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US Ai- Force

P-8 is the primary jet fuel used by the
US Air Force (USAFY and other
North Atlantic Treaty Organization
(NATO) air forces. Routine opera-
tions involve subtle, inhalation expo-
sures Of this fuel for associ at ed main-
tenance personnel. Mod jer fue'<
kerosene-based. with wvariable mix-
tures Of the hydrocarbon compoun s
included carbon chains may ranee
trom C+4 to C16. The jet fuel prev.-
ously used by USAF was k= »wn u;
JP-4, This fuel had added v
hvdrocarbons to improve per-¢--
mance.' The current USAF jet fucl,
JP-8. is similar 10 imternational jet
fuel Jet A-1, except that JP-8 in-
cludes for additives to meet required
military specifications. Aromatic
(toluene. xylene, and benzene) h:
drocarbon content far jet fuels nor-
mally ranges from 5% to 25% by
volume. depending on the desirc
performance characteristics. The av-
erage aromatic content for JP-8 jet
fud was 14.5% in a recent USAF
survey, W|th the highest reported as
18.8%. "

Jet fuel exposure may be associ-
ated with adverse health effects to
the neurological system. Although
very few neurological studies of the
effects of jet fud have been con-
ducted, the central nervous system
(CNS) isnoted as the primary target
of toxicity after acute inhalation.
Short-term exposure to high vapor
levels of jet fud is known to cause
staggered gait. slumming of speech.
headaches, nausea. and mental con-
fusion.® Long-tern effects of JP-4
may include neurological dam-
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age."™™ Scandinavian studies bv
Knave et a’™"' und Struwe et al'’
are of particular interest becauvse they
addressed neurol ogi cal effects from
MC-77 jet fuel (the Swedish nlitary
equivaient to JP-4) exposure over a
lifetime of work. Their study group
consisted of aircraft maintenance
workers exposed at 8-hour average
exposure levels of between 250
mg/m” (30 parts per million [ppm])
and 300 mg/m’ 140 ppm). These
studiesused a battery of psycholog-
ical rests. electroencephalograms, re-
action time. nerve-conduction veloc-
ity, and threshold of vibration
sensation neasurenents. Ther in-
vestigation reveated significant dif-
ferences between their exposed and
nonexposed groups for psychiatric
symploms. attention, sensorimotor
speed. and electroencephalograms.
Two quantitative CNS measure
ments. nerve conduction and vibra-
tion sensation. identified smaller
nerve action potential and an over-
representation of higher vibration
thresholds of extremities in the ex-
posed group.” Several animal expo-
sure studies using mice. rats. mon-
keys. and dogs were conducted by
the USAF for JP-4 jet fuel. Their
results indicate neurological effects
ranging from " poor coordination and
convul sions*' (rats) wirth a 38,000
mg/m® (4750 ppm) acute exposure to
"quiescent and prostrate™ reaction
(dogs and monkeys) with up to 5000
meg/m’ (625 ppm) moderate expo-
sure. The moderate exposure period
was 6 hours per day, 5 days per
week. over 8 months.>

No published research on the
chronic neurological effects of low-
level exposure to SP-8 jet fud is
avai | abl e. The acute toxicological ef -
fects of JP-8 jet fuel are expected to
resenbl e those of kerosene. a CNS
depressant." A 1996 report from the
US National Research Council's
(NRC) Commirtee on Toxicology
noted the tack of quantitative re-
search on CNS and associated per-
formance neasur enent s of workers
with chronic low-level exposure to
‘et fue vapors. The NRC report rec-
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uvmmended more research using
quaniitative measurements on the et-
fects of jet fuel vapors to the nervous
system.'” One quantitative method
of assessing neurohehavioral effects
of exposure to neurotoxic chemicals
is the use of quantitative postura-
graphy.“‘lg

