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Preface

The Nordic Council is an intergovernmental collaborative body for the five
countries, Denmark, Finland, Iceland, Norway and Sweden. One of the commit-
tees, the Nordic Senior Executive Committee for Occupational Environmental
Matters, initiated a project in order to produce criteria documents to be used by
the regulatory authorities in the Nordic countries as a scientific basis for the set-
ting of national occupational exposure limits,

The management of the project is given to an expert group. At present the
Nordic Expert Group consists of the following member:

Vidir Kristjansson National Board of Occupational Health, Iceland
Petter Kristensen National Institute of Occupational Health, Norway
Per Lundberg (chairman) National Institute for Working Life, Sweden

Vesa Riihimiki Institute of Occupational Health, Finland

Adolf Schaich Fries National Institute of Occupational Health, Denmark

For each document an author is appointed by the Expert Group and the national
member acts as a referent. The author searches for literature in different data bases
such as Toxline, Medline, Cancerlit and Nioshtic. Information from other sources
such as WHO, NIOSH and the Dutch Expert Committee is also used as are hand-
books such as Patty's Industrial Hygiene and Toxicology. Evaluation is made of
all relevant scientific original literature found. In exceptional cases information
from documents difficult to access are used. The draft document is discussed
within the Expert Group and is finally accepted as the Group's document.

Editorial work is performed by the Group's Scientific Secretary, Gregory
Moore, at the National Institute for Working Life in Sweden.

Only literature judged as reliable and relevant for the discussion is referred to in
this document. Concentrations in air are given in mg/m? and in biological media
in mol/l. In case they are otherwise given in the original papers they are if possible
recalculated and the original values are given within brackets.

The documents aim at establishing a dose-response / dose-effect relationship
and defining a critical effect based only on the scientific literature. The task is not
to give a proposal for a numerical occupational exposure limit value.

The evaluation of the literature and the drafting of this document on Flour dust
was made by Drs Ulla Tiikkainen, Kysti Louhelainen and Henrik Nordman at the
Finnish Institute of Occupational Health. The final version was accepted by the
Nordic Expert Group 14th May, 1996, as its document. The authors and Expert
Group thank Dr Jonas Brisman for informed comments on this document.

Gregory Moore Per Lundberg
Scientific Secretary Chairman



Abbreviations

ACGIH

ISO
LOAEL
Mini-Ram

MRI-device =

NOAEL
OEL
PEFR
PNOC
PNSE
SPT
STEL

American Conference of Governmental and Industrial
Hygienists

Aritmetic mean

British Medical Research Council

European Committee for Standardization
aerodynamic diameter

European Community

Forced expiratory volume in one second

Geometric mean

Institute of Occupational Medicine, Edinburgh
International Organization for Standardization
Lowest Observable Adverse Effect Level

Mini- Respirable Aerosol Monitor

A bench-scale, impact-type chamber to measure the dustiness
of a variety of finely divided solid materials (Midwest
Research Institute, Kansas City USA)

No Obhservable Adverse Effect Level

Occupational exposure limit

Peak expiratory flow rate

Particulates not otherwise classified (ACGIH)
Particulates with no specific effect

Skin prick test

Short term exposure limit

Time-weighted average
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1. Introduction

Flour dust in bakeries and flour mills is a well-known occupational health
problem world-wide. The principal manifestations of allergy are asthma, rhino-
conjunctivitis or dermatitis. Although flour dust as a cause of disease has been
recognised for centuries (32, 41, 104) preventive actions have been insufficient to
control sensitisation. Despite modern techniques, sensitisation and work-related
symptoms are common even in modern bakeries and mills and flour dust is still
one of the most common cause of occupational respiratory allergy in many
countries (24, 56, 78, 128). ‘n

Total dust measurements in workplace air are often used to estimate the flour
dust exposure. Occupational exposure limit (OEL) values (8-hour time-weighted
averages) for organic dust vary between 3-15 mg/m3 (Appendix 1). So far no
country has set OELs based on the sensitising property of flour dust.

This document summarises the recent literature on flour dust exposure in bake-
ries and mills. It focuses on the allergens identified in flour, on flour exposure
levels, and prevalences and incidences of flour-induced diseases in relation to
exposure levels. The non-cereal allergens occurring together with flours are also
discussed.

Because the pathogenesis of diseases caused by grain dust differs from flour-
induced disorders, grain dust exposure was considered beyond the scope of this
document. The health hazards of grain dust have been reviewed in this series by
Brown (25).

