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Summary

Only a few threshold limit values exist at present for allergens in the workplace known to
cause bronchial asthma. This contrasts with the great number of occupational asthma cases
observed in industrialized countries. Recently published studies provide clear evidence for
exposure intensity response relationships of occupational allergens of plant, microbiologi-
cal, animal or man-made origin. If allergen exposure levels fall short of determined limit
values, they are not associated with an increased risk of occupational asthma. Correspond-
ing data are available for wheat flour (1—2.4 mg)rfungale-amylase (0.25 ng/f), natural

rubber latex (0.6 ng/M), western red cedar (0.4 mgfjrand rat allergens (04g/m°). It is
suggested to stipulate legally binding threshold limit values (TLV/TWA) on this basis in
order to induce more effective primary preventive measures. If no reliable data on the health
risk of an occupational airborne noxa exist, the lowest reasonably practicable exposure level
has to be achieved. Appropriate secondary preventive measures have to be initiated in all
workplaces contaminated with airborne allergens. Verified exposure—response relationships
provide the basis for risk assessment and for targeted interventions to reduce the incidence
of occupational asthma also in consideration of cost benefit aspects. ‘Occupational asthma
is a disease characterized by variable airflow limitation and/or airway hyperresponsiveness
due to causes in a working environment. These causes can give rise to asthma through
immunological or non-immunological mechanisms [1]. Up to 15% of all asthma cases are of
occupational origin or have at least a significant causal occupational factor [1-10].
According to the New Zealand part of the European Respiratory Health Survey, an
increased risk of asthma prevalence was found for several occupations such as laboratory
technicians, food producers, chemical workers, plastic and rubber workers [11]. The Spain
part of this study comprising 2646 Spanish subjects showed an asthma risk to be attributed
to occupational exposures between 5 and 6.7% [12]. Main asthma-inducing agents in the
workplace are flour, grain and feed dust, animal dander/urinary proteins and isocyanates.
Further, several inhalative irritants such as chlorine, acid or alkaline aerosols play a pivotal
role. Many low molecular weight chemicals have irritative as well as allergenic effects on
the airways, e.g. isocyanates and acid anhydrides. In addition to chronic or repetitive
exposures, also singular accidental exposure to high concentrations of irritative or toxic
airborne substances can cause occupational asthma. This condition is frequently called
reactive airways dysfunction [13].

Exposure—response relationships

5ecent studies on exposed subjects give strong evidence for

(BGFA), Institute at the Ruhr-UniversitBBochum, Bukle-de-la-Camp- ~ €XpOsSure intens_it)"resmmse relationships between indoor
Platz 1, D-44789 Bochum, Germany. or common environmental allergens on the one hand and
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Table 1. Studies on exposure-response relationships of occupational/environmental inhalant allergens

Source substance Exposure evaluation Lowest effective Exposure—response
allergen (method) antigen level relation of Group Reference
Flour dust Dust sampling in 1-2.4mgim Sensitization 230 bakery employees [18]
bakery atmospheres 1.7 mgim sensitization, respiratory 279 bakery employees [16]
symptoms, PBy
Fungala-amylase Dust sampling in 0.25ngim Sensitization 230 bakery employees [22]
bakery atmospheres
Wood dust Questionnaire and 0.2-0.4my/m Decrease in FVC 243 saw mill workers [24]
(red cedar) dust sampling in saw
mill atmospheres
Natural rubber Dust sampling in 0.6 ng’m Sensitization, respiratory 145 hospital employees [30]
latex hospital atmospheres symptoms
Cow dander/hair  Analysis of room 1-28/g dust Sensitization 40 farmers [35]
Bos d 2 dust samples
Rat urine Questionnaire and 0.1-0&° Respiratory symptoms 323 employees with [38]
dust sampling in contact to laboratory
workplace atmospheres rats
Dog dander/hair  Analysis of room 19y/g dust Sensitization Review of [63]
Canfl dust samples epidemiological studies
Cat dander/hair ~ Analysis of room u8/g dust Sensitization Review of [63]
Feld1 dust samples epidemiological studies
Chironomidae  Questionnaire >5mg/month Sensitization 184 Chit 1-9 [42]
Chit1-9 exposed subjects
Acid anhydrides  Dust sampling in 0.3-1.7 (various) Symptoms Overview on various [52]
workplace 0.1-0.39 mg/M(TCPA) symptoms studies [43]
atmospheres 0.82 mgMiTMA) symptoms, 52 factory workers [69]
sensitization 17 factory workers
Isocyanates MDA 7005 5-10ppb Symptoms, lung 84 industry workers [70]

