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Summary

Acid anhydrides (AA) are reactive low molecular weight chemicals used in the 

manufacture of plasticisers, resins and surface coatings. They may cause asthma, 

associated with specific IgE, directed at conjugates of AA with human serum albumin 

(HSA). Little is known of the factors that determine why one exposed worker 

develops occupational asthma when his workmate is spared.

A cohort of phthalic, maleic and trimellitic anhydride exposed workers, employed 

between 1960 and 1992, was studied. Symptoms and employment histories were 

recorded, exposure measurements were made and a retrospective exposure assessment 

was done. Each participant underwent skin prick tests with common inhalant 

allergens and AA-HSA conjugates. Participants gave blood for measurement of 

specific IgE and HLA typing. In addition they underwent a measurement of bronchial 

responsiveness. In a further study, six women with asthma caused by AA were 

examined for persistence of asthma twelve years after they had left the factory in 

which they developed their disease.

Five hundred and six people fulfilled the cohort definition and information was 

obtained from 401 (79.2%). Twelve (3.2%) subjects had immediate skin test 

reactions to AA-HSA and 34 (8.8%) reported new work related chest symptoms. 

Immediate skin test reactions to AA-HSA were associated with work related 

respiratory symptoms and were more common among those who smoked at the time 

of exposure to AA. There was a higher risk of immediate skin test reactions to AA- 

HSA and work related chest symptoms amongst those with higher exposures to AA. 

Bronchial hyperresponsiveness (BHR) was associated with atopy, immediate skin test 

reactions to AA-HSA and cumulative cigarette consumption but was not associated 

with cumulative exposure to AA. Workers sensitised to trimellitic anhydride were 

more likely to have the HLA-DR3 genotype. The six women with asthma caused by 

AA had persistent symptoms and BHR twelve years after they had last worked with 

the chemical that had caused their disease.



Extent of exposure, cigarette smoking and HLA type are risk factors for occupational 

asthma caused by acid anhydrides. This has implications for industry and may be 

relevant to asthma caused by common inhalant allergens.



Chapter 1: Literature review

The chemistry and uses of acid anhydrides (Ridgway et al 1995)

Phthalic anhydride (PA, benzeneorthodicarboxyiic acid anhydride) (figure 1.1) is 

made commercially by the air oxidation of 0-xylene or naphthalene. In the UK PA is 

manufactured at two sites with a total production of about 85,000 tonnes per annum.

It is stored molten before being distributed either in molten or flake form. The UK 

market for PA is about 40,000 tonnes per year. Users may receive PA molten in 

tankers or in 1 tonne or 25kg bags. The major use of PA is as a plasticiser in that it 

modifies the physical properties of synthetic resins such as polyvinyl chloride. It is 

also used in conjunction with glycerol or pentaerythritol and fatty acids or glyceride 

oils for the production of alkyd resins. These resins provide a binder for surface 

coatings. The condensation of PA with glycols and maleic anhydride produces 

unsaturated polyesters. These are copolymerised with monomers such as styrene to 

produce polyester resins which are used in the manufacture of plastics, particularly 

glass fibre reinforced plastics. Other uses include the manufacture of dyes, 

insecticides, fungicides, pharmaceuticals and as an epoxy resin hardener.

Trimellitic anhydride (TMA 1,2,4 benzenetricarboxylic acid anhydride) differs from 

PA in the presence of an additional carboxyl group on the benzene ring (figure 1.1). It 

is manufactured from 1,2,4-trimethylbenzene. The process involves liquid phase air- 

oxidation to trimellitic acid which is subsequently dehydrated to TMA. Production is 

currently confined to one site in the USA where production capacity is about 22,500 

tonnes per year. Around 2,000 tonnes per year are consumed in the UK. TMA is 

available only in solid (flake) form. It is principally used in the production of 

plasticisers particularly for polyvinylchloride. Trimellitates are more expensive than 

phthalates but have certain advantages. They have better temperature resistance and 

so are used to manufacture wire insulation cable. Two types of polymers derived 

from TMA are used as wire enamels. They are used as coatings for magnetic wires 

where high thermal resistance is required and in hermetically sealed motors where 

resistance to fluorocarbon fluids is necessary. TMA is widely used to produce water- 

and solvent-based surface coatings.



figure 1.1. The chemical structure of seven acid anhydrides.
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table 1.1. The physical properties of seven acid anhydrides.

acid anhydride
molecular

weight

vapour 
pressure at 

20°C (mmHg)
melting 
point °C

boiling point °C 
at 760 mm Hg

phthalic 148.1 2x10-" 131 295
trimellitic 192.1 7x10^ 161 240-5
maleic 98.1 1.6x10' 53 202
tetrachlorophthal ic 285.9 254 371
hexahydrophthalic 154.2 4x10" 35 270
methylhexahydrophthalic 168 -29 120 (ImmHg)
methyltetrahydrophthalic 166.2 1.1x10^ 65 150 (lOmmHg)

Budavari S. (1989).



It is also used to introduce water solubility into resins. TMA is reacted with glycols 

to form resins with free carboxyl groups. This is reacted further with amines to form 

water soluble salts. Increasingly TMA is being used to make resins for 

electrodeposition and powder coating. TMA is also used as an epoxy resin curing 

agent.

table 1.2. Uses of acid anhydrides.

PA TMA MA

plasticisers 55% plasticisers 68% unsaturated
polyester
resins

50%

alkyd 20% wire enamels 18% oil additives 27%
resins

polyester
resins

20% surface
coatings
(powder)

7% malic acid 9%

others 
(dyes etc)

5% surface
coatings

6% paper sizing 
resins

3%

wall/floor 
coverings 
adhesives etc.

1% other (water 
treatment fine 
chemical etc.

11%

Health and Safety Commission 1994

Maleic anhydride (MA) is made commercially by the vapour phase oxidation of 

hydrocarbons over a solid catalyst. There is only one site of production in the UK 

producing about 20,000 tonnes of MA per year. About 9,000 tonnes of MA are 

imported each year. The material can be delivered either in solid (briquette) or liquid 

form but specialised handling and storage facilities are required for the liquid form. 

Solid MA is usually supplied in 25kg multi-walled paper bags. MA has a wide range 

of uses. After condensation with glycols the unsaturated polyesters are copolymerised 

with monomers, such as styrene to yield polyester resins which are used in the 

manufacture of plastics. A further use is as a viscosity index improver in the 

manufacture of lubricants. MA is used in the synthesis of succinic acid which can be 

used as a dispersant, malic acid-which is used in the food industry and fumaric acid 

which is a constituent of sizing resins for paper. Other applications include the



manufacture of alkyd resins, water treatment chemicals, pharmaceuticals and 

agricultural products.

Occupational exposure standards (OES) have been set for these chemicals but they do 

not relate to epidemiological studies of documented sensitisation in relation to 

measured exposure. OESs and maximum exposure limits (MELs) are set on the 

recommendation of the Advisory Committee on Toxic Chemicals of the Health and 

Safety Executive (HSE) UK, following assessment by the Working Group on the 

Assessment of Toxic Chemicals (Ridgway et al 1995, HSE 1992). The key difference 

between an OES and an MEL is that an OES is set at a threshold level below which 

there is believed to be no risk to health. For a MEL, a residual risk may exist.

When a MEL is specified ''the control of exposures shall, as far as inhalation o f the 

substance is concerned, only be treated as being adequate if the level o f exposure is 

reduced so far as is reasonably practicable and in anv case below the MEL” (HSE 

1990). When an OES has been approved for a substance "the control o f exposure 

shall, so far as that particular substance is concerned, be considered as adequate if: 

a) that OES is not exceeded or b) where the OES is exceeded, the employer identifies 

the reasons for the standard being exceeded and takes appropriate action to remedy 

the situation as soon as is reasonably practicable. ”

table 1.3. Occupational exposure standard for three acid anhydrides

substance PA TMA MA

long term exposure limit 
(8-hour TWA reference 
period)

6mg.m'^ 0.04mg.m'^ Img.m'^

short term exposure limit 
(10-minute reference period)

24mg.m'^

Health and Safety Commission 1994

Other acid anhydrides mentioned in this thesis are shown in figure 1.1. They are all 

used in the manufacture of epoxy resins and have been studied during their use in the 

manufacture of electronic components. Their vapour pressures (table 1.1) do not



figure 1.2. Manufacture of an alkyd resin. Oil is converted to monoglyceride by 
heating with glycerol before the PA is added (Turner 1988).
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figure 1.3. The manufacture of an alkyd resin. Alkyd resins are condensation 
polymers of dibasic acids and dihydric alcohols. Water is also produced in this 
reaction (Turner 1988).
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Allergy to acid anhydrides

The immunology of acid anhydride allergy

Kern described an industrial chemist who developed ''stuffiness of the nose and a 

profuse watery nasal discharge'' associated with "mild wheezing" (1939). The 

chemists’s symptoms always occurred at work and became worse during the working 

day. They always cleared up after leaving the plant and he never had any trouble on 

vacations. Although there was no dust in the laboratory the chemist felt that his 

symptoms were attributable to PA. "A skin test with PA caused a violent local 

reaction" and positive results were found when the chemist’s serum was injected into 

an animal and a skin site challenged with PA. It was clear from this first report of 

allergy to an acid anhydride that the chemist’s serum contained a component that 

could transfer skin test reactivity to the acid anhydride to a second subject. The 

description of immunoglobulin E (IgE) by Ishizaka et al (1966) and the description of 

its clinical significance by Johansson et al (1968 and 1972) prompted the search for 

specific IgE in subjects with suspected allergy to acid anhydrides.

Specific IgE directed at acid anhydride-protein conjugates was first identified in vitro 

by Maccia et al (1976) using a radioallergosorbent test (RAST). The worker they 

described experienced an immediate fall in forced expiratory volume in one second 

(FEVi) on exposure to PA in an inhalation challenge test. Interestingly they were 

able to demonstrate IgE antibody despite binding PA to a bovine serum albumin 

carrier. Schlueter et al (1978) were unable to demonstrate either precipitating 

antibodies or IgE to a tetrachlorophthalic anhydride (TCPA) bovine serum albumin 

conjugate in five patients suspected to have occupational asthma caused by this agent, 

three of whom underwent bronchial challenge. The nature of the carrier protein or 

the average three years since last exposure could have contributed to this result. 

Reviewing the literature since that time Venables has concluded that most cases of 

occupational asthma caused by acid anhydrides have serological evidence of reactivity 

to an acid anhydride human serum albumin (HSA) conjugate (1989a). Lymphocyte 

transformation in a subject sensitised to PA has been described by Gervaise et al 

(1972) but has proved difficult to repeat (Flaherty et al 1988).

11



The specificity of the antibody response

Zeiss et al (1977) studied a spectrum of illness in workers assigned to a unit that 

synthesised TMA. Four workers had symptoms of asthma, three of these with 

rhinitis. Each had a positive TMA-HSA skin prick test, and three had elevated levels 

of specific IgE. Initial studies indicated that the reaction of IgE antibody with ^̂ Î 

TMA-HSA could be inhibited by at least 80% in the presence of 5mg.ml‘̂  of 

NaTMA. Using sera from subjects from the same plant, antibody class and 

specificities were examined (Patterson et al 1978). They found that conjugates of 

TMA with ovalbumin were as effective as TMA-HSA, and that both were superior to 

NaTMA, at inhibiting TMA-HSA IgG reactions. IgG that had reacted with NaTMA 

did not subsequently become available for reaction with TMA-HSA suggesting that 

the anhydride was involved in the binding site. NaTMA was able to fully inhibit IgM

and IgA reactions with TM-HSA. They stated that their “ results suggest that all

IgG antibody is not directed against the hapten but against the combined determinant 

formed by the TMA and the protein'". In a further study serum samples were obtained 

from workers who were classified clinically as suffering from one of the three clinical 

syndromes related to TMA exposure that they had previously described (Zeiss et al 

1980). Using polystyrene tube radioimmunoassay IgE and total antibody, inhibition 

studies were performed. IgE was obtained from subjects with an asthma-rhinitis 

syndrome. One hundred thousand times the concentration of NaTMA as TMA-HSA 

was required to inhibit IgE antibody binding to TMA-HSA. A similar result was 

found for total antibody binding. A conjugate of TMA human yglobulin produced 

45 % inhibition of the IgE TMA-HSA interaction at a concentration at which TMA- 

HSA produced 98% inhibition. Conjugates with ovalbumin and poly-L-lysine were 

poor inhibitors of the total antibody TMA-HSA interaction. Inhibition by HSA alone 

was not attempted. The authors concluded that antibody specificity could not be 

related to the TMA hapten alone and that the TMA might be producing 

conformational changes in the protein that produced new antigenic determinants.

They also commented that the serum of these workers may have contained antibodies 

recognising new antigenic determinants on other respiratory tract proteins that would 

not have been detected in their assays. In a later paper they commented that NaTMA 

in high concentration could not completely inhibit the IgG binding of two sera to
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TMA-HSA and on this basis suggested that the TMA group might not be a part of the 

antibody specificity at all (Patterson et al 1981).

Twenty workers from a site that used molten PA and bagged TMA powder in the 

manufacture of plasticisers were assessed by Bernstein et al (1982). They believed 

that because of the handling procedures TMA exposure was greater than PA. All 

four workers with raised total antibody binding to TMA also had raised binding to 

PA. In order to examine the specificity of the antibody responses cross inhibition 

studies were performed. Sera from two workers with rhinitis, one PA sensitised and 

one TMA sensitised were examined. Total antibody binding of TMA-HSA was 

not significantly inhibited by PA-HSA and the total antibody binding of PA-HSA 

was not significantly inhibited by the addition of TMA-HSA in either subject. They 

concluded that in the serum of the subject with the most antibody to TMA-HSA there 

was a small amount of antibody directed specifically at PA-HSA, and conversely the 

serum of the subject with most antibody to PA-HSA contained small amounts of 

antibody specific to TMA-HSA. This is the only study in which dual sensitisation has 

been convincingly demonstrated. They also demonstrated that in concurrently 

exposed workers PA and TMA, when conjugated to HSA, act as significantly 

different antigenic determinants. This could either be because the anhydride is 

involved in the binding site or because different anhydrides produce different new 

antigenic determinants by causing different conformational changes in the HSA.

Sera from subjects with high RAST binding to phthalic, himic (HA) and 

hexahydrophthalic anhydride (HHPA) were studied to characterise their IgE 

specificities (Bernstein et al 1984). The four subjects were each thought to be 

sensitised to and to have had exposure to only one anhydride. Despite this, specific 

IgE was identifiable against all three conjugates in all four workers. RAST binding 

was highest against PA-HSA in all subjects. Inhibition studies conducted on the sera 

of the two workers sensitised to PA suggested that their antibody binding showed 

different specificities. One serum was little inhibited by either PA-lysine or Na-PA 

whereas the other showed marked inhibition by these reagents in concentrations only 

one or two orders of magnitude less than that required for inhibition by PA-HSA.
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This means that in one case the patient’s antibody population would only bind with 

the complete hapten-protein conjugate whereas in the other case the antibody 

population would bind to the hapten alone or when presented with lysine. RAST 

inhibition in the HHPA sensitised worker was achieved with HHPA-HSA and no 

other reagents. Antibody HA-HSA interaction in the HA-sensitive worker could be 

inhibited by a variety of conjugates including HA-Lysine and NaHA albeit at 100- 

1000 times the concentrations required for inhibition by HA-HSA. Interestingly the 

HA sensitised worker had higher RAST binding to PA-HSA than HA-HSA. 50% 

inhibition of the IgE HA-HSA binding could not be achieved with PA-HSA whereas 

very low concentrations of the HA-HSA were able to inhibit the IgE PA-HSA 

interaction. This suggests that where there is doubt over the sensitising anhydride 

inhibition studies could clarify the issue. The other significant finding was that the 

epitope specificity of the IgE response to PA may not be identical in all sensitised 

subjects. The same group report a further HHPA sensitised worker whose IgE 

antibody binding could be inhibited by NaHHPA in concentrations one hundred times 

and PA-HSA thirty times that required for inhibition by HHPA-HSA (Moller et al 

1985). Seven of 12 subjects with HHPA specific IgE detected on RAST discs also 

had significant binding to PA-HSA RAST discs.

Topping et al (1986) assessed the specificity of human IgE responses to inhaled acid 

anhydrides in 13 patients referred to the Brompton Hospital with acid anhydride 

induced asthma over a three year period. RAST % binding was greatest to the 

sensitising anhydride in 12 of the 13 subjects. The only aberrant example occurred 

when PA binding exceeded that of TCPA binding. This result could have been 

accounted for by a different molar ratio of the anhydride to the protein in the 

conjugate or the fact that binding at the level quoted (30%) is beyond the linear part 

of the dose-response curve. Many of the sera showed RAST binding to non 

sensitising AA-HSA conjugates but cross reactivity between acid anhydrides on skin 

testing was not described in this paper. Antibody specificity testing using RAST 

inhibition was done with inhibitor at increasing concentrations and also pooled results 

for all subjects sensitised to one anhydride using a fixed inhibitor concentration. The 

results for TCPA and TMA sensitised workers suggested that the homologous AA-
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HSA conjugate was a good inhibitor whereas the sodium salt and the AA-bovine 

serum albumin (BSA) conjugates were relatively poor, and HSA almost completely 

ineffective. Results for PA sensitised workers were different with the PA-BSA 

conjugate and NaPA producing similar inhibition to the PA-HSA conjugate. Further 

studies showed that the antibody response was highly specific to the sensitising 

anhydride. It was not possible to inhibit binding to the sensitising anhydride-HSA 

conjugate with ten fold greater concentrations of other anhydride-HSA conjugates.

The molar concentration of TCPA on HSA between 10:1 and 25:1 was not found to 

alter ability to inhibit IgE binding to TCPA-HSA whereas at a ratio of 54:1 it was a 

considerably poorer inhibitor. They addressed the question of whether there was 

more than one population of antibodies in each serum. Sera were incubated with AA- 

HSA discs that were not made up with the sensitising anhydride and attempts to 

inhibit the reaction were made with the sensitising anhydride. They found that in 

inhibitions with the sensitising anhydride-HSA conjugate discs, inhibition was specific 

for the sensitising anhydride and that in each case the sensitising anhydride-HSA 

conjugate was the most potent inhibitor of other anhydride-HSA conjugate discs.

Their general conclusions were that the antibody response is highly specific to the 

sensitising anhydride, that there is only one population of antibodies in each serum, 

and that the hapten forms an integral part of the antibody binding site.

Welinder and Nielsen presented results of immunological studies on sera from 

workers exposed to phthalic, methyltetrahydrophthalic, hexahydrophthalic and 

methylhexahydrophthalic anhydrides (1991b). They described the synthesis of 

conjugates of various hapten-protein ratios (hapten density). The RAST results were 

expressed as per cent specific binding (RAST value) (counts of test disc minus the 

counts of an HSA reference disc). The influence of non specific binding to the disc 

was tested with serum from a subject without known exposure to the anhydride who 

had a total IgE of 3,000kU/l. The RAST value was <0.15% so there is little non 

specific binding to the conjugate by high IgE sera. High titre of specific IgG did not 

block the specific IgE in a RAST. A positive skin prick test was scored when the size 

of the wheal was at least half that induced by histamine. Antibody specificity was 

assessed by inhibition experiments in which the amount of conjugate that was needed
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to be added to produce 50% inhibition was determined. Methyltetrahydrophthalic 

anhydride (MTHPA) RAST was maximised with a hapten density between 9 and 

20:1. Skin prick test sizes increased with MTHPA-HSA hapten density up to 15:1. 

Inhibition studies revealed that increasingly efficient inhibition occurred with 

MTHPA-HSA hapten densities up to 25:1. RAST results with MTHPA-HSA in 63 

control sera and with HHPA-HSA in 84 control sera were all ^0.3%. Two of 181 

workers with RAST values ^0.3% were skin prick test positive. Of 38 workers with 

RAST kO.8% 37 were prick test positive. Skin test reactions were not specific to the 

sensitising anhydride. Workers exposed and RAST positive to MTHPA or HHPA 

had similar RAST values for the other anhydride-HSA and MHHPA but lower values 

to PA-HSA and even lower for MA-HSA. Subjects sensitised to PA-HSA specific 

IgE had markedly lower RASTs to the other two anhydrides. MTHPA-HSA and 

HHPA-HSA binding were iniiibited by MTHPA-HSA and HHPA-HSA in similar 

concentrations. Considerably more PA-HSA and vastly more MA-HSA was required 

to produce the same inhibition. These results imply that MTHPA-HSA, HHPA and 

MHHPA-HSA are immunologically similar.

Summary

The carrier protein forms an important part of the binding site. Serum from 

sensitised subjects exposed to more than one acid anhydride usually only contain one 

population of antibodies. The epitope specificity of IgE provoked by one acid 

anhydride may not be the same in different subjects. Workers exposed and sensitised 

to one anhydride may produce antibodies that bind to conjugates of other anhydrides, 

demonstrated either in a RAST or skin prick test. RAST % binding is usually highest 

to the sensitising anhydride. Inhibition studies may be used to determine the 

sensitising anhydride.

The evidence that sensitisation to acid anhydrides is associated with bronchial 
responsiveness and asthma symptoms

It is generally believed that asthma caused by acid anhydrides is frequently associated 

with the presence of specific IgE antibodies directed at acid anhydride protein
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conjugates. Surprisingly, surveys of working populations do not offer much support 

for this view. This may be partly because there is a paucity of adequately designed 

studies looking at the association of specific IgE with symptoms and also because 

subjects developing occupational asthma are more able, in comparison with other 

asthmatics, to avoid the allergen which has caused their disease. As a minimum the 

ideal study would clearly define its population prior to analysis, would determine 

diagnosis independently of information on IgE status or bronchial responsiveness 

preferably by recording information on standardised forms and would include 

information on workers who had left the area of exposure. In this way the influences 

of selection, information and survivor bias could be minimised (Hennekens and 

During 1987 and Checkoway, Pearce and Crawford-Brown 1989). The few studies 

that get close to fulfilling these criteria are included in table 1.4 but even amongst 

these there are caveats.

Zeiss et al (1977) described three syndromes related to TMA exposure. ''Asthma- 

rhinitis'' which develops after a latent period of weeks to years. Symptoms abated 

after the work exposure had stopped. "TMA-flu" which also developed after a period 

of latent exposure but was associated with cough and wheezing starting 4-8 hours 

after a workshift. The respiratory symptoms were usually accompanied by malaise, 

chills, fever, muscle and joint aches. This syndrome was associated with high 

exposure to TMA fume during a workshift. It was later called the "late onset 

respiratory systemic syndrome (LRSS)". Finally an "irritant" syndrome could occur 

on the first high exposure to TMA fumes. It was characterised by rhinorrhoea 

without pruritus or sneezing, occasional epistaxis, cough, dyspnoea and occasional 

wheezing. The symptoms would abate over a period of 8 hours. Four workers with 

the asthma-rhinitis syndrome had immediate skin test reactions to TMA-HSA 

conjugates whereas their workmates with "TMA flu" did not. The skin prick tests 

were a part of the clinical work up so it is possible that they influenced the diagnoses 

made. Workers without respiratory symptoms were not examined. Sale et al (1981) 

studied 20 workers using TMA in the manufacture of resins. The workers completed 

a questionnaire with the assistance of a physician. All subjects had symptoms of 

sneezing and rhinorrhoea following exposure to TMA and therefore these were not
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regarded as symptoms. Three workers had detectable IgE (threshold not defined).

The worker with immediate type asthma had levels four times higher than any of the 

others. The authors concluded - Because antibody activities confirmed the clinical 

impressions, we believe that the clinical evaluation plus antibody studies (in workers 

exposed to TMA) should be an accurate method for diagnosis o f late onset respiratory 

systemic syndrome and asthma”. Bernstein et al (1982) examined 20 workers 

exposed to TMA and PA. Four workers had TMA specific IgE of which two suffered 

with rhinitis and two had no hypersenitivity type symtoms. Two other workers had 

immediate type symptoms but no detectable specific IgE. With respect to PA; four 

workers had detectable IgG and all of these had detectable IgE. Two had rhinitis and 

one irritant symptoms. Only one had symptoms that were clearly attributable to PA 

and this worker did have specific IgE directed at a PA-HSA conjugate. Moller et al 

established an apparent relationship between sensitisation to HHPA and symptoms of 

occupational asthma (1985). All four of workers with ‘occupational asthma’ 

diagnosed on questionnaire had elevated specific IgE (RAST binding 8.7-23.4%) 

compared with 3 of the 24 workers without occupational asthma. However three of 

those with occupational asthma were not working in the areas designated for the 

survey but ''volunteered” themselves into the survey. The association described 

above is not undermined as long as their IgE results or skin test reactivity were not 

known at the time they entered the study.

Schlueter et al (1978) had been unable to demonstrate TCPA-bovine serum albumin 

specific IgE in workers with suspected TCPA induced asthma. Howe et al (1983) 

reported the presence of TCPA-HSA specific IgE in seven women with occupational 

asthma caused by TCPA. The seven women were compared, but not matched for 

atopy, smoking or exposure intensity, with eight TCPA exposed controls and a non

exposed comparison group. It was not stated whether the skin prick test result of the 

asthmatics was known before making the comparison with exposed non-asthmatics. 

Although this study was not intended to have a strong epidemiological foundation it 

does provide clinical evidence of a relationship between specific IgE and asthma 

caused by acid anhydrides. In a further survey of the same site conducted after these 

workers had left Venables et al (1985) found 24 out of 300 workers to have specific
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table 1.4. The epidemiological evidence for an association of specific IgE with symptoms or bronchial hyperresponsiveness in populations exposed 
to acid anhydrides. Only studies in which an attempt to study all the exposed workers have been included.

definition of 
sensitisation

IgE -fve IgE -ve significance test

Venables et al 1985 
n=290

RAST ^ 2.5s.d. above 
geometric mean of a 
control group

work related chest symptoms 
no work related chest 
symptoms

2/32 (6%) 
22/268 (8%)

30/32 (94%) 
246/268 (92%)

FE p = l

Venables et al 1986 
n=473

RAST ^ median or SPT 
^2mm

work related chest symptoms 
no work related chest 
symptoms

8/63 (13%) 
34/410 (8%)

55/63 (87%) 
376/410 (92%)

p=0.25

Moller et al 1985 
n=27

RAST ^ twice the mean 
of a control group

occupational asthma 
no occupational asthma

4/4 (100%) 
8/23 (35%)

0/4 (0%) 
15/23 (65%)

FEp=0.03

Wemfors et al 1986 
n= 118

scratch test with 
pulverised PA

asthma 
no asthma

3/11 (27%) 
0/26 (0%)

8/11 (73%) 
26/26 (100%)

FEp=0.02

Nielsen et al 1992 
n=55

RAST > highest in a 
control group

asthma

non-specific bronchial 
hyperresponsiveness

1/12 (8%) 

1/12 (8%)

5/43 (12%) 

10/43 (23%)

F E p =  1 

FE p = 0.42

Liss et al 1993 ELISA > highest in a 
control group

work related chest symptoms 

decline in FEVj during shift

numbers not given 

numbers not given

not significant 

not significant

n = number of workers recruited to study, RAST = radioallergosorbent test, ELISA = enzyme linked immunosorbent assay, FE = Fisher's exact 
test.



IgE higher than 2.5 standard deviations above the mean of a control group. None of 

these workers had symptoms that could be associated with TCPA exposure. With 

affected workers getting ‘the sack’ survivor bias is clearly playing a part. In a further 

study of 473 men working in 5 plants that made resins from acid anhydrides Venables 

et al (1986) did not find a significant association of symptoms with immediate skin 

test reactivity or specific IgE to acid anhydrides.

Wernfors et al examined 118 workers exposed to PA in the manufacture of alkyd or 

polyester resins (1986). They found 21 workers to have symptoms of work- 

associated asthma. Of these 3 of 11 tested had positive scratch tests to pulverised PA 

compared with none of 19 without. It is not clear why only a proportion of 

symptomatic workers were submitted for further examination and how the 

asymptomatic controls were selected.

In another study of 60 workers exposed to PA, five subjects had symptoms 

compatible with work related asthma. Only one had specific IgE higher than the 

highest RAST ratio found in an unexposed control group. Of four workers with 

increased IgE only one had symptoms of asthma (Nielsen et al 1988). The same 

group assessed the association of specific IgE to MTHPA-HSA (any value higher than 

the highest value in a control group) with symptoms of occupational asthma and non

specific bronchial hyperresponsiveness (BHR) in a group of workers with current 

“/n'g/i” exposure to MTHPA (Nielsen et al 1992). There was no apparent association. 

Only two of eight subjects with symptoms suggestive of occupational asthma had 

bronchial hyperresponsiveness and both of these had specific IgE. They concluded 

that the combination of symptoms of work related asthma and evidence of specific IgE 

sensitisation was highly predictive of bronchial hyperresponsiveness.

In a study of a plant using TCPA as an epoxy resin hardener to encapsulate solenoid 

coils, Liss et al found 31% of subjects to have specific IgE to a TCPA-HSA conjugate 

(k3s.d. above the mean of a group of office workers). There was no relationship 

between antibody status and reported work related symptoms, baseline spirometry.
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average decline in FEVi during the shift or proportion with intrashift decline in FEVi 

greater than 10%.

Summary - The clinical study of Howe et al (1983) provided evidence of an 

association between specific IgE and asthma caused by acid anhydrides. Cross 

sectional surveys, low thresholds for detecting the presence of specific IgE and a low 

prevalence of disease have led to little epidemiological support for this observation,

Exposure-response relationships in acid anhydride induced asthma

Assessment of exposure-response relationships in occupational asthma is difficult. To 

some it is intuitive that occupational asthma occurs in susceptible individuals largely 

independent of exposure. To others it seems obvious that greater exposures will be 

associated with more disease. The latter need not be true if the exposures pertaining 

in a given factory lie at the top or bottom end of a sigmoidal dose-response curve or if 

sensitisation requires thresholds of exposure to be exceeded. Additional problems 

arise because of the affected worker’s ability to alter his own exposure in response to 

symptoms. This represents a major difference between occupational asthma 

epidemiology and occupational cancer epidemiology. Whilst cumulative exposures 

seem to be relevant in exposure to carcinogens we should not be surprised if 

cumulative exposure to a sensitising agent did not correlate well with allergic disease. 

This is because a sensitised worker may identify and avoid the cause of his symptoms 

- those who accumulate exposure are those who survive to do so. In contrast a 

worker exposed to a carcinogen is likely to experience a latent period of 

asymptomatic exposure lasting many years before developing cancer.

Notwithstanding these difficulties several authors have attempted assess exposure- 

response relationships in acid anhydride allergy and allergy to other occupational 

sensitisers.

The majority of papers describe a cross-sectional design although a few attempt to 

trace highly exposed or symptomatic leavers. In assessing these papers I have 

particularly looked for:
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Definition of exposure categories without a knowledge of symptoms or markers of 

IgE responsiveness.

Exposure categories supported by exposure measurements.

A statement about the movement of workers between exposure categories.

A clear definition of the population.

Information about the people who did not take part.

A discussion of the potential effects of survivor bias in cross sectional studies.

Bernstein et al (1982) described workers at a plant that manufactured plasticisers 

using TMA powder and PA in molten form. The workers were divided into high and 

low exposure groups ''on the basis of their job descriptions and the intensity o f daily 

exposure to TMA and PA dust or fumes as described by plant management. ” 

Management could have been aware of workers’ symptom status. No exposure 

measurements were reported. Total antibody and specific IgE directed at TMA-HSA 

conjugates were found only in the high exposure group. Four workers had TMA- 

HSA specific IgE (2.4-4.6 times negative control values) of whom two suffered with 

rhinitis and two had no hypersensitivity type symptoms. In the low exposure group 

one worker was classified as having possible asthma/rhintis/(LRSS) but no TMA 

specific IgG or IgE was detected. With respect to PA: four workers had detectable 

IgG and all of these had detectable IgE. This included the only worker with high 

exposure. Two had rhinitis and one irritant symptoms. Only one had symptoms that 

were clearly attributable to PA. It is not clear whether the anti-PA-RSA antibodies 

occurred in the same workers that had a/tr/ TMA-HSA antibodies.

Zeiss et al (1983) reported a "follow-up” study of workers from a TMA 

manufacturing plant that was intended to determine the incidence of TMA-induced 

immunological syndromes. Entry into the study was voluntary and workers could 

enter the study at any time by asking the plant nurse. By 1981 all those 

"significantly” involved in the manufacture of TMA had been enrolled into the study. 

Six workers developed immediate type symptoms in association with raised specific 

IgE levels. One of these was an office worker who had never worked directly in the 

manufacture of TMA. His office was located 183 metres from the site of manufacture
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of TMA. He had a definite immediate skin test reaction to TMA-HSA. As there was 

no comprehensive strategy for examining the whole site it is not possible to assess 

whether those in higher exposure groups were more at risk of becoming sensitised. 

They commented that those with an antibody response had fewer years of exposure. 

No exposure measurements were reported and no evidence offered to support the 

conclusion that that the incidence of sensitisation to TMA was decreasing.

In their latest survey of the TMA manufacturing plant in Illinois Zeiss et al (1992) 

have collected data on all plant employees. The new information relates to workers 

who had not enrolled in previous surveys and who were tested between July 1988 and 

July 1989. It is possible that this group includes asymptomatic workers (‘survivors’) 

who did not enroll in the previous surveys. An exposure class was allocated to every 

worker on the site by a company hygienist based on a knowledge of work practices 

and exposure measurements and independent of the clinical data (table 1.5).

table 1.5. Exposure to TMA in a manufacturing plant. Personal monitoring results 
for TMA by exposure class 1988 and 1989.

Exposure
class

number
of

samples

8 hour time weighted 
average - range 

(mg.m^)

geometric 
mean (GM) 

(mg.m^)

geometric 
standard 

deviation (GSD)

1 29 <5.4 xlO"'-6.5 0.17 7.9
2 7 5.8 xlO'^-0.97 0.087 5.7
3 1 <5.4x10"*
4 7 <3.3-5.9x10^ <4.1x10"* 1.3
5 8 <4.5-6.0x10"* <5.3x10"* 1.1

< implies below the detection limit for the assay. Zeiss et al (1992)

Of the employees newly recruited to the study only four had inununological 

syndromes and one of these had developed in the distant past. Both workers 

developing asthma/rhinitis were in exposure group 1 and they were the only two 

workers with elevated specific IgE. Amongst new workers the prevalence of total 

TMA-HSA specific antibody (mainly IgG) fell across the exposure groups 1-5 (table 

1.6). The authors claim the same effect to be present for specific IgE although there 

is no evidence of a trend. The paper supports a relationship between exposure and
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specific IgG and supports other papers that have only reported IgE sensitisation in the 

highest exposure group.

table 1.6. Antibody responses to TMA-HSA in a TMA manufacturing plant. 
Antibody response in relation to exposure groups.

1 2 3 4 5
number 8 39 98 123 42
number with elevated total antibody (%) 3 (38) 3(8) 8(8) 4(3) 1(2)
number with elevated IgE (%) 2(25) 0 0 0 0
mean IgE antibody 0.91 0.02 0.01 0.02 0.01
Zeiss et al (1992)

Bernstein et al (1983) described the effects of exposure reductions on the 

immunological status of subjects in the plant first described by Sale gr aZ (1981).

They noted that marked reductions in airborne TMA dust were associated with a 

decrease in symptoms and total ««n'-TMA-HSA antibody. Despite the apparent fall in 

TMA exposure one maintenance worker developed specific IgE and symptoms.

table 1.7. TMA exposure in a resins plant. Airborne TMA dust concentration 
(mean) mg.m \ _________________________________________________________

Job station 1974-1978 1979 1980 1981 1982 1983 1984

operator 2.1 0.006 0.01 0.01 0.03 <0.001 <0.04

assistant 0.82 0.002 0.02 0.02 0.01 0.10 <0.04
operator

packager 0.007 0.08 0.11 0.10 0.18 0.05 0.32

(Sale et al 1981, Bernstein et al 1983, McGrath et al 1984 and Boxer et al 1987)

McGrath et al (1984) analysed the same site and commented on the findings of Sale et 

a/ (1981) and Bernstein et al (1983) as stated above. They noted that those with the 

LRSS improved clinically and immunologically but that those with IgE sensitisation 

remained symptomatic and had persistent specific IgE in the face of marked decreases 

in exposure to TMA. A further eleven new workers and four with previous exposure 

to TMA were evaluated longitudinally from the time the alterations in work practices 

were made. One of these workers developed TMA asthma with IgE during the period
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of follow up but there was no other TMA related illness. They concluded.... “/f is 

clear that good workplace control measures make it possible to continue manufacture 

of TMA products without TMA-induced illness among employees. ” In view of the 

persistent symptoms in those with IgE sensitisation and the development of new IgE 

related disease in a maintenance worker presumed to have low exposures, an 

alternative interpretation would be that it is possible to avoid the LRSS but that cases 

of IgE sensitisation and asthma may occur in the face of apparently low exposures.

Boxer et al (1987) pursued the same theme and subjects in a further follow up based 

at the same industrial site. The investigators sent out a further set of questionnaires in 

1985 and enrolled a third group of workers to the study. Ten of these workers had 

been employed prior to the first survey and it is not clear why they were not included 

at that time. They found no evidence of clinical disease in this third group. They 

argued that this supported their previous conclusion that decreasing exposure was 

associated with less disease. Greater clarity in defining who was selected and who 

was not selected to be in the study at each stage would have facilitated interpretation 

as it is likely that those with symptoms would have been included in the study at an 

early stage.

Moller et al (1985) reported a cross sectional survey of a plant that used HHPA in the 

manufacture of bushings for electrical transformers. Exposure measurements 

suggested that exposure to HHPA was highest in the mixing towers and mould 

pouring area. Twenty one of 33 workers selected by the investigators on the basis of 

their work area agreed to take part and six symptomatic workers from adjacent parts 

of the factory also volunteered. Workers were divided into “high’\  ''low’' and 

"adjacent work area” exposure groups. Five of 11 from the high exposure group and 

2 of 10 from the low exposure group had IgE levels k2s.d. from the mean of a 

control group. This difference in proportions was not statistically significant. When 

they combined raised IgE or raised IgG or both they found that there was a significant 

difference between the highly exposed group and the less exposed group. The 

relatively small numbers and the absence of an assessment of movement between 

work stations hindered the definition of an exposure-response gradient in this study.
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In the study by Venables et al of workers exposed to TCPA in an electronics factory 

(1985) a trend for increasing sensitisation IgE (^2.5s.d. greater than the GM of a 

control group) to TCPA was seen across exposure groups but there was no trend for 

increased chest symptoms. The exposure groups were not validated with exposure 

measurements. They commented that examining IgE in the absence of symptoms 

eliminates the potential recall bias in respect of causative factors that may occur in 

people who develop asthma. They also note that people developing an IgE response 

in the absence of symptoms are unlikely to deliberately modify any of their risk 

factors as a result. The lack of a trend in chest symptoms across the exposure groups 

may well be an example of survivor bias obscuring real effects of a risk factor when 

assessed in a cross sectional survey as seven subjects diagnosed as having 

occupational asthma had left the factory (Howe et al 1983).

In 1986 a group from Lund University in Sweden began to publish their experience of 

allergy to acid anhydrides. Wemfors et al (1986) described four plants in which PA 

was used in the production of alkyd and unsaturated polyester resins. Asthma always 

started during high exposure tasks but could continue during low exposures (see 

exposure measurements). In specific challenges two workers developed falls in FEVi 

in relation to exposures of 0.6 and 6 mg PA.m'^ respectively. In a second paper 

Nielsen et al (1988) reported findings from the current workers based at the two 

plants at which they had exposure measurements and at which there were symptomatic 

subjects. The usual concerns over interpretation of a ‘survivor’ population therefore 

apply. Exposure levels were very similar in the two factories (see table 1.7) and so 

they grouped results from the two sites. Engineers were grouped with the reactor 

loaders as highly exposed. It is not clear whether this was done ‘blind’ to their 

symptomatology. This group was compared with slightly exposed workers and 

controls from other industries. Symptoms of conjunctivitis (40 vs 20%) and rhinitis 

(46 vs 20%) were more common in the heavily exposed workers. PA related asthma 

was reported in five (14%) of the heavily exposed workers but none of those in the 

low exposure groups. All of these had been exposed as loaders. They comment that 

two of the workers were asymptomatic and that they were in low exposure jobs at the 

time of the survey. It is not clear why they were not therefore put in the low
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exposure groups as there is no reference to movement between groups elsewhere in 

the paper. There was no general association between exposure to PA and the 

presence of PA-HSA specific IgE.

Welinder et al (1990) did a cross sectional study of a plant where MTHPA was mixed 

with an epoxy resin in the manufacture of barrels for grenade firearms. One hundred 

and thirty four out of 157 workers were investigated. They were divided into three 

exposure zones (I, II, III) according to their proximity to the use of MTHPA. These 

zones were supported by exposure measurements but there appeared to be little 

difference between exposures in the lower exposure groups. Twenty three (16%) of 

the exposed workers had immediate skin test reactivity to MTHPA-HSA. There was 

a significant trend for an increasing prevalence of skin test reactivity across the 

exposure groups (control 0%,III=9%, II=15%,1=19%). Specific IgE levels also 

increased across the groups. Average exposure levels were low (<0.1mg.m^) 

compared with those found at the plant described by Wernfors and Nielsen above. 

They note that MTHPA has a relatively high vapour pressure and that consistent with 

this, their methods of collection indicate that MTHPA would be inhaled in a vapour 

form (see table 1.1). This has been suggested as a reason for the greater allergenicity 

of toluene diisocyanate (TDI) compared with methylene diisocyanate (Banks et al 

1986).

Welinder (1991a) included information concerning a cross sectional survey of workers 

exposed to HHPA in a plant manufacturing electronic components in his thesis. 

Exposure groupings that were supported by exposure measurements did not show a 

trend for increasing sensitisation with increasing exposure.

Grammer et al (1993) described 12 subjects with “asthma-rhinitis’' among 29 workers 

with ''immunologic lung disease caused by TMA”. In particular they described the 

effect on symptoms and immunoglobulin levels of moving from high exposure jobs to 

low exposure jobs within the same company. All had been transferred to low 

exposure jobs at least one year prior to the study. Workers with TMA-induced 

syndromes tended to be in high exposure categories at the time of diagnosis. Subjects
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with non-IgE associated disease (LRSS) tended to have mild or non existent symptoms 

at follow up. Seven out of 12 workers with the asthma-rhinitis syndrome were 

moderately to severely symptomatic especially when the wind was blowing in their 

direction from the TMA unit. Total TMA-HSA antibody and specific IgE fell in all 

clinical groups. The group with asthma-rhinitis who had persistent symptoms had 

significantly higher specific IgE at follow up than those who became asymptomatic.

It is not clear whether these subjects also had a higher level at diagnosis or whether 

their IgE had failed to fall. The authors conclude that sensitised workers should be 

monitored clinically and immunologically after being moved to a job with lower 

exposures. They did not report a series of IgE levels and so It is not possible to know 

whether those who remained symptomatic started with a higher IgE level than those 

who became symptom free. It is possible that they started from the same level but 

failed to fall. Also there is no assessment of whether those who failed to recover had 

more exposure to TMA after moving than those who did recover. The results suggest 

that asthma-rhinitis behaves like a true hypersensitivity syndrome in which very small 

exposures are able to maintain IgE levels and symptoms whereas this may not be the 

case for the other TMA related ''immunologic diseases”.

Liss et al (1993) described a plant that manufactured solenoid coils and used TCPA as 

an epoxy resin hardening agent. Four cases of occupational lung disease had been 

suspected, three since the introduction of TCPA. Sampling was performed on two 

occasions for TCPA and exposure groups were established based on perceived 

exposures. The exposure measurements did not suggest clear differences in exposure 

between the groups. Fifty two out of 66 (80%) of current workers took part. Work 

related asthma based on questionnaires was identified in 18 (35%). Wheeze and work 

related asthma were reported almost twice as frequently in smokers as non-smokers. 

IgE antibody was elevated (>3s.d. higher than the mean of a non-exposed group) in 

31%. There was a higher prevalence of sensitisation amongst the highest exposure 

groups. Those with specific IgE had worked on site for significantly longer since 

1988 than those without specific IgE. They laid great emphasis on the relationship 

between duration of exposure and the prevalence of IgE. Unfortunately this is
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table 1.8. Exposure estimates in studies of industrial plants using acid anhydrides. See also table 1.7.

article process area/task anhydride measurement duration analysis
Zeiss 1977 TMA manufacture condensation/

bagging
TMA 1,700 - 4,700 ? ?

Ohta 1979 open alkyd resin plant 
closed alkyd resin (LPA)

PA 500.000
6.000

? 7

Moller 1985 electronics manufacturing high HHPA 0.6 (0.1-1.3) ppm 15' - 8hrs ‘impinger’
Wemfors 1986 alkyd resin plant kettle loaders 

different tasks

other tasks

PA 23,000
3,000-13,000
400
200
400

peak
short term TWA 
full shift TWA 
full shift TWA 
peaks

HPLC

loading MA 600
700

full shift TWA 
peaks

Nielsen 1988 alkyd resin plant loading 
other work

PA 6,100 (1,800-14,900) 
<100

short term TWA HPLC

alkyd resin plant loading 
other work

PA 6,800 (1,500-17,400) 
<100

Welinder 1990 firearms plant zone 1 
zone 2 
zone 3

MTHPA 85 (7-380) 
14 (<  1-30) 
10 (7-14)

full shift GC

Lee 1991 PA
MA

2,000
1,000

Engstrom 1989 high exposure MTHPA 20-50
Liss 1993 electronics manufacturing TCPA < 10-390 ? full shift GC

HPLC = high performance liquid chromatography, GC = gas chromatography.



misleading. It is brought about by the fact that those with shorter durations of 

exposure had also been exposed to lower levels of TCPA. In addition prevalence of 

skin test reactivity is probably a cumulative measure of sensitisation so it is not 

surprising if it is greater in a population whose exposure is longer. This should not 

be interpreted as meaning that the incidence rate of sensitisation increases with time 

since first exposure. This sort of analysis is better done in the context of a 

prospective cohort study with repeated measurements of specific IgE or skin tests.

Summary

The evidence relating exposure to response in allergy to acid anhydrides is limited 

and derives from cross sectional studies. These studies are susceptible to survivor 

and misclassification bias as affected workers leave the workforce or move from high 

to low exposure groups. In general asthma usually starts in relatively high exposure 

jobs but IgE related disease may persist in the face of marked reductions in exposure. 

Exposure to MTHPA in lower concentrations may provoke more sensitisation than 

relatively higher concentrations of PA. No quantitative analysis of exposure-response 

relationships has been offered.

Exposure-response relationships in occupational asthma caused by other agents

The studies included in this review are those that include at least 30 subjects, in which 

the subjects have been categorised into subjective or objective exposure groups and 

also include a measurement of IgE as RAST or skin prick test (Chan-Yeung 1990). 

Studies of occupational asthma caused by low molecular weight chemicals in which a 

specific IgE response has not been defined have not been included because of the 

difficulty in epidemiological studies of distinguishing irritant from immunological 

responses.

Platinum salts

Merget et al did a cross sectional survey of employees working in a platinum refinery 

(1988). Workers with work related respiratory symptoms had the shortest 

occupational exposure times but the highest exposure indices as determined by a 

production manager. In a small firm employing few workers it is unlikely that the
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production manager would not be aware of the employees' symptoms and so bias 

could have occurred. All the workers with work related chest symptoms had 

immediate skin test reactivity to platinum salts. Baker et al (1990) examined a 

population of 107 workers working in a platinum refinery. They used the company's 

own exposure records taken over a two year period and showed a relationship 

between exposure to platinum salts and the prevalence of sensitisation to platinum. 

Current job title was taken as the surrogate marker for exposure. Using logistic 

regression the risk of demonstrating platinum salts skin test reactivity increased 1.13 

times per 1/xg.m'  ̂ increment in work area air concentration of platinum salts .

Locusts

A cross sectional study was carried out at a scientific research establishment (Burge et 

al 1980). Participants were subdivided into four groups according to their perceived 

exposure to locusts (table 1.9). There were no exposure measurements. Antigens for 

skin testing were prepared from two locust species and from one species of moth. 

Work related respiratory disease was most prevalent in the laboratory insect handlers 

and non existent in the field workers. There was a gradient of sensitisation to locust 

antigens across the exposure groups even though sensitised workers had been moved 

to other jobs. There was an interesting differential rate of sensitisation compared with 

symptoms when laboratory workers were compared with field workers. This may 

suggest that greater levels of allergen exposure are required to generate symptoms 

compared with sensitisation, or that the locust skin test is non-specific, or that 

movement of symptomatic field workers out of exposure occurred. Eleven of twelve 

workers with ''occupational asthma’' had positive skin prick tests to locust antigens.
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table 1.9, Sensitisation and symptoms in people working with locusts.

lab.
workers field workers other administrators

number 43 18 29 28

work related respiratory 
symptoms (n)

26 0 7 0

atopy (number y/n) 17 25 10 8 9 18 13 13

locust skin prick test 
positive (%)

65 28 60 0 44 6 46 8

(Burge et al 1980)

Laboratory animal allergy

The literature relating to laboratory animal allergy over the last ten years is extensive 

but has been preoccupied with the influence of atopy on the development of 

symptoms. The perfect study would include exposure measurements, would describe 

changes in jobs and should take account of leavers and confounding exposures. Two 

features of animal laboratories make these criteria important. The most highly 

exposed group (animal handlers) tend to be the youngest, the least qualified and for 

many reasons to have the highest turnover. The scientists who often form the next 

highest exposure groups may well be exposed to other allergens and irritants such as 

formaldehyde, glutaraldehyde and methacrylates, which are used for preserving, 

sterilising and fixing tissues.

Several studies have assessed symptoms in relation to exposure to laboratory animals 

(Lutszky and Neumann 1975, Slovak and Hill 1981, Bland et al 1986, Venables et al 

1988a, Kibby et al 1989) but few have supported this with an analysis of differential 

prevalence of sensitisation according to exposure. I have cited only those that include 

data on allergic sensitisation.

Cockcroft gr a/ (1981) did a cross sectional study of three Medical Research Council 

laboratories. They divided the workers into handlers, heavy users'' and light 

''users". No people who had left the establishments were included in the study and 

no exposure measurements were described. They found no gradient of symptoms
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across the exposure groups but commented that symptoms describing asthma were the 

only ones that were significantly related to a positive skin test.

table 1.10. Sensitisation in laboratory animal workers.

rat urine skin prick test a2 euglobulin IgE
animal handlers 7/54 (13%) 9/54 (19%)
users (heavy and light) 15/125 (12%) 8/125 (6%)
unexposed 0/34 (0%) 0/34 (0%)

(Cockcroft et al 1981)

In a later paper relating to the same survey Platts Mills et ai (1987) categorised the 

results of allergy tests by exposure group. There was a trend for a decreasing 

prevalence of subjects with IgE to o2 euglobulin (the urinary protein believed to be 

responsible for allergy to rats) with decreasing exposure, although why this trend 

was not apparent for whole rat urine skin prick tests is not clear.

Botham et al (1987) report a prospective study of workers starting employment in 

animal laboratories. During the course of the study attempts were made to increase 

awareness of laboratory animal allergy and to decrease exposure. No exposure 

measurements were made. Symptoms were recorded immediately after starting 

employment and at annual intervals thereafter. The rate at which workers described 

work related allergic symptoms appeared to fall in the cohorts commencing work in 

the later years of the study. Athough no incidence rates for positive skin prick test to 

rat allergen were reported the prevalence of a positive skin prick test in those 

reporting symptoms was between 40% and 86% depending on how many different 

laboratory animal allergens were used.

Shellfîsh

Gaddie et al (1980) reported a study of workers in a prawn processing factory. 

Respiratory symptoms had begun to be reported after the method of removing the 

meat from the shell was changed from manual to the use of a compressed air 

''blower’’. The study was done in the year after this change. Whilst there appeared 

to be a relationship between proximity to the prawn blowing line and a prawn specific
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skin test the method of selection of the subjects to be examined was not clear enough 

to be sure that an exposure-response relationship existed.

Salmon

Douglas et al have reported occupational asthma among workers employed in a newly 

opened salmon processing plant on the west coast of Scotland (1995). The process 

used an automatic, aerosol generating, gutting and washing machine. Twenty four 

(8.2%) of 291 employees developed definite occupational asthma. Respirable aerosol 

was measured in three areas and workers gave blood for salmon specific IgE. There 

was a clear relationship between exposure and specific IgE (table 1.11). There was a 

significant association between “categories of increasing symptom severity and with 

exposure grade (p <0.001)” but when cases were matched for smoking status with 

controls “index cases had significantly less exposure in terms of months in 

employment (p=0,006)”. This suggests that cumulative exposure is not a risk factor 

for occupational asthma amongst these workers.

table 1.11. Aerosol exposure and specific IgE in an automated salmon processing 
plant.

exposure grade
respirable aerosol concentration 

(mg.m \  mean Cl) salmon specific IgE
1 <0.01 0 (0%)

2 0.05 (0.04-0.05) 7 (5.7%)

3 3.14(2.71-3.57) 15 (11.5%)

(Douglas et al 1995)

Enzymes

Many plant and animal allergens may well be enzymes. For instance the major house 

dust mite (Der I) is a cysteine protease. Mitchell and Gandevia (1971) described 

175 workers using enzymes in the manufacture of detergents in Australia. The study 

was done after the first 18 months of production. Exposure was felt to be high 

although no dust measurements were made. Of 80 subjects working full time in 

detergent production 64% were sensitised to the enzyme compared with 52% of those 

in more peripheral areas. At least 20 affected workers were known to have left the
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plant. Newhouse et al (1970) had the opportunity to perform a similar study in the 

UK. The use of enzymes had started in the plant in October 1969 and the plant was 

surveyed in March 1969. ''All those concerned with the production of detergent” 

were skin tested with alcalase and asked to complete a questionnaire.

table 1.12. Sensitisation to detergent enzymes.

job number positive alcalase prick test

synthetic mix 38 17 (45%)
complex making 16 7 (44%)
packing 98 22 (23%)
others 92 11 (12%)
shipping 27 0

(Newhouse et al 1970)

Workers’ exposure was categorised using their job titles and these categorisations 

were supported by exposure measurements. There was a significant relationship 

between symptoms and a positive skin prick test. Skin prick test reactivity to alcalase 

was highest in the higher exposure groups. The fact that the allergen is in powder 

form and that the factory had recently opened may have contributed to this clear dose- 

response relationship.

