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Analysis of a petrol plume over England: 18-19

January 1997

F Welch,VS G Murray, A G Robins, R G Derwene, D B Ryail, M L. Witliams, A | EHiot

Abstract
Objectives—~About 7000 tonnes of un-
leaded petrol were discharged into the
English Channel after a tanker collision
off Ostend on Saturday 18 January 1997,
The petrol evaporated and the vapour
plume was carried across the central part
of England to Wales, resulting in reports
of unidentified odours, and irritation of
the eyes, skin, and upper respiratory tract.
This work uses this incident to show how
marine and atmospheric dispersion mod-
elling together with routine air quality
monitoring can assist in identifying haz-
ards to the population at risk from chemi-
cal incidents.

Methods—~Public health surveillance and
results from envir 1 ling
were compared with the behaviour of the
plume as predicted by computer model-

g.
Results—The predicted plume path and
dispersion were shown to correlate well
with the results from surveillance and
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Incident summary

From 1232 hours on Sunday 19 January, the
National Poisons Information Service (Lon-
don) at the Medical Toxicology Unit (MTU),
received 14 enquiries from across the country
requesting information and advice relating to a
strong petrol like smell. The enquiries came
from accident and emergency departments,
public health and environmental health offices,
police, and the media. These enquiries con-
cerned people experiencing irritation of the
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eyes, b , and upper respira-
tory tract. The cause of these symptoms was
not immediately clear. Some local sources sug-
gested that Jocal industry or aircraf jettisoning
aviation fuel over the area could be responsible.
However, the wide spread origin of the queries
suggested another cause.

Discussions with accident and emergency
departments, public health in Nortfolk, Lin-
colnshire, Derbyshire, Nottinghamshire, York-
shire, and Wirral, police stations in Notting-

hamshire, Derbyshire, and Cheshire,
coastguard operations room in Great Yar-
mouth and Dover, the Marine Pollution
Control Unit, the Departments of Transport,
Health and the Environment, and other
National  Poisons  Information Services
throughout the country led to the (as it then
was) hypothesis that the cause was a collision in
the English Channel on Saturday 18 January
1997. At 1500 hours on that day, the tanker,
Bona Fulmar, collided in thick fog with the
chemical carrying tanker, Teotal. The accident
occurred 32 miles north west of Ostend in the
French part of the Channel, Figure 1 shows the
location of the incident.

It was reported that 7000 ronnes of unleaded
petrol were spilt.’ Crew from the Marine
Poltution Control Unit flew over the area on
the morning of Sunday 19 January and
reported that they could not see a slick, At the
request of the Chemical Incident Response
Service (CIRS), a water sample was taken from
the spill site on the Sunday at about 1500, This
confirmed that unleaded petrol had been spilt.

With weather data for the period 18-19
January, the United Kingdom Meteorological
Office used its long range pollution dispersion
modelling system, NAME,* 1o plot the likely
course of the petrol vapour plume (fig 2). This
indicated that the plume was firss carried up
the North Sea before the change in wind direc-
tion which resulted in it subsequently being
swept across the central part of England to
Wales.

The aim of the work described in this paper
was to illustrate how marine and atmospheric
dispersion modelling together with routine air
quality monitoring can assist in identifying
hazards 1o the population at risk from chemical
incidents.

Methods

SURVEILLANCE

In this context, surveillance describes the
monitoring of the population for possible end
effects. The NAME predictions showed that in
travelling up the North Sea and then over the

N
Figure 1 Map showing the site of the spill.
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Figure 2. A sequence of NAME sodel outpt ar 6 howr fruceroals for a swady refease of 9 hours duration. Results from

NAME output assuming u 9 hour release.

central part of England, the plume’s first land
tall was in Norfolk. Enquiries to the local con-
sultant in communicable disease control subse-
quently established that no ill effects or odours
had been reported there. Where available, chief
emergency planning officer, police, and hospi-
tal admission logs were requested for review for
areas possibly affected by the plume. Leeds,
Liverpool, Birmingham, Cardiff, and Derby-
shire were included as well as Norfolk. No
accident and emergency departments reported
cases 10 the National Poisons Information
Service (London) or Chemical Incident Re-
sponse Service over the seven day surveillance
period, which lasted until Satruday 25 January.

ENVIRONMENTAL SAMPIING
Marine Pollution Control Ungy

The Marine Pollution Controf Unit (Maritime
and Coastguard Agency) atranged for the col-
lection of a sea water sample from the location
of the spill on the Sunday afternoon at about

1500. The content of volatile hydrocarbons was
determined by a “headspace analysis” of the
vapour above the sample in a closed container.
The analysis was carried out by the National
Environmental Technology Centre at AEA
Technology, Culham. Flame ionisation detec-
tor based gas chromatography (GC/FID) was
used, this being the preferred method for
analysis of such hydrocarbon mixtures. (Brian
Jones, personal communication)

UK Hydrocarbon Monitoring Newwork

The UK Hydrocarbon Network (funded by the
Department of Environment, Transport and
the Regions) is a series of 13 continuous moni-
toring sites throughout the country where con-
centrations of hydrocarbons are measured. The
network is run by the National Physical Labo-
ratory. The analytical technique is again based
ot GC/FID methods, although the network
procedures are automatic and operate on an
hourly cycle. The concentrations of 26
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hydrocarbons are measured in an air sample
collected over a 35 minute period in each cycle.
The data are transmitted automatically to a
central unit from where they are relayed to
public information services such as CEEFAX,
Teletext, and the web site of the DETR. Data
displayed on these media and on a free
telephone line are updated every hour.

Considerable fluctuations in the concentra-
tion of hydrocarbons at a fixed site are not
unusual. These could be due to a local
source—such as a petrol station, a factory, or
motor vehicle exhausts. Many hydrocarbons,
those identified in the headspace analysis
included, are present both in petrol and vehicle
exhaust fumes, so an increase in concentration
could simply imply an increase in traffic or that
the wind has passed through a polluted urban
area. Hydroearbon concentrations due to
emissions in motor vehicle exhausts need to be
subtracted to identify contributions from other
sources. An ideal tracer for traffic emissions is a
hydrocarbon which is present in the exhaust
but not in the fuel: 1,3-butadiene is just such a
compound,’ and changes in the concentrations
of other hydrocarbons relative 1o 1,3-butadiene
were used to identify contributions from
sources other than traffic emissions,

Hydrocarbon concentrations from each site
in question were taken from the United King-
dom air quality internet website.* The concen-
tration of each chemical, as identified by the
head space analysis, was plotted against time.
In most urban areas across the United
Kingdom, the predominant source of most
volatile organic compounds is traffic, so the
next step in the analysis was to remove this
component. The hourly mean concentrations
were first normalised by division by their
monthly mean. The normalised results showed
the enhancement over average concentrations
due to meteorological variations and changes
in emission patterns or source behaviour. The
normalised 1,3-butadiene concentrations were
then subtracted from the results for all other
pollutants to remove the contribution due o
traffic exh issi Any excursi from
zero in the resultant plot were therefore 1aken
to indicate contributions from sources other
than traffic exhaust.

Non-traffic related concentrations of 1,3-
butadiene may be due to several causes---such
as local spills and industrial processes-—-which
include the manufacture of synthetic rubber
goods such as tyres. 1,3-Butadiene is formed
during the combustion of petrol.*

Carbon monoxide has been used in the past
as the indicator for traffic in analyses of this
kind. This has some practical limitations in that
most of the hydrocarbon monitoring sites are
not at the same location as the associated
carbon monoxide monitoring sites. The Bir-
mingham East site however records carbon
monoxide and hydrocarbons so in this case the
monitoring results could be used to examine
the relative performance of both means of
identifying wraffic emissions, An analysis based
on carbon monoxide was found to yield almost
identical results to the one based on 1,3-
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butadiene, lending confidence 1o the use of
1,3-butadiene.

DISPERSION MODELLING
Marine dispersion modelling

The period taken for the spill to evaporate was
unknown and this introduced some uncer-
tainty both in the prediction of its dispersion at
sea and in the treatment of the resulting vapour
plume in the atmosphere. In temperate condi-
tions, components with a boiling  point
<200"C, such as petrol, tend to evaporate fully
within the first day, with a half life (the time
taken for 50% of the oil to disappear from the
sea surface) of a few hours.” No slick was visible
when the Marine Pollution Control Unit flew
over the location of the accident on the morn-
ing of 19 January, about 18 hours afrer the
event.

The oil and chemical spill  model,
EUROSPILL,” was used 1o simulate the
motion of the oil slick on the sea surface. The
spill simulations used surface winds provided
by the Meteorological Office’s operational
numerical weather prediction models.

Anmaspheric dispersion modelting

The main atmospheric dispersion modelling
effort was undertaken with the Meteorological
Office’s NAME model.” Like EUROSPILL,
this oo is a Lagrangian dispersion model
driven by output from the Oftice’s weather pre-
diction models. Loss of plume material due 1o
wet and dry deposition is included in the
NAME model but was ignored in the present
work.

The use of the three dimensional wind fields
ensures that all relevant dispersion phenomena
are included in the NAMU calculations. Plume
dispersion over short periods, typically an hour
01 50, can normally be approximated by spread
and dilution about a straight trajectory. How-
ever, over longer periods the developing wind
field generally causes the plunic 10 deviate from
its initial direction of travel and complex plume
trajectories can result. Changes in  wind
direction with height cause plume clements at
different altitudes to follow different trajecto-
ries and the resulting lateral spread can be
more significant than the mixing due to turbu-
lence. Vertical mixing then transfers the
enhanced lateral spread to all levels.

Calculations were undertaken for different
assumed evaporation periods from 3 ro 24
hours, with a constant emission rate over the
evaporation period. This treatment of the spill
as a constant source strength for a fixed
duration was clearly a great simplification.
Comparisons of resulting predictions of con-
centrations  with results of environmental
monitoring were then used to estimate the
most likely evaporation period.

Some simple dispersion calculations were
also carried out with one of the long range
transport models included in the R91 range of
models." The likely ranges of hourly averaged
concentrations at 500 km from the source were
calculated for different spill evaporation times.
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Results of the headspuace
analysis

Cuoncentration
Hydrocarban — (ppb)

Benzene 45

Toluene 20
Ethylbenzene  0.80
(m+p)-Xylene  0.88
o-Xylene 2.6

Unidentified  >1500
Data supplied by Brian Jones,
Personal communication

Results

SURVEILLANCE

A review of the chief emergency planning
officer and police logs from the Derbyshire area
(Mary Newlands, personal communication)
showed that reports of odours were logged
from 0714 for over 2 hours on Sunday 19
January 1997. The reports ranged in descrip-
tion, with the odour source being described as
chemicals, aviation fuel, giue, cellulose, or sim-
ply a funny sweet smeil. Ac this stage there was
no mention of the tanker accident on the
previous day. The Chief Emergency Planning
Officer contacted by telephone possible local
sources such as chemical plants which were all
able to confirm they were not the source.
Review of the log from the Derby Royal
Infirmary showed that there was no obvious
increase in attendances for people with symp-
toms likely to be due to exposure to the passing
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plume. Some police who were working during
the incident reported sore throats, and stream-
ing eyes and noses (Mary Newiands, personal
communication).

Contact with other consultants in communi-
cable disease control and poisons units in other
areas showed that strange odours and symp-
toms were reported from Leeds, Chester,
Liverpool, Birmingham, and Cardiff. Many of
the reports came from Environmental Health
Officers investigating the incident. There were
no reports of odours or symptoms from
Norfolk although the plume probably passed
over this area between abour 2100 GMT on 18
January and 0300 GMT on 19 January when it
was still relatively concentrated.

MEAD SPACE ANALYSIS
Results of the head space analysis are summa-
rised in the table. The FID output indicated
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tha t the unidentified compounds were prob-
abl:y C5 and C6 hydrocarbons. Separation and
ides ntification of these compounds was impos-
sibl ¢ as several ified peaks coeluted or
par tially coeluted in the part of the chromato-
graim where aliphatic C5 and C6 hydrocarbons

removed at the selected monitoring site plotted as a funcrion of time

sonal communication). Ketones and esters are
both oxygenated hydrocarbons.

HYDROCARBON NETWORK RESULTS
The output from most network sites showed
some form of activity at the time of interest.

usu 2lly elute. Some of the unidentified peak
sha pes suggested that they may be polar
con Wounds, possibly oxygentated hydrocar-
bon 18- A ketone smell did seem to dominate the
aror ma of the sample although there may possi-
bly have been estzrs present (Brian Jones, per-

H r, a clearer picture emerged once the
traffic generated component was removed by
use of the techniques already described. Figure
3 illustrates the process for output from the
Birmingham monitoring site. The actual hy-
drocarbon concentrations are plotted as a



tunction of time during the whole of
January and the period of interest in figure 3
A. Numerous peaks are apparent, including
vne of abour 8 hours duration on the 19
January. The same results are also shown nor-
matised by the appropriate monthly average.
‘This shows that the peak concentrations of
cthyibenzene, m+p xylene and o-xyiene on 19
January were about 15 times greater than their
monthly averages (fig 3 B). The traffic
component was then removed by subtraction
of the normalised 1,3 butadiene concentra-
tions, leaving the results shown in figure 3 C.
This reduced the baseline to zero throughout
most of the month, with a clear peak in all the
other hydrocarbons plotted. Similar results
were obtained when carbon monoxide was
used as the traffic indicator, althought the
baseline becomes noisier (fig 3 D). Finally,
analysis of the monitoring site output over
a 12 month period subsequently confirmed
that the peak concentrations found on 19
January were indeed exceptional (figs not
included).

Figure 4 shows the normalised hydrocarbon
levels with traffic components removed at the
selected monitoring site plotted as a function of
time 17 20 January at Birmingham East, Car-
diff, Liverpool, and Leeds.

DISPERSION MODELLING

Marime dispersion

The displacement of the oil slick by wind and
tide during the first day after the spill was cal-
culated by the EUROSPILL model to be no
more than a few km.” On the scale of the area
affected by the gas cloud this was negligible,

Awmospheric dispersion

The output from the NAME model was a
mapping of fluid particle number densities as a
tunction of time after the start of the release. A
sequence of results at 12 hour intervals is
shown in figure 2 for a steady release of 9
hours duration. The predictions show that the
plume first traveiled in a northerly direction,
making first landfall over Norfolk at around
2100 GMT on I8 January. The cloud of
polluted air then became stretched out in a
roughly east-west direction, although its centre
drifted slowly 1o the north west. Material from
the early part of the relcase remained over the
North Sea but from about midnight polluted
air from the North Sea part of the release
began 10 cross  central England, reaching
Wales by about 1200 on |9 January. On
the next day the whole plume, which by this
time was very dilute, drifred slowly to the
south.

An estimate of the likely duration of release
was determined by comparing predicted con-
centrations for 3, 6,9, 12, and 24 hour duration
releases with observations  at Birmingham,
London, Cardiff, Bristo}, and Liverpool.

A peak was predicted at Liverpool for all
releases, implying that the material detected
here was released soon after the accident
(within 3 hours). Peaks at Birmingham and
Cardiff were only predicted for releases of 29
hours, while peaks at Bristol and London were
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predicted for releases of 12 and 24 hours
respectively. As peaks were identified at Liver-
pool, Birmingham, and Cardiff, but not at
London or Bristol, this suggests a release time
of about 9 hours,

Assumning 140 tonnes of benzene was
released over a 9 hour period, the model
predicts maximum concentrations in the range
1-10 pg/m’ over the north of England, between
18 and 24 hours after the start of the release.
This is consistent with concentrations of
benzene found.