function impairment

sensitization or diseases on the other hand [14,15]. ABakery allergens

shown by an increasing number of investigations, this is

also true for occupational allergens. In the following, resultsFlour is one of the main causes of occupational asthma. In
of several relevant studies on this issue are summarized (seakeries, flour dust concentrations of 1-2.4 myivere

also Table 1. However, in this context, it has to be differ-found to be associated with a significantly elevated risk of
entiated between dust exposure and allergen exposursensitization to wheat antigens [16—19]. Using logistic or
Some of the studies mentioned below only estimated théinear regression analyses, Musk al. [16] found symp-
exposure intensity related to the whole dust-concentratiotoms, lung function, bronchial reactivity and immediate-
measured. Since the dust samples may contain differertype skin-prick test responses to bakery allergens to be
levels of allergenic and non-allergenic substances, it iselated to current or past exposure to dust. More important
particularly important to establish and employ specificthan the total dust measurement is the specific ascertainment
assays for an accurate and precise estimates of the exposufeflour antigens [18—20]. The antigen proportion in total
intensity. Nevertheless, in general an increased exposure tlust depends on size and type of bakeries. Wheat antigen
dust is related to an increased exposure to allergen. amounts ranged from 2.4 to 6 ng per mg bakery dust.
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Fungala-amylase fromAspergillus oryzadAsp o 2) is
widely used as a baking additive. Some 20—-30% of sympto-
matic bakers are sensitized to this enzyme [21,22]. Dose-
dependent effects are already detectable from 0.253ng/m"c_J
air. A study on 178 bakers showed that in addition to the 3
atopic state, the exposure teamylase in the air is an ic)
important factor of sensitization to this substance in bakeriesS
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Wood dust (western red cedar) <0.6ng/m >0.6 ng/md
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Total dust concentrations in the air of a red cedar sawmill

were determined by Vedadt al. [23]. In addition, 652

employees were investigated using questionnaire and spirgsig. 1. Prevalence of IgE-mediated sensitization to latex of
metry. The dust level was found to be up to 6mg/im  hospital employees working in rooms/units with less than 0.6 ng
working environment. Workplace-related eye irritations or= 0.6 ng latex allergens perair.

were more common at concentrations above 3mg/m
Workplace-related asthma was associated with an exposure
of more than 10 years (found in 8% of workers). Lung o
function values (FEYand FVC) were lower at higher wood
dust concentrations.

Latex air concentration

As shown in Fig. 1, IgE-mediated sensitization was found
be significantly associated with the latex aeroallergen
levels; at latex allergen concentrations=D.6 ng/n¥, 18%
iti 0,
Noertjojoet al.[24] investigated 243 sawmill workers in of exposed people were found .to be sensitized and 15'5A’
revealed hypersensitivity reactions. Lower concentrations

an 1l-year follow-up study on the relat|oqsh|p betweer, ere neither associated with IgE-mediated sensitization nor
exposure to red cedar dust and lung function changes. A.

total of 140 office workers served as control group. Asth-Wlth respwgto.ry symptoms [30]. . . .
. . ) . ; These findings demonstrate that continuous inhalative
matics were not included in the study. The intensity of

