, NORBACK D, FRENNING B, GOTHE C-J. Hydrocarbon exposure from handling jet fuel
at some Swedish aircraft units. Scand J Work Environ Health 13 (1987) 438—444. The exposure to vapors
from jet fuel under different work conditions was examined in three aircraft squadrons. Exposure mea-
surements were made by charcoal sampling in the breathing zones of 23 randomly selected employees
belonging to three different personnel groups. Each person was followed during two consecutive days
by long-time sampling and, furthermore, by 15-minute sampling during work operations with possible
high exposure. The charcoal tubes were eluted with carbon disulfide, and the hydrocarbons were analyzed
with gas chromatography. The geometric mean of both the long- and the short-time exposure was only
1—2 % of the corresponding occupational exposure limits. The highest long-time exposure observed was
about 25 % of the occupational exposure limit, while the highest short-time exposure was about 130 %
of the corresponding limit. Thus the present long-term exposure to solvent vapor in Swedish aircraft units
is low, but infrequent short-time exposure above the present limit may occur in some work operations.

Key terms: aircraft, benzene, gas chromatography, hexane, isopropyl nitrate, jet fuel, occupational, solvents.

Jet fuel (MC-77) is 2 mixture of aliphatic and aromat-
ic hydrocarbons with a boiling point interval of
50—300°C and a vapor pressure of 19.6 kPa at 37°C.
According to the manufacturers, the content of ben-
zene and n-hexane is less than 1 % (weight/weight).
MC-77 has been used by the Swedish Armed Forces
since 1956.

There have been some reports on the toxic effects
of long-time exposure to jet fuel on the central and
peripheral nervous systems (2, 3, 4, 5, 11), but only
sparse information on the average exposures is found
in the literature. In a study by Knave et al (3) some
figures on short-time exposures during specific work
conditions are given. Some unpublished studies of the
exposure to jet fuel have also been done in the Swed-
ish Air Force, but these studies were mainly restricted
to specific work operations of short duration. No
information has been found on 8-h measurements of
jet fuel exposure.

The objective of the present study was to determine
the present total exposure to volatile hydrocarbons
from jet fuel and solvents in the Swedish Armed
Forces. It was paralleled by a study of the health status
of military personnel exposed to the fuel (to be
published).
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Materials and methods

Three units of the Swedish National Defence were
studied. Two of them (A and B) were fighter squadrons
with similar organizations and types of activities. They
differed however concerning the type of aircraft used.
The third unit (C) was a naval helicopter squadron
using two types of machines.

Jet fuel exposure can occur in different types of
work, eg, in jet fuel handling, in routine servicing of
aircraft before flight, and in regular service of the
aircraft and engines in the service workshops. Jet fuel
handling includes transporting fuel, filling field and
supply tanks, draining these tanks, and servicing pump
units. Every day before the flights the aircraft are
serviced and, among other things, their fuel tanks are
filled and checked for water content. The aircraft are
regularly taken into the workshop for service. This
work varies depending on how many hours the ma-
chine has been in use, but parts of the fuel system
are always checked. When a total overhaul of the
engine is done, the engine is removed from the aircraft
and, in many cases, ‘‘preserved,”’ ie, the jet fuel in the
system is replaced by mineral oil with low volatility.

The different types of work have been divided into
three groups, namely, the jet fuel handling group, the
flight service group, and the workshop service group
(including workshop service on aircraft and engines).
Apart from jet fuel, the examined personnel were
sometimes exposed to isopropyl nitrate (starter fuel)
and to other solvents used for cleaning, for painting,
and for leakage tests. The additional exposure from
such solvents has been studied by comparison between
mixed-solvent exposure including jet fuel and expo-
sure to jet fuel alone.



The measurements were made on arbitrarily chosen
persons during two consecutive days (table 1) of, ac-
cording to the personnel, ordinary activities. Four half-
day samples were taken for at least one person in every
personnel group from each unit. In addition, one
15-min sample (short-time sample) of the expected
highest exposure was taken each day for each person.
Outdoor and indoor temperatures and the relative
humidities were measured with an Assman psychrom-
eter (table 1).

