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Benzene 1is an established human leukemogen (Inter-
national Agency for Research on Cancer 1987 and 1989).
Whereas current solvent products seldomly contain this
insidious toxic chemical (Inoue et al. 1983; Kumai et
al. 1983: Saito and Ikeda 1988), it is present in
various petroleum distillates (Ikeda et al. 1984;
Ikeda and Kasahara 1986; Kasahara et al. 1987), among
which fuel gasoline is a typical product. According-
ly, attention has been paid to gasoline tank truck
drivers and bulk marketing terminal personnel
(Parkinson 1971; Sherwood 1972; Phillips and Jones
1978; 1Irving and Grumbles 1979; Gjorloff et al. 1982;
Runion and Scott 1985; Halder et al. 1986; Berlin
1988) in addition to gasoline station attendants
(Parkinson 1971; Nordlinder and Ramnds 1983; Pandya et
al. 1975; McDermott and Vos 1979; Halder et al. 1986;
Berlin 1988), possibly because they are the groups of
people with probable high risk of exposure to benzene.

The present study was initiated to examine the extent
of occupational exposure of tank truck drivers to
benzene and other aromatic solvents. Special refer-
ences were made to the comparison of top and bottom
loading of gasoline as a possible trigger for the
reduction of solvent exposure at loading racks.

MATERIALS AND METHODS

In total, 48 tank truck drivers were studied. They by
themselves loaded petroleum products [mostly automo-
bile gasoline, unleaded (Ikeda et al. 1984)], and
drove the trucks to stations to unload the gasoline,
About a half of the drivers (10 drivers each of top
and bottom loading trucks) were examined only for the
exposure during the loading operation at racks in a
refinery, and the remaining half (13 and 15 drivers of
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top and Dbottom loading trucks, respectively) were
monitored for an entire trip between the refinery
terminal and the gasoline station including loading
and unloading operation. Each driver was equipped
with a diffusive sampler on the chest for the time
period indicated. In addition, stationary sampling
was conducted at 7 each of top and bottom loading
racks. At a rack, one diffusive sampler each (3
samplers per rack) was placed on a nozzle of a loading
hose, and at the entrance and exit end of the rack
(about 1 m high from the ground and about 15 m apart
between the two ends).

Diffusive samplers wused had carbon cloth KF-1500
(Toyobo Co., Osaka, Japan) as absorbent, and samplers
of the same type were employed for both personal and
stationary sampling. After the termination of
exposure, the solvents absorbed on carbon cloth were
extracted with carbon disulfide (spiked with sec.-
butylbenzene as an internal standard) and analyzed by
means of automated FID gaschromatography (Hirayama and
Ikeda 1979; 1Ikeda et al. 1984; Kasahara and. Ikeda
1987). The lowest 1limits of the measurements for
individual solvents were 0.01 ppm in the case of
monitoring for 3 or more hours, and it was 0.1 ppm for
10 to 15 min exposure.

Both normal and log-normal distributions of the
concentrations were assumed, and the difference of the
means was examined by unpaired t-test.

RESULTS AND DISCUSSION

The results of survey on the exposure of drivers to
benzene and other solvents during loading operation
are summarized in the top half of Table 1, and that of
an entire trip in the bottom half (Table 1). The
maximum exposure to benzene was 19 ppm in the case of
top loading, and it was 5 ppm for bottom loading. The
duration of operation (and therefore exposure) was

however as short as 15 min or even less. The
exposures to toluene, xylenes and ethylbenzene were
more intense than that of benzene, in accordance with

the fact that the concentrations of these aromatics in
automobile gasoline are much higher than that of
benzene (Ikeda et al. 1984), besides they are less

volatile than benzene. The exposure during an entire
trip of some 3 hours for delivery was quite low; for
example, the time-weighted average exposure for

benzene was well below 0.1 ppm (Table 1), suggesting
that heavy exposure above 1 ppm took place only during
loading and possibly unloading of gasoline.

Of particular interest is the fact that the exposure

2



ButTtdwes q
‘0T 0>3@ pue

50°0>d

*SSOTUOTSUSWIP ST YoTus (so Io3z jdeoxe
*SUOTIPUTWIASISD JO Jequny e
‘4 pue 4

ua)py sem (sancy aiow Io ¢ Jo HBuraocjtuow xo3 wdd Jp° 0o pue

T°0 3O juswsinsesw JO SITWIT 3ISOMOT 22Ul MoTeq *°*9°T)

