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Lymphohaematopoietic malignancy around all
industrial complexes that include major il

refineries in Great Britain

P Wilkinson, B Thakrar, P Walls, M Landon, S Falconer, C Grundy, P Elliott

Abstract

Objectives—To examine the incidence
of lymphohaematopoietic malignancy
around industrial complexes that include
major all refineriesin Great Britain after
recent public and scientific concern of
possible carcinogenic hazards of emis-
sions from the petrochemical industry.
Methods—Small area study of the inci-
dence of lymphohaematopoietic malig-
nancies, 1974-91, within 7.5 km ofall 11 ail
refineries (grouped into seven sites) in
Great Britain that were operational by the
early 1970s and processed more than two
million tonnes of crude all in 1993.
Results—Combined analysis of data from
all seven sites showed no significant
(p<0.05) increase in risk of these malig-
nancies within 2 km or 75 km. Hodgkin’s
lymphoma, but no other malignancy,
showed evidence (p=0.02) of a decline in
risk with distance from refineries, but
there was an apparent deficit of cases of
multiple myeloma near the refineries
(p=0.04).

Conclusion—There was no evidence of
association between residence near ail
refineries and leukaemias, or non-
Hodgkin’s lymphoma. A weak positive
association was found between risk of
Hodgkin’s disease and proximity to major
petrochemical industry, and a negative
associationwith multiple myeloma, which
may be chance findings within the context
of multiple statistical testing.

(Occup Environ Med 1999;56:577-580)

Keywords: small area; lymphohaernatopoietic malig-
nancy; oil refineries

Oil refining and other petrochemical processes
may lead to low level emissions of compounds
with possible carcinogenic potential including
benzene' and 1,3-butadiene.’ A cohort study in
the United Kingdom of mortality among oil
refinery workers, who would be expected to
have higher exposures to these compounds
than residential populations, has not shown an
excess risk of leukaemia or other haematopoi-
etic malignancy.” Few studies of cancer risks
among residential populations living near to
petrochemical industry have been reported. A
United States study found high rates of cancer
of the lung, nasal cavity and sinuses, and skin
among the resident male population in coun-
ties where the petroleum industry is most
heavily concentrated, but no significant jn-

crease for lymphohaematopoietic malignancy.*
Another study in the United States suggested
high rates of lung cancer near petrochemical
plants.” A study of the geographical distribu-
tion of childhood leukaemia and other child-
hood cancers in Great Britain reported a
tendency for clustering near emission sources
of (among other things) volatile petroleum
products,® although the methodology of this
study with residential post codes as a proxy for
populations had previously been questioned.’
A more recent study of the same data set simi-
larly found an association of childhood cancers
with emission sources based on comparisons
between address at birth and at death.” By con-
trast, studies of cancer incidence and mortality
among residents living close to a petrochemical
plant in south Wales were largely reassuring.® *°
We report here a study of lymphohaematopoi-
etic malignancy around all industrial com-
plexes that include major oil refineries in Great
Britain.

he seven ot refinery sites. (I‘)Q.Hnl[m{ H.r'uju 4
Ze‘ﬁifﬁes: Elf, Texaco and PCC., and Glf), (2) Corym
(two refineres: Mobil and Shell); (31 Imuangham ("

cneries: Lindsey and Conoco); (4} Esso, Rmvicy; (3)

T mioes; (8) Phillips Impersal, Toesade; (7) BR
Reanoemouth.
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Table 1 Observed (O) cases, observediexpected (O/E) ratios (95% CI) of Iymphohaematopaietic malignancy within

s

s1zes: all ages

2 km and 7.5 km of industrial complexes that include major oil refineries, and results of Stone’s tests