Personal sampling with activated charcoal as the
adsorbent was applied, the air sampling rate being 20
ml/min for half-day samples and 200 ml/min for
short-time samples. The charcoal tubes were kept at
—20°C until the day of the analysis.

The analysis was performed on a gas chromatograph
(Hewlett Packard model 5880) equipped with a flame
ionization detector and a capillary column with the
following conditions: column: fused silica coated with
methyl silicone fluid, 12 m, inner diameter 0.2 mm;
carrier gas: helium 0.40 ml/min, make-up flow 20
ml/min, split ratio 1 : 60; temperature: injector and
detector 250°C, oven initial 38°C for 2 min, program
rate 10°C/min, final 150°C. Prior to the gas chromato-
graphic analysis, volatile hydrocarbons were eluted
from the charcoal with 4 ml of carbon disulfide.

Curves were calibrated for 22 major hydrocarbons
in jet fuel at five different concentrations. When
uncalibrated peaks were being quantified, the mean
response factor of the 22 standards was used. Splitless
injection gave a higher sensitivity, but the wide peak
of carbon disulfide covered some of the hydrocarbons
with low boiling points (< 100°C, low boiling
compounds). To be able to identify and quantify this
fraction, we also analyzed the samples with a total

Table 1. Sampling data.

hydrocarbon concentration of more than 5 mg/m® with
the split injection technique. For samples with a lower
total concentration, the concentrations of the low-
boiling compounds were estimated from the relation
between the concentrations of the low-boiling com-
pounds and the total concentration of compounds with
boiling points above 100°C (high-boiling compounds)
in samples analyzed with both the split and splitless
injection techniques (table 2).

The present Swedish occupational exposure limit
(1984) for jet fuel is 380 mg/m? for the time-weighted
average (TWA) concentration for a whole workday
(8-h) and 500 mg/m?® for the short-time exposure limit
(STEL) time weighted over 15 min (7).

As recommended for environmental samples (6),
geometric means and geometric standard deviations
have been used in the statistical calculations. In the
tests with two samples drawn from the same sample
population, the Mann-Whitney rank correlation test
was used for calculating a two-sided P-value (9). The
standard error of the analytical method (SE) has been
calculated from the formula:

SE = [[Zd? — (Zd)¥/n)/[2 (a — D]} %,

where d = the difference between duplicate analy-
ses and n = number of duplicate analyses.

The error of the analytical method, given as a per-
centage of the mean value of all the duplicate analyses,
was 16.1 (SD 1.9) % for the splitless injection technique
and 6.6 % (SD 1.4) % for the split injection technique.
The detection limits for the different compounds were
0.60 pg/sample and 10 pg/sample for the respective
techniques.

Climate factors

Test Exposed

Unit Date of persons persons Indoors Qutdoors
measurement N N - -
(N) (N) Temperature Relative Temperature Relative hu-
(°C) humidity (%) (°C) midity (%)
A November 1983 10 63 17—22 9—17 -7—-5 —
B September 1984 8 109 17—23 47—54 9—14 80—95
C April 1984 5 21 16—22 18—25 8—10 28—38

Table 2. Regression values of compounds with boiling points of less than 100°C. These values have been used to calculate
concentrations in samples not analyzed with the split-injection technique. [10g14(Ccomp) = K*10G1(Chpc) + L 2]

Compound N Intercept Slope Standard deviation  Correlation
(of figure 2) L K of slope coefficient
A. n-Pentane 6 —1.48 1.47 0.29 0.93
B. n-Hexane 19 -1.68 1.51 0.23 0.85
C. Benzene 33 —-1.37 0.85 0.13 0.75
D. Cyclohexane 38 -1.35 1.02 0.11 0.83
E. Uncalibrated compounds with
boiling point < 100°C 23 —0.59 0.96 0.22 0.68