‘d°N

‘wdd uy o
*SuUPSW USDMIDQ 90UDITIITP Oyl JO0J

*Kteat3oedssax ‘wdd T0°*g pue wdd 1°*Q °ox9m 1T

*UTW UT SWIj
*K1saT3yo9dssx
3T se

‘PuTaojTuow uTw Gi-Q1 x103 wdd
‘(@so) WO IO UOTIZRINOIRD I04

mAhm.Nv 90°0] ﬁﬁm¢.ov 01°0] [{o1°€) L¥°0] [(oLg) Lo°0] 8L¥
08" o ILT°0¥90°0 LE°T ‘8¢° o«ﬁm 0 €¢°1 "mw.oabo.o 26°0 f90°0%S0°0 102 14 Te301
HAHH.mv 10°0] [(60°G) mH.Ou *ﬁﬁmw €) ze 0] +[(90°¢) s0°0] 8g8¥ yonry
4+08°0 {12°0¥90°0 LE°'T TV 0F9€°0 €S°T ‘£¥°0¥c6°0 +0¥°0 $0°0FH0°0 €eT g1 Bulpeol wojjog
[(c6-2) 10°0] [(LL7L) 90°0] [(98°1) €L°0] [(sz %) 01°0] V¥ 3oy
6V°0 ‘€T°0FS0°0 06°0 :GEL°0F92°0 ¥PE°T ‘8L°0F¥8°0 TS0 fL0°0FLO°O ¥91 £1 Burpeot dog,
ut dray Axestiep e burmg
[(es*z) ¥1°0] [(60°€) L¥°€] hﬁoo.mv 62°1] [(88°¥%) L¥°1] 6°€F
T°C $69°0F1Z°0 8°TZ{8V°GF0G S 2°82:L6° oHNN S N.@H“0¢.¢Hmm.m 8°¢T 0z Te310L
[1°0] «[(z0°¢) €0°2] «[(LL°L) hw.Ou *mﬁhm ¥) GL°0] 6°C¥ yonry
*a°N ¢ *A'N %19 (1G°TFILT  +6°PTCL PVFES T #6°F {L9°TF9G°T G €T 01 Burpeor wojjog
[(19°¢) 81°0] [(os°2) 06°G] [(80°9) 85°¢] [(60°%) 68°2] L¥¥ o
7°C !68°0F¢¥ 0 8°12{29°9%67°8 2°82:20°8F06°L Z2°61¥G GF0T°G 1°97 0t Hutpeot dog,
3o burpeor Hurang
[ (aso) wo ] [ (aso) W ] [ (as9) W ] [ (as9) wo ]
VINWEXEN uom TN UWNWT X uﬂm TH WNWTXERN “Ow F KW UWNUTXew qu TR D,mE._.”.H_
e ON JaATaq
HouUeZUSqTAUIE oSOUSTAX o9USNTOL, oPuSzZUDg
diay KxeaTTop
e butanp pue BurpeoT BUuTaInp SISATIP YONIF Muel Jo saansodxs JodeA JUSATOS °*T 9Tqel



ST UDTUM {so
®0U8I9IITP °U3

Jo3 23deoxeo
I03

‘(dsD) WO IO UOTIRINOIED JO4

‘uidd ul q
‘01°0>d pue ¢0-0>d
92x9m 1T 3T se uayel sem (wdd 10 (0 IO JuswaINSEAW JO JTWET 3ISOMOT 22Ul MOT3q

*KToAT308dSRI

*SUOTI}RPUTWISIBP JO

*SSOTUOTSUDWIP

Ioquwnyn *supsw ussmlaq
‘10°0>d {4 pue x ‘x» *wdd 10°0
unwau.ﬂv .Q.z

cutw 0pg Io03F burTdwes Aaruorjieis KAq 9I0M sjusuLINSEIW TTVY

Hﬁmw.mv ¥0°0]
Z£°0 ‘60" oumo o
F(Lo°g) €0 Ou
Z1°0 $90°0%S0°0
[(98°€) 90°0]
ZE'0 {TT°0FIT°0

mﬁmw.mv z0°0]
mm 0 ‘L0° o«mo 0
**ﬁﬁmo.mv z0°0]
91°0 (60°0F¥0°0
[(9L°€) €0°0]
ZE0 80°0FL0°Q

[(zo*¥%) sz°0]
89°T {¥E°0%L9°0

mamo.¢v 6z 0]
¥8°€ {10°1¥€9°0

[(£6°S) 11°0]
21°C 4LS°0%GE°0

- T T . = - o o A Mo B e O i e . B A o B e B e M e e Bt S (e i e 6 L P A S e e o i - S g o SR - S e

4(ce"1) 18°0]
+68°0 f9T1°0%ES°0
[(09°1) ZL°0]
89°1 ‘¥ 0%08°0

({v1°%) ¥1°0]
89°T {¥£°0%62°0

«£[(11°2) 60°0]
#£€°0 ‘0T"0%F21°0

[(L6°2) 0L°0]
¥8°E {LT°TIFVIT

[(9T1°%) 61°0]
¥8°€ {€9°0%Z¥°0

«x[(€%°2) £€0°0]
#60°0 f€0°0%¥0°0

[(80°€) z¥*0]
Z1°2 ‘ZL°0FGL*0

[{¥8°%) 50°0]
ZT°Z f0b°0F61°0

L

L

putpeor wojjod

Burpeot doi
JOJ ©[ZZou BUuTpeoT

- S~ =t g7 o = B gt e = e S = o - Y S g . e W S ) S e S A (S T G D P Y e S T s e Pt 2 = g