: antact with latex allergens seems to be an important risk
exposure was calculated for each employee on the basis & ctor for hypersensitivity reactions

gﬁ?ge?gjtf?’v:?: ddi?f(re?ggga(t)é dd'uks)tWeZ(g gsrzgrje). Tf;rdeiirsxpo— Non-occupational situations, e. g. latex allergies in spina
group ) ' m bifida patients, also show evidence of exposure—response

(Q'Z._.O'A’ mg/rm) and high ¢ 0.4 mg/n). _In the follow-up, a relations: the frequency of latex sensitization in spina bifida
significant decrease of FE\and FVC, inversely related to . : :
children was found to be strongly associated with the

the wood dust load, was found. number of surgical procedures [31-34].

Natural rubber latex
Cow dander/hair

Allergy to natural rubber latex is becoming a serious ) . ]
Occupationa| pr0b|em especia”y among health care Work:l—he relatlonShlp between the levels of airborne cow dander/
ers. Although the direct skin contact with latex gloves is thehair allergens and IgE-mediated sensitization in farmers was
most common way of exposure, recent studies demonstratBvestigated by Hinzeet al. [35]. They determined IgE
that latex allergens can become airborne in hospitals an@ntibodies to the major allergen Bos d 2 in 40 dairy farmers
doctors’ surgeries with glove powder as allergen carrie@nd analysed dust samples from Iiving_rooms.AthreshoId of
[25-28]. To analyse the relationship between latex allerged—21#9 Bos d 2 per gram dust (atopics) and of 2480
load in the air and risk of sensitization, Baetral.[29,30] B0s d 2 per gram dust (non-atopics) was found to be
collected dust samples in various hospital and surgica$ignificantly associated with an IgE level 0.7 kU/L.
rooms and quantified the airborne latex allergen concentra-
tions by a competitive immunoassay using pooled serumy,
from latex-allergic patients. Specific IgE antibodies and
hypersensitivity reactions of the 145 employees whoSeveral investigations related to laboratory animal allergy
worked in these rooms were measured as well. were performed by Hollandest al. [36]. They developed

Airborne latex allergens were detectable in all rooms inhighly specific and sensitive sandwich immunoassays for rat
which powdered gloves were used and no ventilationand mouse urinary allergens. A cross-sectional study on 540
systems were installed. The highest concentration ofaboratory animal workers was performed to quantify the
airborne latex allergens was 205 ng/m exposure—response relationship for allergy to rats. In the

at allergens
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group of workers with less than 4 years of working experi-sensitization could be found. Asthmatic symptoms were
ence with laboratory animals, the prevalence rate of sensassociated with specific IgE antibodies to Chi t 1-9.
tization to rat allergens was clearly associated with exposurEurthermore, asthmatic patients had the highest IgE
levels [36]. Allergies to cat and dog seemed to be arantibody concentrations [42].

important risk factor for laboratory animal allergy [37].

Atotal of 323 subjects occupationally exposed to rats Wai\ci d anhydrides
studied by Cullinanet al. [38]. The authors measured
intensity and frequency of exposure to total dust and rafAcid anhydrides are a class of chemical agents frequently
urinary allergens. In addition, workplace-related symptomsaused in the production of synthetics. List al. [43]
and skin-prick test results (standard and rat urinary allerperformed a cross-sectional study in a factory with
gens) were evaluated. There was a positive correlatioB2 employees using tetrachlorphthalic anhydride (TCPA)
between the level of rat urinary allergen exposure and thas a hardener. The concentration of TCPA in the air was
frequency of positive skin-test results. The relationshipbetween 0.21 and 0.39 mg/mThe prevalence of work-
between specific sensitization and work-related symptomeelated airway complaints was high (27—-39%). After venti-
was more evident for atopics than for non-atopics. lation installation, the TCPA concentration decreased to
0.1mg/nt, and at the same time symptoms diminished
considerably.