‘The results of simple dispersion modelling
with the long range transport section of the
R91 group of models* give benzene concentra-
tions in the range of 3-7.5 pg/m’ at a distance
of 500 km,

Discussion

SURVEILIANCE

Odours and associated ceffects were widely
reported in the Midlands, although not in other
regions where they were anticipated, such as
Norfolk. Nevertheless, the geographical spread
ot reports suggests thae a local source was not
likely to be responsible. Several questions
remain unanswered and are discussed later,

ENVIRONMENTAL SAMPLING
The headspace analysis showed that the sampie
consisted mainly of C5 and C6 hydrocarbons
plus toluene, which is a C7 hydrocarbon,
xylenes and ethylbenzene, both C8s. The
headspace sample itself was not taken until
Sunday 19 January, some time after the initial
spill, and so the results cannot be considered as
representative of the actual emissions at the
time of the spill. Although the more volatile
components had probably evaporated by this
time, the results do confirm that the tanker
contained a light petroleum fraction such as
gasoline.

The odour which alerted most people was
described as a sweet, solvent type smell and was
probably due to oxygenated hydrocarbons.
Ketones are sweet smelling and commonly
used as solvents for lacquers, paint, and nail
varnish removers." "' Esters oo have a strong
sweet odour, and are present in natural flavours
and used in artificial flavourings."

Figure 3 shows that the excess hydrocarbon
concentrations in Birmingham persisted for
about 8 hours and that during this period con-
centrations  varied in a relatively smooth
manner. This suggests a wide plume from a
distant source for some duration. Signals from
local spills or emissions would most likely be
characterised by a short duration and highly
fluctuaring concentrations.

Birmingham has been used to illustrate the
analysis procedure because this location gave
the clearest signal of all the sites examined. The
analysis clearly showed the hydrocarbon peak
at the Cardiff monitoring site, and possibly also
at Liverpool (fig 4) although at lower concen-
trations than at Birmingham. During the
period of interest no o-xylene results were
available at Cardiff, although the concentra-
tions of the remaining compounds were in the
same relative proportions as at Birmingham,
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Other sources of hydrocarbons, inciuding 1,3
butadiene, near the Liverpool site (as well as
traffic) might have affected both the monthly
average and the concentrations found on 19
January, weakening any conclusions which
might be drawn.

Analysis of the data from Belfast, Bristol,
Edinburgh, London Eltham, UC London,
Harwell, Leeds, Middiesborough, and South-
ampton failed to find unambiguous signs of the
gas cloud.

The concentrations of other hydrocarbons
monitored by the Network were examined for
the Birmingham site. This showed the follow-
ing hydrocarbons, all components of petrol, to
be evident in the plume: i-butane, n-butane,
trans but-2-ene, but-i-ene, ciy but-2-ene,
i-pentane, n-hexane, toluene, ethylbenzene,
m+p-xylene and o-xylene.

The follewing were not detected: ethane,
ethylene, propylene, propane, acetylene,
n-pentane, 1,3-butadiene, trans pent-2-ene, cis
pent-2-ene, 2-methylpentane, and n-heptane.

This confirmed that the increase in hydro-
carbons was not traffic refated as ethylene, pro-
pylene, acetylene, and 1,3-butadiene have al}
been identified as components of motor vehicle
exhaust but not petrol. Toluene, ethylbenzene,
o-xylene, m+p-xylene, n-butane, and i-butane
have been clearly identified as present in both
motor vehicle exhaust and petrol. However,
their concentrations relative to benzene were
considerably ditferent from the values normally
associated with urban air polfution, which
again confirmed that the plume was not tratfic
related.

There is no obvious component of petrol
that could have created a distinct odour at the
levels of dilution indicated by dispersion mod-
elling or implied by the measurements. Strictly
speaking we cannot confirm that the odours
were a result of the petrol spill. Aithough the
possibility of chemical changes within the
plume cannot be ruled out, we note that the
accident occurred in winter and photochemical
oxidation even over the long travel times
involved is unlikely to have been efficient. Fur-
thermore, st time photochemical oxida-
tion is not usually considered as a source of
adorous organic compounds from evaporated
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zene odours 1o be detectable. This conclusion
probably applies to all primary emissions from
the spill. The odour thresholds of some
oxygenated compounds are much lower but
their production in sufficient quantities would
need to be explamned, as does the cause of the
other symptoms reported.

The output from the NAME model for a 9
hour emission, located plume material in
space and time which matched the anecdotal
and surveillance evidence. Moreover, the
results showed that material from the later part
of such an emission was carried across the
midlands, something which did not arise with
an emission of shorter duration. Figure 4
compares predictions for a2 9 hour emission
with monitoring site data. This shows close
agreement on plume arrival and persistence
times, and the variation of concentration with
time, at the two Sites where unambiguous
plume signals were detected, Birmingham and
Cardiff. This is also true of Liverpool, but not
Bristol, despite its geographical proximity to
Cardiff.

The NAME model suggests that Leeds was
affected, but the monitoring suggests that this
was not the case. Leeds was at the northern
limit of the simulated plume’s reach.

The deduction of an emission duration of
about 9 hours is perhaps surprising in view of
the volatility of petrol, but it provides a match
between the predicted behaviour of the plume
and the monitoring observations.,

Conclusions

The reports and anecdotal evidence, together
with the atmospheric modelling and measure-
ment evidence suggests that the odours and
reported symptoms experienced across Trent,
Merseyside, the midlands, and south Wales
were likely to have been due to the spill of pet-
rol from the Bona Fulmar. This means that
significant effects were detected at distances of
the order of 2500 km from the scene of the
accident. In this case there were no serious
adverse health effects, but had the meteorology
been slightly different, taking the piume
directly across south east England, or had the
tanker contained chemicals which had similar
physical properties, but substantially more
serious toxicological effects, then the conse-
could have been quite different.

petrol.
The hydrocarbon monitoring sites do not
measure concentrations of oxy d com-

pounds. The analytical method, VOCAIR,
requires the air to be dried by the use of a plas-
tic membrane before analysis. This means that
polar compounds (which include ketones,
esters, and other odorous substances) are
removed.

DISPERSION MODELLING
Concentrations of benzene predicted by the
NAME and RYl models were of similar
magnitude to those detected in the plume by
the monitoring network. The odour threshold
for benzene is 15 mg/m’," typically a factor of
10 larger than the predicted concentrations.
Although individual peopie are able to detect
odours well below this threshold,' these results
suggest that the plume was too dilute for ben-

glthough this was an unusual incident, it is not
unique and the possibitity of similar events
cannot  be discounted. ‘The Inwrnational
Tanker Owners’ Pollution Federation web sire®
lists further details on oil spiils.

At the time, no regard was given 10 those
who may have been affected at large distances
from the spill. Marine and meteorological
modelling, together with environmental sur-
wveillance and monitoring, have been shown o
be powerful tools for analysis of the event.
These are clearly also suitable management
tools, both in terms of short and long range
impacts. Collaboration between the profes-
sions and organisations involved should be
encouraged to provide an efficient overall
approach.
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Reproductive endocrine effects of acute exposure
to toluene in men and women

Ulrike Luderer, Michael S Morgan, Carl A Brodkin, David A Kalman, Elaine M Faustman

Abstract
Objectives—Despite observation of ad-
verse reproductive effects of toluene, in-
cluding alterations of serum
gonadotropins (luteinising hormone (LH)
and follicle stimulating hormone (FSH))
in humans, little is known of the mech-
anism of icity. The hypothesis was
tested that toluene acutely suppresses pul-
satile gonadotropin secretion by measur-
ing LH and FSH at frequent intervals
during controlled exposure to toluene,
Methods—Women in the follicular and
luteal phases of the menstrual cycle and
men were randomised to inhale filtered
air with or without 50 ppm toluene
through a mouthpiece for 3 hours (19% of
the OSHA permissable exposure limit).
Blood was sampled by intravenous cath-
eter at 20 minute intervals for 3 hours
before, 3 hours during, and 3 hours after
exposure. Plasma LH, FSH, and testoster-
one were measured. Pulse amplitude,
pulse frequency, and mean concentrations
of LH and FSH for each of the 3 hour peri-
ods before, during and after exposure to
toluene versus sham exposure were calcu-
lated with the ULTRA pulse detection
pr and pared by lysis of
variance (ANOVA) with repeated meas-
ures.

Results—In men mean concentrations of
LH showed a significant interaction
(p<0.05) b P ¢ and ling
period, with a greater LH decline during
exposure to toluene than sham exposure.
However, there was no concomitant effect
on one i The LH
pulse frequency of women in the luteal
phase showed a trend towards a signifi-
cant interaction between exposure and
sampling period (p=0.06), with a greater
decline in pulse frequency during expo-
sure to toluene than sham exosure. There
were no other significant effects of expo-
sure to toluene.

Conclusions—~Three hour exposure to 50
ppm toluene did not result in abnormal
episodic LH or FSH secretion profiles,
however, subtle effects on LH secretion in
men and women in the luteal phase were
found. The clinical relevance of these
effects is unclear, indicating the need for
further study of reproductive function in
exposed workers.

(Occup Environ Med 1999;56:657- 666)

Keywords: solvents; luteinising hormone; follicle stiniu-
lating hormone

Recommended human occupational and envi-
ronmental exposure limits 10 solvent chemicals
have been based primarily on studies designed
to detect globat effects such as encephalopathy.
Most of these studies were not designed to
detect subtle alterations in hypothalamic-
pituitary-gonadal function that might adversely
affect the reproductive health of millions of
exposed workers. The aromatic solvent tolu-
ene, which is widely used in such diverse
manufacturing industries as shoes, textiles,
electronic components, and plastics exempli-
fies this dilemma. Despite several studies
suggesting adverse reproductive effects of
exposures to mixed solvents' * and a few stud-
ies implicating toluene specifically,” ® very little
is known about the mechanisms by which tolu-
ene might disrupt reproductive function.

Although relatively little research has been
undertaken to examine the human reproduc-
tive effects of solvent compounds, occupational
exposure to organic solvents has been reported
to be associated with decreased fecundabil-
ity," * infertility,” dysmenorrhoea, and irregular
menstrual cycles.'*® Similarly, studies of re-
productive endocrine tunction in male rotogra-
vure workers exposed exclusively to toluene
reported lower luteinising hormone (LH),
follicle stimulating hormone (FSH), and testo-
sterone  concentrations.’” The findings of
diminished LH, FSH, and testosterone in these
studies suggest a primary suppressive effect of
toluene on LH and FSH secretion at the pitui-
tary level or suppression of hypothalamic
gonadotropic releasing hormone (GnRH) se-
cretion or both. A central effect of toluene on
reproductive function is further supported by
neuroanatomical studies in both humans and
animals showing that toluene preferentially
distributes to the brainstem, including the
hypothalamus.” Moreover, in female rats expo-
sure to toluene reduces GnRH content in the
preoptic area of the hypothalamus," and in
male rats it alters hypothalamic noradrenaline
(norepinephrine),’’ "’ the primary neurotrans-
mitter involved in regulation of GnRH
secretion.’

Previous investigations of the effects of tolu-
ene on gonadotropin secretion have been
limited by the use of single measurements of
gonadotropin concentrations after exposure.
As these hormones are known to be secreted
episodically, with significant minute to minute
fluctuations in concentration particularly for
LH, only large differences in hormone concen-
trations are likely to be detected with single
samples.* '* The ability to detect differences in
gonadotropin concentrations among groups
can be greatly enhanced by multiple



sampling,” which has the additional advantage
of enabling the detection of LH pulse fre-
quency, which directly reflects GnRH pulse
frequency. '

The purpose of this study, therefore, was 10
use the technique of repeated blood sampling
tv 1est the hypotheses that (a) acute exposure
to toluene suppresses episodic gonadutropin
secretion in men and women, (b) that this effect
is mediated through a central hypothalamic
effect suppressing GnRH pulse frequency, and
(¢) to determine whether such effects on the
hypothalamic-pituitary axis occur at concen-
trations within permissible standards.

Methods

S1UDY DESIGN

‘The study used a controtled, blinded, interven-
tional experimental design, with reproductive
hormone concentrations (L.H, FSH) deter-
mined before, during, and after exposure to
inhaled toluene. The research protocols were
approved by the University of Washington
Human Subjects Review Committee, All sub-
jects gave written, informed consent. Blood
sampling was conducted under the supervision
ot the Clinical Research Center of the Univer-
sity of Washington Medical Center.

RECRUITMENT OF SUBJECTS

Men and women aged 19-45 were recruited
from the University and surrounding commu-
nity through posters and advertisements in the
printed media. Eligibility criteria included (a)
absence of clinically important chronic disease,
(b) no active exposure to solvents, (c) no ciga-
rerte smoking or other substance misuse, (d)
absence of menstrusl or fertility disorders or
history of adverse pregnancy outcomes, (e) no
Current pregnancy, confirmed by measurement
of serum human chorionic gonadotropin
(HCG) 1 day before the study day, (/) no hor-
monal contraceptive use, (g) use of reliable
non-hormonal contraceptive method.

DEFERMINATION OF MENSTRUAL CYCLE IN
WOMEN

A menstrual history was elicited to establish
the regularity and timing of menstrual cycles.
Subjects had to have regular menstrual cycles
during the 6 months preceding enrolment to
the study. Mid-follicular phase was defined as
5-9 days after the oasct of menses for a 28 day
cyele.”” Mid-luteal phase was defined as 5.9
days before the expected first day of the next
cycle for a 28 day cycle.™ For cycles not 28 days
in duration, the luteal phase was assumed to be
14 days i duration, with the appropriate
adjustments made for the follicular phase.”

EXPERIMENTAL PROTOCOLS TO AS!
OF EXPOSURE TO TOLUENE ON PULSATILE
GONADUOTROPIN SECRETION

Men or regularly cycling women aged 19-45
were randomised for exposure 1o a mixture of
toluene and filtered air (n=6 mid-luteal phase,
1B=5 mid-follicular phase, n=5 men) or o
filtered air alone (n=5 mid-luteal, n=5 mid-
follicular, n=5 men) for 3 hours as described
below. The stages of the menstrual cycle were
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chosen because there is no diurnal variation ir
LH or FSH during these stages and nc
mid-cycle preovulatory gonadotropir.
surges.” ' Although there is no diurnal varia.
tion in FSH secretion in men, about 10% of
men have increased LH puise frequency during
sleep.'” Therefore, samples were taken from
awake subjects during normal waking hours,
Venous blood samples were collected from a
forearm catheter into heparinised Vacutainer
tubes (Becton-Dickinson, Franklin Lakes, NJ,
USA) after clearing the line of saline. Samples
were collected at 20 minute intervals for 9
hours (3 hours before onset of exposure, 3
hours during exposure, and 3 hours after the
end of exposure). Sampling periods of 3 hours
were judged to be sufficient to determine hor-
monal pulse frequency. A time interval of 20
minutes between samples has been shown to
permit detection of gonadotropin pulses in
humans.” Subjects were given breakfast and
lunch and were free to move about between
blood sampling, except during the exposure
period when they remained seated in a chair.
Samples were refrigerated for up to 9 hours
at 4°C, then were centrifuged, and plasma was
collected and stored at -80°C untit subsequent
1H and FSH fluoroimmunocassay. Toluene
concentration in whole blood drawn at the end
of the exposure period was measured on the
day of the exposure for subjects from both
groups, exposure to toluene, and sham expo-
sure. The peak blood concentration of solvent
was known to be reached at the end of the
exposure, based on previous studies.” Testo-
sterone concentrations were also measured in
three plasma samples from the end of the
period before exposure, the end of the exposure
period, and the end of the period after exposure
in the men only.
EXPOSURE SYSTEM -
Subjecrs breathed air containing 50 ppm tolu-
ene for 180 minutes. This is equivalent to
18.75 ppm 8 hour time weighted average
(TWA}) or 37.5% of the American Conference
of  Government lIndustrial Hygienists
(ACGIH) maximum recommended daily ex-
posure of 50 ppm 8 hour TWA™; and 18.8% of
the United States Occupational Safety and
Health Administration (OSHA) permissible
exposure limit. This level of exposure was cho-
sen because effects on gonadotropin secretion
have been reported in workers exposed to
similar concentrations,” * because most current
occupational exposure limits range between 50
and 100 ppm, 8 hour TWA,” and because it is
a level which occurs in many workplaces.”*
The exposure system consists of a dynamic
atmosphere generator, a gated inhatation port,
and  sensors  for  monitoring  toluene
concentration.” Briefly, a solvent syringe pump
(Harvard apparatus infusion/withdrawal pump
model 920; Holliston, MA, USA) delivers a
constant flow rate of solvent to a heater where
it is vaporised; solvent vapour is diluted with
filtgred air in a glass mixing chamber, and from
there the air-toluene mixture flows to a mouth-
piece. Subjects with nose clips inhale the mix-
ture in a seated position. Two one way valves in
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the hpiece prevent reinhalation of exhaled
air. During the exposure period the inhaled
toluene concentration is continuously moni-
tored by photoionisation detector.