8 Geomp = CONcentration, exceeding 0.01 mg/m®, of each compound; Cy,, = total concentration, exceeding 1 mg/m®, of

hydrocarbons with boiting points = 100°C.
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Results

The distribution of the concentrations of the high-
boiling compounds in different samples was skew. As
demonstrated in figure 1, the logarithmic values were
also somewhat skew, although to a considerably less
degree. However, there were significant correlations
between the logarithmic values of the concentrations
of various low-boiling compounds and the logarith-
mic values of the sum of the high-boiling compounds
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Figure 1. Frequency distribution of the concentrations of high-
boiling compounds from jet fuel in half-day samples (A) and
short-time samples (B).
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in samples analyzed with both the splitless and split
injection techniques (table 2 and figure 2). The correla-
tion coefficients were of the magnitude 0.7—0.9.

A typical chromatogram of jet fuel vapor is shown
in figure 3. The airborne concentrations of the differ-
ent calibrated compounds, as well as the estimated
concentrations of the uncalibrated compounds, are
presented in table 3. The mean exposures were low,
and none of the single compounds exceeded a geomet-
ric mean value of 0.4 mg/m?, but considerably higher
peak values were found. n-Hexane and n-pentane gave
the highest maximum concentrations of the single com-
pounds in both the half-day and short-time samples.

The maximum TWA exposure to hydrocarbons was
93 mg/m?, all samples being less than 50 % of the 8-h
TWA. In most cases (86 out of 92 samples), the ex-
posure was even less than 10 % of the 8-h TWA.
Measurements of short-time exposure showed only one
of the 46 short-time samples (2 %) exceeding the pre-
sent 15-min STEL, and 36 of them (78 %) were less
than 10 % of the 15-min STEL.

The differences between the examined work units
were not significant in regard to short-time exposure.
In unit A, however, some of the hangars had unsatis-
factory ventilation, and the half-day exposure in this
unit was significantly higher (P < 0.001) than in the

10° 10' 102 10° 10° 10

10 3 C. D.
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Figure 2. The concentration of dif-
ferent compounds analyzed with
the split injection technique in
relation to the total concentration
of high-boiling compounds in the
same sample analyzed with the
splitless injection technique. Con-
centrations of the low boiling com-
pounds in samples analyzed only
with the splitless injection tech-
nigue were calculated from the re-
gressions presented in table 2.
(A = n-pentane, B = n-hexane,
C = cyclohexane, D = benzene,
E = uncalibrated low-boiling com-
pounds)
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+ Figure 3. A typical chromatogram of jet fuel
12 min vapor.

Table 3. Airborne concentrations, mg/m?, of compounds from half-day and short-time samples.

Half-day samples (N = 92)

Short-time samples (N = 46)

Maximum Geometric  Geomet- Maximum Geometric  Geomet-
value mean ric SD value mean ric SD

n-Pentane 17.9 0.09 8.3 107 0.35 16.3
n-Hexane 28.8 0.05 71 157 0.17 13.8
Benzene 72 0.06 4.0 39.4 0.14 6.8
Cyclohexane 75 0.05 46 34.1 0.16 9.7
iso-Octane 26 0.03 4.9 9.2 0.09 9.2
n-Heptane 14.8 0.14 73 38.8 0.35 12.3
Toluene 6.8 0.07 6.6 70.6 0.22 123
n-Octane 6.9 0.11 6.6 245 0.36 11.4
Ethylbenzene 1.3 0.02 3.8 8.0 0.07 9.7
m-Xylene + p-Xylene 24 0.06 5.6 25.2 0.20 10.8
o-Xylene 3.1 0.03 5.1 238 0.08 9.6
n-Nonane 6.2 0.09 6.5 47.2 0.25 10.7
1,3-Ethylmethylbenzene +
1,4-ethylmethylbenzene 07 0.02 2.8 2.7 0.03 5.2
Mesitylene 0.4 0.01 25 2.9 0.02 438
1,2-Ethylmethylbenzene 0.5 0.01 24 0.9 0.02 4.2
Pseudocumene 1.7 0.03 40 1.7 0.05 7.6
n-Decane + hemimellitene 6.5 0.10 741 36.4 0.17 10.3
n-Undecane 4.9 0.07 6.8 18.6 0.11 9.2
n-Dodecane 3.0 0.03 5.4 19.8 0.03 6.7
Uncalibrated compounds