2. Substance Identification

Flour dust consists mostly of cereal flours from different cultivars and millings of
wheat (Triticum) and rye (Secale). To a lesser extent barley, oats, rice and maize
flours are used. Besides its cereal components, flour dust may contain several
non-cereal antigens such as buckwheat and soybean flour, storage mites and
moulds. The bakery dust consists also of several additives which are frequently
used in the baking process: so-called dough improvers may contain enzymes of
fungal or bacterial origin. Spices, sugar, egg and milk powders may also be part of
the airborne flour (Table 1).



Table 1. The content of flour dust and some of its components,

Content of flour dust  Components

Cereal flours Flour glycoproteins, starch

Mites Dermatophagoides, Lepidoglyphus, Tyrophagus, Glycyphagus,
Acarus and Blomia

Fungi Penicillium, Aspergillus and Alternaria species

Insects Granary weevil, rice flour beetle

Enzymes Mali enzymes, a-amylase, protease, cellulase, hemnicellulases,

xylanase, glucoamylase, glucose oxidase

Chemicals as flour Preservatives (e.g. sorbic acid, acetic acid), ‘

ingredients bleaching agents (e.g. benzoyl peroxide, potassium bromate),
antioxidants (e.g. ascorbic acid, lauryl and propy! gallate).
emulsifying agents, vitamins

Other additives Baker's yeast, soybean flour, soybean lecitin, egg powder, sugar

Flavourings and spices  Anis, cardamom, cinnamon, cloves, ginger, laurel, lemon,
nutmeg, peppermint, vanilla

3. Characteristics of Flour Dust

3.1 Physical and chemical properties

The range of flour particle size 1s wide, the smallest particles being less than 1 pm
and the largest about 200 pm in diameter (55). Using IOM dust spectromeI‘BI )
{designed by Institute of Occupational Medicine, Edinburgh) a bioqual distribu-
tion of aerodynamic diameters (Daa) of flour dust were shown by Lillienberg and
Brisman (68). The smallest particles were around 5 jim, and the bigger ones
around 15-30 pm. The substantial proportion of flour dust is large particles; over
50% of particles have Dag over 15 pm.

In microscopic studies flour can be seen to consist primarily of two
components, protein and starch. The protein contents of whole wheat and. whcat
flour are nearly equal (12% vs. 11%]) (55) and in airborne flour dust the sumlzlir
protein content is measured, being about 10% (26, 70). The smaller flour particles
are composed of protein or small starch granules with adhering proteins., and as
particle size increases, a large proportion of free starch granules is obtai n_sd a‘nd
the protein content becomes lower; so particles under 17 jtm tend to be high in
protein with a protein content much higher than in the original flour (55, 62).

Typical wheat has an ash (mineral ) content of about 1.5%. However, the ash is
not distributed evenly in the grain, and the ash content of flour is 0.4% (55). In
airborne bakery dust the organic content has been close to 100% (138).

3.2. Characterisation of allergens

3.2.1. Flour

Several allergenic components of flour have been identified. Osborne (94) defined
fractions of flour proteins accordin 2 to their solubility in various solutions. Water-
soluble albumin and globulin fractions of wheat flour have been shown to contain
most of the allergens involved in bakers’ allergies, whereas gliadins extracted with
aqueous alcohols and glutenins soluble in dilute acid are considered less allergenic
(8, 136). Blands et al. (17), using crossed immuneelectrophoresis (CIE), found 40
antigenic fractions in flour extract; IgE of wheat flour allergic patients revealed
affinity to 18 of them demonstrated by crossed radioimmunoelectrophoresis
(CRIE}. Recently patients with baker's asthma have been demonstrated to have
specific IgE also to wheat gliadins (116).

Taxonomically related flours share common proteins but they also possess
unigue components of their own (2, 42). Also cultivars of the same species may
have slightly differing components (137).

The molecular weights of identified flour allergens vary between 12-64 kDa
(40,99, 117). The major allergens (about 15 kDa) of flours belong to the group of
the c-amylase inhibitors (10, 39, 44) which prevent insect ¢-amylases from
harming the cereal. The glycosylated forms of these proteins have been suggested
to be the most potent allergens (77, 113).

Three isoforms of wheat profilins are produced by cDNA cloning and since
their structure resembles other plant profilins known as allergens it is assumed
that wheat profilin may be one of the relevant allergens in flour hypersensitivity
(107).