ASSAY OF BIOLOGICAL SAMPLES
Hormone assays
Plasma LH and I'SH were measured with Wal-
lac DELFIA time resolved flucroimmu-
noassays (Turku, Finland) by a blinded techni-
cian. Each assay uses two monoclonal
antibodies (mouse anti-human)  directed
against two different antigenic determinants of
the gonadotropin. For the present study each
subject sample was run in duplicate, and the
mean of the two concentrations was used for
statistical calculations and graphical presenta-
tion of the data. Serum controt pools of known
low, medium, and high concentrations were
fun in quadrdplicate with each assay. For the
present studies the coefficients of variation
(CVs) between assays for LH ranged from
9.0% to 11.6% for the different control pools,
and for FSH the CVs between assays ranged
from 6.0% to 21.8%, which are typical ranges
for gonadotropin immunoassays.” ® Plasma
1€ was ed by radioi 1~
noassay with reagents from the World Health
Organisation match reagent programme by
previously described methods.® Between assay
CVs ranged from 14% to 24% for the different
control serum pools.

Toluene assay

Blood drawn during the exposure was analysed
for toluene with a modification of the static
headspace/on column cryofocusing analysis
method of Dilis er al.”” Toluene contamination
of the heparinised Vacutainer tubes has been
found to be negligible in comparison with the
blood concentrations reached during and for
several hours afier a 3 hour, 50 ppm exposure.

PULSE ANALYSIS
Pulses of LH and FSH were identified with the
ULTRA pulse detection program.” This pro-

Table 1 Characteristics of participants

Exposure w0 toluene mean  Sham exposure mean
)

(range) (range; p Value

‘Women in the follicular phase:

n 5 4

Age (y) 27.4 (22-31) 24.5 (20-26) 224

Weight (kg) 60.9 (48.5-67.4) 930 (59.5 127.5) 0.13

Height (cm) 163.5 (150-168) 166.5 (162.0--170.5) 0.36

BMI 22.7(21.4-24.2) 33.6 (20.5-45.9) 0.1%

Adipose tissue (%) 233 (21.3-26.5) 29.1 (20.7-34.3) 0.17

Day of study* 6.6 (5t08) 6.4(51008) 0.83
Women in the tuteal phase:

n 5 4

Age (v} 25.8 (19-36) 24.8 (20-33) 0.81

Weight (kg) 67.8 (55.1-92.0) 70.0 (58.0.-89.0) 0.83

Height (cm) 162.7 (157-175.5) 170.8 (162.0-177.0) 012

BMI 25.5 (22.2-34.6) 24.0(19.8-28.4) 0.59

Adipose tissue (%) 25.4(21.9-28.7) 22.6 (20.8 26.0) 012

Day of studyt =6.6 (-5 1w ~9) =6.5 (-5 10 -8) 0.93
Men:

o 5 5

Age (v) 30.2 (23-44) 32.8(23-39) 0.59

Weight (kg) 82.7 (71.5-92) 78.1 (70-85.5) 0.30

Height (cm) 180 3 (177-187) 176.8 (167-182) 0.32

BMI 25.5(22.2-29.0) 25.0 (24.2 25.8) 0.69

Adipuse dssue (%) 18.9 (16.5-23.4) 19.4 (157 23.9) 0.88

*Relative to first day of present menstrusi cycle.
TRelative to expected first day of next menstruai cycle
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gram takes as input the sample hormone
concentrations, the CVs for the concentration
ranges of the assay, and a threshold expressed
in terms of a multiple of assay CVs. The
program proceeds by eliminating all incre-
ments and decrements from the series that do
not exceed the specified multiple of local assay
CVs. The remaining peaks are considered to be
relevant pulses. Previous studies have used
thresholds of 2x to 4x assay CVs" ™ or 2x
assay standard deviation® " * to optimise
detection of actual pulses while minimising
false positives. Based on initial comparisons of
2x and 3x CV thresholds, a 3x CV threshold
was chosen for this study to minimise false
positive pulses.

STATISTICAL ANALYSIS
The study analysis used a repeated measures
analysis of variance (ANOVA) design. In this
design the dependent variables (mean concen-
uations, pulse amplitude, and pulse frequency
of LH and FSH) are measured repeatedly for
each subject. Therefore, as well as the variable
“exposure” between subjects (toluene or
sham), there is also a variable “sampling
period” within subjects (before, during, and
after exposure), and the variable of most inter-
est is the interaction term between exposure
and sampling period.

Three female subjects were excluded from
the final analyses because their LH and FSH
profiles were not consistent with the expected
stage of the menstrual cycle: one woman in the
follicular phase with sham exposure; one
woman in the uteal phase exposed to toluene;
and one woman in the luteal phase with sham
exposure. Pulse amplitude, pulse frequency,
and mean hormone concentrations for the
remaining subjects were assessed from the
results of the ULTRA analysis and were
compared before, during, and after exposure
with repeated measures ANOVA and analysis
of covariance (ANCOVA). The ANCOVAs
were performed with age, body mass index
(BMLI, calculated as weight (kg)/height (m)*),
and adipose tissue fraction assessed by skin
fold thickness™ as covariates. These covariates
were chosen because gonadotropin concentra-
tions in both sexes increase with age™ *; obes-
ity is associated with changes in gonadotropin
concentrations,” ** and toluene body burdens
are influenced by body composition.” Differ-
ences were considered significant if the p value
was <0.05.

When data for a particular variable were not
normally distributed, a log transformation was
used. If the transformed data were still not
normally distributed (as was the case for LH
and FSH pulse frequency in all of the groups),
the Kruskal-Wallis test for non-parametric data
was used to compare the sham group with the
group exposed to toluene during the exposure
and after the exposure.

Results

DEMOGRAPHIC INFORMATION AND PHYSICAL
CHARACTERISTICS OF $)UDY PARTICIPANTS

Age, height, weight, BMI, and adipose tissue
fraction for the study groups are summarised in
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table 1. There were no significant differences
between the sham group and the group
exposed to toluene, despite the presence of one
woman in the follicular phase with sham expo-
sure who had a high BMI and adipose tissue
fraction. Moreover, the results of this and sub-
sequent analyses did not substantiaily change
when data from this subject were removed.

SYMPTOMS RELATED TO EXPOSURE

None of the subjects complained of any head-
aches, lassitude, or loss of appetite, which have
been published in association with exposures o
toluene of 50-200 ppm.”* Both groups of sub-
jects complained of mild discomfort related to
sitting relatively still for 3 hours and of a dry
mouth,

BLOOD TOLUENE CONCENTRATIONS IN MEN AND
WOMEN AFI'ER CONTROLLED EXPOSURE
Inhalational exposure to 50 ppm toluene for 3
hours resulted in mean (SEM) peak blood
toluene concentrations of 4.90 (0.97) nmol/m]
(range 3.58-6.79) in men; 3.65 (1.02) nmol/m}
in women during the luteat phase (range 0.23.-
5.72);and 5.57 (1.09) nmol/ml in women dur-
ing the follicular phase (range 2.32-7.96). One
outlier was identified: a woman in the futeal
phase with exposure 10 toluene. Analyses
performed without this outlier did not substan-
tially differ from analyses with the outlier
included, so the outlier was included in the
results. Mean toluene concentrations in sub-
jects with sham exposure also did not differ by
sex or cycle stage (0.013 (0.004) nmol/ml in
men, 0.010 (0.005) nmol/mi in iuteal women,
0.011 (0.006) nmol/m] in follicular women).

EFFECT OF EXPOSURE TO TOLUENE ON 1H AND
FSH IN WOMEN DURING FOLLICULAR AND 1UTEAL
PHASES
Figure 1 depicts representative individual LH
and FSH profiles before, during, and after
sham exposure and exposure to toluene,
respectively, in women during the follicular
phase. High frequency, low amplitude LH
pulses and infrequent, low amplitude FSH
pulses occurred in both groups of women
studied during days 5-9 of their menstrual
cycles.

ANCOVA with age, BMI, or dip tissue
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Exposure to taluene (h}

individual women in the follicular phase exposed and not
exposed 1o toluene. Blood samples, indicated by the open symbols
mterval is indicated by the rectangle. Significance for LH % an
a difference of 3x local assay coefficients of variation from tro;

S, were draum every 20 minutes Jor 9 hours. Exposure
RA

d FSH ™ pulses were assessed by the ULTRA program® with
ugh 10 peak as the criterion,

effect of these possible covariates on LH or
FSH secretion. Therefore, only the results of
the unadjusted analyses will be reported here.
The mean LH and FSH concentrations, pulse
amplitudes, and pulse frequencies are depicted
in figure 2 for women in the follicular phase.
There was no significant effect of exposure to
toluene alone, nor were there significant inter-
actions between €xposure and sampling pe-
riod, on I.LH mean concentration, pulse amphi-
tude or pulse frequency, or on FSH mean or
log FSH mean concentrations in women in the
follicular phase. There was a significant effect
of sampling period alone (p=0.04) on LH
Mean concentration and Jog I.H mean concen-
tration, in the form of slightly increasing mean
LH concentrations in both groups of women
over the three sampling periods. Few signifi-
cant FSH pulses were found in the group
exposed (o toluene and no FSH pulses were
found in the group with sham exposure.
Therefore, analyses were not done for FSH
pulse amplitude or pulse frequency in women
in the follicular phase.

Figure 3 depicts representative individual
L.H and FSH profiles in women in the luteal
phase. In these women studied during days
19-23 of their cycles low frequency, high
amplitude LH pulses and infrequent, small
amplitude FSH pulses were found.

The mean LH and FSH concentrations,
pulse amplitudes, and pulse frequencies are
depicted in figure 4 for women in the lutcal
phase. There was no significant effect of expo-
sure to toluene in these women, nor were there
significant interactions berween exposure and
sampling period, on LH mean concentrations,
pulse amplitude, or puise frequency. However,
there was a trend towards a significant interac-
tion (p=0.06) between sampling period and
exposure on LH pulse frequency, with pulse
frequency apparently reduced during the
€xposure period in the women with exposure to
toluene compared with the sham exposure.
There ‘was a significant effect of sampling
period alone on mean concentrations (p=0.02)
and pulse frequency of LH (p=0.04), reflecting
the occurrence of most of the luteal phase
pulses during the intervals before and after
exposure in both exposure groups, There was
no signifi effect of exposure, nor was there

fraction as the covariate showed no significant

interaction between exposure and sampling
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period on mean FSH concentrations; however,
there was a borderline significant effect of sam-
pling period alone (p=0.05), reflecting slightly
higher mean FSH concentrations before expo-
sure than during and after exposure in both
sham and exposed groups. There were no
significant effects on FSH pulse amplitude or
frequency.

EFFECT OF EXPOSURE TO TOLUENE ON LH AND
FSH IN MEN

Figure 5 depicts representative individual LH
and FSH profiles before, during, and after
sham exposure and exposure to toluene in
men. In both exposure groups of men the LH
pulses c d of low litude fluctuations
occurring at frequencies varying among men
from about 1/90 minutes to 1/3 hours. In com-
parison FSH fluctuations were small and infre-
quent in both groups.

Analyses by ANCOVA performed with age,
BMI, or adipose tissue fraction as the covariate
showed a significant effect of age on LH pulse
frequency, but no other significant effects of
these covariates on LLH or FSH secretion, nor
on testosterone secretion. There was no signifi-
cant effect of treatment or significant interac-
tion between treatment and sampling period
either when the LH pulse frequency data were
analysed by ANOVA or by ANCOVA with age
as a covariate. Therefore, the results of the
unadjusted ANOVAs are reported here. The
mean ILH and FSH concentrations, pulse
amplitudes, and pulse frequencies in men with
sham exposure and exposure to toluene are
depicted in figure 6. Therc was no significant
effect of treatment alone on any variable of LH
secretion; however, there was a significant
interaction (p<0.05) berween treatment and
sampling period on LH mean concentration.

Reproducrive endocrine effects of acute exposure to twluene in men and women 663
12 I O iH
2 F r ~o- FSH
c 1 u R
2 !
g sl
g * N . .
g ‘ - . ‘f\
O 4l N A
¢ N N "l
g J | J%V‘i»a Hiey
£ 2 OG0 QORI SD CO xS &
2 PR N I VPR | I | J ORI TR P B S
= 00 2 4 6 8 10 o 2 a 6 8 10

Sham exposure (h)

Exposure to toluene (h)

i d FSH secretion profiles in representative men with sham exposure and exposure to toluene. Exposure
su'!tur::‘aljix iﬁ::d by the’mlangk?&f-nlﬁmm’;ﬂ * and FSH" pulses are indicated. Further detatls from legend v Sfigure 1.

4
6 "*
= 5= * } = 1 1
3 l I 3
= L, =
E 3 8
g 5
£ 2 g
3
8 L 3
O Betors " During | Aher " Bsfore During Atter
Mean LH concentration Mean FSH concentration
6 4 -
3 2 3
® o
® 4 - K]
$ r $
= £
£ £
E ©
: 2p- @
@ L2
& IS
0 Bafore During After Before During After
LH puise amplitude FSH pulse amplitude
1 1y s
[ ( B sham
z E os8}- .
H 0.75 2
s LAl
2 2
0.5 ~ >
: 2.,
] ) 2
g g
I i
202 £ o2f
o - - . ¢ . i . i n

Betore During

After

LH pulse frequency

Atter

Before During

FSH pulse frequency

e SEM) for each
i FSH secretion in men with sham exposure and exposure to toluane, Bars show mean (SE K
3’1::“36houﬁ'qa:nzing pe:;:dx Sor n=5 subjectsigroup. *p<0.05 by ANOVA for the tnteraction berween sampling pertod and
exposure on LH mean concentration.



i
i

064

Table 2 Mean (SEM, range) testosterone corcenirations in men
——e
Sampling perund Shum cxpoviere fumol) n=s Exposttre 10 toluene (nmolly n=s
Belore exposure 19.6(1.1,163 222,

Durmg expusure F7.0022,133 233 229(2.8,17.2 20.8)

After exposure 16900.7, 143 18 1) 19.8(19,13.7 25.3)

Thers were no signiivant diferences among groups or tme miervals by ANOVA,

‘T'his was in the form: of slightly declining mean
LH cuncentrations over the exposure intervals
in the men exposed to toluene, whereas [LH
concentrations decreased and then increased
slightly during and after sham exposure. There
were no signiticant effects of treatment or
exposure intervai on FSH mean coneentration,
log FSH mean concentration, pulse amplitude,
or pulse frequency in men.

Plasma testosterone concentrations
measured at the end of each of the three time
intervals did not differ by exposure or sampling
period (table 2).