Boiling point < 100°C 755 0.36 4.4 91.3 0.94 8.5

Boiling point = 100°C 34.2 0.26 10.5 158 0.90 19.3
Total concentration of compounds

Boiling point < 100°C 105 0.74 5.0 429 237 94

Boiling point = 100°C 755 1.70 4.9 334 4.98 9.6
Total concentration 149 250 5.0 649 7.74 9.8

other two units (table 4). As is apparent from the table,
the time-weighted average of the half-day exposure was
significantly less for jet fuel handling than for flight
servicing and workshop servicing (P < 0.05). In work
with both jet fuel and other solvents, the exposure to
hydrocarbons was higher than in work with jet fuel
only (P < 0.01).

The mean exposure to n-hexane and benzene, two
compounds with specific toxic properties, was low, the
maximum 8-h TWA values being respectively about

16 and 4 mg/m?® and the maximum 15-min STEL
values being about 157 and 39 mg/m?, respectively
(table 5). The present Swedish occupational exposure
limits for n-hexane are an 8-h TWA of 180 mg/m?* and
a 15-min STEL of 250 mg/m?. The corresponding
values for benzene are an 8-h TWA of 16 mg/m’ and
a 15-min STEL of 30 mg/m? (7).

The composition of the airborne hydrocarbon mix-
ture derived from MC-77 jet fuel alters with the total
concentration. Thus the relative amount of n-hexane
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Table 4. Total hydrocarbon exposure (mg/m?) in different aircraft units and during different types of work.

Half-day samples

Short-time samples

N Maximum  Geometric Geomet- N Maximum Geometric Geomet-
value mean ric SD value mean ric SD
Unit A 40 149 53 49 20 649 16.2 8.4
Unit B 32 29 1.0 4.0 16 74 3.3 9.2
Unit C 20 135 22 3.4 10 125 7.0 10.9
Jet fuel handling 12 7 0.9 27 6 48 6.0 6.9
Flight service 56 135 3.3 5.0 28 370 93 10.0
Workshop service 24 148 21 53 12 649 58 12.3
Pure jet-fuel exposure 82 149 2.1 4.7 40 649 5.7 9.4
Mixed-solvent exposure 10 72 1.7 3.1 6 345 59.1 4.0
All samples 92 149 25 5.0 46 649 7.7 9.8

Table 5. n-Hexane and benzene in workday (8-h TWA) and short-time (15-min STEL) exposure (mg/m?) during the different types

of work.
8-h TWA exposure 15-min STEL exposure
N Maximum  Geometric Geomet- N Maximum Geometric Geomet-
value mean ric SD value mean ric SD
n-Hexane
Jet fuel handling 6 0.1 0.02 29 6 0.9 0.10 6.9
Flight service 28 10.4 0.09 7.8 28 40.8 0.17 13.8
Workshop service 12 16.1 0.08 10.8 12 157.4 0.23 21.2
Pure jet fuel exposure 38 16.1 0.05 8.1 40 157 0.18 14.1
Mixed solvent exposure 8 22 0.14 6.3 6 53 0.12 15.0
All samples 46 16.1 0.06 7.9 48 157 0.17 13.8
Benzene
Jet fuel handling 6 0.1 0.03 26 6 0.2 0.06 44
Flight service 28 1.2 0.08 36 28 4.4 0.18 54
Workshop service 12 41 0.05 5.7 12 39.4 0.10 12.8
Pure jet fuel exposure 38 4.1 0.06 4.2 40 39.4 0.15 7.0
Mixed solvent exposure 8 05 0.11 31 6 05 0.10 6.4
All samples 46 41 0.06 41 46 39.4 0.14 6.8

Table 6. Concentrations of some compounds (C.oy, > 0.01 mg/im?) as a function of the total concentration of hydrocarbons
(Ciot > 1 mg/m?) in jet fuel vapor. [10g1¢(Ccomp) = K*10g10(Cion) + L?]