0-2km 0- 7.5km Stone’s zests
Cell type 0 O/E (95% CI) o OIE (95% CI) Unconditionalp ~ Condirional p
All ages
All lymphatic and haematopoietic 417  0.95 (0.86 to 1.04) 3827  0.98 (0.95 to 1.01) 0.64 0.51
Multiple myeloma 57 0.74(0.56 t0 0.96) 625 0.89 (0.82100.96) 0.04 0.52
All leukaemias 169 1.06(0.91t 1.23) 1446 1.01 (0.96t0 1.07) 0.58 0.78
Lymphoid leukaemias 71 1.00(0.78t0 1.26) 597 0.94(0.86t0 1.02) 0.24 0.55
Acute lymphatic leukaemia 27 1.09(0.72to 1.59) 197 0.95(0.82t0 1.09) 0.24 0.17
Chronic lymphatic leukaemia 42 0.99 (0.71to 1.33) 364 0.91 (0.82t0 1.01) 031 0.77
Myeloid leukaemias 81 1.14(0.91to 1.42) 666 1.05(0.98t0 1.14) 0.31 0.38
Acute myeloid leukaemia 44 0.99 (0.72 to 1.33) 420 1.05(0.95t0 1.16) 0.57 0.50
Chronic myeloid leukaemia 31 1.42(0.97 to 2.02) 207 106 (0.92to 1.22) 0.25 0.71
Hodgkin’s lymphoma 54t 1.01(0.76t 1.32) 443 0.97 (0.89t0 1.07) 0.05 0.02
Non-Hodgkin’slymphoma 137 092 (0.77t0 1.08) 1313 1.00 (0.94t0 1.05) 0.99 0.77
Ages 0 to 14
All lymphatic and haernatopoietic 25 0.99 (0.64 to 1.46) 180 0.93(0.80to 1.08) 0.37 0.12
All leukaemias 19 1.00(0.60to 1.56) 138 094 (0.79t0 1.11) 0.73 0.38
Lymphoid leukaemias 16 1.08(0.62 to 1.76) 104 0.91 (0.74to 1.10) 0.60 0.38
Myeloid leukaemias 2 0.66 (0.08t0 2.38) 22 093 (0.59to0 1.41) 0.74 .
Hodgkin’s lymphoma 2 0.77 (0.09to 2.80) 18 0.89 (0.53to 1.40) 0.07 *
Non-Hodgkin’s lymphoma 4  1.15(0.31 t02.96) 24 0091 (058t01.35) 0.28 °

“Test did not converge because of small numbers

tIncludes 1 duplicate registration. Conditional Stone’s test for Hodgkm’s disease remained significant (p=0.03) after its exclusion.

Methods
The study was carried out with the Small Area
Health Statistics Unit postcoded health data-
base. It examined cancer risk near all 11 oil
refineries in Great Britain, operational by the
early 1970s, which processed more than two
million tonnes of crude oil in 1993. They were
grouped into seven sites of one to three refiner-
ies (figure). Each was treated as an extended
emissions source. The incidence of lympho-
haematopoietic malignancy was examined in
eight bands around refinery perimeters with
outer limitsat 0.5, 1, 2, 3,4.5,5.6, 6.6, and 7.5
km. For descriptive purposes cancer incidence
was also examined at 0-2 km and 0-7.5 km.
The following diagnostic groups of the inter-
national classification of diseases 8th (ICD-8)
and 9th (ICD-9) revision were studied for all
ages and 0-14, 15-64, and =65 age groups:
lymphatic and haematopoietic malignancy
(ICD-8 200-207; ICD-9 200-208, 238.6);
multiple myeloma (ICD-8 203; ICD-9 203,
238.6) (not separately examined for the 0-14
age group); non-Hodgkin’s lymphoma (ICD-8
and 9 200,202); Hodgkin’s lymphoma (ICD-8
and 9 201); all leukaemias (ICD-8 204-207;
ICD-9 204-208); lymphoid leukaemia (ICD-8
and 9 204); and myeloid leukaemia (ICD-8
and 9 205). Acute and chronic subdivisions of
the last two were examined for all ages.
Cancer incidencewas studied for all years for
which national cancer registration data were
available: 1974-89 for England and Wales and

Table2 Observed (O) cases and observedlexpected razios (O/E) by distancefrom refinery