Baur et al (1982) described 33 workers exposed to the proteolytic enzyme papain. 

Four of the workers were specifically included in the study because they had 

developed symptoms. The study was cross sectional and workers were divided into 

three exposure categories based on current job title. These job categories were not 

substantiated by exposure measurements. Of the moderately exposed and low 

exposure groups 13/21 and 2/7 were sensitised. In these exposure groups there was a 

close relationship between skin test reactivity and allergic symptoms. In the high 

exposure group all 4 workers were symptomatic but only one had evidence of 

sensitisation. All but one sensitised worker with symptoms reacted to a bronchial 

provocation test whereas unsensitised asthmatics did not. Unfortunately the 

symptomatic, highly exposed, but unsensitised workers were not challenged so it is 

possible that their symptoms were not allergic. Duration of exposure was not related
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to sensitisation. Although average duration of employment in the highest exposure 

group was not shorter than in the lower exposure groups the authors did comment that 

two symptomatic workers had left the high exposure group suggesting a healthy 

survivor effect.

Juniper et al (1977) reported an analysis of the cohort of workers who worked in the 

detergent enzyme packing plant first described by Flindt in 1969. Workers underwent 

medical examinations including skin prick tests with alcalase every six months. There 

was clear evidence of an increased risk of sensitisation in jobs with higher perceived 

exposures. This risk was not quantified.

Flour allergy and Bakers asthma

Prichard et al (1984) studied 200 workers representing 90% of the bakers in the Perth 

area of Australia. Bakers were demonstrated to have a greater prevalence of work 

related wheeze than wrappers and slicers. They also had a non-significant increase in 

sensitisation to bakery allergens. Surprisingly, in a further analysis, oven handlers 

had more work related chest symptoms than dough makers (Prichard et al 1985). The 

authors suggested that this could be explained by an alteration in respirability or 

allergenicity during cooking. It seems more likely that this reversal of the expected 

exposure-response relationship may be explained by the inclusion criteria for this part 

of the study which stipulated that people had remained in their current job for at least 

five years. It is possible that symptomatic doughmakers had changed jobs within five 

years. This idea is supported by the low prevalence of atopy among the remaining 

doughmakers and the decreasing atopy rates with increasing duration of baking across 

the whole group. Musk et al (1989) did a cross sectional study including 

measurements of dust exposure and ranked job titles from 1-10 according to perceived 

dust exposure. More than 300 people were seen which included more than 88% of 

the target population. Stepwise multiple logistic regression demonstrated the 

following significant relationships (table 1.13).
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table 1.13. Risk factors for sensitisation to bakery allergens.

dependent
variable

positive skin prick test to bakery allergens odds ratio

independent atopy 16.3
variables exposure rank ever greater than 6 3.1

increase per ten years work in the bakery 1.8

(Musk et al 1989)

These significant findings may only have been made possible by grouping bakery 

allergens and also putting an exposure grouping into the regression that had been 

determined a posteriori. Of note there was a relatively poor relationship between 

work related chest symptoms and bakery allergen specific IgE perhaps related to 

irritants in the atmosphere. It is also possible that the relationship between duration 

of exposure and sensitisation was observed because of the slow rate of development of 

sensitisation to bakery allergens.

Summary

There are general indications that increasing exposure to occupational allergens is 

associated with sensitisation and asthma. There are very few examples where this 

relationship has been quantified and none relating to prospective studies.

Exposure-response relationships and sensitisation to common inhalant 
aeroallergens

In 1967 Voorhorst and colleagues deduced that the principal allergen in house dust 

was excreted or secreted by Dermatophagoides pteronyssinus (Voorhorst et al 1967). 

They noted that house dust from throughout the world contains the mite but that the 

allergen was found in low concentrations in dust from high altitudes. They 

commented ''This mite is found in house dust so regularly and in such remarkably 

high numbers, that we even had to ask the somewhat painful question of how and by 

what unfortunate combination of factors this mite had escaped the searching eyes of 

so many scientific people, both physicians and biologists. ” It rapidly became clear 

that the majority of young asthmatics were sensitised to this allergen (Smith et al 

1969). House dust mite and other indoor allergens are now suspected to be the major
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causes of asthma throughout the world (Sporik et al 1992, Sears et al 1989). The 

major house dust mite allergens have been isolated and found to be associated with 

mite faecal pellets (Tovey et al 1981). It has become relevant, and a public health 

issue to establish relationships between levels of exposure to house dust mite allergens 

and asthma.

Several natural experiments have been invoked to support an association between 

house dust mite exposure and asthma. For instance it has been suggested that the 

increased prevalence of asthma in the eastern highlands of Papua New Guinea is 

related to increased house dust mite exposure. In the early 1970’s Anderson found 

only 3 adults and no children with asthma amongst 2,026 (prevalence 0.15%) subjects 

(1974). He did no skin tests and made no estimate of house dust mite exposure. By 

1977 the prevalence of asthma was greater than 1% (Woolcock et al 1981) and by 

1983 it was 7.3% in the same population (Woolcock et al 1983). There was a 

significant association between asthma and house dust mite sensitisation. It was 

speculated that the increased prevalence of asthma was related to increased house dust 

mite exposure related to the introduction of blankets as bedding. In 1985 Dowse et al 

confirmed the association between asthma and house dust mite sensitisation but were 

unable to find a difference in exposure between asthmatics and controls. Finally 

Turner et al (1988) reported a significantly greater house dust mite density in dust 

obtained from homes in the south Fore area, whose asthma prevalence had increased 

to 7.3% than dust obtained from homes in the Asaro valley where the prevalence of 

asthma had been reported to be 0.3%. No explanation was offered for the differences 

in exposure. There has been no longitudinal assessment of house dust mite exposure 

so attributing increasing asthma to increasing house dust mite exposure was 

speculative.

It is known that house dust mite flourishes in warm humid conditions and this has 

been suggested as the explanation for decreased house dust mite exposure at altitude 

(Vervloet et al 1982). Charpin et al (1988) compared asthma symptoms and skin test 

reactivity between populations in Marseilles at sea level and Briançon at 1,350 

metres. Unfortunately the methods of ascertainment were not the same in the two
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areas so confidence in the results must be lower. Nevertheless, the prevalence of 

asthma and house dust mite sensitisation were lower at altitude and those in Briançon 

with asthma were less likely to be sensitised to house dust mite. A further study of 8 

year olds based in the same areas, with more standardised methodology found less 

exposure, less sensitisation but no less asthma at altitude (Charpin et al 1991).

A large cross sectional study of schoolchildren has produced further non-quantitative 

information on the relationship between sensitisation, symptoms, bronchial 

hyperresponsiveness and exposure (Peat et al 1987). The study was conducted in a 

coastal area where house dust mite is the predominant allergen and an inland area 

where pollens predominate. Bronchial hyperresponsiveness and diagnosed asthma 

were associated with immediate skin test reactions to mites and pollens. Skin test 

reactivity to pollens was more common inland and to mites more common at the 

coast. In the presence of mite sensitisation the odds ratio for bronchial 

hyperresponsiveness was higher on the coast than inland whereas the reverse was true 

for grass pollen sensitisation. The same relationships held for diagnosed asthma. It 

seemed that exposure was important in determining both sensitisation and expression 

of disease.

The development of quantitative estimates of house dust mite allergen exposure has 

allowed further assessment of exposure-response relationships. An uncontrolled 

study of 20 house dust mite sensitised asthmatics suggested that 17 were exposed to 

greater than 10/^g ?i {Der p  I) per gram of dust in one of the areas of their home 

(Smith et al 1985). Most of our quantitative knowledge of exposure-response 

relationships in the induction of sensitisation and asthma symptoms, however, rests on 

case-control studies. These studies compare current exposure to allergen between 

sensitised asthmatics and non-sensitised asthmatics or between sensitised asthmatics 

and asymptomatic controls. The effect of choosing symptomatic cases rather than 

sensitised cases must be kept in mind. An early (and prescient) Japanese study 

demonstrated greater Pyroglyphidae numbers in the dust from homes of house dust 

mite sensitised asthmatics compared with dust from the homes of asthmatics with no 

evidence of sensitisation to house dust mite (Ishi et al 1979). No difference in
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exposure was found when sensitised asthmatics were compared with non-asthmatic 

controls. In a heroic study Korsgaard single-handedly demonstrated an exposure- 

response relationship between house dust mite asthma and exposure to house dust mite 

in mattresses and bedding. He took 25 asthmatics with almost exclusive sensitisation 

to house dust, proven by skin prick test and bronchial challenge and compared each in 

a matched case-control analysis with three age and sex matched controls {table 1.14)

table 1.14. House dust mite exposure as a risk for sensitisation.

No. of HDM in O.lg mattress 
dust

HDM sensitive 
cases controls

OR

0-10 7 54
11-100 7 11 4.9
101-k 11 10 7.8
total 25 75

(Korsgaard 1983)

Lau et al (1989) analysed a group of 130 symptomatic atopic children and asked them 

to collect dust from their mattresses. House dust mite sensitised atopies had a 25 fold 

higher median Der p  I and Der f  I measurement (12.6/xg.g'^) than non house dust 

mite sensitised atopies. The odds ratio for sensitisation at a cut off of 2/xg.g'  ̂ of dust 

was 5 (Cl 2-10). Comparison between asthmatics and non-asthmatics has repeatedly 

failed to show a difference in exposure (Call et al 1992) {table 1.15). Gelber et al 

(1993) showed that emergency room attendances for asthma were associated with 

specific IgE against mite, cat, cockroach, ragweed and ryegrass (not necessarily 

independently) but there was no difference in exposures between asthmatics and non

asthmatic controls. The association of both sensitisation and exposure to cat (odds 

ratio 16.3), cockroach (odds ratio 6.2), or mite allergen (odds ratio not quoted) were 

relatively strong risk factors for attendance.

Young et al (1992) compared house dust mite sensitised subjects with their non house 

dust mite sensitised atopic siblings. They found significantly higher exposure to Der 

p i  in the mattress and bedding of house dust mite sensitised siblings. The likelihood 

ratio (sensitivity x (1-specificity)) for sensitisation at an exposure threshold of 10
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pig.g'  ̂ of dust was 2.6. No difference in exposures was seen when comparing house 

dust mite sensitised children with their non-atopic siblings. The discussion 

emphasised the importance of knowing the atopic state of controls when assessing 

exposure-response relationships in studies of allergy. This point is reaffirmed in table 

1.15. It sugests that exposure is a risk factor for disease in susceptible subjects but 

reveals a lack of studies assessing differences in exposure between those sensitised 

with and without disease. In addition there are no cross sectional studies of general 

population samples that show a relationship between exposure and sensitisation within 

that population.

table 1.15. Results of studies relating house dust mite (HDM) exposure to 
sensitisation.

case
HDM

exposure control reference

atopic HDM-I- = non- atopic Young et al 1992, Ishi et 
al 1979

asthma HDM -1- > asthma HDM - Korsgaard 1983, Price et 
al 1990

symptomatic 
atopic HDM-I-

> symptomatic 
atopic HDM-

Lau et al 1989, Young et 
al 1992

asthma HDM -1- = asymptomatic Gelber et al 1993, Call et 
al 1992, Dowse et al 1985

Sporik et al (1990) reported a prospective study of children at risk of allergies. Entry 

criteria included at least one parent with asthma or hay fever. There were 93 children 

at entry, 73 at age 5 and 67 at age 11. Children were seen every year for the first 

five years and then at age eleven. The children were considered to have asthma if 

they had had symptoms in the last year and showed bronchial hyper-responsiveness to 

histamine. Dust samples were collected in 1980 and ten years later. Of the 67 still 

under follow up at age 11, 35 were atopic and 32 non-atopic on skin testing. The 17 

children with asthma were all atopic and 16 were sensitised to the housedust mite.

The relative risk of developing asthma among those sensitised to house dust mite was 

19.7. Highest house dust mite concentrations were found in the mattresses. There 

was only a weak relation between sensitisation to HDM in 1989 and exposure in
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1979. There was a significant correlation between early exposure and current 

wheezing. This was not apparent with current exposure. There was also a weak 

inverse correlation between exposure at the age of one and the time of first wheeze. 

This relationship was stronger if only atopies were analysed. This suggests that early 

exposures may determine whether sensitised people develop symptoms as a result of 

their sensitisation and emphasises the importance of focussing on groups at risk of 

developing disease. This important study is only slightly tarnished by the 30% drop 

out rate. A selective loss of highly exposed non-sensitised subjects is unlikely, but 

possible.

Summary

Asthma in the community is strongly associated with house dust mite allergen 

sensitisation. Case control studies suggest a relationship between sensitisation and 

current house dust mite allergen exposure when ‘at risk’ (atopic) groups are compared 

but not when cases are compared with a population who are not known to be at risk. 

The first year of life may be a time of particular susceptibility.

Smoking and atopy as risk factors for allergy to acid anhydrides

There are no specific markers of occupational asthma that are readily measured in 

epidemiological surveys. For this reason surrogate measures have been identified 

such as the description of work related chest tightness or wheeze, or evidence of IgE 

antibodies directed against the occupational allergen. For a variety of largely 

unexplored reasons these measures are of variable specificity and sensitivity when 

compared with ‘gold standards’ such as serial peak flow measurements or inhalation 

challenge. In spite of this, investigators have felt it worthwhile to examine specific 

IgE in occupational groups as it is often found in proven cases of occupational 

allergy, it is not susceptible to manipulation by the worker and it may help elucidate 

important risk factors for allergic disease. Specific IgE is usually measured in vivo as 

immediate skin test reactivity or in vitro using the radioallergosorbent test (RAST).

In occupational studies immediate skin prick test reactivity is usually defined 

arbitrarily, either in absolute terms or relative to a histamine control whereas a 

positive RAST result is often determined as being greater than a certain number of
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standard deviations (s.d.) of an unexposed control group. The clinical relevance of 

these low but abnormal specific IgE levels is not clear.

There has been interest in the role of cigarette smoking and atopy in modifying the 

risk of becoming sensitised to occupational allergens. Cigarette smoking is a risk 

factor that can be modified and could be of considerable importance if it was a risk 

factor for occupational asthma and adult onset asthma in the community. Atopy on 

the other hand cannot be modified (at present) but has been used by employers as a 

marker of susceptibility that allows exclusion of certain people from the workplace. 

Aside from the problems of defining allergy there may be other difficulties when 

assessing the association between smoking and atopy and sensitisation to an 

occupational allergen, particularly if that allergen may also have irritant effects. It 

would be difficult to detect a differential rate of sensitisation in cross sectional studies 

if sensitised smokers were to leave the study population more frequently than 

sensitised non-smokers. This phenomenon may lead to an effect of smoking only 

being seen if the study is done a relatively short time after the introduction of the 

allergen under investigation (Venables et al 1988b). Secondly smokers who develop 

respiratory symptoms may be more likely to stop smoking. Therefore if only current 

smoking habits are analysed an effect of smoking on sensitisation may be missed.

Finally, exposure intensity should be assessed as a potential confounder as smokers 

may congregate in, or avoid, certain areas. If high exposure groups contain less 

smokers than low exposure groups and the rate of sensitisation is higher in the high 

exposure groups the effect of smoking will be obscured. On the other hand if there 

were more smokers in the high exposure groups an artefactual relationship with 

smoking might be observed. Many of these effects could also be seen with atopy.
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In assessing papers looking at smoking, atopy and the risk of development of 

sensitisation I have paid particular attention to papers which examine:

• smoking habits at the time of first exposure to the allergen.

• relative rates of departure of smokers / non-smokers or atopies / non-atopics from 

the exposed group.

• The proportion of smokers / non-smokers atopies / non-atopics in exposure groups 

if the results from those groups are to be analysed together.

• The date the study is done in relation the to the date of introduction to the allergen.

Venables et al (1985) made the observation that there was an interaction between 

smoking and atopy in the predisposition to the development of TCPA-HSA specific 

IgE m an electronics factory.

table 1.16. The interaction of smoking and atopy in the induction of sensitisation to 
TCPA.

atopic non-atopic

smoker 5/31 (16.1%) 13/111 (11.7%)

non-smoker 3/36 (8.3%) 0/98 (0%)

(Venables et al 1985)

The survey was done within two years of the introduction of TCPA into the plant. 

TCPA specific-IgE was defined as being greater than 2.5s.d. above the GM of an 

unexposed control group (RAST binding 0.38%). No information was provided 

about those who had left the site. Non-respondents were predominantly from low 

exposure groups. Twenty of 24 (83.3%) with high binding sensitised to TCPA were 

smokers whereas 133 of 276 (48.2%) without antibody were current smokers 

(p^O.Ol). Eight (38.1%) with high binding sensitised to TCPA were atopic whereas 

59 (23.1 %) without antibody were atopic p >0.05. Emphasis was placed on the 

interaction between smoking and atopy in the production of specific IgE to TCPA- 

HSA. As can be seen from table 1.16 the interaction is such that in non-atopics 

smoking has a greater influence than it does in atopies. Similarly atopy has a greater
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influence in non-smokers than it does in smokers. The combined effect is not additive 

and certainly not multiplicative.

Venables et al (1985) is the only paper that has shown this relationship between 

smoking, atopy and sensitisation to acid anhydrides. To date only three other papers 

have been reported with a design that makes such an assessment possible (Nielsen et 

al 1988, Welinder et al 1990, Liss et al 1993). In the study of Moller et al (1985) 

skin testing was not allowed under the study protocol and smoking habits were not 

recorded.

In only one of the above studies (Welinder et al 1990) were there sufficient numbers 

of people sensitised for statistical analysis. Use of MTHPA in a plant producing 

barrels for rocket guns began in 1983. The study was done in 1988. Smoking habits, 

atopy and MTHPA-HSA specific IgE were recorded. A raised MTHPA specific IgE 

was one in which the RAST value was higher than the highest in a control population 

of 30 unexposed local government employees. The highest RAST value recorded 

amongst any of the controls was 0.3%.

There were significantly fewer smokers In the high exposure area compared with all 

other areas suggesting that smokers may be selectively lost from the population.

There were also fewer atopies on site than in the control group from a mechanical 

workshop nearby. This may be explained by atopies not starting with the company or 

because they left more readily than non-atopics. It is also consistent with the site 

physician excluding atopies although the authors do not make it clear when this 

practice started. As can be seen from table i.iZ the  trends were the opposite of those 

seen by Venables et al (1985).
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table 1.17. Smoking and atopy as risk factors for sensitisation to MTHPA (column 
percentages).

atopic non-atopic smoker non-smoker

specific IgE 1 (6%) 25 (19%) 4 (9%) 15 (16%)

no specific IgE 15 (94%) 104(81%) 40 (91%) 79 (84%)

Welinder et al (1990)

In a follow up paper Nielsen et al (1992) investigated 20 of 26 workers who had 

previously been employed in the ''high” exposure area of the plant described by 

Welinder. There were significantly more current smokers and people with a positive 

skin test to common inhalant allergens in the group that had formerly been in the high 

exposure group. This suggests that there may have been a selective loss of smokers 

and atopies from the highly exposed group. The atopy effect could also have been 

achieved by the introduction of a policy of exclusion of people with positive skin tests 

to common aeroallergens from high exposure jobs some time during the history of use 

of MTHPA at the plant. This possibility was not commented on.

Liss et al (1993) examined 52 of 66 current workers workers exposed to TCPA.

Mean duration of employment was 2.5 years, (range 0.1-8.1 years) and the study was 

done 2 years after the introduction of TCPA. Interestingly current smoking was most 

common in the highest exposure group and yet the presence of TCPA-HSA specific 

IgE was more common in non-smokers than smokers. Although skin prick testing to 

common aeroallergens was not done it seems unlikely that this effect could be solely 

due to confounding by atopy.

Summary

There are no studies showing a significant association of allergy to acid anhydrides 

with atopy. Only one study has shown an association of sensitisation with smoking.
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Smoking and atopy as risk factors for occupational asthma 

Ispaghula, coffee and castor bean

Zetterstrom et al {\9%\) opened the debate relating allergic sensitisation to smoking 

habits. After observing elevated total IgE levels amongst smokers in a general 

population sample they went on to report results from cross sectional studies of 

pharmaceutical workers exposed to ispaghula and workers in a coffee roastery.

table 1.18. Smoking and sensitisation to organic dusts.
ispaghula RAST coffee dust SPT castor bean SPT

4- + +
non-smokers 22 1 55 4 54 5
smokers 29 8 50 20 53 17

p<  0.001 p<0.01 p<0.01
(Zetterstrom et al 1981)

Laboratory animal allergy (LAA)

Nearly every published study has shown a relationship between LAA and atopy both 

in terms of skin prick tests and symptoms. The relationship is so consistent that it has 

been suggested that atopic people should be screened out and denied employment with 

animals in research facilities. In a questionnaire based cross sectional study Davies et 

<3/(1981) were unable to demonstrate a significant difference in allergic symptoms in 

those with and without a history of allergy prior to working with animals. Cockcroft 

2 / d / (1981) in a cross sectional study of people working with small animals 

demonstrated that skin prick test positive atopies were more likely than non-atopics to 

have asthma symptoms from animal contact (OR=3.37). The odds ratio for the 

relationship between atopy and a positive skin prick test to animal allergens was 5.26. 

Cigarette smoking was not associated with work related asthma symptoms but the 

influence of smoking on the development of a positive SPT was not examined. Agrup 

et al (1986) showed a strong relationship between atopy and a positive skin prick test 

to laboratory animal allergen. The relationship with symptoms was less strong. 

Smoking was not found to be related to LAA. Botham et al (1987) described a 

prospective cohort of workers exposed to laboratory animals. The majority of
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workers who became symptomatic in the first year were atopic. However as the 

cohorts were followed through the proportion of symptomatic workers who were 

atopic fell to 43% by the third year. This suggests either that non-atopics develop 

symptoms at a lower rate or that there was a selective loss of symptomatic atopic 

workers.

Slovak and Hill (1987) assessed the rationale for excluding atopic people with atopy 

defined in three different ways. They showed in a cross sectional study that atopy 

(defined by skin prick test reactions to three common aeroallergens was 80% sensitive 

and 82% specific as a marker for asthma caused by laboratory animal allergy. Its 

positive predictive value was only 34% indicating that 66% of atopies would be 

barred unnecessarily. Venables et al (1988a) showed that work related chest 

symptoms in people working with laboratory animals were five time as frequent in 

those with atopy defined by positive skin prick tests. In an accompanying paper 

results from three facilities using small animals were pooled in an attempt to 

demonstrate an effect of smoking on sensitisation (Venables et al 1988b). The results 

demonstrated the expected effects of atopy and also a relationship between laboratory 

animal asthma symptoms and smoking.

table 1.19. The association of smoking and atopy with laboratory animal asthma.
Index of laboratory animal asthma Atopy Smoking
(LAA) PR P PR P
LAA chest symptoms (n=156) 2.6 0.023 2.6 0.01
skin wheal to urine extract (n=296) 2.1 0.001 1.4 0.19
positive RAST to urine extract 2.2 0.001 1.0 1
(n=273)

PR = prevalence ratio, n = number available for analysis (Venables et al 1988b)

The prevalence ratios were greater than one for positive skin prick tests but did not 

achieve statistical significance. The authors hypothesized that the timing of the study 

in relation to first exposure to antigen may be crucial if smoking merely hastens 

sensitisation. According to this theory the prevalence ratios approximate to one the 

longer the study is performed after introduction of the sensitising agent.
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Kibby et al (1989) using questionnaire based definitions of atopy and allergy found 

significant relationships between LAA and atopy in a cross-sectional study but despite 

positive relative risks could not confirm these findings prospectively. This may have 

been because the incidence of disease was too low to give the study sufficient power. 

Aoyama et al (1992) in a very large questionnaire based study showed a relationship 

between a personal and family history of allergy and laboratory animal allergy.

Snow crab

Cartier et al (1984) distributed questionnaires relating to work related symptoms to 

290/301 workers employed in the processing of snow crabs. Occupational asthma 

was diagnosed on the basis of specific challenge or two of a) fall in FEV^ on return to 

work b) fall in the concentration of histamine required to provoke a 20% fall in FEVi 

(histamine PC20) on return to work c) a pattern of changes in peak expiratory flow 

(PEE) suggestive of occupational asthma. A positive crab skin test was strongly 

associated with atopy and a positive crab skin test was strongly associated with 

occupational asthma but surprisingly there was no relationship between atopy and 

occupational asthma.

table 1.20. Smoking and occupational asthma caused by snow crab.

Smoking
occupational asthma 
-l-

+ 27 38 p <  0.001

- 17 226

Cartier et al (1984)

Unfortunately they did not report positive crab skin prick tests in relation to smoking 

but did feel able to postulate that the excess of asthma in the smokers was due to 

greater permeability of the airways perhaps permitting allergen to gain access to 

sensitised cells.

Salmon

In the salmon processing plant described by Douglas et al (1995) the prevalence of 

occupational asthma was higher in smokers than non-smokers (p< 0.001), but was not
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significantly higher amongst those with total IgE > lOOIU.ml'  ̂ (p=0.06).

Interestingly, salmon specific IgE was higher in current smokers than never smokers 

(p< 0.001) but salmon specific IgG was higher in never smokers than current smokers

(p< 0.001).

Platinum salts

Venables et al (1989b) reviewed medical records from a platinum refinery in order to 

examine the effect of cigarette smoking on sensitisation. A cohort of 91 workers 

were followed for up to 8 years. They underwent six monthly platinum salt skin 

tests. A proportional hazards regression analysis showed that smoking was the single 

most important predictor of a positive skin test to platinum salts (OR 5.05 Cl 1.68- 

15.2) and symptoms. There was a suggestion that atopy was associated with risk of 

sensitisation but this relationship was not significant. The fact that only chemical 

process workers were included makes differential exposures amongst smokers and 

non-smokers an unlikely explanation for the results. Baker et al (1990) examined a 

cross section of 107 workers working in a platinum refinery. They also found that 

sensitisation was significantly associated with current cigarette smoking (80% of 

sensitised 35% non-sensitised) but not with atopy.

Reactive dyes

Park et al {1991) interviewed and examined more than 300 workers involved in the 

textile colouring industry in a cross sectional survey. It involved a questionnaire, skin 

tests and RAST measurements. There was a striking relationship between 

sensitisation and smoking. RAST was deemed positive at greater than 2% binding, an 

unexposed control population all being less than 1 %. There was no relationship 

between atopy and sensitisation. It seems that there was complete cooperation by the 

staff with this study but there is no mention of when the factory opened or the rate of 

turnover of staff. Sensitisation to black GR-HSA occurred in 2% of non-smokers and 

28% of current smokers {table 1.21).
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table 1.21. Smoking and sensitisation in reactive dye workers._________

specific IgE antibodies (%)

black GR-HSA orange 3R-HSA

nonsmoker 

former smoker 

current smoker

2/94 (2)

6/46 (13)

46/170 (28)

3/94 (3)

3/46 (7)

37/167 (22)

(Park et al 1991)

Detergent enzymes

The clinical features of enzyme allergy in the detergent production industry were 

described as a result of respiratory symptoms developing in a factory in Lancashire, 

UK (Flindt 1969). An accompanying article described positive skin tests to enzyme 

extracts in affected workers (Pepys et al 1969). Watt et al (1970) did a cross 

sectional study of the same factory three years after the enzyme had been introduced 

and following changes in plant design. Skin tests to enzyme extracts were more 

frequently positive in those who were also atopic (64%) than those who were non- 

atopic (33%) on skin testing. Of the 48 sensitised workers 43 (90%) were smokers 

compared with 58 of the 73 (80%) non-sensitised. Clearly it is difficult to 

demonstrate an effect of smoking in the situation where everyone smokes. Newhouse 

et al (1970) reported another cross sectional study that took place within 4 months of 

the introduction of the enzyme detergent ""alcalase”. Eight months later 82% of 

sensitised workers were skin test positive to other inhalant allergens compared with 

18% of unsensitised workers. Smoking was not assessed as a risk factor.

table 1.22. Atopy as a risk factor for sensitisation to detergent enzymes.

''alcalase” atopic non-atopic

sensitised 42/51 (82%) 19/52 (37%)

non-sensitised 9/51 (18%) 33/52 (63%)

(Newhouse et al 1970)

Mitchell and Gandevia (1971) questioned the relevance of sensitisation to the 

development of symptoms. They did a cross-sectional survey of a plant in Australia
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18 months after the introduction of enzymes. Skin prick testing was done two months 

later. Atopy was more common in those who had become sensitised but there was no 

relationship between a personal or family history of atopy and work related chest 

symptoms. Although there was a relationship between positive skin prick tests to 

enzymes and nasal symptoms no such relationship existed for chest symptoms. The 

possibility that people with chest symptoms had left was not discussed. Flood et al 

(1985) studied workers at three sites in the British detergent industry between 1969 

and 1980. Workers were seen on admission to the industry and at six monthly 

intervals for skin prick tests. Atopies were excluded from starting work after 1972.

A higher proportion of atopies than non-atopics became sensitised although it is 

possible that they experienced higher enzyme exposure whilst employed during the 

early years. More smokers than non-smokers were sensitised but the numbers were 

not presented.

In a cohort study of workers in the detergent packing industry, Juniper et al reported 

a greater incidence of sensitisation to alcalase amongst atopies than non-atopics 

matched for exposure (1977). Within the first three years 70% of the most highly 

exposed atopic workers became sensitised compared with approximately 40% of their 

non-atopic colleagues. Of those who were to become sensitised in the highest 

exposed group, 80% became sensitised within 20 months of starting employment.

Bakers asthma

Several studies have shown clear relationships between atopy and allergy to bakery 

derived allergens (Jarvinen et al 1979, Prichard et al 1984, Brisman and Belin 1991). 

Only one has addressed the role of smoking on sensitisation. In a cross sectional 

study of a British bakery the statistical significance of the relation of potential 

confounding variables to symptoms, bronchial reactivity and skin response was 

examined using logistic regression analysis (Musk et al 1989). Duration of exposure 

was greater than 2 years in more than three quarters of the workers suggesting a low 

turnover of staff. The bakery had been open for at least ten years. There was 

relatively poor correlation between symptoms and sensitisation suggesting, perhaps, 

that symptomatic workers had left. Atopy but not smoking habits were related to the
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development of a positive skin test to a combination of bakery allergens. Neither 

atopy nor smoking was related to the development of work related chest symptoms.

Western Red Cedar and isocyanates.

Occupational asthma caused by western red cedar or by isocyanates has not been 

associated with cigarette smoking (Chan-Yeung et al 1982, Paggiaro et al 1984).

Summary

In epidemiological studies occupational asthma caused by complex protein allergens is 

almost invariably associated with skin prick test reactivity to common inhalant 

allergens. Sensitisation to low molecular weight allergens, even those which provoke 

an identifiable IgE response, is less convincingly associated with atopy. There are 

examples of allergy to both low and high molecular weight allergens which are 

associated with cigarette smoking but this association is found inconsistently.

Smoking, asthma and sensitisation to common inhalant allergens

The majority of population based studies of the epidemiology of asthma have been 

cross sectional. In these studies the relationship of asthma to smoking is difficult to 

establish as people who are wheezy in childhood may not take up smoking and those 

who become wheezy as adults may stop smoking. A relationship of smoking to skin 

prick test or serological evidence of allergy might also be informative. Burrows et al 

(1976) reported cross sectional results from a stratified random cluster sample of 

more than 3,000 subjects from Tucson, Arizona. A physician diagnosis of asthma 

was associated with positive skin tests to inhalant allergens. Never smokers and ex

smokers were more likely to have positive skin prick tests than current smokers.

They interpret this as meaning that people with positive skin tests were less likely to 

start smoking and were more likely to give up if they do start. Alternatively it could 

mean that current cigarette smoking supresses a positive skin test. In the 15-54 age 

group, amongst those with a positive skin prick test asthma was as common in 

smokers, ex-smokers and non-smokers. Amongst those with negative skin prick tests.
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however, asthma was more common in smokers. In 1979 prospective data were 

reported from the same study (Dodge and Burrows 1980 table 1.23).

table 1.23. Risk factors for new asthma in a prospective community based study.
under 40 years 

new asthma never asthma

over 40 years 

new asthma never asthma

number 27 1,819 22 1,564

current smoker (age > 10) 60.0%* 31.0% 45.5% 30.5%

skin prick test k 1 positive 76.5%* 39.8% 27.3% 26.5%

FEVi % predicted 99.0 99.1 73.0* 92.3

(Dodge and Burrows 1980) *p<0.05.

3,860 subjects with a wide age range were followed up for four years. There were 47 

new cases of physician diagnosed asthma in 13,435 person.years of follow up. The 

relevant findings were that both current smoking and atopy, as elicited at the 

beginning of follow up, were risk factors for the development of new asthma. Whilst 

prospective studies such as this are extremely useful in demonstrating the risk of 

smoking they are very uncommon.

Since 1981, 26 outbreaks of asthma have been detected in the city of Barcelona 

affecting 687 people and causing 1,155 hospital attendances (Anto et al 1989). The 

outbreaks were attributed to the release of soybean particles during unloading of 

soybean in the dock area. There have been no outbreaks since bag filters were placed 

at the top of the silos preventing release of soybean particles (Anto et al 1993). 

Assessment of subjects developing soybean related asthma in Barcelona has provided 

a further oppormnity to examine the effect of cigarette smoking on exposure to a 

novel inhaled allergen (Sunyer et al 1992). Asthmatics admitted on epidemic asthma 

days (cases) were compared with asthmatics admitted on non-epidemic days (controls) 

in an un-matched analysis. Increased age, atopy and cigarette smoking were 

independent risk factors for being a case. The authors suggested an additive 

interaction between soybean dust exposure, atopy and cigarette smoking and a dose- 

response relationship in relation to pack-years.
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table 1.24. Risk factors for epidemic asthma.
nonsmokers smokers

airborne soybean 
exposure

allergen 
skin test

odds
ratio

95% Cl odds ratio 95% Cl

>4km 0 1.0 1.5 G.3-8.5

<4km 0 1.4 G.3-6.5 2.9 G.6-15.5

>4km kl 2.4 G.6-5.2 3.2 G.7-15.6

:^4km 2.8 G.7-12.2 7.9 1.8-36.G

The airborne soybean exposure refers to whether cases or controls had lived or 
walked within 4 kilometres of the silos in the harbour (Sunyer et al 1992). Cl = 
confidence interval.

Before being confident that cigarette smoking is a risk factor for sensitisation we need 

to be sure that a sensitised smoker is not more likely than a sensitised non-smoker to 

attend hospital on an epidemic day, and that a smoker with airflow obstruction was 

not more likely to be diagnosed as having asthma on an epidemic day than a non

epidemic day. It would have been useful to have had a comparison of baseline lung 

function between cases and controls and to know that cases and controls had had equal 

‘opportunities’ to have given up smoking. If the controls were long standing 

asthmatics who had already given up smoking and the epidemic asthma cases new 

asthmatics the difference in current smoking practice may be explained.

Summary

There is a little prospective evidence that smoking predisposes to sensitisation and 

asthma. The evidence is limited by the lack of prospective studies in the literature.
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The genetics of allergy

The study of the genetics of allergy has been divided into two components - the 

genetics of responsiveness to specific antigens and the genetics of generalised IgE 

responsiveness (atopy) .

Responsiveness to specific antigens

Our knowledge of the determinants of specific immune responsiveness derives in the 

Erst instance from observations made by transplant surgeons and tumour 

immunologists at the beginning of this century. They knew that autografts tended to 

succeed whereas allografts usually fail. They also knew that a second graft from the 

same donor was rejected more rapidly than the first (Silverstein 1989). Snell (1948), 

using highly inbred mice, was able to find a genetic locus intimately related to 

rejection of tumour grafts. This he labelled H for histocompatibility and it became 

known as the H-2, the mouse equivalent of the human major histocompatibility 

complex (MHC).

Although the relevant information had been available for some time Medawar was the 

first to describe graft rejection as an immunological phenomenon. He showed that 

skin graft rejection from non-identical animals was more rapid following the second 

attempted graft from one animal to another. He also demonstrated that transfusion of 

leukocytes prior to grafting achieved the same effect whereas transfusion with red 

cells did not (Medawar 1946). Hence the human leukocyte antigens. Furthermore he 

demonstrated that immunity to a graft could be transferred by cells but not serum 

from the sensitised donor. In the William Harvey lecture of 1954 he stated that skin 

transplant immunity and delayed type hypersensitivity depend on the activation, 

deployment and peripheral engagement of the lymphoid cell. This placed the 

lymphocyte at the centre of the immune response.

Although Snell had placed the genetic control of graft immune responsiveness in the 

MHC in 1948 and Scheibel had observed that guinea pigs could be bred to be either 

high or low responders to diphtheria toxoid in 1943 (Schiebel 1943) it was not until 

1969 that specific responsiveness to antigens was also located in the H-2 region of the
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mouse. McDevitt and Chinitz showed that the immune responses of inbred mice to a 

related series of three synthetic polypeptide antigens were genetically controlled traits 

which were closely correlated with the genotype for the major histocompatibility (H- 

2) locus (McDevitt and Tyan 1968, McDevitt and Chinitz 1969). All strains of the 

same H-2 type exhibited the same pattern of immune response independent of the 

remainder of a given strain’s genetic background. There was marked antigen specific 

polymorphism between strains of different H-2 types with respect to their patterns of 

response. They called these genes immune responsiveness genes.

In humans the MHC is a cluster of more than a dozen genes found on chromosome 6. 

It has evolved as a highly polymorphic system based on multiple alleles at each locus 

such that a potential 20x10^ combinations of different proteins may be encoded. 

Whilst the potential for variation is great the distance between the genes is small so 

that they tend to be inherited en bloc. For this reason certain HLA subtypes are 

strongly associated with one another in a population. This is known as linkage 

disequilibrium.

Class I genes code for glycoproteins that are expressed on all nucleated cells and are 

involved in cell mediated killing of virally infected cells. Class II molecules, HLA- 

DR, -DP, and -DQ are expressed on B-cells, antigen presenting cells and 

macrophages. They are thought to be crucial to the presentation of antigen (or 

allergen) to T-cells. The T-cells may then communicate with B-cells with the 

generation of an antibody response (Schwartz 1985). Exogenous protein antigens are 

subject to unfolding and limited proteolysis by antigen presenting cells before binding 

with MHC II molecules to form a complex (Grey et al 1989). Each T-cell can 

respond to only one epitope presented in this way.

Class I and II molecules are transmembrane glycoproteins. The structure of class I 

molecules has been visualised using X-ray crystallography. The three dimensional 

structure is thought to have two a helices bordering a cavity whose base is formed by 

a B pleated sheet (Bjorkman et al 1987). Class II molecules are thought to fold into a 

three dimensional structure with similar characteristics (Brown et al 1988). The
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variable areas of the proteins coded for by these genes are such that they are thought 

to lie in the 8 pleated sheet on the floor and on the inner surfaces of the a helices that 

form the cavity. These regions are coded for by hypervariable regions of the genes, 

namely the second exon.

HLA proteins were first identified with specific sera or in a mixed lymphocyte 

reaction (MLR). With the development of the polymerase chain reaction, specific 

sequence oligonucleotide probes and the technique of analysis of amplified fragment 

length polymorphisms it has become possible to name HLA genes according to their 

nucleic acid sequence (Wordsworth et al 1990, Dekker et al 1990, Bodmer et al 

1992).

table 1.25. An example of the nomenclature of HLA-D types.
genotype serology MLR previous equivalents

DRB3*0101 DR52 Dw24 DR III, DRw6a III

DRB3*0201 DR52 Dw25 DRw6b 111
DRB3*0202 DR52 Dw25 pDR5b.3
DRB3*0301 DR52 Dw26 -

and for the Amb a V (Ra 5) associated allele

DRB1*1501 DR15(2) Dw2 DR2B, Dw2

(Bodmer et al 1992)

As can be seen in the case of DRB3 four distinct alleles can be distinguished but their 

products have not been distinguished serologically. Three of the four have been 

distinguished in a mixed lymphocyte reaction.

The evidence for associations between HLA types and immune responsiveness to 
individual allergens in humans

There are two main approaches to demonstrating HLA restricted responsiveness to an 

antigen. One is in population based studies in which the distribution of HLA genes is 

compared between a group with evidence of sensitisation to the antigen and a group 

without such evidence. The other is by cloning T-cells that are responsive to an 

antigen. These cells can be stimulated by presentation of the appropriate antigen in
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association with an antigen presenting cell. HLA class II restriction can be 

investigated with a combination of serological inhibition, allogeneic presenting cell 

panels and murine fibroblasts expressing HLA-D region genes. This approach has 

been taken by Lamb and his colleagues in identifying HLA class II restriction of 

reactivity to house dust mite allergens (O’Hehir et al 1991).

Marsh used the population based approach to study allergic responsiveness to purified 

grass allergens. (Marsh et al 1993). Amb a V is a protein derived from short ragweed 

consisting of 45 amino acids with a molecular weight of 5000 Daltons. They found 

that both IgE and IgG responsiveness to Amb a V was strongly associated with the 

HLA-DR2,DW2 (DR2.2) phenotype (Marsh et al 1982). They also found a 

significant association between Amb a VI and HLA-DR5 and the rye grass allergens 

Loi p  I, Loi p  II and Loip  III with HLA-DR3 (Marsh et al 1987, Friedhoff et al 

1988). They noted that the strongest HLA associations could be demonstrated with 

the smallest allergens. They also found that the association o iL o lp  III and HLA- 

DR3 was strongest when the individual had low levels of total IgE. This led to the 

hypothesis that the HLA asociation was most important when overall immune 

responsiveness was low. Further work using amplification of MHC derived DNA 

supported the conclusion that it was the HLA-DR antigen not the HLA-DQ (in 

linkage disequilibrium) that was responsible for the restriction. This was confirmed 

with blocking experiments using monoclonal antibodies in which anti-TUR but not 

anti-DQ or anti-Xy? was able to inhibit antigen presentation (Huang et al 1991).

Apart from a possible association of Alt a 1 with DRB1*04 (DR4) and -14 a 

worldwide study of highly purified major allergens offered little to suggest that new 

HLA associations would be found for these complex molecules (Marsh et al 1991). 

Young et al assessed HLA restriction for reactivity to the common allergens Pel d I, 

Alt a I, Der p  I, Der p  II, Phi p  V and C anfl. Because of the number of analyses 

undertaken it would have been almost impossible to confirm statistical associations if 

adjustment for the number of analyses had been made (Young et al 1994). However 

the results suggested a possible association of Pel d I reactivity with HLA-DRl and 

supported the association of Alt a I reactivity with -DR4 suggested in Israeli and 

Bulgarian populations from the study of Marsh et al (1991). Unconfirmed HLA
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associations should be interpreted with caution. Different HLA class II associations 

for aspirin sensitive asthma have been reported by Mullarkey et al (1986) and 

Krishnamoorthy et al (1993). Neither of the associations reported were supported by 

Lympany et al who studied two groups of asthmatics from the UK and Germany 

(1993). The multiplicity of alleles and control groups makes independent 

confirmation of any suggested association in a second population essential.

table 1.26. HLA associations with specific allergens.
HLA associated No HLA association

molecular suggested HLA molecular
allergen weight association allergen weight

Amb a V* 5,000 DR2/DW2 Amb a I 37,800
Amb t V 4,400 DR2/DW2 Amb a III 12,300
Amb p  V DR2/DW2 P h lp Y 27,000
Amb a VI 11,500 DR5 D e r fl 24,000
Loi p  I 27,000 DR3 D e r fn 14,000
Loi p  II 11,000 DR3 Par 0  I
Loi p  III 11,000 DR3 Can f l 25,000
Pel d I** 18,000 DR7 Der p  I 25,400
Alt a I* 28,000 DR4 Der p  II 14,100

* confirmed in more than one study ** not significant when corrected for the number 
of analyses done.

The genetics of atopy

Whilst MHC molecules may be important in immune responsiveness to individual 

allergens they are not the sole determinants of IgE production. There is, for instance, 

no clear association between MHC molecules and the generalised predisposition to 

IgE responsiveness (atopy). Clearly there are other steps in the pathway between 

antigen recognition and the development of an IgE response.

In a remarkable study of 621 clinically ‘sensitised’ subjects Cooke and van der Veer 

Jr (1916) showed that 48.4% of cases had a family history of sensitisation compared 

with only 14.5% of asymptomatic controls. In their perceptive interpretation they 

noted the problem of ''latent sensitisation'’ (incomplete penetrance) which has plagued 

subsequent studies of the genetics of atopy. They were however able to state that the
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inheritance of a general tendency for the development of 'bioplastic reactivities' 

rather than specific immunity was inherited as a Mendelian dominant trait. Twin 

studies have supported the hypothesis that both symptoms of allergy (Edfors-Lubs 

1971) and basal IgE levels (Hanson et al 1991) have a strong ‘heritable’ component.

Whilst there is firm evidence that atopy has a familial component there is little 

consensus on the mode of inheritance. The description of immunoglobulin E led to 

hopes that the mode of inheritance of elevated levels of this allergy associated 

immunoglobulin could be elucidated. Marsh et al (1974) assumed an autosomal 

recessive model and chose a cut off for raised IgE of 95u.ml \  They did not take into 

account the influences of age and smoking nor did they use specific RAST or skin 

prick tests. They found transmission of atopy in nuclear families to fit their recessive 

model. Gerrard et al (1978) supported this view and suggested that 49% of the 

population carried the gene. The same data set was assessed later with a different 

method of analysis and no major single gene effect could be detected (Rao et al 

1980). Different authors have assessed their datasets using multivariate modelling 

with maximum likelihood estimation. Using these methods codominant (Meyers et al 

1987), polygenic (Hasstedt et al 1983) and dominant (Blumenthal et al 1981) models 

have best fitted the data. Recently Marsh et al (1994) have used sib pair anlysis to 

assess the association of various ‘atopy’ phenotypes with genetic markers in and 

around the interleukin 4 (IL4) cytokine-gene cluster on chromosmome 5q31.1. In 

these Amish families linkage was detected between markers at the IL4 gene locus and 

sex and age adjusted Log [total IgE]. Surprisingly the relationship was particularly 

strong when subjects with evidence of sensitisation to common inhalant allergens were 

excluded. They argued that this locus might influence non-cognate IgE production 

but were unable to distinguish between a dominant high or a dominant low pattern of 

inheritance. Postma et al used the same methodology in a Dutch population but 

measured bronchial responsiveness as well as total IgE levels (1995). They suggested 

that a gene governing bronchial hyperresponsiveness was located near the major locus 

regulating serum IgE on chromosome 5q. Perhaps surprisingly, they felt it was likely 

that these genes were operating independently of one another as overall there was 

little correlation between bronchial hyperresponsiveness and total IgE.
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A group led by Cookson and Hopkin in Oxford have made their own search for the 

‘atopy gene’ adopting a more complex definition of atopy. This included any one of a 

skin wheal ^2mm or RAST ^0.35 units to any one of a series of common inhalant 

allergens or total IgE >2s.d. above an age related GM (Cookson et al 1988). They 

observed high prevalences of atopy in the parents of children with atopic asthma 

(90%) compared with controls (45%). They deduced that atopy was inherited as an 

autosomal dominant trait. Only 1/3 of those with elevated RAST or a positive skin 

prick test had elevated IgE. They suggested that this was the reason why the genetic 

control of IgE level had been hard to elucidate as it was a relatively insensitive 

marker of atopy. Further studies using polymorphic gene markers associated with 

well defined loci suggested that the atopy phenotype was inherited in association with 

a marker on the short arm of chromosome 11 (Cookson et al 1989). Using maximum 

likelihood estimation they found that the maximum lod (log of the odds) score for all 

seven extended families they included was 5.6 with a recombination fraction of 

10.5%. This means that the likelihood of the co-segregation of the polymorphic gene 

marker and the atopy phenotype occurring by chance was less than 1:10,000. They 

confirmed the association with chromosome l lq  in an analysis of 64 young ‘nuclear’ 

families that assumed a gene frequency of 0.2 and a penetrance of 95% (Young et al

1992). Others have failed to reproduce these results (Lympany et al 1992). The 

association of atopy with the marker on chromosome l lq  has been given more 

credence with the discovery that the gene for the p subunit of the high affinity IgE 

receptor (Fee RI) is located in this area (Sandford et al 1993). This molecule is 

responsible for the binding of IgE to mast cells. Degranulation of mast cells may in 

turn positively feed back on IgE production. Using sib-pair analysis, in an Australian 

population, van Herwerden et al showed linkage of a highly polymorphic 

microsatellite marker in the fifth intron of the Fee Rip gene to a diagnosis of asthma 

and to bronchial hyperresponsiveness (1995). Atopy alone did not show significant 

linkage to this marker perhaps because the phenotype used only included skin prick 

tests.
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Summary

There is some evidence that sensitisation to small protein allergens is MHC restricted. 

These associations have rarely been confirmed. The predisposition to allergy may be 

related to polymorphisms of the IL4 gene or its regulator genes or related to the gene 

for the high affinity IgE receptor. It is possible that different genes are of importance 

in different families and populations.

The determinants of airway hyperresponsiveness 

Definition

Airway hyperresponsiveness has been described as an increase above normal in both 

the ease and magnitude of airway narrowing on exposure to a number of non

sensitising bronchoconstrictor stimuli (Woolcock et al 1984). In keeping with asthma 

it is easier to describe than define, further definition being required in every study in 

which this variable is used. In epidemiological studies airway hyperresponsiveness 

may be expressed as a dichotomous or continuous variable (dose-response slope, area 

under dose-response curve). The non-specific bronchoconstrictor, the technique by 

which this agent is delivered to the airways and the required degree of airway 

narrowing in relation to baseline must also be described.

Relation to asthma

In studying the cardiovascular effects of histamine Weiss and co-workers (1932) noted 

that intravenous histamine provoked asthma like attacks in patients with asthma. 

Dautreband and Phillipot (1941) demonstrated that a cholinergic agonist could be 

delivered by nebuliser and that its effect could be reversed by inhalation of 

sympathomimetic agents. Curry (1946) reported that histamine could be delivered 

either intramuscularly, intravenously or by inhalation and provoke a reduction in vital 

capacity in subjects with active asthma, bronchitis and emphysema but not healthy 

controls. Clearly the bronchoconstrictor response to non-sensitising stimuli had 

potential value for the epidemiological and pharmacological study of asthma.
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The question of how airway responsiveness is related to asthma remains open. 

Hospital based studies have suggested that it may be a sensitive and specific test for 

asthma and that the degree of bronchial hyperresponsiveness relates to the amount of 

treatment needed to control symptoms (Cockcroft et al 1977a, Hopp et al 1984, 

Juniper et al 1981). Some have regarded it as a defining feature of the disease 

(American College of Chest Physicians 1975). In 1983 Yan et al described a rapid 

method for the measurement of bronchial responsiveness. Using this method, a 

second measurement of bronchial responsiveness taken within a few days of the first 

has been shown to be within 1-2 doubling doses of histamine 95% of the time (Chinn 

et al 1987, Higgins et al 1988, Peat et al 1991, Venables et al 1993). This compares 

favourably with the repeatability of more established methods and has allowed the 

measurement of bronchial responsiveness in large scale studies of the epidemiology of 

asthma (Britton et al 1986). Under these circumstances bronchial 

hyperresponsiveness performs less well than in patient populations as a test for 

‘physician diagnosed asthma’ (Pattemore et al 1990). It may be absent in those with a 

diagnosis of asthma who are asymptomatic at the time of the test and is often present 

in subjects with other respiratory diseases such as chronic obstructive bronchitis. A 

longitudinal study has suggested that changes in bronchial responsiveness relate 

poorly to symptoms of asthma and that exacerbations of asthma may occur in the 

absence of bronchial hyperresponsiveness (Josephs et al 1989).

Epidemiology

Whilst bronchial responsiveness clearly has its limitations as a surrogate marker for 

asthma it continues to be used as an objective measurement in epidemiological 

studies. It is therefore worth having an understanding of the determinants of 

bronchial hyperresponsiveness in population samples. This review is, in the main, 

limited to random population samples of more than 100 people with an age range 

greater than 30 years and occupational studies of more than 100 people where a 

systematic attempt was made to assess the determinants of bronchial responsiveness.
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Age

In their paper describing ''the Dutch hypothesis'' Orie et al {196V) presented a graph 

which shows the prevalence of asthma decreasing into the fifth decade and increasing 

thereafter. Since then several authors have assessed the prevalence of bronchial 

hyperresponsiveness at different ages in adult populations. In a random community 

sample of 18-65 year olds Burney et al (1987) noted an increase in the odds of 

bronchial hyperresponsiveness of 0.027 per year of age after taking into account the 

influences of atopy and smoking. Graphical display of their data suggested a nadir in 

the prevalence of bronchial hyperresponsiveness in the fourth to fifth decades. Hopp 

et al (1985) analysed an asymptomatic group of non-smokers with no family history 

of atopic diseases aged 5-76. They found that the area under the dose-response curve 

was best described using a quadratic equation that put the lowest responsiveness at 

age 40. In a Norwegian community survey of 490 men and women aged 18-73 there 

was a clear increase in the prevalence of bronchial hyperresponsiveness in later life 

(Bakke 1991). After adjusting for baseline FEVj this trend was reversed - the odds 

ratio decreasing by 2 for every 10 years of age. Britton et al (1994) have recently 

reported similar results from a community based survey of 2,415 adults aged 18-70 

years. The prevalence of bronchial hyperresponsiveness increased with age but the 

relationship was non-linear. The raw data suggested a nadir in the fifth decade.

After adjusting for baseline FEVi, % predicted FEVj and FEV/FVC ratio, all of 

which were independently and significantly associated with bronchial 

hyperresponsiveness, the odds ratio fell across increasing age bands. In a Dutch 

study of 2,216 men and women aged 15-72 bronchial hyperresponsiveness was 

associated with increasing age. The odds ratio for bronchial hyperresponsiveness 

increased by 1.09 per year before adjustment for FEVj and 1.01 after adjustment 

(Rijcken 1993). Other studies have failed to show any relationship of bronchial 

reponsiveness with age, although some had poor response rates and others did not 

use multivariate analysis (Higgins et al 1993, Trigg et al 1990, Woolcock et al 1987).