Postural balance measurement
provides a unique "biological
marker" of environmental chemical-
associated changes in functional as-
peds of the nervous sysem. The
technique has been tested and vali-
dated and found to be sensitive
enough to detect significant changes
in body bal ance with a reference
solvent (ethanol) level as low as
0.02¢% blood alcohol level.” In a
prospective study in our iaboratory
sponsored by the National [nstitute
for Environmental Health Sciences
(NTEHS), the above-menrioned tech-
nique has been found to 'be effective
in quantifving postural disequilib-
rium in children with a known his-
tory nf lead exposure.'”" Resulits
show a significant relationship be-
tween postural sway and blood lead
levelsin thesechildren." ) Other st ud-
ies have beer recently compkted to
determine the effectiveness of rhe
force platform technique for investi-
gating the relationship berween pos-
tural sway and exposure to other
neurotoxi c agents such as pesti-
cides'® and solvents.'”

The specific aims of the present
study were (1} to compare postural
balance between a JP-8-exposed
USAF population and a nonexposed
population. and (2) to determine if
there is a relationship between
chronic exposure to jet fuel constit-
uents and changes in postural sway.

Methods

Subjects

Individuals sdected for the pos-
tural sway tests was limitedto USAF
enpl oyees working in JRS jet fud-
related occupations for at least six
months. The selected work areas in-
cluded Jet Engine Repair. Jet Engine
Test Céll, C-5 Aircraft Fuels Main-

tenance. and Base Fudls Distribution
Center. ali of which were reported as
having potential jet fual exposure. TO
measure an effect size™' of 0.25. the
study required 30 exposure subjects
to meet an alpha of 0.05 and beta of
0.20 ¢{80% power) as defined in the
study hy Dick et al** on postural
sway testing protocol for neurobe-
havioral toxtcology,

The exposed group consisted of 30
USAF employees at two air bases.
This pup had a mean exposure
period o working:in jet fuels-related
occupations of 12.0 years and a
range of 0.8 to 30 years. Their mean
period Of exposure to JP-8 jet fuel
was 4.56 years. Thirty-seven percent
of the exposure group had worked
only with JP-S. Three volunteer sub-
jects were excluded from the study:
two because of their failure to com-
plete the assessment. and one be-
cwse of our identifying a disqualify-
ing neurological condition after the
assessment was complete. The finai
sample size (n = 27Y had a mean age
of 37.5 years (range. 13.6 to 37.4
years}: 20 were mal e and seven were
female. A group of 25 unexposed
subjects with comparable age to the
exposed group was used for posmural
sway comparison. This group con-
sisted o volunteers from the mili-
tary, the university. and other
sources. The group had a mean age
of 34.0 years, with a range of be-
tween 21.0 to 57.0 yearsand a gen-
der mix of 14 male and 11 female
subjects.

Each subject's physical measure-
nents for weight and height were
collected at the time of testing. Sub-
jectsalso completed health and work
history questionnaires. The health
guestionnaire identified age, sex.
race weekly consumption of alco-
hol, and daily consumption of caf-
feine and of cigarettes (Table 1Y
This questionnaire was also used to
cotlect health history data for identi-
fving factors that may influence pos
tural balance. The work history ques-
tionnaire was used to determine
"years worked with IP-8" and *““total
vears worked with all jet fuels.”
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resalts are addressed by exposure

TABLE 1 -
Demographics Comparison’ period and then analyte type: fa
Exposed group [n = 27 P p— examp_le. fCum JP—S_ Benzene' isthe
[Mean = (SD)] {a = 24 [Mean = (SD)] analvsis of cumulative benzene‘ex-
Variables [Range. minimum = Maximum) (Range, minimum — Maximum)  posure during the JP-8 work period.
Age fyears) 37.5(=9.3} 34.0 (=8.3) All subjects’ cumulative expo-
{24 to §7 (21 to 57 sures were calculated for their JP-8
Height (cm) 172.5(=7.4 169.3 (=8.7) and total jet fuel work periods to
» ) (157 lo 1831 (152 to 185} determine the total ppm of each ana-
weot ka 7(2-0650:;2'6?1 7(%2550333'7? lyte of exposure. Calculationsd cu-
WTHT (kg/cm) 0.46 (=0.10) 0.42 (+0.07) mulative exposure combined indi-
(03t00.7) (0.3t0 0.6) vidual exposure in units f ppm per
Smoka (cigarettes/day) 6.4 {=8.7) 14 (x3.9) hour multiplied by the total number
— Jom) AR oh hours worked in each cumulative
cohol (drin ) 0 t{o_Bdi ) '(0 t(()_S). - exposure period, The number of
Caffeine (drinks/day) 33(=2.6) 2.1 (x2.0) hours worked was determined by
0 to 12) 0 to 7) using actual years worked multiplied