N Intercept Slope Standard deviation  Correlation
L K of slope coefficient
n-Hexane 19 -2.07 1.50 0.14 0.96
Benzene 38 —1.26 0.65 0.10 0.75
Compounds with
boiling point < 100°C 6 —-1.33 1.42 0.14 0.98
All aromatic compounds 38 -0.60 0.77 0.04 0.95

2 Ceomp = Concentration, exceeding 0.01 mg/m?, of each compound, C,,, = total concentration, exceeding 1 mg/m?, of alt hydro-

carbons.

and low-boiling compounds increased significantly
with an increase in the total hydrocarbon concentra-
tion (slope > 1, P < 0.005, P < 0.05), while the
relative amount of benzene and aromatic com-
pounds decreased (slope < 1,P < 0.002, P < 0.001)
(table 6).

Discussion

When occupational exposure to air pollutants is being
determined, the results obtained depend on the sam-

442

pling strategy used. Ordinary check-up measurements
are usually not performed to permit estimation of the
long-term exposure. As a rule, the bias is probably
positive, ie, the exposure is overrated (13). In this
study, both the measuring periods and examined
persons were selected in an arbitrary way so that the
outcome would present an unbiased and representa-
tive picture of the exposure situation.

The results indicate that, today, the average long-
term exposure to jet fuel in Swedish aircraft units is
low (1—5 mg/m?®). However, infrequent peak expo-



sures in the range of 100—1 000 mg/m® sometimes
occur during specific work operations such as the
dismantling of fuel systems, the cleaning of fuel supply
tanks, and the removal of engines from aircraft. These
work operations occur sporadically, and the exposure
risks are well known among the employees. Most of
these work operations are planned in advance and are
possible to predict. Therefore, it seems probable that
the short-time measurements performed roughly reflect
the present frequency of peak exposures to jet fuel
vapors in the Swedish Armed Forces.

The jet fuel handling group had the lowest exposure.
None of the daily mean exposures exceeded 10 % of
the present 8-h TWA limit, and none of the peak ex-
posures exceeded 10 % of the present 15-min STEL.
This result might depend on the fact that most of this
work is done outdoors. As a rule, the hydrocarbon ex-
posure is low in similar situations when volatile fuels
are handled outdoors, eg, when filling tank trucks with
gasoline from storage tanks (10).

Indoor work for the jet fuel handling group mainly
consisted of pump service. Measurements of jet fuel
exposure in different Swedish aircraft units during
1975—1982 have primarily been focused on this work,
and total hydrocarbon concentrations of 5—1 165
mg/m’ in grab samples and 26—620 mg/m? in 1-h ex-
posure samples have been registered according to the
unpublished results of L Rittfelt & G Svensson. The
situation has continuously been improved by an in-
crease in the general ventilation and the installation
of local exhausts. Measurements performed in 1982
(unpublished results of G. Svensson) and 1984 (un-
published results of G Lind) during 38—225 min of
pump service work showed exposure levels in the range
of 65—230 mg/m°.

The service personnel group constitutes a large
proportion (60—70 %) of the personnel exposed to jet
fuel in an aircraft unit. This group mainly works in-
doors in hangars with general ventilation of different
efficiency, but it also works outdoors on the runway
when the aircraft are refueled. Although the mean
long-term exposure for this group was found to be low
(3 mg/m?), two events with high peak exposures (345
and 370 mg/m’) were observed. In one of these cases,
however, the source of exposure was not jet fuel, but
the white spirit used in manual cleaning work.