Cereal (barley) o- and B-amylases, with a molecular weight of 54 kDa and 64
kDa, respectively, are also allergens and cross-reactivity between ce- and B-
amylases was shown by RAST inhibition, On the contrary low cross-reactivity
was found between the barley amylases and fungal or-amylase (1 17). Wheat flour
has been analysed to contain cereal c-amylases 0.1-1.0 mg/g flour (26, 60).

3.2.2. Non-cereal allergens
In addition to cereal allergens, flour dust may also contain other allergic compo-
nents like storage mites, fungi, enzyimes, and spices but the identification of their
allergens is mainly limited to the molecular weight determination of IgE binding
components.

The most thoroughly examined are the allergens of a mite Lepidoglyphus
destructor (L. destructor) with a 14 kDa major allergen named Lep d I (46)).
Tyrophagus putrescentiae (T. putrescentiae ) mite bodies and facces have been



shown to contain 20 antigens and 5 allergens; the main IgE binding component
being 16 kDa (61). Strong allergenic cross-reactivity between storage rni}cs

L. destructor, Acarus siro (A. siro) and T. putrescentiae is shown by the immu-
noblotting inhibition technique, and cross-reactivity between house-ldust—rrme,
Dermatophagoides pteronyssinus (D. pteronyssinus), and storagel mites also
occurs (61). The main allergens of D. preronyssinus are the cysteine proteases Pcr
p 1 (25 kDa) and Der pII (15 kDa) which are also thought to be an enzyme (‘]23)_

Airborne fungi and insects can be present in flour dust. The molecular weights
of the allergens in Aspergilius fumigatus and Alternaria alternata range fi'O‘m 18-
90 kDa (64). Moreover, allergens of the granary weevil (Sitophilus granarius) and
rice flour beetle (Tribolium confusum) have been demonstrated (51, 119).

Allergens from the enzymes used in dough improvers are also identified. The
purified allergen of Aspergillus oryzae o-amylase, Asp oIl (11), hasa molclcul‘ar
weight of 54 kDa. Cellulase has been demonstrated to contain several IgE binding
components larger than 40 kDa (103). .

Other additives used in bakeries and confectionaries are different kmds. of
spices and flavourings. Their allergenic components are proteins or chc'mlcals,
such as cinnamon compounds. In soybean flour extract nine proteins with .
molecular weights ranging from 15-54 kDa were found to be a][ergens by immu-
noblotting (27). Purified enolase (52 kDa) was shown to be an major allergenic
component of baker's yeast extract (6).

Table 2. Major occupations and sites involving flour dust.

Workplace Work taskfoccupation

Mills Milling, packing, cleaning, maintenance

Bakeries Mixing, dough preparation, bread preparation, cleaning
Confectioneries Weighing, mixing, production

Pasta and pizza bakeries Production

Animal feed plants Mixing
Malt factories Drying, sieving, packing
Asticulture Milling, feeding

Table 3a. The number of bakeries (establishments) accorrding to the number of
workers. Data from the manufacturing statistics of Statistics Denmark, Finland, Iceland
Norway and Sweden. 1,581 = production of soft/fresh bread (not crisp bread, biscuits,
etc.)

+

Branch  Country Number of workers: .
<5 59 10-19 20-49 50-99 100 Total Total
Bakeries Workers
Number of bakeries:
1581 Denmark 669 376 174 29 7 6 1,305% 17,200
1581 Finland 717117 104 84 28 10 1,060 9.800
Iceland 106 840
1581 Norway 204 151 107 64 10 6 542 6,300
1581 Sweden 9Dg 251 127 73 29 17 1,405 12.300

* incl. 44 bakeries of unknown size

4. Occurrence, Production and Use

Although the main flour exposure oceurs in bakeries and mills, flours are used in
several other industries. Table 2 shows the sites and occupations representing the
major flour dust exposure.

For the baking industry it is typical that small companies, often family enter-
prises, dominate the branch. For instance in Finland 700 out of 1000 bakery enter-
prises employ less than 5 persons. This is similar in the other Nordic countries,
Table 3a shows the sizes of bakery establishments and numbers of bakery
employees in the Nordic countries,

Bakery work comprises of several different job titles and work tasks. The most
common are doughmakers, bread-formers, oven workers, confectionary workers,
packers, slicers, bakery maintenance or cleaning staff and mixed or miscellaneous
tasks. Especially in smaller enterprises it is common to move from one task to
another,

As with the bakeries, mills can also be divided into small and large industrial
sites. Typical work tasks for a miller are grain receiving and handling, milling,
sacking or bagging. In addition, in larger mills special cleaning staff and labora-
tory workers are employed. Table 3b shows the number of mills and employees in
the Nordic countries.