Discussion

The present study was designed to test the
hypothesis that exposure to toluene ar 50 ppm
for 3 hours acutely suppresses L.H and FSH
secretion through suppression of hypothalamic
GnRH pulse frequency in men and women,
This exposure is equivalent to 38% of the
ACGIH threshold limit value TWA, 38% of the
British regulatory exposure limit, and 19% of
the United States and German regulatory
exposure limits.” Exposure to toluene at this
concentration did not result in abnormal LH or
FSH pulse amplitude, pulse frequency, or
mean concentrations in either men or women,
as defined by previous studies of spontaneous
episodic LH and FSH secretion in young
men” " and in women in either the luteal or
follicular phase.' " *» QOf interest, however,
was {a) a trend towards a significant decline in
LH pulse frequency in women in the luteal
phase during exposure to toluene (p=0.06),
and () a small, but significant, decline in LH
mean concentrations in men exposed to
toluene compared with the sham group.

The clinical relevance of the observed effects
is unclear. The mean LH concentrations in all
of the men remained within the normal ranges
for LH mean concentrations which were estab-
lished by the laboratory which performed the
assays (personal communication). Therefore,
the observed effect on mean [LH concentra-
tions may represent a subclinical effect of tolu-
ene on the pituitary or hypothalamus without
physiotogical impact on testicular testosterone
secretion. The trend towards decreased LH
pulse frequency in women during the luteal
phase exposed to toluene is also difficult to
interpret. It may be coincidental as LH pulse
amplitude and mean concentration also de-
clined during sham exposure, although not to
the same degree as during exposure to toluene.
Although the very low LH pulse frequency
found in the women exposed to toluene during
the 3 hour exposure period falls outside of the
normal range of about 0.2-0.5 pulseshour
during a 24 hour period in the mid-luteal
phase, periods of 4-5 hours in duration with no
notable LH pulses occur commuonly in women
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during this phase,™ " " For comparison 1LH
pulse frequencies of 0-0.25 pulses/hour have
been reported in women with hypothatamic
amenorrhoea or oligomenorrhoea.™ 7 Because
of the low LH pulse frequency in normal
women during the Jutea) phase, longer expo-
sures with frequent blood sampling may be
necessary 1o find whether exposure to toluene
suppresses LH pulse frequency in women dur-
ing the luteal phase.

As each peripheral LH pulse is a reflection of
a hypothalamic GnRH pulse," the absence of
an effect of exposure to toluene on LH Pulse
frequency suggests that intermittent acute
exposure to toluene at concentrations up 1o 50
ppm probably does not acutely alter GnRH
pulse frequency. Our results seem to contradict
those of two epidemiological studies which
found inverse associations between mean con-
centrations of LH, FSH, and testosterone and
personal breathing zone toluene concenira-
tions below the current threshold limit value.’ *
The peak blood toluene concentrations found
in this study atter 3 hours inhalation of 50 ppm
toluene (0.23 7.96 nmob/ml) were of the same
order of magnitude as the blood toluene
concentrations measured in those studies, sug-
gesting that lower mean exposure concentra-
tions in our study were not the cause of the dif-
ference. Several other factors may explain the
disparities. Firstly, the workers in those studies
were exposed to toluene on a daily basis for
years. Although the authors found a significant
association only with current toluene concen-
trations and not with lifetime exposure, it is
possible that a longer period of exposure 1o
toluene is required for effects on gonadotropin
secretion to occur.  Secondly, by contrast,
Morck and coworkers found cumulative life-
time exposure 1o toluene to be positively corre-
lated with concentrations ot plasma FSH, but
not with LH or testosterone.™ The discrepan-
cies among these previous studies, which used
single blood samples for gonadotropin meas-
urements, and our study may also be due to the
different sampling regimens used. Our tech-
nique is expected to provide much more
precise estimates of mean hormone concentra-
tions, as well as providing information about
pulse amplitude and frequency. Thirdly, the
wotkers in the studies of Svensson and
coworkers were subject to fluctuating toluene
concentrations, rather than constant concen-
trations as in our experiments, Although the
median I'WAs were 36 ppm’ and 47 ppm,*
concentrations as high as 111 and 142 ppm,
respectively, were found. It is possible that the
peak concentration of exposure to toluene
rather than TWA exposure is the important
factor affecting gonadotropin secretion. Fi-
nally, the subjects in our study were exposed to
toluene vapour at rest, whereas printing work-
ers are engaged in physical activity while
pertorming their work tasks. The increasing
minute ventilation which occurs with increas-
ing exertion results in greater absorbed doses of
toluene for a given exposure.” However, the
measured whole blood concentrations of tolu-
ene in the studies of Svensson er af’ * were of the
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same order of magnitude as the peak exposures
in our study.

€re are several important limitations to
our study. Firstly, it is possible that the sample
size was insufficient to detect a small effect of
wluene on LH and FSH secretion, However,
these studies had statisticat power of at least
80% to detect a 12% change in mean LH con-
centrations and a 4% change in mean FSH
concentrations in all three groups, and a 20%,
30%, and 100% change in mean LH pulse
amplitude in women in the follicular phase, the
luteal phase, and men, respectively. Changes of
these magnitudes would be unli{(ely to push
LH and FSH secretion out of the normal
ranges reported” " ** * and would thus repre-
sent subclinical effects. Secondly, the present
resuits cannot rule out the possibility that
exposures to higher concentrations of toluene
or longer expésure periods would result in sig-
nificant changes in gonadotropin secretion in
men or women. Previous studies, however,
have shown that other effects of toluene on the
CNS can be found after <3 hours exposure.
For example, controlled exposure studies in
humans have found that visual vigilance task
performance was impaired after inhaling 100
ppm for 2 hours and that reaction times were
increased after 20 minutes inhalational €xpo-
sures to 300 ppm.” ATPase activities in
primary astrocyte cultures* and in synapto-
somal membrane preparations* were inhibited
after 1 hour and 40 minutes exposure to tofu-
ene, respectively. Although no studies have
been published describing effects of acute
exposure to toluene on the catecholaminergic
neurons in the hypothalamus involved in regu-
lation of GnRH secretion, numerous studies
have shown that GnRH secretion cen be
acutely altered by the administration of various
pharmacological agents—such as the excita-
tory amino acid N-methyl-D,L-aspartate or the
opiate antagonist naloxone.* * Subacutely,
exposure to toluene increases noradrenaline
concentrations and  turnover in  the
hypothalamus.** It may be that toluene induces
such changes by mechanisms which do not
operate acutely—such as alterarions in the
transcription of genes encoding enzymes in the
noradrenaline synthetic or metabolic pathways.
It is also possible that effects on LH and FSH
secretion which have been noted by others
were not mediated by hypothalamic actions of
toluene, but rather by effects on the pituitary
which do not occur acutely—such as alteration
of gonadotropin subunit transcription or trans-
lation.

Another possible explanation for the discrep-
ancy between previously published studies of
the effect of workplace exposure to toluene on
gonadotropin concentrations and the present
study is confounding. We excluded subjects
with conditions which might affect gonadotro-
pin concentrations such as chronic illnesses,
infertility, smoking, problem drinking, and age
>45. We also used a randomised study design
to minimise confounding by other unantici-
pated factors and used ANCOVA to control for
covariates. Previous studies had controlled for
age” and alcohol use,’ but not for smoking.
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Smoking is known to result in lowered sperm
density and increased testosterone concentra-
tions, but has not been found to affect LH and
FSH concentrations.” Therefore, smoking is
not likely to have been a significant confounder
in previous studies. We also evaluated the
potential covariates age, BMI, and adipose tis-
sue fraction and found no significant effects on
variables of LH or FSH secretion. The absence
of an effect of age in our young subjects (only
one >40) is not surprising. Previous studies
have found that I.H and FSH concentrations
do not begin to increase significantly in women
or men unil ages >40.""* The relation
between adiposity and reproductive endocrine
function seems to be more complicated, with
conflicting effects of obesity on gonadotropin
secretion reported for both men" * and
women.” ™' Various criteria for abesity were
used in these studies, but the BMlIs generally
were >30. As we had no male subjects with
BMIs >30 and only three women with BMls in
this range, it is not surprising that we did not
find significant associations berween measures
of adiposity and gonadotropin secretion,

In summary, exposure of men and normaily
cycling women of reproductive age 10 50 ppm
toluene for 3 hours at rest did not result in
abnormal patterns of episodic LH or FSH
secretion. We did find a possible LLH pulse fre-
quency change in women during the huteal
phase and subtle changes in mean concentra-
tion of LH in men exposed to toluene. As
peripheral pulses of LH are preceded by
hypothatamic GnRH pulses, these results also
provide evidence that acute exposure to these
concentrations of toluene are unlikely o affect
GnRH pulse frequency in men or women in
the follicular phase. The results further suggest
that intermittent, acute exXposures 1o concen-
trations up to 50 ppm toluene, which are sepa-
rated by sufficient time for toluene to be
cleared from the body, are unlikely to result in
physiologicaily important changes in gonado-
tropin secretion. This study cannot, however,
rule out the possibility that longer durations of
exposure or exposure during periods of physi-
cal exertion to comparable concentrations of
toluene may have greater effects on gonadotro-
pin secretion. Our findings indicate the need
for further studies of reproductive funcrion in
workers exposed chronically to toluene to
establish the safety of present occupational
exposure limits,
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Mortalities of workers at the Nitro plant with
exposure to 2-mercaptobenzothialzole

James J Collins, Marcie E Strauss, Susan G Riordan

Abstract
Objectives—~An update of a study of work-
ers d to 2-mer b hiazol

(MBT) at a rubber chemicals plant in
Nitro, West Virginia is reported. The ear-
lier study found high rates of lung cancer,
prostate i

and bladd in
these workers who =also had potential
p to 4 inobiphenyl (PAB), a
potent bladder carcinogen.
Methods—This cohort mortality study
i the mortalities of 1059 full time
white male production workers employed
at the plant from 1955 to 1977. A detailed
exposure assessment was done on the 600
workers with exposure to MBT. Nine years
of additional follow up to the previous
study are added.
Results——It was found that MBT workers
have expected rates of lung (standardised
mortality ratio (SMR)=1.0 95% confi-
dence interval (95% CI) 0.7 to 1.5) and
prostate (SMR=0.9, 95% CI 0.2 to 2.3)
cancer. There was an excess of bladder
cancer among MBT workers who had
definite exposure to PAB (SMR=27.1, 95%
CI 11.7 to 53.4), and MBT workers with
potential exposure to PAB (SMR=4.3, 95%
CI 1.4 1o 10.0). However, there were no
deaths from bladd g work-
ers with no exposure to PAB (SMR=0.0,
95% CI 0.0 to 24.7), although there were
only 0.2 deaths expected.
Conclusse The cal P

rubber chemicals plants.’’ A study of MBT
workers in Ruabon, Wales reported that rates of
most cancers and other causes of death were
lower than or equal to local population rates.’
This study, however, reported increased rates of
bladder cancer, but many of these workers also
had exposure to the suspect bladder carcinogen
o-toluidine, phenyl-fi-naphthylamine, which
may contain f-naphthylamine, a bladder car-
cinogen, and MBT.’> Another study of MBT
workers at a plant in Nitwo, West Virginia
reported high rates of bladder, lung, and
prostate cancer. These high rates of cancers were
timited to MBT workers with potential exposure
to p-aminobiphenyl (PAB), a potent bladder
carcinogen.' However, the MBT workers with-
out exposure to PAB had no bladder, lung, or
prostate cancers, although few were expected.
The potential confounding from carcinogens
in both these studies has made interpretation of
the cancer findings for MBT workers difficult.
Further foliow up provides more precise risk
estimates and more information on workers
employed after the discontinuation of the con-
founding factors. ‘Therefore, we have updated
the study at the Nitro plant with 9 more years
of vital status follow up to allow us to
re-examine cancer rates among MBT workers,

Materials and methods

PLANT HISTORY

The Nitro plant started uperations in 1922,
The plant has produced or used agricultural

of exposure to an un'known portion of PAE »

in the MBT workers kes it i ibl

chemicals, paper chemicals, plasticisers, fine
chemicals, intermediates, and rubber chemi-

to evaluate risk of bladd r in this
population at this time. However, expo-
sure to MBT does not seem to increase the

risk of most s i di of

the lung and prostate.

(Occup Environ Med 1999;56:667-671)

K, 4 iazole: 4-aminobiohenyi
i N Ty

cancer; founding exp

tion

2-Mercaptobenzothiazole (CAS No 149-
30-4) (MBT) is a rubber chemicai accelerator
which improves the vulcanisation process. Vul-
canisation is a procedure that stabilises rubber
by creating crosslinks berween polymers 10
provide strength and elasticity. There is some
evidence of carcinogenic activity of MBT in
one animal species.' Rats developed dose
related tumours of the adrenal gland but there
is no carcinogenic activity in mice.'

Two epidemiology studies reported on the
cancer rates of workers with exposure to MBT at

cals, including MBT and PAB. This plant has
been the subject of several epidemiology
studies.' " The production of MBT began at
the Nitro plant in 1934 and continues to the
present day. 2-Mercaptobenzothialzole is made
by combining aniline, sulphur, and carbon
disulphide. The production process has
changed little aithough engineering changes
have reduced exposure. The MBT from this
process has been sold as a product, and
converted to a sodium salt which has been used
in other products made at the planj.

4-Aminobiphenyl was shipped 10 the Nitro
plant from 1935 to 1955 and was used to make
rubber antioxidants. ‘The manufacturing proc-
ess involved reacting PAB with acetone in the
presence of a catalyst. High rates of bladder
cancer at this plant have been attributed
exposure to PAB.** "

STUDY GROUP
We used the same study group presented in the
study of Strauss er ul.' The study population
was assembled from plant payroll, work



\ = PAB use at the plant -—=]

Mean exposure to MBT (mg/m’)
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Linarted urerage cxposure o MBT for sworkers exposed 10 MBT by vear with the years of
PABanuacture highlighted

history, and social security tax records. The
study population includes the 1059 full time,
white male production workers who were paid
an hourly rate for =1 day at the Nitro plant
between 1955 and 1977. Workers who left
employment before 1955 were not included in

this study because much of the work history
information was missing. Salaried workers
were excluded because of limited exposure.
Thirty one women and 32 non-white men were
excluded because of small numbers.

METHODS OF ASSESSING EXPOSURE
2-Mercaptobenzothialzole is not very volatile
so most of the exposure would be from dusts.
Dermal exposure was not considered an
important route of exposure due to the nature
of the marterial and historical use of boots,
gloves, and aprons to protect the skin. We esti-
mated exposure to MBT using the method of
Strauss er al.' The MBT workers® estimated
average exposure for the years 1934-77 is
shown in the figure. The highest estimated
exposures vccurred between the period of
1943-54 when the average exposures generaily
exceeded 2 mg/m’. The average estimated
exposures for workers in this study were low
during the firsc few years of production and
after 1970.

The potential for exposure to PAB during
the 20 years of manufacturing was limited 1o
several areas where control analysis samples
were taken, where distillation residues were
removed, and where leaks occurred. Repairs to
equipment and accidental leaks rather than
normal operating conditions resutted in the
greatest exposures.” Most workers had some
jobs with plantwide responsibilities and there-
fore had the potential to be involved in the
clean up of spills. As we had no way of
determining which workers were involved in
the clean ups of PAB, estimates of exposure to
PAB were impossible. We used two definitions
for exposure to PAB as workers could be

exposed cither in the processes which used
PAB or clean ups of accid | releases. A
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mean exposures of the MBT workers between
1935 and 1955 (figure).

VITAL STATUS FOLLOW UP

We obtained vital status of workers from the
beginning of 1955 to the end of 1996 from
company payroll and pension files, Social
Security Administration, the National Death
Index, Motor Vehicle Bureau of West Virginia,
and credit bureau records. Further details of
how the data for these workers were assembled
was presented previously.’