Non-Hodgkin’s

Mudriple mveloma Al leukaemias ~ Hodgkin s lymphoma  lymphoma
Outer radius of
band (km) (0] O/E o O/E o OIE (o] OIE Results
05 4 0.46 14 o074 1a* 218 14 081 Results are presented here at all ages and for
1 8 0.58 25 084 7 0.66 23 0.81 both sexes combined, and at ages 0-14 years.
g gg 8'3% igg é;g ig 8'3% }(1)2 g.gg Age specific results, and results for each of the
15 103 079 275 109 Tot 111 250 10  sevengrouped mdu_strlal sites, are a\_/allable on
5.6 128 087 316 107 88 0.96 276 1.01  request. Over all refinery sites combined, there
6.6 147 1.03 279 0.96 81 0.88 278 102 were 417 cases (439.9 expected) of lympho-
7.5 135 0.99 270  0.99 76 0.94 . 256 1.02

‘Includes 1 duplicate registration, exclusion of which reducesthe O/E ratio within 0.5 km to 2.02

1975-91 for Scotland. Population counts by
band around each site were estimated from
census small area statistics with the 1981 cen-
sus for years up to and including 1986, and the
1991 census thereafter. Expected (E) numbers
of cancer registrations were calculated by year
and band from annual rates in Great Britain
stratified by 5 year age group, sex, and quintile
of the Carstairs deprivation index to adjust for
possible socioeconomic confounding.” Rates
were further adjusted with disease specific
standardised regional registration ratios.” Be-
cause of the disparity in years for which cancer
registration data were available, national rates
for 1974 were computed from 1974 registra-
tions for England and Wales and 1975registra-
tions for Scotland; and 1990 and 1991 rates
were computed from 1989 registrations for
England and Wales and those for the relevant
year in Scotland.

Formal hypothesis tests were based on the
maximum likelihood ratio test of Stone.” This
gives a test of decline in risk with distance
against a null hypothesis of constant risk in all
the bands. As Stone’sunconditional test can be
significanteither where there is a decline in risk
with distance or where the relative risk in at
least one of the bands does not equal 1.0, we
also carried out a conditional test. This specifi-
cally tests for declinein risk'* and consequently
is the test of primary interest. Significance
values were based on Monte Carlo methods
using 999 simulations. Results from the seven
industrial sites were combined by pooling the
likelihood ratios from each one and comparing
their sum with values obtained from simulated
data.

haematopoeitic malignancy within 2 km of an
oil refinery (observed/expected (O/E) ratio
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0.95,95% confidence interval (95% CI) 0.86 to
1.04); and 3827 cases (3902.4 expected) within
7.5 km (O/E 0.98, 95% CI 0.95 to 1.01, table
1). None of the age and cell type specific
subgroups separately examined showed a signifi-
cantincreasein risk within 0-2 km or 0-7.5 km.
The conditional Stone’s test for Hodgkin’s
lymphoma, uncorrected for multiple testing,
suggested a decline in risk (p=0.02) with
distance from the sites, almost entirely due to an
excess within 0.5 km (14* observed cases, 6.43
expected, table 2). None of the conditional
Stone’s tests for other malignancies (including
Hodglun’s and non-Hodglun’s lymphoma com-
bined) suggested a decline in risk with distance
from the sites (tables 1 and 2). The significant
(p=0.04) unconditional Stone’stest for multiple
myeloma at all ages reflected a deficit of these
cancers from 0-7.5 km.

Discussion

Except for Hodgkin’s disease, our study pro-
vides no evidence to suggest that populations
living close to industrial complexes that include
large oil refineries in Great Britain have an
increased risk of lymphohaematopoeitic malig-
nancy. This is consistent with the findings of
broad scale studies of lymphatic and haemat-
opoietic malignancy in areas containing petro-
leum works in the United States** and with
occupational studies of oil refinery workers in
the United Kingdom.” Although some studies
have reported excesses of leukaemia in refinery
workers,'® 7 a recent overview of cohort studies
from the United Kingdom and North America
suggests no excess for cell type specific
leukaemias,” and oil refining probably contrib-
utes little to environmental levels of benzene and
other petroleum products.”