According to the manufacturing data of Statistics Denmark, Finland, and
Sweden the total amount goods produced by baking industry (bakeries and bread
factories over 5 employees) are about 300,000 tons per year whereof over 609 is
soft bread. The quantity of flour used in bakeries varies considerably depending
on size and production style. Values from 50 kg flour/day up to 55,000 kg/day are
mentioned (70).

wn



Table 3b. The number of mills and employees according to Statistics Denmark, Finland,
Norway and Sweden. Branch 1561 = mill product industry

Branch Country Mills Employees
1561 Denmark 25 904
1561 Finland a7 574
1561 Norway . 100 769
1561 Sweden 144 735

From the 1970s sugar degrading enzymes have been used as dough improvers
in the baking industry. According to the enzyme activity analyses and the manu-
facturers' information, dough improvers contain 0.2-1% enzyme (22, 60) and the
improver itself is only about 1% of the dough. Up to now the vast majority of
enzyme preparations have been used in powder form. Less dusty forms such as
granulated or liquid preparations have been introduced onto the market.

The most often used enzyme in the baking industry is c-amylase of Aspergillus
oryzae (A. oryzae). Other fungal enzymes including proteases, cellulases and
xylanases, are used to a lesser extent (12, 22, 130). Although enzyme preparations
are often named according to the main enzyme activity, many other enzymes may
be present in the same preparation. The use of industrial enzymes has been revi-
ewed in this series by Brisman (21).

Common genera of storage mites are Lepidoglyphus, Tyrophagus, Glycyphagus,
Acarus and Blomia. Exposure to storage mites is a risk factor for inhalant allergy
especially in rural workers, but storage mites can cause problemns in other occu-
pations such as bakers and grain store workers (46). Also considerably amounts of
Dermatophagoides allergens were detected in dust samples from Spanish bakeries

{23-42% of total mites} {9).

5. Measurements and Analysis of Workplace Exposure

5.1 Analysis of total, inhalable and respirable dust

The definitions of inhalable and respirable dust have been discussed since the first
proposals of the BMRC (British Medical Research Council) in the 1960s. During
the past ten years also ACGIH (American Conference of Governmental and
Industrial Hygienists) and ISO/CEN (International Organisation for Standar-
disation/European Comimittee for Standardisation) have published methods
concerning size-selective sampling devices.

The EC-countries have adopted a standard which defines three categories of
conventions for size-selective sampling (34). An inhalable fraction is a fraction of
airborne particles inhaled through the nose and mouth. The thoracic fraction is a
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f.raction of inhaled particles penetrating beyond the larynx, and a respirable frac-
tlgn is one penetrating to the unciliated airways. The work of defining and speci-
fying the sampling devices fulfilling the requirements of the standard is ongoing.
Up to now several different filters and samplers have been used for flour dust
sampling which makes it difficult to interpret dust measurements. For example
Lillienberg and Brisman (68) found that there was a linear correlation between‘the
IOM sampler and the traditional Millipore cassette, but the IOM collects almost
twice as much flour dust as the conventional total dust sampler.

Personal sampling should generally be emphasised because it determines the
exposure of different individuals or task groups. Stationary sampling gives usually
lower dust concentrations than personal sampling and reflects the general area '
situation and is suitable for preventive measures. Most of the results are expressed
as arithmetic means (AM) with a standard deviation and range. The distributions
of total dust are often log-normal, and geometric means (GM) and deviations
should be used.

The filters used are made of glass microfibre, cellulose acetate membrane or
polytetrafluroethylene with a diameter of 25, 37 or 45 mm (5, 26,37,43,57, 58
60, 83, 89, 90, 138). ?

The traditional method of measurin g total dust is sampling the dust onto pre-
weighed open- or close-faced casettes with a portable pump and determination of
the amount of dust by weighing (5, 35, 37, 43, 60, 83). As a standardised method
it may be applied for both stationary sampling and personal sampling. The samp-
ling efficiency for particles above 10 jm with open face filter holder is low as a
result of low inlet sampling velocity.