At the end of the foliow up period, 639
workers (62%) were verified as living, 393
(37%) were confirmed dead, and seven (1%)
were lost to follow up. We obtained 99% of
death certificates (388 of 393). Two nosologists
coded underlying cause of death according to
the rules of the eighth revision of the
international classification of diseases (ICD-8).
The nosologists resolved discrepancies in cod-
ing through discussion. Also, the National
Death Index provided underlying cause of
death for six decedents on whom we had not
obtained the death certificate.

ANALYTICAL METHODS

Person-time for study subjects was accumu-
lated across 5 year age and calendar year
specific intervals. Accumulation of person-time
began at the hire date or 1 January 1955,
whichever was the latest. Accumulation of
person-time ended at the end of the study (31
December 1996), the last day worked if lost to
follow up, or the date of death, whichever was
the earliest. We calculated standardised mor-
tality ratios (SMRs) t0 compare mortalities
with the white male population of the four
counties of West Virginia (Caball, Kanawha,
Lincoin, and Putnam) within a 20 mile radius
of the plant." We used Fisher’s exact method
for calculation of 95% confidence intervais
(95% Cls).” We followed guidelines for study
conduct given by the Chemical Manufacturer’s
Association,"

We used cumulative exposure to MBT 1o
evaluate the exposure-response for lung can-
cer, prostate cancer, and bladder cancer.
Cumulative years of exposure are the sum of
daily exposures divided by 356 days. Estimated
exposures were cumulated before 1955 for
workers who were active in 1955. The four cat-
egories of cumulative exposure were none,
0.01-1.9 mg/m’-years, 2-7.9 mg/m’-years, and
8-129 mg/m’-years, Person-years for workers
not exposed to MBT and those who worked
before exposure to MBT began are included in
the none category. These exposure categories
are the same as those of the earlier study and
were developed by dividing the person-years
into three equal cumulative exposure
categories.” A linear trend test was used to

I exposure-response.'* Rates were also

worker was considered 1o have potential expo-
sure to PAB if he either had a job in a depart-
ment where exposure to PAB was possible, or
was employed between 1935 and 1955, the
years when PAB was used in the plant. Use of
PAB at the plant coincided with the highest

evaluated by time since first exposure (<20
years and 220 years).

The SMRs are presented for the total plant
population and those workers exposed to
MBT. The group of workers exposed to MBT
is also stratified by workers with and without a

Mortalities of workers with exposure to 2-mercaptobenzothialzole
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Table 1 Standardised monality ratios (SMRs, (95% CI3)), observed (obs) and expecied (exp) deaths for selected causes af death for original study of
1059 whtite hourly Nitro plant workers and update period

Cause of death (ICD-8)

Strauss et al' 1955-87 SMR
(95% CI) fobslexp)

Data added by updase 198896
SMR (95% CD) fobs:exp]

Fosal 1955-96 SMR (95% Ch
fobsleap)

All causes (0-999)
All cancer (140-209)

Buccal cavity and pharyngeal (140-149)

Ocsophageal (150)
Stomach (151)

Colon (153)

Rectal (153)

Liver (155-156)
Pancreatic (157)
Lung {162)

Prostate (185)
Kidney (189 0-189 2)
Bladder (188,189.9)

Central nervous system (191-192)

Leukaemia (204-207)
All other cancers
All heurt disease

(390-398,400.1,40.9,402,404,410-414,420-429)
Ischaemic heart disease (410-414)

Nun-malignant respiratory disease (400-519)

External causes (800-999)
All other causes

Person years

Missing death certificates

L

0.9 (0.8 10 1.0) [272/313.6)
1.2(0.9 to 1.5) [78/66.4]
0.6 (0910 3.5) 11/1.6)
0.0(0.0t02.4) [0/1.6]
0.5 (0.0 w 2.5) [1/2.3}
0.6 (V.1 10 1.8) {3:4.8]
0.7 (0.0t 4.0) (171.4]
1.0(0.0105.4) [11.0}
0.3(0.0 10 1.8) {1/3.0]
1.2 (0.8 1.7y 132/26.3]
18(0.7t0 3.7) [7739)
0.0 (0.0 102.3) [041.6)
8.0(4.2t013.6) [13/1.6}
0.6 (0.0t0 3.5) |1'1 6]
0.9(0.1 10 3.1) (22.4]
11(06101.9)(15/13.4

LO(0.8 10 1.2) (127/129.3)
1.1 (0.9 10 1.3) [116/108.8]
0.6 (0.3 10 1.0) [13/22.1]
0.7 (8510 1.1) 12230.5)
0.5 (0.3 0 0.6) [32/65.3]
23943

1

1.0 (0.9 to 1.3} {121/115.8]
0.7 (0.5 to 1.0) [26/37.3)
D0 (D.0103.4) 1007}
0.0 (0.0 to 3.8) {0r1.0)
1.4 (00w 7.7) {10.7]
0.7 (0. 10 2.7) [22.7)
0.0 (0.0 10 5.5) [00.7]
0.9 (0.0t104.9) [L1.1]
0.0 (0.0 10 2.5) [0:1.5}
0.6 (0.3101.2) [9114.9)
.3 (0.0t0 1.5)1/3.7)
1.2 (0.0t 6.6) |1:0.8)
3.3(0.710 9.7 [30.9)
0.0 (0.0 t0 4.9) [0:0.8]
1.3(0.210 4.8) [21.5]
100410 2.1) [6:6.3]

108w 1.4) (4441 5)
9 (1310 2.8) {30/15.6]
4(0.8102.2) [17/12.5)
5 (0.4 10 3.8) [42.7)

4 (0.9 10 2.0) {30/21.8]
4

1.
1.
In
3.
1.
6404
4

0.9 (0.8 10 1.0) (393429 4)
L0(08101.2) [104103 7}
Q300w 2.5 (1/2.25]
0.0(0.0101.5) [0:2.5)
0.7(0.1 10 2.4) [23 0}

0.7 (0.2 101.6) {575}
0500w 2 T){12]
090110 3.3) [2:2.2]

0.2 (0.0 1.2) {145}

LO (70 1.3) 4441 2|
11105102 1) |87 6)

0.4 (10 10 2.3) | 1:2.5)
6.3(3.6w103) (1625
0.4(0 00 2.4) (12,3

10(0.31032.0) {439
L0616} [2119.7)

1O (091w 1.2) NT7L170.8)
L2101 14) [146:124.4)
0.9 (0.6 10 1.2} {30:34.6]
03 (051w 2.1) [20,33.2]
(17(051009) lo2:87.1}
303

5

potential exposure to PAB to find the modify-
ing effect of exposure to PAB .

Results

Table | shows the SMRs for ail workers for the
original study of Strauss et al,” the SMRs for
the 9 year update, and the results for both
groups combined. The original study had
23 943 person-years of observation versus
6404 in the update. There were 272 deaths
reported in the original study versus 313.6
expected deaths (SMR=0.9, 95% CI 0.9 to
1.3). The observed numbers of deaths from
Iung cancer (SMR=1.2, 95% CI 0.8 to 1.7),
prostate cancer (SMR=1.8, 95% CI 0.7 o
3.7), bladder cancer (SMR=8.0,95% CI 4.2 to
13.6), and ischaemic heart disease (SMR=1.1,
95% CI 0.9 to 1.3) were greater than expected.
The 1988-96 update added 121 additional
deaths versus 1158 expected deaths
(SMR=1.0, 95% CI 0.9 to 1.3). The observed
causes of death for the update period were at
expected levels for most causes with the excep-
tion of bladder cancer (SMR=3.3,95% C1 0.7
o 9.7), ischaemic heart disease (SMR=1.9,
95% CI 1.3 to 2.8), and non-malignant
respiratory disease (SMR=1.4, 95% CI 0.8 to
2.2

In the final column of wble 1, we combine
the follow up from the study of Strauss er a/
with the follow up from the update of
1988-96.” For the entire follow up period, the
SMR for all causes of death was 0.9 (95% CI

0.8 to 1.0). Although the number of all cancers
in the original study was greater than expected
{SMR=1.2,95% CI 0.9 10 1.5), the number of
cancers in the combined follow up was at
expected levels (SMR=1.0,95% CI0.8t0 1.2).
For the entire follow up period, lung cancer
(SMR=1.0, 95% CI 0.7 w 1.3), prostate
cancer (SMR=1.1,95% CI1 0.5 to 2.1), and the
other cancer sites examined were at expected
levels. Among the cancers, only rates of bladder
cancer were greater than expected for the entire
follow up period (SMR=6.3, 95% CI 3.6 o
10.3). Also, the SMR for ischaemic heart
disease for the entire follow up period was 1.2
(95% CI 1.0 to 1.4). The remaining rables
present resubts from the combined follow up
periods only.

Table 2 shows the SMRs for the workers
exposed 0 MBT and stratified by potential
exposure to PAB. The SMR for total cancer
among MBT workers was similar to the entire
study group and to the population living near
the plant (SMR=1.0,95% CI 0.8 10 1.3). Rates
for lung cancer (SMR=1.0,95% CI 0.7 to 1.5)
and prostate cancer (SMR=0.9,95% C1 0.2 1o
2.3) were also at expected levels, The SMR for
bladder cancer (SMR=8.9, 95% CI 4.7 o
15.2) was greater than expected when com-
pared with the external reference group. The
number of total cancers was greater than
expected (SMR=2.0, 95% CI 1.3 to 3.0) for
MBT workers with one or more job with expo-
sure to PAB during their career. The numbers

Table 2 Standardised moreality ratios (SMRs, (95% Cls)), observed (obs) and expected (exp) deaths for workers exposed to MBT and stratified by the

potential exposure 1o PA.

Cause of death

MBT workers with jobs with

MBT workers without jobs with MBI workers with no exposure 1o

Al MBT workers SMR
(PSHCT) fobsiexpf

exposure 1o PAB SMR (95%C1)
fobstesp]

exposure 1o PAB* SMR
(95%CY fobsiexp]

PAB (employed afier 1955)
SMR (95501} fobsexpf

All cancers

Workers
Person-years
Missing death certificates

1.0 (0.8 10 1.3) [63/63.9)
1.0 (0.7 to 1.5) [27/26.1)
0.9 (0.2 10 2.3) [4/4.4)

B (4.7 10 15.2) 13/L5)

600
17344
2

2.0 (13w 3.0) (23/11.3)
24(1.2w4.3) [11/4.6]
0.0 (0,0 1o 4.4) 00,8}

271 (1.7 w0 53.4) (8203
9

8
2405
1

0.8 (0.5101.0) [40/52.3)
07 (0.4 10 1.2) [16:21.5)
1.1 (0.310 2.9) [4/3.0)
43 (1410 10.0) (312}
511

14940

1

0.340.1 10 0.9) 397}
0.6 (0.1 10 1.9) |2/3.6)
0.0 (0.0 10 11.9) [0:0 3)
Q.0 (0.0 t0 24.70 {0:0.2}
270

7405

0

*Includes workers who held plantwide jobs with potential exposure to PAB.
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ladle 3 Standardised moriatity ratios (SMRs, (95% CIs)), vbserved (obs) and expecied (exp) deaths for 511 workers without occupational exposure to

PAB by cumudative exposure 10 MBT and test for linear trend

Cumulutive exposire 1o MBT (mgim'.y) among workers without occupational exposure 1o PAB*

Noexposure SMR (954 (f) ([l»gl 1.9 SMR (95% C1) 2.0 7.9 SMR (95" ) 8.0 129.0 SMR (95% CI)  p Value linear

Cause of cuncer dvath ubsicxp] fobstexp] fobsiexp] {obsiexp] trend test
Lung cancer 081031015 (10712.6] 081210 2.1) [4/4.9) 0.9 (0.3 10 2.0) [6/0.4] 0.6(0.210 1.3) [6/10.1] 047
Prostate 1.6 (114 o 4.0) 42,6} 1.3 (0.0 10 7.2) [1/0.8} 12 (0.0 10 6.5) [1/0.9] 1.0(0.110 3.7y (2/1.9) 0.71
Bladder 1.2(0.0 w 6.5) [1:0.9] 0001w 138)1003] 35116195 [H03] 6518w 160.6) (40.6]  0.04
Warkers 726 366 25 171

Person-ycan 12t 4556 5009 5284

Mussing death ceriificates i 0 ¢ i

*ncdudes warkers who held plane wide jobs witht potential exposure 10 PAR,

of lung cancers (SMR=2.4,95% CI 1.2 10 4.3)
and bladder cancers (SMR=27.1,95% CI 11.7
1 531 for this group of workers were greater
than expected. 'The MBT workers without a
job with definite exposure to PAB during their
careers had an observed rtotal cancer rate
(SMR=0.8, 95% CI 0.5 to 1.0) which was
lower than expected mostly as a result of fewer
than expected deaths from lung cancer
(SMR=0.7, 95% CI 0.4 to 1.2). Observed
deaths from bladder cancer (SMR=4.3, 95%
CI 1.4 to 10.0), however, were greater than
expected in this group based on five deaths.
Workers with no potential exposure 10 PAB, or
those workers hired after 1955, have a lower
observed than expected risk of twotal cancer
(SMR=0.3, 95% CI 0.1 10 0.9) and there were
no deaths trom bladder cancer (0.2 expected).

lable 3 presents the SMRs for lung,
prostate, und bladder cancer by cumulative
exposure for 511 MBT workers without a job
with known exposure to PAB but who may
bave held plant wide jobs with potential expo-
st e PAR D The SMR for g cancer and
PUunbae cain v vanied atound 10 tor all expo-
sure groupugs and there was no twrend with
cumulative exposure. The SMRs for bladder
cancer were at expected levels in the unexposed
category (SMR=1.2, 95% CI 0.0 t0 6.5), no
deaths occurred in the low exposure category
(SMR=0.0, 95% CI 0.0 to 13.8), one death
occurred in the medium category (SMR=35,
95% CL 0.1 to 19.5), and four deaths occurred
in the high exposure category (SMR=6.5,95%
Cl1.8t0 16.6). The p value for the linear trend
test indicated that the increase in SMR with
cumulative exposure was unlikely to be due to
chance. All five deaths from bladder cancer in
workers without a job with definite exposure to
PAB occurred 220 years after first exposure to
MBT (SMR=4.8, 95% CI 1.5 10 11.1). How-
cver, there was only 0.1 death expected from
bladder cancer in the category of <20 years
from first exposure to MBT.

Discussion

The original study on this group of MBT
workers by Strauss et a found most cancers at
expected levels. However, high rates of bladder,
lung, and prostate cancer among MBT workers
with potential exposure 1o PAB were reported.
We have added 9 years of data, 6404
person-years of observation, and 121 addi-
tional deaths to the study of Strauss er al. Dug-
ing the update period, low cancer rates were
observed relative to both the original study and
the external comparison group. The high rates

of lung and prostate cancer reported in the
earlier study among MBT workers are now at
expected levels with the addition of these new
data. ‘The risk of lung and prostate cancer do
not seem to be related to exposure to MBT as
there was no trend with cumulative exposure.
Further, the recently updated Ruabon study
found no increase in tung or prostate cancer
among MBT workers.” Risks of lung and
prostate cancer do not seem to be related to
exposure to MBT.

We observed high rates of bladder cancer
among the 600 MBT workers. Many of these
MBT workers had potential exposure 1o PAB,
a potent bladder carcinogen. The manufactur-
ing processes for MBT and PAB overlapped for
20 years, 1935-55. The highest mean exposure
to MBT occurred during the period 1935-55
when PAB was used in the plant. In total 330
MBT workers either worked in the PAB
department, or worked in the plant when PAB
was used. Many of the group who worked in
the plant when PAB was used had jobs with
platwande responsibilities. The association of
exposure to MB'T and bladder cancer has to be
interpreted in the context of potential con-
founding with PAB.