The decline in risk with distance from oil
refineriesfor Hodgkin’s disease must be viewed
in the context of multiple testing and the gen-
eral tendency of Hodgkin’s disease to cluster.”
That benzene might be a contributoryfactor in
Hodglun’s disease has been hypothesised by
Aksoy et al,>* and there have been reported
associations of Hodgkin’s disease with occupa-
tion in the chemical industry,” with other
occupations entailing handling of
chemicals,”? and with exposure to diesel
exhaust.” However, none of these studies pro-
vides direct evidence relating to the petro-
chemical industry. In our study, there was a
twofold risk of Hodgkin’s disease (14 cases)
within 0.5 km of refineries, and it is this which
accounts for the positive Stone’s test. This is
compatible with a highly localised environmen-
tal hazard, although the risk within 2 km was
almost identical to the regional expectation,
and it was fractionally below expectationwithin
7.5 km. There was an unexplained deficit of
cases of multiple myeloma within 7.5 km.

*Checkson a sample of cases revealed a duplicate registration of
Hodgkin’s disease in the 15-64 year age-band within 0.5 km of
a refinery. After exclusion of this duplicate the O/E ratio for
Hodgkin’s disease (all ages) within 2 km was 0.99 (95% CI
0.74-1.30); the conditional Stone’s test remained significant
(p=0.03).

Limitations to the interpretation of the study
are imposed by several factors including lack of
exposure information. Measurements of vola-
tile organic compounds, including benzene,
near petrochemical plants have been made
previously.” * For example, near the Baglan
Bay plant,” most of the measurements were <5
ppb,* and with exposure to low concentrations
of ambient benzene there is great uncertainty
about the possible cancer risks.” Other factors
limiting interpretation include the small area
(ecological) nature of the study, uncertainties
about population estimates for years between
the census years and migration, and possible
unmeasured confounding factors. The results
cannot reliably be interpreted for specific cell
types and age groups at indivdual sites, given
the reliance on routine data sources and the
fact that this would depend on multiple and
non-independent analyses of subgroups, each
with limited statistical power.

Overall the study is estimated to have had
80% power to detect an excess of around I 1%
in lymphohaematopoeitic malignancy at the
5% level within 2 km of refineries. We conclude
that within the limitations of the small area
approach based on routine data sources, there
was no significant evidence of association
between residence near to industrial sites con-
taining major oil refineries and leukaemias or
non-Hodgkin’s lymphoma, and there was a
negative association with multiple myeloma.
Weak evidence of a positive association with
Hodgkin’s disease needs to be considered
within the context of there being little, if any,
other epidemiological evidence specifically
relating Hodgkin’s disease with the petro-
chemical industry.

This was a Small Area Health Statistics Unit project, supported
by the Department of Health, the Department of the Environ-
ment, Transport, and the Regions, the Health and Safety
Executive, Scottish Office Home and Health Department,
Welsh Office, and Northern Ireland Department of Health and
Social Services. The Small Area Health Statistics Unit is funded
by grants from the Department of Health, Department of the
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Executive, Scottish Office Home and Health Department,
Welsh Office, and Northern Ireland Department of Health and
Social Services. We thank the Office for National Statistics and
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Biological monitoring to assess exposure from use
of isocyanates in motor vehicle repair

N R Williams, K Jones, J Cocker

Abstract

Objectives—To develop a method for the
measurement of a metabolite of hexam-
ethylene diisocyanate (HDI), an isocy-
anate, and use it to assess the exposure of
sprayersemployed i motor vehicle repair
shops.

Methods-Urine sampleswere taken from
sprayers wearing personal protective
equipment and spraying in booths or with
local exhaust ventilation, from bystand-
ers, and from unexposed subjects. Sam-
ples were analysed for a metabolite of
HDI, hexamethylene diamine (HDA), by
gas chromatogaphy-mass spectrometry
(GC-MS).

Results—HDA was detected in four
sprayers and one bystander out of 22
workers. No HDA was detected in the
urine of unexposed subjects.
Conclusions—Exposure t0 isocyanates
still occurs despite’the use of personal
protective equipment and the use of a
booth or extracted space. Health surveil-
lance is likely to be required to provide
feedback on the adequacy of controls even
if such precautions are used and to
identify cases of early asthma. Biological
monitoring can provide a useful addi-
tional tool to assess exposure and the
adequacy of controls in this group of
exposed workers.