" WTHT, weight-to-height ratio.

Exposure Assessment

The ievel of ja fuel exposure was
characterized using industrial hy-
giene (TH) techniques. JP-8 exposure
assessment involved the collection of
IH R-hour breathing zone samples
from each of the subjects. TH moni-
toring was conducted during two
separate 8-hour work perieds for
each exposed worker. All air samples
wer e collected an char coal tubes and
in accordance wth National Institute
for Occupational Safety and Health
Analytical Methods 1500, 1501, and
1550.2 Analysis was carried out by
gas chromatography with a flame
ionization detector (GC/FID) at a
nationally cerified laboratory. All
analysis is reported in the units of
parts per million (ppm). The analyte
group evaluated in this study in-
cluded jet fud and the solvents ben-
zene, toluene, and wm-.0-,p-xylene.
Jet fuel isreported as napht has (total
hydrocarbon, chainsC4 to C16).**

Three separate exposure periods
were used for analysis. These are (1}
“TWA-acute,” the acute exposure
based on 3-hour time weighted aver-
age (TWA) ar samples far each
subject. (2) “Cum JP-8" and (3)
"Cum All-JP.” The acute exposure
period. “TW A-acute,” was also used
to determine any potential effects
from acute exposure prior to testing

an the day of the balance rest. Sub-
jects were di vi ded into early and late
rest groups. Each subject was as
signed a score: (0Y for those tested
during the first four hours of the
work period and (1) tor those tested
in the last four hours of the work
shift. The groups were then com-
pared to determine if any significant
difference was present in sway test
results. The other exposure periods,
"Cum JP-8" and " Qum All-JP,” are
calculations of cumulative exposure
derived from aver aging current daily
8-hour samples taken from each sub-
ject and using individual dam pro-
vided in the work history question-
naires “Cum JP-8” is the peiod
during which the subjects worked
with only JP-8 jet fuel. T s period is
the most recent exposure wark -
riod for &l exposure subjects. "Cum
Al}-TP” istotal jet fuel exposure and
covers all jet fuels (JP-4. JP-5, JP-8)
the subjects were exposed to during
their USAF careers. Each analyte
was assessed for each exposure pe-
riod by using current exposure levels
to estimate prior exposure. This esti-
mation of cumulative exposure is
known to be conservative because
the previous fuel used, JP4, had a
higher percentage of small carbon-
chain solvents than JP-8.""* T0 ease
identification of specific analysis, the

by a standard 1800-hour work period
per year. The standard work yew
hours was determined from the nor-
mal annual work period, in terms of
hours. for USAF maintenance work-
ers. less normal leave. sick leave. and
federal holidays. The number of
hours woarked was used for the as-
sessment of exposureduring the JP-8
work peried (Cum JP-8) and the total
jet fuel work pertod (Cum All-TP).