Eighteen workers exposed to trimellitic anhydride (TMA)
Proteins from pelt and saliva of pets are mainly environ-were investigated by Bernsteét al. [44], 12 of them were
mental allergens; however, sometimes they are also odbserved over 3 years. Five of the workers developed IgE
occupational relevance, e.g. for veterinarians, pet shopntibodies to TMA-HSA. Three of them suffered from late
owners and animal dealers. respiratory systemic syndromes, one from rhinitis. After the

Can f 1 (dog) and Fel d 1 (cat) are well-characterizedinstallation of ventilation systems, TMA concentration in the
allergens. Even in rooms without animals, 1-t0of these  air were reduced from 0.82—2.1 mgfte 0.01—0.03 mg/rh
allergens per gram dust can be found. Obviously, theSubsequently, the number of workers with specific IgE
allergens are transferred by clothes, etc. Reservoirs of Caantibodies and symptoms decreased. At the latter concen-
f 1 are carpets, upholstered seats in public buildingstrations, the induction of new hypersensitivity reactions
curtains, mattresses and soft toys [39]. The investigatioseems to be improbable.
of different public places by Custovet al. revealed values
of above 1Qug Can f 1 per gram dust in 40% of upholstered Detergent enzymes
seats [39]. Such concentrations are capable of provoking
asthmatic symptoms in most patients allergic to dogs. AProteolytic enzymes derived fromBacillus species have
threshold value of @g Fel d 1/g dust is suggested by Gelber been added to synthetic detergents to enhance clearing
et al [40] for cat allergens. The investigation of 114 effectiveness. They have been described as asthma-causing
sensitized asthmatic patients and 114 controls revealesensitizers [45]. Even after the introduction of encapsu-
that nearly all cat-allergic subjects showed symptoms alated enzymes, exposures at the workplaces are still suffi-
this concentration. In addition, it was the lowest value foundcient to cause IgE-mediated immunological sensitization
in a house with a cat. [46]. An epidemiological study covering 11 years of
enzyme-detergent production and its effects on 2344
workers revealed significant differences between minimum
and maximum exposure groups with regard to FE8lues
Red mosquito larvae of the non-biting midgeéhfronomi-  [47].
dag are often used as fishfood. Their haemoglobins (Chi t
1-9) are potent allergens [41]. An association between thF
degree of exposure (calculated by frequency and amount of
material handled) and symptoms could be found in 184Toluene diisocyanate (TDI), diphenylmethane diisocyanate
subjects exposed to this insect allergen [42]. The grougMDI), hexamethylene diisocyanate (HDI) as well as corre-
consisted of fishbreeders, workers in a fish food factory andgponding polyisocyanates are well known as causes of
employees of zoological shops. Based on data obtained byaccupational airway diseases. Karol [48] investigated the
guestionnaire, exposure levels were divided into low,relationship between exposure concentration and immuno-
medium and high. Parallel to the exposure degree, théogical response using an animal model (guinea-pigs). The
percentage of subjects with complaints increased. In addianimals were exposed for 3 h to TDI concentrations from
tion, a relationship between exposure and IgE-mediate€.12 to 10 ppm on five consecutive days. Starting on day 22,