The most recent instrument for sampling inhalable dust is the IOM inhalable
dust sampler which was developed to follow the criteria for inhalable dust. It has a
50% cut-off Dad of about 50 pm. This enables the collection of the inhalable
fractions of airborne dust in-many environments (73), including bakeries (26, 68).
Besides IOM-sampler other personal samplers connected to various sampling
heads have been used for inhalable flour dust collection (58, 89).

To measure respirable dust fractions size-selective heads have been used (35,
37, 89. 113). In addition, the devices used for analysing respirable particles are
cyclones (43, 138) and the Hexhlet two-stage dust sampler, which is also used for
total dust sampling (4, 14, 143).

5.2 Analysis of size distribution

For the analysis of size distribution of airborne bakery dust the JOM personal -
%nha.lable acrosol spectrometer has been used (26, 68). It is an eight-stage
impactor with a backing filter. The inlet has a 50% cut-off Drad of 50 pum as does
the IOM sampler. The eight-stage Sierra Marple personal cascade impactor with
the glycerol-coated mylar membranes has also been used to collect flour dust
samples for size distribution analysis (114),



5.3 Flour aeroallergen measurements

Immuncinhibition assays with pooled human flour-specific IgE (123) and I3G4
(58) or flour-specific antisera from immunised rabbits (115) are used to estimate
the concentration of flour allergens/antigens in flour dust.

The antigens identified by the rabbit 1gG and human 1gG4 are compared to the
allergens recognised by the specific IgE from humans, and were sheva to have
molecular weights similar to those of flour allergens. No cross-reactivity was
observed with non-cereal antigens such as fungal o-amylase. The standard curves
were made with mixed flour extract (123), Canadian Western Red §pﬁng
(CWRS) wholemeal extract (115) and wheat flour antigen preparation (58). The
detection limits for wheat flour antigens were 1 pg/ml (115) and 20 ng/ml mea-
ning approximately 50 ng/m? (58).

Although valuable data have been obtained from flour aeroallergen measure-
ments, the problem of general standardisation remains. Thf: flour aeroallergen
assays are difficult to make comparable between laboratories.

5.4 Enzyme analysis

The amounts of o-amylase in the flour dust in bakeries were measured with the
catalytic activity methods (26, 60, 130). For the standmdisati?n, Fungamyl 16008
(Novo, Denmark) and Roberts a-amylase (Puratos Inc., Belgium) were used. :Thc
detection limits for c-amylase were 0.02 pg/ml (60) and 0.1 pg/filter (26) which
resulted in detection limits of approximately 0.01-10.0 pg/mg of inhalable dust
depending on the filter load. o

The determination of fungal at-amylase concentration in air samples has also
been conducted with the sandwich enzyme immunoassay with affinity ?uriﬂed
polyclonal rabbit anti-c-amylase antibodies. The detection limit was 250 pg/m3
and Fungamyl 16008 was used as standard (57). o

The cellulase (detection limit 20 ng/m3) and xylanase (detection limit 2 ng/m3)
contents of the air samples were determined with specific antibodies using the
dot-blot technique (130).

6. Occupational Exposure and Uptake

Numerous research reports have been published on the frequencies of disorders
and immunological responses in workers exposed to flour dust. Only few reports
give exact data on dust exposure. Some reports may onE.y have one measurement
representing the whole exposure.pattern of the workers‘m a particular bakery or
mill. Lately, however, a series of reports has been published on the measurements
of flour dust and aeroallergen (flour proteins} concentrations (37, 38, 56, &7, 89,
90, 115, 123). Also the size distributions of flour dust (37, 68, 114, 143) and

enzyme concentrations, mainly o-amylase in bakeries and mills, have been
described (21, 57, 130).

6.1 Flour dust exposure

Tables 4 and 5 summarise the results of flour dust measurements in bakeries and
flour mills. Only work tasks involving exposure to flour dust have been included
from the mill environments.

The wide concentration range of flour dust is a common feature to the studies
referred. In the first stages of the baking process, the mean concentrations during
normal whole shift work have usually been higher than in the later phases of the
process (Table 4a), and the levels are equal to or exceed the most common
recommended OELs of 3 or 5 mg/m? in the Nordic countries (see Appendix 1).

Among the highest means of total dust measurements, 10 mg/m3 (AM, n = 28),
have been recorded in dough preparation in the bakeries (70) and 11 mg/m3 (GM,
n = 2) at the ingredient preparation site in the confectionery bakery (83). The
maximal concentrations are usually as much as 6-fold compared to OELs, but e.g.
Bohadana et al. (20), measured up to 100 mg/m3 at “a special baker”. However,
no details were given concerning that particular work task.