Postural Balance Test

Poswiral sway measurements were
conducted with an Advanced Me
chanical Technology. Inc. {(AMTI,
Watertown, Massachusetts) Ac-
cuSway System portable force plat-
form and a Halikan Chaplet System
(Halikan, Taiwan. China), NBD 486
laptop computer. This force platform
is equipped with "Hall Effect" sen-
sors with a built-in microprocessor to
capture signals of forces and mo-
ments resulting from these forces.
The platform providesdirect outputs
Tor forces in the vertical direction
{Fz), horizontal directions {Fx and
Fy), and moment around the x-axis
(lateral), moment around the y-axis
(anterior-posterior) and moment
around the vertical z-axis."* These
captured signals are then transferred
directly to the microcomputer via an
RS-232 srial port. Data were ac-
quired at a 50-Hz sampling rate and
were transmitted through the RS-232
interface at 9600 baud. The data
were analyzed with the Body Bal-
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ance Software deveioped in our lab-
oratory (all rights reserved 1995. by
the University of Cincinnati). This
software calculates the x-y coordi-
nates of the body's center of pressure
for each 30-second tesi, Total area
and length wen: used to characterize
the swav patterns obtained in this
study. Total area of sway {SA) is the
areaencl osed within the envelope of
the wter perimeter of the x-v plot of
the center of pressure. Total length of
sway (SL} is determined by the dis-
tance. iN centimeters, traversed by
the center Of pressure during the test
period*

The postural sway testing method
fotlowed protocol approved by the
University of Cincinnati Institutional
Review Board. The test indirectly
measures the effect of propriocep-
tive, visual. and vestibular systems
on the maintenance o postural bai-
ance. As postural control systemsare
compromised. changes in the sway
pattern can be quantified through
mapping of changes in postural
sway. For the postural sway tests. all
subjects performed a seriesd four
separate 30-second tests in two Sep-
aratetriats (Trial 1 and Trial 2). For
Trial 2, the tests were conducted in
the reverse order. The tests included
the following:

EQ: eyes apen. standing on bare
platform. Thistested the collective
effect of the visual, propriocep-
tve. and vestibular systems con-
trolling postural sway.

EC: eves closed standing on bare
platform. This tesx removed the
visual system and therefore tested
the proprioceptive and vestibular
systems.

FQ: eyes Open, standing on a piece
d d4-inch foam placed over the
plaiform. This test modified the
propricceptive System and there-
fore rested the visvat and vestibu-
lar systems.

FC: eyes closed. standing on a piece
d 4-inch foam placed over rhe
platform. This test removed the
visual system and modified the
propricceptive system, which al-

e
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lowed the vestibular system o act
as the primary control Of postural
SWB.V."G

Exact foot placememt was nai n-
tained hetween tests by drawing an
outline of the subject's feet on a
paper taped ontw the force plat-
form."*'® The subject's foot angle
was maintained at 30 degrees, This
angle was determined by use of a
wedge during alignment of fegt. prior
to testing.

Daa Analysis

All analysis used the mean SA and
SL far each test fromt the two balance
trials (1 and 2) conducted by the
subjects. Analysis of variance
(ANOVA)Y and Student r tesr were
used to compare the sway variables
of the exposure group to sway vari-
ables of the comtrol group. Pearson
product moment correlations were
used to identify significant con-
founders and covariates. A linear
multiple regression analysis using a
backward etfimination of covariates
was used to determine the relation-
ship between jet fud exposure and
postural sway variables'*'?** The
Statistical Analysis System (SAS)
software package’ was used for data
analysis.

The dependent variables used to
quantify posmral sway were mean
SA and mean SL for each test. For
the statistical analysis, SA and SL
variables were transformed to their
natural logarithm. The i ndependent
variables used were exposure periods
(TW A-acute, CumJP-8, Cum All-TP)
for each reported anaiyte (ppm), age
(years), weight to height rario
(WTHT), gender. alcohol consump-
tton (12-ounce beer equivalent
drinks per week). caffeine consump-
tion (8-ounce drinks per day), and
smoking (cigarettes per day). WTHT
was used in place of weight and
height individually because these co-
variates are highly corrdated."” Se-
lection Of these variableswere basd
on those found to be significant in
previous studies.'* "7+

The bivariate correlation investi-
gated associations between indepen-
dent and denendent variables and
between analvtes within the indepen-
dent exposure variables TW A-acute,
CumiP-8, and Cum All-JP. A non-
zero correlation was reported as sta-
tistically significant at # = 0.10.
Potential confounders were detined
as variables with non-zero correla-
tion with the exposure variables and
with the sway variables. Covariates
were identified as variables with
non-zero correlation with the sway
variables only.