Atopy and bronchial hyperresponsiveness

Epidemiological studies suggest a consistent association of bronchial 

hyperresponsiveness with atopy. Cockcroft et al (1977b) demonstrated that short
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term allergen exposure in the laboratory was associated with increased bronchial 

responsiveness that persisted for up to a week. The subjects of this study had stable 

asthma and immediate skin test reactions to the allergens with which they were 

challenged. They also noted that inceased non-specific bronchial responsiveness had 

been noted in grass pollen allergic subjects in the summer months (Altounyan 1970). 

A similar effect has been confirmed with occupational exposures (Durham et al 

1987). This study showed that after inhalation of a variety of low molecular weight 

sensitisers changes in bronchial responsiveness were seen in subjects who developed 

late asthmatic responses. Changes in bronchial hyperresponsiveness preceded and 

outlasted changes in FEV^ associated with the late asthmatic response.

Nearly all population based studies show an association of atopy with bronchial 

hyperresponsiveness (Woolcock et al 1987, Newill et al 1992). Where it has been 

assessed this relationship persists after adjustment for baseline FEVi (Trigg et al 

1990, Kennedy et al 1991, Rijcken et al 1993, Britton et al 1994). Two studies have 

suggested a negative interaction between atopy, as defined by immediate skin test 

reactions to common inhalant allergens, and age (Burney et al 1987, Higgins et al

1993). This hypothesis was tested and rejected in a further community survey 

(Britton et al 1994). If it were true we would expect to see lower odds ratios for the 

relationship between atopy and bronchial hyperresponsiveness, the older the 

population being studied. O’Connor et al examined 778 subjects aged 41-86 from the 

US Normative Ageing Study (1989). This sample excluded people with respiratory 

disease, including asthma, at inception 15-30 years previously. The raw data for the 

association of atopy and bronchial hyperresponsiveness and smoking and bronchial 

responsiveness were not presented but there was a significant interaction between a 

positive skin prick test and smoking in relation to bronchial hyperresponsiveness.

Few large studies fail to show a relationship between non-specific bronchial 

responsiveness and atopy as defined by skin prick tests. Welty et al did cold air 

challenges on 171 volunteers aged 20-63 (1984). FEVj fell by more than 9% from 

baseline in only 13. No association was seen with immediate skin test reactivity to
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common aeroallergens. One study was unable to show a relationship between age and 

sex adjusted IgE (z score) and bronchial responsiveness (Bakke et al 1991).

Smoking and bronchial hyperresponsiveness

In 1961 Nadel and Comroe demonstrated that smoking one cigarette could provoke 

short term changes in airway conductance. Da Silva and Hamosh (1980) confirmed 

this finding but were unable to demonstrate a significant change in FEVi. Short term 

cigarette smoke exposures have produced inconsistent changes in bronchial 

responsiveness in humans (Dales et al 1993). Epidemiological studies suggest an 

inconsistent, and possibly age dependent, relationship of bronchial 

hyperresponsiveness with smoking. This subject has been reviewed by Kauffmann et 

al (1993).

In a study of heterozygotes for a l  antitrypsin deficiency bronchial responsiveness 

was clearly related to smoking habit but not genotype (Kabiraj et al 1982). In their 

general population survey in the south of England Burney et al (1987) found smoking 

to be associated with bronchial hyperresponsiveness and that the strength of the 

relationship increased with age. The logistic regression model they derived suggested 

that bronchial responsiveness was less common amongst smokers at age 18 but that 

there was a significant interaction between smoking and age such that amongst 

smokers the odds of bronchial hyperresponsiveness increased by 0.086 per year of 

age. The same group of investigators found a similar effect in another population 

sample, albeit without a significant effect of age on its own (Higgins et al 1993). 

Taylor et al (1985) showed an increased prevalence of bronchial responsiveness in 

smokers. This relationship did not hold under the age of 35. Woolcock et al claimed 

to show a strong relationship between smoking and bronchial hyperresponsiveness 

(1987). Analysis of their published data, however, does not support this. The 

prevalence of bronchial hyperresponsiveness amongst current smokers was 13.9%, 

past smokers 11.6% and non smokers 10.1%. Current vs never OR 1.43 (95% Cl 

0.84-2.43), past vs never OR 1.4 (95%Cl 0.69-1.97), ever vs never OR 1.29 (95%

Cl 0.84-1.97). Cerveri et al (1989) examined asymptomatic subjects with normal 

lung function. In a complex analysis they found an association of smoking with
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bronchial hyperresponsiveness that was independent of age and baseline FEVi • This 

study has to be interpreted with caution as atopic status was not assessed as a 

potential confounder. Trigg et al (1990) showed a relationship of bronchial 

responsiveness with smoking /7=0.04 OR 1.83 Cl 0.98-3.44) which was lost in 

multivariate analysis after insertion of baseline FEVi. The same effect was noted by 

Rijcken et al (1993) when analysing bronchial responsiveness as a continuous 

variable. In the same study current smoking was not a significant predictor of 

bronchial hyperresponsiveness before or after adjustment for baseline FEVi when 

bronchial hyperresponsivenes was analysed as a dichotomous variable. Bakke et al 

(1991) found, in multivariate logistic regression analyses, that current cigarette 

smoking was related to bronchial responsiveness after adjustment for sex and age but 

not after adjustment for baseline lung function. Sparrow et al {\99\) examined the 

influence of smoking on bronchial responsiveness in subjects from the Normative 

Ageing Study. The same caveats apply as to the study of O’Connor et al (1989). 

Before and after adjusting for % predicted FEVi they showed an increasing 

prevalence of bronchial responsiveness with age amongst former smokers, but not 

among current smokers, compared with non-smokers. In multivariate analysis Britton 

et al (1994) found that current smoking was significantly associated with bronchial 

hyperresponsiveness (OR 1.89 Cl 1.3-2.6) (1994). This relationship was lost after 

inserting baseline FEVi. Of note they found no evidence of an interaction between 

current smoking and age.

Of the occupational groups in which risk factors for bronchial responsiveness have 

been reported all are cross-sectional and so should be interpreted with caution. 

Kennedy et al {1991) pooled the results of five cross sectional studies of work forces 

in Canada. They found that bronchial hyperresponsiveness was associated with 

smoking and atopy but the association with smoking was lost after adjusting for 

baseline FEVi. They found no effect of age. Newill et al (1992) examined workers 

(age 18-48) starting employment with laboratory animals. Unfortunately workers 

were excluded if they had symptomatic asthma. In this young group of workers 

current smoking was not a risk factor for bronchial hyperresponsivenes whereas 

younger age, female sex and atopy were. These relationships were not adjusted for
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baseline FEVi. Kongerud and Soyseth examined bronchial responsiveness in 

aluminium potroom workers (1991). They found a significant excess of bronchial 

hyperresponsiveness in ex-smokers (OR 6.4) but not amongst current smokers (OR 

2.3). Jones et al (1992) assessed workers employed in a polyurethane manufacturing 

plant where workers were exposed to toluene di-isocyanate. There was no apparent 

relationship between bronchial responsiveness and exposure to TDI. Finally, Brooks 

et al showed an association between an immediate skin prick test response to platinum 

salts and and bronchial reactivity to cold air (1990). Multivariate analyses were not 

done and so confounding by atopy and cigarette smoking is possible.

Summary

There is a consistent association of atopy as defined by immediate skin test reactions 

to common inhalant allergens and bronchial hyperresponsiveness. This association 

may decrease with age. The association of smoking with bronchial 

hyperresponsiveness is most frequently seen in older populations. The association of 

smoking and age with increased prevalence of bronchial hyperresponsiveness is often 

lost after adjusting for baseline lung function. Although many agents inhaled in the 

workplace have been associated with occupational asthma, there is very little 

epidemiological evidence for an association between specific IgE directed against 

occupational allergens and bronchial hyperresponsiveness.

The outcome of occupational asthma

Since 1975 several studies have suggested a relatively bleak prognosis for subjects 

developing occupational asthma.

Acid anhydrides

Venables et al (1987) reported the outcome in six of the seven women who had 

developed occupational asthma as a result of exposure to TCPA in an electronics 

manufacturing plant. The patients were monitored over a period of four years after 

exposure ceased. They were noted to have persistent bronchial hyperresponsiveness 

and immediate skin test reactions to TCPA-HSA conjugates up to four years after
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cessation of exposure. Specific IgE diminished exponentially with a half life of one 

year. Marked rises in serum antibody were noted after short and low level exposures 

occurring in occupational challenge tests. Interestingly bronchial hyperresponsiveness 

was not demonstrated in these subjects at diagnosis but was noted in all six at follow- 

up. These subjects form the population for a ftirther follow up at twelve years 

reported in chapter 7.

Western red cedar

Chan-Yeung et al (1987) did a follow-up study of 232 workers who had been 

diagnosed as having red cedar asthma. The diagnosis was made using plicatic acid 

inhalation challenges tests. Subjects were re-examined four years after the diagnosis 

had been made. Ninety six workers continued to be employed in the lumber industry 

whereas 136 were no longer exposed. Of those no longer exposed 81 (60%) 

continued to be symptomatic. Those who had become asymptomatic had worked for 

a shorter time before onset of symptoms and had symptoms for a shorter time before 

diagnosis.

table 1.27. Determinants of persistent symptoms in asthma caused by western red 
cedar

Years+s.d.
asymptomatic symptomatic 

n=55 n=81 significance

duration of exposure 
before symptoms

3.3±4.7 5.5±7.3 p<0.05

duration of symptoms 
before diagnosis

1.6+1.9 2.6±4.3 p<0.05

methacholine challenge 
PC2o(GM+s.d.)

continuous
exposure

intermittent
exposure

initial 1.46+3.96 0.77+4.52 0.86+8.94 1.14+4.45

follow-up 4.35+4.59* 0.45 + 10.8t 0.61+9.75 0.64+3.99

* difference between initial and follow-up assessment statistically significant, 
t  difference between asymptomatic and symptomatic statistically significant. 
Chan-Yeung et al (1987)
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Workers who became asymptomatic had better lung function and were less responsive 

to methacholine at the time of diagnosis. They were also older and more had 

immediate reactions on bronchial challenge testing. In addition their bronchial 

responsiveness improved whereas bronchial responsiveness amongst those who 

remained symptomatic got worse. All the workers who continued in exposure, 

intermittent or continuous, remained symptomatic and had increasing non-specific 

airway hyperresponsiveness.

Isocyanates

Lozewicz et al (1987) reviewed 50 of 56 cases of occupational asthma diagnosed 

using inhalation challenge testing at the Brompton Hospital between 1971 and 1979. 

Not all the patients underwent a measurement of bronchial responsiveness at diagnosis 

or at follow up, more than four years after the diagnosis was made. Only two 

patients had symptoms that antedated their exposure to isocyanates. Forty two (82%) 

reported continuing symptoms. The subjects were divided into those who required 

treatment more than once per week and those who required treatment less than once 

per week. The former subjects had worse lung function at diagnosis and more had 

immediate reactions on challenge testing than the latter.

Rosenberg et al (1987) reported 20 subjects who had been diagnosed as having 

isocyanate induced asthma by a variety of means. These subjects were re-examined 

an average of 19 months after cessation of exposure. Those who recovered had a 

shorter duration of exposure than those who remained symptomatic. The results are 

difficult to interpret as those who recovered were reviewed almost twice as long since 

their last exposure.

Mapp et al re-studied 35 workers who had had TDI induced asthma diagnosed on 

average 10 months previously (1988). Thirty had ceased exposure. Twenty seven 

(77%) continued to be symptomatic at follow up. Subjects were rechallenged with 

TDI and methacholine at the time of follow up and subsequently divided into those 

who reacted to TDI and those who did not. Reactors were older, had a longer 

duration of exposure to TDI and had a longer duration of symptoms before diagnosis.
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In addition they had lower % predicted FEVj and a greater sensitivity to 

methacholine at diagnosis. None of these differences reached statistical significance. 

Those who reacted to TDI at follow-up were more likely to have a late response to 

TDI challenge at diagnosis than those who did not react at follow up. The presence 

of symptoms or methacholine responsiveness at follow up might have been more 

relevant variables on which to dichotomise and look for risk factors for persistent 

disease.

Pisati et al (1993) have undertaken a similar analysis of workers who had been 

diagnosed, on the basis of inhalation challenge as having asthma caused by toluene 

diisocyanate. Sixty of 65 workers were re-examined five years after their diagnosis 

was made. Seventeen continued to work in the same industry but had made attempts 

to reduce their exposure. Based on symptoms, medication use, FEVj and 

methacholine challenge, 75% of those who stayed in the industry were deemed to 

have deteriorated. Of 43 who had left the industry, 12 (28%) had recovered, 10 

(23.2%) had improved but still required treatment, 16 (37.2%) were stable and 5 

(11.6%) were worse. Those who continued being exposed had a faster rate of decline 

in FEVi and a deterioration in methacholine responsiveness when compared with 

those who had left the industry.

table 1.28. Risk factors for persistent symptoms in isocyanate induced asthma.

recovered subjects 
n=12

improved subjects 
n=10

non-improved 
subjects n=21

smokers 2 (17%) 1 (10%) 5 (24%)

atopic 0 2 (20%) 4 (19%)

duration of 6.3+4.1 10+7.4 15.9+11.1
exposure to TDI 
(yrs+s.d.)

duration of 1.6 + 1.2 2.8 + 1.9 5.4+3.9
symptoms before 
diagnosis

FEVi % predicted 92.5 + 14.7 90.1 + 14.8 94 + 17.7

PDi5 methacholine 646+390 478+364 424+304

Pisati et al (1993)
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Once again the duration of exposure and duration of symptoms prior to diagnosis 

appeared to delineate who would recover. Surprisingly this did not manifest itself as 

differences in lung function and methacholine responsiveness at the time of diagnosis. 

Banks et al (1990) reported persistent symptoms and bronchial hyperresponsiveness in 

six isocyanate sensitised workers who had been moved within the same industry . 

Environmental monitoring showed these workers to be exposed to less than Ippb TDI 

during the period of follow up.

Snow crab

Malo et al have examined changes in FEVi, bronchial responsiveness and specific IgE 

in 31 workers with asthma caused by exposure to snow crab (1988). The diagnosis 

had been based on specific inhalation challenge or changes in peak expiratory flow 

and methacholine responsiveness associated with occupational exposures. Only 9 

were atopic and 22 showed immediate skin test reactivity to snow crab meat or crab 

boiling water. Subjects were reviewed, on average, 12.8, 31.4 and 64.4 months after 

leaving work.

There was a progressive decrease in treatment requirement over the five years of 

follow-up. No subjects required inhaled or oral steroids by the time of the second 

follow-up. FEVi improved such that by the first follow-up at 12 months the average 

was 100% predicted. No further improvement occurred in the subsequent four years. 

Bronchial responsiveness continued to improve for the first two years after stopping 

exposure. After two years the mean PC20 was less than 8mg.ml^ (well below that 

expected for a random population sample), and there was no further improvement 

after this time. Specific IgE against crab boiling water fell in a loglinear fashion with 

a half life of 20 months. Specific IgE directed at crab meat did not fall significantly 

between the first two follow-up appointments but had significantly decreased by the 

third.

Colophony

Burge (1982) examined twenty eight workers who had developed asthma whilst 

working with soft cored soldering fluxes. Only two of twenty who had left the
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electronics industry were symptom free one to four years after their diagnosis had 

been made. There was no improvement in measurements of lung function at follow 

up although bronchial responsiveness measurements showed a trend towards 

improvement. The author suggested that persistent disease might be related to 

exposure to colophony in cigarette smoke, hairspray and paints or perhaps retained 

antigen in the lung.

Various agents

Allard et al (1989) reviewed twenty eight subjects with occupational asthma caused by 

a variety of agents on two occasions 2.3 and 5.8 years after subjects had been 

removed from their place of work. All subjects were still symptomatic at both follow 

ups. There were no significant changes in mean results for FEVi or methacholine 

PC2 0 . Venables et al (1989c) assessed the economic and functional consequences of 

occupational asthma in a group of 79 patients still attending a clinic on average six 

years after the diagnosis had been made. Women appeared to suffer greater handicap 

than men, including higher rates of unemployment. Forty nine percent reported loss 

of income.

Summary

The available evidence suggests that asthma caused by agents inhaled in the workplace 

may persist for at least four years after the last exposure. The reason for this is not 

clear.
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Chapter 2: Methods and materials

Exposure-response relationships are difficult to interpret in cross sectional studies 

because workers who develop disease may leave the area in which their disease was 

initiated. The exposure attributed to an individual affected by an occupational 

sensitiser in a cross-sectional exposure-response assessment may not be the same as 

the exposure which caused his disease. For this reason, and in spite of the high costs 

in terms of time and money, a historical cohort study with retrospective exposure 

estimates was undertaken. Four industrial sites that used acid anhydrides were 

recruited (figure 2.1).

Cohort definition

All employees at the four sites who had started to work in an area of acid anhydride 

use and continued to work there for more than one month after a given start date were 

included. Areas of acid anhydride use were agreed by the hygienist and myself in 

conjunction with company staff. Workers who continued working in areas of acid 

anhydride use were seen, as well as those who had left as it seemed likely that people 

who developed occupational asthma would move, or be moved, from areas of 

exposure. The start date for the cohort varied at each site and was determined as 

detailed in the site descriptions. As can be seen from figure 2.2 approximately half of 

the eligible workers were still working on site either as current workers in an area of 

acid anhydride use or having transferred within the company. The remainder had left 

the company completely and had to be traced. Some currently exposed workers were 

not eligible having started before the start date for the cohort at that site.

Site descriptions 

Site 1

Site one consists of two areas in one part of the paints division of a large 

multinational chemicals company. Its situation is rural (figure 2.2) and it had been 

included in a study by our department in 1986. At this site acid anhydrides have 

found their principal use in the manufacture of alkyd resins. PA is used most
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figure 2.1. The situation of the three alkyd resin plants (sites 1,3 and 4) and one 
cushioned flooring manufacturing plant (site 2) in the UK.

Site 2
Kirkcaldy,
Fife.

Glasgow

lardiff
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Slough,
Berkshire.
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Stowmarket,
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figure 2.2. A diagram of the development of the cohort with time. At sites 1 and 4 
the cohort began in 1960 and at sites 2 and 3 it began in 1979. Approximately half 
the cohort were still working for the companies in 1992.
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commonly and the plant currently consumes about 9 times as much PA as MA or 

TMA. Despite increasingly sophisticated handling methods the essential chemical 

reactions have not changed over the last 40 years (see figure 1.2 and 1.3). Acid 

anhydride is mixed with an oil such as soya, and an alcohol such as pentaerythritol. 

Improvements have been aimed at facilitating the loading of resin kettles using liquid 

(warmed) PA (LPA). This is now done in an enclosed, computer controlled, system 

with a consequent decrease in manpower and exposure.

In 1958, two years prior to the the start of our cohort, a new alkyd resin plant was 

opened on the site. This had four kettles which could either be fed with PA from a 

melter or by loading into the top of the kettle from sacks. The melters were poorly 

maintained and their use diminished in the early seventies. Loading of PA into the 

melters and kettles could involve exposure to acid anhydride. Workers on this plant 

operated a 3 x 8 hour shift system 5 days a week. There were approximately 5 

process operators working on each shift. Some of these workers moved to the new 

plant when the old alkyd resin plant (ARP) closed in 1989.

In 1982 a new production plant was constructed. The main difference between this 

and the last was that it could handle large quantities of liquid PA that was brought in 

in tankers. After initial problems the process operators’ exposure to PA was probably 

significantly reduced as the handling of PA flake decreased. Handling of TMA and 

MA has continued since 1982. Full respiratory protection has always been used when 

TMA is charged but respiratory protection is rarely worn during loading of PA and 

MA.

At the time of the survey 35 workers were directly involved with resin production and 

20 others worked in support services.

Identification and validation of the cohort

Following consultation with mangement, personnel staff and workers it was felt that it 

was possible to identify people who fulfilled the cohort definition and had started 

working on site as far back as the 1st of January 1960. It was a large rural site with

77



several workers who had started work nearly thirty years previously. There was an 

entrenched local population with an apparent intimate knowledge of each other. I 

addressed a pensioners’ meeting and received important help from the personnel 

department. Towards the end of the period of data collection the personnel 

department revealed books which listed all the people who had started work on site 

since before 1950. This demonstrated that only five people who had started in the 

resins or ‘varnish’ department were missing from my original list. Whilst this 

suggested that the subcohort of workers who started their employment in the resins 

department was almost completely ascertained there was no way of validating the 

subcohort who transferred into the resins department from other areas on site. It is 

particularly difficult to be confident about the completeness of the cohort in relation to 

electricians, instrument artificers and mechanical engineers. The cohort may be 

biased in favour of longer duration of employment.

Site 2

Site 2 is an area of a flooring manufacturing plant situated in Fife, Scotland. TMA is 

used in the production of 4 metre wide tracts of cushioned flooring. TMA is mixed 

with inks and printed onto a polyvinylchloride base. During the curing process, 

which is facilitated by the blowing agent azodicarbonamide, the flooring expands in 

all areas except where the TMA has been applied. This is called a ‘debossing’ effect. 

With the application of appropriate colours, the finished flooring may have a tile or 

wood like appearance.

TMA is delivered in 25 kg bags wrapped in shrink wrapped plastic on a wooden 

pallet. It is mixed with a polymer and solvents (methyl ethyl ketone, isopropylacetate 

and toluene) twice a week, each batch containing 4 bags of TMA. This mixing takes 

place in a sealed room that is equipped with vacuum extraction. It takes from two to 

three hours. The mixer wears disposable overalls and a half face gasmask with 

cartridge filters.

The base for the cushion flooring is a glass fibre mat on which are added layers of 

vinyl polymers. This forms the first production ‘street’ and is situated in the flooring
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building. The next stage is for colours to be printed onto the flooring. This is done 

in the second street - the printing street. The flooring is run over several cylinders 

(rotagravure), each engraved with a pattern that makes up a part of the final design. 

The cylinders must be perfectly synchronised in order to prevent displacement of the 

patterns. The printing cylinders revolve such that their lowermost part is dipped in a 

trough containing pre-mixed inks. TMA is present in about one in every six ink 

mixes. Printers observe the cylinders and troughs closely and have potential exposure 

to TMA.

After the colour patterns have been applied, the final stage occurs in the curing street. 

On this line a final layer of ‘special’ polyvinyl chloride is added to increase 

endurance. The flooring is fed through a series of ovens at a temperature of about 

200^C. In this curing stage one of tlie layers expands. At points where the flooring is 

impregnated with TMA this expansion is inhibited. Following curing the flooring is 

cooled.

Workers work an ‘early’ (6am - 2pm) or ‘back’ shift (2pm-10pm). Ten people 

operate the printing street on each shift. Two workers put the rolls of plain flooring 

in position (‘reel-up operators’). Six workers change the inks and observe that the 

printing operation is running properly. They may also be asked to clean the troughs 

and the cylinders after a printing run and clean inks from the floor during 

breakdowns. Two workers remove the rolls of printed flooring and transport them to 

the curing street (‘de-reel operators’). In the mixing area 13 people work each shift.

This plant started production at the end of 1978. A plant had produced 2 metre wide 

flooring according to similar principles for 2-3 years prior to 1978.

Azodicarbonamide, a known respiratory sensitiser, was mixed and applied to the 

flooring in another department. Workers from this department were not involved in 

the survey.
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figure 2.3. General layout of an alkyd resin plant. Areas of potential exposure to acid anhydrides include the point at which they are loaded 
into the reactor vessel, resin sampling, resin filtering and loading of liquid PA into the storage tank.
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Identification and validation of the cohort

Following consultation with management and staff, job categories that fell into areas 

of acid anhydride use were identified. Laboratory and research staff were not 

included. Fortunately the production manager on the printing line had kept a weekly 

record of all those who had worked under his supervision since the 4 metre plant had 

opened. This included the majority of the job categories but excluded electricians and 

engineers. They were identified by consultation with workers, managers and 

personnel staff on site. There was no external validation of these groups. The cohort 

included all those who had worked on the 4 metre plant for more than one month after 

it opened.

Site 3

Site 3 is a relatively small resin production plant that specialises in the production of 

alkyd resins. It situation is suburban in the Thames valley corridor to the east of 

London. It had been included in a 1986 survey of acid anhydride workers by our 

department. Four workers had attended the Brompton Hospital for clinical 

investigation.

Production of alkyd resins using acid anhydrides began in 1947. PA has always been 

used and TMA was first used in the early eighties. At present about 800 tonnes of 

PA, 40-50 tonnes of TMA and 10 tonnes of MA are used each year. All are 

delivered in solid form which suggests that potential for exposure to PA may be 

greater than at sites 1 and 4, as the process is not fully enclosed. Until 1989 TMA 

and PA were both delivered in 25kg bags but since then 500kg or 1000kg bags have 

been introduced.

Acid anhydrides arrive by lorry and are unloaded by warehousemen. Bags are 

usually loaded into the reactors whole but occasionally bags have to be split and the 

anhydrides weighed out. Bagged acid anhydrides are delivered to the ground floor by 

warehousemen. From here the kettle operators raise the bags to the reactor floor by 

crane. Acid anhydrides are loaded manually on the reactor floor into one of six 

kettles. PA is loaded in this way every other day, TMA is loaded about once every
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three months but only by senior controllers or charge hands and MA is only loaded 

about once a year. There is little evidence that exhaust ventilation has changed since 

1980. Exposures may have decreased since the introduction of big bags as loading 

times will have been reduced.

At the time of the survey 16 workers were directly involved in the manufacture of 

resins. In addition to the area of the kettles acid anhydrides are handled in a 

warehouse, pilot plant, and in a research and development laboratory. Formal 

descriptions for the handling of acid anhydrides have been available since 1975. 

Handling of TMA is more circumspect than handling of PA or MA. A full suit and 

full face respirator are recommended for unloading lorries and transporting TMA and 

a full suit and self contained breathing apparatus are recommended for loading TMA. 

For PA and MA goggles/face shield, gloves mask and apron are recommended but it 

is doubtful whether these guidelines are followed strictly.

On the ground floor resins are sampled and filtered before drumming. There are also 

plant laboratories in the kettle areas where simple chemical tests may take place. 

Other areas of less frequent acid anhydride use include a small pilot plant and the 

research and development laboratories. In the latter anhydrides are generally handled 

in small amounts in fume cupboards.

Identification and validation of the cohort

Following consultation with management, staff and the site physician it was felt that 

acid anhydride exposure was possible in all areas except the offices. The site 

physician had kept computerised records of all workers who had undergone a pre

employment medical check that dated back to just before January 1978. This list 

included all workers who had actually started on site and some who had not. As a 

result of this list the start date for this site was 1.1.1979 and the cohort list was 

thought to be complete.

82



Site 4

Site 4 was the sister plant to plant 1, a large paints manufacturing plant in an urban 

setting. Acid anhydride based resins were manufactured in open pots in the early 

1950s. Production was taken over by the alkyd resin plant in 1956 before the start of 

this cohort. In 1968 the latest alkyd resin plant, which is able to handle liquid PA, 

was opened.

Current production occurs in this area which consumes about 1000 tonnes of PA per 

year. It has one large 30 tonne kettle which is in operation 24 hours a day, 5 days a 

week. Workers directly involved in resin production, of which there are only six, are 

on one of three 8 hour shifts. There is very little direct handling of PA as it is piped 

in in molten form. A fitter, wearing full face mask and gloves, connects the lorry 

supplying PA to a PA storage tank. Prior to this a kettle operator will have cleared 

the vent at the top of this tank. There is also potential for exposure when unfinished 

resin is sampled and tested by kettle operators. Engineering support staff work from 

a shed adjacent to the kettle but they could also be employed in other areas on site. 

They routinely overhaul the PA loading pumps every two years when they may 

briefly be exposed to PA. There appear to be few other opportunities for mechanics, 

electricians or instrument artificers to be exposed to acid anhydrides.

The previous alkyd resin plant, which was also able to handle liquid PA, was closed 

in 1984. It housed 5 kettles that were used for alkyd resin production.

Approximately 32 production staff operated the kettles on a four shift basis. After 

1960 liquid PA was metered into the kettles but because of frequent problems with the 

meters solid PA had to be charged into the reactors at least once a month. In 1979 

the meters were replaced by a manual weigh tank which meant that manual loading of 

PA became very rare. TMA and MA were always loaded manually. TMA use began 

in 1973 and full face respirators were introduced two years later. Air fed hoods were 

introduced a few years later. TMA was used about once a week. The use of MA 

began in the late 60’s and increased to a usage of 4-5 tonnes per week. In the early 

eighties production of some resins was moved to site 1 and the ARP shut in 1984.
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Identification and validation of the cohort

Current workers were identified by the manager of the alkyd resin plant, and the 

appropriate maintenance staff managers. Previous employees were identified in a 

variety of ways including talking to the people mentioned above, talking with 

pensioners’ representatives and talking to ex-employees. There was no exclusive and 

comprehensive record of who had started work in the alkyd resin plant. The 

personnel department had kept computerised records of those who had worked on site 

since 1984 but because of the Data Protection Act they were extremely reluctant to 

release any more than surnames, initials, dates of birth and the area of the site on 

which they had worked. The list of people we obtained was not specific to the alkyd 

resin plant and so many of the people we traced denied having worked in the area of 

the plant in which we were interested. For this reason a proportion of those we were 

unable to see at site 4 probably should not have been included in the cohort. As in 

site 1 the start date (1.1.60) was a compromise between the ability to obtain 

information on personnel and the ability to make sensible estimates of exposure to 

acid anhydrides.

Sites that were excluded

In addition to the four sites that were eventually used in the study three others were 

approached. The first, a TMA manufacturing plant in south London refused us 

permission after a meeting in which company scientists questioned the value of the 

study. They were unable to understand why their own company health department 

could not do the same study and alleged that the the study was purposeless - “like 

studies done in the Soviet Union ”\ The plant was about to move and it became 

evident that they did not want to stir up potentially litigious ex-employees. There was 

a more friendly reception at an alkyd resin plant in east London but we later received 

a letter stating that they did not want us to contact any of their past employees for the 

same reason as the site above. A third site in Gloucester used a variety of acid 

anhydrides including HHPA, MHHPA and TCPA in the manufacture of large 

electrical insulating materials and in secret defence projects. This site was interesting 

as a brief look through their occupational health records revealed a large number of 

potentially allergic symptoms relating to the handling of resins. Unfortunately their
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documentation of previous employees and where they had worked was impenetrable, 

manufacturing had changed sites three times in ten years and three acid anhydrides 

were being used that were not in use at any of the other sites that had been recruited. 

It was therefore decided that development of a retrospective cohort at this site was not 

possible.

Tracing procedures

The quality of the information from the companies varied but eventually it was 

possible to get the name, date of birth and last known address of all workers in the 

cohort. The first step was to acquire the local telephone directory in an attempt to get 

a phone number to go with the name and address. If this failed a question to 

directory enquiries answered with “/'m sorry that number is ex-directory” also served 

to confirm the address. Addresses local to the site were mailed with questionnaires 

and visited on at least two occasions each. If this failed a list of names, dates of birth 

and last known addresses was sent to the local family health service authority (FHSA) 

with an explanatory letter. This produced responses that varied from an almost 

complete list of current addresses to ''person not known”. Between these extremes 

were suggestions to try FHSAs in other parts of the country or offering us a current 

general practitioner (GP). GPs either forwarded information on behalf of the study or 

sent a current address. Long distances were travelled in an attempt to track down 

workers who had left the site. We visited people from Cornwall to Suffolk, and from 

Kent to Stranraer. “I ’m sorry he doesn ’t live here any more” often implied a broken 

marriage. One worker had died the week before our visit and two, at consecutive 

houses, were in Gartree high security prison for murder. Ringing relatives of people 

who might be dead was a constant worry.

Conduct of the study

Having established the people we wished to contact we began to collect data. The 

current workforce were informed of the study either during a series of visits by 

myself, or using a pre-recorded videotape with soothing backing music (Albinoni 

1671-1751). At site 1 our strategy was to arrange appointments for the current 

workers, attempting to see about three an hour during the day time. The evenings
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were spent tracing leavers and seeing people at home. It was also neccessary to see 

some workers on the night shift. At subsequent sites we decided that the higher 

priority was to trace leavers and so we spent more daytime in the first week at this 

task. We aimed to complete the bulk of the fieldwork at site 1 in February 1992, site 

2 March 1992, site 3 April 1992 and site 4 June 1992. The main visit lasted 2-3 

weeks at each site. The second half of the year was spent tracking down leavers. 

Perhaps the most surreal experience was doing a bronchial challenge test in the 

holiday reps’ waiting room of Truro station in Cornwall. Data collection terminated 

on March 31, 1993.

Where possible, health, smoking and work history questionnaires were mailed to 

subjects before the site visits. Others were delivered by hand but some subjects only 

received their questionnaires when they came to see us. In the majority of cases 

subjects completed their questionnaires before starting the tests. The questionnaires 

were rather long and the work history questionnaires were often taken away to be 

returned later. Three investigators saw the subjects in turn, usually starting with 

either the skin prick tests or the measurement of bronchial responsiveness. Blood was 

taken last. The follow-up health questionnaire, which was designed to determine 

whether symptoms were work related, was administered by myself at this time. The 

health and smoking questionnaires were checked. Care was taken to avoid observer 

bias in relation to symptoms and skin prick test reactivity. A team of six researchers, 

all of whom had been trained and had previous experience assisted with skin prick 

testing and bronchial responsiveness testing at various times during the study.

Health outcomes 

Questionnaires (appendices I-V)

The health questionnaire was intended to identify symptoms which could be associated 

with exposure to acid anhydrides. It also contained questions relating to 

asthma/bronchial hyperresponsiveness and chronic bronchitis. The questions relating 

to cough and phlegm production were derived from the MRC respiratory symptoms 

questionnaire (1986) (questions 1-6 and 14-21, 24), those relating to bronchial 

hyperresponsiveness and asthma from Venables et al (1993) (questions 7-10), and
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questions relating to chest tightness derived from a byssinosis questionnaire (Schilling 

1956) (questions 23,30,37). Questions relating to other manifestations of allergy 

were first used in a study of laboratory animal allergy (Venables et al 1988a) 

(questions 25-7,32-4,39-41) and those relating to “TMA-flu"’ and pulmonary 

haemorrhage (28,29,35,36,42,43) had been used in an unpublished survey of acid 

anhydride workers (KM Venables - personal communication). Subjects were 

administered a follow-up health questioimaire if they responded positively to any of 

the questions that suggested pre-existing respiratory disease (14-21). If symptoms 

were reported that started before working in an area of acid anhydride use (23-29) 

possible précipitants were examined. If symptoms occurred at the time of working in 

an area of acid anhydride use (30-36) their temporal and physical relationship to acid 

anhydride exposure were explored. This thesis focusses on risk factors for work 

related wheeze and breathlessness.

New work related chest symptoms (NWRCS) were symptoms of chest tightness, 

wheezing or whistling in the chest that occurred for the first time whilst working in an 

area of acid anhydride use and that improved either at weekends or on holidays. The 

prefix new was used in an attempt to exclude people with pre-existing asthma who 

had an exacerbation of their symptoms on exposure to irritants.

The smoking questionnaire was designed to establish current smoking habits, a 

cumulative estimate of previous tobacco consumption and whether subjects smoked at 

the time they were working with acid anhydrides. It derived from the MRC 

respiratory symptoms questionnaire (1986) and the unpublished acid anhydride 

survey.

The work history questionnaire was designed to establish whether exposure to acid 

anhydrides had occurred prior to joining the site, the job title and nature of tasks 

undertaken at the time of working with or near acid anhydrides and when these 

activities started and finished. It was drafted by the hygienist. As the work history 

questionnaires were not always completed in an interpretable way a supplementary
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and simplified work history questionnaire was designed and distributed to those who 

had not adequately completed the first questionnaire.

Bronchial responsiveness

We used the rapid method for measurement of bronchial responsiveness as described 

by Yan et al (1983). Six De Vilbiss No 40 glass nebulisers (De Vilbiss Co, 

Pennsylvania) selected from a batch of twelve were found to have an output of 

between 0.0022ml and 0.0038ml per puff. To determine the output of each nebuliser, 

1 ml of saline was placed in the nebuliser, the stoppers were placed in the holes and 

the unit was weighed. The stoppers were removed and the bulb was squeezed firmly 

ten times. With the stopper replaced to reduce evaporation the unit was then 

re weighed. This procedure was repeated six times for each nebuliser to determine the 

mean volume delivered per squeeze. These nebulisers were used to administer 

histamine by hand.

Forced expiratory volume in one second (FEVJ and forced vital capacity (FVC) were 

measured with calibrated, leak free, Vitalograph dry-wedge spirometers (Vitalograph 

Ltd. Buckingham, England). Trained observers supervised the tests, aiming for at 

least two technically satisfactory traces that were within 5% or 100 ml of each other, 

whichever was greater. Measurements of FEVj and FVC were recorded at ambient 

temperature and pressure and converted to body temperature and pressure saturated 

with water vapour (Cotes 1979). After baseline FEV^ had been established the 

subject inhaled three breaths of normal saline from the first nebuliser. The 

mouthpiece of the nebuliser was placed between the teeth of the subject who was 

instructed to “breathe right out”. The subject was then asked to “breathe in slowly as 

far as possible”. At the beginning of inspiration the operator gave the bulb one frnn 

squeeze. The FEVi was recorded 60 seconds later and where appropriate a further 

dose of histamine was administered over the next 30 seconds.

After the saline, subjects with a history of asthma or whose FEVi was less than 1.5 

litres took one inhalation of 3.1mg.ml  ̂histamine, as listed in the dose schedule 

(appendix VII). This was considered to be the equivalent of 0.03/xmol histamine since
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the mean output of the nebuliser was 0.003ml per squeeze. The FEVi was recorded 

after each dose and was followed immediately by the next dose. When a dose 

required more than one inhalation, these were given in consecutive breaths. The 

challenge was stopped when the FEVi fell by more than 2 0 % from the post saline 

value, when the maximum dose of 3.9/imol was reached or when the subject asked for 

the test to discontinue. If subjects had no history of asthma and their baseline FEVi 

was 1.5 litres or more, the test was started with two puffs of 3.1mg.ml  ̂ histamine 

and quadrupling doses of histamine were administered until the FEVi fell by 1 0 -2 0 % 

from the baseline value at which point the protocol changed to doubling doses.

Bronchial hyperresponsiveness

The dose of histamine provoking a 20% fall in FEVi (PD20) was estimated by linear 

interpolation of the last two points on the dose-response curve. Extrapolation to 

8 //mol of histamine was allowed. Bronchial hyperresponsiveness was defined as a 

PD20 of 8 /xmol or less of histamine.

Venesection

Each subject was asked to donate 50ml of blood for measurement of specific IgE and 

HLA typing. The blood was taken from an antecubital fossa vein. Thirty ml was 

immediately decanted into ‘Serum Separation Tubes’ (Becton Dickinson, Plymouth, 

UK). At the end of each 3 hour session, these tubes were spun at 800g for 10 

minutes after which the serum was decanted into vials. The remainder was poured 

into heparinised tubes and frozen at -20°C.

Skin prick tests

These were performed on the anterior surface of the right forearm. The area where 

each test was to be done was marked with a biro. A disposable hypodermic needle 

was almost horizontally introduced into the superficial epidermis with a gentle lifting 

motion through a drop of allergen extract on the skin (Pepys 1975). Surplus fluid was 

removed with a pressing action from a tissue. After 10-15 minutes the arm was 

examined visually and by touch. Wheals were circumscribed with a biro. An 

impression of the biro mark was taken by application of transparent sticky tape. The
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tape was stuck to a pre-prepared form that indicated which wheal related to each 

allergen (appendix VII). The largest inner diameter of each biro mark was measured 

along with the diameter perpendicular to this. The measurements were all checked by 

a second reader. The mean of the two inner diameters was taken as the wheal size 

provoked by that allergen. Skin prick tests were undertaken with cat fur, mixed grass 

pollen, Dermatopkagoides pteronyssinus (Bencard), PA-HSA (Topping 1986), TMA- 

HSA, MA-HSA, MTHPA-HSA, HHPA-HSA MHHPA-HSA, with histamine and 

HSA controls.

Atopy

This was defined as an immediate skin test wheal diameter, provoked by any of the 

three common inhalant allergens, of greater than or equal to three millimetres.

Preparation of acid anhydride human serum albumin conjugates for skin prick 
testing and radioallergosorhent testing (RAST)
20ml 9% NaHCOg was placed in a 50 ml glass beaker on ice. Four grams of HSA 

were added and allowed to dissolve. Anhydride was then added in proportion to its 

molecular weight. Water insoluble anhydrides (PA, TCPA, HHPA) were dissolved 

in acetone and heated prior to conjugation with HSA. The solutions were stirred for 

one hour. Conjugates were then dialysed against 0.02m NH4CO3 for 48hours to 

remove unconjugated anhydride. These methods are designed to produce a hapten to 

protein ratio of 10-20:1. After freeze drying they were made up as 1% solutions in 

Coca’s solution and filtered through a 22/xm millipore filter for use in skin tests.

Measurement of specific IgE for PA-HSA and TMA-HSA.

PA-RAST

PA HSA conjugate was bound to cyanogen bromide activated discs. These discs were 

placed in test tubes. 50/xl of each subjects serum was added to a tube containing PA- 

HSA on an activated disc. The tubes were incubated at room temperature overnight. 

The next day the tubes were washed three times and radiolabelled anti-lgE antibodies 

(Pharmacia) added. The same anti-lgE antibody solution was also added to 2 empty 

tubes. These tubes were again incubated overnight. These tubes were placed in a 

gamma counter for two minutes. The % RAST binding was calculated as the count of
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the subject’s serum divided by the count derived from the tubes with no conjugate or 

disc, multiplied by 1 0 0 %.

TMA-CAP

The CAP system is a relatively new system introduced by Pharmacia for the rapid 

estimation of specific IgE levels. In principle it works in the same was as a RAST. 

The “GAPs” come pre-prepared with TMA-HSA conjugate applied to a cyanogen 

bromide activated cellulose polymer base. Incubation times are shorter and the 

procedure can be completed within a day. Per cent binding is calculated in the same 

way as for the PA-RAST.

Exposure measurements

Current exposure measurements

Measurements of airborne acid anhydrides were made over fiill shifts. These 

measurements were made during planned factory visits that lasted two to three weeks. 

Factory two was visited twice because the printing machine broke down during the 

first visit. Allocation of monitoring equipment to workers within each job category 

was done using a random number programme to select both the worker and the shift. 

Limited resources prevented us from taking repeated measurements from each 

worker. The hygienist attempted to get full shift samples from 1 in every 10 shifts 

worked during his visits to the sites. The overall aim being to estimate average 

exposure to acid anhydrides experienced by groups of workers in each job category 

(Corn and Esmen 1979).

Sampling and analysis was done according to the HSE methods for the determination 

of hazardous substances (MDHS method 62 HSE 1988). Air was drawn through a 

glass fibre filter (GF/A) in a seven hole sampling head with a Tenax tube connected 

in a sampling train, at a flow rate of 0.5 l.min \  After sampling the filters were 

stored in metal petri dishes and the ends of the Tenax tubes sealed with plastic caps. 

The filters were desorbed in 2ml of mobile phase (84:1:15 water/phosphoric 

acid/acetonitrile solution) for 60 minutes. The Tenax tubes were desorbed by adding
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four ml of acetone dropwise. The eluate was collected and 200 fi\ of mobile phase 

was added. The solution was allowed to stand for 60 minutes and then evaporated to 

dryness. The residues were redissolved in 0.5ml of mobile phase. Analysis was 

carried out by injecting 2 0 /xl of the desorption solution into a high performance liquid 

chromatograph (HPLC CIS, 25x46 mm, S50DS2) connected to an ultraviolet detector 

(230nm). A Schimadzu-CR6 A integrator was used to calculate the peak areas. For 

MA a 0.1 % v/v phosphoric acid water solution was used as the mobile phase. The 

limit of detection of the analysis of TMA, PA and MA was 0.10/xg.

Retrospective exposure assessment.

Changes in work practice that took place after the start date for the cohort were 

recorded following consultation with process workers, management, engineers and 

occupational hygienists at the sites (Stewart et a l\9 9 \). A panel of hygienists 

estimated the influences of these changes in production on exposure to acid 

anhydrides. Some exposure measurements had been made by the companies but these 

were not directly comparable to our estimates of average full shift exposure. This 

was because they were likely to have been done when acid anhydrides were in use (as 

opposed to our random sampling method) or when there was suspected to be a 

problem with exposure on the plant. These factors were taken into account in 

calculations. Past full shift arithmetic mean exposures were estimated by calculating 

back from current measurements. Where a particular Job did not exist in 1992 past 

exposure was assessed, by analogy with jobs where measurements were available. An 

example of a retrospective exposure assessment for a resin operator at site 1 is shown 

in table 2.1.
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table 2.1. Example of how changes in work practice and previous exposure 
measurements were estimated to have affected exposure to PA experienced by process 
operators at site 1

Date
Change in work practice 
exposure measurement

estimated average full shift 
exposure to PA (pg.m'^)

1988-92 34.4
1988 production capacity reduced by 50% and 

almost no PA containing resins
1986-88 137.7
1986 Use of PA melters ceases

exposure measurement 178.9/120.0 = 1.5
1978-86 206.6
1978 Reduction in use of PA melters
1970-78 413.1
1970 Decline in use of PA melters 

exposure measurement 1060/178.9 = 6

1960-70 2478.6

Obtaining a measure of cumulative exposure.

The panel of hygienists estimated arithmetic mean full shift exposure to phthalic, 

maleic and TMA, in all jobs, at all sites after the cohort inception date until the 

end of 1992 (appendix VIII). This resulted in the production of a series of job- 

exposure periods. The workers’ job histories were recorded with a date of starting 

and leaving each job. Where the month was not stated the 1st of July was taken as 

the date. Where the day was not stated it was taken to be the fifteenth of the month. 

We attempted to calculate the length of time an individual spent in each job-exposure 

period.

The general statement we used was:

Exposure.time (/xg.m'^.years) associated with job-exposure period A associated with 

job X= [(the earlier of {the workers last day of employment in job X or the last day 

of the job-exposure period A}) - (the later of {the workers first day in job X or the 

first day of the job-exposure period A})] x the exposure associated with job-exposure 

period A. The jobs were divided into job-exposure periods for instance job X might 

have the following job-exposure periods 1.1.1960 -31.12.1963, 1.1.1964 - 

31.12.66, 1.1.1967 - 31.12.1972 and 1.1.1973 - 31.12.1979. These job-exposure
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periods are associated with average full shift exposures of 30, 20, 10 and 0 

(figure 2.4). For each worker the exposure accrued in each job-exposure period was 

summed. This process was repeated for each job and for each acid anhydride 

resulting in a 12,000 line programme. The results were expressed in jug.m'^.years.

Summary

A retrospective cohort of workers potentially exposed to acid anhydrides at four sites 

in the UK was identified. Three of the sites produced alkyd resins using 

predominantly PA but to a lesser extent MA and TMA. A fourth site used TMA in 

the manufacture of cushioned flooring. Workers completed health, smoking and work 

history questionnaires. They had skin prick tests with a series of acid anhydride HSA 

conjugates and common inhalant aeroallergens. Blood was taken for measurement of 

specific IgE and for HLA typing. Finally cohort members had a measurement of 

bronchial responsiveness.

Current full shift exposure to acid anhydrides was measured and past exposures were 

estimated. A measure of cumulative exposure was calculated.
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figure 2.4. Explanation of the measure of cumulative exposure to acid anhydrides. For simplicity worker Jack has been assumed to have 
two jobs and changed jobs at the beginning or end of a year.

I 9 6 0  1 9 6 2  1964

Job X

1 967  1968 1973

2 x 3 0 3 x 2 0  1 x 1 0

1 9 7 7

3 0  ! : 20 10 0

1960

Job y

1968  1970

2 x 5 4 x 2

19 7 4 19 7 7

period of employment in job for worker Jack (years)

30 I average full shift exposure for job-exposure period

Employment history 
for worker Jack

Jobx 1.1.1962-1.1.1968  
Job y 2.1.1968-1.1.1974

Jack’s  cumulative exposure = 2x30 +  3x20 +  1x10-1- 2x5 + 4x2 = 148 jug.m'^^rs



Chapter 3: Data retrieval, exposure measurements and health outcomes 

Data retrieval

Chapter 2 described the cohort definition and how the sites and workers were 

selected. This process generated a list of 621 people potentially eligible for inclusion 

in the study {table 3.1). Of these 83.1% were contacted, 4.2% had died, 5.6% 

refused and 7.1 % could not be contacted despite repeated attempts.

table 3.1. Data retrieval from the original 621 stratified by site\
site contacted deceased refused untraced total
1 147 (84.5) 10 (5.8) 12 (6.9) 5 (2.9) 174
2 142 (8 6 .6 ) 1 (0 .6 ) 5 (3 JJ 16 (9.8) 164
3 105 (88.2) 1 (0 .8 ) 1 (0 .8 ) 1 2  (1 0 .1 ) 119
4 122 (74.4) 14 (8.5) 17 (10.4) 11 (6.7) 164
total 516(83.1) 26 (4.2) 35 (5.6) 44 (7.1) 621

The lowest contact rate was at site 4 where the list of cohort members was based on a 

computer generated printout which was not specific to the area of acid anhydride use. 

At the sites where the cohort started in 1960 (1 and 4) there was a greater proportion 

of deaths. The majority of people who refused did so because they felt that they had 

had little contact with acid anhydrides and so the study was not relevant to them.

Nearly all the workers we made contact with completed health, work history and 

smoking questionnaires. Approximately 30 people completed questionnaires but 

could not be examined because of difficulties in arranging a meeting. A few people 

refused skin tests because of previous severe reactions including one person who had 

previously had multiple positive skin test reactions to common inhalant allergens and 

was also suspected to be sensitised to acid anhydrides. Most subjects in whom a 

meeting could be arranged underwent a measurement of bronchial reponsiveness 

unless they had a history of moderate to severe angina, severe airflow obstruction 

(FEVi<l litres), or general infirmity. This data set of 621, which included 470

* tables include percentages for the row in brackets.
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people who underwent a histamine inhalation challenge, was used in the first set of 

analyses of the the determinants of bronchial responsiveness (chapter 5).

table 3.2. Completion of components of the study by the original 621 stratified by 
site.

site
health

questionnaire
work

history
skin
tests

bronchial
responsiveness total

1 147 (84.5) 144 (82.8) 143 (82.2) 137 (78.7) 174
2 142 (8 6 .6 ) 141 (86.1) 131 (79.9) 132 (80.5) 164
3 101 (84.9) 97 (81.5) 94 (79.0) 96 (80.7) 119
4 121 (73.8) 118 (72.0) 115 (70.1) 105 (64.0) 164
Total 511 (82.3) 500 (80.5) 483 (77.8) 470 (75.7) 621

After review of the work history questionnaires we found that a proportion of 

those seen had started before the ‘start date’ for the site at which they had worked, 

and therefore did not fulfill the cohort definition. This resulted in a slight fall in the 

proportions of the target population from whom we acquired information.

table 3.3. Data retrieval from those fulfilling strict cohort definition stratified by site.

site
health

questionnaire
work

history skin tests
bronchial

responsiveness total
1 124 (82.1) 124 (82.1) 1 2 2  (80.8) 117 (77.5) 151
2 116 (84.1) 116 (84.1) 107 (77.5) 108 (78.3) 138
3 69 (83.1) 69 (83.1) 63 (75.9) 65 (78.3) 83
4 92 (68.7) 92 (68.7) 8 6  (64.2) 80 (59.7) 134
total 401 (79.2) 401 (79.2) 378 (74.7) 370(73.1) 506

The data set {table 3.3) remaining after this preliminary analysis of the questionnaires 

was used for testing the association of new work related chest symptoms and 

immediate skin test responses to acid anhydrides to exposure (chapter 4) and their 

association with smoking and atopy (this chapter). For these analyses it was 

important to exclude people whose exposure to acid anhydrides had started before our 

start dates as, potentially, they represented a survivor population. This data set was 

also used for the second analysis of the determinants of bronchial responsiveness, 

including the effect of cumulative acid anhydride exposure (chapter 5).
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Age and sex

The study covered a wide age range. The oldest worker was 81 and had worked at 

site 4 where the cohort had started in 1960. Only site 3 had a significant proportion 

of female employees working in an area of potential acid anhydride exposure.

table 3.4. Age and sex when seen in 1992-93 - stratified by site (workers fulfilling the 
strict cohort definition).

site median age age range males females total
1 39 20-72 123 (99.2) 1 124
2 37 19-67 116 (1 0 0 .0 ) 0 116
3 34 18-64 57 (82.6) 1 2 69
4 46 22-81 92 (100.0) 0 92
total 39 18-81 388 (96.8) 13 401

Workers from whom we were unable to obtain information (n=105) were older 

(median age 56 years). Three were women.

Exposure measurements and estimates

Measured full shift exposure to PA was highest at the alkyd resin plant (site 3) where 

it is still loaded by hand on a regular basis {table 3.5). Arithmetic means for PA 

exposure were considerably higher than geometric means at all the alkyd resin plants. 