Of the 13 deaths from bladder cancer which
occurred among MBT workers, eight occurred
among the 89 workers who held a job in the
PAB department producing an SMR of 27.1
(95%CI 11.7 10 53.4). The five remaining
deaths from bladder cancer occurred among
the 511 MBT workers who did not have jobs
listed in the PAB department on their work
history. This group of workers also had
increased rates of bladder cancer (SMR=4.3,
95% CI 1.4 to 10.0). If 65 of the 511 MBT
workers employed when PAB was used at the
plant had exposure to PAB, an SMR of 4.3
would be observed given a relative risk of 27.1
among PAB workers. The five workers who
died of bladder cancer held jobs with plantwide
responsibilities for 1 month, 5 months, 8
months, 20 months, and 10 years. These five
workers had job titles of maintenance worker,
yard labourer, or general production worker
and thus may have had exposure to PAB. How-
ever, we have no definitive information that
these workers were ever exposed to PAB.
Although we found an association with increas-
ing exposure to MBT and increasing risk of
bladder cancer, the number of deaths in each
exposure category was small, and at ieast some
confounding with exposure to PAB seems
likely given that the highest mean exposures to
MBT occurred when PAB manufacturing was

Moralities of workers with exposure 10 2-mercaptobenzothialzole

taking place and each worker held a job where
exposure to PAB was possible. We found no
deaths from bladder cancer among MBT
workers who were employed after PAB use at
the plant was discontinued, although only 0.2
bladder cancers were expected in this group.

We also eval d the p ial of confound-
ing from cigarette smoking. We used the
indirect method of Axeison as data on smoking
was not available from the workers at the
plant.'* We d that cig king
would be associated with a threefold increase in
the risk of bladder cancer, and that the
percentage of smokers was twice as great (60%
v 30%) in the workers exposed to MBT as the
comparison population. In this situation, ciga-
rette smoking would explain only a 38%
increase in the SMR for this study population.
Confounding with cigarette smoking could not
be solely responsible for the observed increase
in risk of bladder cancer.

In the study of the MBT workers in Ruabon,
Wales by Sorahan er al,"” there were seven
deaths from bladder cancer (SMR=4.1, 95%
CI 1.7 to 8.5). Four of the deaths occurred in
the lowest category of exposure to MBT (rela-
tive risk (RR)=3.5,95% CI 1.1 to 10.6), two in
the medium exposure category (RR=2.6, 95%
CI 0.6 to 11.3), and one in the highest
exposure category (RR=2.5, 95% CI 0.3 o0
19.4). As in our swdy, the authors were
concerned about the confounding with expo-
sure  to  phenyl-B-naphthylamine  and
o-toluidine which may increase the risk of
bladder cancer.

In our examination of bladder cancer, we
used underlying cause of death to estimate the
risk. We assumed that the relative risk of death
was equal to the relative risk of incidence in
exposed workers. Sorahan et al"* used incidence
and mortality data to provide more precise
estimates of risk. Collection of bladder cancer
incidence data in our study, however, was not
feasible.

An important limitation in the studies of
both Nitro and Ruabon is the inability to
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Rates of bladder cancer are greater than
expected among MBT workers, but an un-
known portion of these workers had exposure
to PAB. The potential confounding exposure to
PAB, a potent bladder carcinogen, in an
unknown portion of the MBT workers makes it
impossible to evaluate risk of bladder cancer in
this population. Although the lack of bladder
cancers among workers hired after PAB manu-
facture ended would argue against a relation
with exposure to MBI, the number of expected
deaths in this group of workers is too smail to
be conclusive. However, expusure 10 MBT
does not seem to increase the risk of most can-
cers including cancers of the lung and prostate.

This work was sponsured by Sofutia, 10306 Olive Houlevard, $1
Louis, Missouri 63106, USA.
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Cancer incidence in a cohort of Swedish sewage
workers: extended follow up

Lennart Friis, Zoli Mikoczy, Lars Hagmar, Christer Edling

Abstract
Objectives—To study the cancer incidence
in a cohort of Swedish sewsge workers. An
increased incidence of cancer of the stom-
ach, the kidney and the nervous system in
this cohort was previously reported. This
new analysis reports on 9 more years of
follow up.
Methods—The study is an analysis of a
cohort of all 711 employees at 17 Swedish
sewage plants employed for at least for 1
year during the years 1965-86. Assessment
of exposures was performed by classifi-
cation of work tasks. Standardised inci-
dence ratios (SIRs), and 95% confidence
intervals (95% ClIs) were calculated.
Results—The total incid was
not significantly increased (SIR=1.2, 95%
CI 0.92 t0 1.5) but the incidence of
prostate cancer was (SIR=1.6, 95% CI 1.0
to 2.5), and based on two cases only, there
d to be a signifi increase of can-
cer of the nose and the nasal sinuses
(SIR=12, 95% CI 1.5 to 44). The incidence
of stomach cancer was also increased
(SIR=2.3, 95% CI 0.99 to 4.5). There was
no relation b, PRerY and
level of sewage exposure.
Conclusions—Sewage workers did not
have an increased risk of cancer, and the
increased risk estimates for some specific
cancer sites were not conclusive.
(Occup Environ Med 1999;56:672-673)
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ge workers are exposed to a wide variety of
materials including r ic and carci nic
substances.'’ There are several reports on work-
ers exposed to sewage that indicate an increased
risk of cancer at various sites: larynx*; liver*;
stomach® *; urinary organs® *; and Iymphopoietic
system.’ In 1993 we reported the results from a
retrospective analysis of a cohort of Swedish
sewage workers." The incidence of all cancers
did not differ from that of the general popula-
tion, but there were numerical increases in can-
cer of the stomach, the kidney, and the nervous
system. This present report accounts for an
additional 9 years of follow up and a roughly
doubled number of tumours in the cohort,

Subjects and methods

The cohort was formed of all sewage workers
who had worked for 21 year during the period
1965-86 at the municipal sewage plants in 17
small and medium sized cities in central and
southern Sweden. Seven hundred and twelve
workers (657 men and 5% women) were identi-
fied from employment records. The median
age at the start of observation was 36 years

(range 16-64), and the median duration of
employment at the start of observation was. 11
years (range 1-49). Vieal starus was determined
on 31 December 1995, Ope person with a
missing national identification number was
excluded, one person had emigrated, 130 had
died, and 580 were still alive.

For each worker the duration of employment
and main work tasks were noted. Also employ-
ment before 1965 was noted and accounted for
in the analyses with an induction latency period.
On the basis of a qualitative exposure classifi-
cation of the work tasks, four exposure classes
were identified in order of increasing exposure:
laboratory work, work in the sewage processing
plant, studge pipe flushing or exhaustion, and
work at sewage pump stations. Subjects with
employment periods with different exposure lev-
els were allocated to their highest exposure clags.

Information on tumours diagnosed from
1965 t0 1994 and coded according to the
seventh revision of the internationai classifi-
cation of diseases (ICD-7), was obtained from
the Swedish Cancer Register. Expected inci-
dences of cancer for the period 1965-94 were
calculated with national incidences specific for
calendar year, site, sex, and 5 year age groups.
The date of death, a second tumour diagnosis,
or cmigration were used as individual end
points, whichever occurred first,

Cause specific standardised incidence ratios
(SIRs) were calculated in separate analyses for
0, 10, and 20 years induction fatency periods
from the start of exposure until the start of
contribution to the person-years under risk.
The corresponding 95% confidence intervals
(95% CIs) were calculated according to the
Poisson distribution, or to the normal distribu-
tion when the expected values were >15. The
term “significant” is taken to indicate that the
95% CI of the risk estimate does not include 1.

Results

There were only three cancers among the
women sewage workers, one each for mouth,
breast, and thyroid. The site and sex specific risk
estimates for the men are shown in the table.
The total number of cancers did not differ from
expected (SIR 1.2, 95% CI 0.92 10 1.5) but the
incidence of prostate cancer was significantly
higher than expected; 21 versus 13 expected
(SIR 1.6, 95% CI 1.0 10 2.5). Based on two
cases only, there seemed to be a significant
increase in cancer of the nose and the nasal
sinuses (SIR 12, 95% CI 1.5 to 44). The
increased incidence of stomach cancer almost
reached conventional levels of signi (SIR
2.3, 95% CI 0.99 to 4.5) but the incidence of
cancer of the kidney and the nervous system, the
two other sites discussed in our previous report,
were not significantly increased.

Cancer incidence in a cohort of Swedish sewage workers

Stte specific cancer incidence (ICD-7) of male Suedish sewage workers 1965-94

673

No induction-latency 13 452
person-years

10 years induction-latency 7 756

20 years induction-lateny 2 907

person-years person-vears
o E SiR 95% Ct (%} y SIR 95% CI (o] E SIR 95% C1
All sites (140- 209) 77 66 12 092w1is5 o5 55 1.2 09lwls 43 32 13 0918
Lip (140) 1 059 17 0041094 i 047 23 0.05 1012 1 026 3.9  0i0w22
Mouwh (141, 143, 144) 1 0.66 15 0.04 wA 4 1 053 19 0.05w 10 0.28 o Qw13
Salivary glands (142) I 0.19 53 0.1310 29 1 014 7.0 0.18 10 39 1 007 14 03410 76
Pharynx (145-148) ! 0.56 18 0.05 10 10 1 045 2.2 0.06 10 12 1 0.23 4.4 0.1t w24
Oesophagus (150) 2 086 23 0281084 i 074 1.4 0.03w7.0 1 042 24 006113
Stomach (151) 8 35 23 0991045 © 2.9 2.1 0771046 2 1.7 1.2 0151043
Colon (153) 2 4.6 043 005w 16 2 3.9 .51 00610 1.8 2 24 085 01061031
Rectum and anus (154) 4 32 1.3 0.34103.2 4 2.7 1.5 04l 1038 3 e 1.9 0.40 w0 5.6
Puncreas (157) 4 21 19 051048 3 1.8 1.7 0.35 5.0 2 .99 2.0 0.25107.3
Nose and sinuses (160) 2 017 12 1500 44 i 013 7.7 019w 43 1 007 14 0351w 78
Tracheu, bronchi, and lungs (162.0-1) 7 71 099 040120 3 5.9 Lo 0370022 4 33 1.2 0.33¢0 3.1
Prostate (177) 21 13 Le 1.0t0 2.5 1 12 LS 089124 15 8.0 1.9 1.0 3.1
Renal parenchyma (180.0) 3 2.4 1.2 0.26 10 3.7 2 1.9 i 01338 1 lo 10 003150
Urinary organs (exciuding kidney, 181) 3 48 063 0431018 3 4.1 0.74 0151022 ) 24 042 0011023
Malignant melanoma (190) 3 24 13 0.2610 3.7 2 18 11 013 w40 088 0 0w 42
Skin (excluding mefanoma, (91} 2 25 079 03101028 2 23 088 O0llw32 1 1.5 0.66 0021037
Nervous system (193) 4 23 1.8 04810 4.5 3 16 1.8 037105.3 2 078 2.6 0.3} t09.3
Endocrine glands (195) 1 -~ 892 L1 0.03 10 6.1 1 068 1.5 0041082 032 0 Oto 12
Multiple mycioma (203) 2 10 2.0 0241571 2 0.85 24 0281085 2 049 4.1 049015
Polycythemia vera (208) 1 0.23 4.4 Qw25 t 018 57 014w 32 1 0.09 )t 0.28 10 61

O=ubserved number of cancers; E=expected number of cancers.

There was no significant increase in the
incidence of all cancers combined when

Among the specific cancers discussed in our
previous report, stomach cancer might still war-

accounting for 0, 10, and 20 years induction
latency periods, respectively, counted from the
beginning of the first exposure period. The
risk of prostate cancer increased slightly when
the 20 years induction latency was accounted
for (SIR 1.9, 95% CI 1.0 to 3.1). The risk
estimates for all cancers were not related to
exposure in any consistent fashion and the
numbers of site specific diagnoses were gener-
ally w0 small for meaningful analyses of
€xposure-response relations.

Discussion
Our finding of no increased risk for total cancer
among the sewage workers was consistent with
other studies.'* Compared with our previous
report, the increased incidence of some specific
cancers was reduced whereas the increase of
prostate cancer was a new observation.
Prevailing geographical differences in cancer
incidence and the use of national rates as the
reference may cause misinterpretation of the

rant some interest because of the remaining
numerical increase of incidence and similar
results reported by other research groups.**
However, these reports have been inconclusive
and there is no report about exposure Lo any spe-
cific gastric carcinogen among sewage workers,
Despite some reports of carcinogenic and
ic exp s among ge workers,' *
there is no convincing evidence of significant
carcinogenic exposutes in sewage work in
general. We found no consistent trend berween
cancer risk and exposure level, and the highest
numerical risk was in fact among those with the
lowest exposure. The observations of increased
cancer incidences in this study are most likely to
be due to chance, ar teast they do not indicate
any large risk. Our final conclusion was that the
Swedish sewage workers studied were not at
increased risk for cancer due to their work.
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Mutagenic activity in organic wastewarer concentrates.
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results of this study. Our cohory was coll d
from small municipalites in Sweden not includ-
ing the three largest cities. These three cities dif-
fer from the rest of the country in some specific
morbidities. If a disease being studied is system-
atically more incident in the largest cities, the
real risk for the cohort could be underestimated
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The incidence of lung cancer is sub iall
higher in the largest cities of Sweden whereas the
differences for the other cancers of interest in
this study are less pronounced,

The aetiology of prostate cancer is unknown
and increased risk of prostate cancer has not
been reported previously in sewage workers.
Occupational exp to cadmi has been
discussed as a potential prostatic carcinogen, but
the results from different studies have been
inconsistent.”" Municipal sewage sludge may
contain cadmi but the of sewage
workers is certain to be much lower than the
exposures at which an increased incidence of
prostate cancer has been reported.
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Correlation between urinary 2-methoxy acetic
acid and exposure of 2-methoxy ethanol

Tung-Sheng Shih, Sacu-Hsing Liou, Cheng-Yao Chen, Jui-Shu Chou

Abstract

Objectrs To ine the correlati

between airborne 2-methoxy ethanol

(ME) exposures and the urinary

2-methoxy acetic acid (MAA) and to
d a biological exp ¢ index

(BEJ) for ME.
Methods—8 Hour time weighted average
(TWA) personal breathing zone samples
and urine samples before and after the
shift were H d from Mond to
Saturday for 27 workers exposed to ME
and on Friday for 30 control workers.
Results—No correlation was found be-
tween airborne exposure to ME and
urinary MAA for nine special operation
workers due to the use of personal protec-
tive equipment. For 18 regular operation
workers, a significant correlation (r=0.702,
Pp=0.001) was found between urinary MAA
(mglg creatinine) on Friday at the end of
the shift and the weekly mean exposures of
ME in a 5 day working week. The proposed
BEI, which corresponds to exposure for 5
days and 8 hours a day to § ppm, extrapo-
lated from the regression equation is 40
mg MAAJg creatinine. A significant corre-
lation was also found between the weekly
increase of urinary MAA (Friday after the
shift minus Monday before the shift) and
the kly mean P es of ME
(r=0,741). The recommended value of the
weekly increase of urinary MAA for § days
repeated exposures of S ppm ME is 20
mg/g creatinine. No urinary MAA was
detected in workers in the non-exposed
control group.

Conclusi The Friday urinary MAA
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after the shift or the weekly increase of
urinary MAA is a specific and a good
biomarker of weekly exposure to ME.
(Occup Environ Med 1999;56:074 678)

h h

v ethanol;

Keywords: 2 acetic acid; 2

bivlogical monitoring

The solvent 2-methoxy ethanol (ME) is a
widely used solvent in industries— such as the
production of 2-methoxy acetate, plasticiser of
35 mm film, insulation for high voltage wires,
high flash coatings, component of the photore-
sistant material used in photolithography of
semiconductor circuit’ designs—in addition to
being used in coating or lamination resins of
circuit boards. Substantial quantities are used
as de-icing additives in military jet fuel.! * The
annual consumption of ME is over 3000
tonnes in Taiwan. With the rapid growth of the
semiconductor manufacturing industry in

Asia, the quantitative exposure assessment ,of
ME becomes increasingly important.