The regression model’s backward
elimination method systematically
eliminates the independent variables
with the least predictive power. until
all remaining variables have a P
value of = 0.1. The exposure vari-
able was forced to remain in the
mode] regardlessof its P value. Co-
vanates that remained after back-
ward elimination are identified as
cofactors of the regression model.
Because {by hypothesis) sway is ex-
pected to increase with increasing
exposure. a one-tailed alpha of 0.05
was used for statistical inference
The initial linear regression models
for SA and SL, with b0 to b7 as the
regressi on coefficients, were the fol-
lowing:

Natural lag of dependent sway

variable =

b0 + bl(solvent exposure) + b2(gender)
+ b3(WTHT) + bd(age) + bS(alcohol)

+ b6(caffeine) + b7(smoking).

To tes the potential effects of
acute exposure that may have oOc-
curred during the day of testing. a
Student t test was conducted for sta-
tistical comparison of subjects tested
early in the day and subjects tested
after completing more than hatf of
the work shift. This comparison be-
tween the time a subject was 1ested
and results of the subject's balance
test was used to identify any influ-
ence on sway results caused by acute
exposure prior to testing.
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Exposure: 234 ppm Henzene Exposure: 1.8 ppm Benzene
(Cumulative JP-8 period) (Cumulative JP-8 period)

Subject: Fuels Distribution Worker Subject: Jet Engine Mechanic

Age: 32 years Age: 32 years

Jet luel work: 12 years Je* fuel waris: 13 years

Sway Arca: 4.88 cr? Sway Area: 1.62 ¢cm’

Sway Length:  68.90 cm Sway Length:  1M.72 cm
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Fig. 1. Comparson of two exposure subjects, EC 1est (eves closed. standing on plate)

shows a positive corre'ati on between
cumulative exposure and increased
sway. In comparison to SL. the
model for SA was significant for the
EC test only (Table3). For the TWA
benzene and All-JP benzene. SL re-
gression models showed statistically
significant ~ for the FO (#= 0.61
and 0.57) and the FC {*= 0.48and
0.45) tests only. The SA mode! was
statistically significant fa TWA
benzene (~~ = 0.19) and AJl-JP ben-
zene (~* = 0.21) for the FC test only.
For the jet fud constituents of tolu-
ene and xylene, the SA regression
models showed statistically signifi-
cant ~ values for FC tests (©= 0.21
All-EP toluene; #= 0.11 JP-8 xy-
lene; = 0.22 AILJP xylene). FO
test (= 0.20 TWA xylene), and BEC
rests (7= 013 JP-8 loluenc; r=
0.16 JP-8 xylene). The statistically
significant SL. models were for FC
tests (= 0.46 All-JP toluene "=
048 JP-8 «xylene, and ~= 0.47
All-IP xylene), FO test (r*= 0.52
All-JP toluene). EC tests (= 0.13
JP8 toluene; ~= .15 IP8 xylene),
and EOQ test (7= 0.51 JP8 xylene).
No datistically significant relation-

ship was noted between naphtha ex-
posure and postural sway.

Several cofactors were identified
in the regression modeling: (1)
WTHT, which had a statistically sig-
nificant association with 54 of the 96
total sway tesr conditions. Notable in
this resultisthat WTHT is associated
in 36 sf 48 test conditions for SL—
dl 12 unassociated conditions were
for the EC test: (2) gender arid caf-
feine for C u d - 8 benzene EC test
for ; and (3)age far 10 d the 12
FO tests for SL and all four CumJP-8
solvent-exposure FC tests for SL.
Consistently through the regression
models, the WTHT cofactor was in
the negative direction, whereas all
other coefficients were in the psi-
tive direction. Because WTHT is not
related to exposure, it should not
change modeled exposure effects.
Smoking: did not have a statistically
significant association with the sway
variables.

No statistically significant differ-
ence in SA and SL was noted be-
tween the subjects tested early dur-
ing the work day and these subjects
tested later.