In mills, high concentrations of total dust have been measured during laboratory
milling (70), packing (37, 70}, packing with shovelling (5), sifting (37), and
cleaning (90). The range of results has been as large as in the bakeries.

Very little information is available on the dustiness of bakery or mill materials.
Heinonen and Enbom (48) measured dustiness of several wheat and rye flour
brands, and also of a dough improver with a MRI-dustiness device (29). The
device is a bench-scale, impact-type chamber for measuring the dustiness of finely
divided solid materials (Midwest Research Institute, Kansas City USA). The
lowest dustiness index was found with wheat flour (index 1-6 mg/kg flour), follo-
wed by rye (index 4-9 mg/kg flour) and flour additive (index 65 mg/kg material).
The index describes the mass of less than 18 pm Dag dust originating from flours.

Dust reduction or dust control in bakeries or mills has seldom been reported in
the literature. The concentration of total dust was reduced dramatically during the
weighing of flour additives in a laboratory experiment (48, 49), With only general
ventilation, the mean concentration of total dust was 45 mg/m3. The lowest con-
centration measured was 0.06 mg/m3 when the general ventilation, local exhaust
and also local supply air systems were on in the test room.

The effect of local ventilation exhaust hoods on dust exposure during mixing
and dough preparation work in bakeries has also been studied by Heinonen and
Enbom (48). Exhaust hoods were installed over dough bins and automatic
portioning machines. The concentration of total dust decreased by 66%, and the
concentration of total dust in the workers' breathing zone was below 3 mg/m3. In
addition, peak concentrations before intervention had been several hundreds
mg/m3; these were reduced to 10%.



Table 4a. Concentrations of flour dust in bakeries, personal sampling Table da. (Contd.)

Task/occupation n Concentration of dust, mgfg3 Sampling Task/occupation n — (S.‘;ncentrét;in of é;% mgm3 - 5:"1!7.]1“3 Ref.
AM SD GM GSD Range device Ref. ange evice
1. Weighing of flour 7 4.2 1.6 23-65 1 60 9. Cleaning/hygiene 36 26 1.7 2.6 02-129 3 89
‘mixing, dlspensing 24 90 50 25 14-860 3 89 " 27 07 03-55 6 58
i i 14.1 1.0-75.0 1 70 10. Others
4 D.(.mgh P i 22 Igi 5.4 2 68 Production managers 20 0.6 0.1-49 6 58
Rl 7 84 ' 30-188 1 130 All round staff 66 09 09-268 58
o 34 5'9 55 21 12-165 2 26 Machineman, large bakery 17 1.0 1 138
i : 09-14.7 1 60
e L 8 12 4 o 0
cT 0 114 Ingredient preparation 2 11.0 10.0-12.0 1 83
- 1 126 92 1.0-259 1 70 Weighing of additives 6 4.4 23 37 1.9 1.6-88 1 74
A * ] Dough production 3 39 34 30 23 1.7-7.8 1 74
bread g Tl W mE T 02-124 138 Pastry rolling 9 23 12 20 18  07-42 1 7%
=S gmme DAerY s 143 259 06-113 1 Dough prod., mixing 10 27 0.6-14.1 1 83
s gy bakeay = : ' 138 Dough production 9 7.5 64 18  29-153 3 89
" 3.0 0.4-37.7 6 58
= xlamge belars g 21 0.-168 1 83 Confectionary 19 23 36 05-156 1 70
s sdneaiing Confectionary worker 7 09 06 26  02-30 2 26
3. Bread preparation 35 6.4 5.2 1.0-225 1 70 =" n 0.7 0.1-3.9 6 58
. Br X .
" 0 6.7 2 68
L 2 3a 12-55 1130 Work with 300-955 5 143
S 62 3'4 27 20 0.6-142 2 26 flour, sugar, talc, starch
T :; 2.3 0.9 1.5-34 1 60 almonds, cocoa, cacao . 20.0-35.6 5 143
. 45 16 09 29 0.1-160 3 89 honey, yeast, additives . 41-124 5 143
- " - small bakery 69 1.7 1.2 03-76 1 138 AM = arithmetic mean, SD = standard deviation, GM = gecmetric mean, GSD = geometric
-~ small bakery 36 33 12-88 £ - standard deviation B
- " -large bakery 3 33 1.9 1.1-45 1 138 Sampling devices: 1 = membrane filters in a filter holder, diam. 25, 37, 45 mm, 2 = IOM sampler,
- " - rve bread 9 7.5 7.0 1.2-19.0 1 70 3 = Seven-hole sampler (Casella); 4 = 8 stage cascade sampler (Sierra); 5 = horizontal two stage
ol 4 34 37 07-87 1 20 sampler (Hexlett);
- " - special bread baking 5 413 395 10.0 - 98.0 1 20 6 = PAS-6 sampling heads
. - 3 89
) i 32 3.6 24 25 04-21.1
i Sl 5 31 18 0.5-52 1 70
5 1.9 4 114 6.2 Peak exposures
5. Pastry preparation 11 28 20 07-62 1 70
- Short term exposures to high concentration of flour dust are known to be frequent
6. Croissant preparation 4 01 02 66 10 851%90 : 83 in bakeries. Although there is no univocal consensus as regards to duration of
scone production ! ' ' ) peak exposures these denote mostly exposure periods of about from 30 seconds to
7. Oven worker 8 2.4 2.2 05-74 1 70 4 minutes. In addition to such peak exposures there may be operations associated
T 10 1.6 12 24 02-4.0 2 ;g with high concentrations for up to half an hour. These contribute to time-weighted
4 s B W 1.7 0065--%2 : £3 averages (TWA) and may be essential in the progress of sensitisation. However,
% 1 bak :2 11 06 02-2,4 1 138 they should probably not be called peak exposures.
G E:e bak::yy 2 17 05 14-20 1 138 Peak flour exposures and short-term tasks in bakeries and mills were identified
- -large bakery 81 0.6 0.1-5.1 g "6’2 and total dust and aeroallergen levels measured (90). The frequency of the work
Oven control 3 32 17 5 SGaa 1 83 tasks varied usually from 1 to 16 per shift, and the duration from 2 minutes to 4
% ?ic_king :? 0.5 04 17 02-18 3 89 hours. The latter time period should regarded as long-term measurement period.
Vi 15 1.5 1.2 05-43 1 70
- . and slicers, transport 132 0.4 01-28 6 58