This reflects the influence of occasional relatively high measurements. All estimates 

for full shift exposure to PA were well below the occupational exposure standard 

(6,000fig.m'^). Average fiill shift exposure to TMA was highest at the cushioned 

flooring plant where it is used on a daily basis. Here only 11% of measurements 

were below the limit of detection for the assay. In contrast 66-96% of samples taken 

at the alkyd resin plants were below the limit of detection for TMA in the assay, 

probably reflecting its very infrequent use at these sites. The estimated arithmetic 

mean full shift exposure to TMA at site 2 was 19.3/xg.m'^, about 50% of the 

occupational exposure limit of 40jng.m' .̂

Assessment of exposures in individual job titles revealed that resin operators at site 3 

were the most highly exposed workers. Filter press operators at sites 1 and 3 had 

similar exposures to resin operators at sites 1 and 4 (table 3.6).
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table 3.5. Average full shift exposure to phthalic, trimellitic and maleic anhydride 1992-3 stratified by site.

full shift time weighted average (jLtg.m'̂ )*

site number of samples arithmetic mean GM
geometric standard 

deviation
% below the limit of 

detection

site 1 PA 29 8.9 2 . 2 3.7 2 1

TMA 29 0.9 0 . 6 2 . 2 6 6

MA 14 2 . 8 0.9 3.4 57

site 2 PA 26 2.5 1 . 2 2 . 6 50

TMA 46 19.3 6 . 1 4.6 1 1

MA 0

site 3 PA 29 61.9 5.5 5.5 1 0

TMA 29 0.7 0 . 6 1.5 79

MA 25 1 . 8 1 . 1 2 . 6 48

site 4 PA 26 11.9 4.5 4.4 15

TMA 26 0.5 0.5 1 . 2 96

MA 0

^occupational exposure standard (OES) time weighted average for 8  hour shift (TWA) PA = 6,000jLig.m' ,̂ MA = l,000/>tg.m'^, TMA = 40/xg.m'



table 3.6. Average full shift exposure to PA and TMA in different job titles stratified by site. (1992-3).

full shift time weighted average (jugm' )̂*

job title site exposure n arithmetic mean GM
geometric standard 

deviation
% below the limit 

of detection

resin operator 1 PA 9 25.1 7.6 4.1 0

3 PA 1 2 137.7 9.4 7.7 0

4 PA 13 2 0 . 1 11.9 2.9 0

filter operator 1 PA 9 25.1 7.6 4.1 0

3 PA 3 19.4 9.1 4.4 0

maintenance 1 PA 6 2 . 6 2.5 1.3 0

3 PA 3 3.4 2 . 8 2 . 2 0

printer 2 TMA 16 31.2 8.3 5.3 6

ink mixer 2 TMA 8 15.4 1 1 . 2 2.5 0

pilot plant operator 2 TMA 8 3.6 1 . 6 3.8 50

de-reel/reel up operator 2 TMA 1 0 2 1 . 8 9.4 3.7 0

floor processing operator 2 TMA 4 5.2 2.5 3.7 0

n= number of samples.*OES (8 hr TWA) PA = 6,000ptg.m‘̂ , MA = 1,000/^g.m'^, TMA = 40/ig.m



Exposure to TMA at the cushioned flooring plant was highest amongst those workers 

working in and around the printing machines (printers, de-reel and reel-up operators). 

Arithmetic mean exposures for printers were close to the exposure limit. The 

measurements for printers and de-reel/reel up operators included several that were 

taken whilst they were chipping inks off the floor during a factory breakdown. This 

activity was associated with average full shift exposure of 70/xg.m'^ but had not 

previously been done in the history of the plant. The averages used for printers and 

de-reel/reel-up operators in the job-exposure matrix (appendix VIII) excluded these 

measurements and was 6.3 and 5.7 /xg.m'  ̂respectively.

Table 3.7 shows the distribution of the measurement of exposure used in the 

exposure-response analyses relating to sensitisation and new work related chest 

symptoms (chapter 4). The highest exposure was estimated to have been experienced 

by workers at site 1, loading PA manually, 30 years ago. Mixing TMA masterbatch 

at site 2 between 1979 and 1986 was associated with relatively high full shift 

exposures but very few workers did this job and 93 % of the cohort at this site had 

always been in jobs that were associated with average exposure less than the 

occupational exposure limit of 40 /xg.m' .̂ This figure was used in some of the 

exposure-response analyses restricted to site 2 (tables 4.3b and 4.5b). At site 4 no 

workers were in jobs whose average full shift exposure was estimated to be more than 

1 0 0 )Ltg.m\

table 3.7. Highest estimated arithmetic mean full shift exposures for each worker 
(jLtg.m'̂ ). The last three columns indicate the number of people (%) that contribute to 
the exposure strata used in the exposure-response studies.

n range < 1 0 1 0 - < 1 0 0 ^ 1 0 0

site 1 124 1.5-2478.6 71 (57.3) 28 (2 2 .6 ) 25 (20.1)

site 2 116 1.0-554.4 6 6  (56.9) 44 (37.9) 6  (5.2)

site 3 69 2.2-137.7 29 (42.0) 17 (24.6) 23 (33.3)

site 4 92 1.5-60.3 47 (51.1) 45 (48.9) 0

total 401 0.8-2478.6 213 (53.1) 134 (33.4) 54 (13.5)

< 1 0 10-<40 k40

site 2 116 1.0-554.4 6 6  (56.9) 42 (36.2) 8  (6.9)

1 0 1



A measure of cumulative exposure was developed to assess its influence on FEVi and 

bronchial responsiveness (chapter 5). Taking all sites this measure had an 

approximately log Normal distribution (figure 3.1). Cumulative exposures were 

significantly lower at site 2 where only one acid anhydride (TMA) was in use and 

where the cohort extended back only 13 years (table 3.8).

table 3.8. Descriptive statistics of cumulative exposures to all acid anhydrides 
(/ig.m\ years).

n range
geometric
mean

geometric 
standard deviation

site 1 124 0.97-17544.98 9T85 5.93

site 2 116 0.13-1642.64 12.32 7.46

site 3 69 0.67-1894.67 59.24 7.19

site 4 92 1.11-1627.64 83.44 4.44

total 401 0.13-17544.98 46.80 7.19

figure 3.1. Frequency distribution of cumulative exposure to PA, MA and TMA. 
Exposure data has been logio transformed and shows an approximately Normal 
distribution. Units are //g.m'\years.

60

logiocumulative acid anhydride exposure

102



Health outcomes

New work related chest symptoms (NWRCS) and work related chest symptoms 

(WRCS) were reported by 8 .8 % and 10.6%. and were most frequent at sites 2 and 4 

(table 3.9). More than three quarters of the workers who reported work related chest 

symptoms had not experienced chest symptoms before working in an area of acid 

anhydride exposure. These prevalences were broadly consistent with the prevalence 

of positive skin prick tests to acid anhydrides at these sites. The highest prevalence of 

positive skin prick tests was at site 2 where TMA is the only acid anhydride in use. 

Overall only a small proportion of workers had immediate skin test reactions to acid 

anhydrides. The prevalence of bronchial hyperresponsiveness (BHR) varied 1.5 fold 

between site 1 and site 4. Symptoms of asthma in relation to acid anhydride 

exposure, sensitisation to acid anhydrides as demonstrated by immediate skin test 

reactivity to acid anhydrides and bronchial hyperresponsiveness were more common 

in leavers than in currently exposed workers.

table 3.9. Work related chest symptoms (WRCS), acid anhydride skin prick test 
(AA-SPT) and bronchial hyperresponsiveness (BHR) stratified by site and whether 
employed in an area of acid anhydride use at the time of the survey.

site new WRCS WRCS AA-SPT BHR total
1 current 0 1 (1.7) 0 3 (5.2) 59

leaver 6 ( 9 j ) 8  (12.7) 0 8  (13.6) 65
total 6  (5.0) 9 (7.4) 0 11 (9.4) 124

2 current 3 (7.0) 3 (7.0) 1 (2.5) 3 (7.5) 43
leaver 10 (13.9) 11 (15.3) 7 (10.5) 1 1  (16.2) 73
total 13 (11.3) 14 (12.2) 8(T5) 14 (13.0) 116

3 current 0 1 (3.3) 0 4(13.3) 31
leaver 5 (14.7) 5 (14.7) 1 (2.9) 5 (14.3) 38
total 5(7.8) 6  (9.4) 1 (1 .6 ) 9 (13.8) 69

4 current 3 (T9) 3 (7.9) 0 4 (10.8) 40
leaver 7 (14.6) 9 (18.8) 3 (6.5) 8  (18.6) 52
total 1 0  (1 1 .6 ) 12 (14.0) 3 (3.5) 12 (15.0) 92

current 6(3.6) 8  (4.7) 1 (0 .6 ) 14 (8.5) 173
leaver 28 (12.9) 33 (15.2) 11 (5.2) 32 (15.6) 228

total 34 (8 .8 ) 41 (10.6) 12 (3.2) 46 (12.4) 401
current = employed in an area of potential exposure to acid anhydrides at the time of 
the survey, leaver = not in this area at time of the survey.
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The prevalence of atopy was similar at all four sites. There was more variation in 

smoking habits with the greatest prevalence of current smoking and smoking whilst 

working with acid anhydrides at site 3. Overall about half the workers smoked at the 

time of exposure to acid anhydrides. Atopy was more common in current workers 

but there was little difference between the two groups in terms of smoking habits 

{table 3.10).

table 3.10. Atopy and smoking habits stratified by site and whether currently 
employed in an area of acid anhydride use. For definitions see table 3.9.

Site atopy current smoker
smoker whilst 
working with AA Total

1 current 19 (32.2) 25 (42.4) 30 (50.9) 59
leaver 21 (33.3) 21 (32.3) 29 (46.0) 65
total 40 (32.8) 46 (37.1) 59 (48.4) 124

2  current 14 (35.0) 21 (48.8) 26 (61.9) 43
leaver 25 (37.3) 32 (43.8) 40 (54.8) 73
total 39 (36.4) 53 (45.7) 6 6  (57.4) 116

3 current 14 (48.3) 18(58.1) 22 (71.0) 31
leaver 8  (23.5) 17 (44.7) 22 (57.9) 38
total 22 (34.9) 35 (50.7) 44 (63.8) 69

4 current 19 (47.5) 13 (32.5) 17 (43.6) 40
leaver 11 (23.9) 18 (34.6) 29 (55.8) 52
total 30 (34.9) 31 (33.7) 46 (50.5) 92

current 6 6  (39.3) 77 (44.5) 95 (55.6) 173
leaver 65 (31.0) 8 8  (38.6) 120 (53.1) 228

Total 131 (34.7) 165 (41.1) 215 (54.2) 401

Twelve subjects had immediate skin test reactions to acid anhydride-HSA conjugate. 

The wheal size provoked by acid anhydride-HSA conjugates has been plotted against 

the amount of specific IgE directed against that antigen as detected by RAST for PA 

and CAP for TMA (figure 3.2 and 3.3). All but one subject with a PA RAST greater 

than 2% binding had an immediate skin test reaction to PA-HSA. However several 

subjects with immediate skin test reactions did not have elevated specific IgE. With 

respect to TMA, all subjects with immediate skin test reactions had elevated specific 

IgE detected by the CAP system. One subject with elevated specific IgE had a wheal 

size of 2.5mm.
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figure 3.2. Plot of immediate skin test reaction to a PA-HSA conjugate after 
subtraction of HSA control against specific IgE measured in serum measured by PA- 
HSA RAST. To the right of the vertical line is a positive skin prick test. The 
horizontal line is 2% RAST binding.
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figure 3.3. Plot of immediate skin test reaction to a TMA-HSA conjugate after 
subtraction of HSA control against specific IgE measured in serum measured by TMA 
CAP. The horizontal line is 2% binding measured by the CAP method.
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table 3.11. Specific IgE measurements and skin test reactions in 14 workers with evidence of sensitisation by TMA CAP or PA RAST ^2% or 
immediate skin test reaction to TMA-HSA, PA-HSA or MA-HSA k 3mm after subtraction of HSA control.

TMA CAP % 
binding

wheal size - after subtraction of HSA control

PA-HSA RAST % 
binding

TMA
HSA

PA
HSA

MA
HSA

MTHPA
HSA

HHPA
HSA

MHHPA
HSA

TCPA
HSA

3.41 3.71 3.25 4.00 2.25 1.75 1.75 1.25 2.25
2 . 0 2 1.75 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

6 8 . 0 0 4.25 7.25 0.16 0 . 0 0 0 . 0 0 2.75 0 . 0 0 0 . 0 0

14.01 0.23 3.00 7.25 3.00 2.75 2 . 0 0 4.50 1.50
3.61 0.17 9.75 8.25 3.25 1 . 0 0 1 . 0 0 1 . 0 0 2 . 0 0

5.84 0.14 7.00 6.50 3.00 3.50 2.50 0 . 0 0 0.50
11.93 15.31 2.50 8.50 1 . 0 0 5.00 0.25 0 . 0 0 1 . 0 0

82.00 0.18 3.50 1.75 0.50 0.75 0.75 0 . 0 0 0 . 0 0

3.68 not done 9.00 6.25 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

1 . 0 2 1.06 0 . 0 0 4.25 0 . 0 0 1.25 0 . 0 0 0 . 0 0 1.75
4.50 23.66 3.97 3.50 3.00 0 . 0 0 0 . 0 0 4.00 1 . 0 0

0.76 0.24 0 . 0 0 3.75 0 . 0 0 4.00 0 . 0 0 0 . 0 0 0 . 0 0

3.46 13.32 5.00 10.50 7.50 6 . 0 0 6.25 4.00 4.50
0.74 3.93 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

TMA-HSA CAP n= 448, range (0.49, 82.00), arithmetic mean 1.15, s.d. 5.00, median 0.67, upper 95th centile 1.217, 
PA-HSA RAST n= 447, range (0.01, 23.66), arithmetic mean 0.49, s.d. 1.56, median 0.26, upper 95th centile 0.94.



Table 3.11 shows all subjects who had an immediate skin test reaction to AA-HSA or 

had PA-RAST or TMA-CAP ^2%. It demonstrates that the people with a PA-HSA 

skin wheal who did not have detectable PA-HSA IgE were probably sensitised to 

TMA as they usually had specific IgE detectable by the TMA CAP system. One 

worker had TMA-HSA CAP of ^2% binding that was not reflected by a skin test 

reaction. Several workers with exclusive TMA exposure and evidence of sensitisation 

to TMA-HSA had immediate skin test reactions to PA-HSA and RAST binding to PA- 

HSA indicating cross reactivity in the assay. Amongst the alkyd resin plant workers, 

one had an immediate skin test reaction to PA with no evidence of specific IgE on 

RAST and one with a clearly elevated PA-HSA RAST had a negative skin test to the 

same allergen. There may be doubt as to whether these two workers are truly 

sensitised.

The table also shows that several workers had immediate skin test reactions to acid 

anhydrides to which they had never been exposed.

The association of immediate skin test reactions with other indicators of asthma.

Ten of 12 workers with evidence of immediate skin test reactivity to acid anhydrides 

reported new work related chest symptoms, 5 had bronchial hyperresponsiveness and 

6  were taking treatment for their chest or breathing at the time of the survey. All of 

these proportions are greater than would have been expected by chance.

table 3.12. The association of immediate skin test reactions to acid anhydride-HSA 
conjugates with symptoms, airway hyperresponsiveness and treatment (continued 
overleaf).

new work related chest symptoms Fisher’s exact
AA skin prick 
test

yes no test

yes 10 (83.3%) 2(16.7%) 1 2 p =5.2x10'®
no 23 (6.5%) 331 (93.5%) 354
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table 3.12 continued. The association of immediate skin test reactions to acid 
anhydride-HSA conjugates with symptoms, airway hyperresponsiveness and 
treatment.

bronchial hyperresponsiveness Fisher’s exact
AA skin prick 
test

yes no test

yes 5(41.7%) 7 (58.3%) 1 2 p =0.009

no 39 (11.1%) 311 (88.9%) 350

current treatment for the chest Fisher’s exact

AA skin prick 
test

yes no test

yes 6  (50.0%) 6  (50.0%) 1 2 p=7.3xlO^

no 2 2  (6 .1 %) 337 (93.9%) 359

Immediate skin test reactivity to acid anhydrides was associated with smoking at the 

time of exposure but not with atopy. Ten of 12 sensitised workers had smoked whilst 

exposed whereas seven were judged to be atopic at the time of testing.

table 3.13. The association of immediate skin test reactions to acid anhydride HSA 
conjugates with atopy.

AA skin prick test

atopy

yes no

Fisher’s exact 
test

yes 7(58.3%) 5 (41.7%) 1 2 p = 0 . 1 2

no 124 (33.9%) 242 (66.1%) 366

table 3.14. The association of immediate skin test reactions to acid anhydride HSA 
conjugates with smoking at the time of exposure to acid anhydrides.

AA skin prick test

smoking

yes no

Fisher’s exact 
test

yes 10 (83.3%) 2(16.7%) 1 2 p=0.04

no 191 (52.8%) 171 (47.2%) 362

The data also suggested that subjects who were atopic and smoked were at particular 

risk. However, in a logistic regression model the interaction term between atopy and 

smoking at work was not significant.
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table 3.15. The interaction of smoking and atopy in the induction of sensitisation to 
acid anhydrides.

smoking whilst working with acid anhydrides

atopy yes no
yes 6/63 (9.5%) 1/67 (1.5%)

no 4/138 (2.9%) 1/106 (0.9%)

Summary

We identified 506 people who fulfilled the cohort definition. Of these some 

information was obtained from 401 (79.2%). Current full shift exposure 

measurements to PA were below the current recommended exposure limits and were 

highest at site 3. Full shift exposure to TMA was highest at the cushioned flooring 

plant.

Twelve (3.2%) subjects had immediate skin test reactions to acid anhydrides and 34 

(8 .8 %) reported new work related chest symptoms. Sensitisation was most common 

at the cushioned flooring plant. Symptoms consistent with occupational asthma, 

sensitisation and bronchial hyperresponsiveness were more common amongst leavers 

than current workers.

Immediate skin test reactions were confirmed by serological measurements of specific 

IgE. These skin test reactions were associated with smoking at the time of exposure 

as well as work related respiratory symptoms and bronchial hyperresponsiveness.
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Chapter 4: Exposure-response relationships

The relationship between sensitisation to acid anhydrides, new work related chest 

symptoms and estimated full shift exposure to acid anhydrides was assessed.

The information that was available to make these assessments was an estimate of full 

shift exposure for each job title, at each site and for each acid anhydride. Workers’ 

had reported when they had started and finished each job. The date of development 

of a positive skin prick test was not known. New work related chest symptoms were 

associated with a date and so could be linked to a particular job.

The analyses were undertaken on the cohort of 401 people who contributed some 

information and started work after the relevant start date for each site.

Exposure in relation to immediate skin prick test reactions

From this population a case was any worker with an immediate skin test reaction to 

any one of three acid anhydride HSA conjugates (PA-HSA, TMA-HSA, MA-HSA) of 

greater than or equal to 3mm after subtraction of the HSA control.

Sensitisation to acid anhydrides was first examined in relation to exposure taking all 

the subjects, and all acid anhydrides together. Maximum full shift exposure to PA, 

MA and TMA was estimated for each subject. The null hypothesis - that there was 

no increase or decrease in the risk of sensitisation across exposure groups - was 

examined using the test for linear trend. This test was used for all unmatched 

exposure-response analyses. Secondly, in an attempt to reduce the confounding 

influences of exposure to, and sensitisation by, different acid anhydrides a matched 

case-control analysis was done. In this analysis each case was individually matched 

with four controls. Controls were selected, using a random number programme, from 

non-sensitised workers that had worked at the same site and had started work within 

three years of the starting date of the cases. The risk of sensitisation across exposure 

strata was determined using conditional logistic regression. Results were expressed as 

odds ratios with 95% confidence intervals (Cl). Cigarette smoking was associated
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with both sensitisation and exposure and was introduced into the regression model. 

Finally, in relation to sensitisation, the data set was restricted to site 2 at which 

exposure was exclusively to TMA. An unmatched analysis was performed.

Exposure groups were established by the occupational hygienist without a knowledge 

of the health outcomes. The boundaries chosen for the exposure groups were based 

on the range of exposures experienced by workers at each of the sites. When analysis 

was restricted to site 2  the boundaries were set in two ways, i) to obtain similar 

numbers of workers in each exposure category and ii) to reflect the occupational 

exposure limit {table 3.7).

Results

The prevalence of sensitisation to any acid anhydride across groups stratified for their 

estimated maximum full shift acid anhydride exposure did not suggest anexposure- 

response relationship {table 4.1).

table 4.1. The risk of an immediate skin test reaction with increasing exposure to 
acid anhydrides. All sites included. Unmatched analysis.

full shift 
exposure /xg.m'^

acid anhydride skin prick test

-f odds ratio (Cl)

< 1 0 3 199 1 . 0 0

1 0 - < 1 0 0 7 117 3.97 (0.88, 24.13)

klOO 2 50 2.65 (0.22, 23.70)
for linear trend p = 0 . 1 2

In a case control analysis in which controls were matched on site and date of 

beginning employment in the area of acid anhydride exposure anexposure-response 

relationship was present {table 4.2). Sensitisation was significantly associated with 

cigarette smoking at the time of exposure. With the introduction of cigarette smoking 

into the model the exposure response relationship was attenuated but not lost.
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table 4.2. The risk of an immediate skin test reaction with increasing exposure to acid anhydrides. All sites included. Conditional logistic 
regression (with adjustment for cigarette smoking). Matched on site and date of starting employment.

maximum full shift exposure 
/xg.m-̂

acid anhydride skin prick 
test

odds ratio (Cl)
adjusted for cigarette smoking+ - unadjusted odds ratio (Cl)

< 1 0 3 2 2 1 . 0 0 1 . 0 0

1 0  - < 1 0 0 7 23 2.09(0.48, 9.17) 1.65 (0.38, 7.13)

k 1 0 0 2 3 4.55 (0.50, 41.45) 2.57 (0.27, 24.41)

cigarette smoking 5.65 (1.08, 29.63)



Restricting the analysis to site 2 where only TMA was used allowed clearer definition 

of an exposure-response relationship {table 4.3a and b). At this site there were three 

workers sensitised whose maximum estimated exposure to TMA was less than 

11.4/xg.m'^ and six workers sensitised whose highest mean full shift exposure to TMA 

was estimated to be less than the occupational exposure limit of 40jng.m ̂ . There was 

a striking increased risk of sensitisation with increasing exposure, although the 

confidence intervals were wide. The risk was statistically significantly elevated 

amongst those with highest estimated average full shift exposure between 1 0  and 

40/>ig.m'  ̂when compared with those with lesser exposures.

table 4.3. The risk of an immediate skin test reaction with increasing exposure to 
TMA, Site 2 alone.

a. Exposure groups with similar numbers of workers in each stratum.

full shift exposure 
to TMA figm.m'^

acid anhydride 
skin test Total odds ratio (Cl)

-ve -hve

< 1 43 0 43 1 . 0 0

1 - 11.4 27 3 30 11.07 (0.55, 222.73)

>11.4 29 5 34 16.22 (0.86, 304.56)

Total 99 8 107
for linear trend p =0.014. 

each cell (Schlesselman 1982)
Odds ratios and 95% Cl computed by adding 0.5 to

b. Exposure groups related to the occupational exposure limit (40/xg.m'^).

full shift exposure 
to TMA /xg.m'^

acid anhydride 
skin test Total odds ratio (Cl)

-ve 4-ve

< 1 0 62 1 63 1 . 0 0

10-40 31 5 36 10.00 (1.03, 480.37)

>40 6 2 8 20.67 (0.87, 1237.31)

Total 99 8 107
for linear trend p =0.003
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The influence of smoking whilst working in area of exposure to TMA, on the 

relationships demonstrated in table 4.3b was assessed. The risk of sensitisation in the 

two higher exposure groups was not significantly altered (10-40/xg.m'^ OR = 9.63 Cl 

1.07, 86.33; >40/xg.m'^ OR = 15.88 Cl 1.15, 219.6). Smoking did not significantly 

improve the model. The influence of smoking on the odds ratios demonstrated in 

table 4.3a could not be assessed because of the stratum containing a zero.

Exposure in relation to new work related chest symptoms.

This was done using a matched case-control analysis. This design was used because 

the work related chest symptoms were associated with a date of onset and enabled 

comparisons with controls on site at the same time as the cases developed symptoms. 

Four controls were randomly selected per case from those workers who worked at the 

same site as the case, started employment in an area of acid anhydride before the case 

developed new work related chest symptoms and left employment in an area of acid 

anhydride use after the case had developed new work related chest symptoms. One 

case was not used as there were no possible controls. Some dates of symptom onset 

(symptom date) were inconsistent with reported start and end dates. In these 

situations, if the ‘symptom date’ preceded the start date by less than six months, the 

‘symptom date’ was altered to be the day that the worker started. If, on the other 

hand, the ‘symptom date’ was after the worker left, and the difference between the 

two dates was less than six months, then the ‘symptom date’ was altered to be the day 

the worker left. Six of the cases had a ‘symptom date’ which was before they started 

working in an area of acid anhydride exposure. Using the above definition, two of 

these could be used for the case control analysis. Three of the cases had a ‘symptom 

date’ which was after they stopped working in an area of acid anhydride use. One of 

these could be used. A total of 27 cases were available for analysis in this way.

Results

New work related chest symptoms were not related to atopy or smoking. The 

matched case control analysis involving all four sites and all three anhydrides clearly
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showed an association of symptoms with higher exposure {table 4.4). This effect was 

also present when analysis was restricted to site 2 {4.5a and b).

table 4.4. The risk of new work related chest symptoms with increasing exposure to 
acid anhydrides. All sites - conditional logistic regression. Matched analysis.
full shift exposure

case control odds ratio (Cl)

< 1 0 1 2 80 1 . 0 0

1 0  - < 1 0 0 1 1 2 1 3.40 (1.29, 8.96)

klOO 4 7 5.58 (0.89, 35.21)

table 4.5. The risk of new work related chest symptoms with increasing exposure to 
TMA. Site 2 - conditional logistic regression. Matched analysis.

a. Exposure groups with similar numbers of workers in each stratum

full shift exposure 
to TMA iJLg.m'̂ cases controls Total odds ratio (Cl)

< 1 2 30 32 1 . 0 0

1 - 11.4 5 1 0 15 6.21 (1.07, 36.02)

>11.4 5 8 13 9.01 (1.35, 60.05)

Total 1 2 48 60

b. Exposure groups related to the occupational exposure limit (40/xg.m'^).

full shift exposure 
to TMA fjLg.m'̂ cases controls Total odds ratio (Cl)

< 1 0 5 39 44 1 . 0 0

10-40 6 7 13 5.94 (1.44, 24.50)

>40 1 2 3 7.42 (0.33, 168.50)

Total 1 2 48 60

The prevalence of sensitisation amongst atopies, smokers and among those who had 

experienced klOjug.m'^ full shift acid anhydride exposure (all sites included) and 

^10/xg.m'^ full shift TMA exposure at site 2 are displayed on Venn diagrams (figure 

4.1 and 4.2). These figures suggest that those who had experienced sufficient
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exposure and were smokers and were atopic were at particular risk of becoming 

sensitised.

Summary

There was clear evidence of a higher risk of work related chest symptoms amongst 

those with higher exposures to acid anhydrides. The relation between exposure and 

sensitisation was less clear when the whole cohort and all three acid anhydrides were 

examined together. When the analysis was matched for period of exposure, and 

adjusted for the significant influence of cigarette smoking at the time of acid 

anhydride exposure an exposure response relationship was apparent. The exposure- 

response relationship was most marked when the analysis was restricted to those 

exposed only to TMA. Venn diagrams suggested an interaction of risk factors for 

allergy.
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figure 4.1. Venn diagram showing the prevalence of immediate skin test reactions to 
acid anhydrides in various risk groups. All sites and all anhydrides included.

sm ok ed  whilst working with 
acid anhydrides

full shift exposure  
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2/70
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(2%)
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( 19%)

0/32
(0%)

0/32
(0%)

1/35

(3%)

atopic

0/64
(0%)

figure 4.2. Venn diagram showing the prevalence of immediate skin test reactions in 
various risk groups. Site 2 (TMA exposed).
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Chapter 5: Risk factors for bronchial responsiveness in an occupational cohort

Previous work in population samples suggests that atopy, smoking and age may be 

important determinants of bronchial hyperresponsiveness. Two studies suggested a 

positive interaction between age and smoking and a negative interaction between 

atopy and age (Burney et al 1987 and Higgins et al 1993). In an occupational group 

exposed to a sensitising agent in the workplace, allergy and cumulative exposure to 

the agent may also be relevant. We have assessed the relevance of these risk factors 

for bronchial hyperresponsiveness in a population of workers exposed to acid 

anhydrides.

Methods

The first set of analyses have been done on all the workers (n=470) who completed a 

measurement of bronchial hyperresponsiveness. The completeness of this group has 

been discussed in chapter 3. In the second part of this chapter a similar set of 

analyses includes only those workers who fulfilled the more strict entry criteria and 

were included in the exposure-response analysis (chapter 4, n=401). Bronchial 

responsiveness, immediate skin test reactivity to common inhalant allergens and acid 

anhydrides and smoking history were assessed as described in chapter 2 .

Briefly, bronchial responsiveness was measured using the method of Yan et al (1983). 

Current smokers were defined as those who answered ‘yes’ to ‘Do you smoke?’. Ex

smokers answered ‘no’ to this question and ‘yes’ to ‘Have you ever smoked as much 

as one cigarette a day or one cigar a week or an ounce (28 grams) of tobacco a month 

for as long as a year?’. Never smokers answered ‘no’ to both these questions. 

Cumulative cigarette exposure was calculated in pack-years from the five year 

averages recorded in the smoking questionnaires. Where a smoking history extended 

before 1960 the average consumption for the first five year period was extrapolated 

back to the date of starting to smoke.

Skin prick tests were undertaken with common inhalant allergens and acid anhydride 

- HSA conjugates as previously described. Atopy was defined as a mean wheal
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diameter three millimetres or larger provoked by one of the three common inhalant 

allergens. The arithmetic mean of mean wheal diameters provoked by these three 

agents was also calculated with an absent response being recorded as zero. An 

immediate skin test reaction to acid anhydrides was defined as a wheal of greater than 

or equal to three millimetres provoked by any of the acid anhydride-HSA conjugates 

after subtraction of the wheal provoked by the HSA control.

Data analysis

All analyses were done using the Egret statistical package (1985). Univariate 

analyses were done within logistic regression models.

The relationship of bronchial hyperresponsiveness, atopy and cigarette smoking with 

age was displayed graphically by dividing the group into five age quintiles each 

containing equal numbers. The prevalence of bronchial hyperresponsiveness, 

smoking and atopy was shown in in each of these quintiles. In addition the 

prevalence of bronchial hyperresponsiveness amongst atopies and non-atopics and 

amongst current smokers, ex-smokers and non-smokers was displayed in this way.

Thirdly the interrelationships between predictor variables were assessed by including 

bronchial hyperresponsiveness as the dependent variable in multivariate logistic 

regression models. In some analyses ex-smokers were considered as non-smokers in 

others ex-smokers and non-smokers were separated. After assessment of main effects 

interaction terms were assessed if there were a priori reasons for believing they may 

be of importance. Terms or groups were included in a model if the likelihood ratio 

test for their inclusion was associated with a probability of less than 0.05 (Hosmer 

and Lemeshow 1989).

Results

Of the 620 people who were identified as potentially fulfilling the cohort definition 

470 (76%, 455 men, age 18-78) underwent a histamine inhalation test. Twenty six 

had died, 35 refused to take part, 44 could not be traced and 45 completed only the 

questionnaires. Of those who completed the questionnaires 13 did not have a measure
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of bronchial responsiveness because of moderate to severe angina pectoris, the 

remainder because a meeting could not be arranged. Eighteen of the subjects had 

information missing such that 452/620 (73%) could be entered into the multiple 

logistic regression analysis. No information is available on the age, atopic state and 

smoking habits of those who did not complete questionnaires. Those who completed 

questionnaires but did not have a measure of bronchial responsiveness were of similar 

age, asthma prevalence and smoking habits to those who underwent a histamine 

inhalation test. Comparison of people seen within a month of the first attempted 

contact compared with those seen later did not suggest any difference with respect to 

smoking habits, atopy or prevalence of bronchial hyperresponsiveness.

Thirty three percent of the cohort were atopic (151/460), 36% (169/462) current 

smokers, 29% (133/462) ex-smokers, 35% (160/462) had never smoked and 13% 

(62/470) were hyperresponsive to inhaled histamine {table 5.1). Only 3% (14/462) 

had an immediate skin test reaction to an acid anhydride-HSA conjugate.

The prevalence of bronchial hyperresponsiveness had a ‘U’ shaped distribution with 

respect to age, falling from 10% in the youngest quintile to a nadir of 4% in the 

fourth decade. From this level its prevalence increased to 27% in those aged 57 or 

more (figure 5.1).

Atopy became less common across the age quintiles decreasing from 48% in those 

aged 18-30 to 22% in those aged over 45. Current smoking habits showed no 

particular trend rising from 29% in the youngest age group to around 44% in the 

middle three quintiles before falling again to 24% in the fifth quintile (figure 5.1).
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table 5.1. Prevalence of bronchial hyperresponsiveness in age quintiles according to atopic and smoking status.

quintile
age range (years) 
n

1

18 .5 -0 0 .7
94

2

3 0 .7 -0 8 .2
94

3
38.2-<45.4 

94

4
45.4-<57.6 

94

5
57.6-78.1

94

TOTAL
18.5-78.1

470

atopic
non-atopic

7/45 (16%) 
1/46 (2%)

3/34 (9%) 
1/59 (2%)

4/31 (13%) 
7/60 (12%)

5/20 (25%) 
7/73 (10%)

7/21 (33%) 
17/71 (24%)

26/151 (17%) 
33/309 (11%)

current smokers
ex-smokers
never-smokers

2/27 (7%) 
0/15 (0%) 
7/51 (14%)

1/43 (2%) 
1/16 (6 %) 
2/33 (6 %)

5/37 (14%) 
3/23 (13%) 
4/31 (13%)

9/40 (23%) 
2/28 (7%) 
1/25 (4%)

11/22 (50%) 
12/51 (24%) 
2 / 2 0  (1 0 %)

28/169 (17%) 
18/133 (14%) 
16/160 (1 0 %)

TOTAL 9/94 (10%) 4/94 (4%) 12/94 (13%) 12/94(13%) 25/94 (27%) 62/470 (13%)

The number of subjects with bronchial hyperresponsiveness/total number in that group (percentage) divided according to age quintiles, smoking and 
atopic status, e.g. the top left hand corner indicates that in the 1 8 .5 -0 0 .7  age quintile 7 of the 45 who were atopic (16%) had bronchial 
hyperresponsiveness. Ten subjects refused skin tests and 8  had inadequate smoking data.



table 5.2. Univariate analyses of the determinants of bronchial hyperresponsiveness 
amongst all those who underwent a histamine inhalation test (n=470).

univariate analysis - dependent variable PD20 :̂ 8 ^mol histamine

independent
variable coefficient

standard
error p value

odds
ratio 95% Cl

age 0.03 0 . 0 1 < 0 . 0 1 1.04 1.02, 1.05

acid anhydride 
skin prick test

1.39 0.58 0 . 0 2 4.03 1.30, 12.48

current smoking 0.41 0.28 0.13 1.51 0 .8 8 , 2.60

atopy 0.55 0.28 0.05 1.74 0.99, 3.03

In univariate analyses those with bronchial hyperresponsiveness were older and were 

more likely to have immediate skin test reactivity to acid anhydrides. The 

associations between bronchial hyperresponsiveness and atopy and between bronchial 

hyperresponsiveness and current smoking were not statistically significant.

The prevalence of bronchial hyperresponsiveness was estimated within age quintiles 

comparing those with and without atopy (figure 5.2), and current smokers, ex

smokers and non-smokers (figure 5.3). At all ages bronchial hyperresponsiveness 

was more common amongst those who were atopic than those who were non-atopic. 

This effect was most apparent in those under 30 years (16% vs 2%) but persisted into 

the fourth (25% vs 10%) and fifth (33% vs 24%) quintiles.

Amongst those who smoked the prevalence of bronchial hyperresponsiveness rose 

from 2% in those aged 30-38 to 50% in those aged 57 or over (figure 5.3). There 

was no such rise amongst those who had never smoked. The prevalence of bronchial 

hyperresponsiveness amongst ex-smokers lay between that of non-smokers and 

current smokers. In those aged less than 38 years bronchial hyperresponsiveness was 

more common in non-smokers than smokers.
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figure 5.1. The prevalence of bronchial hyperresponsiveness (bhr), atopy and current
cigarette smoking in each age quintile.
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45.4- < 57.6 57.6- 78.130.7- < 38.2 38.2- < 45.418.5- < 30.7

figure 5.2. The prevalence of bronchial hyperresponsiveness (bhr) amongst those 
who were atopic and those who were non-atopic in each age quintile.
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figure 5.3. The prevalence of bronchial hyperresponsiveness (bhr) amongst current
smokers, ex-smokers and non-smokers in each age quintile.

non-smokerscurrent smokers ex-smokers
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figure 5.4. The probability of having bronchial hyperresponsiveness (bhr) amongst 
people who were atopic (dashed lines) and those who were non-atopic (continuous 
lines) and amongst smokers (crosses) and non-smokers (boxes) derived from the 
regression co-efficients in table 5.4.
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table 5.3. Multivariate analysis of the determinants of bronchial hyperresponsiveness
using main effects only.

multivariate analysis - dependent variable PD20 ^Spmol histamine., (stepwise)

independent standard odds
variable coefficient error p value ratio 95% Cl

%GM (intercept) -4.17 0.56

age 0.04 0 . 0 1 < 0 . 0 1 1.04 1 .0 2 , 1.06

atopy 0.85 0.30 < 0 . 0 1 2.33 1.29, 4.22
Deviance on 449 df = 328.51. Current smoking and immediate skin test reactivity to 
acid anhydrides were also included but did not contribute significantly to the model.

In a basic model age and atopy were significant independent predictors of bronchial 

hyperresponsiveness. Although cigarette smoking was not a significant predictor on 

its own there were a priori reasons to believe that an interaction between age and 

smoking was important (Burney et al 1987 and Higgins et al 1993). This interaction 

term was tested for its contribution in a model that included age, atopy and smoking 

as main effects {table 5.4). An interaction between age and atopy was also tested.

table 5.4. Multivariate analysis of the determinants of bronchial hyperresponsiveness 
including an interaction term.

multivariate analysis - dependent variable PD20 ^8 jLtmol histamine, (stepwise)

independent
variable coefficient

standard 
error p value

odds
ratio 95% Cl

%GM (intercept) -3.65 0 . 6 6

age 0.03 0 . 0 1 0 . 0 2 1.03 1.00, 1.05

atopy 0.87 0.31 0 . 0 1 2.38 1.30,4.37

current smoking -2.44 1.17 0.04 0.09 < 0 .0 1 , 0 . 8 6

age*current
smoking

0.06 0 . 0 2 0 . 0 1 1.06 1 .0 2 , 1 . 1 1

Deviance on 447 df = 317.84. * interaction term. Likelihood ratio statistic for 
addition of current smoking and age*current smoking interaction term = 1 0 . 6 8  2 df p 
=0.005.

Log odds of bronchial hyperresponsiveness = -3.65 (0.03 x age) -I- (0.87 x (if
atopic)) -I- (-2.44 x (if a smoker)) 4- (0.06 x age (if a smoker)).

Probability of bronchial hyperresponsiveness = 1/(1-I- exp[-(-3.65 -I- 0 .03 x age + 
0.87(if atopic) - 2.44 if a smoker -I- 0.06 x age if a smoker). See figure 5.4.
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The smoking and age*smoking interaction term brought about a significant 

imrovement in the model but the age*atopy term did not. In this model the presence 

of atopy increased the odds of bronchial hyperresponsiveness 2.38 times. Amongst 

non-smokers the odds of bronchial hyperresponsiveness increased by 3 % each year of 

age. In smokers this figure was 9% as a result of the interaction of age and smoking. 

The probability of bronchial hyperresponsiveness amongst smokers and non-smokers, 

and amongst atopies and non-atopics of different ages is shown m. figure 5.4.

This plot shows that below the age of 40 smokers are less likely than non-smokers to 

have bronchial hyperresponsiveness. With increasing age the age*smoking interaction 

term begins to take effect such that by the age of 60 smokers are much more likely 

than non-smokers to exhibit bronchial hyperresponsiveness.

To test whether the association of bronchial hyperresponsiveness with age was 

independent of the presence of ex-smokers in the non-smokers group a further logistic 

regression model included smokers, ex-smokers and non-smokers as dummy 

variables. Interactions between these variables and age were also included {table

5.5).

table 5.5. Multivariate analysis of the determinants of bronchial hyperresponsiveness 
with smoking defined as non-, ex- and current.

multivariate analysis - dependent variable PD20 ^Sjnmol histamine, (stepwise)

independent
variable coefficient

standard
error p value

odds
ratio 95% Cl

%GM (intercept) -2.60 0.91
age -0 . 0 0 0 . 0 2 0.92 1 . 0 0 0.96, 1.04
atopy 0.87 0.32 < 0 . 0 1 2.40 1.30, 4.45
ex-smoking -1.74 1.38 0 . 2 1 0.18 0.01,2.65
current smoking -3.50 1.33 0 . 0 1 0.03 <0.01, 0.41
age*ex-smoking 0.04 0.03 0 . 1 2 1.05 0.99, 1.10
age*current
smoking

0.09 0.03 < 0 . 0 1 1 . 1 0 1.03, 1.16

Deviance on 445 df == 314.57. * interaction term. Likelihood ratio statistic for
addition of smoking and age*smoking interaction term = 13.95 4 df /?=0.007.
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In this model there was no increased risk of bronchial hyperresponsiveness with age 

amongst lifelong non-smokers, supporting the pictorial representation (figure 5.3). 

This indicates that the risk atributed to increasing age in table 5.4 is related to the ex

smokers in the non-smoking category.

Baseline FEVi was added as an independent variable to the logistic regression model 

in table 5.3 and a backwards stepwise elimination procedure was performed (table

5.6). FEVi was strongly and negatively associated with bronchial 

hyperresponsiveness. In this population the odds of bronchial hyperresposiveness 

approximately doubled for each 0.5 litre fall in FEV^ With the inclusion of baseline 

FEVi, atopy was the only other independent predictor of bronchial 

hyperresponsiveness.

table 5.6. Multivariate analysis of the determinants of bronchial hyperresponsiveness 
including FEVj.

multivariate analysis - dependent variable PD20 ^8 /xmol histamine, (stepwise)

independent standard odds
variable coefficient error p value ratio 95% Cl

%GM (intercept) 2.40 0.64

FEVi -1.40 0 . 2 1 < 0 . 0 1 0.25 0.16, 0.37

atopy 0.90 0.32 < 0 . 0 1 2.45 1.30, 4.60
Deviance on 448 df = 286.05

Bronchial responsiveness in those with an estimate of cumulative exposure to acid 
anhydrides

A second group of analyses was confined to those people who fulfilled the strict 

cohort definition and for whom we had an assessment of cumulative exposure to acid 

anhydrides. It was intended to assess whether exposure to acid anhydrides and 

sensitisation to acid anhydrides, as defined by an immediate skin test reaction, were 

significant risk factors for bronchial hyperresponsiveness after adjusting for potential 

confounders. After examination of the work history questionnaires 114 of the 

original cohort of 620 were excluded because their start dates at the site were before

127



the cohort start dates. This left 506 workers of whom some information was obtained 

from 401. The reason for information not being obtained from the other 105 was 

death (26), refused (35), not traced (44). Of this 401, 8  did not have a histamine 

challenge because of angina pectoris, and 23 because a meeting could not be 

arranged. In 11 cases data were incomplete so 359 (71%) had sufficient information 

for the multivariate analyses.

table 5 .7. Univariate analyses of determinants of bronchial hyperresponsiveness in 
those for whom a measure of cumulative exposure could be calculated.

univariate analysis - dependent variable PD20 ^ 8 /xmol histamine.

independent
variable coefficient

standard
error p value

odds
ratio 95% Cl

age 0.06 0 . 0 1 < 0 . 0 0 1 1.06 1.04, 1.09

acid anhydride 
skin prick test

1.74 0.61 0.004 5.70 1.72, 18.82

current smoking 0.37 0.31 0.25 1.44 0.77, 2.68

pack years 0.04 0 . 0 1 < 0 . 0 0 1 1.04 1 .0 2 , 1.06

logio cumulative 
exposure

0.41 0.19 0.03 1.5 1.04, 2.17

atopy 0.43 0.33 0.19 1.54 0.81, 2.93

FEVi -1.48 0.24 < 0 . 0 0 1 0.23 0.14, 0.36

Age, immediate skin test reactions to acid anhydrides, a cumulative measure of acid 

anhydride exposure, a cumulative measure of cigarette consumption and FEV^ were 

all significantly associated with bronchial hyperresponsiveness in univariate analyses. 

Atopy and cigarette smoking also merited further inclusion in the multivariate models 

(Hosmer and Lemeshow 1989).
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table 5.8. Multivariate analysis of the determinants of bronchial hyperresponsiveness
using main effects only.

multivariate analysis - dependent variable PE>20 ^8 /xmol histamine. (stepwise)

independent
variable coefficient

standard
error p value

odds
ratio 95% Cl

%GM (intercept) -5.20 0.71

age 1.07 0 . 0 1 < 0 . 0 0 1 1.067 1.04, 1.10

acid anhydride 
skin prick test

1.42 0 . 6 8 0.04 4.12 1.09, 15.53

atopy 0.71 0.36 0.05 2.03 1.00. 4.12
Deviance on 355 df = 234.53. Current smoking and logio cumulative acid anhydride 
exposure were also included but did not contribute significantly to the model.

As interactions between age and atopy, and age and cigarette smoking, were 

suspected these interaction terms were added in a new model. Atopy entered on its 

own significantly improved the model. The interaction term between age and atopy 

did not significantly improve the model when introduced individually or when entered 

together with the main effect of atopy (i.e. atopy and age*atopy). In contrast smoking 

on its own did not improve the model but an interaction term between age and 

smoking improved the model when entered on its own and when entered together with 

smoking (i.e. smoking and age*smoking).

table 5.9. Multivariate analysis of the determinants of bronchial hyperresponsiveness 
including interaction terms between age and atopy, and between age and smoking.

multivariate analysis - dependent variable PD20 ^Sfxmol histamine, (stepwise)

independent
variable coefficient

standard
error p value

odds
ratio 95% Cl

%GM -5.20 0.71

age 0.04 0 . 0 2 0 . 0 1 1.04 1 .0 1 , 1.08

acid anhydride 
skin prick test

1.48 0 . 6 6 0.03 4.41 1 .2 0 , 16.16

atopy 0.65 0.37 0.08 1.92 0.93, 3.97

smoking -3.22 1.52 0.03 0.04 0.00, 0.79

age*smoking 0.08 0.03 0 . 0 1 1.08 1.02, 1.14
Deviance on 356 df = 226.87. Log^o cumulative acid anhydride exposure was also 
included but did not contribute significantly to the model.
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The significant interaction between age and smoking suggests a cumulative effect of 

cigarette smoking. A stepwise analysis including age, acid anhydride skin prick test 

reactivity, atopy, pack years of cigarette smoking and logjo cumulative acid anhydride 

exposure was done. The results confirmed the association of bronchial 

hyperresponsiveness with the cumulative measure of cigarette smoking {table 5.10).

In this model logio cumulative acid anhydride exposure was not a significant predictor 

of bronchial hyperresponsiveness.

table 5.10. Multivariate analysis of the determinants of bronchial 
hyperresponsiveness including cumulative estimate of cigarette consumption (pack 
years).______________________________________________________________

multivariate analysis - dependent variable PD20 ^8 /xmol histamine, (stepwise)

independent
variable coefficient

standard
error p value

odds
ratio 95% Cl

%GM -4.93 0.725

age 0.05 0 . 0 2 < 0 . 0 0 1 1.05 1 .0 2 , 1.08

acid anhydride 
skin prick test

1.36 0 . 6 8 0.05 3.89 1.03, 14.73

atopy 0.75 0.37 0.04 2 . 1 2 1.03, 4.36

pack years 0 . 0 2 0 . 0 1 0.05 1 . 0 2 1.00, 1.04
Deviance on 354 df = 230.57.

In order to assess which of these independent variables were related to bronchial 

hyperresponsiveness through their association with changes in FEVj a model was 

assessed that included this variable.

table 5.11. Multivariate analysis of the determinants of bronchial 
hyperresponsiveness including FEVi.__________________________________

multivariate analysis - dependent variable PD20 ^Sjnmol histamine, (stepwise)

independent
variable coefficient

standard
error p value

odds
ratio 95% Cl

%GM 3.18 0.82

FEVi -1.61 0.26 < 0 . 0 0 1 0 . 2 0 0.12, 0.33

acid anhydride 
skin prick test

1.59 0.70 0 . 0 2 4.90 1.24, 19.37

Deviance on 358 df = 206.98.
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All associations between age and smoking, and bronchial hyperresponsiveness were 

lost after introducing baseline FEVi into the model. The association with atopy was 

also not significant but when forced into the model its coefficient (odds ratio 1.82 Cl 

0.86, 3.84) changed only slightly from the model shown in table 5.9 (odds ratio 1.92 

Cl 0.93, 3.97).

Summary

The analyses show that the risk of bronchial hyperresponsiveness is increased in those 

with atopy, those who are sensitised to acid anhydrides and in smokers over the age 

of forty. There was no increased risk of bronchial hyperresponsiveness with age 

amongst people who had never smoked. The effect of smoking was related to 

cumulative tobacco consumption.

The increased risk of bronchial hyperresponsiveness with cumulative tobacco 

consumption was lost after taking account of baseline FEVi. The risk of bronchial 

hyperresponsiveness associated with atopy and sensitisation to acid anhydrides was 

independent of baseline lung function. These results suggest that cigarette smoking 

but not sensitisation, causes changes in lung function that are associated with 

bronchial hyperresponsiveness.

After taking account of confounding by age, cigarette consumption, sensitisation to 

acid anhydrides and atopy, cumulative exposure to acid anhydrides was not a 

significant predictor of bronchial hyperresponsiveness.
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Chapter 6: HLA-DR and -DP genes and allergy to acid anhydrides - a case- 
control study

It should be clear from the preceding chapters that despite apparently similar exposure 

to acid anhydrides only a small proportion of workers become sensitised. It is likely 

that non-specific IgE responsiveness (atopy) and cigarette smoking play a part in 

determining who is affected. In this chapter the hypothesis that allergy to acid 

anhydrides is associated with genes in the major histocompatibility complex will be 

tested.

Study design

A case-control study was done. The intention was to group match cases and controls 

for exposure to acid anhydrides, smoking habits and atopy. No power calculations 

were done as the number of subjects available for study was limited and the size of 

any association between HLA type and acid anhydride allergy was not known. The 

null hypothesis was that there was no difference in the frequency of HLA-DR or -DP 

alleles between cases and controls.

Case and control deHnitions

Any person who was known to have had a radioallergosorbent test (RAST) score 

k2% to one or more acid anhydride-HSA conjugate. Controls were skin test and 

RAST negative to acid anhydride-HSA conjugates.

Subjects

Cases were selected from both the records of the Department of Occupational and 

Environmental Medicine at the Brompton Hospital and from the cohort described in 

chapter 2. Controls were selected from the cohort study on the principle that they had 

had a similar opportunity to become sensitised as cases. They were also matched for 

known risk factors for allergy to acid anhydrides; age, sex, atopic status, smoking 

history and type and duration of acid anhydride exposure. The latter was achieved by 

recruiting controls who had started the same, or a similar, job at approximately the 

same time at the same work site as the cases. Controls were always selected from 

what were perceived to be the highest exposure groups in the factories from which the
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cases were drawn. When insufficient numbers of atopic controls were available, 

similarly exposed non-atopic subjects were selected and because the factory where the 

TCPA cases worked had closed, TCPA controls were not available. None of the 30 

controls reported symptoms of asthma or rhinitis associated with acid anhydride 

exposure.

table 6.1. Subject characteristics of the acid anhydride sensitised cases and controls

cases controls

number 30 30
age (mean years) 32 26
male 24 26
atopic 1 0 6

smoking 2 0 2 0

exposure
PA 1 2 16
TMA 1 1 14
TCPA 7 0

HLA typing

Twenty ml of whole blood was collected from cases and controls and frozen prior to 

HLA-DR and DP typing using published DNA methods (Wordsworth 1990, Dekker 

1990). DNA typing was done blind to phenotype data. Whole blood was thawed and 

DNA extracted by phenolchloroform methods. Using specific primers in separate 

reactions the second exon of HLA-DRBl and HLA-DPBl genes were amplified using 

polymerase chain reaction (PCR). The HLA-DRBl products were dot-blotted on to 

nitrocellulose membrane and sequentially probed overnight with radio-labelled 

sequence-specific oligonucleotides. Following room temperature and melting point 

washes the membranes were exposed to X-ray film which on development identified 

polymorphisms specific to the HLA-DRl-14 antigen specificities. The HLA-DPBl 

PCR products were digested in separate reactions using the following restriction 

enzymes: Mnl I, Eco NI, Rsa I  and Fok /. Digested DNA was separated according to 

known restriction fragment lengths in polyacrylamide gels. Staining of the gel in 

ethidium bromide identified polymorphisms specific to known HLA-DP antigen
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specificities. Two of the controls could not be DR typed due to repeated failure to 

amplify their DNA.

Differences in HLA-DR and DP antigen frequencies inferred from the DNA typing 

methods described were compared between cases and controls by Fisher’s exact test 

(two-tailed) and odds ratios. In this analysis antigen frequency refers to the presence 

of the allele either as a heterozygote or a homozygote. The frequencies of HLA-DR 

and HLA-DP antigen in the total group of acid anhydride workers were also 

compared with unselected groups (organ donors) drawn from the same ethnic and 

geographical population (Caucasian from the United Kingdom) typed on a separate 

occasion.

Results

The 30 acid anhydride sensitised cases were 24 males and 6  females with a mean age 

of 32 years (range 16-54 years). Of these, 10 were atopic (33%), 16 non-atopic and 4 

of unknown atopic status. Twenty were current smokers (67%), eight were 

nonsmokers and in two smoking status was unknown. The acid anhydride exposures 

for the cases were as follows: PA,12; TMA,11; TCPA,7. The 30 controls were all 

males with a mean age of 26 years (range 17-40 years). Of these, 6  were atopic 

(20%), 23 non-atopic and one unknown. Twenty were smokers (67%), 9 were 

nonsmokers and 1 unknown. The acid anhydride exposures for the controls were:

PA, 16; TMA, 14 {table 6.1)

The HLA-DR allele frequencies among the cases and controls, when taken together 

(n=58), was similar to the unselected comparison group (n= 184) {table 6.2). There 

was a significant excess of HLA-DR3 in the acid anhydride sensitised cases 

(15/30;50%) compared with the controls (4/28; 14%, OR = 6.0, p = 0.004 

uncorrected and p=0.05 corrected for 12 DR antigens). The increase was 

particularly related to sensitisation to TMA with HLA-DR3 present in 8  of 11 TMA 

sensitised workers as compared to 2/14 TMA exposed controls (OR = 16.0, p = 

0.004 uncorrected, table 6.4). In contrast HLA-DR3 was present in 2 of 12 cases and 

2 of 14 controls exposed to PA. HLA-DR3 was present in 5 of 7 cases exposed to
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table 6.2. Comparison of HLA-DR antigen frequencies between acid anhydride 
sensitised cases, controls and an unselected general population sample.