Discussion

Thisstudy demonstrated a positive
refattonship between changes In pos-
rurd balance variables and exposure
to consutwents of jet fue! under a
number of postural balance test con-
ditions. An increased exposure level
showed an increasein postural sway,
implying poorer postural balance. An
overview OF the regresion meodets
implicates Cum JP-8 benzene as the
most significant exposure variable
affecting postural balance. Of the
two dependent variahl es. SA and SL.
regression models for SL had mere
datigtically significant results (P =
(.05) and much higher coetficients
o determination (r) ranging from
0.13 to 0.64 (for SA. statustically
significant ~# ranged between 0.1 |
and 0.22) for all exposure periods.
SL models for Cum JP-8 xylene
were significant in three of four sway
tests. A review Of regression models
of SL for she three exposure periods,
TWA-acute, Cum JP-8, and Cum
All-JP, indicates that the Qum JP-8
perod showed the most (12 of 3
models) statistically significant re-
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TABLE 3
Cum JP-8 Benzene Regression Models {n = 27)
Dependent Independeont Parameter Standard P Valus
Tasat Variable" Variable Estimate Error (one-tailed) Model 2
EDQ
SA Intercept 0,78 cAan 0.08
Exposure 0.02 0.01 0.08
SH Intercept 4,35 0.15 0.5%
Exposure 0.01 0.004 0.01
WTHT =1.43 031 0.0001
EC
SA Imercept 1.05 010 0.19
Exposure 0.03 0.01 0.01
SL Intercept 3% 0.09 0.44
Exposure 0.02 0.0% 0.0005
Gender -0.17 0.09 0.03
Caffeine 0.03 oe 0.04
FO
SA Intercept 2.01 030 0.22
Exposure 0.013 oaL 0.13
WTHT -1.80 n.a1 0.02
SL Intercept 4.30 nis 0.64
Exposure 0. C 0.0
Age 0.008 - 003 0.007
WTHT - 160 .29 0.0001
FC
SA Intercent 1.72 n10 0.08
Exposure [eXapl1] 0.08
SL Intercept 440 ) 0.52
Exposure 0.014 T 0.009
Age 0.014 1 D04 0.003
WTHT -1.35 0.42 0.002

' Dependent variables ar e natural log transformed.

suits. One other result of note was
that the regression modelsof SA and
SL with naphthas were not found to
bestatigtically significant for my test
in any exposure period.

This study examined possble as-
sociations between exposure to con-
stituents of jet fud, and a total of
four correlated outcome measures
for SA and for .. To reduce the
likelihood of finding a false-positive
between exposure and sway. a Bon-
ferroni correction-wasapplied to all
the regresson models. By applying
Bonferroni comtions to Table 3,
the conclusions of significant find-
ings remain unchanged in all five of
the statistically significant tet re-
sults. Bonferroni corrections did nat
affect conclusions in two of seven
statistically significant test results for
SA and nine of the 15 statistically
significant test results for SL from all
of the solvents analyzed. Conse-

quently, sway relationships with P
values between 0.05 and 0.0125 are
to be interpreted as only suggesiive
of significant effects.The conclusion
after Bonferroni corrections IS that
cumulative benzene exposure main-
tained the strongest association with
increased SL.

The comparison of sway stabilo-
graphs (Figure 1) for low- and high-
EXPOosuUr e subjects suggest that there
is 3 cumulative effect d neurotoxic
solventson postural sway. The expo-
ure summary in Table 2 provides an
intereging companson of how dif-
ferent the solvent exposure levels
can be, even when total hydrocarbon
exposure levels are relatively compa-
rable. This difference in cumutative
solvent level nay be explained by
the high level of exposure that sub-
jects can receive when opening gor-
age tank.Small carbon chain (C<8)
organic solvents evolve consderably

fager than total hydrocarbons to fill
ine vacant “head space” of storage
tanks.”® Ja fuel jobs involved with
opening closed head Space areas.
such as checking the level of a fuel
storage tank, may receive a much
higher exposure to the smaller-chain
carbon solvents.