Table 4b. Concentrations of flour dust in bakeries, stationary sampling

Task/occupation n _Concentration of dust, mgfm?  Sampling  Reference
AM 5D Range device

gh tion 39 38 43 04-17.0 1 70
TR 9 25 07-84 1 130
-t 12 4.3 4.5 08-142 1 61
i 17 1.2 1.2 01-44 1 70
> ?:e-ad e 11 11 0.1-29 1 130
Lt 5 12 1.1 04-42 1 &0
" 9 Z.2 38 0.1-11.7 1 70
4. Roll producuon 8 7.5 9.8 1.0-259 l 0
5. Pastry preparation 3 0.8 0.6 1 70
cki 16 0.3 0.2 0.1-1.0 1 70
SEahnG 1 0.1 1 130
CONFECTIONARY 15 0.4 0.2 a1-09 1 70

AM = arithmetic mean, SD = standard deviation, GM = geometric mean, GSD = geometric
standard deviation
Sampling devices: 1 = membrane filters in a filter holder, diam. 25, 37, 45 mm

The exposure concentrations for the tasks were often much highe':r than the ave- :
rage levels measured over a shift. For example, in bre‘ad production, the geometric
mean of peak exposure (9 mg/m3) measured for 30 minutes was 10-fold com;.)ared
to the geometric mean of the whole shift measurement (0.9 mg/m?) (88). During
cleaning work the geometric mean of the whole shift was 1.7 mg/m3 whereas
short-term peak concentrations varied from 29.8 mg/m? to 42,9. mg;’m3: The .
highest concentration of total dust (390 mg/m3) was measured in cleaning the bins
in bakeries, and in maintenance cleaning in mills (458 mg/m?3) (90).