(Occup Environ Med 1999;56:598-601)

Keywords: isocyanate; health surveillance; biological
monitoring

Isocyanates are highly reactive chemicals used
in two component spray paints, adhesives, and
in the manufacture of polyurethanes. They
may also be released during cutting and weld-
ing of materials. Isocyanates are the common-
est identified cause of occupational asthma in
national’ and regional’ reporting schemes with
the job title “spray painter” being the most
commonly specified job.’

Various methods have been reported for the
measurement of isocyanates in air’ and there
has been considerable effort to improve the
reliability of these methods. However, prob-
lems still remain. As control of exposure
usually relies on air fed full face respirators,
overalls, and gloves and the use of ventilated
booths or ventilated spaces, air monitoring will
give no indication of the actual exposure a
worker receives. The efficacy of such measures
to prevent exposure, subsequent sensitisation,
and the development of occtipational asthma is
not well established. Biological monitoring has

the potential to measure a worker’s body
burden received by all routes of exposure (oral,
inhalation, and dermal).

Because of the frequency of occupational
asthma in this group, workers using isocyanates
are required to undergo health surveillance
unless the risk assessment carried out under
the Control of Substances Hazardous to
Health Regulations 1994 (COSHH) draws the
conclusion that there is little or no risk to their
health from their workplace activities.*

Several studies have reported that dermal
contact with isocyanatescan induce respiratory
symptoms in animals®® indicating that isocy-
anates may be dermally absorbed and biologi-
cal monitoring has been used to study dermal
absorption in humans.” Whether dermal ab-
sorption, if it occurs in*humans, has any poten-
tial to lead to respiratory sensitisation is also
unknown. Being able to estimate exposure to
isocyanates through the development of a
urinary assay for metabolites may be a useful
way of assessing exposures by respiratory or
dermal contact and the effectiveness of control
measures.

1,6-Hexamethylene diisocyanate (OCN
(CH,))NCO, (HDI)) is widely used in two
component spray paints by the motor vehicle
repair industry and is finding increasing use as
a replacement for toluene diisocyanate.” Most
HDI prepolymer based car paints contain a
complex mixture of HDI monomers, polymers,
HDI biuret, etc, but still contain small amounts
of free HDI (0.5%-1%°).

1,6-Hexanediamine (HDA) has been de-
tected in the urine (after hydrolysis) of car
spray painters who use HDI based spray
paints,” and there have been several published
methods for the analysis of HDA in urine.'*"
Most of the published methods use acid
hydrolysis with concentrated (=6 M) hydro-
chloric acid.’*** Other studies” have used
either alkaline or acid hydrolysis, reporting
slightly better recoveries for the alkaline
hydrolysis. We have studied both hydrolysis
techniques but have persevered with the acid
hydrolysis in line with most other researchers.
Use of alkaline hydrolysis gave inconsistent
results and variable, sometimes high, blank
values. These problems were not encountered
with acid hydrolysis. The free HDA is then
derivatised and analysed, usually, by gas
chromatography-mass spectrometry (GC-
MS)

Materials and methods

SAMPLING STRATEGY

Consent for the study was obtained from the
Health and Safety Executive (HSE) research
ethics committee.
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Five motor vehicle repair shops that use iso-
cyanate paints were identified by an inspector
- from the HSE through routine visiting and
local knowledge. They consisted of two na-
tional dealerships that employ full time paint
sprayers and three smaller garages (two of
which had a single owner who carried out
intermittent spraying, and the third, which had
employees who sprayed and did other work).
All followed published HSE guidance in wear-
ing full face air fed helmets and spraying either
in a ventilated booth' or in a controlled spray
space.""

It was possible to recruit both subjects
(sprayers) and controls at the same place of
work at three of the sites, at a fourth the unex-
posed person was a member of HSE staff
because the sprayerworked alone. At one of the
larger dealerships a group of people working
just outside the spraying area were also
recruited to act as bystanders. All participants
were provided with an information sheet and
signed a consent form after discussing the
study with one of the researchers INRW). All
sprayed alone in the booth or ventilated space.