The regression models implicate
potertia  functional imparment of
postural balance from cumulative ex-
posure to low levels of solvents. The
strongest effect was seen in the Qum
JP-8 benzene exposure period re-
gression model. Theregression mod-
els for SL fur all four test conditions
were statistically significant. Among
all SL models, the highest and the
second highest 7~ values were ob-
served for the FO (~= 0.64) and the
FC (= 052) tests. respectively.
Increases in sway measured during
thesetests imply that functional abil-
ities of proprioceptive and vedtibular
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JP-8 Benzene vs Sway Length (N=27)
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Fig. 2. A regression plot of covarizie adjusted sway length (SL) and cumuiative JP-% benzene tcum JP-4 benzene) exposure value for the eyes

closed. on foam test,

pathways are possibly affected,'®'®
This resuit iS consistent with the
findings of the Kuo et al'? study of
sewer vorkers, which naed a posi-
tive cormrelation between postural
sway and organic solvent exposure
for the EC FO. and FC tests.

Xyl ene and toluene regresson
models of SL were also Statistically
sgnificant for cumulative periods
but not for acute TWA periods. The
xylene models were similar to the
benzene models and had the most
statistically significant effectof Cum
JP-8 period on SL for the EO test and
the FC test. Only FC was dtatistically
significant in the Qum All-FP period.
The xylene model was only statisti-
cally significant in the TWA-acute
period for SA in the FO test. The
lack of an acute effect is consistent
with the findingsof the Savolainen et
al®® study, in which subjects exposed
to 100 to 400 ppm m-xylene for four
hours. which found no statistically
sgnificant increase in postural sway.

The difference in outcome of the
solvent models during different ex-
posure time periods and she strength
o these correlations may implicate
individual differences such as ab-
sorption rates, metabolism, mute of
exposure. or other factors that affect
bow each solvent interacts with the
afferent systems and thereby cause
degradation of balance. The outcome
of these models does support the
theory of a low-dose cumulative ef-
fect of neurological toxicants, as op-
posed to an acute effect.!™™-%
Thisoutcome may be contrasted to
the findingsof Bergin et al*® study of
body sway and vibration and the
Knave et al® study of jet fuel expo-
sure. The Bergin et al study used a
similar force-plate system and pro-
prioceptive challenge tests for vision
(EC, FC), a compliant surface (FO,
FC} to measure postural balance. and
three different tests for vibration per-
ception. Bergin et al showed how
subjects with a higher vibration

threshold sway more than those with
lower thresholds, implying potential
modification of the peripheral ner-
vous system. Ther sudy noted that
when the proprioceptive system S
stressed. smalil differences in vibra-
tion percepton threshold in the nor-
mal population may become impor-
tant far poswral sway conuol. The
Knave et al® study identified signs
and symptoms that were possibly
indicative of polyneuropathy in a
population routinely exposed to jet
fuel. This finding included identifi-
cation of an overrepresentation of
higher vibration thresholds of the
extremities in the exposed pup.
Our swudy essentially provides fur-
ther support to the findings in these
studies but with a shorter exposure
period than that observed in the stud-
ies by Bergin et at”® and Knave et
al® The strongest correlation be
t ween routine low-level exposure to
jet fuel and increased sway identified
in our study was found for the tests
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thar chailenge the proprioception
system (EC, FO. and FFC). Because
the mean age of our study population
is considerably vounger than that of
the subjects in the studies by Bergin
et af and Knave et al, the effect from
cumulative exposure appears to be
manifested earlier rhan was ex-
pected, The immediate imptication
of these results is that if jet fud does
reduce propricception functionality,
then this could be a significant saf ety
factor for personnel working around
aircraft in dark areas, or on dlippery
(oil, water. ice) or compliant surfaces
{mud, soft soil). The lons-term im-
plication of continued routine expo-
sureis anincreased risk of degrading
specific neurological functions.