Dog and cat dander/hair

Chironomidaeallergens

ocyanates
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specific antibodies were detected by means of passivsignificantly increased frequency of sensitization to
cutaneous anaphylaxis, and allergy skin tests as well agsthma-inducing agents or on the prevalence or incidence
lung function measurements were performed. No antibodiesf occupational asthma in defined workforces? And should
were found in the group exposed to 0.12ppm; 55% oftime-weighted average’ (TWA) concentratidnsshort-
animals were sensitized in the group exposed to 0.36 pprierm exposure limit' (STEL) concentratichand/or ceiling
The exposure to higher TDI concentrations resulted in artoncentrationsbe considered? A further possibility would
increase in antibody level and in the percentage of sensitizelle to define the so-called ‘no observed adverse effect level’
animals. In addition, hypersensitivity reactions were mea{NOAEL) which is significantely different from the ‘lowest
surable by bronchial challenge test in animals exposed tobserved adverse effect’ (LOAEL) [57].
0.36 ppm or more. More than 2ppm were found to be Since most allergens have no toxic or irritative effects
pneumotoxic. No immune reaction was seen after long{exceptions are several chemicals at high concentrations) it
term exposure to a low TDI concentration (0.02 ppm forwould be appropriate to stipulate legally binding TLVs/
15weeks). TWASs for major causes of occupational asthma based on the
Marek et al. [49] found that TDI atmopheres of 10ppb best available scientific work referring to the incidence
cause bronchial hyperreactivity within 4—6 h of exposure in(prevalence) of this disease.
a rabbit model of occupational lung disease. The responses If exposure to an occupational agent causes a significant
were further enhanced at 30 ppb. In guinea-pigs, 10 ppb ahcrease in asthma cases in a working group when compared
HDI applied over 8 weeks also induced bronchial with the normal population, or significantincrease in asthma
hyperreactivity [50]. incidence is found among the workers, the causative agent
Baur [51] reported an increased frequency of sensitizashould be indicated as a hazardous substance, corresponding
tion and symptoms in a group of isocyanate workerspreventive measures should be introduced and based on the
exposed to 5—-10 ppb when compared with a group exposeesults of research works on the exposure-response relation-
to less than 5ppb. No influence of smoking habits wasship, a TLV/TWA for this agent should become obligatory.

found. If this TLV/TWA is exceeded in workplaces, restrictions for
In most European countries, TLVs for isocyanates havevork should be introduced, such as limited working dura-
been stipulated at 5 or 10 ppb. tion and exposure, use of adequate personal protective

devices (especially respirators) and introduction of medical
surveillance programmes [30,52,58-60].

If no reliable data on asthma prevalence/incidence of a
Avoidance of allergen exposure in the working place is thecertain endangered, occupationally exposed group exist, the
most effective approach for the prevention of occupationalowest reasonably practicable exposure level of airborne
asthma. With regard to appropriate measures to reduce arganic as well as inorganic substances has to be achieved.
even eliminate occupational asthma-inducing agents, thEurthermore, appropriate research work has to be initiated
publications of Venables [52], Corn [53] and Gordetnal.  to obtain this information as soon as possible.

[54] are also referred to. Depending on the allergen source One major problem of defining threshold values is that
and material, different preventive procedures may be effecmethodology for quantification of different allergenic
tive, e. g. the substitution of hazardous substances by harnmaterial is far from being standardized yet. This is,
less ones, installation of exhaust systems, use of ventilateldowever, urgently needed for exact exploration of expo-
workstations, encapsulation of machines, use of granulatesure-intensity relationship and it also builds the basis to
or liquid products instead of powdered ones. establish thresholds for allergenic substances in the work-

In contrast to many toxic and/or carcinogenic substanceplace. The recent progress on allergen analysis has been
[55,56], only few exposure limit values for allergenic summarized by Hamiltoret al. [61] and Esch [62]. To
substances in the workplace exist, e.g. inhalable woodjuantify airborne allergen concentrations in the work-
dust with a TLV/TWA' of 2mg/n? (due to carcinogenic place, some appropriate immunoassays, mainly based on
effects) in Sweden and Germany; flour dust with a TLV/ monoclonal antibodies, already exist, e.g. for fungal
TWA of 1 mg/nt in the Netherlands and of 4 mgnin amylase, natural rubber latex, several animal allergens and
Germany and isocyanates with TLVs/TWAs mostly of 5 or flour [22,29,38,53,54,63—68]. However, in most cases
10 ppb. these specific assays were employed only by reporter

To control the exposure to asthma-inducing agents in theelf. Some working conditions, e.g. reference antigen or
workplace, threshold values or a maximum tolerated conantibody are mostly not available for other investigators.
centration of these agents should be established first. THa order to facilitate the comparison of exposure data
guestion is how these legally binding threshold limit valuesobtained from different studies corroboration and
(TLV) should be defined. Should they be based on thestandardization of these assays are necessary.