Due to the reportedly short half life (about
1.5 hours™") of HDA in urine, samples were
collected before, during, and after the shift to
detect any short term exposure as well as an
estimate of the 8 hour time weighted average
exposure.

PILOT STUDY
A pilot study was undertaken in 1996 at one of
the larger dealerships.

Subjects provided urine samples on the day
of sprayingbefore starting spray work, at in the
middle of the shift, and at the end of the day.
They recorded the amount of time spent
spraying and the personal protective equip-
ment worn. Bystanders and controls also
provided three samples at the same times as the
sprayers.

The samples were labelled with the person's
name and either the time or the number of the
sample but without the details as to whether
they were sprayer, unexposed, or bystander.
Samples were frozen for despatch and sent by
courier to the Health and Safety Laboratory in

Sheffield for analysis.
Table! Demography and control measures of companies involved
Company number Demography and control measures
1 A large dealership with full time sprayers working on large vehiclesin

a designated area with local exhaust ventilation. Sprayers wore full
face air fed respiratory protective equipment (RPE), disposable
overalls (worn with the hood down exposing the head), and latex
gloves.

This was a small garage with a single owner/sprayer carrying out
intermittent spraying of cars in a homemade ventilated booth. While
spraying he wore a full face air fed helmet with disposable overalls
(hood down) and no gloves.

[

3 A large dealership with full time sprayers carrying out car spraying in
a Ventilated booth with full face air fed RPE, disposable overalls, and
latex gloves.

4 A small garage with an owner/sprayer carrying out car spraying

intermittently. He wore a full face air fed mask and spraved in a
ventilated booth wearing disposable overalls (with the hood down)
and latex gloves.

5 This was a small garage with several designated spravers who
sprayed cars in a ventilated booth wearing full face air fed RPE and
wearing disposable overalls and latex gloves.

FULL STUDY

The full study involving five companies was
carried out in the same way exceptthat because
of the nature of the activities only the firm in
the pilot study provided samples from bystand-
ers. Samples were collected and despatched in
a similar way, frozen and sent blind to the labo-
ratory for analysis.

ANALYTICAL PROCEDURE

1,6-Hexanediamine (98%), 1,7-heptanedia-
mine (HpDA), heptafluorobutyric anhydride
(HFBA), and hydrochloric acid were obtained
from Aldrich. Diethyl ether and toluene (high
performance liquid chromatography (HPLC)
grade) were purchased from Rathburns. So-
dium hydroxide solution (10 M) and sulphuric
acid were purchased from Fisher. Water was
purified through a Millipore Milli-Q system.
An aliquot of HpDA solution (internal stand-
ard) was added to the sample urine (2 ml).
Concentrated sulphuric acid (200 pl) was then
added. Samples were mixed thoroughly and
then hydrolysed at 100°C for 90 minutes.
Samples were then cooled and 2 ml sodium
hydroxide solution (10 M) was added.

After hydrolysis, 4 ml diethyl ether was
added and the samples were extracted for 20
minutes, then centrifuged. About 3 ml of the
organic layer was transferred and evaporated to
dryness under a stream of nitrogen. Samples
were then resuspended in 500 pl toluene and
derivatised with 50 ul HFBA at 55°C for 1
hour. Sampleswere then cooled, evaporated to
dryness, and reconstituted in 100ul toluene.

The samples were analysed by GC-MS with
negative ion chemical ionisation (with methane
as reagent gas). Samples (1 ul, splitless) were
injected (at 350°C) onto a BP-5, 25 mx0.32
mm internal diameter fused silica capillary col-
umn (1 pm film thickness). The oven tempera-
ture ramped from 150°C (initially held for 1
minute) to 280°C at 10°C/min where it was
held for 1.5 minutes. The interface tempera-
ture was 280°C and the source was held at
200°C. With selected ion monitoring, ion m/z
449 was monitored for HDA and m/z 462 for
HpDA.