Animal and human studies have shown that
ME can cause adverse reproductive, develop-
mental, and haematological effects through
inhalation, dermal absorption, and ingestion.*’
Metabolic studies showed that ME is metabo-
lised to 2-methoxy acetic acid (MAA) through
alcohol  dehydr and Idehyde
dehydrogenase.”* In  humans, the total
amount of MAA excreted in the urine accounts
for about 85.5% of the inhaled ME." In vitro
studies showed that ME itself evokes no toxic
responses either in Sertoli cell culture® or in rat
whole embryo culture, whereas MAA does.” In
vivo studies showed that equivalent doses of
ME and its corresponding major metabolite,
MAA, are equally effective in causing adverse
effects.” "' MAA, therefore, was suggested as
the proximate toxicant of ME exposure. ' '* 14

The United States National Institute for
Occupational Safety and Health (NIOSH)
suggests that urinary MAA is a specific and
good biomarker of exposure to ME.' Unuil
now, however, urinary MAA has not been
detected in humans except for two human sub-
ject studies in the laboratory." ' The American
Conference for Governmental Industrial Hygi-
enists (ACGIH) biological exposure indices
(BEIs) commmittee, has put ME in the adopted
list of determinants of biological exposure and
has tried for several years to recommend a BEI
value for ME based on the committee’s review
of publications; however, a specific BEI could
not be decided due to insufficient human
data.””

‘The main purposes of this paper are to
examine the correlation between the airborne
exposures o ME and the internal duses
(urinary MAA) and to recommend a BEI for
ME.

Materials and methods

MANUFACTURING PROCESS

Two types of operations are basically per-
formed in this study in a manufacturing plant
of semiconductor copper laminate circuit
boards. The regular operations include un-
winding, splicing, accumulation, dipping, oven
heating, edge trimming, rewinding, and sheet-
ing operations. Workers were exposed to ME
mainly in dipping and oven heating operations.
The special operations include raw material
mixing, charging, machine cleaning, and main-
tenance work.

SUBJECTS
A total of 27 workers, 18 in regular operations
and nine in special operations, participated in
this study. In special operations, two workers

Urinary 2-methaxy acetic acid and exposure of 2-methoxy ethanol

handied the raw material mixing, charging, and
discharging, and seven workers were in charge
of the cleaning and maintenance of the coating
machine. Twenty workers in the administrative
department and 10 workers in the heat press
operations of the same plant were chosen as the
control groups. All workers were in fixed work
shifts and were asked not to have alcohol,
medication, and other exposures of organic
solvents (such as painting at home) during this
study. Informed consent was given by all work-
ers who participated in this study.

CHEMICALS USED IN THE MANUFACTURING
PROCESS

The main raw materials used in this plant
include epoxy and phenolic resins, hardener
(dicyanamide), catalyst (2-methylimidazole),
antimony oxige (Sb,0,), aluminum oxide,
sitica dioxidé, ME, titani oxide,
and pigments. Acetone and ME are the only
wo volatile chemicals used in the workplace.
The coating glue contains 70% of ME, and
30% of-acetone. 'I'he qualitative confirmation
of ME in raw materials were reconfirmed by
gas  chromatography-mass  spectrometry
(GC-MS G1,800A, GCD, Hewlert Packard,
Palo Ao, CA, USA).

ENGINEERING CONTROL AND PERSONAL
PROTECTIVE EQUIPMENT
All coating machinery was installed in enclosed
rooms with aluminum sliding doors. Incinera-
tors were installed above each coating machine
to burn off the waste solvent exhaust vapours.
Occasionally, workers were exposed to high
concentrations of ME when the doors of the
coating rooms were not closed. For the rest of
the time, workers stayed in air conditioned con-
trol rooms. For the duration of this study, work-
ers in regular operations agreed to wear protec-
tive rubber gloves to avoid contact with the glue
that contained ME. All exposed workers wore
short sleeved work clothes. Exposure to ME in
regular operations mainly came through inhala-
tion and skin absorption of ME vapour.
Workers in the special operations were
exposed to high concentrations of ME when
they went into the enclosed rooms for machine
cleaning, trouble shooting, maintenance, and
machine fixing. Raw materials were mixed,
charged, and discharged in a separated work-
place without ventilation. Workers were ‘ex-
posed to high concentrations of ME when the
raw materials were charged, mixed in the reac-
tors, and when manholes of the reactors were
opened to charge the solid raw materials. Most
workers in the special operations wore respira-
tors and rubber gloves, but a few of them
removed the respirators or gloves for a very
short time during exposures. Therefore, the
exposures in special operations might have
come through inhalation, the inadvertent con-
tact of liquid ME with the hands, and whole
body skin absorption of ME vapour. The expo-
sure time was short in the coating department
and raw material handling area. The relative
humidity in the workplaces was around 80%-
85%. The temperature in the control rooms
and the enclosed rooms for dipping or oven
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heating areas were 25-27°C and 30-33°C,
respectively.

EXPOSURE MONITORING

Eight hour time weighted average (TWA) per-
sonal breathing zone samples were collected for
27 exposed workers from Monday to Saturday
and for 30 workers in the control group on Fri-
day. The Taiwan Institute of Occupational
Safety and Health (IOSH) standard procedure
1215 was used to sample, measure, and analyse
the airborne ME concentrations in this study.'®
This standard was fully validated with a
dynamic standard gas generation system and
also by three accredited industrial hygiene
laboratories in Taiwan.

Personal breathing zone samples were col-
lected by drawing air through standard size
coconut shell charcoal tubes (SKC 226-01,
batch No 120, PA, USA), with Gilian constant
low flow personal pumps (Modet LFS-114, N},
USA), then desorbed in | mi of mixed solvent
of 95:5 (v/v) dichloromethane (99.7%, E
Merck, Darmstadt, Germany) and methanol
(99.7%, E Merck). After 40 minutes shaking,
the desorbed ME was analysed by a gas
chromatography (GC) (Hewleu-Packard 5890
Series I, CA, USA) equipped with a HP 7673A
autosampler and a flame ivnisation detector.

The overall accuracy (bias plus twice the pre-
cision) was 19.5%, the reliable measurement
limit was 4 ng. The sampling flow raie was cali-
brated before and after each sample. All air
samples were analysed by an accredited indus-
trial hygiene laboratory in "Taiwan within i week
of sampling (samples were stored at -20°C).

BIOLOGICAL MONITORING
Urine samples before and after the shift were
collected from 27 exposed workers for 6 days,
and urine samples were collected after the shift
from 30 workers in the control group on
Friday. Urinary MAA was measured by a
modified method previously reported by Sakai
et al.” This method was fully validated by
TOSH and also by two reference laboratories
before it was adopted in this study.”

An internal standard of 0.1 ml butoxy acetic
acid (BAA, 99.0%, E Merck, Darmstadt,
Germany) was added to 1 m) urine, which was
acidified with 0.1 ml concentrated hydrogen
chloride. The MAA was then extracted with |
mi of the mixture of 2:1 (v:v) dichloro-methane
(99.7%, E Merck) and isopropyl alcohol
(99.7%, E Merck) for 10 minutes. After centri-
fuging, 0.5 mi of the lower layer was transferred
to a 1.5 ml vial, and 25 pl of a solution of
trimethylsilyldiazomethane (TMSD, 2.0 M
solution in hexane, Aldrich, W1, USA) was
added. The esterified acid was analysed by a gas
chromatogram equipped with an HP 7673A
autosampler and a flame ionisation detector.

The MAA concentration range of the stand-
ard curve was 3.5-200 pg/ml. The limit of
measurement (mean plus 10 SDs of the blank)
was 0.136 ug/ml. Urinary creatinine was
analysed by the Jaffe method for concentration
correction. The results of urine samples were
expressed as mg MAA/g creatinine. All urine
samples were analysed by one reference
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The 6 day time weighted average (TWA) exposures of
2-methoxy ethanal (ME) for 18 regular operation workers
and nme special operation workers

Shih, Chen, Chou, et al

(111.7) ppm (table). It was also noticed that
peak exposures happened mainly in the first
and the second day of the week. The mean
(S} peak exposures during the mixing of raw
materials (on Monday and Tuesday) and in
cleaning the coating machine (on Monday)

Regular Weekly exposures Spectal Weekly exposteres
aperation of ME mean operation of ME mean
wworkers (SD) ppm workers (81 ppm

1 391 {2.66) 1 32,60 (61.97)
2 4.46 (2.38) 2 2361 (53.16
3 162 (1.50) 3 2522(00.13)
4 1.97 (0.58) 4 35.53 (65.97)
5 h72(0.73) 5 38.40 (62.33)
6 7.46 (5.62) o 37.26 (63.97)
7 5.45 (5.44) 7 48.27 (70.43)
8 9.73 (4.36) 8 267.6(351.9)
9 339 (1.8% 9 2329 (36).8)
10 4.32(2.44)

1 886 (4.98)

12 457 (5.92)

i3 1.01 (0.54)

t4 0.18(10.2)

15 3.97 (2.82)

16 3.81(2.19)

17 6.01(2.92)

18 378 (3.12)

“The datly mean (SD) exposutes of ME for 18 regular operation
workers from Monday 1o Sawrdsy were 3.26 (4.05), 5.76
(4.50), 4.64 (4.31), 5.31 (410), 5.03 (3.70), and 2.61 (2.65)
bpm, respectively, with & weckly mean (S1D) exposure level of
4.46 (2 56) ppm.

The daily mean (SD) exposures of ME for 9 special operation
workers from Monday to Saturday were 279.2 (258.0), 152.8
{303.9), 25.60 {26.35), 1D.26 (19.06), 17.38 (27.29), and 4. 43
(4.76) ppm, respecuvely, with a weekly mean (SD) exposure
level of 81,61 (111.7) ppm.

laboratory in Taiwan within 2 weeks of
sampling (samples were stored at -80°C). Uri-
nary MAA is stable for at least 5 months, and
for three freeze-thaw cycles from -20°C.*
Pooled urine samples from 12 unexposed peo-
ple were used as a matrix blank and were
checked for background interference.

Resules

ENVIRONMENTAL MONITORING

The GC and gas chromatography/mass spec-
trometry (GC/MS) analysis of bulk samples
and randomly selected air samples confirmed
that ME and acetone were the only two volatile
chemicals in the workplace.

A total of 149 8 hour TWA personal breathing
zone samples were collected from 27 exposed
workers. The daily mean (SD) exposures of ME
for 18 regular operation workers from Monday
to Saturday were 3.26 (4.65), 5.76 (4.50), 4.64
(4.31),5.31 (4.10), 5.03 (3.70), and 2.61 (2.65)
ppm, respectively. The weekly mean (SD) expo-
sure was 4.46 (2.56) ppm (table).

For the nine special operation workers, how-
ever, the exposures were much higher. The
daily mean (SD) exposures of ME from Mon-
day to Saturday were 279.2 (258.0), 152.8
(303.9), 25.60 (26.35), 10.26 (19.06), 17.38
(27.29), and 4.43 (4.76) ppm, respectively.
The weekly mean (SD) exposure was 81.61
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were 690.7 (187.6) and 154.5 (15.4) ppm,
respectively. When these peak exposures were
exciuded, the mean (SD) exposures of the
workers who did these two operations dropped
dramatically to 29.96 (28.60) and 8.87 (15.81)
ppm, respectively.

No background exposures were detected in
the control group workers, except for three heat
press workers whose working position was
closely adjacent to the coating department.
The exposures of those workers were very low
(the 8 hour TWA ME exposures were in the
range of 0.2-0.3 ppm).

The recoveries of 20 sets of blind field
samples (spiked quality control samples mixed
with field samples) were in the range of 94% to
108%. The mean (SD) recoveries of proficiency
analytical testing samples from three different
accredited laboratories were 97.19 (3.36)%,
98.52 (2.10)%, and 97.72 (2.39)%, respectively.
These results validate the reliability of the expo-
sure monitoring data obtained in this study.

BIVLOGICAL MONITORING
Urinary MAA was confirmed by GC-MS. A
total of 309 spot urine samples wete collected
from 27 exposed workers. Five urine samples
were not inciuded in the data analyses either
due to the extreme concentrations of urinary
creatigine (<0.3 g/l or >3 g/l) or low urinary
concentrations (<3.5 pg/ml, the lowest
concentration of the standard curve).

The daily mean (SD) urinary MAA of 18
regular operation workers showed a clear
increase from 10.57 (5.85) mg/g creatinine on
Monday before the shift 0 46.46 (33.49) mg/g
creatinine on Friday after the shift (figure 1 A)
even though their daily mean airborne expo-
sures were consistent and close to the current 5
ppm permissible exposure limit (PEL).

It was surprising to notice that the daily
mean urinaty MAA of the highly exposed
workers in special operations was even lower
than that in regular operations. The daily mean
(SD) urinary MAA of workers in special
operations also increased clearly from 10.17
(9.00) mg/g creatinine on Monday before the
shift to 29.55 (17.72) mg/g creatinine on
Friday after the shift (fig 1 B).

No background urinary MAA was detected
in control workers except for the three heat
press workers already mentioned. The urinary
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Figure 1 (A) Mean daily urinary 2-methoxy acetic acid (MAA, mgiy creatintne) of 18 workers in regular operations
Srom Monday 10 Saturday. (B} Mean daily urinary MAA of 9 workers in special operations from Monday 0 Saturday.

Data are means (SDs).

Urinary 2-methoxy acenic acid and exposure of 2-methoxy ethanol
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Figure 2 Correlation between the urinary MAA on
Friday afeer the shift and the mean weckly TWA exposures
wME.

Weekly difference of MAA
{mg/g creatinine)

.
SR I RSV U I N
2 4 6 8 10

Waeekly mean ME (ppm)
Figure 3 Correlarion betuween the weekly increase of

urinary MAA (Friday after the shift to Monday before the
shife) and the mean weekly TWA exposures w ME.

MAA concentrations (0.4-0.5 pg/ml) of these
workers were well below the lowest concentra-
tion of the calibration curve (3.5 pg/ml).

A total of 64 sets of triplicate analysis of uri-
nary concentrations of MAA showed a pooled
coefficient of variation of 3.07% (0.30%-
7.76%) over the concentration range of 6.27—-
238.77 ug/ml. No interfering chemicals were
found in GC and GC-MS results of randomly
selected urine samples. The recoveries of 20
sets of blind quality control samples were from
93.23% to 113.75%. These results validate the
reliability of the biological data.

CORRELATION BETWEEN THE AIRBORNE
EXPOSURES TO ME AND THE INTERNAL DOSES

No correlation was found (p>0.3) between the
weekly mean exposures of ME and the urinary
MAA on Friday after the shift for all the 27
exposed workers.

When the workers in special operations were
excluded, a significant correlation was then
found between the urinary MAA on Friday
after the shift and the weekly mean exposures
to ME (log MAA (mg/g creatinine)
=1.142+0.089xME (ppm), p=0.001, r=0.702
(fig 2)). The correlation coefficients were
reduced from 0.702 to 0.601 when urinary
MAA concentrations were not corrected by
creatinine.

A similar correlation was found between the
weekly mean exposures to ME and the weekly
increase of urinary MAA (Friday after the shift
minus Monday before the shift) (log MAA
(mg/g creatinine)=0.173xME (ppm)+0.462,
p=0.0007, r=0.741 for a 5 day working week
(fig 3)).
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Discussion

‘To the best of our knowledge, this is so far the
only study that examines the correlation
between airborne exposures o ME and the
internal dose (urinary MAA) and the recom-
mended BEI of ME in the literature.