The postural balance rest provides
a good preclinical noninvasive
method to identify the onset of long-
term GNS degradation. Postural
sway testing nay he used as a pre-
clinical ool tO monitor changes in
postural balance, just as an audiom-
etry program monitors changes in
hearing threshold. A svsiem by
whi ch annual postural sway mea-
surements are compar ed to a baseline
measurement could provide occupa-
tional medicine providers with a
method of measuring the effects of
neurotoxic chemicals on the work-
force. There is published work that
indicates a need Fo associating the
two types o preventive nedicine
tools. Findings from the Morata et
al*® study noted a positive associa-
tion between occupational exposure
to solvents and hearing disorders and
a specific effect when these are corn-
bined with noise. Odkvist et al®’
identified vestibular-ocular metor
damage from solvent and je fuel
exposure, and Bergin et al*® used an
audiometer’s bone vibrator to assess
proprioceptive function. It is appar-
ar that postural balance measure-
ments may be useful in combination
with a hexing conservation program
to better quantify the synergistic ef-
fects of occupational noise and sol-
vent exposure on an at risk popula
tion,""

In addition to monitoring the pos-
tural balance effects of neurotoxic
solvents on maintenance workers.
the balance test may be useful for
neurobehavioral monitoring of
USAF flight crews. Pilots must have
excellent vestibular-ocular motor
function tO operate aircraft safely.
However . this group has potential for
significant pressure changes associ-
ated with high-altitude flight and re-
ceives routine Pow exposure to jet
fuel s and jet engine exhaust {person-
al communication with USAF Flight
Surgeon concerning jet fuel exposure
to pilots, Henderson J USAF Medi-
ca Center. Wright-Patterson AFB.
OH. 1994). Two studiesemphasized
the inportance of these exposure
Actors. The first is the study by
Adolfson et al*® on atmospheric
pressure changes on divers, which
noted an effect on the postural bal-
ance portion of the vestihular system
with significant pressurechange. The
other study. by Odkvist et al.”” re-
searched solvent effects on the ves-
tibular-oculomotor system and noted
a 30% abnormal responsein jet fuel—
exposed subjects for the visual sup-
pression test (tracking of non-
periodic targets). These findings
becormne even more important when
viewed in the context of flying at
supersonic Speed, where minute deg-
radation to any neural pathway could
be catastrophic. They aiso support
the use of balancetesting as a quan-
titative measurement during routine
medical examination. Medical ser-
vices supporting flight crews may
dso find balance testing useful as a
tool to measure recovery prior to
medically qualifying a pilot to flying
status, |n siruations in which acrew-
nenber is grounded because of
some type of neurologica insult,
such as acute high exposure o a
neurotoxic solvent in which recovery
cannot be easily measured through
subjective tests,” the use d aquanti-
tative balance test to compare against
a baseline measurement would prove
useful for determining recovery.

In summary, this study showed an
increase in postural sway from rela-
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tively low TWA cxposure levels
over moderate work periods of 5
years for cumulative JP-8 exposure
to 12 years’ curmulative exposure to
al ja fuels. Mean TWA exposure
levels of PR constituents were sig-
nificantly below ACGIH threshold
limit values and lower than other
exposure studies previously men-
tioned (references 6, 9. 2 31-34
persona communication concerning,
jer fud feasibility study, with Lemas-
ters G, and Simpson S Department
of Environmental Health, University
of Cincinnati. Ohio, 1996: and pa-
sonal communication concerning
evaporative aspects of JP-Sin vacam
head space. with USAF toxicologist
Mawie D, Ammstrong Lab/Occupa-
tional Environmental Toxicology,
Wright-Pattersan AFB. OH, 1994,
The regression models indicate that
chronic low-ievel solvent exposure
has a major influence on posrural
balance. The implication is thar

une low-level doses of these n
toxic solvents has a cumulative
fect. This result may providean eariv
indication of potential long-term
neurological heaith effects, such as
degraded nerve conduction. changes
in vibration sensation. or psycho-
organic syndromes as noted in the
Scandinavian studies.”~'#>!
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