Concentrations of HDA in urine were
corrected for creatinine concentration accord-
ing to the method of Jaffe er al.'®

Results

ANALYTICAL METHOD

The method was shown to be linear (defined as
a least squares regression coefficient >0.99)
over the concentration range 0-500 nmol/1l
with a detection limit of 5 nmol/l. The within
and between assay coefficients of variation for
the method were 4% and 10% respectively
(n=10).

PILOT STUDY

No HDA was detected in any sample taken
before the shift nor in any of the samples pro-
vided by bystanders or unexposed subjects.
Low levels of HDA (1 and 2 nmoll1) were
detected in samples from the middle and the
end of the shift respectively for two of the
sprayers.
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Table 2 Urinary results and spray time detailsfor thefull study

HDA concentration

1o Spraying time (&)
(umol/mol creatinine)

berween samples

Sample Sample  Sample Samples  Sampies
Company  Worker Sex 1 2 3 1-2 2-3
1 Sprayer M 11.00 10.00 4.00 2.00 0.00
Sprayer M ND ND ND 3.00 2.50
Sprayer M ND ND ND 3.00 2.50
Bystander M ND ND ND NA
Bystander M ND ND ND NA
Bystander M ND 6.00 12.00 NA
Unexposed M ND ND ND NA
Unexposed F ND — ND NA
Unexposed M ND ND ND NA
Unexposed F ND ND ND NA
2 Sprayer M N D N D N D 1.25 0.00
Unexposed F ND — — NA
3 Sprayer M ND ND 1.00 0.25 0.10
Sprayer M N D N D N D 0.30 0.60
Sprayer M ND ND ND 0.75 0.30
Unexposed M N D N D N D NA
4 Sprayer M ND ND ND 0.75 0.50
Unexposed F N D N D N D NA
5 Sprayer’ M ND ND ND NA
Sprayer M 1.00 ND ND 3.00 1.00
Sprayer M ND 3.00 1.00 3.00 1.00
Unexposed subject M ND ND ND NA

*No spraying undertaken on the sampling day.
— No sample provided; ND=none detected; NA=not applicable.

FULL STUDY
A total of 11 sprayers, three bystanders, and
eight unexposed subjects were identified from
the five participating companies. Samples were
collected from all participants except for one
unexposed subject who only provided two
samples. The companies are described in table
1 and the urinary results are presented in table
2.

None of the unexposed subjects had detect-
able concentrations of HDA in any of the three
samples. One bystander (company 1) had
notable concentrations of HDA in samples
from the middle and at the end of the shift.
Four sprayers had concentrations of HDA.
One in particular (company 1) had high
concentrations in the samples taken before and
in the middle of the shift, which fell by the end
of the shift.

Discussion

ANALYTICAL METHOD

The method was shown to be linear over the
concentration range studied. The coefficientof
variation between assays (10%) and detection
limit (5 nmol/1) were comparable with other
recently reported methods.” **

PILOT STUDY
The pilot study showed that sprayers could
receive low internal exposure to isocyanates
despite wearing respiratory protective equip-
ment and spraying in a ventilated area. It also
showed that it is possible to spray isocyanates
while using control measures without receiving
a detectable exposure. In the pilot study none
of the bystanders or unexposed subjects had
any detectable concentrations of HDA.

FULL STUDY
The full study again showed that workers can
absorb isocyanates during spraying operations
despite wearing full face air fed masks and
using ventilated spray booths or extracted work

Williams,Jones, Cocker

areas. Four sprayers had detectable concentra-
tions of HDA (two had detectable concentra-
tions in their sample before the shift) and one
bystander had detectable concentrations of
HDA.

Workers for small companies are not neces-
sarily more at risk of exposure. Indeed, in this
study the companies with only one sprayer
(companies 2 and 4) had no detectable
concentrations of HDA in urine. Also, the
duration of spraying did not affect the likeli-
hood of exposure (table 2, sprayersat company
1).