The NIOSH has recommended that if end of
shift urinary MAA exceeds 0.8 mg/g creatinine,
then there is evidence of occupational exposure
to ME." This value was extrapolated from
Groesencken’s 4 hour human experimentat
exposure by inhalation" for 4-50 minute peri-
ods atrest to 5.1 ppm, to an 8 hour exposure by
inhalation to 0.1 ppm at 60 watts of exercise.
Although 5 ppm is currently the most popular
PEL for ME in the world, NIOSH has not rec-
ommended a BEI corresponding to this
concentration.

Several points need to be discussed for the
above recommendation. Firstly, the recom-
mended value was based on expusures through
inhalation only. A recent human subject study
showed that the dermal absorption of vaporous
ME could cause an even higher uptake than
exposure 1o the same dose through
inhalation.' The absorption of ME vapour
through the skin was unavoidable in the work-
places. Secondly, the half life of urinary MAA
in humans was 77.1 hours." Our data in this
field study have shown a clear accumulation of
urinary MAA in workers repeated exposed
daily. Values based only on single exposure
through inhalation would resuit in an underes-
timated internal dose. In this study, correla-
tions between the weekly mean exposures of
ME and the urinary MAA on Friday after the
shift and the weekly increase of urinary MAA
were examined. The recommended BEI pro-
posed in this way not only considered both the
inhalation exposures and the absorption of
vapour through the skin, but also accounted for
the accumulation of internat dose in repeated
daily exposures.

In this study, a significant correlation be-
tween the weekly mean exposures of ME and
the Friday urinary MAA after the shift was
found in workers in regular operations. This
was consistent with the suggestions of the
United States ACGIH." The recommended
BEI of urinary MAA corresponding to expo-
sures from 5 consecutive days full shifts o a
concentration of ME in air of 5 ppm extrapo-
lated from the linear regression was 40 mg (0.45
mmol) MAA/g creatinine. The correction of
creatinine provided a better correlation. Veule-
mans et &/ in their field study of 2-ethoxy etha-
nol (EE) have proposed a BEI of 150 mg (1.47
mmol) 2-ethoxy acetic acid (EAA)/g creatinine
for exposures of EE at 5 ppm.” The ACGIH
recommended BEI for EE is 100 mg (0.98
mmol) EAA/g creatinine.” A more stringent
recommended BEI for ME obtained from this
study is also reasonable due to the higher toxic-
ity of ME. In this study, the daily exposures
during regular operations were stable and close
to the current PEL (5 ppm) during the working
week. Workers basically only performed light
physical work with short sleeved working
clothes and no direct contact of liquid ME. The
exposures came mainly from inhalation and
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absorption of vapour through the skin. Both air
and biological samples were randomly recon-
firmed by GC/MS, which is one of the most
specific and powerful methods for analyses of
organic compounds. The good quality control
programme and high recoveries of quality con-
trol and blind samples confirmed that both the
environmental monitoring and biological moni-
toring data in this study were valid.

As the half life of urinary MAA in humans is
77.1 hours," high previous exposures may result
in a considerable increase in the baseline urinary
MAA during the next week. It is therefore
recommended that the weekly increase of
urinary MAA between the end of the shift at the
end of the working week and before the shift on
Monday may be an alternative biomarker to
reflect the weekly exposures of ME. The recom-
mended value of this weekly increase of urinary
MAA (corresponding to 5 continuous days of
exposure to 5 ppm ME) extrapolated from our
linear regression (fig 3) is 20 mg/g creatinine.

For special operations, the correlation be-
tween external exposures and internal doses was
much more complicated and difficult to estab-
lish than that in regular operations. For most of
the workers in special operations, the external
exposures were extremely high, but the actual
uptake was low mainly due to the proper use of
butyl rubber gloves and charcoal cartridge
respirators. Therefore, the workers in special
operations were well protected with effective
personal protective equipment. The Council of
Labor Affairs also had the authority to make the
employer and employees cooperate and follow
the good working practises and safety guidelines
and stay for only a short time in areas of high
exposure during this study. On the other hand,
the heavy work carried out in loading could
cause more sweat to wet the body surface and
working clothes (ME is highly water soluble and
permeable to the skin). Short periods of
inadvertent skin contact with glue (containing
ME) was noted. Whole body skin absorption of
ME vapour was also difficult to avoid. All these
factors made the prediction of internal dose in
workers in special operations very difficult. In
situations like this, the traditional environmencal
monitoring might provide false information on
the actual exposure to ME. The internal dose,
on the other hand, can provide better infor-
ation on the actual uptake and reflect the con-
centrations in the target sites.

It was noticed that the non-peak exposures
in workers doing special operations were much
lower, but the urinary MAA was significantly
higher than that in peak exposures. This prob-
ably could be explained by the proper use of
personal protective equipment in peak expo-
sures (Monday) and the considerable accumu-
lation of internal dose during the non-peak
exposures (Tuesday to Saturday).

No background urinary MAA was detected
in non-expused workers in the control group,
consistent with other reports.'? Only low
urinary MAA (0.4- 0.5 pg/ml) was detected for
three workers with low background exposures
o ME (0.2 0.3 ppm). This further validated
the specificity of urinary MAA as the biomar-
ker of exposure 1o ME.
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It is therefore concluded that urinary MAA
is a specific and a good biomarker of the expo-
sures 10 ME. The recommended BEI obtained
in this study was 40 mg MAA/g for urinary
MAA on Friday after the shift that corresponds
to exposures from 5 consecutive days full shifts
to a concentration of ME air of 5 ppm
creatinine. The recommended value of the
weekly increase of urinary MAA corresponding
to 5 consecutive days full shifts to a concentra-
tion of ME air of 5 ppm creatinine was 20 mg/g
creatinine.

We are grateful o Dr On-Chih Hsieh and Dr Guo-Dong Liow
for their assistance in the collection of urine samples, and Dr
Jing-Shiang Hwang for the statistical analyses of data. This work
was supported by the Instinste of Occupational Safety and
Health, Council of Labor Affairs, Executive Yuan, Taiwan,
Republic of China (JOSH grant 85-A304).

1 National Institute of Occupational Safety and Health, Crire-
ria for i recommended standard: occupational exposwre 0 ethyl-
ene glycol monomethvl eiher, ethylene glycol monosthy ether, and
ther acetares. Washington, DC: NIOSH, 19917 (Publ No
91:119)

2 QOccupationat Safety and Health Administration. Occupa-
sonal exposure 1 2-methoxy ethanol, 2-ethoxy ethanol, and
thewr acesates (glycol ethers); proposed rale. Federal Regiser.
Washington, DC: OSHA, 1993. (29CFR, Vol 58, No 54,
Docker No H-044.)

3 Nagano K, Nakayama E, Oobayashi H, ez /. Experimental

studies on toxicity of ethylene glycol monomethyt ether in

Japan. Environ Health Perspect 1984;57:75-84.

Larese F, Fiorito A, Zouti RD. The possible haematological

etfects of glycol monomethyl ether in a frame factory. Br §
Ind Med 1992;49:131- 3

-

-

W A. The potential and dose-

response of dermally administered ethylenc glycol mono-
mcthyl ether estimated in rats with the Chernofi-Kaviock
assay. J Appl Toxicol 1986;6:165- 6.

6 Welch LS, Schrader SM, Turner TW, er ol. Effects of expo-
sure 1o ethylenc glycol ethers on shipyard painters: 11 Maje

reproduction. Am ¥ ind Med 1988;14:509-.26.

Welch 1S, Cullen MR. Effects of exposure to ethylene glycol
cthers on shipyard painters: HE. Hematological effects. 4m
7 Ind Med 19RB;14:527-6.

8 Miller RR, Hermann EA, Langvardt PW, ¢t al. Comparative
metabolism and disposition of ethylene glycol monomethyl
cther and propylene glycol monomethyl ether in male rars.
Toxicol Appl Pharmacol 1983;67.229 37

Moss B, Thomas LV, Cook MW, er a!. The role of metabo-
lism in 2-methoxy ethanol induced testicular toxicity. Tonr-
col Appl Pharmacol 1985;79:480-9

Groesencken 1), Veulemas H, Masscheltin R, o
Experimental human exposure 1o ethylenc glycol monome-
thyl cther. Int Arch Occup Environ Health 1989,61:243 7.
Yonemoto |, Brown NA, Webb M. Effects of dimethoxyl
phthalate, y phthalute, 2
and it ucid on post-imepl i
in cuiture. Toxicol Lett 1984;21:97-102.

Milier RR, Carreon RE, Young JT, e af. Toxicity of
methoxyacetic acid in raw. Fundom Appl Toxicol 1982;2:
158 00.

Slect RB, Greene JA, Welsch F. The relatioaship of embryo-
toxicity to disposition of 2-methoxyethanot in mice. Toxicol
Appl Pharmacol 1988;93:195-207.

14 Brown NA, Holt 1), Webb M. The terstogenicity of

methoxyacetic ucid in the rat. Tl Lete 1984;22:93-100,

15 Ritter EJ, Scott W) Jr, Randall JL, et al. Teratogenicity of

dimethoxyethyl phthalare and’ its metabolites methoxy

ethanol and methoxyacetic acid in the rat. Teratology 198%;

32:25-31

-

<

E

rat embryos

N

Kezic S, Mahieu K, Monster A, et al. Dermal absorption of

vaporous  and  fiquid  2-methoxyethanol  and

2-ethoxyethanol in volunteers. Occup Environ Med 1997;54:
-43.

E

17 American Cy of G I Hygien-

ists. TLVs threshold limit values for chemical substances and
physical agemss and bivlogical indices (BEL). Cincinnati, OH:
ACGIH; 1998:97- 101

Institute of Occupstional Safety and Health, Recommended
sampling and analytical mechods for 2-methaxy ethanol
(method 1215). Taipei, Taiwan, Repubkic of China: IOSH,
1992

3

Skai 1, Araki T, Musuyams Y. Deicrmination of wri
alkoxy acetic acids by a rapid and simple method for biologi-
cal monitoring of workers exposed to glycol ethers and their
acetates. Int Arch (xoup Environ Health 1993,64:495-8,

Chang MJ, Shih TS, Chou JS. Recommended biological
monitoring method to messure urinary alkoxy ucetic acids.
“laipei, Taiwan, Repubtic of Taiwan: IOSH, 1992.

3 3 helein R. ¢ al. Field
study of the urinary excretion of ethoxy acetic acid during
repented daily exposure to the ethyl ether of cthylene glycol
and ethyl ether of ethylene glycol acetate. Scand ¥ Work
Environ Health 1987;13:239-43.

Department of
Community and
Family Medicine
T W Wong

TS Yu

A Neller

S L. Wong

W Tam

Department of

Statistics, The Chinese

University of Hong
Kong
TS Lau

Enviroamental
Protection
Department, Hong
Kong SAR
Government

S W Pang

Correspondence ta:
Professor ‘Tze Wai Wong,
Department of Community
und Family Medicine, The
Chinese University of Hong
Kong, #F, Lek Yuen Health
Centre, Shatin, N T, Hong
Kong, Telephone 00852
26928777, fax 00852
26063500; craail
wwongu:cuhk edu.hk

Accepted 13 May 1999

Occup Environ Med 1999;56:679-683

679

Air pollution and hospital admissions for
respiratory and cardiovascular diseases in Hong

Kong

Tze Wai Wong, Tai Shing Lau, Tak Sun Yu, Anne Neller, Siu Lan Wong, Wilson Tam,

Sik Wing Pang

Abstract

Objective—To investigate short term ef-

fects of concentrations of pollutants in

ambient air on hospital admissions for
4 lar and respi v di in

Hong Kong.
Methods—Retrospective logical study.
A Poisson regression was performed of
concentrations of daily air pollutant on
daily of hospital admi
sions in 12 major hospitals. The effects of
time trend, season, and other cyclical fac-
tors, perature, and humidity were
d for. A relation and over-
dispersion were corrected. Daily concen-
trations of nitrogen dioxide (NO)),
sulphur dioxide (SO,), ozone (0,), an
particul <10 um in aerody i
diameter (PM,,) were obtained from seven
air monitoring stations in Hong Kong in
1994 and 1995. Relative risks (RR) of
respiratory and cardiovascular disease
admissions (for an increase of 10 pg/m’ in
ration of air poll ) were calcu-

lated.

Results—Significant associations were

found b hospital admissi for all
. o all i 1

y ar
diseases, chronic obstructive pulmonary
diseases, and heart failure and the con-
centrations of all four pollutants. Admis-
sions for asthma, pneumonia, nmf

pollution is necessary to protect the health
of the community, especially that of the
high risk group.

(Occup Environ Med 1999;56:079 683)

d. { &

Y : air p y c
cular discases

In recent years, time series studies have been
used extensively in the study of air pollution
and health outcomes.' ** Positive associations
between individual air poilutants and mortali-
ties or morbidities have been found in many
American and European studies.” * '* * Pooled
estimates in 12 European cities of increase in
daily mortality for an increase of 50 pg/m’ in
concentrations of sulphur dioxide (SO,) and
particulates were 3% and 2% respectively.® Few
time series studies have been reported in Asian
cities except Beijing.” Hong Kong is a densely
populated city in Southern China with hot,
humid summers and mild, dry winters. Motor
vehicles are the main source of air pollutants.
In 1994 and 1995, the mean daily concentra-
tions of nitrogen dioxide (NO,)} and particu-
lates <10 pm in acrodynamic diameter (PM,,)
were quite high, at 53.7 pg/m’ and 50.1 pg/m’
respectively.” Compared with western Euro-
pean cities, Hong Kung had a low concentra-
ton of SO, (daily mean 20.2 pg/m'), whereas
ozone (Q,) concentrations were comparable (8
hour mean 28.7 pg/m”)." """ To elucidate
the sociation between air pollutants and

were ly
with NO,, O, and PM,. Relative risk (RR)
for admissions for respiratory disease for
the four pollutants ranged from 1.013 (for
SO,) to 1.022 (for O,), and for admissions
for cardiovascular disease, from 1.006 (for
PM,,)) to 1.016 (for SO,). Those aged =65
years were at higher risk. Significant posi-
tive interacti were d db

NO,, O,, and PM,,, and between O, and
winter months.

Conclusions—Adverse health effects are
evident at current ambient concentrations
of air pollutants. Further reduction in air

Table | Mean summary staustics of daily polfutant concentrations (ugim'), meteorological
variables, and hospital admissions, 1994-5

Min 25th Percentile  Median  75th Percentite Mux

NO, 16.41 39.93 5130 6650 122.44
O, 8k 11.82 2305 4398 120.04
S0, 2.74 12.45 17.05 2501 68.49
PM,, 1477 3066 3499 0545 159.73
Tempereature ( 9.34 1840 2400 2715 30.96
Humidity (%) 3233 7341 8014 85.00 96.33
Respiratory admissions 116.75 131 150 232

Cardiovasculas admissions 87 101 116 177

acute health effects, we performed a time series
study on daily hospital admissions from 12
major hospitals and air pollutant concentra-
tions from 7 air guality monitoring stations.
The aim of the study was o examine the rela-
tion bertween concentrations of air pollutants
and health effects from local data.

Materials and methods

HOSPITAL DATA

Emergency hospital admissions for respiratory
and cardiovascular diseases in all 12 major
hospitals for 1994 and 1995 were collected. A
computerised format of patient data captured
age, date of admission, and diagnosis on
discharge from the ninth revision of the
international  classitication  of  discases
(ICD-9)." Two groups of diseases were
chosen: diseases of the respiratory system (1CD
460-466, 471-478, 480487, and 490--496)
and diseases of the cardiovascular system (1CD
410417, 420-438, and 440 444). Also, the
following diseases were analysed separately:
asthma (ICD 493), chronic obstructive pulmo-