HLA-DR
antigen

cases 
antigen % 

n=30

controls 
antigen % 

n=28
corrected

P

acid anhydride 
exposed group 

antigen % n=58

unselected general 
population sample 
antigen % n=184

1 23 18 ns 2 1 18
2 23 29 ns 26 28
3 50 14 p=0.05 33 27
4 30 25 ns 28 34
5-11 3 14 ns 9 1 2

5-12 0 0 ns 0 4
6-13 13 25 ns 19 1 0

6-14 1 0 0 ns 5 6

7 27 43 ns 34 2 0

8 0 7 ns 3 4
9 0 0 ns 0 0

1 0 3 4 ns 3 1

table 6.3. Comparison of HLA-DP antigen frequencies between acid anhydride 
sensitised cases, controls and an unselected general population sample.

HLA-DP
antigen

cases 
antigen 
% n=30

controls 
antigen 
% n=28

corrected
P

acid anhydride 
exposed group 

antigen % n=58

unselected general 
population sample 
antigen % n=184

1 17 7 ns 1 2 1 2

2 . 1 13 33 ns 1 2 19
2 . 2 3 0 ns 2 1

3 27 27 ns 27 19
4.1 63 57 ns 60 69
4.2 1 0 1 0 ns 1 0 2 2

5 3 0 ns 2 3
6 7 3 ns 5 7
8 0 0 ns 0 0.3
9 1 0 0 ns 0 4
1 0 3 0 ns 2 5
1 1 3 3 ns 3 5
13 7 7 ns 7 3
14 7 3 ns 5 0 . 6

15 0 3 ns 2 4
16 0 0 ns 0 1

17 3 3 ns 3 0 . 6

32 0 3 ns 2 0

33 0 3 ns 2 0

HLA-DP 32 and 33 represent potentially new HLA DP alleles
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TCPA. Fifteen of the 19 DR3 positive anhydride workers included in this study 

(79%) had acid anhydride specific IgE antibody.

The HLA-DP antigen frequencies in the total acid anhydride population (n=60) was 

also similar to an unselected group (n=314). There was a relative, but not significant 

reduction of HLA-DP2.1 in the acid anhydride cases compared to their controls (13% 

vs 33%, OR=3.3, p=0.07 uncorrected).

table 6.4. Comparison of HLA DR3 antigen frequencies subdivided according to acid 
anhydride exposure.
acid anhydride 
exposure cases controls

Fisher’s exact 
P odds ratio

TMA 8 / 1 1 2/14 0.004 16
PA 2 / 1 2 2/14 ns 1 . 2

TCPA 5/7 0 / 0

total 15/30 (50%) 4/28(14%)

table 6.5. Comparison of HLA DP2.1 antigen frequencies subdivided according to 
acid anhydride exposure.

acid anhydride 
exposure cases controls

Fisher’s exact 
P

odds ratio

TMA 1 / 1 1 7/14 0.03 1 0

PA 2 / 1 2 3/16 ns 1 . 2

TCPA 1/7 0 / 0

total 4/30 (13%) 10/30 (33%)

Summary

An association was detected between HLA-DR3 and sensitisation to acid anhydrides 

after adjusting for 12 HLA-DR alleles. Further analysis suggested that this 

association was attributable to to an association of HLA-DR3 to sensitisation to 

trimellitic and possibly tetrachlorophthalic anhydride.
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Chapter 7: The outcome of asthma caused hy tetrachlorophthalic anhydride - a 
twelve year follow-up of six sensitised workers

Venables et al (1987) reported a four year follow-up of seven women who developed 

asthma as a result of exposure to TCPA in a plant manufacturing electronic 

components. This chapter reports symptoms, bronchial responsiveness and TCPA- 

HSA specific IgE for a further eight years in these women who are no longer exposed 

to the initiating cause of their asthma.

Patients and methods

In 1979 a factory introduced TCPA as a curing agent for an epoxy resin based 

material that was used to encapsulate electronic components in a protective plastic 

coat (Venables et al 1987). During the following year seven women working in the 

factory developed occupational asthma (Howe et al 1983). Their employment was 

terminated for medical reasons between September and October 1980. The factory 

was surveyed by a medical team in December 1981 (Venables et al 1985) when no 

additional cases of occupational asthma due to TCPA were detected.

The women were aged between 34 and 51 years at diagnosis. None had a previous 

history of respiratory or atopic disease but all were current smokers. All had specific 

IgE by radioallergosorbent test (RAST) and a skin wheal response to a TCPA-HSA 

conjugate but only one was atopic when skin prick tested with common aeroallergens. 

Inhalation testing with TCPA dust at atmospheric concentrations less than one tenth of 

a manufacturer’s recommended exposure limit provoked a dual or late response in the 

four subjects in whom it was undertaken (Venables and Newman Taylor 1990).

Table 7.1 is a summary of the follow up procedures. The patients were initially seen 

every six months and subsequently in 1984, 1985, 1988 and 1992. A different 

subject was missing from the 1985 and 1988 visits. One subject died in October 1981 

from coronary artery thrombosis. Because of her short period of follow up, she has 

not been included in the analysis.
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A free history was obtained at diagnosis but in 1984, 1985, 1988 and 1992 the same 

formal questionnaire was administered by three different investigators in order to 

record details of respiratory symptoms, medication and smoking habits.

table 7.1. A history of the observations made on seven women with asthma caused 
by TCPA.

date observation

Dec 79 - Sep 80 outbreak of asthma

Aug 80 - Oct 80 patients left the factory

Oct 80 - Nov 80 diagnosis, blood sample

Jan 81 skin test

Apr 81 - May 81 TCPA inhalation tests, blood sample, skin test

Jun 81 blood sample, skin test

Oct 81 subject 4 died

Dec 81 blood sample, skin test

May 82 blood sample

Dec 82 blood sample

Feb 84 questionnaire, blood sample, skin test

May 85 questionnaire, BR, blood sample, skin test PEF charts

May 8 8 questionnaire, BR, blood sample, skin test

Jun 92 questionnaire, BR, blood sample, skin test PEF charts
BR = measurement of bronchial responsiveness. PEF = peak expiratory flow

In 1985 and 1988 bronchial responsiveness had been measured using the tidal 

breathing method of Cockcroft et al (1977a) and a PC20 derived (concentration of 

histamine provoking a 20% fall in FEVJ. In 1992 it was measured using the method 

of Yan et al (1983). To compare results from the two methods we multiplied the 1992 

PD20 values by 1.75 doubling increments to obtain an approximate PC2 0 . This figure 

was selected as it is the conversion factor descibed by Britton et al when comparing 

the two methods (1986).

Peak expiratory flow (PEF) variability was measured in 1985 and 1992 by asking 

subjects to record the best of three blows on a Wright mini peak flow meter six times
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a day for twenty eight consecutive days. Records from all subjects included at least 

four readings on every day. Variability was expressed as the difference between the 

highest and the lowest peak flow divided by the highest peak flow (amp % max). This 

value was calculated for each day and the mean for the 28 day period was taken.

Blood was taken for specific IgE at each visit and analysed as described in chapter 2. 

Sera were stored at -70°C. The sera from patient 6  were diluted 1 in 5 at all times 

because dilution studies suggested antibody excess in the RAST of this patients’ 

serum. The sera were analysed in two batches in different laboratories. Batch 1 

included all samples taken between 1980 and 1984, batch 2 all samples taken between 

1984 and 1992. RAST results from both laboratories were available for the blood 

taken in 1984. In order to demonstrate changes in IgE levels with time the batch 1 

results were adjusted using a formula derived by comparing the two sets of results 

from 1984. Specific IgE levels were expressed as TCPA-HSA RAST binding minus 

binding to HSA alone and were plotted against time since the last exposure. Using the 

natural logarithms of the RAST percent binding values for 1980-1992, regression 

models were fitted to investigate the relationship between specific IgE and time.

Skin prick tests with acid anhydride-HSA conjugates were done at all but one follow 

up examination. Solutions of 1 % TCPA-HSA and 1 %HSA as control were used in 

tests on the anterior surface of the forearm. Four investigators used three batches of 

solutions during the period covered by this report. Skin prick tests to grass pollens, 

house dust mite and cat fiir (Bencard) were done in 1981. Tests were read at 10-15 

minutes and results recorded as the mean of the maximum diameter of the wheal and 

the largest diameter perpendicular to this.

Results

Table 7.2 describes the six surviving workers twelve years after cessation of 

exposure. In 1979-80 when they first developed symptoms of asthma they were all 

smokers and in their fourth or fifth decade of life. In 1992 they all described 

continuing respiratory symptoms with restricted exercise tolerance and nocturnal 

wakening due to dyspnoea occurring at least once a month. Five of the six continued
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to take an inhaled corticosteroid and all used an inhaled B2  adreno-receptor agonist 

each day.

TCPA-HSA specific IgE as measured by RAST binding was detectable in all subjects 

but was 1 % or above in only three. Skin prick testing using TCPA-HSA produced 

mean wheal diameters of greater than 3mm in three out of five tested. Histamine 

responsiveness was increased with all subjects having a PD20 of less than 4/xmol of 

histamine. PEF variability varied from 12-28% with all but one having an 

amp % max of greater than 17%.

Table 7.3 shows how the subjects perceived their illness at four different time points 

as recorded in the formal questionnaire. It sets against this measurements of 

bronchial responsiveness made at three time points and two measurements of PEF 

variability. In response to questions relating to asthma severity there was no obvious 

trend for improvement over the eight year period that questionnaires were 

administered. Responses from individuals showed consistency over time despite three 

to four year gaps between assessments.

There was no overall change in bronchial responsiveness during the eight year period 

nor a decrease in the use of inhaled corticosteroids. One patient had a decrease in 

bronchial responsiveness of more than 1 doubling dilution between the last two 

assessments. Paired PEF measurements were available in five of the six subjects but 

in none did the measure of variability decrease.

TCPA-HSA specific IgE measurements and their rate of fall appeared to decrease 

with time (figures 7.1 and 7.2). Six parallel linear regression lines were fitted to the 

individuals’ logarithmically transformed results as there was no significant difference 

between their slopes.

This model was:

loge % binding = -0.291.time (year) 4- constant, (r̂  = 0.83) 

giving the half life of TCPA-HSA specific IgE as 2 years and 5 months.
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As the rate of fall of the loge IgE measurements appeared to decrease with time 

further modifications to the model were assessed. A significant improvement 

occurred when a quadratic term was introduced. Again there was no evidence to 

suggest that the slope of these curves differed between individuals.

The regression model was:

loge % binding = 0.037.time^ (year^) - 0.693.time (year) + constant, (r  ̂ = 0.94) 

Using this model the half life calculated after two years was 1 year and 3 months 

whereas after eight years it had increased to six years and five months.

TCPA-HSA skin prick tests, which had been positive in all tested subjects for the first 

eight years of follow up, remained positive in three of five tested at 1 2  years.

Summary and conclusion

Respiratory symptoms, bronchial hyperresponsiveness and abnormal peak flow 

variability have continued for 1 2  years in these workers with asthma caused by 

TCPA. Specific IgE levels have fallen at a rate that has decreased with time since the 

last exposure.

Asthma caused by allergy to a low molecular weight chemical inhaled at work can 

persist for several years and probably indefinitely after avoidance of exposure to the 

initiating cause.
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table 7,2. Symptoms, IgE, bronchial responsiveness and peak flow variability 12 years after the last exposure to TCPA.

subject 1 2 3 5 6 7

age 46 53 52 52 52 54
treatment B-kS B-hS BF-hS Bn4"S B-HS B4-S
frequency of nocturnal asthma daily weekly monthly daily daily weekly
exercise tolerance when at worst 1 flight of minimal minimal 1 flight of minimal 1 flight of

symptoms with:
stairs exertion exertion stairs exertion stairs

colds -f- 4- + -k 4- 4-
cold air - -H 4- -K - -

dust -1- - -k 4- -h -H
smoke -h + -h -h - -

immunology
TCPA-HSA specific IgE % (-HSA binding) 0 . 8 0 . 2 3.8 1 . 0 7.6 0.9
mean TCPA-HSA skin prick test (mm) 3.5 0 1 1 0 6 refused

physiology
PD20 (Aimol) 0.28 2.99 1 . 6 8 0.80 0.23 3.74
mean PEF amp % max 18.4 20.3 17.8 26.7 28.5 1 2 . 1

S = salbutamol (inhaled)
B = beclomethasone dipropionate (100/xg/puff) (inhaled) 
BF = beclomethasone dipropionate (250jng/puff) (inhaled) 
Bn = beclomethasone dipropionate (nasal preparation)



table 7.3. Symptoms, bronchial responsiveness (BR) and peak expiratory flow 
variability 1984-1992.

subject year

frequency
of

symptoms
nocturnal
wakening

exercise 
tolerance at 

worst BR*

PEF 
variability 
amp % max

1 1984 daily weekly min. exertion - -

1985 daily weekly 1 flight 12.5 16%
1988 daily daily min. exertion 16 -

1992 daily daily 1 flight 1.7 (5.9) 18%

2 1984 weekly weekly min. exertion - -

1985 wekly daily 1 flight 3.1 -

1988 daily daily min. exertion 9.0 -

1992 daily weekly min. exertion 2.9 (10.2) 2 0 %

3 1984 weekly weekly min. exertion - -

1985 weekly weekly 1 flight 4.1 9%
1988 weekly daily min. exertion 7.8 -

1992 weekly monthly min. exertion 0.3 18%

5 1984 daily daily - - -

1985 daily daily 1 flight 2.7 16%
1988 monthly weekly 1 flight 1 . 8 -

1992 daily daily 1 flight 0 . 8  (2 .8 ) 27%

6 1985 monthly none min. exertion 4.9 14%
1988 monthly monthly 1 flight 1.4 -

1992 daily daily min. exertion 0 . 2 18%

7 1984 - monthly 1 flight - -

1985 - - - - 7%
1988 weekly weekly 1 flight 1 . 2 -

1992 weekly weekly 1 flight 3.7 (13) 1 2 %

* Bronchial responsiveness methods - 1985 Cockcroft, 1988 Cockcroft, 1992 Yan.
The results from Cockcroft’s and Yan’s method are expressed in mg.ml^ and ^mol of 
histamine respectively. The conversion in brackets is obtained by multiplying the 
result from the Yan method by 1.75 doubling increments.
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figure 7.1. The fall of TCPA-HSA specific IgE with time in six workers for twelve 
years after leaving the factory.
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figure 7.2. The fall of loge TCPA-HSA specific IgE with time in six workers for 
twelve years after leaving the factory.
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Chapter 8: Discussion 

Introduction

The general aim of this thesis was to establish the causes and consequences of 

sensitisation to acid anhydrides. It has focussed on exposure-response relationships 

and potential modifying factors such as atopy, cigarette smoking and HLA haplotype. 

The findings are of importance as they influence working practices and are of general 

interest as a model of respiratory allergy.

Discussion of study design

A historical cohort of workers exposed to acid anhydrides was identified. This design 

has only rarely been used in relation to occupational asthma (Venables et al 1989b) 

and never has the attempt to make contact with ex-employees been so comprehensive. 

It has several potential advantages over the more commonly used cross sectional 

studies of working populations. With a high participation rate, the problem of 

survivor bias is much reduced. One benefit of the cohort approach can be seen in 

table 3.8 in which the prevalence of new work related chest symptoms, immediate 

skin test reactions to acid anhydrides and bronchial hyperresponsiveness were all 

greater among leavers than amongst current workers. If the analysis had been 

restricted to ‘current workers’ only one worker with an immediate skin test reaction 

to acid anhydrides would have been found. Not only may a cross sectional study tend 

to underestimate the incidence of disease it can also distort exposure-response 

relationships. Affected workers tend to change to jobs with lower exposures.

Workers in high exposure jobs tend to be healthy survivors. Exposure assessed at the 

time of a cross-sectional study may differ substantially from that which caused the 

disease.

It would be tempting to hypothesise that workers had left the site because they had 

developed symptoms, sensitisation and bronchial hyperresponsiveness as a result of 

exposure to acid anhydrides - a healthy survivor effect. Before reaching these 

conclusions the possible confounding effect of age should be examined. Leavers were 

older (mean 44 vs 39) and the prevalence of bronchial hyperresponsiveness increases
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with age (in this population and community based samples). The difference in 

bronchial responsiveness between current workers and leavers may be solely 

attributable to their difference in age, or an associated difference such as difference in 

FEVj or cumulative cigarette consumption. Differences in symptoms and 

sensitisation are harder to explain on the same basis. Evidence was obtained for an 

association of mean full shift exposure to acid anhydrides and new work related chest 

symptoms (Chapter 4). Acid anhydride exposures were higher for those workers 

employed shortly after the cohort inception. These workers may have left because 

they had symptoms but they would also have been more likely to leave for other age 

related reasons, such as reaching retirement age. Ten of the 12 workers with 

immediate skin test reactions to acid anhydrides reported new work related chest 

symptoms. We know that most of these workers had seen a company doctor and been 

relocated or advised to leave. With respect to sensitisation therefore, the current 

workers almost certainly represent a survivor population.

The historical cohort study design does however present some difficulties with 

interpretation. Specific IgE (as demonstrated by immediate skin test reactions), and 

bronchial responsiveness are both likely to diminish from the time the person was last 

exposed to acid anhydrides. Specific IgE has been shown to fall with time since last 

exposure (chapter 7) and bronchial hyperresponsiveness may also improve (Malo et al 

1988). It is therefore possible that sensitised workers were not identified if they had 

ceased exposure and their immediate skin test reactions had waned. This is a possible 

explanation for the lack of an exposure response relationship in relation to 

sensitisation when the cohort extended back 30 years.

In addition, in a cross sectional examination of a cohort the association of an outcome 

with a putative risk factor may either be because the risk factor makes the outcome 

more likely or because the factor causes persistence of the outcome variable. For 

instance one interpretation of the association of acid anhydride sensitisation with 

smoking at the time of exposure is that smoking causes persistence rather than 

induction of the IgE response. This explanation is unlikely as most of those who
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smoked and were sensitised had stopped smoking shortly after becoming 

symptomatic.

The presence of an immediate skin test reaction to TMA conjugate was clearly related 

to the presence of specific IgE in the serum (figure 3.2). This relationship did not 

hold as well for PA skin prick tests in which several workers with an immediate skin 

test reaction did not have an elevated PA-HSA RAST (figure 3.1). The explanation 

for this lies in table 3.9. In this table the first 9 rows relate to workers who had only 

worked with, and were sensitised to, TMA. These workers frequently reacted to PA- 

HSA on skin prick testing but in several cases had no detectable PA-HSA specific 

IgE. It appears, in these circumstances, that the PA-HSA skin prick test is probably 

responding to cross reacting antibodies. Another feature illustrated by this table is 

that workers exposed and sensitised to TMA alone may react in skin prick tests to 

other unrelated anhydrides to which they have not been exposed. Welinder et al 

(1991b) has shown that HHPA sensitised workers may react to conjugates of PA-HSA 

and cross reactivity in RAST has been shown by Topping et al (1986) and Bernstein 

et al (1984). These cross reactions suggest that a worker who is sensitised to one acid 

anhydride may react if exposed to a second. This issue would be best resolved using 

inhalation challenge studies. In this context a nasal inhalation challenge may be a 

safer model than the more demanding bronchial challenge test.

Sensitisation and asthma

In this cohort sensitisation to acid anhydrides was associated with two characteristic 

features of occupational asthma: work related chest symptoms and bronchial 

hyperresponsiveness (table 5.9). Surprisingly these associations have not been shown 

convincingly in previous studies. Two methodological differences may explain these 

differences. Firstly previous studies were essentially cross sectional (Venables et al 

1985, Moller et al 1985, Wernfors et al 1986, Liss et al 1993) and secondly they 

used specific IgE in the serum as a marker of sensitisation (Venables et al 1985, 

Moller et al 1985, Nielsen et al 1992, Liss et al 1993). Affected workers are more 

likely to leave and not be seen in cross sectional studies. This contention is supported 

by the excess of sensitised workers amongst those who have left acid anhydride
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exposure in our cohort {table 3.9). Secondly, the upper limit of the reference range 

for specific IgE is frequently determined by reference to values in an unexposed 

population. Levels just above this range may be abnormal but are of doubtful clinical 

relevance. Whilst the argument is a little circular it may be that an association 

between sensitisation and disease is only seen when an appropriate cut off for IgE 

levels is used and there are sufficient numbers of sensitised workers in the study. The 

only previous workplace based study to report skin (scratch) tests was that of 

Wernfors et al (1986) in which all three workers with a positive test had symptoms of 

occupational asthma. In our study ten of the twelve workers deemed to be sensitised 

had PA-RAST or TMA-CAP >3% binding. Previous failures to find an association 

between sensitisation and symptoms and bronchial hyperresponsiveness may therefore 

be due to survivor bias or an inappropriately low threshold for classifying subjects as 

sensitised.

A further difficulty in demonstrating these associations is that a proportion of workers 

report work related symptoms that are almost certainly not of immunological origin. 

Nielsen has reported two studies of workers reporting work related nasal symptoms in 

relation to exposure to acid anhydrides. Workers with specific IgE who were exposed 

to MTHPA and had work related nasal symptoms had elevated tryptase (a marker of 

mast cell degranulation) in nasal lavage and responded to nasal challenge with 

MTHPA with an increased symptom score and a fall in nasal inspiratory peak flow. 

These effects could not be demonstrated in workers with symptoms who did not have 

specific IgE (Nielsen et al 1994a). A similar study reported a comparison of workers 

with and without specific IgE who developed work related nasal symptoms in an area 

of exposure to HHPA (Nielsen et al 1994b). Those with specific IgE had more 

symptoms, eosinophils, neutrophils, tryptase and albumin in lavage and a greater fall 

in nasal inspiratory flow following nasal challenge with HHPA. These results 

suggest, in these workforces, that symptoms in association with specific IgE are of 

greater pathophysiological significance than symptoms without specific IgE.
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Sensitisation, smoking and atopy

An association between cigarette smoking (but not atopy) and sensitisation to acid 

anhydrides was demonstrated and is consistent with the findings of Venables et al

(1985). The association demonstrated in this paper is based on small numbers but is 

strengthened by the use of a predetermined definition for sensitisation and the use of 

standardised questionnaires {table 3.14). Since the observation that smokers were 

more commonly sensitised to TCPA than non-smokers two studies of acid anhydride 

exposed workers have been published that allow a similar analysis (Welinder et al 

1990, Liss et al 1993). Neither show an association of smoking or atopy with 

sensitisation, but only the first included tests with common inhalant allergens. The 

reasons for these inconsistencies are not clear but Nielsen showed in a follow up to 

Welinder’s study of MTHPA anhydride exposed workers that smokers tended to leave 

the highest exposure group (Nielsen et al 1992). This would support the hypothesis 

that sensitised smokers are not seen in cross sectional studies done at a remote time 

after introduction of the chemical (Venables et al 1988b). An excess of sensitisation 

or occupational asthma amongst smokers has now been demonstrated in several 

occupational groups (Zetterstrom et al 1981, Cartier et al 1984, Venables et al 1989b, 

Baker et al 1990, Park et al 1991, Douglas et al 1995). Interestingly, smoking was a 

risk factor for hospital attendance in the Barcelona asthma epidemics (Sunyer et al 

1992) and parental smoking may be a risk factor for sensitisation and allergic disease 

in children (Arshad et al 1992).

Exposure- response relationships

At the time of the study, average full shift exposures to phthalic, trimellitic and 

maleic anhydride were below current recommended occupational exposure limits 

(OEL) (PA 6,000 jng.m'\ MA 1,000 /;tg.m \  TMA 40/^g.m'^) at all sites.

There was no clear relationship between estimated maximal full shift exposure to acid 

anhydrides and sensitisation when phthalic, maleic and TMA were included together 

in the analysis (table 4.1). These anhydrides have different structures and physical 

properties which may contribute to their ability to sensitise (figure 1.1 and table 1.1). 

Welinder et al (1990) showed that sensitisation to MTHPA was more common in a
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factory with relatively low exposures than sensitisation to PA in an alkyd resin plant 

with considerably higher exposures (Wernfors et al 1986). The explanation for our 

failure to observe a clear exposure-response relationship when the three acid 

anhydrides were examined together may be that TMA is able to sensitise at relatively 

low exposures compared with phthalic or maleic anhydride.

In an attempt to decrease some of the confounding attributable to multiple exposures 

an analysis was performed in which cases were matched with other workers working 

at the same site, at the same time {table 4.2). In this analysis an exposure-response 

relationship became apparent. Workers who had been in jobs associated with average 

full shift acid anhydride exposure l̂OO/xg.m'  ̂had a risk four and a half times (OR 

4.55, Cl 0.50, 41.45) that of workers who had been in jobs associated with average 

full shift exposure < 1 0 /xg.m'  ̂of having an immediate skin test reaction to acid 

anhydride-HSA conjugates. Whilst the 95% confidence interval for this odds ratio in 

each stratum included 1, the increased risk across the strata suggests a real effect. In 

this analysis cigarette smoking was significantly related to sensitisation, confirming 

the association seen when the whole cohort had been examined together {table 3.14). 

As there was also an association between cigarette smoking and exposure it is not 

surprising that the exposure response relationship was diminished but not lost when 

smoking was included in the model {table 4.2).

An exposure-response relationship was also apparent when the analysis was restricted 

to site 2 where exposure was to TMA alone. Six of the eight workers sensitised at the 

cushion flooring plant had not experienced average full shift exposure estimated to be 

greater than 40^g.m'^ {table 4.3b). This observation suggests that sensitisation may 

occur during exposures below the current UK full shift occupational exposure limit.

This is very important for industry and legislators. The following points should be 

taken into account:

Average full shift exposure was expressed as an arithmetic rather than a geometric 

mean. Arithmetic mean was chosen because it gives more weight to the extreme high
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values in a skewed distribution of exposures. It was felt that these high exposures 

may be important in sensitisation. If geometric means had been chosen sensitisation 

would have been observed at apparently lower levels of exposure.

If exposure had been systematically overestimated the exposures in this study would 

all have been within the exposure limit but sensitisation would have occurred at even 

lower exposures. We have no reason to believe that exposure was overestimated but 

the samplers could have been worn for longer than stated or the sampling periods 

included unusually high exposures.

If systematic underestimation of true exposure had occurred the workers in this study 

were exposed at levels greater than the OEL, but sensitisation may not occur below 

the OEL. This might be the case if work practices were better when the sampler was 

being worn or if calibration of the HPLC machine caused under-reading. Once again 

we have no reason to believe that this is the case.

If the retrospective exposure assessment underestimated changes (improvements) in 

exposure levels past exposures may have been higher and current exposure levels may 

not be associated with sensitisation. At site 2, where 8  workers were sensitised, 

exposure changed significantly in only one job. None of those sensitised did this job. 

It seems unlikely that mis-calculation in the exposure matrix allows the interpretation 

that sensitisation will not occur at current exposure levels. The exposure 

measurements and associated retrospective exposure estimates (appendix VIII) have 

been presented to management and employees representatives at site 2. The 

measurements were consistent with the measurements they had made themselves and 

they agreed that there was only one job in which there had been a significant change 

in exposure. We are therefore confident that the exposure-response relationships 

demonstrated for TMA at site 2 are realistic.

The estimates of average full shift exposure inevitably conceal variation in exposure 

experienced by individuals between days and also differences in exposure experienced 

by different workers doing the same job. It may be that on some days individual
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workers experienced exposure considerably higher than the current OEL. At the 

cushioned flooring plant (site 2 ) exposures were highest amongst printers and the de

reel/reel up operators who work near the printing line. Their highest exposures 

however were recorded on days the machinery had broken down and they were 

employed in chipping inks off the floor. On these days the average full-shift exposure 

for printers (n= 6 ) was 74.1/xg.m'^ and for de-reel/reel-up operators (n=3)

60.0/zg.m'^, in both cases exceeding the OEL. Considerable interest has been 

expressed, although little data provided, in the relative sensitising potentials of peak 

and average exposures. In large part this distinction may be artificial: peaks may be 

considered as the upper extreme of a distribution of exposure and the number of 

exposures in a workplace exceeding a threshold value will be strongly related to 

average exposure at that site. Rose (1990) has suggested that “distributions have a 

habit o f disowning their tails’' implying that populations and health workers tend to 

focus attention on their extremes (e.g. hypertensives, obese), rather than changing 

the behaviour of the whole population in order to reduce the burden of illness. In an 

occupational context the consequence of this is that high exposures experienced by 

workers doing particular jobs should not be considered as aberrant but the upper end 

of a distribution of exposures. Whilst strategies to minimise exposure during 

particular high risk tasks (such as chipping inks from the factory floor) should not be 

ignored the most effective way to decrease the number of times the occupational 

exposure limit is exceeded may be to decrease average exposure - shifting the 

distribution of exposures to the left. This logic would suggest that if 40^g.m’̂  is to be 

regarded as a ceiling, not to be exceeded, average exposure would need to be reduced 

below this value. The decision on which of the two different approaches to 

prevention may depend on whether exposures are Normally (population) or 

logNormally (task specific) distributed.

In a matched case control analysis workers with new work related chest symptoms 

were found to have experienced higher exposure to acid anhydrides than their 

controls. This relationship was seen when all the sites were included - with PA 

exposure predominating- and when the analysis was restricted to TMA exposure at 

site 2. The strength of the relationship increased across exposure groups stratified by
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their average full shift exposure suggesting an exposure-response relationship. Part of 

this relationship is probably attributable to an irritant response to acid anhydrides.

Only 10 of the 33 workers with new work related chest symptoms had immediate skin 

test reactions to an acid anhydride-HSA conjugate, although with avoidance of 

exposure skin prick test reactions may have remitted in some.

Complex interactions may contribute to the predisposition to allergy, and help to 

identify high risk groups. Five of 12 workers (42%) at site 2 who were atopic, 

smoked at the time of working with acid anhydrides and had experienced full shift 

exposures to TMA of ^10/xg.m'^, became sensitised. The prevalence of sensitisation 

amongst those who did not fulfill these criteria was much lower (figures 4.1 and 4.2). 

Both exposure and cigarette smoking are risk factors that are susceptible to 

modification.

HLA type and allergy

An association between specific IgE antibody induced by acid anhydrides inhaled at 

work and HLA-DR haplotype was identified. The findings suggest a relationship 

between HLA-DR3 and specific IgE induced by TMA and possibly TCPA, but not 

PA. There were no TCPA exposed controls, but the proportion of HLA DR3 positive 

individuals among the TCPA sensitised group (71%) was similar to the TMA 

sensitised group (73%), and different from the control group (14%) and PA sensitised 

group (17%). A possible explanation for the restriction of the association to these 

two anhydrides is that the epitope in TMA and TCPA sensitisation almost certainly 

includes the adjacent peptide whereas the epitope in PA sensitisation may involve the 

anhydride alone. Patterson et al (1978) showed that the reaction of specific IgG with 

TMA-HSA could not inhibited by NaTMA. Zeiss et al (1980) and Topping et al

(1986) demonstrated similar findings for specific IgE directed against TMA-HSA and 

TCPA-HSA. Topping et al (1986) and Bernstein et al (1984) showed that specific 

IgE in PA sensitised workers can be inhibited by the sodium salt alone.

Although the frequency of HLA-DR3 in this acid anhydride exposed population was 

similar to that in an external reference group, it is possible that the reason a
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significant increase in HLA-DR3 was seen amongst the cases is that the prevalence of 

DR3 is depressed (by chance) among the controls. A possible explanation, that is 

consistent with our hypothesis, is that the prevalence of the DR3 genotype is 

decreased amongst controls because workers with this genotype have become 

sensitised. Against this argument is the low prevalence of sensitisation in the whole 

cohort (12/401, 3%). In the case control study, however, controls were matched for 

intensity of exposure and there were relatively few workers with comparable exposure 

to the cases at site 2. The prevalence of sensitisation amongst those who were 

available to be controls (those who had been in jobs whose full shift exposure was

was 12.5% (figure 4.2). The observed depression in the observed number 

of controls who had HLA-DR3, when compared with a general population sample, is 

entirely appropriate given the association between HLA-DR3 and being a case.

A further point in relation to the design of this study is the question of whether 

matching was necessary. Cases and controls were matched for atopy, smoking and 

exposure to acid anhydrides as these are possible risk factors for sensitisation. 

Schlesselman (1982) argues that it is appropriate to consider matching for a factor if 

the factor is associated with both the disease (sensitisation) and the exposure (HLA 

type) under study. According to this approach matching on exposure, atopy and 

smoking are unnecessary as they are unlikely to be associated with HLA type.

Strachan has argued otherwise - ''No-one would consider doing a study o f the risk 

factors for ankylosing spondylitis without matching on HLA-B2T’ (personal 

communication). This is more in line with the approach we have taken but clearly 

differs from Schlesselman, as no environmental risk factors for ankylosing spondylitis 

are likely to be related to the presence of HLA B27. This difference of opinion has a 

bearing on the arguments expressed in the previous paragraph. The matching 

procedure may identify a relatively small ‘at risk’ population - for instance only those 

workers who had been in jobs whose full shift exposure was ^Spg.m'^. Controls who 

are selected from a small ‘at risk’ population may have a relatively depressed 

prevalence of a true risk factor. In this situation matching may be more efficient in 

detecting a true difference in risk factors between cases and controls.
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Assuming the association of HLA-DR3 with sensitisation to TMA is real the question 

inevitably arises - should people who carry the gene for HLA-DR3 be excluded from 

working in an environment where they are potentially exposed to TMA?’\  Using the 

figures from table 6.4 the prevalence of HLA-DR3 amongst affected and unaffected 

individuals in the exposed population ‘at risk’ of sensitisation can be estimated.

table 8.1. Hypothetical 2x2 table suggesting the relationship between HLA-DR3 and 
sensitisation to TMA in a population of 64 workers with average full shift exposure
^lOjLig.m'^

TMA sensitised

-h total

HLA-DR3 6 1 1 17

- 2 45 47

total 8 56 64

Positive predictive value of having HLA-DR3 genotype = 6/17 x 100% =35%.  
Relative risk of sensitisation comparing DR3 +ve with DR3-ve = (6/17)7(2/47) = 
8.14.
Risk attributable to DR3 = 6/17 - 2/47 = 31/100
Number needed to exclude to prevent each case = 1/(31/100) = 3.2 (adapted from 
Laupacis et al 1988).

This would, therefore, be a relatively effective exclusion measure if directed at a 

group with a high risk of developing the disease. It should not be adopted without 

confirmation of the strength of the association of HLA-DR3 with sensitisation and 

without confirmation of the dose-response relationship in relation to TMA exposure. 

There are ethical questions surrounding pre-employment genetic screening. One 

approach may be to allow testing once the individual has been admitted to the 

company and then to focus on reducing exposures.

The findings in this study require confirmation but are potentially of considerable 

importance. The hypothesis that the specificity of IgE response was associated with 

HLA allele frequency has been confirmed in one of the few circumstances - specific 

IgE induced by inhaled haptens - potentially capable of providing a definite answer to 

the question. The association observed in this study suggests that MHC Class II
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proteins are important determinants of the IgE response to inhaled TMA and possibly 

TCPA.

Since this work was done two further studies have been published which illustrate 

further points in relation to the association of HLA types and sensitisation to specific 

allergens. Bignon et al (1994) compared the prevalence of HLA-DP, DR and DQA 

and DQB alleles in 28 workers who had confirmed occupational asthma caused by 

toluene di-isocyanate, with 16 control subjects from the same workplace. At these 

loci they were able to identify a total of at least 49 different alleles. Despite the large 

number of alleles, they stated ''the p  value was not corrected for multiple 

comparisons, because the tested values (allele frequencies at each HLA class II locus) 

were not independent''. The positive association they found was with DQB*0503 

which was found in 7/56 case alleles and 0/32 control alleles (unadjusted p = 0.045). 

This risk factor is only present in a maximum of 7/28 (25%) of cases. This result 

could clearly have occurred by chance. It is likely that toluene di-isocyanate causes 

severe structural changes to occur to proteins as a result of its two highly reactive - 

NCO groups. These could result in the production of multiple epitopes and therefore 

the absence of strong HLA associations.

Tautz et al (1994) reported a study of people exposed to the non biting midge 

Chironomus thummi. Workers in the fish meal industry and aquarium owners have 

reported allergy to this insect and the major allergen is its haemoglobin molecule (Chi 

r I). 188 individuals were examined and predictors of sensitisation to Chi 11 were 

assessed. Significant association of Chi 11 sensitisation with particular HLA types 

was only found when subjects who were skin test negative to other common inhalant 

allergens were compared with the rest of the study population. No significant HLA 

associations were found when all Chi 11 sensitised workers (including atopies) were 

compared with all non-Chi 11 sensitised workers. This supports the theory put 

forward by Friedhoff et al (1988) that HLA type is most important in those who are 

non-atopic. The study had two statistical weaknesses. First it made no adjustment 

for the number of analyses done. Second it placed loge ^^i 11 specific IgF level as 

the dependent variable in linear regression models and put all possible HLA types as
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independent variables. They claimed that this made adjustment of the p values 

unnecessary. The probability of calling a chance finding significant is no less when 

multiple variables are put in regression models than when each variable is assessed 

individually. Multivariate analysis may be appropriate for ensuring individual 

associations between sensitisation and different HLA types are not because the HLA 

types are associated (in linkage disequilibrium) with each other.

It will be important, as always in these studies, to repeat the findings in another group 

of Chironomus thummi exposed workers. Whatever the truth in this instance, there is 

a need for agreement in the scientific community about how the results should be 

analysed and presented.

Finally in relation to HLA and immune responsiveness, Richeldi et al have 

demonstrated that workers with chronic beryllium disease had a higher prevalence of 

HLA DPB*0201 and a lower prevalence of DPB*0401 than a comparable control 

group (1993). These alleles have only minor differences and in examining these 

differences they were able to show that 32/33 affected subjects possessed an allele that 

coded for glutamate at position 69 of the chain compared with only 30% of 

controls. This observation has two important implications.

First it shows that the MHC controls immunological responsiveness not allergic 

responsiveness and secondly it may not be the sequence of the whole MHC II gene 

that is important but small sequences coding for particular amino acids. The first 

point may go some way to explaining why it is so difficult to detect significant HLA 

associations with IgE responses. A proportion of subjects in the control groups may 

be mounting IgG responses or be ‘tolerised’. In either situation they will have at 

some stage recognised the antigen following presentation by an appropriate MHC II 

molecule but they are classified as non-sensitised. Clearly there are factors other than 

the MHC that determine whether an individual mounts an IgE response, an IgG 

response or no response at all (Holt 1994).
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Figure 8.1 is a suggested model for the role of HLA DR3 in allergy to TMA. Due to 

their complementary 3 dimensional structures, a TMA-HSA fragment fits into the 

antigen binding site of the HLA-DR3 molecule. Only when presented in this way can 

the antigen interact with a T cell receptor triggering a specific immune response.

Hopkin has suggested a model to illustrate the roles of allergen dose, atopy and MHC 

type in the induction of allergy (figure 8.2) (in: Marsh et al 1993). The bars 

extending upwards from the bottom line represent allergen dose. The bars extending 

downwards from the top line represent the quality of the fit of the individual’s MHC 

class II molecules for the corresponding allergen. When the bars meet the individual 

develops an IgE response. The influence of atopy (the gene product arising from 

chromosome 11 q according to Cookson et al 1989) or cigarette smoking is to raise the 

lower line making sensitisation more likely given a particular dose of allergen and 

MHC II avidity. This model does not take into account the contention of Friedhoff et 

al (1988) and Tautz et al (1994) that MHC type is less important in those who are 

atopic.

An alternative way of demonstrating the relationship between sensitisation and 

exposure, and how it may be modified, is illustrated in figure 8.3. In this figure a 

population is exposed to varying amounts of an allergen. In this case there is a 

Normal distribution of exposures but perhaps more often the distribution of exposures 

will be logNormal (positively skewed). Only those in the upper half of the 

distribution of exposures appear to be at risk of sensitisation (solid line). The 

influence of smoking, atopy and relevant MHC genes is to shift the exposure-response 

curve to the left such that a higher proportion are sensitised at a given level of 

exposure.

An important task for epidemiologists is to define both the position and slope of the 

exposure-response curve for occupational and environmental inhalant allergens so that 

the potential for primary prevention of sensitisation can be assessed.
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figure 8.1. The involvement of HLA-DR3 in the presentation of TMA-HSA 
fragments to T helper cells. (TCR = T cell receptor).
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figure 8.2. The interaction of genes and the environment in the induction of allergy. 
(Hopkin 1993).
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figure 8.3. A model placing exposure as the key determinant of sensitisation and 
illustrating the influence of smoking, atopy, and MHC class II genes.
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The determinants of bronchial hyperresponsiveness

Two sets of analyses were undertaken - the second a subset of the first. In order to 

maximise the numbers the first analyses involved all subjects who underwent a 

measurement of bronchial responsiveness. Four hundred and seventy of a possible 

620 people underwent a histamine inhalation test. Including those who had died, this 

represented 76% of the target population. Of these 470, 62 (13.2%) had bronchial 

hyperresponsiveness. Fourteen (3%) had an immediate skin prick test response to 

acid anhydrides. Removing these workers from the cohort reduces the prevalence of 

bronchial hyperresponsiveness to 12.5%. Information relating to age, symptoms or 

physiological parameters from those workers who refused to take part or could not be 

contacted was not available, and we did not obtain a cause of death for those who had 

died. Those who were seen but who took longer to contact did not appear to differ in 

any relevant respect from those who were seen after the first contact.

Non-response bias (Kutin et al 1993) and the ''healthy worker effect” (Checkoway et 

al 1989) could have inflated or deflated this estimate of the prevalence of bronchial 

hyperresponsiveness. Although no overt selection procedures were applied it is 

possible that asthmatics may not have entered employment in an industrial chemical 

process either through choice or ill health (healthy hire effect). Nonetheless, the 

prevalence of bronchial hyperresponsiveness in our population was similar to the 

prevalence of 14% found in a slightly younger British general population sample 

using the same investigative criteria and materials (Burney et al 1987). It also bears 

comparison with the 13% estimate of Britton et al (1994) who defined bronchial 

hyperresponsiveness as a PD20 1 2 jLtmol methacholine.

When analysed in quintiles this study supported the ‘U’ shaped distribution of 

bronchial hyperresponsiveness in the 18-78 age range suggested by Orie et al (1961) 

and supported in three recent community based studies (Burney et al 1987, Townley 

et al 1986, Bakke et al 1991). In view of the inverse relationship between FEVi and 

bronchial hyperresponsiveness it is relevant that prospective studies suggest that FEV^ 

increases into the fourth decade before declining (Burrows et al 1986). Using the 

same diagnostic criteria Salome et al (1987) found the prevalence of bronchial
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hyperresponsiveness among Australian schoolchildren aged 8-11 to be 17.9%. The 

‘U’ distribution, first described by Orie et al (1961) is, therefore, likely to be real.

There was a strong association between immediate skin test reactivity to acid 

anhydrides and bronchial hyperresponsiveness. This appeared in both sets of 

analyses. It was detectable in univariate analysis {tables 5.2 and 5.7) and multivariate 

analysis {table 5.10). Only in the first set of multivariate analyses was the association 

not statistically significant (OR 3.22 Cl 0.97, 10.6). This is likely to be due to the 

small numbers producing wide confidence intervals and a weak association of 

immediate skin test reactivity to acid anhydrides with atopy (OR 2.83 Cl 0.87, 9.37) 

producing a small degree of confounding. These studies demonstrate for the first time 

a convincing epidemiological association of acid anhydride sensitisation with 

bronchial hyperresponsiveness. This was present despite the time interval between 

the last exposure to the allergen and the measurement of bronchial 

hyperresponsiveness.

Atopy as defined by an immediate skin test reaction to three common inhalant 

allergens showed a marked inverse gradient across the age groups. This is consistent 

with the data of Barbee et al who showed a decline of total IgE with increasing age in 

a cross sectional study of the population of Tucson, Arizona (1981) and Friedhoff et 

al (1984) who showed the same effect in a working population. Prospective data 

from the Tucson study showed a fall in total IgE in those under the age of 35 but no 

such decline in those over 35, suggesting that at least part of the cross-sectional 

decline in IgE levels was due to a cohort effect (Barbee et al 1987). In the present 

study atopy was associated with bronchial hyperresponsiveness after adjustment for 

age, cigarette smoking and baseline FEV^. The finding of Burney et al (1987) and 

Higgins et al (1993) that the association of atopy with bronchial hyperresponsiveness 

decreased with age was not confirmed. The number of atopic subjects over the age of 

forty was relatively small in all these studies leading to imprecision of prevalence 

estimates. With increasing age a smaller proportion of those with bronchial 

hyperresponsiveness were atopic in the present study because a larger proportion of 

bronchial hyperresponsiveness was accounted for by cigarette smoking.
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The increasing prevalence of bronchial hyperresponsiveness with age was not due to 

an increased prevalence of cigarette smoking as those aged 57 or more were the least 

likely to be smokers. Nor did it appear attributable to normal age related changes in 

lung function as there was no increase in the prevalence of bronchial hyper

responsiveness with age amongst never-smokers (figure 5.3). Amongst smokers, 

however, the probability of having bronchial hyperresponsiveness increased with age 

as has been reported previously (Burney et al 1987, Higgins et al 1993) (tables 5.4, 

5.5 and 5.9). Smoking in those aged 57 or more is likely to imply a larger lifetime 

exposure to tobacco smoke than does smoking at the age of 18-30. It is probable that 

the increased prevalence of bronchial responsiveness is related to a cumulative rather 

than an acute effect of smoking. This is confirmed in table 5.10 where pack years of 

cigarette smoking are seen to be a significant independent predictor of bronchial 

hyperresponsiveness. This would be consistent with smoking exerting its effect by 

reducing FEVi, and is also consistent with the variable effects on lung function 

reported for acute cigarette smoke inhalation (Dales et al 1993).

A simple analysis did not suggest an association of current smoking with bronchial 

hyperresponsiveness (OR 1.51 Cl 0.85, 2.69). This odds ratio is within the 95% 

confidence interval for the estimate determined by Britton et al (1994) derived from 

their community survey of 2,415 adults in the UK (OR 1.89 Cl 1.3, 2.6). In our 

analysis, when current smoking, atopy and age were entered simultaneously into a 

multiple logistic regression the confounding effects of these variables emerged (table 

5.4 and figure 5.4). In the younger age groups bronchial hyperresponsiveness 

occurred predominantly in atopic non-smokers whereas amongst older subjects 

bronchial hyperresponsiveness occurred in smokers. Atopy and smoking had an 

additive but not a multiplicative effect.

In our first analysis ex-smokers were included among the non-smokers, which may 

account for the apparent association of increasing age with increasing bronchial 

responsiveness. The analysis was repeated including ex-smoking as a dummy 

variable with smoking and non-smoking (table 5.5). The results suggested that much 

of the association of age with bronchial hyperresponsiveness in the original model is
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attributable to bronchial hyperresponsiveness amongst ex-smokers. The coefficients 

for the increasing odds of bronchial hyperresponsiveness with each year of age (1.041 

for ex-smokers and 1.085 for current smokers are similar to the figures of 1.054 and 

1.089 reported by Burney et al (1987).

When baseline FEVj was put into the logistic regression the effect of age, smoking 

and the age-smoking interaction were lost (table 5.6 and table 5.11), which suggests 

that these factors are exerting their effect on bronchial responsiveness through 

changes in airway calibre. This result is consistent with four studies published this 

decade that demonstrate that the association of smoking with bronchial 

hyperresponsiveness is dependent on differences in baseline FEVi (Trigg et al 1990, 

Bakke et al 1991, Rijcken et al 1993 and Britton et al 1994). The studies of Bakke 

and Britton suggest that the association of increasing age with bronchial 

hyperresponsiveness is reversed after adjusting for baseline FEVi.

Our data and that of Burney et al (1987) shows that after taking account of the age- 

smoking interaction term there is a residual negative association between current 

smoking and the presence of bronchial hyperresponsiveness (table 5.4, figure 5.4). 

This could be because wheezy children are less likely to take up smoking than their 

non-wheezy schoolmates. With increasing age cumulative exposure to cigarette 

smoke appears to be associated with a lung function decline that is, in turn, associated 

with increased bronchial responsiveness.

The second set of analyses investigated the possible role of cumulative exposure to 

acid anhydrides as a determinant of bronchial hyperresponsiveness. The univariate 

analysis suggested that a ten-fold increase in cumulative exposure was associated with 

a 1.5 fold increase in risk of bronchial hyperresponsiveness. It was likely that this 

relationship was confounded by both age and cumulative cigarette exposure. Having 

taken account of the relationship between age and smoking, and bronchial 

hyperresponsiveness the relationship between exposure and bronchial 

hyperresponsiveness was no longer significant (tables 5.8-10).
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In summary these studies suggest that immediate skin test reactivity to both common 

inhalant allergens and acid anhydride-HSA conjugates is associated with bronchial 

hyperresponsiveness. These associations are independent of FEVi. The relationship 

of smoking and age with bronchial hyperresponsiveness are, at least in part, related to 

their association with decreased airway calibre. The ‘U’ shaped distribution of 

bronchial hyperresponsiveness prevalence in the 18-78 age range is likely to result 

from a number of factors. These may include continuing lung growth into the fourth 

decade, a falling prevalence of atopy and declining lung function in later years, 

particularly amongst smokers. We were able to reproduce the findings of community 

based studies in an occupational cohort. Occupational studies that include 

measurements of bronchial responsiveness should take account of the age, smoking 

habits and atopic status of the population.

Follow-up of six women with asthma caused hy tetrachlorophthalic anhydride

Six women, sensitised to a chemical to which they were briefly exposed in 1979-80, 

have continued to have respiratory symptoms and bronchial hyperresponsiveness 

despite avoidance of exposure and a progressive fall in specific IgE. The rate of fall 

of serum TCPA-HSA specific IgE has decreased with time.

None of the women is now in employment. All received an ex-gratia payment from 

the factory owners and have continued to receive industrial injuries benefit. It could 

be argued that they exaggerate their symptoms in order to secure continuing financial 

recompense. However the physiological data are consistent with persisting asthma. 

Five of the six have PEF variability that would lie in the top 10% of those from a 

British general population sample (Higgins et al 1989). The histamine challenge data 

are more difficult to interpret as different investigators have used two different 

methods over time. All subjects have had demonstrable bronchial 

hyperresponsiveness each time it has been assessed during the last 8 years and there 

has been no evidence of improvement. Twelve years after avoidance of exposure to 

TCPA, their bronchial responsiveness remains in the top 10% of that seen in a British 

general population sample (Bumey et al 1987).
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A possible explanation for persistent bronchial hyperresponsiveness seen after 

workers with occupational asthma have left their employment is continuing low dose 

environmental exposure to the provoking chemical (Burge 1982). This could occur 

either in air or foodstuffs. It seems an unlikely explanation in our patients as the 

TCPA-HSA specific IgE level, a sensitive marker of exposure (Venables et al 1987), 

has fallen progressively in parallel in all six during the period of follow up.

There is evidence, from isocyanate induced asthma, that low molecular weight 

chemicals can cause T-lymphocyte and eosinophil activation in the bronchial mucosa 

(Bentley et al 1992). These abnormalities may persist for at least six months in the 

absence of exposure to isocyanates at work (Saetta et al 1992). Inhalation of reactive 

chemicals may result in binding to tissue proteins other than albumin, providing a 

persistent stimulus to the immune system. IgE produced as a result of such a stimulus 

may not be detected by our TCPA-HSA RAST as antibody specificity is related to the 

carrier protein in the hapten-protein conjugate (Topping et al 1986, Hong et al 1992).

Epidemiological studies have found a relationship between bronchial responsiveness 

and atopy (Bumey et al 1987, O’Connor et al 1989, Newill et al 1992). A third 

possible reason for persistent bronchial hyperresponsiveness in patients with 

occupational asthma, therefore, is continuing exposure to another inhalant allergen to 

which they are sensitised. This mechanism is unlikely in our patients as only one of 

the six was atopic as determined by skin prick testing. Atopy was not associated with 

persistent bronchial hyperresponsiveness in three much larger occupational asthma 

follow up studies (Chan-Yeung et al 1987, Malo et al 1988, Pisati et al 1993). No 

investigators have demonstrated an association between smoking and persistent 

bronchial hyperresponsiveness in occupational asthma.

The time course for changes in bronchial hyperresponsiveness during occupational 

sensitisation remains unclear. Circumstantial evidence that bronchial 

hyperresponsiveness does not antedate sensitisation has been given firm support by 

Chan-Yeung et al (1992) who showed the development of bronchial 

hyperresponsiveness and symptoms in workers exposed to western red cedar dust.
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Occupational and non-occupational studies suggest that after cessation of exposure an 

initial resolution may be followed by a plateau. Platts-Mills et al (1982) demonstrated 

an eight fold diminution in bronchial responsiveness in bouse dust mite sensitised 

asthmatic subjects admitted to hospital and followed up for six weeks to four months. 

In their study of snow crab workers, Malo et al (1988) demonstrated an improvement 

in bronchial hyperresponsiveness in the first two years after leaving the industry but 

no further improvement between the second and the fifth year (1988). Other studies 

have shown an improvement (Lam et al 1979) or stability (Allard et al 1989) of 

bronchial hyperresponsiveness over prolonged periods of follow up.

There are few reports of the behaviour of specific IgE in the absence of exposure to 

allergen. Gleich et al (1977) described changes in ragweed specific IgE during and 

between two pollen seasons. Their results suggested that specific IgE fell between 

pollen seasons with a half life of nine months. Malo et al (1988) observed IgE 

antibody levels to crab boiling water at three time points 0, 2 and 5 years after leaving 

the crab processing industry. They fell in a loglinear fashion. There was considerable 

variation between the workers but the average half life was around twenty months. 