Biological monitoring does not determine
the route of exposure —this could have been
oral, dermal, or through inhalation although
inhalation is the most likely route given the lack
of published evidence for the absorption of iso-
cyanates through the skin. During feedback
with participants it became clear that exposure
may occur when the sprayers lift their visors to
inspect the quality of their work—this was
reported at several garages. Field work done by
the HSE has shown that isocyanate concentra-
tions in booths and spray spaces may remain
considerable (>20 pg/m’ (in excess of the
maximum exposure limit)) for some time after
spraying has stopped. Clearance times of up to
5 minutes for bespoke booths and up to 30
minutes for spray spaces have been recorded. If
sprayers and other workers are not aware of the
importance of clearance times they may
inadvertently expose themselves sometime
after spraying has finished. Similarly baking
during the spray bake cycle can drive off isocy-
anate monomer creating considerable concen-
trations in the vapour within the booth or spray
space during baking and for sometime after.

In the case of company 1, the work involved
spraying large lorries rather than cars and this
involved some spraying above head height—an
activitywhich may be relevant for the fit of res-
piratory protective equipment and subsequent
detection of the metabolites in the urine of
sprayers at this company.

The short initial half life of HDA means that
the urine sample only represents exposure over
the past 2-4 hours. It is therefore possible that
part time sprayers may have been exposed but
that metabolite concentrations were too low
and too quickly excreted to show that an expo-
sure had occurred. However, it has also been
reported' that low amounts can be detected in
urine 15-20 hours after an oral dose of HDA.
There is therefore the possibility of accumula-
tion of HDA in the body during the working
week.

Recent work on other isocyanates’ has also
shown that other adducts of isocyanate in
plasma may break down over time causing
excretion of the diamine metabolites for an
extended period. Concentrations of toluene
diamine (up to 5 umol/mol creatinine) could be
detected several days, even weeks, after expo-
sure had ended. It is possible that this may also
be true for HDA.

However, the concentration found in the
samples reported here is higher than previously
reported for adduct breakdown, and the wash
out found would be more consistent with the
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initial half life (1.5-2 hours) than adduct
breakdown. It would therefore seem that the
most likely explanation of the positive samples
before the shift would be an inadvertent short
term high exposure before the sample was pro-
vided. The sprayer at company 1 with positive
concentrations of HDA had a possible expo-
sure before the sample taken before the shift.
Urinary concentrations of HDA were main-
tained while spraying for 3 hours before the
sample taken in the middle of the shift.
Between providing that sample and the one
taken after the shift no spraying was under-
taken; this is reflected in the drop in the urinary
HDA concentration (suggestinga half life con-
sistent with that reported of about 2 hours).

In the case of the bystander at company 1
discussion with the person showed that while
not spraying himself he did think that he may
have gone to speak to a sprayer at work.

The concentrations of HDA detected in this
study are similar to those found in other
studies.”> "* Brorson et a/”’ reported a mean
value of HDA after the shift of 20 pwmol/mol
creatinine after 7.5 hours exposure to 25 pg/m’*
HDI whereas Maitre et al'* measured a value of
12 umol/mol creatinine for HDI exposure at
the same concentration from a survey of work-
ers.

The study has shown that it is possible to
spray isocyanates without exposure to them if
respiratory protective equipment and suitable
extraction is provided but the results also sug-
gest that exposure can occur despite the use of
such precautions. Much effort has rightly gone
into publicising the importance of the selec-
tion, fit, and maintenance of respiratory
protective equipment; such effort will be
wasted if consideration is not also given to the
behaviour which workers adopt to do their
job—that is, a human factors approach to pre-
vention of ill health due to isocyanates is
needed.

Conclusion

This study has shown that exposure to
isocyanates can occur despite the use of full
respiratory protective equipment and venti-
lated booths. It has also shown that urinary
metabolites (HDA) can be used to identify
these exposures and to assess the adequacy of
controls. The evidence of exposure despite
precautions highlights the continued need to
improve control procedures, to provide health
surveillance to check the efficacy of controls,
and to provide information and instruction and
training for workers in motor vehicle repair
shops.

Further work is recommended to conduct a
cross sectional indusmal survey and the possi-
ble establishment of a biological monitoring
benchmark value to assess control of exposure.

This study was supported by the Health and Safety Executive.
We acknowledge the assistance of Mr Jon Harper, HM Inspec-
tor of Health and Safety, in the identification and recruitment of
companies for the study.
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