How can threshold limit values be defined?
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It has to be emphasized that in the context of exposure2Threshold Limit Value — Short-Term Exposure Limit (TLV-
response relationships many other issues still need to B8TEL)
taken into account. One of them is the exposure assessme@t the concentration to which workers can be exposed
amongst workers studied. In addition to the quantification ofcontinuously for a short period of time without suffering
asthma-eliciting agents in the workplace, occupational epifrom [1] irritation [2], chronic or irreversible tissue damage,
demiology studies require accurate and precise estimates of [3] narcosis of sufficient degree to increase the likelihood
the exposure intensity to explore exposure intensityof accidental injury, impair self-rescue or materially reduce
response relationships [67]. With different working condi- work efficiency, and provided that the daily TLV-TWA is
tions, the level of exposure in individuals varies; andnot exceeded. It is not a separate independent exposure
different measurement strategies may lead to differentimit; rather, it supplements the time-weighted average
health risk estimates. A comprehensive review of the(TWA) limit where there are recognized acute effects
issues involved in exposure assessment for occupationfilom a substance whose toxic effects are primarily of a
epidemiology studies has been recently given bychronic nature. STELs are recommended only where toxic
Nieuwenhuijsen [68]. effects have been reported from high short-term exposures

Other important aspects which also have to be investiin either humans or animals.
gated are the detection of early disease stages and theirinthe USA, a STEL is defined as a 15 min TWA exposure
process, a more detailed description of the underlyingvhich should not be exceeded at any time during a workday
exposure—response relationships of single or even mixedven if the 8 h TWA is within the TLV-TWA. Exposures
exposures and the interference of exposure with individuahbove the TLV-TWA up to the STEL should not be longer
predisposing/protective factors like genetic susceptibility,than 15 min and should not occur more than four times per
atopy, smoking habits, etc. The possible booting effect oflay. There should be at least 60 min between successive
peak exposures on sensitization and symptoms/dysfunctiorexposures in this range. An averaging period other than
is especially important for the study of initiation of occupa- 15min may be recommended when this is warranted by
tional asthma. In general, this effect can be evaluated bgbserved biological effects.
real-.tlme me_asurements and cl!nlcal .examlnatlons. Sp far&ThreshoId Limit Value-Ceiling (TLV-C)
the information about the relationships between a singl . .
brief high-level exposure to an irritant or sensitizing agent the concentra_uon that should not be exceeded during any
and the initiation of new-onset asthma is only limited. Mostpart of the working exposure.
studies available here deal with the present average expo- In conventional industrial hygiene practice if instanta-
sures, i. e. did not take into consideration variations/peaks dfieous monitoring is not feasible, then the TLV-C can be
previous and current exposure. The data presented agssessed by sampling over a 15 min period except for those
mostly from cross-sectional surveys of working populationssubstances that may cause immediate irritation when
where causative factors are not always identified. exposures are short.

Nevertheless, there is no doubt that data are enough for
assessment of exposure—response relationships for Sevef?éferences
important occupational asthma causes. More detailed studies
have to be performed in order to describe precisely thesel Bernstein |. Surveillance and prevention. In: Bernstein IL,
relationships. We are just at the beginning of understanding Chan-Yeung M, Malo JL, Bernstein DI, eds Asthma in

such underlying complex interactions and associations. t7h23 workplace: Marcel Dekker Inc New York 1993:359-

2 Baur X, Degens P, Weber K. Occupational obstructive airway
Appendix diseases in Germany. Am J Ind Med 1998; in press.
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American Conference of Governmental Industrial Hygie- 4 chan-Yeung M, Malo JL. Epidemiology of occupational
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most countries Blackwell Science, Oxford. 1995:44-57.

— . . 5 Cullinan P, Newman-Taylor AJ. Aetiology of occupational
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