Studies on dogs subjected to localised lung immunisation showed that antibody 

production continued for at least two years after the last antigen exposure. In these 

animals antibody was being synthesised by cells in the lung interstitium adjacent to 

the area of immunisation rather than in other regions of the lung, local lymph nodes 

or spleen (Bice et al 1993).

Venables et al (1987) reported results that were consistent with a half life of 1 year 

when TCPA-HSA specific IgE was measured in the subjects of this study over the 

first four years of follow up. They observed that there was a suggestion of a decrease 

in the rate of fall in specific IgE with time. Prolonged follow-up confirms this 

observation such that a regression model that includes a quadratic term now describes 

the data better. The half life of 1 year and three months calculated at 2 years, using 

the new model, was just above 1 year and 2.4 months, the upper 95% confidence 

limit for the half life calculated using the original data from the first four years of 

follow up. When extended over 12 years, the plot of log TCPA-HSA specific IgE
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produces parallel curves such that the half-life increases with time since the last 

exposure. There are limitations with this regression model as the nature of the 

quadratic is to increase after reaching its lowest point. It is biologically implausible 

for loge specific IgE to rise in the absence of exposure and so the model should not be 

used for extrapolation.

The cause of persistent bronchial hyperresponsiveness in TCPA induced asthma 

remains unclear. It is unlikely, in these cases, that exposure to the allergen has 

continued as there is no obvious source and specific IgE levels have fallen. Atopy has 

not been found to be relevant. Further evidence of immunological activation might be 

obtained from immunostaining of bronchial biopsies from subjects with persistent 

asthma who have ceased exposure to the causative allergen.
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Conclusions

An exposure response relationship was observed in relation to sensitisation to TMA. 

This provides support for a strategy of reducing exposure in order to prevent 

sensitisation.

Exposure response relationships were observed for new work related symptoms and 

exposure to all three acid anhydrides grouped together. This provides support for a 

strategy of reducing exposure in order to reduce symptoms.

Sensitisation and symptoms may be induced by TMA at exposures below the UK 

occupational exposure standard.

The MHC II genotype HLA-DR3 was associated with sensitisation to trimellitic 

anhydride and possibly tetrachlorophthalic anhydride.

Sensitisation to acid anhydrides was associated with cigarette smoking at the time of 

exposure.

Sensitisation to acid anhydrides was associated with characteristic features of asthma ■ 

new work related chest symptoms and bronchial hyperresponsiveness.

Multivariate analysis revealed that bronchial hyperresponsiveness was independently 

associated with atopy as defined by skin prick testing and immediate skin test 

reactivity to acid anhydrides. Bronchial hyperresponsiveness was associated with 

cumulative cigarette exposure. This association was at least in part due to the 

association of cumulative cigarette consumption with reduced FEVj.

Symptoms and bronchial hyperresponsiveness persisted in a group of workers with 

asthma caused by TCPA for more than 11 years after their last exposure to the 

chemical in the workplace.
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General Conclusions

Retrospective cohort studies can be undertaken in occupational asthma and can 

provide evidence of exposure-response relationships that are diluted in cross sectional 

studies.

The work presented in this thesis lends support to various components of the 

following model of the determinants of sensitisation. Areas where it has provided 

information are in bold.

table 8.2. Determinants of the induction of an IgE response

genetic environmental

antigen
specific

HLA haplotype Antigen exposure 
intensity 
timing 
duration

non-antigen Atopy Smoking
specific FceRI-p (chromosome 11) 

IL4 (chromosome 5)
Respiratory irritants
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Recommendations for further analyses and studies

It would be useful to assess how HLA type and exposure interact in their association 

with sensitisation. This could be assessed if the whole population at site 2 were HLA 

typed. It would also be possible to assess whether it is only the IgE response that is 

HLA restricted by looking for TMA-HSA specific IgG in workers at site 2. In 

addition it would now be useful to identify other TMA or TCPA exposed populations 

to confirm the HLA-DR3 association.

The analysis of sensitisation in relation to atopy and smoking lacked power because of 

the low prevalence of sensitisation. The question of whether there is an interaction 

between atopy and smoking in the induction of sensitisation could be addressed using 

the serological tests for IgE with a lower threshold for defining sensitisation (as has 

been used in other studies of acid anhydride sensitisation). Alternatively this could be 

addressed in meta-analyses using data from sites in different countries. The European 

Economic Community has recently sponsored a European Concerted Action on acid 

anhydrides. Participating countries include Italy, Finland, Germany and Sweden.

The data presented in this thesis may contribute to the project.

It would be of value to assess the clinical relevance of the cross reactivity of acid 

anhydrides in vitro and on skin prick testing. This might be done safely using nasal 

challenges with a variety of acid anhydrides in mono-exposed sensitised workers. 

Alternatively bronchial provocation testing might be ethical in the rare situation in 

which a worker, known to be sensitised to one acid anhydride, intends to work with 

another.

The mechanism of persistent bronchial hyperresponsiveness and symptoms in workers 

who have ceased exposure to the causal agent might be explored with an examination 

of bronchial biopsies taken from subjects with occupational asthma at least four years 

after their last exposure in the workplace. Biopsies would be examined for infiltration 

with inflammatory cells, lymphocyte activation markers and retained hapten. Hapten 

might be identified with allergic sera or monoclonal antibodies.
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The question of whether the exposure required to elicit symptoms is higher or lower 

than that required to sensitise remains unanswered. Bronchial provocation studies in 

a worker sensitised to TMA with exposure measurements would be interesting. 

Furthermore an examination of the circumstances in which sensitised workers develop 

symptoms in the workplace might also be helpful.

172



References

Agrup G, Belin L, Sjostedt L, Skerfving S. Allergy to laboratory animals in 

laboratory technicians and animal keepers. BrJIndMed  1986;43:192-8.

Aldrich Chemical Company Ltd. Catalogue handbook of fine chemicals. Gillingham, 

England, 1992.

Allard C, Cartier A, Ghezzo H, Malo J-L. Occupational asthma due to various 

agents: Absence of clinical and functional improvement at an interval of four or more 

years after cessation of exposure. Chest 1989;96:1046-9.

Altounyan REC. Changes in histamine and atropine responsiveness as a guide to 

diagnosis and evaluation of therapy in obstructive airways disease. In: Pepys J and 

Frankland AW (eds). Disodium chromoglycate in allergic airways disease, 

Butterworth, Edinburgh and London, 1970. p47.

American College of Chest Physicians - American Thoracic Society Joint Committee 

on Pulmonary Nomenclature. Pulmonary terms and symbols. Chest 1975;67:583-93.

Anderson HR. The epidemiological and allergic features of asthma in the New 

Guinea highlands. Clin Allergy 1974;4:171-83.

Annesi I, Kauffman F, Oryszczyn MP, Neukirch F, Orvoen-Frija F, Lellouch J. 

Leukocyte count and bronchial hyperresponsiveness. J Allergy Clin Immunol 

1988;82:1006-11.

Anto JM, Sunyer J, Rodriguez-Roism R, Suarez-Cervera M, Vazquez L and the 

Toxicoepidemiological committee. Community oubreaks of asthma associated with 

inhalation of soybean dust. N  Engl J  Med 1989;320:1097-102.

173



Anto JM, Sunyer J, Reed CE, Sabria J, Martinez F, Morell F, Godina R, Rodriguez- 

Roism R, Rodrigo MJ, Roca J, Saez M. Preventing asthma epidemics due to 

soybeans by dust-control measures. N E nglJ  Med 1993;329:1760-3.

Aoyama K, Ueda A, Manda F, Matsushita T, Ueda T, Yamauchi C. Allergy to 

laboratory animals: an epidemiological study. B rJIndM ed  1992;49:41-7.

Arshad SH, Mathews S, Grant C, Hide DW. Effect of allergen avoidance on the 

development of allergic disorders in infancy. Lancet 1992;339:1493-7.

Baker DB, Gann PH, Brooks SM, Gallagher J, Bernstein IL. Cross-sectional study 

of platinum salts sensitisation among precious metal refinery workers. Am J  Ind Med 

1990;18:653-64.

Bakke PS, Baste V, Gulsvik A. Bronchial responsiveness in a Norwegian 

community. Am Rev RespirDis 1991;143:317-22.

Banks DF, Rando RJ, Barkman W Jr. Persistence of toluene diisocyanate induced 

asthma despite negligible workplace exposures. Chest 1990;97:121-25.

Banks DF, Butcher BT, Salvaggio JF. Isocyanate-induced respiratory disease. Ann 

Allergy 1986;57:389-96.

Barbee RA, Halonen M, Lebowitz M, Burrows B. Distribution of IgF in a 

community population sample: correlations with age, sex, and allergen skin reactivity. 

J Allergy Clin Immunol 1981;68:106-11.

Barbee RA, Halonen M, Kaltenborn W, Lebowitz M, Burrows B. A longitudinal 

study of serum IgF in a community cohort: correlations with age, sex, smoking and 

atopic stams. J  Allergy Clin Immunol 1987;79:919-27.

174



Baur X, Konig G, Bencze K, Fruhmann G. Clinical symptoms and results of skin 

test, RAST and bronchial provocation test in thirty-three papain workers: evidence for 

strong immunogenic potency and clinically relevant proteolytic effects of airborne 

papain. Clin Allergy 1982;12:9-17.

Bentley AM, Maestrelli P, Saetta M, Fabbri LM, Robinson DS, Bradley BL, Jeffery 

PK, Durham SR, Kay AB. Activated T-lymphocytes and eosinophils in the bronchial 

mucosa in isocyanate induced asthma. J Allergy Clin Immunol 1992;89:821-9.

Bernstein DI, Patterson R, Zeiss CR. Clinical and immunologic evaluation of 

trimellitic anhydride- and phthalic anhydride- exposed workers using a questionnaire 

with comparative analysis of enzyme-linked immunosorbent and radioimmunoassay 

studies. J Allergy Clin Immunol 1982;69:311-8.

Bernstein DI, Roach DE, McGrath KG, Larsen RS, Zeiss CR, Patterson R. The 

relationship of airborne trimellitic anhydride concentrations to trimellitic anhydride 

induced symptoms and immune responses. J Allergy Clin Immunol 1983;72:709-13.

Bernstein DI, Gallagher IS, D'Souza L, Bernstein IL. Heterogeneity of specific-IgB 

responses in workers sensitized to acid anhydride compounds. J Allergy Clin Immunol 

1984;74:794-801.

Bice DE, Jones SE, Muggenburg BA. Long term antibody production after lung 

immunization and challenge: Role of lung and lymphoid tissues. Am J Respir Cell 

Mol Biol 1993;6:662-7.

Bignon JS, Aron Y, Ju LY, Kopferschmitt MC, Garnier R, Mapp C, Fabbri LM,

Pauli G, Lockhart A, Charron D, Swierczewski E. HLA class II alleles in 

isocyanate-induced asthma. Am J Respir Crit Care Med 1994;149:71-5.

Bjorkman PJ, Saper MA, Samaroui B, Bennet WS, Strominger JL, Wiley DC. 

Structure of the human class I histocompatibility antigen. Nature 1987;329:506-12.

175



Blumenthal MN, Namboodin K, Mendell N, Gleich G, Elston RC, Yunis E. Genetic 

transmission of serum IgE levels. Am J Med Genet 1981;10:219-28

Bodmer JG, Marsh SGE, Albert ED, Bodmer WE, Dupont B, Erlich HA, Mach B, 

Mayr WR, Parham P, Sazazuki T, Schreuder GMTh, Strominger JL, Svejgaard A, 

Terasaki PL Nomenclature for factors of the HLA system, 1991. Tissue Antigens 

1992;39:161-73.

Borecki IB, Rao DC, Lalouel JM, McGue M, Gerrard JW. Demonstration of a 

common major gene with pleiotropic effects on immunoglobulin E levels and allergy. 

Genet Epidemiol 1985;2:327-38.

Botham PA, Davies GE, Teasdale EL. Allergy to laboratory animals: a prospective 

study of its incidence and of the influence of atopy on its development. Br J  Ind Med 

1987;44:627-32.

Boxer MB, Grammer LC, Harris KE, Roach DE, Patterson R. Six-year clinical and 

immunologic follow-up of workers exposed to trimellitic anhydride. J Allergy Clin 

Immunol 1987;80:147-52.

Brisman J, Belin L. Clinical and immunological responses to occupational exposure 

to a-amylase in the baking industry. Br J  Ind Med 1991;48:604-8.

Britton J, Mortagy A, Tattersfîeld A. Histamine challenge testing: comparison of 

three methods. Thorax 1986;41:128-32.

Britton J, Pavord 1, Richards K, Knox A, Wisniewski A, Wahedna 1, Kinnear W, 

Tattersfîeld A, Weiss S. Factors influencing the occurrence of airway hyperreactivity 

in the general population: the importance of atopy and airway calibre. Eur Resp J  

1994;7:881-7.

176



Brooks SM, Baker DB, Gann PH, Jarabek AM, Hertzberg V, Gallagher J, Biagini RE, 

Bernstein IL. Cold air challenge and platinum skin reactivity in a platinum refinery: 

bronchial reactivity precedes skin prick response. Chest 1990;97:1401-7.

Brown J, Jadetzky T, Saper M, Samraoui B, Njorkman P, Wiley D. A hypothetical 

model of the foreign antigen combining site of class II histocompatibility complex 

molecule. Nature 1988;332:845-53.

Budavari S, (ed). The Merck Index 11th ed, Merck & Co. Inc., Rahway, NJ, USA, 

1989.

Burge PS. Occupational asthma in electronics workers caused by colophony fumes: 

follow-up of affected workers. Thorax 1982;37:348-53.

Burge PS, Edge G, O’Brien IM, Harries MG, Hawkins R, Pepys J. Occupational 

asthma in a research centre breeding locusts. Clin Allergy 1980;10:355-63.

Burney PGJ, Britton JR, Chinn S, Tattersfîeld AE, Papacosta AO, Kelson MC, 

Anderson F, Corfield DR. Descriptive epidemiology of bronchial reactivity in an 

adult population: results from a community study. Thorax 1987;42:38-44.

Burrows B, Lebowitz MD, Barbee RA. Respiratory disorders and allergy skin-test 

reactions. Ann Intern Med 1976;84:134-9.

Burrows B, Lebowitz MD, Camilli AE, Knudson RJ. Longitudinal changes in forced 

expiratory volume in one second in adults. Methodological considerations and 

findings in healthy nonsmokers. Am Rev RespirDis 1986;133:974-80.

Call RS, Smith TF, Morris E, Chapman MD, Platts-Mills TAE. Risk factors for 

asthma in inner city children. J  Fed 1992;121:862-6.

177



Caraballo LR, Hernandez M. HLA haplotype segregation in families with allergic 

asthma. Tissue Antigens 1990;35:182-6.

Cartier A, Malo J-L, Forest F, Lafrance M, Pineau L St-Aubin J-J, Dubois J-Y. 

Occupational asthma in snow crab processing workers. J Allergy Clin Immunol 

1984;74:261-9.

Chan-Yeung M. Occupational asthma. Chest 1990;98:148-61s.

Chan-Yeung M, Desjardins A. Bronchial hyperresponsiveness and level of exposure 

in occupational asthma due to western red cedar {Thuja plicata). Serial observations 

before and after development of symptoms. Am Rev RespirDis 1992;146:1606-9.

Chan-Yeung M, Lam S, Koener S. Clinical features and natural history of 

occupational asthma due to western red cedar {Thuja plicata). Am J  Med 

1982;72:411-5.

Chan-Yeung M, Maclean L, Paggiaro PL. Follow-up study of 232 patients with 

occupational asthma caused by western red cedar {Thuja plicata). J  Allergy Clin 

Immunol 1987;79:792-6.

Charpin D, Kleisbauer J-P, Lanteaume A, Razzouk H, Vervloet D, Toumi M Faraj 

F, Charpin J. Asthma and allergy to house-dust mites in populations living in high 

altitudes. Chest 1988;93:758-61.

Charpin D, Bimbaum J, Haddi E, Genard G, Lanteaume A, Toumi M, Faraj F, van 

der Brempt X, Vervloet D. Altitude and allergy to house-dust mites. A paradigm of 

the influence of environmental exposure on allergic sensitisation. Am Rev Respir Dis 

1991;143:983-6.

Checkoway H, Pearce N, Crawford-Brown DJ. Research methods in occupational 

epidemiology. Oxford University Press, Oxford, 1989.

178



Chinn S, Britton JR, Burney PG, Tattersfîeld AE, Papacosta AO. Estimation and 

repeatability of the response to inhaled histamine in a community survey. Thorax 

1987;42:45-52.

Cockcroft A, McCarthy P, Edwards J, Andersson N. Allergy in laboratory animal 

workers. Lancet 1981;1:827-30.

Cockcroft DW, Killian DN, Mellon JJA, Hargreave EE. Bronchial reactivity to 

inhaled histamine: a method and clinical survey. Clin Allergy 1977a;7:235-43.

Cockcroft DW, Ruffîn RE, Dolovich J. Allergen-induced increases in non-allergic 

bronchial reactivity. Clin Allergy 1977b;7:503-13.

Cooke RA and van der Veer A Jr. Human sensitisation. 1916;1:201-305.

Cookson WOCM, Hopkin JM. Dominant inheritance of atopic immunoglobulin 

responsiveness. Lancet 1988;1:86-8.

Cookson WOCM, Sharp PA, Faux J, Hopkin JM. Linkage between immunoglobulin 

E responsiveness underlying asthma and rhinitis and chromosome llq . Lancet 

1989;1:1292-5.

Corn M, Esmen NA. Workplace exposure zones for classification of employee 

exposures to physical and chemical agents. Am Ind Hyg Assoc J  1979;40:47-56.

Cotes JE. Lung function: assessment and application in medicine (4th ed). Blackwell 

Scientific Publications, Oxford, UK, 1979.

Curry JJ. The action of histamine on the respiratory tract in normal and asthmatic 

subjects. J Clin Invest 1946;25:785-91.

179



Da Silva AMT, Hamosh P. The immediate effect on lung function of smoking 

filtered and not filtered cigarettes. Am Rev RespirDis 1980;122:794-6.

Dales RE, Hill GB, Spitzer WO. Adult respiratory diseases and tobacco smoke. In: 

Hirsch A, Goldberg M, Martin J-P, Masse R (eds). Prevention of respiratory 

diseases. Lenfant C (ed). Lung biology in health and disease. Marcel Dekker Inc., 

New York, 1993. pp417-440.

Dautreband L, Philippot B. Crise d’asthme experimental par aérosols de 

carbaminoylcholine chez l’homme traitée par dispersât de phénylaminopropane. 

Presse Med 1941;49:942-6.

Davies GE, McArdle LA. Allergy to laboratory animals: A survey by questionnaire. 

Int Arch Allergy appl Immunol 1981;64:302-7.

Dekker JW, Esteal S. HLA-DP typing by amplified fragment length polymorphisms 

(AFLPs). Immunogenetics 1990;32:56-9.

Dodge RR, Burrows B. The prevalence and incidence of asthma and asthma like 

symptoms in a general population sample. Am Rev Respir Dis 1980;122:567-75

Dowse GK, Turner KJ, Stewart GA, Alpers MP, Woolcock AJ. The association 

between Dermatophagoides mites and the increasing prevalence of asthma in village 

communities within the Papua New Guinea highlands. J  Allergy Clin Immunol 

1985;75:75-83.

Douglas JDM, McSharry C, Blaikie L, Morrow T, Miles S, Franklin D. 

Occupational asthma caused by automated salmon processing. Lancet 1995;346:737- 

40.

1 8 0



Durham SR, Graneek BJ, Hawkins R, Newman Taylor AJ. The temporal 

relationship between increases in airway responsiveness to histamine and late 

asthmatic responses induced by occupational agents. J Allergy Clin Immunol 

1987;79:398-406.

Edfors-Lubs M-L. Allergy in 7,000 twin pairs. Acta Allergol 1971;26:249-85.

Egret. Statistics and Epidemiology Research Corporation. Seattle, USA.

Egret reference manual (revision 4). Statistics and Epidemiology Research 

Corporation. Seattle, USA, 1985.

Enarson DA, Chan-Yeung M, Tabona M, Kus J, Vedal S, Lam S. Predictors of 

bronchial hyperexcitability in grain handlers. Chest 1985;87:452-5.

Engstrom B, Henricks-Eckerman ML. Metyltetrahydroftalsyra-anhydrid vid en 

elektronikkomponentfarbrik . Abstract 38. Nordic conference on Occupational Health, 

Norway, 1989.

Ernst P, Dales RE, Nunes F, Becklake MR. Relation of airway responsiveness to 

duration of work in a dusty environment. Thorax 1989;44:116-20.

Flaherty DK, Gross CJ, Winzenburger P, Compas MB, McGarity K, Tillman E. In 

vitro immunologic studies on a population of workers exposed to phthalic and 

tetrachlorophthalic anhydride. J Occup Med 1988;10:785-90.

Flindt ML. Pulmonary disease due to inhalation of derivatives of Bacillus subtilis 

containing proteolytic enzymes. Lancet 1969;1:1177-81.

Flood DES, Blofeld RE, Bruce CF, Hewitt JI, Juniper CP, Roberts DM. Lung 

function, atopy, specific hypersensitivity, and smoking of workers in the enzyme 

detergent industry over 11 years. Br J  Ind Med 1985;42:43-50.

181



Friedhoff LR, Meyers DA, Marsh DG. A genetic epidemiologic study of human 

immune responsiveness to allergens in an industruial population. II The associations 

among skin sensitivity, total serum IgE, age and sex in a stratified random sample. J 

Allergy Clin Immunol 1984;73:490-9.

Friedhoff LR, Ehrlich-Kautzky E, Meyers DA, Ansari AA, Bias WB, Marsh DG,. 

Association of HLA-DR with human immune responsiveness to Loi p  I and Loi p  II 

allergens in allergic subjects. Tissue Antigens 1988;31:211-9.

Gaddie J, Legge JS, Friend JAR, Reid THS. Pulmonary hypersensitivity in prawn 

workers. Lancet 1980;11:1350-3.

Gelber LE, Seltzer LH, Bouzoukis JK, Pollart SM, Chapman MD, Platts-Mills TAE. 

Sensitization and exposure to indoor allergens as risk factors for asthma amongst 

patients presenting to hospital. Am Rev Respir Dis 1993;147:573-8.

Gerrard JW, Rao DC, Morton NE. A genetic study of immunoglobulin E. Am J  Hum 

Genet 1978;30:46-58.

Gervaise P, Efthymiou ML, Hebert S, Diamant-Berger O. Diagnostic et 

physiopathologie de l’asthme dû à l’anhydride phthalique: intérêt du test de la 

transformation lymphoblastique. Eur J  Toxicol 1972;5:106-9.

Gleich GJ, Jacob GL, Yunginger JW, Henderson LL. Measurement of the absolute 

levels of IgE antibodies in patients with ragweed hay fever: effect of immunotherapy 

on seasonal changes and relationship to IgG antibodies. J Allergy Clin Immunol 

1977;60:188-98.

Grammer LC, Shaughnessy MA, Henderson J, Zeiss CR, Kavich DE, Collins MJ, 

Pecis KM, Kenamore BD. A clinical and immunologic study of workers with 

trimellitic-anhydride-induced immunologic lung disease after transfer to low exposure 

jobs. Am Rev RespirDis 1993;148:54-7.

182



Greenberg M, Milne JF, Watt A. Survey of workers exposed to dusts containing 

derivatives of Bacillus subtilis. BMJ 1970;11:629-70.

Grey HM, Sette A, Buus S. How T cells see antigen. Scientific American November 

1989;38-46.

Hanson B, McGue M, Roitman-Johnson B, Segal NL, Bouchard TJ Jr., Blumenthal 

MN. Atopic disease and immunoglobulin E in twins reared apart and together. Am J  

Human Genet 1991 ;48: 873-9.

Hasstedt SJ, Meyers DA, Marsh DG. Inheritance of immunoglobulin E: genetic 

model fitting. Am J Med Genet 1983;14:61-6

Health and Safety Executive UK. The control of substances hazardous to health 

regulations 1988, Approved code of practice. HMSO, London, 1990.

Health and Safety Executive UK. EH40/92. Occupational exposure limits. HMSO, 

London, 1992.

Hennekens CH, Buring JE. Epidemiology in medicine. Little, Brown and Co., 

Boston, 1987.

Higgins BG, Britton JR, Chinn S, Jones TD, Vathenen AS, Burney PGJ, Tattersfîeld 

AE. Comparison of histamine and methacholine for use in bronchial challenge tests 

in community studies. Thorax 1988;43:605-10.

Higgins BG, Britton JR, Chinn S, Jones TD, Jenkinson D, Burney PGJ, Tattersfîeld 

AE. The distribution of peak expiratory flow variability in a population sample. Am 

Rev Respir Dis 1989;140:1368-72.

183



Higgins BG, Britton JR, Chinn S, Lai KK, Burney PGJ, Tattersfîeld AE. Factors 

affecting peak expiratory flow variability and bronchial reactivity in a random 

population sample. Thorax 1993;48:899-905.

Holt PG. A potential vaccine strategy for asthma and allied atopic diseases during 

early childhood. Lancet 1994;334:456-8.

Hong CS, Park HS. Heterogeneity of IgE antibody response to reactive dye in sera 

from four different sensitised workers. Clin Exp Allergy 1992;22:606-10.

Hopp RJ, Bewtra AK, Nair NM, Townley RG. Specificity and sensitivity of 

methacholine inhalation challenge in normal and asthmatic children. J  Allergy Clin 

Immunol 1984;74:154-8.

Hopp RJ, Bewtra A, Nair NM, Townley RG. The effect of age on methacholine 

response. J  Allergy Clin Immunol 1985;76:609-13.

Hosmer DW, Lemeshow S. Applied logistic regression. John Wiley and Sons, New 

York, 1989.

Howe W, Venables KM, Topping MD, Dally MB, Hawkins R, Law JS, Newman 

Taylor AJ. Tetrachlorophthalic anhydride asthma: evidence for specific IgE 

antibody. J Allergy Clin Immunol 1983;71:5-11.

Huang SK, Zwollo P, Marsh DG. Class II MHC restriction of human T-cell 

responses to short ragweed allergen, Amb a V. Eur J  Immunol 1991 ;21:1469-73.

Ishi A, Takaoka M, Ichinoe M, Kabasawa Y, Ouchi T. Mite fauna and fungal flora 

in house dust from homes of asthmatic children. Allergy 1979;34:379-87.

184



Ishizaka K, Ishizaka T, Hornbrook MM. Physico-chemical properties of human 

reaginic antibody IV. Presence of a unique immunoglobulin as a carrier of reaginic 

activity. J Immunol 1966;97:75-85.

Iversen M, Pedersen B. Relation between respiratory symptoms, type of farming and 

lung function disorders in farmers. Thorax 1990;45:919-23.

Jarvinen KAJ, Pirila V, Bjorksten F, Keskinen H, Lentinen M, Stubb S.

Unsuitability of bakery work for a person with atopy: a study of 234 bakery workers. 

Ann Allergy 1979;42:192-5.

Johansson SCO, Bennich H, Wide L. A new class of immunoglobulin in human 

serum. Immunology 1968;14:265-72.

Johansson SGO, Bennich HH, Berg T. The clinical significance of IgE. Prog Clin 

Immunol 1972;1:1-25.

Jones RN, Rando RJ, Glindmeyer HW, Foster TA, Hughes JM, O’Neill CE, Weill 

H. Abnormal lung function in polyurethane foam producers. Weak relationship to 

toluene diisocyanate exposures. Am Rev Respir Dis 1992;146:871-7.

Josephs LK, Gregg I, Mullee MA, Holgate ST. Nonspecific bronchial reactivity and 

its relationship to the clinical expression of asthma. A longitudinal study. Am Rev 

RespirDis 1989;140:350-7.

Juniper CP, How MJ, Goodwin BFJ, Kinshott AK. Bacillus subtilis enzymes: a 7- 

year clinical, epidemiological and immunological study of an industrial allergen. J  

Soc Occup Med 1977;27:3-12.

Juniper EF, Frith PA, Hargreave FE. Airway responsiveness to histamine and 

methacholine: relationship to minimum treatment to control symptoms of asthma. 

Thorax 1981;36:575-9.

185



Kabiraj MU, Simonsson BG, Groth S, Bjorklund A, Biilow K, Lindell SE. Bronchial 

reactivity, smoking and al-antitrypsin. A population based study of middle aged men. 

Am Rev Respir Dis 1982;126:864-9.

Kauffmann F, Annesi I, Enarson DA. Tobacco smoke and bronchial responsiveness. 

In: Hirsch A, Goldberg M, Martin J-P, Masse R (eds). Prevention of respiratory 

diseases. Lenfant C (ed). Lung biology in health and disease. Marcel Dekker Inc., 

New York, 1993. pp463-96.

Kennedy SM, Burrows B, Vedal S, Enarson E, Chan-Yeung M. Methacholine 

responsiveness among working populations. Am Rev RespirDis 1990;142:1377-83.

Kern RA. Asthma and allergic rhinitis due to sensitisation to phthalic anhydride: 

report of a case. J Allergy 1939;10:164-5.

Kibby T, Powell G, Cromer J. Allergy to laboratory animals: a prospective and cross 

sectional study. J  Occup Med 1989;31:842-6.

Kirkwood BR. Essentials of medical statistics. Blackwell Scientific Publications, 

Oxford, 1988.

Kongerud J, Soyseth V. Methacholine responsiveness, respiratory symptoms and 

pulmonary function in aluminium potroom workers. Eur Respir J  1991;4:159-66.

Korsgaard J. Mite asthma and residency. A case-control study on the impact of 

exposure to house dust mites in dwellings. Am Rev RespirDis 1983;128:231-5.

Krishnamoorthy R. HLA class II haplotypes in aspirin sensitive asthma. In: Marsh 

DG, Lockhart A, Holgate ST (eds). The genetics of asthma. Blackwell Scientific 

Publications, Oxford, 1993. pp225-34.

186



Kutin J, Abramson M, Czarny D, Walters EH. Does non-response bias inflate 

estimates of asthma prevalence? Eur Respir J  1993;6:486s.

Lam S, Wong R, Yeung M. Nonspecific bronchial reactivity in occupational asthma. 

J  Allergy Clin Immunol 1979;63:28-34.

Lau S, Falkenhorst G, Weber A, Werthman I, Lind P, Buettner-Goetz P, Wahn U. 

High mite-allergen exposure increases the risk of sensitisation in atopic children and 

young adults. J Allergy Clin Immunol 1989;84:718-25.

Laupacis A, Sackett DL, Roberts RS. An assessment of clinically useful measures of 

the consequences of treatment. N EnglJ Med 1988;318:1728-1733.

Lee HS, Wang YT, Cheong TH, Tan KT, Ghee BE, Narendan K. Occupational 

asthma due to maleic anhydride. Br J Ind Med 1991;48:283-5.

Liss GM, Bernstein D, Genesove L, Roos JO, Lim J. Assessment of risk factors for 

IgE mediated sensitisation to tetrachlorophthalic anhydride. J Allergy Clin Immunol 

1993;92:237-47.

Lozewicz S, Assoufi BK, Hawkins R, Newman Taylor AJ. Outcome of asthma 

induced by isocyanates. Br J Dis Chest 1987;81:14-22.

Lutsky II, Baum GL, Teichtahl H, Mazar A, Aizer F, Bar-Sela S. Respiratory 

disease in animal house workers. Eur J Respir Dis 1986;69:29-35.

Lympany P, Welsh K, MacCochrane G, Kemeny DM, Lee TH. Genetic analysis 

using DNA polymorphism of the linkage between chromosome llq l3  and atopy and 

bronchial hyperresponsiveness to methacholine. J Allergy Clin Immunol 1992;89:619- 

28.

187



Lympany P, Welsh Kl, Christie PE, Schmitz-Schumann M, Kemeny M, Lee TH. An 

analysis with sequence-specific oligonucleotide probes of the association between 

aspirin induced asthma and antigens of the HLA system. J  Allergy Clin Immunol 

1993;92:114-23.

Maccia CA, Bernstein IL, Emmett EA, Brooks SM. In vitro demonstration of 

specific IgE in phthalic anhydride hypersensitivity. Am Rev RespirDis 1976;113:701- 

4.

Malo J-L, Cartier A, Ghezzo H, LaFrance M, McCants M, Lehrer SB. Patterns of 

improvement in spirometry, bronchial hyperresponsiveness, and specific IgE antibody 

levels after cessation of exposure in occupational asthma caused by snow crab 

processing. Am Rev Respir Dis 1988;138:807-12.

Mapp CE, Corona PC, de Marzo N, Fabbri L. Persistent asthma due to isocyanates. 

Am Rev Respir Dis 1988; 137:1326-9.

Marsh DG, Bias WB, Ishizaka K. Genetic control of basal serum immunoglobulin E 

level and its effect on specific reaginic sensitivity. Proc Nat Acad Soi 1974;71;3588- 

92.

Marsh DG, Hsu SH, Roebber M, Ehrlich-Kautzky E, Friedhoff LR, Meyers DA, 

Pollard MK, Bias WB. HLA-Dw2: a genetic marker for human immune response to 

short ragweed pollen allergen Ra5.1 Response resulting principally from natural 

antigenic exposure /  Exp Med 1982;155:1439-51.

Marsh DG, Meyers DA, Friedhoff LR, Ehrlich-Kautzky E, Bias WB, Roebber M. 

Immune responsiveness to Ambrosia artemisiifolia (short ragweed) pollen allergen 

Amb a VI (Ra6) is associated with HLA-DR5 in allergic humans. Immunogenetics 

1987;26:230-6.

188



Marsh DG, Blumenthal MN, Ishikawa T, Ruffilli A, Sparholt S, Friedhoff L. HLA 

and specific immune responsiveness to allergens. In: Tsuji K, Aizawa M, Takehiko S, 

(eds), HLA 1991. Oxford University Press, Yokohama, Japan, 1991. pp765-71.

Marsh DG, Neely JD, Breazeale DR, Ghosh B, Friedhoff LR, Ehrlich-Kautzky E, 

Schou C, Krishnaswamy G, Beatty TH. Linkage analysis of llA  and other 

chromosome 5q31.1 markers and total serum immunoglobulin E concentrations. 

Science 1994;264:1152-6.

Marsh SGE, Bodmer JE. HLA-DR and -DQ epitopes and monoclonal antibody 

specificity. Immunol Today 1989;9:305-12.

McDevitt HO, Tyan ML. Genetic control of the antibody response in inbred mice: 

transfer of response by spleen cells and linkage to the major histocompatibility (H2) 

locus. J Exp Med 1968;128:1-11.

McDevitt HO, Chinitz A. Genetic control of the antibody response: relationship 

between immune response and histocompatibility (H-2) type. Science 1969; 163:1207- 

8 .

McGrath KG, Roach D, Zeiss R, Patterson R. Four-year evaluation of workers 

exposed to trimellitic anhydride: a brief report. J Occup Med 1984;26:671-5.

Medawar PB. Immunity to homologous grafted skin. II. The relationship between 

the antigens of blood and skin. Br J Exp Pathol 1946;27:15-24.

Medical Research Council committee on research into chronic bronchitis: 

Questionnaire on respiratory symptoms. MRC Publications group, London, 1986.

Merget R, Schultze-Werninghaus G, Muthorst T, Friedrich W, Meier-Sydow J. 

Asthma due to complex salts of platinum - a cross-sectional survey of workers in a 

platinum refinery. Clin Allergy 1988;18:569-80.

189



Meyers DA, Bias WB, Marsh DG. A genetic study of total IgE levels in the Amish. 

Hum Hered 1982;32:15-23.

Meyers DA, Beatty TH, Friedhoff LR, Marsh DG. Inheritance of total serum IgE 

(basal levels) in man. Am J Hum Genet 1987;41:51-62.

Mitchell C, Gandevia B. Respiratory symptoms and skin reactivity in workers 

exposed to proteolytic enzymes in the detergent industry. Am Rev Respir Dis 

1971;104:1-12.

Moller DR, Gallagher JS, Bernstein DI, Wilcox TG, Burroughs HE, Bernstein IL. 

Detection of IgE mediated respiratory sensitisation in workers exposed to 

hexahydrophthalic anhydride. J Allergy Clin Immunol 1985;75:663-72.

Mossman TR, Cherwinski H, Bond MW, Giedlin MA, Coffman RL. Two types of 

murine helper T cell clone. I. Definition according to profiles of lymphokine activities 

and secreted proteins. J Immunol 1986;136:2348-57.

Mullarkey ME, Thomas PS, Jansen JA, Webb DR, Nisperos B. Association of 

aspirin sensitive asthma with HLA-DQw2. Am Rev Respir Dis 1986;133:261-3.

Musk AW, Venables KM, Crook B, Nunn AJ, Hawkins R, Crook GDW, Graneek 

BJ, Tee RD, Farrer N, Johnson DA, Gordon DJ, Darbyshire JH, Newman Taylor 

AJ. Respiratory symptoms, lung function, and sensitisation to flour in a British 

bakery. Br J  Ind Med 1989;46:636-42.

Nadel JA, Comroe JH Jr. Acute effects of cigarette smoke on airway conductance. J  

Appl Physiol 1961;16:713-6.

Neukirch F, Liard R, Segala C, Korobaeff M, Henry C, Cooreman J. Peak 

expiratory flow variability and bronchial responsiveness to methacholine: an 

epidemiological study in 117 workers. Am Rev Respir Dis 1992;146:71-5.

190



Newhouse ML, Tagg B, Pocock SJ, McEwan AC. An epidemiological study of 

workers using enzyme washing powders. Lancet 1970;1:689-93.

Newill CA, Prenger VL, Fish JE, Evans R III, Diamond EL, Wei Q, Eggleston PA. 

Risk factors for increased airway responsiveness to methacholine challenge among 

laboratory animal workers. Am Rev RespirDis. 1992;146:1494-500.

Nielsen J, Welinder H, Schütz A, Skerfving S. Specific serum antibodies against 

phthalic anhydride in occupationally exposed subjects. J  Allergy Clin Immunol 

1988;82:126-33.

Nielsen J, Welinder H, Horstmann V, Skerfving S. Allergy to 

methyltetrahydrophthalic anhydride in epoxy resin workers. Br J  Ind Med 

1992;49:769-75.

Nielsen J, Welinder H, Bensryd I, Andersson P, Skerfving S. Symptoms and 

immunological markers induced by exposure to methyltetrahydrophthalic anhydride. 

Acid anhydride induced nasal reactions. Allergy 1994a;49:281-6.

Nielsen J, Welinder H, Ottoson H, Bensryd I, Venge P, Skerfving S. Nasal 

challenge shows pathogenetic relevance of specific IgE serum antibodies for nasal 

symptoms caused by hexahydrophthalic anhydride. Clin Exp Allergy 1994b;24:440-9.

O'Connor GT, Sparrow D, Segal MR, Weiss ST. Smoking, atopy and methacholine 

airway responsiveness among middle aged and elderly men. Am Rev Respir Dis 

1989;140:1520-6.

O’Hehir RE, Garman RD, Greenstein JL, Lamb JR. The specificity and regulation of 

T-cell responsiveness to allergens. Ann Rev Immunol 1991;9:67-95.

Ohta T, Ogawa T Aoyama H, Hara I. A study on the health status and working 

conditions of phthalic anhydride workers. Jap J Ind Health 1979;21:61-7.

191



Orie NGM, Sluiter HJ, de Vries K, Tammeling GJ, Witkop J. The host factor in 

bronchitis. In: Orie NGM, Sluiter HJ, (eds). Bronchitis. Assen, Van Gorcum, The 

Netherlands, 1961. pp43-59.

Paggiaro PL, Loi AM, Rossi O, Ferrante B, Pardi F, Roselli MG, Baschieri L. 

Follow up study of patients with respiratory disease due to toluene diisocyanate 

(TDI). Clin Allergy 1984;14:463-9.

Paggiaro PL, Vagaggini B, Bacci E, Bancalari L, Carrara M, Di Franco A, Giannini 

D, Dente FL, Giuntini C. Prognosis of occupational asthma. Eur Respir J  

1994;7:761-7.

Park HS, Lee MK, Kim BO, Lee KJ, Roh JH, Moon YH, Hong C-S. Clinical and 

immunologic evaluations of reactive-dye exposed workers. J  Allergy Clin Immunol 

1991;87:639-49.

Pattemore PK, Asher MI, Harrison AC, Mitchell EA, Rea HH, Stewart AW. The 

interrelationship among bronchial hyperresponsiveness, the diagnosis of asthma, and 

asthma symptoms. Am Rev Respir Dis 1990;142:549-54.

Patterson R, Zeiss CR, Roberts M, Pruzansky JJ, Wolkonsky P, Chacon R. Human 

antihapten antibodies in trimellitic anhydride inhalation reactions. Immunoglobulin 

classes of anti-trimellitic anhydride antibodies and hapten inhibition studies. J  Clin 

Invest 1978;62:971-8.

Patterson R, Roberts M, Zeiss CR, Pruzansky JJ. Human antibodies against 

trimellityl proteins: comparisons of specificities of IgG, IgA and IgE classes. Int Arch 

Allergy Appl Immunol 1981;66:332-40.

Peat JK, BrittonWJ, Salome CM, Woolcock AJ. Bronchial hyperresponsiveness in 

two populations of Australian schoolchildren. Ill Effect of exposure to environmental 

allergens. Clin Allergy 1987;17:297-300.

192



Peat JK, Salome CM, Bauman A, Toelle BG, Wachinger SL, Woolcock AJ. 

Repeatability of histamine bronchial challenge and comparability with methacholine 

bronchial challenge in a population of Australian schoolchildren. Am Rev Respir Dis 

1991;144:338-43.

Pepys J, Hargreave FE, Longbottom JL, Faux J. Allergic reactions of the lungs to 

the enzymes of Bacillus subtilis. Lancet 1969;1:1181-4.

Pepys J. Skin tests in diagnosis. In: Gell PGH, Coombs RRA, Lachman PJ (eds). 

Clinical aspects of immunology. Blackwell Scientific Publications, Oxford, UK, 1975

Pisati G, Baruffmi A, Zedda S. Toluene diisocyanate induced asthma: outcome 

according to persistence or cessation of exposure. Br J  Ind Med 1993;50:60-4.

Platts-Mills TAE, Tovey ER, Mitchell EB, Moszoro H, Nock P, Wilkins SR. 

Reduction in bronchial hyperreactivity with prolonged allergen avoidance. Lancet 

1982;11:675-8.

Postma DS, Bleeker ER, Amelung PJ, Holroyd KJ, Xu J, Panhuysen CIM, Meyers 

DA, Levitt RC. Genetic susceptibility to asthma - bronchial hyperresponsiveness 

coinherited with a major gene for atopy. N  EnglJ Med 1995;333:894-900.

Prichard MG, Ryan G, Walsh BJ, Musk AW. Wheat flour sensitisation and airways 

disease in urban bakers. Br J  Ind Med 1984;41:450-4

Prichard MG, Ryan G, Walsh BJ, Musk AW. Skin test and RAST responses to 

wheat and common allergens and respiratory disease in bakers. Clin Allergy 

1985;15:203-10.

Rao DC, Lalouel JM, Morton NE, Gerrard JW. Immunoglobulin E revisited. Am J  

Hum Genet 1980;32:620-5.

193



Richeldi L, Sorrentino R, Saltini C. HLA-DPBl glutamate 69: A genetic marker of 

beryllium disease. Science 1993;262:242-4.

Ridgway P, Morris L, Smith AD, Cocker J, Nicholls S, Hampton J, Ogunbiye A. 

Criteria document for an occupational exposure limit: phthalic anhydride, trimellitic 

anhydride, maleic anhydride. Health and Safety Executive, UK, 1995.

Rijcken B, Schouten JP, Mensinga TT, Weiss ST, De Vries K, van der Lende R. 

Factors associated with bronchial hyperresponsiveness to histamine in a population 

sample of adults. Am Rev RespirDis 1993;147:1447-53.

Romagnani S. Regulation of human IgE synthesis and its deregulation in atopic 

subjects. In: Marsh DG, Lockhart A, Holgate ST (eds). The genetics of asthma. 

Blackwell Scientific Publications, Oxford, UK. 1993. pp163-73.

Rose G, Day S. The population mean predicts the number of deviant individuals. 

B M /1990;301:1031-4.

Rosenberg N, Garnier R, Rousselin X, Mertz R, Gervais P. Clinical and socio

professional fate of isocyanate-induced asthma. Clin Allergy 1987:17:55-61.

Sackett DL, Haynes RB, Guyatt GH, Tugwell P. Clinical Epidemiology: A basic 

science for clinical medicine. Little, Brown and Co., London, UK. 1991.

Saetta M, Maestrelli P, Di Stefano A, De Marzo N, Milani GF, Pivirotto F, Mapp 

CE, Fabbri LM. Effect of cessation of exposure to toluene diisocyanate on bronchial 

mucosa of subjects with TDI-induced asthma. Am Rev RespirDis 1992;145:169-74.

Sale SR, Roach DE, Zeiss CR, Patterson R. Clinical and immunologic correlations 

in trimellitic anhydride airway syndromes. J  Allergy Clin Immunol 1981;68:188-93.

194



Salome CM, Peat JK, Britton WJ, Woolcock AJ. Bronchial hyperresponsiveness in 

two populations of Australian schoolchildren. I. Relation to respiratory symptoms and 

diagnosed asthma. Clin Allergy 1987;17:271-81.

Sandford AJ, Shirakawa T, Moffatt MF, Daniels SE, Ra C, Faux JA, Young RP, 

Nakamura Y, Lathrop GM, Cookson WOCM, Hopkin JM. Localisation of atopy and 

B subunit of high-affmity IgE receptor (FceRI) on chromosome llq . Lancet 

1993;341:332-4.

Schiebel IF. Hereditary differences in the capacity of guinea-pigs for the production 

of diphtheria anti-toxin. Acta Pathol Microbiol Scand 1943;20:464-84.

Schilling RSF. Byssinosis in cotton and other textile workers. Lancet 1956;11:261-5 

and 319-25.

Schlesselman JJ. Case-control studies. Design, conduct, analysis. In: Lillienfield AM 

(ed). Monographs in epidemiology and biostatistics. Oxford University Press, New 

York, 1982.

Schlueter DP, Banaszak EF, Fink JN, Barboriak J. Occupational asthma due to 

tetrachlorophthalic anhydride. J Occup Med 1978;20:183-8.

Schwartz RH. T lymphocyte recognition of antigen in association with gene products 

of the major histocompatibility complex. Ann Rev Immunol 1985;3:237-61.

Sears MR, Herbison OP, Hodaway MD, Hewitt CJ, Flannery EM, Silva PA. The 

relative risks of sensitivity to grass pollen, house dust mite and cat dander in the 

development of childhood asthma. Clin Exp Allergy 1989;19:419-24.

Silverstein AM. A history of immunology. Academic Press, San Diego, USA, 1989.

195



Slovak AJM, Hill RN. Does atopy have any predictive value for laboratory animal 

allergy? A comparison of different concepts of atopy. Br J Ind Med 1987;44:129-32.

Smith JM, Disney ME, Williams JD, Goels ZA. Clinical significance of skin 

reactions to mite extracts in children with asthma. BMJ 1969;2:723-6.

Smith TF, Kelly LB, Heymann PW, Wilkins SR, Platts-Mills TAB. Natural exposure 

and serum antibodies to house dust mite of mite allergic children with asthma in 

Atlanta. J  Allergy Clin Immunol 1985;77:782-8.

Snell GD. Methods for the study of histocompatibility genes. J  Genet 1948;49:87-97.

Sporik R, Holgate ST, Platts-Mills TAE, Cogswell JJ. Exposure to house dust mite 

allergen (der p  I) and the development of asthma in childhood: A prospective study. N  

Engl J  Med 1990;323:502-7.

Sporik R, Chapman MD, Platts Mills TAE. House dust mite exposure as a cause of 

asthma. Clin Exp Allergy 1992;22:897-906.

Stewart PA, Blair A, Dosemeci M, Gomez M. Collection of exposure data for 

retrospective occupational epidemiologic studies. Appl Occup Environ Hyg 

1991;6:280-9.

Sunyer J, Anto J, Sabrià J, Rodrigo MJ, Roca J, Morell F, Rodriguez-Roisin R, 

Codina R. Risk factors of soybean epidemic asthma. The role of smoking and atopy. 

Am Rev Respir Dis 1992; 145:1098-1102.

Tautz C, Rihs H-P, Thiele A, Zwollo P, Friedhoff LR, Marsh DG, Baur X. 

Association of class II sequences encoding DRl and DQ5 specificities with 

hypersensitivity to chironomid allergen Chi 11. J  Allergy Clin Immunol 1994;93:918- 

25.

196



Taylor RG, Joyce H, Gross E, Holland F, Pride NB. Bronchial reactivity to inhaled 

histamine and annual rate of decline in FEVi in male smokers and ex-smokers.

Thorax 1985;40:9-16.

Topping MD, Venables KM, Luczynska CM, Howe W, Newman-Taylor AJ. 

Specificity of the human IgE response to inhaled acid anhydrides. J  Allergy Clin 

Immunol 1986;77:834-42.

Tovey ER, Chapman MD, Wells CW, Platts-Mills TAE. Mite faeces are a major 

source of dust mite allergen. Nature 1981;289:592-3.

Townley RG, Bewtra A, Wilson AF, Hopp RJ, Elston RC, Nair N, Watt GD. 

Segregation analysis of bronchial response to methacholine inhalation challenge in 

families with and without asthma. J Allergy Clin Immunol 1986;77:101-7.

Trigg CJ, Bennett JB, Tooley M, Sibbald B, D'Souza ME, Davies RJ. A general 

practice based survey of bronchial responsiveness and its relation to symptoms, sex, 

age, atopy and smoking. Thorax 1990;45:866-72.

Turner GPA. Introduction to paint chemistry and principles of paint technology (3rd 

ed.). Chapman and Hall, London, UK, 1988.

Turner KJ, Stewart GA, Woolcock AJ, Green W, Alpers MP. Relationship between 

mite densities and the prevalence of asthma: comparative studies in two populations in 

the eastern highlands of Papua New Guinea. Clin Allergy 1988;18:331-40.

van der Lende R, Visser BE, Wever-Hess J, De Vries K, Orie NGM. Distribution of 

histamine threshold values in a random population. Rev Inst Hyg Mines 1973;28:186- 

90.

197



van Herwerden L, Harrap SB, Wong ZYH, Abramson MJ, Kutin JZ, Forbes AB, 

Raven J, Lanigan A, Haydn Walters E. Linkage of high affinity IgE receptor gene 

with bronchial hyperreactivity, even in absence of atopy. Lancet 1995;346:1262-5.

Venables KM. Low molecular weight chemicals, hypersensitivity, and direct 

toxicity: the acid anhydrides. Br J  Ind Med 1989a;46:222-32.

Venables KM, Newman Taylor AJ. Exposure-response relationships in asthma 

caused by tetrachlorophthalic anhydride. J  Allergy Clin Immunol 1990;85:55-8.

Venables KM, Topping MD, Howe W, Luczynska CM, Hawkins R, Newman Taylor 

AJ. Interaction of smoking and atopy in producing specific IgE antibody against a 

hapten protein conjugate. BMJ 1985;290:201-4.

Venables KM, Sharp L, Atkinson S, Gordon DJ, Forster H, Graneek BJ, Darbyshire 

JH, Tee RD, Topping M, Newman Taylor AJ. Symptoms and immunological 

responses in British workers exposed to acid anhydrides. Internal report, Department 

of Occupational and Environmental Medicine, Brompton Hospital, 1986.

Venables KM, Topping MD, Nunn AJ, Howe W, Newman Taylor AJ. Immunologic 

and functional consequences of chemical (TCPA) induced asthma after four years of 

avoidance of exposure. J  Allergy Clin Immunol 1987;80:212-8.

Venables KM, Tee RD, Hawkins ER, Gordon DJ, Wale CJ, Farrer NM, Lam TH, 

Baxter PJ, Newman Taylor AJ. Laboratory animal allergy in a pharmaceutical 

company. Br J  Ind Med 1988a;45:660-6.

Venables KM, Upton JL, Hawkins ER, Tee RD, Longbottom JL, Newman Taylor 

AJ. Smoking, atopy and laboratory animal allergy Br J  Ind Med 1988b;45:667-71.

198



Venables KM, Dally MB, Nunn AJ, Stevens JF, Stephens R, Farrer N, Hunter JV, 

Stewart M, Hughes EG, Newman Taylor AJ. Smoking and occupational allergy in 

workers in a platinum refinery. BMJ 1989b;299:939-42.

Venables KM, Davidson AG, Newman Taylor AJ. Consequences of occupational 

asthma. Respir Med 1989c:83:437-40.

Venables KM, Farrer N, Sharp L, Graneek BJ, Newman Taylor AJ. Respiratory 

symptoms questionnaire for asthma epidemiology: validity and reproducibility. 

Thorax 1993;48:214-9.

Vervloet D, Penaud A, Razzouk H, Senft M, Arnaud A, Boutin Charpin J. Altitude 

and house dust mites. J  Allergy Clin Immunol 1982;69:290-6.

Voorhorst R, Spieksma F Th M, Varekamp H, Leupen MJ, Lyklema AW. The 

house dust mite (Dermatophagoidespteronyssinus) and the allergens it produces. 

Identity with the house dust allergen. J Allergy 1967;39:325-339.

Weiss S, Robb GF, Ellis LB. The systemic effects of histamine in man with special 

reference to the responses of the cardiovascular system. Arch Intern Med 

1932;49:360-96.

Welinder H. Occupational airways hypersensitivity to some small organic molecules. 

Exposure, response, pathomechanism. [MD Thesis], Lund University, 1991a.

Welinder H, Nielsen J. Immunologic tests of specific antibodies to organic 

anhydrides. Allergy 1991b;46:601-9

Welinder H, Nielsen J, Gustavsson C, Bensryd I. Specific antibodies to 

methyltetrahydrophthalic anhydride in exposed workers. Clin Exp Allergy 

1990;20:639-45.

199



Welty C, Weiss ST, Tager IB, Munoz A, Becker C, Speizer FE, Ingram RH. The 

relationship of airways hyperresponsiveness to cold air, cigarette smoking and atopy 

to respiratory symptoms and pulmonary function in adults. Am Rev RespirDis 

1984;130:198-203.

Wernfors M, Nielsen J, Schütz A, Skerfving S. Phthalic anhydride-induced 

occupational asthma. Int Arch Allergy Appl Immunol 1986:79:77-82.