#x[(ZZ°%) TT1°0]
%¥G8°0 ‘¥z 0¥FCC"0
[(To°¥) 81°0]
89°T {1¥°0¥9€°0

*x[(90°%) 11°0]
xxLL°0 102°0%0Z°0
[(seg) s£°0]
¥8°¢ z8°0%£9°0

sx[(z€°€) 20°0]
*x91°0 {0°0%€0°0
[(L6°€) £€1°0]
Z1°C $25°0%0€°0

1C

1¢

burpeor wojjoa

Butpeotr dog
J0J STeUTWIS)

W

w

[ (as®) W© 1]
UNWTKEW faS F W

[ (aso) o 1]
UWNUTXE 0SS F W

[ (as9) wo ]
WNUITXE {aS F W

[ (aso) wo ]
UNUTXeW (0SS F W

Q%ﬁnﬁ%ﬁ&ﬁﬁm

nmgméwx

qeuezusg

e ON

93Ts BuTIO}TUCH

STRUTWI®] YONI} duejd

je suoTjleRIjuL0uUO0D IodRA JUBATOS

*z °1ael



intensity wvaried depending on the type of loading.
For example, benzene exposure was significantly
(p<0.05 independent of assumption of normal or log-
normal distribution) higher during top loading than
during bottom loading (Table 1). This was also true
for other solvent components. When the exposure
during an entire trip was compared, however, the
loading type-related difference was very small and
only barely significant (p<0.10) even for Dbenzene
exposure.

Less solvent emission during bottom loading than top
loading was confirmed by stationary sampling (Table
2). Although the levels as a whole was well below 1
ppm both at top and bottom loading terminals, the
benzene concentration at the bottom loading racks was
significantly (p<0.01) lower (about one-~tenth) than
that at the top loading racks, and this was also true
for other solvents (in the top half of Table 2). The
difference 1in concentration between top and bottom
loading was even more large when the levels at loading
nozzles were compared (in the bottom half of Table 2);
the rates in the levels of benzene at the nozzles were
about 1 to 20 for bottom and top loading. The
duration of the presence of a driver at the nozzle was
however very short, possibly 1 min or so.

The literature survey for the benzene or gasoline
concentrations in truck loading terminals in the past
shows that, according to the measurement in 1969
(Parkinson 1971), benzene concentration at bulk
filling facilities for road transport was in a range
of 0.2 to 3.3 ppm but it was higher (up to 9 ppm) when
the gasoline was spiked with benzene at the concen-
trations of up to 33% (v/v). Sherwood (1972) reported
that the loaders filling rail tankers were exposed to
mean benzene concentrations of 1.6 to 2.5 ppm during 5
hour loading period. Similarly, the benzene concen-
trations measured by Phillips and Jones (1978} at
various marketing terminals ranged up to 3 ppm. In a
review, 0.3 to 3 ppm benzene was cited as the exposure
level during gasoline loading on tank trucks (Holmberg
and Lundberg 1985; presumably measured before 1979).
In later studies, Runion and Scott (1985) summarized
that over 90% of the benzene measures were below 0.5
ppm among 1,452 air samples collected at marketing
terminals in the period of 1978-1983. In a close
agreement, Halder and others (1986) observed that mean
(£SD) benzene concentration in 183 air samples
obtained at 5 gasoline distribution terminals was 0.3t
3 ppm. The present observation that benzene concen-
tration at the terminal racks was 0.19 ppm as an
arithmetic mean (or 0.05 ppm as a geometric mean) with
a maximum of 2 ppm is on the line with the recent
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reduction in benzene level at the terminal, and this
level might be even lower than the values reported by
Runion and Scott (1985) and Halder et al. (1986).

To the knowledge of the authors, the article by Berlin
(1988) is the only report that describes the intensity
of benzene exposure of tank truck drivers. According
to the report, the average exposure was 0.4 ppm (4 ppm
at maximum), with heavier exposure during loading (4.0
ppm as an average with a maximum of 46 ppm} and very
little exposure (less than 0.11 ppm) during driving.
The present findings as summarized in Table 1 suggest
that the current exposure of the drivers are similar
or slightly reduced. The rates among four aromatics
of Dbenzene, toluene, xylene and ethylbenzene are
rather gimilar to the observation by Rappaport et al.
(1987).

From the viewpoint of improvement in occupational and
environment health, it is interesting to examine the
possible difference in emission of benzene and other
gasoline components between top and bottom loading.
In the experience of Phillips and Jones {(1978), bottom
loading tended to give higher gasoline concentrations
in filling terminal air than top loading, but the
difference was not large enough to be statistically
significant. Halder et al. (1986) found no signifi-
cant difference in benzene coacentration between top
and bottom loading terminals. Irving and Grumbles
(1979), however, observed twice as high concentration
in top loading racks (2.29 ppm + 0.25 ppm, as mean %
standard error) as in bottom loading ones (1.04 ppm ¢
0.27 ppm). Holmberg and Lundberg (1985) also stated
that top filliang of tank trucks generally gave higher
levels of exposure than bottom filling. The present
observation (Tables 1 and 2) is apparently in the
support of the latter opinion; the results suggest
that more than 70% or more reduction in benzene
exposure may be expected by bottom loading as compared
with that by top loading.
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