Although the service personnel is the largest oc-
cupational group exposed to jet fuel in Swedish air-
craft units, there are few other measurements avail-
able. In an unpublished study performed by L Ritt-
felt in 1975, a grab sample of the air in a hangar
showed a total hydrocarbon concentration of 56
mg/m’. Measurements from 1984 showed peak expo-
sures in the range of 16—140 mg/m? according to un-
published results of G Lind. These measurements were
performed during 4 h of simulated work.

Workshop service personnel mainly work indoors,
partly doing jobs similar to those of the flight service
personnel. This group also has specific tasks which

could result in jet fuel exposure, such as the servicing
of dismantled jet motors. As for the other groups, the
long-term exposure was low (2 mg/m?), with infrequent
high-peak exposures. However, in this group the only
short-time exposure exceeding the present 15-min
STEL for jet fuel was observed. This single peak ex-
posure (649 mg/m?) was due to jet fuel leakage inside
an aircraft as the fuel tubes were disconnected after
removal of a jet motor.

Earlier check-up measurements have mainly been
focused on jet fuel exposure in the motor workshops.
Some samples from the breathing zones of motor
workshop personnel have shown incidental peak ex-
posures in the range of 192—450 mg/m* (L Rittfelt,
unpublished results).

Exposure data from employees testing new jet
motors in an aircraft factory demonstrated almost
daily exposures in the range of 45—212 mg/m?* (3).
Obviously, the exposure conditions in the motor
workshop of the factory were different from those in
the aircraft units.

During 11 % of the half-day and 15 % of the short-
time sampling periods, the work involved jet fuel ex-
posure combined with exposure to white spirit and
other solvents in paints. Exposure to isopropyl nitrate
occurred in only one of the half-day sampling periods
(1 %). During periods with mixed-solvent exposure,
the mean hydrocarbon concentrations in the respira-
tory zones were considerably higher than the mean con-
centrations occurring during periods with pure jet fuel
exposure. This finding indicates a significant contri-
bution to the total exposure of hydrocarbons from
sources other than jet fuel.

During the investigation only two episodes with skin
contact to jet fuel and one episode with skin contact
to isopropyl nitrate were observed. Thus skin contact
with jet fuel seems to be a rare phenomenon nowa-
days. A dominant opinion expressed by the squadrons
was also that skin contact to jet fuel used to be more
common earlier.

There are no reports available on the percutaneous
absorption of jet fuel, but some of the components
have been studied. Engstrém et al (1) found a per-
cutaneous absorption rate of 2 pg-cm—2-min—! for
m-xylene in humans when hands were immersed in the
solvent. In a similar study, the dermal absorption of
gasoline was found to be 2—10 pg-cm—2-min—! (8).
Gasoline has a lower boiling range than jet fuel.

Tsuruta (12) performed an in vitro study on the per-
meability of various nonpolar hydrocarbons through
rat skin and found a correlation between the perme-
ability and water solubility of the different compounds.
The highest permeation rates were found for the most
water-soluble hydrocarbons, benzene and toluene. The
higher aliphatic hydrocarbons dominating in jet fuel
were less soluble in water. Thus skin absorption seems
to be a minor problem for personnel groups exposed
to jet fuel.
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Nowadays, the exposure pattern for all personnel
groups in the Swedish Armed Forces is characterized
by a low background exposure and infrequent peak
exposures to jet fuel vapor. This exposure pattern is
a function of the basic organization of the work in the
squadrons, which has been almost unchanged since jet
fuel was introduced in 1956. However, during the last
decade both the frequency of peak exposures and the
mean exposure to jet fuel vapor have diminished due
to the introduction of new types of aircraft, improve-
ments in general ventilation, the introduction of closed
refueling systems, and the increasing use of local ex-
hausts during specific work operations. An increased
awareness among the employees has also resulted in
less skin contact and a reduced spill of fuel.
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