Woolcock AJ, Green W, Alpers MP. Asthma in a rural highland area of Papua New 

Guinea. Am Rev Respir Dis 1981;123:565-7.

Woolcock AJ, Dowse GK, Temple K, Stanley H, Alpers MP, Turner KJ. The 

prevalence of asthma in the South Fore people of Papua New Guinea. A method for 

field studies of bronchial reactivity. Eur J  Respir Dis 1983 ;64:571-

Woolcock AJ, Salome CM, Yan K. The shape of the dose-response curve to 

histamine in asthmatic and normal subjects. Am Rev Respir Dis 1984;130:71-5.

Woolcock AJ, Peat JK, Salome CM, Yan K, Anderson SD, Schoeffel RE, 

McGowage G, Killalea T. Prevalence of bronchial hyperresponsiveness in a rural 

adult population. Thorax 1987;42:361-8.

Wordsworth BP, Allsop CEM, Young RP, Bell JI. HLA-DR typing using DNA 

amplification by the polymerase chain reaction and sequential hybridisation to 

sequence specific oligonucleotide probes. Immunogenetics 1990;32:413-8.

Yan K, Salome C, Woolcock AJ. Rapid method for the measurement of bronchial 

responsiveness. Thorax 1983;38:760-5.

Young RP, Hart BJ, Merrett TG Read AF, Hopkin JM. House dust mite sensitivity: 

interaction of genetics and allergen dosage. Clin Exp Allergy 1992;22:205-11.

2 0 0



Young RP, Sharp PA, Lynch JR, Faux JA, Lathrop M, Cookson WOCM and Hopkin 

JM, Confirmation of genetic linkage between atopic responses and chromosome 

llq l3 . JMed Genet 1992;29:236-8.

Young RP, Dekker JW, Wordsworth BP, Schou C, Pile KD, Matthiesen F,

Rosenberg WMC, Bell JI, Hopkin JM, Cookson WOCM. HLA-DR and HLA-DP 

genotypes and immunoglobulin E responses to common major allergens. Clin Exp 

Allergy 1994;24:431-9.

Zeiss CR, Patterson R, Pruzansky JJ, Miller MM, Rosenberg M, Levitz D.

Trimellitic anhydride-induced airway syndromes: Clinical and immunologic studies. J  

Allergy Clin Immunol 1977;60:96-103.

Zeiss CR, Levitz D, Chacon R, Wolkonsky P, Patterson R, Pruzansky JJ.

Quantitation and new antigenic determinant (NAD) specificity of antibodies induced 

by inhalation of trimellitic anhydride in man. Int Arch Allergy Appl Immunol 

1980;61:380-8.

Zeiss CR, Wolkonsky P, Chacon, Tuntland PA, Levitz D, Prunzansky JJ, Patterson 

R. Syndromes in workers exposed to trimellitic anhydride - a longitudinal clinical 

and immunologic study. Ann Intern Med 1983;98:8-12.

Zeiss CR, Mitchell JH, van Peenen PFD, Kavich D, Collins MJ, Grammer L, 

Shaughnessy M, Levitz D, Henderson J, Patterson R. A clinical and immunologic 

study of employees in a facility manufacturing trimellitic anhydride. Allergy Proa 

1992;13:193-8.

Zetterstrom O, Nordvall SL, Bjôrkstén B, Ahlstedt S, Stelander S. Another smoking 

hazard: raised serum IgE concentration and increased risk of occupational allergy. 

5M7 1981;283:1215-7.

2 0 1



BROMPTON HOSPITAL HEALTH SURVEY (APPENDIX I )

HEALTH QUESTIONNAIRE
for workers from ........

SITE NO VISIT

DATE

We are enrolling people into a survey of the health effects of acid 
anhydrides such as "phthalic, PA, MA, TMA, HHPA, MHHPA etc."

The doctors and researchers undertaking this survey are based in the 
Department of Occupational and Environmental Medicine, at the National 
jHeart and Lung Institute, Emmanuel Kaye Building, Manresa Road, London 
SW3 6LR.

Your results will be confidential between you and the survey team. If 
you have any problems with this questionnaire please contact us when we 
visit your worksite, or phone 071-351 8328 and ask to speak to Dr 
Richard Barker.

Please complete the questionnaire by filling in your answers to the 
questions on the dotted lines ...............  or by ticking

the boxes □
Please remember to bring this questionnaire with you when you come to 
see us.
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SURNAME ....................................

FIRST NAMES ....................................

DATE OF BIRTH Day   Month   Year

SEX Male '— ' Female

We might need to write to you confidentially about your results, or 
you might ask us to write confidentially to a doctor of your choice 
about your results. Please could we have your address, the name and 
address of your own general practitioner (GP), and your National 
Health Number (you will find this on your Medical Card).

Your address (where post will reach you in the next few months)

Your telephone number ...........

Your general practitioners name .. 

Your general practitioners address

Your National Health number (if 
possible)......................
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YOUR CURRENT HEALTH

COUGH

1 Do you usually cough first thing
in the morning in the winter? YES I— * NO□  MO □

□ MO □2 Do you usually cough during the
day - or at night - in the winter? YES I— I NO

IF YES TO 1 OR 2

Do you cough like this on most ,— , ,— ,
days for as much as three months YES '— ' NO '— '

each year?

PHLEGM

Do you usually bring up any phlegm i— , ,— ,
from your chest first thing in the YES '— ' NO I— I
morning in the winter?

Do you usually bring up any phlegm ,— i i— ,
from your chest during the day YES I— ' NO '— '

-  or at night - in the winter?

IF YES TO 4 OR 5

Do you bring up phlegm like this i— , ,— ,
on most days for as much as three YES '— ' NO '— '
months each year?
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YOUR CURRENT HEALTH DURING THE LAST FOUR WEEKS

7 If you runy or climb stairs fast do you ever.... 

cough? YES I—3 NO

wheeze? YES NO I— ]

get tight in the chest? YES C] NO C]

8 Is your sleep ever broken by....

wheeze? YES —̂ I NO I— I

difficulty with breathing? YES NO

9 Do you ever find you wake up in the morning (or from your 
sleep if a shift worker) with....

O  NO O

difficulty with breathing? YES NO

wheeze? YES '— ' NO

czi TVTo n

10 Do you ever wheeze....

if you are in a smoky room? YES NO

if you are in a very dusty place? YES I— -I NO
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MEDICATION

11 Do you take any medication for i— , ,— ,
your chest or breathing (from a YES *— ' NO '— '

doctor or the chemist)?
IF YES
What is this medication and how much do you take?

IF NO

12 Have you ever taken any medication ,— , i— ,
for your chest or breathing (from a YES ^ ' NO '— '

doctor or the chemist)?

IF YES

What was this medication and when did you last take it?

13 What other medication are you taking at the moment or have 
you taken during the last 3 months?
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Have you ever had, or been told that you have had ,
14 An injury or operation 

affecting your chest? YES □ NO □

15 Heart trouble? YES □ NO □

16 Bronchitis? YES □ NO □

17 Pneumonia? YES □ NO □

18 Pleurisy? YES □ NO □

19 Pulmonary tuberculosis (TB) ? YES □ NO □

20 Asthma or wheezey bronchitis? YES □ NO □

21 Other chest trouble? YES □ NO □

22 Have you ever had any other serious illness or operation 
you feel we should know about?

YOUR HEALTH BEFORE WORKING AT Company x:

23 Did your chest ever feel tight ,— , ,— ,
or your breathing become difficult? YES •— * NO I— '

24 Did your chest ever sound ,— , ,— ,
wheezing or whistling? YES '— ' NO '— '

25 Was your nose ever blocked, ,— , ,— ,
itchy, runny or sneezing? (Do not YES '— ' NO '— '

count the times you were ill with
a cold or 'flu)

26 Were your eyes ever itchy or ,— , ,— ,
runny? (Do not count the times when YES '— ' NO '— '

you were ill with a cold or 'flu)
27 Did you ever have itchy bumps or a ,— , ,— ,

rash on your skin? (Do not count insect YES '— ' NO I— '

bites or stings)
2 8 Did you have repeated^ flu-like symptoms? I— |

(aching joints, headaches, sweats or YES I— I NO
fever)

2 9 Did you ever cough up any blood from ,— , ,— ,
the chest? YES ■— ■ NO •— '

 ̂This means more than about once every two months.
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YOUR HEALTH WHILE WORKING AT Company x:

3 0 Does/did your chest ever feel tight ,— i ,— ,
or your breathing become difficult? YES '— * NO '— '

31 Does/did your chest ever sound ,— , ,— ,
wheezing or whistling? YES I— ' NO I— '

32 Is/was your nose ever blocked, ,— , ,— ,
itchy, runny or sneezing? (Do not YES '— ' NO I— I
count the times you were ill with
a cold or 'flu)

3 3 Are/were your eyes ever itchy or ,— , ,— ,
runny? (Do not count the times when YES I— ' NO '— I
you were ill with a cold or 'flu)

34 Do/did you ever have itchy bumps or a ,— , ,— ,
rash on your skin? (Do not count insect YES '— ' NO '— '

bites or stings)
3 5 Do/did you have repeated flu-like symptoms? ,— , ,— ,

(aching joints, headaches YES '— ' NO '— '
sweats, fever)

3 6 Do/did you ever cough up any blood ,— , ,— ,
from the chest? YES '— ' NO '— '

YOUR HEALTH SINCE LEAVING Company x:
(please answer this question if you have left the firm or are no
longer working in a department that uses acid anhydrides)
3 7 Does your chest ever feel tight ,— , ,— ,

or your breathing become difficult? YES '— ' NO •— '

3 8 Does your chest ever sound ,— , ,— i
wheezing or whistling? YES '— ' NO *— '

3 9 Is your nose ever blocked, ,— , ,— ,
itchy, runny or sneezing? (Do not YES '— ' NO '— '
count the times you were ill with 
a cold or 'flu)

4 0 Are your eyes ever itchy or i— , ,— ,
runny? (Do not count the times when YES '— ' NO '— *
you were ill with a cold or 'flu)

41 Do you ever have itchy bumps on ,— i ,— ,
your skin? (Do not count insect YES '— ' NO '— '
bites or stings)

42 Do you have repeated flu-like symptoms? ,— , ,— ,
(aching joints, headaches YES '— ' NO '— '
sweats, fever)

43 Do you ever cough up any blood? ,— , ,— ,
YES I— ' NO I— I
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YOUR FAMILY'S HEALTH (your blood relatives only)

44 Have any of your immediate family suffered with hayfever, 
asthma, eczema(dermatitis) or urticaria(hives)?

YES O  N O  O  DON'T KNOW O

Please use this space to tell us anything you feel is important 
about your health or your work.

THANK YOU FOR COMPLETING THIS QUESTIONNAIRE
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FOLLOW UP HEALTH QUESTIONNAIRE (APPENDIX II) 
TO BE ADMINISTERED BY DOCTOR RICHARD BARKER

For anyone with a positive resonse to a question after no 14.
Instructions :
Pages 1-5 Check for completeness and consistency
Question 14 If yes : What and when was it?...................

Question 15 If yes What and when was it?

Question 16 If yes How often did you wheeze, have chest tightness, or 
shortness of breath?..................... ......

Question 17 If yes When and how was it documented?

Question 18 If yes When and how was it documented?

Question 19 If yes When and how was it documented?

Question 20 If Yes: How old were you when it started..
Did you require regular treatment?
Did you still suffer with this condition when you 

started with (company X)?..........................................
Were there any identifiable factors that made your 

asthma worse?(say" for example cats, grass pollen or acid anhydrides")
Question 21 If Yes : What were they?

Question 22 Clarify the answer on the original sheet

Who was the subjects GP at the time of the illness? 
Address :.........................................
Which hospital was involved? 
Which Consultant...........

I authorise Dr Barker to scrutinise my medical notes to confirm my 
medical and smoking history.
Signed....................................................
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YOUR HEALTH BEFORE WORKING AT (company X):
Q23 or Q24 If yes: (chest tightness, wheeze etc.) Did you get this on
contact with....

Grass or hay
Housedust
Acid anhydride
Other chemicals
Other

IF YES to acid anhydrides, other chemicals or other, clarify the 
nature of the agent involved...................

YES □ NO □

YES □ NO □

YES □ NO □

YES □ NO □

YES □ NO □

Q25 If yes : (blocked nose) Did you get this on contact with.

026

Grass or hay YES □ NO □

Housedust YES □ NO □

Acid anhydride YES □ NO □

other chemicals YES □ NO □

Other
IF YES to acid anhydrides.

YES
other chemicals or

□
other.

NO □

clarify the nature of the agent involved .........

If yes : (itchy eyes) Did you get this on contact with..
Grass or hay YES □ NO □

Housedust YES □ NO □

Acid anhydride YES □ NO □

Other chemicals YES □ NO □

Other YES □ NO □
IF YES to acid anhydrides, other 
clarify the nature of the agent

chemicals or 
involved....

other. please
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If yes : (rash) Did you get this on contact with....
Grass or hay YES □ NO O
Housedust YES □ NO O
Acid anhydride YES □ NO O
Other Chemicals YES □ NO O
Other YES □ NO O
IF YES to acid anhydrides. other chemicals or other. please
clarify the nature of the agent involved.......

Q28 If yes: (flu) Did you get this on contact with....
Grass or hay YES □ NO □

Housedust YES □ NO □

Acid anhydride YES □ NO □

Other Chemicals YES □ NO □

Other YES □ NO □
IF YES to acid anhydrides, other chemicals or other, please 
clarify the nature of the agent involved.........

If yes : (cough blood) Did you get this on contact with..• •
Grass or hay YES u NO U
Housedust YES u NO u
Acid anhydride YES □ NO □

Other Chemicals YES u NO u
Other YES □ NO □
IF YES to acid anhydrides, other chemicals or other, please 
clarify the nature of the agent involved.........
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YOUR HEALTH WHILE WORKING AT (company X) :
30
31

Does/did your chest ever feel tight 
or your breathing become difficult? 
Does/did your chest ever sound 
wheezing or whistling?

YES
YES

If yes to either of these:
30a About when did you FIRST 

get this?
About when did you LAST 
get this?
What happens, or happened, 
to this at weekends?

3 0b 
30c

Month
Month

30d What happens, or happened, 
to this on holidays of a 
week or more?

30e

1 □ NO □

1 □ NO □

. Year

. Year

Better □

Same □

Worse □

Better □

Same □

Worse □

i □ NO □Have you changed your job,
or the way you do your job, YES
because of this?(ask whether exhaust ventilation was improved 
or whether respiratory protection was worn.)
IF YES
what happened?

Better
Same
Worse

□
□
□

and what change did you make? ........................

3Of Do, or did, you get this on contact with the following
chemicals?
PA (Phthalic anhydride) YES □ NO □

MA (Maleic anhydride) YES U NO □

TMA (Trimellitic anhydride) YES u NO □

TCPA(Tetrachlorophthalic anhydride) YES u NO □

HHPA(Hexahydrophthalic Anhydride) YES u NO u
MTHPA(Methytetrahydrophtha1ic anhydride) YES u NO u
Other chemical YES u NO u
If other chemical, please clarify the nature of 
involved..........................

the agent
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3 0g Do, or did, you get this on 
contact with anything else? 
IF YES

YES □ NO □

what?

30h Does or did the wheezing or chest tightness
occur immediately on exposure to the ,— i ,— ,
above chemical? YES '— ' NO '— '

(this question implies on each occasion the wheezing occured not 
just the first time)

30i Does or did the wheezing or chest tightness
begin after returning home at the end ,— i ,— ,
of the shift? YES '— ' NO I— I

30j Is or was it relieved within fifteen minutes of
moving away from exposure to the above ,— i ,— ,
chemical? YES ■— • NO I— I

30k How long did you work with this chemical before developing 
these symptoms? ,— ,

DAYS I— I
WEEKS O
MONTHS O
YEARS O

301 How would you describe its effect on your everyday life
- like work, travel, hobbies, sports, shopping, housework, 
decorating, DIY?
Tick one answer only - the nearest to what you feel..

- It hardly affects my life at all. O
- I've had to make a few small ,— ,
changes in how I live. I— I

- It often stops me doing some things ,— ,
I want to do. I— '

- I've had to make important ,— ,
changes in my life. I— I
please specify what changes ...............................
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YOUR HEALTH WHILE WORKING AT (company X):
32 Is/was your nose ever blocked, i— i ,— ,

itchy, runny or sneezing? (Do not YES '— ' NO '— '

count the times you were ill with 
a cold or 'flu)

32a About when did you FIRST Month..........  Year........
get this?

32b About when did you LAST Month   Year........
get this?

32c What happens, or happened, 
to this at weekends?

What happens, or happened, 
to this on holidays of a 
week or more?

Have you changed your job,
or the way you do your job, YES
because of this?(ask whether exhaust ventilation was improved 
or whether respiratory protection was worn)
IF YES
what happened?

Better

Better □

Same □

Worse □

Better □

Same □

Worse □
1 O  NO □

Same
Worse

□
□
□

and what change did you make?

32f Do, or did, you get this on contact with the following 
chemicals?
PA (Phthalic anhydride) YES □ NO □

MA (Maleic anhydride) YES □ NO □

TMA (Trimellitic anhydride) YES □ NO □

TCPA(Tetrachlorophthalic anhydride) YES □ NO □

HHPA(Hexahydrophthalic Anhydride) YES □ NO □

MTHPA(Methytetrahydrophtha1ic anhydride) YES □ NO □

Other chemical YES 
If other chemical, please clarify the nature of 
involved..........................

□
the

NO
agent

□

Do, or did, you get this on 
contact with anything else?
IF YES
what ? .................................

YES □ NO □
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YOUR HEALTH WHILE WORKING AT (company X)i
33 Are/were your eyes ever itchy or

runny? (Do not count the times when 
you were ill with a cold or 'flu)

33a About when did you FIRST Month
get this?

33b About when did you LAST Month
get this?

33c What happens, or happened, 
to this at weekends?

What happens, or happened, 
to this on holidays of a 
week or more?

Have you changed your job, 
or the way you do your job.

YES □ NO □
Year
Year

YES

Better □

Same O

Worse □

Better □

Same □

Worse □

! O  NO □
because of this?(ask whether exhaust ventilation was improved 
or whether respiratory protection was worn)
IF YES
what happened?

Better

and what change did you make?

Same
Worse

□
□
□

33f Do, or did, you get this on contact with the following 
chemicals?
PA (Phthalic anhydride) YES □ NO □

MA (Maleic anhydride) YES □ NO □

TMA (Trimellitic anhydride) YES □ NO □

TCPA(Tetrachlorophthalic anhydride) YES □ NO □

HHPA(Hexahydrophthalic Anhydride) YES □ NO □

MTHPA(Methytetrahydrophtha1ic anhydride) YES □ NO □

Other chemical YES 
If other chemical, please clarify the nature of 
involved..........................

□
the

NO
agent

□

Do, or did, you get this on 
contact with anything else?
IF YES
what ? .................................

YES □ NO □

216



YOUR HEALTH WHILE WORKING AT (company X):
34 Do/did you ever have itchy bumps or a ,— , ,— ,

rash on your skin? (Do not count insect YES '— ' NO '— '

bites or stings)
34a About when did you FIRST Month........... Year........

get this?
34b About when did you LAST Month   Year...

get this?
34c What happens, or happened, i— ,

to this at weekends? Better '— '

Same I— ]
Worse O

34d What happens, or happened, i— ,
to this on holidays of a Better '— '
week or more? i— ,

Same '— '

Worse I— ]
34e Have you changed your job, ,— , i— ,

or the way you do your job, YES I— I NO '— '
because of this?(ask whether exhaust ventilation was improved 
or whether respiratory protection was worn)
IF YES
what happened? ,— ,

Better ■— '
Same O
Worse I— I

and what change did you make? ............................

34f Do, or did, you get this on contact with the following 
chemicals?
PA (Phthalic anhydride) YES I—3 NO O
MA (Maleic anhydride) YES O  ]̂ 0 O
TMA (Trimellitic anhydride) YES O  ]̂ 0 O
TCPA(Tetrachlorophthalic anhydride) YES O  NO O
HHPA(Hexahydrophthalic Anhydride) YES O  NO O
MTHPA(Methytetrahydrophthalic anhydride) YES ^  NO O
Other chemical YES O  NO I— I
If other chemical, please clarify the nature of the agent 
involved..........................

34g Do, or did, you get this on i— , ,— ,
contact with anything else? YES '— I NO '— '
IF YES
what? ....................................................
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YOUR HEALTH WHILE WORKING AT (company X);
35 Do/did you have repeated flu-like symptoms? i— i ,— ,

(aching joints, headaches YES '— ' NO '— '
sweats, fever)

35a About when did you FIRST Month..........  Year........
get this?

35b About when did you LAST Month   Year........
get this?

35c What happens, or happened, 
to this at weekends?

What happens, or happened, 
to this on holidays of a 
week or more?

Have you changed your job,
or the way you do your job, YES
because of this?(ask whether exhaust ventilation was improved 
or whether respiratory protection was worn)
IF YES
what happened?

Better

Better □

Same □

Worse □

Better □

Same □

Worse □
i n  NO □

Same
Worse

□
□
□

and what change did you make?

35f Do, or did, you get this on contact with the following 
chemicals?
PA (Phthalic anhydride) YES □ NO □

MA (Maleic anhydride) YES U NO □

TMA (Trimellitic anhydride) YES u NO □

TCPA(Tetrachlorophthalic anhydride) YES u NO □

HHPA(Hexahydrophthalic Anhydride) YES u NO u
MTHPA(Methytetrahydrophthalic anhydride) YES u NO □

Other chemical YES 1— 1 
If other chemical, please clarify the nature of the 
involved..........................

NO
agent

u
Do, or did, you get this on 
contact with anything else?
IF YES
what ? ..................................

YES □ NO □
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YOUR HEALTH WHILE WORKING AT (company X) :
36 Do/did you ever cough up any blood ,— , ,— ,

from the chest? YES '— ' NO '— '

36a About when did you FIRST Month..........  Year........
get this?

36b About when did you LAST Month   Year........
get this?

36c What happens, or happened, 
to this at weekends?

What happens, or happened, 
to this on holidays of a 
week or more?

36e Have you changed your job,
or the way you do your job, YES
because of this?(ask whether exhaust ventilation was improved 
or whether respiratory protection was worn)
IF YES
what happened?

Better

Better □

Same □

Worse □

Better □

Same □

Worse □

1 O  NO □

and what change did you make?

Same
Worse

□
□
□

36f Do, or did, you get this on contact with the following 
chemicals?
PA (Phthalic anhydride) YES □ NO □

MA (Maleic anhydride) YES □ NO □

TMA (Trimellitic anhydride) YES □ NO □

TCPA(Tetrachlorophthalic anhydride) YES □ NO □

HHPA(Hexahydrophthalic Anhydride) YES □ NO □

MTHPA(Methytetrahydrophthalic anhydride) YES □ NO □

Other chemical YES 
If other chemical, please clarify the nature of 
involved..........................

□
the

NO
agent

□

Do, or did, you get this on 
contact with anything else?
IF YES
what ? .................................

YES □ NO □
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YOUR HEALTH SINCE WORKING AT (company X):
(please answer this question if you have left the firm or are no 
longer working in a department that uses acid anhydrides)
Q37 or 38 If either Yes:
37 Does your chest ever feel tight i— , ,— ,

I—I Tjn I—Ior your breathing become difficult? YES '— • NO
38 Does your chest ever sound ,— , ,— ,

wheezing or whistling? YES '— ' NO '— '

then:
37a How would you describe its effect on your everyday life

- like work, travel, hobbies, sports, shopping, housework, 
decorating, DIY?

Tick one answer only - the nearest to what you feel..

It hardly affects my life at all

I've had to make a few small 
changes in how I live.

It often stops me doing some things 
I want to do.

I've had to make important 
changes in my life.

□

□

□

□
please specify what changes

Have any of your other symptoms persisted? Please describe

WELL DONE! YOU HAVE FINISHED.
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BROMPTON HOSPITAL HEALTH SURVEY (APPENDIX III)

SMOKING QUESTIONNAIRE
for workers from Company x

SITE NO VISIT
office use only;

DATE

The doctors and researchers undertaking this survey are based in 
the Department of Occupational and Environmental Medicine, at 
the National Heart and Lung Institute, Emmanuel Kaye Building, 
Manresa Road, London SW3 6LR.

Your results will be confidential between you and the survey 
team. If you have any problems with this questionnaire please 
contact us when we visit your worksite, or phone 071-351 8349 and 
ask to speak to Richard Barker.

Please complete the questionnaire by filling in your answers to 
the questions on the dotted lines ..............  or by ticking
the boxes □

Please remember to bring this questionnaire with you when you 
come to see us.

2 2 1



SURNAME 
FIRST NAMES 
DATE OF BIRTH Day Month........ Year

Do you smoke? YES □ NO □
IF NO

Have you ever smoked as much as one 
cigarette a day or one cigar a week 
or an ounce (28 grams) of tobacco 
a month for as long as a year?

YES □ NO □

IF YES to either question 1 or 2, please answer the rest 
of the questions. IF NO to both questions, you have 
completed this questionnaire.

Do (did) you inhale the smoke? YES □ NO □
How old were you when you started 
smoking regularly?

years

Were you a smoker at the time you were 
working on or near the ARP or Jumbo? YES □ NO □

2 2 2



SMOKING HISTORY

6 Please estimate your average tobacco consumption over the 
following five year periods: eg.1951-1955

51-55 56-60 61-65 66-70 71-75 76-80 81-85 86-91
Number of manufactured 
cigarettes per day

Ounces or grams of hand 
rolled tobacco per week 
(please state which)
Ounces or grams of pipe 
tobacco per week 
(please state which )
Number of small cigars 
per day

Number of other cigars 
per week

FOR EX-SMOKERS

FOR EX-SMOKERS

21 When did you give up 
smoking altogether?

Month ....... Year

THANK YOU FOR COMPLETING THIS QUESTIONNAIRE
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BROMPTON HOSPITAL HEALTH SURVEY (APPENDIX4)

WORK HISTORY QUESTIONNAIRE
Company x - leavers

SITE NO VISIT

DATE

We are enrolling people into a survey of the health effects of acid anhydrides 
such as "phthalic, PA, MA, TMA, HHPA, MHHPA etc."

The doctors and researchers undertaking this survey are based in the 
Department of Occupational and Environmental Medicine, at the National Heart 
and Lung Institute, Emmanuel Kaye Building, Manresa Road, London SW3 6LR.

Your results will be confidential between you and the survey team. If you 
have any problems with this questionnaire please contact us when we visit your 
worksite, or phone 071-351 8328 and ask to speak to Dr Richard Barker.

Please complete the questionnaire by filling in your answers to the questions 
on the dotted lines ............... or by ticking the boxes

Please remember to bring this questionnaire with you when you come to see us.
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THE FIRST FEW QUESTIONS REFER TO EMPLOYMENT PRIOR TO JOINING Company x
1 Please try to list here all the jobs you have held since first gaining 
employment until joining Company x (include work abroad, training 
periods, and military service) and give approximate dates
NAME OF COMPANY JOB TITLE DATES
1  .....................................
 2  ..........................................................

 3.......................... ....................................
 4.......................... .....................................
 5.......................... .....................................
 6     . . .  .................................

 7.......................... .....................................
 8  ......................................................................................................

 9.......................... .....................................
1 0  .....................................
11  .....................................
12  .....................................
1 3......................... .....................................
1 4......................... .....................................
1 5......................... .....................................
1  6   ......................................................................................................

1 7......................... .....................................
1 8  .....................................
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2 Did any of these jobs involve the use of acid anhydrides (PA, TMA, MA, 
TCPA, HHPA, MTHPA).

YES p - |
NO y

If yes, can you give a brief task description of the relevant jobs and 
indicate which anhydrides were used?
jobs with acid anhydride task(s) anhydride used*
1   ................................................................................................................

f!

6 .....................................................................................................................................................................................
*possibilities - solid (flake) phthalic or PA

molten phthalic or PA 
TMA or trimellitic anhydride 
MA or maleic anhydride 
TCPA 
HHPA 
MTHPA 
other

If you have answered YES to question 2, please complete the following
table making an estimate of the level and type of exposure in each job?

Please use the following codes
Level:1 NO EXPOSURE Type:A continuous

2 LOW EXPOSURE B intermittent I
3 MODERATE EXPOSURE
4 HIGH EXPOSURE

no. Job with acid anhydride exposure level of exposure type of exposure 
(please use the numbers in question 1) (see codes above) (see codes above)
  □  □

□ □
□ □
□ □
□ □
□ □
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3 Did you use any personal protective equipment in these jobs while 
working with acid anhydrides?

YES I—I ,j
NO y

If YES, what kind of personal protective equipment did you use?
JOB PERSONAL PROTECTIVE EQUIPMENT
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these questions refer to your EMPLOYMENT AT Company x
4 When did you join Company x? Month............ Year,

5 When did you leave Company x? Month............ Year,

6 Please list all your job titles whilst working at Company x 
Job Title From To
1    ...............................................

2   ..........................................

3 ............................  ................
4 ............................  .............
In which of these jobs did you work with acid anhydrides (phthalic, PA, MA, 
TMA) ?
Can you give a brief task description of these jobs?
Jobs with acid anhydride task(s) anhydrides*

* acid anhydride options
solid (flake) phthalic or PA
molten phthalic or PA
TMA or trimellitic anhydride
MA or maleic anhydride
TCPA
HHPA
MTHPA
other..................... .
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7 For the jobs you have mentioned on the last sheet, please complete the 
following table making an estimate of the level and type of exposure to 
acid anhydrides in each job?

Please use the following codesLevel:1 NO EXPOSURE Type:A continuous
2 LOW EXPOSURE B intermittent
3 MODERATE EXPOSURE
4 HIGH EXPOSURE

no. Job with acid anhydride exposure level of exposure type of exposure 
(please use the numbers in question 6) (see codes above) (see codes above)

□ □
□ □
□ □
□ □
□ □
□ □

Did you use any personal protective equipment in these jobs while 
working with acid anhydrides?

YES 
NO H

If YES, what kind of personal protective equipment did you use? 
JOB PERSONAL PROTECTIVE EQUIPMENT
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8 Apart from working directly with acid anhydrides (PA, TMA, MA, TCPA, 
HHPA, or MTHPA), did you work in the vicinity of their storage or use?

YES [ - .
NO y

If YES, which job? Which tasks? With which acid anhydrides?’

♦possibilities - solid (flake) phthalic or PA
molten phthalic or PA
TMA or trimellitic anhydride
MA or maleic anhydride
TCPA
HHPA
MTHPA
other

9 Do you recall the occurrence of any accidents or spills involving acid 
anhydrides (PA, TMA, MA, TCPA, HHPA, MTHPA) during your time at Croda 
Resins?

YES p - ,
N O  y

If YES, can you describe what happened and which anhydrides were involved?
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THIS LAST QUESTION REFERS TO ANY EMPLOYMENT SINCE LEAVING Company x
10 Please try to list here all the jobs you have held since leaving 
(include work abroad, training periods, and military service) and 
give approximate dates

Please start with your first job after leaving Company x.
NAME OF COMPANY JOB TITLE DATES
1     ............

9.
10

11

12

13
14 ,
15
16
17
18
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11 Did any of these jobs involve the use of acid anhydrides (PA, TMA, 
MA, TCPA, HHPA, MTHPA).

YES 
NO R

If yes, can you give a brief task description of the relevant jobs and 
indicate which anhydrides were used?
jobs with acid anhydride task(s) anhydride used*
1   ..........................................................................................................

6 ................................................................................................................................
♦possibilities - solid (flake) phthalic or PA

molten phthalic or PA
TMA or trimellitic anhydride
MA or maleic anhydride
TCPA
HHPA
MTHPA
other

If you have answered YES to question 11, please complete the 
following table making an estimate of the level and type of exposure in 
each job?
Please use the following codes

Level:1 NO EXPOSURE Type:A continuous
2 LOW EXPOSURE B intermittent
3 MODERATE EXPOSURE
4 HIGH EXPOSURE

no. Job with acid anhydride exposure level of exposure type of exposure 
(please use the numbers in questionlO)(see codes above)(see codes above)

□ □
□ □
□ □
□ □
□ □
□ □
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12 Did you use any personal protective equipment in these jobs while 
working with acid anhydrides?

YES p-|
NO y

If YES, what kind of personal protective equipment did you use?
JOB PERSONAL PROTECTIVE EQUIPMENT

13 Do you have any other comments that you think may be of importance to 
this study?

THANKYOU FOR COMPLETING THIS QUESTIONNAIRE /i
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REC NO. (SUPPLEMENTARY WORK HISTORY QUESTIONNAIRE - APPENDIX V)

Please tell us your height_________

Can you please give all different jobs you had while being employed at Company x?

Please start with the first job you had and finish with your current job or the last job at Company x. 

Please give the job title, department, building or area that indicates where you were employed. 

Finally can you please give the dates you started and finished all the jobs as accurately as possible.

First job at Company x

Please give job title_____________________________

From To

Please give short description of 

job________________________

Which department are building were you based in?_

Second Job at Company x

Please give job title_________________________

From To

Please give short description of 

job________________________

Which department are building were you based in?_ 

Third job  at Company x

Please give job title_________________________

From To

Please give short description of 

job________________________

Which department are building were you based in?
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Fourth job at Company x

Please give job title_____

From To

Please give short description of 

job________________________

Which department are building were you based in?_ 

Fifth job at Company x

Please give job title_________________________

From To

Please give short description of 

job___________ ____________

Which department are building were you based in?_ 

Sixth job at Company x

Please give job title_________________________

From To

Please give short description of 

job________________________

Which department are building were you based in?_

Seventh job at Company x
Please give job title_________________________

From To

Please give short description of 

job________________________

Which department are building were you based in?_

in case you have done more than 7 jobs at Company x can you please use the back to list 
the remaining jobs .
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SKIN PRICK TEST- APPENDIX VI

RECORD SHEET-ANHYDRIDE STUDY

Name

Record Number

Date of Birth

Date

TIME (24 Hr Clock)

1 PA-HSA

2 Negative control 7 MA-HSA

3 MTHPA-HSA 8 HHPA-HSA

4 D.Pteronyssinus 9 Grass B.2 pollens

5 TMA-HSA 10 MHHPA-HSA

6 Cat Fur 11 Histamine

12 TCPA-HSA
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Name

NON-SPECIFIC BRONCHIAL REACTIVITY -(APPENDIX VII) 
RECORD SHEET - ANHYDRIDE STUDY 

_______________  Height (metric) ___________

Record number

Date of Birth

Date

Time (24hr clock)

Temp. (Celsius)

Spirometer number

BLOW
-FEV i-

-FVC-
If the best FEVl is less than 1 litre than exclude from the test. 

CHECKLIST For the short protocol:- tick if requirement is fulfilled

no PAST HISTORY OF ASTHMA
no MEDICATION INDICATING ASTHMA TREATMENT
FEVl is not more than 2 s.d. less than expected?

INHALATION

PR ĵuBoL
CONTROL

1
2
3
4
5
6
7
8

HISTAMINE 
CONCENTRATION 

mg.ml 1

saline

3 .13 
3 .13
6.25
6.25 
25 
25 
25 
50

number of CUMULATIVE 
inhalations DOSE (/xmol)

3 0.0 
20% fall in FEV^
1 0.029
1 0.061
1 0 . 1 2 2
2 0.244
1 0.488
2 0.977
4 1.954
4 3.91

FEVl
(litre)

CONTROL saline

3.13
6.25
25
50

3 0.0
20% fall in FEV^
2 0.061
3 0.244
3 0.977
6 3.91
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Name

NON-SPECIFIC BRONCHIAL REACTIVITY -(APPENDIX VII) 
RECORD SHEET - ANHYDRIDE STUDY 

________________ Height (metric) ___________

Record number

Date of Birth

Date

Time (24hr clock)

Temp. (Celsius)

Spirometer number

BLOW
-FEV^-
-FVC-

If the best FEVl is less than 1 litre than exclude from the test. 

CHECKLIST For the short protocol:- tick if requirement is fulfilled

no PAST HISTORY OF ASTHMA
no MEDICATION INDICATING ASTHMA TREATMENT 
FEVl is not more than 2 s.d. less than expected?

INHALATION

PR&980OL
CONTROL

1

2

3
4
5
6

7
8

HISTAMINE
CONCENTRATION

m g .m l ' i

saline

3 .13 
3 .13
6.25
6.25 
25 
25 
25 
50

number of 
inhalations

CUMULATIVE 
DOSE (/xmol)

FEVl
(litre)

3 0.0 
2 0% fall in FEVi
1 0.029
1 0.061
1 0 . 1 2 2

2 0.244
1 0.488
2 0.977
4 1.954
4 3.91

CONTROL saline

3 .13 
6.25 
25 
50

3 0.0
20% fall in FEV^
2 0.061
3 0.244
3 0.977
6 3.91
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Matrices for estimated average full-shift exposure to PA (pg.m'^), Site 1

code job title 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

101 process operator 
E-site

118 ARP operator 2478. 2478. 2478. 2478. 2478. 2478. 2478. 2478. 2478. 2478. 4 1 3 . 4 1 3 . 413. 413. 413. 413. 413.1
6 6 6 6 6 6 6 6 6 6 ^ - j . ^ ^ - | « |

198 ARPA/5/E-site
operator (mixed)

126 Varnish control tester 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8

102 E-site operator

133 Bay C storeman 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

103 E-site operator/ 
powder store

122 Storekeeper/ 2 .2  2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
warehousem an

185 Raw material G-site 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
resin store

105 laboratory assistant 
R&D E-site

106 fitter E-site

107 instrument artificer E- 
site

108 electrician E-site

109 engineer E-site



1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

Matrices for estimated average full-shift exposure to PA (pg.m'^), Site 1 

code job title 1960 196'

116 Site Fitter 2.2 2.:

197 Instrument artificer 2.2 2.Î
(whole site)

104 shift supervisor
E-site

110 engineering m anager
E-site

154 R&D supervisor E-
site

193 ARP shift supervisor 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

194 ARP shift m anager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2



Matrices for estimated average full-shift exposure to PA (pg.m’ )̂, Site 1

code job title 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

101 process operator 
E-site

25.1 25.1 25.1 25.1 25.1 52.7 50.2 50.2 50.2 50.2 25.1

118 ARP operator 413.
1

206.
6

206.
6

206.
6

206.
6

206.
6

206.
6

206.
6

206.
6

137.
7

137.
7

34.4 34.4

198 ARPA/5/E-site 
operator (mixed)

22.2 22.2 22.2 22.2 22.2 22.2 22.2 22.2

126 Varnish control tester 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8

102 E-site operator 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

133 Bay C storeman 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 0.4 0.4

103 E-site operator/ 
powder store

1.0 1.0 1.0 1.0 1.0 4.8 1.0 1.0 1.0 1.0 2.4

122 Storekeeper/
warehousem an

2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

185 Raw material G-site 
resin store

2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

105 laboratory assistant 
R&D E-site

2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

106 fitter E-site 4.4 4.4 4.4 4.4 4.4 8.8 2.2 2.2 2.2 2.2 2.2

107 instrument artificer E- 
site

2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

108 electrician E-site 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

109 engineer E-site 4.4 4.4 4.4 4.4 4.4 8.8 2.2 2.2 2.2 2.2 2.2



Matrices for estimated average full-shift exposure to PA (yg.m'^), Site 1

code job title 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

116 Site Fitter 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

197 Instrument artificer 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
(whole site)

104 shift supervisor 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
E-site

110 engineering m anager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
E-site

154 R&D supervisor E- 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
site

193 ARP shift supervisor 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

194 ARP shift manager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2



Matrices

code

for estimated average full-shift exposure to PA (pg.m’̂ ), Site 2 

job title 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

201 printing machine 0 0 0 0 0 0 0 0 0 0 0 0 0 0

202

operator

printing leading hand 0 0 0 0 0 0 0 0 0 0 0 0 0 0

208 chargehand printing 0 0 0 0 0 0 0 0 0 0 0 0 0 0

203 de-reel operator 0 0 0 0 0 0 0 0 0 0 0 0 0 0

204 reel-up operator 0 0 0 0 0 0 0 0 0 0 0 0 0 0

205 ink mixer 0 0 0 0 0 0 0 0 0 0 0 0 0 0

206 colour matcher 0 0 0 0 0 0 0 0 0 0 0 0 0 0

207 leading colour 0 0 0 0 0 0 0 0 0 0 0 0 0 0

252

matcher

production worker 0 0 0 0 0 0 0 0 0 0 0 0 0 0

253 trainee printing area 0 0 0 0 0 0 0 0 0 0 0 0 0 0

209 plate/proof press 0 0 0 0 0 0 0 0 0 0 0 0 0 0

210

operator 

plate/proof press 0 0 0 0 0 0 0 0 0 0 0 0 0 0

214

supervisor 

electrician 4 meter 0 0 0 0 0 0 0 0 0 0 0 0 0 0

218 fitter 4 meter 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Matrices for estimated average full-shift exposure to PA (pg.m'^), Site 2

code job title 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

219 chargehand fitter 0 0 0 0 0 0 0 0 0 0 0 0 0 0

240 chargehand
electrician

0 0 0 0 0 0 0 0 0 0 0 0 0 0

217 shift supervisor 
printing

0 0 0 0 0 0 0 0 0 0 0 0 0 0

241 foreman electrician 0 0 0 0 0 0 0 0 0 0 0 0 0 0

250 foreman engineering 0 0 0 0 0 0 0 0 0 0 0 0 0 0

260 foreman maintenance 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Matrices for estimated average full-shift exposure to PA (pg.m'^), Site 3

code job title 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

301 kettle operator 137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

317 senior controller 137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

347 process chargehand 137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

137.
7

349 trainee 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

303 pilot plant operator 20.1 20.1 20.1

302 filter press operator 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3

304 warehousem an 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

324 leading hand 
w arehouse

2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

337 Gum rosin breaker 
warehousem an

2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

305 resin developm ent 
chem ist (R&D)

26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 17.3 17.3

306 laboratory technician 
(R&D)

26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 17.3 17.3

307 sam ple packer (QC) 2.2 2.2 2.2

308 laboratory assistant 
(QC)

2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

309 technical service 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
chem ist (QC)



Matrices for estimated average full-shift exposure to PA (pg.m'^), Site 3 

code job title 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

310 quality control 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
assistant (QC)

334 Resin tester (QC) 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

335 paints costum er 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
servie (QC)

311 fitter 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

312 electrician 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

323 shift manager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

318 w arehouse 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
supervisor

336 foreman w arehouse 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

325 works chem ist 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

315 lab manager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

328 lab section leader 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
R&D

346 plasspress operator 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2



Matrices for estimated average full-shift exposure to PA (pg.m'^), Site 3

code job title 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

401 jumbo operator 30.2 30.2 30.2 30.2 30.2 30.2 30.2 30.2 30.2

411 ARP operator 44.4  44 .4  44.4  44.4 44.4 44.4  44.4  44.4  44.4 44 .4  44 .4  44 .4  44 .4  44 .4  44.4  44 .4  44.

422 resin chargehand 44.4  44 .4  44.4  44.4 44.4 44.4  44.4  44.4  44.4  44 .4  44.4  44 .4  44 .4  44 .4  44.4  44.4  44.4
ARP

440 warehousem an 4.9 4 .9  4 .9  4.9 4.9 4.9 4.9 4 .9  4.9 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3

408 storage 4.9 4 .9  4 .9  4.9 4.9 4.9 4.9 4.9 4.9 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3

404 assistant scientist 60.3 60.3 60.3  60.3 60.3 60.3 60.3 60.3 60.3 60.3  60.3  60.3  60.3  60.3  60.3 60.3 60.3
sem i Tech

402 resin tester 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8

516 resin blender 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

403 fitter 4 .9  4 .9  4 .9  4.9 4.9 4 .9  4 .9  4 .9  4.9 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3

454 plant engineer 4.9 4 .9  4 .9  4 .9  4.9 4.9 4.9 4.9 4.9 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3

484 production engineer 4.9 4 .9  4 .9  4.9 4.9 4.9 4.9 4 .9  4.9 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3
E-site, ARP

505 chargehand 4.9 4 .9  4.9 4.9 4.9 4 .9  4 .9  4.9 4.9 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3
engineering

406 electrician/instrument 4 .9  4 .9  4 .9  4 .9  4.9 4.9 4.9 4 .9  4.9 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3

412 shift electrician 4.9 4 .9  4.9 4.9 4.9 4.9 4 .9  4.9 4.9 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3



Matrices for estimated average full-shift exposure to PA (pg.m'^), Site 3

code job title 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

413 day electrician 4.9 4 .9  4 .9  4.9 4.9 4.9 4 .9  4.9 4 .9  7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3

432 electricians mate/ 4 .9  4 .9  4 .9 4.9 4.9 4.9 4.9 4.9 4.9 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3
apprentice

407 plant manager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

499 shift supervisor area2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

420 shift supervisor area3 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

423 resin foreman ARP 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

507 sem i-tech m anager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

417 stores supervisor 4 .9  4 .9  4 .9  4 .9  4.9 4.9 4 .9  4.9 4.9 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3

506 engineering 4 .9  4 .9  4 .9  4 .9  4.9 4 .9  4 .9  4.9 4.9 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3
supervisor resin

518 resin maintenance 4 .9  4 .9  4 .9  4 .9  4.9 4 .9  4 .9  4.9 4.9 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3
supervisor

474 supervisor 4 .9  4 .9  4 .9  4 .9  4.9 4 .9  4 .9  4.9 4 .9  7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3
engineering

451 engineering foreman 4.9 4 .9  4 .9  4.9 4.9 4.9 4 .9  4.9 4 .9  7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3

405 resource engineer 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

414 estimator engineering 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2



Matrices for estimated average full-shift exposure to PA (pg.m'^), Site 4

code job title 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

401 jumbo operator 30.2 20.1 20.1 20.1 20.1 20.1 20.1 20.1 20.1 20.1 20.1 20.1 20.1 20.1 20.1 20.1

411 ARP operator 44.4  44.4  22.2 22.2 22.2 22.2 22.2

422 resin chargehand 44.4  44.4  22.2 22.2 22.2 22.2 22.2
ARP

440 warehousem an 7.3 7.3 4 .4  4.4 4 .4  4.4 4.4 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

408 storage 7.3 7.3 4 .4  4.4 4 .4  4.4 4.4 2.2 2.2 2.2 2.2 2.2 2.2 2 .2  2.2 2.2

404  assistant scientist 60 .3  60.3 60.3  60.3 60.3 60.3 60.3 40.2 40.2  40.2  40.2  40.2  40.2  40.2  20.1 20.1
sem i Tech

402 resin tester 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8

516 resin blender 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

403 fitter 7.3 7.3 4 .4  4 .4  4.4 4.4 4 .4  2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

454  plant engineer 7.3 7.3 4 .4  4.4 4 .4  4.4 4 .4  2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

484 production engineer 7.3 7.3 4 .4  4.4 4.4 4.4 4.4 2.2 2.2 2.2 2 .2  2.2 2.2 2.2 2.2 2.2
E-site, ARP

505 chargehand 7.3 7.3 4 .4  4 .4  4.4 4.4 4 .4  2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
engineering

406 electrician/instrument 7.3 7.3 4 .4  4 .4  4 .4  4.4 4.4 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

412 shift electrician 7.3 7.3 4 .4  4.4 4 .4  4.4 4.4 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2



Matrices for estimated average full-shift exposure to PA (pg.m'^), Site 4

code job title 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

413 day electrician 7.3 7.3 4 .4  4.4 4.4 4.4 4.4 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

432 electricians mate/ 7.3 7.3 4 .4 4.4 4.4 4.4 4.4 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
apprentice

407 plant manager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

499 shift supervisor area2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

420 shift supervisor area3 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

423 resin foreman ARP 2.2 2.2 2.2 2.2 2.2 2.2 2.2

507 sem i-tech manager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

417 stores supervisor 7.3 7.3 4 .4  4 .4  4.4 4.4 4 .4  2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

506 engineering 7.3 7.3 4 .4  4 .4  4.4 4.4 4 .4  2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
supervisor resin

518 resin maintenance 7.3 7.3 4 .4  4 .4  4.4 4.4 4.4 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
supervisor

474 supervisor 7.3 7.3 4.4 4 .4  4.4 4.4 4.4 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
engineering

451 engineering foreman 7.3 7.3 4 .4  4 .4  4.4 4.4 4 .4  2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

405 resource engineer 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

414 estimator engineering 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2



Matrices for estimated average full-shift exposure to PA (pg.m‘̂ ), Site 4

code job title 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

101 process operator 
E-site

118 ARP operator 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4

198 ARPA/5/E-site
operator (mixed)

126 Varnish control tester 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

102 E-site operator

133 Bay C storeman 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

103 E-site operator/ 
powder store

122 Storekeeper/ 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
warehousem an

185 Raw material G-site 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
resin store

105 laboratory assistant 
R&D E-site

106 fitter E-site

107 instrument artificer E- 
site

108 electrician E-site

109 engineer E-site



Matrices for estimated average full-shift exposure to MA (pg.m’̂ ), Site 1

code job title 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

116 Site Fitter 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7

197 Instrument artificer 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
(whole site)

104 shift supervisor
E-site

110 engineering manager
E-site

154 R&D supervisor E-
site

193 ARP shift supervisor 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

194 ARP shift manager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2



Matrices for estimated average full-shift exposure to MA (pg.m’̂ ), Site 1 
code job title 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

101 process operator 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4
E-site

118 ARP operator 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 1.4 1.4

198 ARPA/5/E-site 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4
operator (mixed)

126 Varnish control tester 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

102 E-site operator 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

133 Bay C storeman 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0.4 0.4

103 E-site operator/ 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
powder store

122 Storekeeper/ 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 0.5 0.5
warehousem an

185 Raw material G-site 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 0.5 0.5
resin store

105 laboratory assistant 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
R&D E-site

106 fitter E-site 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7

107 instrument artificer E- 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
site

108 electrician E-site 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

109 engineer E-site 2.7 2.7 2 .7 2.7 2 .7  2 .7  2.7 2.7 2.7 2.7 2.7



Matrices for estimated average full-shift exposure to MA (pg.m’̂ ), Site 1

code job title 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

116 Site Fitter 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2 .7  2.7 2.7 2.7

197 Instrument artificer 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
(whole site)

104 shift supervisor 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
E-site

110 engineering m anager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
E-site

154 R&D supervisor E- 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
site

193 ARP shift supervisor 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

194 ARP shift m anager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2



Matrices

code

for estimated average full-shift i 

job title 1979

exposure to MA (pg.m'^), 

1980 1981 1982

Site 2 

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

201 printing machine 0 0 0 0 0 0 0 0 0 0 0 0 0 0

202

operator

printing leading hand 0 0 0 0 0 0 0 0 0 0 0 0 0 0

208 chargehand printing 0 0 0 0 0 0 0 0 0 0 0 0 0 0

203 de-reel operator 0 0 0 0 0 0 0 0 0 0 0 0 0 0

204 reel-up operator 0 0 0 0 0 0 0 0 0 0 0 0 0 0

205 ink mixer 0 0 0 0 0 0 0 0 0 0 0 0 0 0

206 colour matcher 0 0 0 0 0 0 0 0 0 0 0 0 0 0

207 leading colour 0 0 0 0 0 0 0 0 0 0 0 0 0 0

252

matcher

production worker 0 0 0 0 0 0 0 0 0 0 0 0 0 0

253 trainee printing area 0 0 0 0 0 0 0 0 0 0 0 0 0 0

209 plate/proof press 0 0 0 0 0 0 0 0 0 0 0 0 0 0

210

operator 

plate/proof press 0 0 0 0 0 0 0 0 0 0 0 0 0 0

214

supervisor 

electrician 4 meter 0 0 0 0 0 0 0 0 0 0 0 0 0 0

218 fitter 4 meter 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Matrices for estimated average full-shift exposure to MA (pg.m'^), Site 2

code job title 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

219 chargehand fitter 0 0 0 0 0 0 0 0 0 0 0 0 0 0

240 chargehand
electrician

0 0 0 0 0 0 0 0 0 0 0 0 0 0

217 shift supervisor 
printing

0 0 0 0 0 0 0 0 0 0 0 0 0 0

241 foreman electrician 0 0 0 0 0 0 0 0 0 0 0 0 0 0

250 foreman engineering 0 0 0 0 0 0 0 0 0 0 0 0 0 0

260 foreman maintenance 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Matrices for estimated average full-shift exposure to MA (pg.m’̂ ), Site 3

code job title 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

301 kettle operator 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

317 senior controller 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

347 process chargehand 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

349 trainee 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

303 pilot plant operator 2.2 2.2 2.2

302 filter press operator 0 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

304 warehousem an 0 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9

324 leading hand 0 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
w arehouse

337 Gum rosin breaker 0 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
warehousem an

305 resin developm ent 2.4 2.4 2 .4  2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.2 2.2
chem ist (R&D)

306 laboratory technician 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.2 2.2
(R&D)

307 sam ple packer (QC) 4 .9  4 .9  4 .9

308 laboratory assistant 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
(QC)

309 technical service 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
chem ist (QC)



Matrices for estimated average full-shift exposure to MA (pg.m'^), Site 3

code job title 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

310 quality control assistant (QC) 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

334 Resin tester (QC) 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 ,2 .2 2.2

335 paints costum er service (QC) 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

311 fitter 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7

312 electrician 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

323 shift manager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

318 w arehouse supervisor 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

336 foreman w arehouse 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

325 works chem ist 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

315 lab manager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

328 lab section leader R&D 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

346 plass press operator 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2



Matrices for estimated average full-shift exposure to MA (pg.m'^), Site 4

code job title 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

401 jumbo operator 0 0 0 0 0 0 0 0 0

411 ARP operator 0 0 0 0 0 0 0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0

422 resin chargehand 0 0 0 0 0 0 0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0 54.0
ARP

440 warehousem an 0 0 0 0 0 0 0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0

408 storage 0 0 0 0 0 0 0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0

404 assistant scientist 2 .7  2 .7  2 .7  2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7
sem i Tech

402 resin tester 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

516 resin blender 0 0 0 0 0 0 0 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

403 fitter 0 0 0 0 0 0 0 2.7 2.7 2.7 2.7 2 .7  2 .7  2.7 2.7 2.7 2.7

454 plant engineer 0 0 0 0 0 0 0 2.7 2 .7  2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7

484 production engineer 0 0 0 0 0 0 0 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7
E-site, ARP

505 chargehand 0 0 0 0 0 0 0 2.7 2 .7  2.7 2.7 2.7 2 .7  2 .7  2.7 2.7 2.7
engineering

406 electrician/instrument 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

412 shift electrician 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2



Matrices for estimated average full-shift exposure to MA (pg.m'^), Site 4  

code job title 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

413 day electrician 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

432 electricians mate/ 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
apprentice

407 plant manager 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

499 shift supervisor area2 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

420 shift supervisor area3 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

423 resin foreman ARP 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

507 sem i-tech manager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

417 stores supervisor 0 0 0 0 0 0 0 22.0  22.0  22.0 22.0  22.0  22.0  22.0  22.0  22.0 22.0

506 engineering 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
supervisor resin

518 resin maintenance 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
supervisor

474 supervisor 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
engineering

451 engineering foreman 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

405 resource engineer 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

414 estimator engineering 0 0 0 0 0 0 0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2



Matrices for estimated average full-shift exposure to MA (pg.m'^), Site 4

code job title 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

401 jumbo operator 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

411 ARP operator 54.0 54.0 54.0 5.4 5.4 5.4 5.4

422 resin chargehand 54.0 54.0 54.0 5.4 5.4 5.4 5.4
ARP

440 warehousem an 19.0 19.0 19.0 1.9 1.9 1.9 1.9 0 0 0 0 0 0 0 0 0

408 storage 19.0 19.0 19.0 1.9 1.9 1.9 1.9 0 0 0 0 0 0 0 0 0

404 assistant scientist 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.4 2.4 2.4 2.4 2 .4  2.4 2.4 2.2 2.2
sem i Tech

402 resin tester 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

516 resin blender 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0 0 0 0 0 0 0 0 0

403 fitter 2 .7  2 .7 2.7 2.7 2.7 2.7 2.7 0 0 0 0 0 0 0 0 0

454 plant engineer 2.7 2.7 2.7 2.7 2.7 2.7 2.7 0 0 0 0 0 0 0 0 0

484 production engineer 2.7 2.7 2.7 2.7 2.7 2.7 2.7 0 0 0 0 0 0 0 0 0
E-site, ARP

505 chargehand 2.7 2.7 2.7 2.7 2.7 2.7 2.7 0 0 0 0 0 0 0 0 0
engineering

406 electrician/instrument 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0

412 shift electrician 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0



Matrices for estimated average full-shift exposure to MA (pg.m'^), Site 4

code job title 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

413 day electrician 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0

432 electricians mate/ 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0
apprentice

407 plant manager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0

499 shift supervisor area2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0

420 shift supervisor area3 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0

423 resin foreman ARP 2.2 2.2 2.2 2.2 2.2 2.2 2.2

507 sem i-tech manager 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

417 stores supervisor 22.0 22.0  22.0 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0

506 engineering 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0
supervisor resin

518 resin maintenance 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0
supervisor

474 supervisor 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0
engineering

451 engineering foreman 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0

405 resource engineer 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0

414 estimator engineering 2.2 2.2 2.2 2.2 2.2 2.2 2.2 0 0 0 0 0 0 0 0 0



Matrices for estimated average full-shift exposure to TMA (pg.m'^), Site 1

1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

0 0 0 0 0 0 0 0 0 0 0 0 0.2 0.2 0.2 0.2 0.8

0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8 0.8

0 0 0 0 0 0 0 0 0 0 0 0 0.6 0.6 0.6 0.6 0.6

0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.7

0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.7

code job title

101 process operator 
E-site

118 ARP operator

198 ARPA/5/E-site 
operator (mixed)

126 Varnish control tester

102 E-site operator

133 Bay C storeman

103 E-site operator/ 
powder store

122 Storekeeper/
warehousem an

185 Raw material G-site 
resin store

105 laboratory assistant 
R&D E-site

106 fitter E-site

107 instrument artificer E- 
site

108 electrician E-site

109 engineer E-site



Matrices for estimated average full-shift exposure to TMA (pg.m'^), Site 1

code job title 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

116 Site Fitter 0 0 0 0 0 0 0 0 0 0 0 0 1.4 1.4 1.4 1.4 1.4

197 Instrument artificer 
(whole site)

0 0 0 0 0 0 0 0 0 0 0 0 2.0 2.0 2.0 2.0 2.0

104 shift supervisor 
E-site

110 engineering m anager 
E-site

154 R&D supervisor E- 
site

193 ARP shift supervisor 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8 0.8

194 ARP shift manager 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8 0.8



Matrices for estimated average full-shift exposure to TMA (pg.m'^), Site 1

code job title 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

101 process operator 
E-site

0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

118 ARP operator 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.2 0.2

198 ARPA/5/E-site 
operator (mixed)

0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

126 Varnish control tester 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

102 E-site operator 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

133 Bay C storeman 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.2 0.2

103 E-site operator/ 
powder store

0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

122 Storekeeper/
warehousem an

0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.2 0.2

185 Raw material G-site 
resin store

0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.2 0.2

105 laboratory assistant 
R&D E-site

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

106 fitter E-site 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8

107 instrument artificer E- 
site

0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

108 electrician E-site 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

109 engineer E-site 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4



Matrices for estimated average full-shift exposure to TMA (pg.m'^), Site 1

code job title 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

116 Site Fitter 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4

197 Instrument artificer 
(whole site)

2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

104 shift supervisor 
E-site

0.8 0.8 0.8 0.8 0.8 0.8 0.8

110 engineering m anager 
E-site

0.8 0.8 0.8 0.8 0.8 0.8 0.8

154 R&D supervisor E- 
site

0.8 0.8 0.8 0.8 0.8 0.8 0.8

193 ARP shift supervisor 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

194 ARP shift m anager 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8



Matrices for estimated average full-shift exposure to TMA (pg.m'^), Site 2

code job title 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
201 printing machine 

operator
10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 5.4 5.4 5.4 5.4

202 printing leading hand 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 5.4 5.4 5.4 5.4

208 chargehand printing 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 10.8 5.4 5.4 5.4 5.4

203 de-reel operator 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 5.7 5.7 5.7 5.7

204 reel-up operator 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 11.4 5.7 5.7 5.7 5.7

205 ink mixer 554.
4

554.
4

554.
4

554.
4

554.
4

554.
4

554.
4

554.
4

92.4 92.4 92.4 15.4 15.4 15.4

206 colour matcher 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4

207 leading colour 
matcher

15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4

252 production worker 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

253 trainee printing area 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

209 plate/proof press 
operator

3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6

210 plate/proof press 
supervisor

5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 3.6 3.6

214 electrician 4 meter 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

218 fitter 4  meter 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0



Matrices for estimated average full-shift exposure to TMA (pg.m'^), Site 2

code job title 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

219 chargehand fitter 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

240 chargehand
electrician

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

217 shift supervisor 
printing

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

241 foreman electrician 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

250 foreman engineering 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

260 foreman maintenance 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0



Matrices for estimated average full-shift exposure to TMA (pg.m'^), Site 3

code job title 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

301 kettle operator 0 0 0 0 0 0 0 0 0 0 0 0 0 0

317 senior controller 0 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

347 process chargehand 0 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

349 trainee 0 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

303 pilot plant operator 0.8 0.8 0.8

302 filter press operator 0 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

304 warehousem an 0 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0.7 0.7 0.7 0.7

324 leading hand 
w arehouse

0 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0.7 0.7 0.7 0.7

337 Gum rosin breaker 
warehousem an

0 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0.7 0.7 0.7 0.7

305 resin developm ent 
chem ist (R&D)

0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5

306 laboratory technician 
(R&D)

0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5

307 sam ple packer (QC) 0.8 0.8 0.8

308 laboratory assistant 
(QC)

0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

309 technical service 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
chem ist (QC)



Matrices for estimated average full-shift exposure to TMA (pg.m'^), Site 3

code job title 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

310 quality control 
assistant (QC)

0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

334 Resin tester (QC) 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

335 paints costum er 
servie (QC)

0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

311 fitter 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 1.4 1.4 1.4 1.4 1.4 1.4

312 electrician 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

323 shift manager 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

318 w arehouse
supervisor

0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

336 foreman w arehouse 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

318 works chem ist 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

315 lab manager 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

328 lab section leader 
R&D

0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

346 plasspress operator 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8



Matrices for estimated average full-shift exposure to TMA (pg.m'^), Site 4

code

401

job title

jumbo operator

1960 1961 1962 1963 1964 1965 1966 1967 1968

0

1969

0

1970

0

1971

0

1972

0

1973

0

1974

0

1975

0

1976

0

411 ARP operator 0 0 0 0 0 0 0 0 0 0 0 0 0 7.7 7.7 7.7 7.7

422 resin chargehand  
ARP

0 0 0 0 0 0 0 0 0 0 0 0 0 7.7 7.7 7.7 7.7

440 warehousem an 0 0 0 0 0 0 0 0 0 0 0 0 0 0.7 0.7 0.7 0.7

408 storage 0 0 0 0 0 0 0 0 0 0 0 0 0 0.7 0.7 0.7 0.7

404 assistant scientist 
sem i Tech

0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

402 resin tester 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

516 resin blender 0 0 0 0 0 0 0 0 0 0 0 0 0 0.6 0.6 0.6 0.6

403 fitter 0 0 0 0 0 0 0 0 0 0 0 0 0 1.4 1.4 1.4 1.4

454 plant engineer 0 0 0 0 0 0 0 0 0 0 0 0 0 1.4 1.4 1.4 1.4

484 production engineer  
E-site, ARP

0 0 0 0 0 0 0 0 0 0 0 0 0 1.4 1.4 1.4 1.4

505 chargehand
engineering

0 0 0 0 0 0 0 0 0 0 0 0 0 1.4 1.4 1.4 1.4

406 electrician/instrument 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

412 shift electrician 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8



Matrices for estimated average full-shift exposure to TMA (pg.m'^), Site 4

code job title 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

413 day electrician 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

432 electricians mate/ 
apprentice

0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

407 plant manager 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

499 shift supervisor area2 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

420 shift supervisor area3 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

423 resin foreman ARP 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

507 sem i-tech manager 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

417 stores supervisor 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

506 engineering 
supervisor resin

0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

518 resin maintenance 
supervisor

0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

474 supervisor
engineering

0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

451 engineering foreman 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

405 resource engineer 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8

414 estimator engineering 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0.8 0.8



Matrices for estimated average full-shift exposure to TMA (pg.m'^), Site 4

code job title 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

401 jumbo operator 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

411 ARP operator 7.7 0.7 0.7 0.7 0.7 0.7 0.7

422 resin chargehand 7.7 0.7 0.7 0.7 0.7 0.7 0.7
ARP

440 warehousem an 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0 0 0 0 0 0 0 0 0

408 storage 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0 0 0 0 0 0 0 0 0

404 assistant scientist 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8
sem i Tech

402 resin tester 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

516 resin blender 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

403 fitter 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0 0 0 0 0 0 0 0 0

454 plant engineer 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0 0 0 0 0 0 0 0 0

484  production engineer 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0 0 0 0 0 0 0 0 0
E-site, ARP

505 chargehand 1.4 1.4 1.4 1.4 1.4 1.4 1.4 0 0 0 0 0 0 0 0 0
engineering

406 electrician/instrument 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0

412 shift electrician 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0



Matrices for estimated average full-stiift exposure to TMA (pg.m'^), Site 4 

code job title 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

413 day electrician 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0

432 electricians mate/ 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0
apprentice

407 plant m anager 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0

499 shift supervisor area2 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0

420 shift supervisor area3 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0

423 resin foreman ARP 0.8 0.8 0.8 0.8 0.8 0.8 0.8

507 sem i-tech m anager 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

417 stores supervisor 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0

506 engineering 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0
supervisor resin

518 resin maintenance 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0
supervisor

474 supervisor 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0
engineering

451 engineering foreman 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0

405 resource engineer 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0

414 estimator engineering 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0 0 0 0 0 0 0 0 0



The Association of HLA-DR3 with Specific IgE 
to inhaled Acid Anhydrides

R. P. YOUNG, R. D. BARKER, K. D. PILE, W. O. C. M . COOKSON, and A. ). NEWMAN TAYLOR

D epartm ent o f O ccupational and Environmental M edicine, Royal Brompton, National Heart and Lung Hospital, London, 
and Nuffield D epartm ent of Clinical M edicine, )ohn Radcliffe Hospital, Oxford, United Kingdom

We have undertaken a case referent study of the association between HLA allele frequency and specific 
IgE antibody to acid anhydride-human serum albumin (AA-HSA) conjugates among acid anhydride work
ers. Thirty cases with radio-allergosorbent test score versus AA-HSA conjugates > 2 were compared with 
30 referents without specific IgE selected from the same factory sites as the cases and matched for age, 
sex, duration of exposure, atopic status, and smoking habit. We found a significant excess of HLA-DR3 
in the cases with specific IgE to acid anhydrides when compared with the referents (50% versus 14%, 
Fisher’s statistic = 8.4, odds ratio = 6, p = 0.05 corrected). The excess of HLA-DR3 was particularly as
sociated with IgE versus trimellitic anhydride, with HLA-DR3 present in eight of 11 workers with and in 
two of 14 referents without IgE (Fisher’s statistic = 8.5, odds ratio = 16, p = 0.004). The proportion of HLA- 
DR3 among the phthalic anhydride workers was not different in those with IgE (two of 12) from their refer
ents (two of 14). These findings suggest MHC II proteins are an important determinant of the specificity 
of the IgE response to an inhaled hapten. Young RP, Barker RD, Pile KD, Cookson WOCM, Newman 
Taylor AJ. The association of HLA-DR3 with specific IgE to Inhaled acid anhydrides. Am J Respir 
Crit Care Med 1995;151:219-21.

We have investigated the relationship between the specificity of 
the IgE response and HLA Class II molecules by examination of 
HLA allele frequency in a group of patients with specific IgE to 
acid anhydride-human serum albumin conjugates. Acid anhy
drides are reactive chemicals widely used as curing agents in the 
manufacture of epoxy and alkyd resins, which form the base for 
paints, varnishes, and plastics (1). Their chemical reactivity, which 
is the basis of their commercial value, also determines their most 
frequent biologic effects—the induction of specific IgE antibody 
and asthma. Each of the commonly used acid anhydrides— 
phthalic anhydride (PA) (2), trimellitic anhydride (TMA) (3), and 
tetrachlonophthalic anhydride (TCPA) (4)—has been found to cause 
asthma, usually associated with specific IgE antibody production. 
The risk of developing specific IgE antibody to TCPA is increased 
in those with greater exposure and in cigarette smokers, particu
larly atopic smokers (5). However, even among those at greatest 
risk only a minority produce specific IgE or develop asthma, sug
gesting a possible genetic influence.

Protein antigens have multiple epitopes that can each be 
presented in association with different combinations of HLA Class 
II proteins expressed on the surface of antigen-presenting cells, 
which inevitably dilutes any measure of the association between

(Received in original form October 25, 1993 and in revised form April 20, 1994)
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HLA type and specific antibody response; despite this, associa
tions have been found for some purified allergens such as Loi 
p  I, II, III from rye grass and HLA DR3 and D erp  I from dust mite 
and HLA DP 4.1 (6,7). Hapten-induced specific immunologic re
sponses should in theory provide an ideal model to study rela
tionships with HLA allele frequency. We have previously shown 
the IgE response to human serum albumin conjugates of acid an
hydrides to be hapten-specific (8). We therefore investigated the 
relationship between HLA allele frequency and specific IgE to 
different acid anhydrides as a model for a general relationship 
between epitope structure, HLA Class II proteins, and the speci
ficity of the IgE response. We chose to study the DR and DP loci 
because of previously reported associations with specific IgE re
sponses and because, unlike DR and DQ, they are not in linkage 
disequilibrium, and independent associations would be more likely 
to be identified.

Thirty ca se s  were drawn from a pool of acid anhydride workers with sp e
cific IgE antibody to PA, TMA, or TCPA and 30 referents exposed to PA 
or TMA. C ases were those who had in the past been found to have RAST 
scores > 2 to one or more acid anhydride-HSA conjugates (4). Among 
the 30 cases, 26 (87%) had documented positive skin prick test responses 
(acid anhydride-HSA weal, 3 mm or greater than HSA diluent weal) and 
28 (93%) had reported symptoms of asthma, rhinitis, or both, which had 
developed after acid anhydride exposure. Referents were skin-test and 
RAST negative to acid anhydride-HSA and, when possible, were matched 
for age, sex, atopic status (defined a s  skin prick weal of 3 mm or greater 
than negative control to one or more of D. pteronyssinus, cat dander, or 
grass pollen extracts [Bencards, Brentford, UK], smoking history, and type 
and duration of acid anhydride exposure. The latter was achieved by recruit
ing referents who had started the sam e, or a  similar, job at approximately
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TABLE 1

SUBJECT CHARACTERISTIC OF THE ACID ANHYDRIDE 
CASES AND REFERENTS

Subjects
Cases 

(n = 30)
Referents 
(rj = 30)

Age, mean yr 32 26
Male 24 30
Atopic 10 6
Smoking 20 20
Exposure

PA 12 16
TMA 11 14
TCPA 7 0

Definition alibrevlBtlons: PA =  ph th alic  anh y d rid e ; TMA =  trim ellitic anhydride ; TCPA 
te tra ch lo ro p h th a lic  an h y d rid e .

the sam e time at the sam e work site a s  the ca ses. Unfortunately, because  
the factory where the TCPA c a s e s  worked had closed, TCPA referents 
were not available. None of the 30 referents reported symptoms of asthma 
or rhinitis associated with acid anhydride exposure.

Twenty milliliters of whole blood were collected from c a s e s  and refer
ents and frozen prior to HLA-DR and DP typing using previously published 
DMA methods (9,10). DNA typing was done blind to phenotype data. Whole 
blood w as thawed, and DNA was extracted by phenochloroform methods.

Using specific primers in separate reactions, the second exon of HLA- 
DRB1 and HLA-DPB1 g en es were amplified using polymerase chain reac
tion (PGR). The HLA-DRB1 products were dot-blotted on to nitrocellulose 
membrane and sequentially probed overnight with radiolabeled sequence- 
specific oligonucleotides. After room-temperature and melting-point 
w ashes, the m embranes were exposed to X-ray film, which on develop
ment identified polymorphisms specific to the HLA-DR1-14 antigen speci
ficities. The HLA-DPB1 PGR products were digested in separate reac
tions using the following restriction enzym es: Mnl I, Eco NI, Rsa I, and 
Fok I. Digested DNA w as separated according to known restriction frag
ment lengths in polyacrylamide gels. Staining of the gel in ethldium bro
mide identified polymorphisms specific to known HLA-DP antigen speci
ficities. Two of the referents could not be DR-typed because of repeated 
failure to amplify their DNA.

Differences in HLA-DR and DP antigen frequencies inferred from the 
DNA typing methods described were compared between ca ses  and refer
ents by Fisher’s  exact test (two-tailed) and odds ratios. The frequencies 
of HLA-DR and HLADP antigen in the total group of acid anhydride workers 
were also compared with unselected groups drawn from the sam e ethnic 
and geographic population (Gaucasian from the United Kingdom) typed 
on a separate occasion.

The 30 acid anhydride cases (24 male and six female) had a mean 
ag of 32 yr (range, 16 to 54 years). Of these, 10 were atopic (33%), 
16 were nonatopic, and four were of unknown atopic status. Twenty

TABLE 2

COMPARISON OF HLA-DR AND DP ANTIGEN FREQUENCIES IN ACID ANHYDRIDE CASES 
AND REFERENTS AND AN UNSELECTED POPULATION

DR
Antigen 
(n = 12)

Cases 
Antigen % 
(n = 30)

Referents 
Antigen % 
(n = 28)

Corrected p Value 
(odds ratio)

Total 
Acid Anhydride 

Antigen %
(n = 58)

Unselected 
Population 
Antigen % 
(n = 184)

1 23 18 NS 21 18
2 23 29 NS 26 28
3 50 14 0.05 (6.0) 33 27
4 30 25 NS 28 34
5-11 3 14 NS 9 12
5-12 0 0 NS 0 4
6-13 13 25 NS 19 10
6-14 10 0 NS 5 6
7 27 43 NS 34 20
8 0 7 NS 3 4
9 0 0 NS 0 0

10 3 4 NS 3 1

DP
Antigen 
(n = 19)

Cases 
Antigen % 
(n = 30)

Referents 
Antigen % 
(n = 30) Corrected p Value

Total 
Acid Anhydride 

Antigen %
(n = 60)

Unselected 
Population 
Antigen % 
(n = 314)

1 17 7 NS 12 12
2.1 13 33 NS 23 19
2.2 3 0 NS 2 1
3 27 27 NS 27 19
4.1 63 57 NS 60 69
4.2 10 10 NS 10 22
5 3 0 NS 2 3
6 7 3 NS 5 7
8 0 0 NS 0 0.3
9 10 0 NS 0 4
10 3 0 NS 2 5
11 3 3 NS 3 5
13 7 7 NS 7 3
14 7 3 NS 5 0.6
15 0 3 NS 2 4
16 0 0 NS 0 2
17 3 3 NS 3 0.6
32* 0 3 NS 2 0
33* 0 3 NS 2 0

'  3 2  a n d  3 3  re p re s e n t po ten tially  n ew  HLA-DP alle les.
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TABLE 3

COMPARISON OF HLA-DR3 AND HLA DP2.1 ANTIGEN 
FREQUENCIES SUBDIVIDED ACCORDING TO 

ACID ANHYDRIDE EXPOSURE

Cases Referents
Fisher's
Statistic p Value

Odds
Ratio

DR3 and acid anhydride association
Acid anhydride

exposure DR3+ DR3 +
TMA 8/11 2/14 8.5 0.004 16
PA 2/12 2/14 0.16 NS 1.2
TCPA 5/7 0/0
Total 15/30 4/28

(50%) (14%)
DP2.1 and acid anhydride association

Acid anhydride
exposure DP2.1 + DP2.1 +

TMA 1/11 7/14 4.6 0.03 10
PA 2/12 3/16 0.11 NS 1.2
TCPA 1/7 0/0
Total 4/30 10/30

(13%) (33«%)

F or definition of abb rev ia tio n s , see  ta b le  1.

were current smokers (67%), eight were nonsmokers, and in two, 
smoking status was unknown. The acid anhydride exposures for 
the cases were as follows; PA, 12; TMA, 11; TCPA, 7, The 30 refer
ents were all male with a mean age of 26 yr (range, 17 to 40 yr). 
Of these, six were atopic (20%), 23 were nonatopic, and one was 
unknown. Twenty were smokers (67%), nine were nonsmokers and 
one was unknown. The acid anhydride exposures for the refer
ents were: PA, 16; TMA, 14. These results are summarized in Ta
ble 1.

The HLA-DR allele frequencies in the total acid anhydride- 
worker population (cases and referents, n = 58) were similar to 
those in the unselected comparison group (n = 184) (Table 2). 
We found a significant excess of HLA-DR3 in the acid anhydride 
cases (15 of 30; 50%) compared with the referents (four of 28; 
14%) (Fisher’s statistic [FS] = 8.4; odds ratio [OR] = 6.0, p = 
0.004 uncorrected and p = 0.05 corrected for 12 DR antigens). 
The increase was particularly related to exposure to TMA, with 
HLA-DR3 present in eight of 11 TMA-sensitized compared with 
two of 14TMA-exposed referents (FS = 8.5, OR = 16.0, p = 0.004 
uncorrected) (Table 3). In contrast HLA-DR3 was present in two 
of 12 cases and in two of 14 referents exposed to PA. HLA-DR3 
was present in five of seven cases exposed to TCPA. Fifteen of 
the 19 DR3-positive anhydride workers (79%) had acid-anhydride- 
specific IgE antibody.

The HLA-DP antigen frequencies in the total acid anhydride 
population (n = 60) was also similar to an unselected group 
(n = 314). We found a relative, but not significant, reduction of 
HLA-DP2.1 in the acid anhydride cases compared with that in their 
referents (13% versus 33%, FS = 3.3, OR = 3.3, p = 0.07 uncor
rected, p > 0.05 corrected for 19 antigens).

This study has identified an association between specific IgE an
tibody induced by acid anhydrides inhaled at work and HLA-DR 
genes. It is unlikely this finding is due to bias or confounding. The 
proportion of HLA-DR3-positive subjects in our study (33%) was

similar to that in an unselected referent population (27%). The 
control group of acid anhydride workers was chosen because they 
had similar patterns and comparable durations of exposure to acid 
anhydrides at work. A similar proportion of both cases and refer
ents were atopic and smokers, both recognized risk factors for 
acid anhydride-specific IgE induction.

Our findings suggest a relationship between HLA-DR3 and spe
cific IgE induced by TMA and possibly by TCPA, but not by PA. 
We did not have TCPA-exposed referents, but the proportion of 
HLA-DR3-positive subjects in the YCPA-sensitized group (71%) 
was similar to that in the TMA-sensitized group (73%), but differ
ent from that in the control group (14%) and the PA-sensitized 
group (17%). Previous RAST inhibition studies found that whereas 
specific IgE to TMA and TCPA bound to both the anhydride and 
albumin, specific IgE to PA bound to the anhydride alone (8). The 
differences observed in this study between TMA and TCPA on 
the one hand and PA on the other may reflect HLA Class II re
striction when the epitope includes both hapten and self-protein, 
but not the hapten alone.

The findings in this study require confirmation, but they are 
potentially of considerable importance. We tested the hypothesis 
that the specificity of IgE response was associated with HLA al
lele frequency in one of the few circumstances—specific IgE in
duced by inhaled haptens—potentially capable of providing a def
inite answer to the question. The association we have observed 
suggests that MHC Class II proteins are important determinants 
of the specificity of the IgE response to inhaled TMA and possi
bly TCPA. Further studies with other important low molecular 
weight chemical causes of occupational asthma such as iso
cyanates and complex platinum salts would now also seem worth
while.

Acknowledgment. This study was made possible by the continuing support 
and collaboration of Dr. David Gompertz and Health & Safety Executive in our 
studies of occupational respiratory disease caused by acid anhydrides.
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Abstract—Acid anhydrides are reactive organic chemicals of low molecular weight which cause 
occupational asthma. No previous research on the relationship between exposure to these chemicals 
and respiratory sensitization and development of occupational asthma has been reported. A 
retrospective cohort study was carried out in four factories (three alkyd resin factories and one 
cushioned flooring factory) to investigate the nature of exposure-response relationships for 
sensitization to phthalic anhydride (PA), trimellitic anhydride (TMA) and maleic anhydride (MA). 
This paper describes the results of full-shift and task-specific exposure measurements. Exposure to PA 
was low in relation to the Occupational Exposure Standard (OES). The highest full-shift PA 
exposures occurred among resin operators in the resin factory that used solid PA as compared to 
other resin factories where liquid PA was used. Arithmetic mean exposure levels to TMA and MA in 
the resin factories were well below their respective OESs. Short-term high exposures occurred during 
loading of acid anhydrides into the reactors and sampling and testing of the resin. Relatively high full- 
shift exposure to TMA occurred in the cushioned flooring factory, although no high peak exposures 
were detected.

IN T R O D U C T IO N

Acid anhydrides are reactive organic chemicals of low molecular weight that have been 
used in industry for over 50 years. The chemical structures of phthalic anhydride (PA), 
trimellitic anhydride (TMA) and maleic anhydride (MA) are shown in Fig. 1. The 
major applications of these chemicals are in the manufacture of alkyd and epoxy resins 
and phthalate ester plasticizers (Turner, 1988; Saunders, 1988). Other applications 
include the production of dyes, pesticides and pharmaceutical products (PA); the 
manufacture of wire enamels, surface coatings and wall and floor coverings (TMA); 
and the production of unsaturated polyester resins, oil additives, malic acid and paper 
sizing resins (MA) (Ridgway et aL, 1994).

The health effects of acid anhydrides include irritation of the mucous membrane 
and hypersensitivity, in particular asthma (Venables, 1989). In addition, TMA has 
been reported to cause pulmonary haemorrhage and haemolytic anaemia (Herbert and 
Orford, 1970; Ahmad et a/., 1979). Numerous publications have reported cases of 
occupational asthma due to phthalic anhydrides (Kern, 1939; Maccia et a i, 1976; 
Fawcett et al., 1977; Wernfors et al., 1986), trimellitic anhydride (Fawcett et al., 1977; 
Zeiss et al., 1977; Sale et al., 1981; Durham et a l, 1987) and maleic anhydride (Durham 
et a l, 1987; Lee et a l, 1991). Unfortunately, only a limited number of publications have 
reported levels of exposure to acid anhydrides. Table 1 provides a brief summary of the 
exposure data for TMA, PA and MA reported in the literature. During the 
manufacture of TMA average exposures were about 3-5 mg m “  ̂during bagging and

559



560 M. J. A. von Tongeren et al.

o(OC,
Trimellitic Anhydride Phthalic Anhydride

Maleic Anhydride

Fig. 1. Chemical structures of trimellitic anhydride, phthalic anhydride and maleic anhydride.

Storage, while concentrations during the use of TMA were generally lower. During the 
production of PA and its use in the production of alkyd and polyester resins average 
PA concentrations ranged from 0.03 to 13 mg m “ .̂ The highest concentrations 
occurred during the loading of reactors with solid PA. Only a limited number of results 
of MA measurements are available in the literature; average concentrations during the 
production of alkyd and polyester resins ranged from 0.2 mg m “ ̂  for respirable MA to 
0.8 and 1.3 mg m "^ for total inhalable MA.

Most exposure data in the literature (Table 1) are difficult to interpret because of 
paucity of relevant information, e.g. number of samples and the sampling and 
analytical techniques used, whether the results are time-weighted average (TWA) 
exposure over a full working shift or the average exposure during the time a specific 
task was carried out, and whether personal or static samples were taken.

None of the studies mentioned above have allowed an investigation of exposure- 
response relationships between exposure to acid anhydrides and respiratory sensitiza
tion or the development of occupational asthma as the exposure data in these studies 
were used as approximate indicators of exposure levels rather than describing 
representative estimates of average exposure.

In an attempt to  address these limitations a retrospective cohort study was carried 
out between 1991 and 1994 in the U.K. to investigate the relationship between 
exposure to acid anhydrides and respiratory health effects. The study design and results 
will be reported in detail elsewhere (Barker, 1995). Briefly, four factories that use acid 
anhydrides were included in the study with the participation of 401 workers or ex
workers. This paper describes the results of full-shift and task-specific exposure 
measurements to PA, TMA and MA in the four factories and discusses their 
implications.

D E S C R IP T IO N  O F  P R O D U C T IO N  P R O C E S S E S

Three of the participating factories produce resins (mainly alkyd resins but also 
polyester resins and acrylic resins) for use in the production of paints (factories 1 ,3 and



Table 1. Phthalic anhydride (FA), trimellitic anhydride (TMA) and maleic anhydride (MA) exposure date reported in the literature

Reference Production Anhydride Job titles or tasks
Number of 

samples Results (mg m )̂ Method

Boxer et al. (1987) Epoxy resin coating TMA Operator Unknown AM: range: <0.001-2.1 Personal sample with
McGrath et al. (1984) Assistant operator Unknown AM; range 0.002-0.82 filter, GC + FID
Bernstein et al. (1983) Packager Unknown AM: range: 0.007-0.32
Herbert and Orford Steel pipe coating with a TMA Powder spraying (2 feet distance) Unknown 0.27 Unknown
(1970) bisphenol resin containing Powder spraying (10 feet distance) Unknown 0.10

TAM Powder spraying (40 feet distance) Unknown 0.14
NIOSH (1978) Epoxy paint TMA Process operation Unknown AM; 1.5 Unknown

Decontamination Unknown AM: 2.8
Letz et al. (1987) Drum manufacturing TMA Powder room operators 2 2.7 Personal sample with

filter, GC + FID
Zeiss et al. (1977) TMA production TMA Condensation of molten TMA Unknown AM: 1.7 (fumes) Unknown

Pouring of molten TMA in drums Unknown AM: 1.8 (fumes)
Bagging of solid TMA Unknown AM; 4,7 (dust)
Warehouse Unknown AM; 3.3 (dust)

Pfâfiîi (1986a) PA production—unsaturated PA Unknown 5 0.15 Personal sample with
polyester resin 3 1.63 TENAX tube.

1 10.5 GC+ECD
Pfàffli (1986b) PA production—unsaturated PA Flaking, normal 6 1.49 Stationary sample with

polyester resin Flaking with process difficulties 4 2.95 TENAX tube,
Sacking, normal 6 0.52 GC+electron capture
Sacking with process difficulties 4 1.18 detector

Liss et al. (1985) PA and DEHP production PA DEHP production 8 AM; 0.04 Personal sample with
PA production 6 AM; 0.05 filter, HPLC
Plant maintenance 5 AM; 0.02
Other 17 AM; 0.04

Nielsen (1992) Alkyd and polyester resin PA Loading of reactor 24 AM; range 2.8-13 Personal sample with
Nielsen et al. (1991) (five plants) Other work 11 AM; range; <0.01-0.3 filter, u.v. spectro
Nielsen et al. (1988) photometer or HPLC
Wemfors et al. (1986) MA Loading of reactor 3 AM; 1.3
Lee et al. (1991) Alkyd and polyester resin PA Process Unknown AM; 1.36 (inspirable) Unknown

Unknown AM; 0.33 (respirable)
MA Process Unknown AM; 0.83 (inspirable)

Unknown AM; 0.17 (respirable)

I
I

i
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4). The other (factory 2) produces cushioned floor covering. Factory 2 only uses TMA, 
factories 1 and 3 use all three acid anhydrides (PA, TMA and MA), while factory 4 is 
currently only using PA.

Resin manufacturing
Three of the factories participating in the study produce resins used in the 

manufacture of paints. The main products are alkyd resins, polyester resins and acrylic 
resins. All acid anhydrides are used for the production of the alkyd resins; only maleic 
anhydride is used in the production of polyester resins. No acid anhydrides are used for 
the production of acrylic resins. The resins are manufactured in large reactors (Fig. 2) 
with the three factories having a total of 1 ,4  and 6  reactors in operation, respectively. 
The manufacture of resins involves the use of a natural oil or a fatty acid, a polyol such 
as pentaerythritol and a dicarboxylic acid or acid anhydride. In two factories (1 and 4), 
liquid PA is added automatically and manual loading of PA is only needed 
occasionally in the case of breakdown of the liquid phthalic anhydride (LPA) storage 
and supply system. In the other resin manufacturing factory solid PA is added 
manually from 25 kg bags or mechanically from big bags (500-1000 kg), TMA and MA 
are always used in the solid form, TMA as a fine powder and MA as briquettes. During 
the production of the resins, samples are taken at regular intervals to test the acid value 
and the viscosity of the resin. After a period ranging from 8  to 20 h, the resin is

Resin Manufacturing
so lid s  
e .g . a c id  
a n h y d r id e s  
p e n ta  \ .  
erythrito! |
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e .g . g lycero l 
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W eigh  tan k

LPA tan k

R e a c to r  v e s se l  
2 0 0 - 2 5 0 b

so lv e n ts

sam p lin g  
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Filter p r e s smr
d ru m s T hinning v e s s e l

Fig. 2. A schematic diagram of a resin manufacturing factory.
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Fig. 3. A schematic diagram of the printing section of the cushioned flooring factory.

downloaded into a thinning vessel where more solvents are added and finally pressed 
through filters. The resins are either stored in drums or in large tanks.

Cushioned flooring
The remaining factory produces linoleum and synthetic cushioned flooring (Fig. 3). 

TMA is used as an inhibitor of the blowing agent to produce a textured finish of the 
cushioned floor covering. TMA is mixed with a PVC co-polymer and solvent to 
produce a TMA masterbatch. This TMA masterbatch is mixed with the inks and acts 
as an inhibitor of the expansion of the foam layer in the flooring. The inks are loaded 
into six separate trays from which the inks are printed on the flooring by rotagravures. 
Normally, one of these trays is filled with the TMA-containing ink, the remainder being 
filled with inks that complete the design of the flooring. The flooring is fed through the 
printing machine (de-reel) and wound onto a second roll (reel-up). After a batch of 
flooring is printed the ink trays and the cylinders are cleaned and a new print pattern is 
installed. The printed flooring is coated with a clear PVC plastisol and pressed through 
an oven whose heat causes the expansion of the foam layer.

M E T H O D S  A N D  M A T E R IA L S

Exposure measurements of airborne acid anhydrides were taken over whole shifts 
and during specific tasks expected to cause elevated levels of exposure. All 
measurements were taken during planned factory visits, each of which lasted between 
2 and 3 weeks. Factory 2 was visited twice due to a breakdown of the printing process 
during the first visit. Personal full-shift measurements were taken randomly with 
respect to day and worker. A representative number of workers were sampled from 
each job title, but because of limited resources no repeated samples from the same 
worker were taken. An exception was made for the resin operators and quality control 
laboratory workers in factory 4 where because of the small number of workers repeated 
measurements were taken. The number of samples was determined by sampling one
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out of 10 of all work shifts for each job title during the factory visits. This rule was not 
applied strictly, for example fewer samples were taken for personnel (e.g. supervisors) 
thought to have only minor exposure. A total of 130 full-shift samples were collected.

Task specific sampling was carried out to determine the level of peak exposures 
within a work shift. Activities thought to be associated with a high level of exposure 
were identified and sampled where possible during the factory visits. In total, 73 task- 
specific samples were taken in the four factories. Due to the infrequency and 
unpredictability of certain tasks, types of maintenance work and spillages, not all tasks 
which might cause high levels of exposure were sampled.

The sampling and analysis were carried out according to Methods for the 
Determination of Hazardous Substances (MDHS) No. 62 (HSE, 1988). Air was 
drawn through a glass fibre filter (GF/A) in a UKAEA seven-hole sampling head 
behind which a Tenax tube was connected in series. The sampling train was 
calibrated to a flow-rate of 0.5 m in“  ̂ by means of a soap bubble meter. After 
sampling, the filters were stored in metal Petri dishes and the end of the Tenax tubes 
sealed with plastic caps. The filters were desorbed in 2 ml of the mobile phase 
(84:1:15 water-phosphoric acid-acetonitrile solution) for 60 min. The Tenax tubes 
were desorbed by dropwise addition of 4 ml of acetone. The eluate was collected and 
200 /il of mobile phase was added. The solution was allowed to stand for 60 min and 
then evaporated to dryness. The residues were redissolved in 0.5 ml mobile phase. 
Analysis was carried out by injecting 20 /d of the desorption solution into a high 
performance liquid chromatograph (HPLC) (C l8, 25 x4.6 mm, S50DS2) connected 
to an ultra-violet (u.v.) detector (230 nm). A Schimadzu-CR6A integrator was used to 
calculate the peak areas. In the case of analysis for MA, a 0.1% v/v phosphoric 
acid-water solution was used as the mobile phase. The limit of detection of the 
analysis of TMA, PA and MA was 0.10 fig.

R ESU LTS

The results for PA were found to be log-normally distributed. The distributions for 
TMA and MA could not be tested due to the large number of samples that were below 
the analytical limit of detection. However, if only factory 2 is considered, the results for 
TMA were also log-normally distributed. As the arithmetic mean (AM) is regarded as 
the summary measure most relevant to health outcome (Armstrong, 1992) AM results 
for PA, TMA and MA (in /fg m “ )̂ are shown by factory in Fig. 4.

The highest arithmetic mean PA exposure occurred in factory 3, which uses only 
solid PA, whereas factories 1 and 4 mainly use liquid PA. Factory 2 does not use PA, 
although some background exposure was detected, probably due to interference by 
other chemicals in the analysis or due to transformations from TMA into PA. All 
results are well below the 8-h TWA Occupational Exposure Standard (8-h TWA OES) 
of 6000 fig m “  ̂ (HSE, 1994).

The highest arithmetic mean TMA exposures of 19.3 f igm~^  were found in factory 
2 which is about half the 8-h TWA OES of 40 /ig m “ Exposure to MA was measured 
only in the two factories that used it (factories 1 and 3) and was undetectable in half of 
aU full-shift measurements. As can be seen from Table 2, the arithmetic mean MA 
exposure was very low and always well below the 8-h TWA OES of 1000 f igm~^  (HSE, 
1994).
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■  PA exposure 

O  TMA exposure 

H  MA exposure

Factory 1 Factory 2 Factory 3 Factory 4

Fig. 4. Arithmetic mean exposure to PA, TMA and MA by factory.

Table 2. PA exposure (//g m by factory and job category (except factory 2)

N
AM GM

{fig m “ 3) GSD % <  LoD

Factory 1
Resin operator 9 25.1 7.6 4.1 0
Filter operator 9 1.5 1.2 1.3 22
Warehouseman 1 1.0 0
Maintenance 6 2.6 2.5 1.3 0
Laboratory worker R&D resin 2 0.5 0.5 1.1 100
Supervisor 2 0.5 0.5 1.2 100

Factory 3
Resin operator 12 137.7 9.4 7.7 0
Filter operator 3 19.4 9.1 4.4 0
Warehouseman 4 4.7 3.2 2.7 0
Maintenance 3 3.4 2.8 2.2 0
Laboratory worker R&D resin 3 15.1 6.4 8.7 33
Laboratory worker QC resin 4 2.5 1.6 2.9 50

Factory 4
Resin operator 13 20.1 11.9 2.9 0
Pilot plant operator resin 3 10.4 5.3 4.1 0
Laboratory worker QC resin 10 1.8 1.2 2.4 40

A = number of samples.
AM =  arithmetic mean.
GM =  geometric mean.
GSD =  geometric standard deviation.
% < LoD = percentage of samples below the limit of detection.

Table 2 shows the results of PA exposures by factory (except for factory 2) and by 
job category. Resin operators, who are responsible for cooking the resin experienced 
the highest exposure. This involves charging of solid PA (factory 3) and sampling and 
testing of the reactor mixtures (factories 1, 3 and 4). In factory 3, exposure was also



566 M. J. A. von Tongeren et al.

relatively high for filter operators (filter finished resin and load it into drums, tanks, 
etc.) and for the research and development laboratory workers. The pilot plant 
operators in factory 4 also had slightly elevated PA exposure. Unfortunately, no 
measurements were available for the pilot plant workers in the other factories.

The geometric standard deviations (GSD) were very high for the job categories 
with the higher geometric mean exposures (Table 2). PA was often not used during a 
work-shift, due to the relatively long production cycles (up to 20 h) and the fact that PA 
was not used in the manufacture of all resins. Contact with PA either as a raw material, 
during sampling and testing of resins or from contaminated equipment occurred in 
only 14 out of the 34 personal samples of the resin operators, which may be responsible 
for the high variation in exposure. Other than in factory 4 no repeated measurements 
on the same worker were taken. Analysis of the repeated measurements for the resin 
operators in factory 4 showed that 95% of the total variance was explained by the 
within worker component.

Table 3 shows the results of TMA exposure by job category in factory 2. The 
printers, ink mixers and colour matchers, and de-reel and reel-up operators have the 
highest TMA exposures. Lower exposures occurred in job categories which were not 
employed in the ink mixing or printing area of the factory (pilot plant operators and 
floor processing operators). The highest full-shift exposures for the printers and the de
reel and reel-up operators occurred while manually chipping ink oflf the floor during 
breakdown of the printing machine. Arithmetic mean exposure during these days was 
74.1 jugm“  ̂ for printers (N=6)  and 60.0 fig m “  ̂ for de-reel and reel-up operators 
(# = 3 ). During normal working days the exposure in these categories was similar to 
those of the pilot plant and floor processing operators.

Results for short-term exposures during specific tasks are shown in Tables 4,5 and 6 
for PA, TMA and MA, respectively. The highest PA exposures occurred during 
charging of solid PA in the reactor vessels (AM: 363.9 f igm~^)  and sampling and 
testing of the reactor mixture (AM: 300.3 fig m “ ^). Exposure also occurred whenever 
the enclosed system was opened and solid PA had to be removed (AM: 179.6 f igm~^)  
and during filtering and drumming of the resin (AM: 103.9 fig m “ ^). For each task the 
average time-weighted average (TWA) exposure over 8 h was calculated. In addition, a 
10-min TWA was calculated assuming that the exposure happened during only 10 min 
of the measurement. The highest 8-h TWA occurred during charging of PA into the 
reactor vessel (8-h TWA: 38.0 /ig m “ ^), whereas the 10-min TWA for this task was

Table 3. TMA exposure (fxg m “ ^) in factory 2 by job category

N
AM GM

(pgm -3) GSD % <  LoD

Printer 16 31.2 8.3 5.3 6
Ink mixer, colour matcher 8 15.4 11.2 2.5 0
Pilot plant operator flooring 8 3.6 1.6 3.8 50
De-reel, reel-up operator 10 21.8 9.4 3.7 0
Floor processing operator 4 5.2 2.5 3.7 0

iV=number of samples.
AM =  arithmetic mean.
GM =  geometric mean.
GSD =  geometric standard deviation.
% <  LoD =  percentage of samples below the limit of detection.
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Table 4. Task-specific exposure to PA (^g m

N
AM

(/xgm"^)
Range

(//gm “ )̂
T

(min)
TWA-8

Ougm“ )̂
TWA-10
(/igm “ )̂

Handling bags 2 33.0 21.9-44.0 87.0 5.0 241.3
Charging 8 363.9 53.8-1862.6 58.6 38.0 1825.2
Sampling/testing 18 300.3 8.8-1276.6 78.3 28.8 1382.5
Resin finishing 2 103.9 10.6-197.1 37.0 7.4 356.3
Laboratory work 2 17.5 5.5-29.5 91.0 2.2 107.7
Opening system 7 179.6 6.0-389.3 15.3 2.9 159.2
Delivery LPA 6 25.0 6.5-51.4 38.8 1.8 90.4

N  — number of samples.
AM =  arithmetic mean exposure. 
r =  average sampling time.
TWA-8 =  8-h time weighted average exposure assuming no exposure occurred during the rest of the 8 h. 
TWA-10= 10-min time weighted average assuming that exposure only lasted 10 min.
LPA = liquid PA.

Table 5. Task-specific exposure to TMA (/ig m

N
AM

(/xgm"^)
Range

(/igm -3)
T

(min)
TWA-8

(/igm"3)
TWA-10
(/igm "3)

Handling bags 1 99.7 — 6.0 1.3 59.8
Charging 4 6340.3 150.5-20433.5 15.3 264.4 12689.9
Sampling/testing 2 4.1 2.5-5.7 65.7 0.3 20.1
Finishing resin 2 5.5 5.1-5.9 37.0 0.4 20.2
Opening system 1 19.6 — 50.0 2.0 98.0
Clean workplace 1 60.2 — 44.0 5.5 264.8
Mixing batch 2 34.0 16.2-51.7 21.5 1.0 47.3
Mixing inks 3 19.9 14.6-26.8 50.7 2.1 2.9
Loading inks 2 25.0 17.1-33.0 26.5 1.2 56.4
Printing 2 12.3 5.0-19.7 135.5 2.2 104.3
Cleaning equipment 2 14.3 11.1-17.5 26.3 0.4 27.5

A^=number of samples
A M = arithmetic mean exposure.
T  =  average sampling time.
TWA-8 =  8-h time weighted average exposure assuming no exposure occurred during the rest of the 8 h.
TWA-10= 10-min time weighted average assuming that exposure only lasted 10 min.

Table 6. Task-specific exposure to MA (//g m

AM Range T TWA-8 TWA-10
N (|igm "^) (/fgm"^) (min)

Handling bags 1 6.9 — 30.0 0.4 20.8
Charging 3 17.3 10.1-28.6 13.0 0.4 20.1
Sampling/testing 2 5.5 1.4-9.7 83.5 0.4 20.2
Finishing resin 2 10.8 5.9-15.7 37.0 0.9 41.4

A=num ber of samples.
AM = arithmetic mean exposure.
T  =  average sampling time.
TWA-8 = 8-h time weighted average exposure assuming no exposure occurred during the rest of the 8 h. 
TWA-10= 10-min time weighted average assuming that exposure only lasted 10 min.



568 M. J. A. von Tongeren et al.

almost 2 mg m “ ^, which is about a factor of 13 below the Short-term Exposure Limit 
(24m gm "3) (HSE, 1994).

Exposure during charging of TMA into the reactor vessel caused very high 
exposure (AM: 6340.3 /^g m “ ^) with a maximum exposure of 20433.5 ;ig m"^ over 
24 min. The average 8-h TWA based on this task was 264.4 //g m “  ̂which exceeded the 
Occupational Exposure Standard (40 ^g m “ ^). Exposure during the other tasks were 
much less (Table 5). The tasks in factory 2 associated with exposure to TMA (cleaning 
workplace, mixing TMA batch, mixing inks, loading inks in printing machines and 
cleaning of equipment contaminated with inks) had similar average exposures to those 
found during the full shift measurements. Exposure to MA was always very low even 
during the charging of MA in the reactor vessel (Table 6).

D IS C U S S IO N

Exposure to PA, TMA and MA was assessed in four factories as part of an 
epidemiological study to determine exposure-response relationships in the develop
ment of acid anhydride induced asthma. Full-shift samples were taken using a random 
sampling strategy. The highest PA exposures occurred among the resin operators in 
factory 3, the only resin manufacturing factory where the resin operators charged PA 
manually into the reactors. The exposure levels are, however, low compared to the 
Occupational Exposure Limit (6000 ^ g m “ ^). Exposure to PA in the other resin 
factories was caused mainly by sampling and testing of the mixture in the reactor, as 
seen in the task-specific measurements.

The variability in the results of the exposure measurements for PA was very high, 
especially in factory 3 and for the resin operators. This was due to the fact that PA was 
not used every day as PA or other acid anhydrides were not constituents of all resins. In 
addition, it required between 8 and 20 h to produce a resin, and the majority of the 
samphng and testing of the reactor mixture is done towards the end of the production 
cycle. Results from repeated measurements among the resin operators in factory 4 
show that almost all the variance is caused by the day-to-day component, while the 
between worker component is negligible.

Factory 2 was the only factory to use TMA or TMA containing materials daily. The 
other factories did not use any TMA during any of the periods the full-shift samples 
were taken. The use of MA was also very infrequent. For this reason, arithmetic mean 
exposure levels for TMA and MA were very low at the alkyd resin plants (factories 1,3 
and 4) and were not detectable in more than half of the samples. In factory 2 the 
arithmetic mean exposure to TMA was 19.3 ^gm ~^, which is close to the 
Occupational Exposure Limit for TMA. The highest levels among the printers and de
reel and reel-up operators occurred during a major breakdown in the factory. During 
this period, layers of inks were mechanically removed from the floor generating dust 
within the factory. Arithmetic mean exposure levels were 74.1 ^g m “  ̂ (Æ=6) for the 
printers and 60.0 ^ g m “  ̂ (N=3)  for de-reel and reel-up operators, above the 
Occupational Exposure Limit of 40 |tg m “ .̂ During normal working days the 
exposure levels were a factor of 10 lower.

Exposure to acid anhydride found in this study were generally lower than those 
reported in the literature. It is difficult to compare our data with previous work, as 
different sampling and analytical techniques were used and the measurements reported
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in the literature were not taken as part of a random sampling strategy. Comparison of 
our results of the task-specific PA and MA measurements with previously published 
results show that generally ours were lower, although high levels of PA exposure were 
found during charging of PA in reactors (range 53.8-1862.6 jUgm“ ^) and during 
sampling and testing of the reactor mixture (range 8.8-1267.5 jug m~ ̂ ). Assuming that 
these tasks were carried out in 10 min, the 10-min TWA exposure were a factor 13 and 
17 below the respective Short-term Exposure Limit (24 mg m~^). Very high levels of 
TMA exposure were found in a resin factory during the charging of TMA in the 
reactors (range 150.5-20433.5 TMA was used as a very fine powder, while
PA and MA were used in flakes and briquettes, respectively, which may explain the 
large difference in exposure to TMA as compared to MA and PA during loading 
activities.

Full respiratory protection (air-fed hood) with disposable suits, rubber gloves and 
boots were always worn whilst TMA was being loaded at factories 1 and 3 and real 
exposure by the workers will have been much less than that measured in the air. 
Nevertheless, one very short sample (2 min) in the dressing room after charging of 
TMA detected TMA in the air close to the workers breathing zone. The concentration 
was more than 4 mg m “ ,̂ although accuracy is hmited by the small sampling volume. 
In factory 2, strict use of respiratory protective equipment occurred only during the 
mixing of the TMA master batch. When handling MA, half-face masks were usually 
worn and respiratory protection was rarely used whilst loading PA or taking samples 
of the resin.

In summary, our results show that full-shift acid anhydride exposure was generally 
low in the resin producing factories. In the case of TMA and MA, this was due to their 
infrequent use. Short-term measurements showed that high exposures occurred during 
charging of acid anhydrides and sampling and testing of the reactor mixture. Full-shift 
exposures to TMA were highest in the cushioned flooring factory although the short
term peak exposure were less than in the resin factories. Individual TMA exposure will 
however have been generally reduced by the use of air-fed hoods.

Peak exposure may be of major importance in the development of occupational 
asthma (Gardiner, 1995; Venables, 1987; Vandenplas et al., 1993) and although the 
full-shift exposures appear to be low, the risk of sensitization may still remain. It is 
therefore important to reduce the exposure to acid anhydrides to an even greater degree 
and more importantly to ensure that high peak exposures are avoided. These peak 
exposures could occur during routine and breakdown maintenance, spillages and 
handling of split bags. Although no data on exposure during these events was collected 
in this study, this is one of the main areas in which prevention and/or control should be 
prioritized.

The use of liquid PA enables automatic loading and therefore potentially high 
exposure during loading is avoided. Unfortunately, only PA is available in liquid form. 
In case of TMA and MA, the anhydrides should be used in a form, such as flakes or 
briquettes, which minimize the release of dust during loading. Furthermore, the way in 
which empty bags are disposed off can be an important means in reducing exposure 
levels and the workforce should receive proper training in the safe handling of these 
chemicals.

Installation of properly designed and maintained local exhaust ventilation at the 
loading points and where the samples are taken and analysed, could further reduce
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exposure. The maintenance of the ventilation systems is of great importance in the resin 
manufacturing plants, because the condensed resin fumes can block the system and 
thereby reduce its efficiency considerably.
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