The flour acroallergen concentrations followed the pattern of the total dust
concentrations between short-term peak exposures and over-a-shift exposures
(90). The highest concentrations in both the bakeries and rm'll's welrc measured
during cleaning operations. In the bakeries, the GM for cleaning bins was 1,139
peg/m3 (n = 5), and for maintenance cleaning in mills 3,606 pg/m3 (n = 3).:1"‘}15
corresponding GM values over a shift in hygienic tasks were 73-149 ng/m? in the
bakeries and 134-1,728 pg/m? in the mills (89, 90) ‘

In a Finnish study (60), the weighing of additives lasted from 10 to 40 minutes.
The mean concentration of total dust during the weighing of additivesl(4.2 i 1.6
mg/m3, mean + § D.) did not differ from that measured during the entire shift of
dough preparation (4.6 = 3.6 mg/m3). _

Lillienberg and Brisman (69) examined the peak exposure concen.tmtlonsl of
flour and frequency of peaks in dough makers and bread formers using a Mini-

RAM (Respirable Aerosol Monitor) with a light emitting source and scattered
electromagnetic radiation detector. The Mini-RAM gives relative dust concentra-
tions and for calibration, parallel sampling with IOM-sampler was used with the
integration time period set at 1 min. The peak exposure concentrations were found
to be higher for dough makers compared to bread formers. Tipping flour, mixing
dough and manual handling of flour were the dustiest tasks where concentrations
varied from a few mg/m? up to 100 mg/m3. The duration of the peaks were 3-4
min and 2-6 peaks per hour were recorded (Figure 1).

The Mini-RAM aerosol photometer (model PDM3) was used also with the
PIMEX (Picture, Mix and Exposure) -method (109) for real time monitoring in
Finnish bakeries (48). The response of the Mini-RAM was calibrated in the bake-
ries (o correspond the breathing zone total dust concentration using the paralle]
sampling with open-faced Millipore 37 filter casette. The integration time period
of the response was 2 seconds in oder to simulate the inhalation time. During the
measuring periods several high concentration peaks in the breathing zone were
recorded with a maximum of 850 mg/m3 during flour tipping in dough making
without local exhaust (Figure 2). The mean breathing zone total dust
concentration was 26 mg/m3 during the whole period.

6.3 Inhalable and respirable dust

The reported amounts of inhalable and respirable dust of the flour dust are based
on various collecting devices and definitions (see Section 5.1. “Analysis of total,
inhalable and respirable dust™).

In a Sudanese flour. mill the means of concentrations of respirable airborne dust
(Dad) <7 um, Hexhlet sampler) varied between 0.3 and 0.9 mg/m? in the different
parts of the mill. The respiratory fractions were 23-31% of the total dust concen-
trations (4).

Fonn et al. (37), reported mean concentrations of respirable dust from 0.6-1.1
mg/m3 in the breathing zone at sites where flour dust was prominent in a mill, The
respirable fraction of the total dust varied from 11% at very high exposure sites to
38% at low exposure sites.

In a study of confectionery workers, stationary samples were collected (Hexhlet
two-stage sampler). The mean concentration of respirable dust was 2.0 mg/m3,
which was 6% of the mean total dust concentration. The respirable dust concent-
rations were 3-5.4 mg/m?in a group of confectionery workers who handled flour,
sugar, tale, starch; 1.5-3.2 mg/m3 in a group handling nuts, almonds, cocoa, cacao
and chocolate, and the lowest 0.3-1.7 mg/m3 in a group handling butter, honey,
yeast and colour additives (143),

Respirable fractions (Dag <35 tm) were collected in breathing zone during the
bagging of flour, cleaning of sifters, and pre-slinging in a Parisian mill, The
concentration of respirable particles was less than 0.4 mg/m3 and below 3% of
inhalable fractions. The inhalable fractions were relatively high, from 5-54 mg/m3
(43).



Table 5a. Concentrations of flour dust in mills, personal samples.

Task/occupation n Concentration of dust, me/m> Sampling  Ref.
AM 5D GM GSD Range device
1. Milling
- " - large mill 17 29 3 0.5-159 1 70
- " - small mill 16 28.6 51.3 22-202 1 70
=" 2 28 N | 1 37
s 12 3.0 24 19 1.0-94 3 89
- " -packing, 4 1.3 04-24 1 5
supervision
2. Sieving
AL - 36 1.6 S 4
=" 2 8.6 78-93 1 37
3. Rolling
i - 22 1.1 5 4
4 Mixing
- 2 5.0 33-67 1 130
i 12 13.8 11.0 2.0 3.0-36.7 3 85
5. Laboratory
-sifting, grinding 4 17.2 11.7 26 44-450 3 90
-milling 5 8.1 12.4 1.0-30.1 1 0
-lab work 4 1.5 1.2 0.7-28 1 70
1 1.8 1 130
6. Packing, < 10 kg sacks
" 3+3 48-17.7 27-312 1 37
". - 1.6 08 5 4
. 2 7.8 33 74 1.6 54-101 1 43
- - 153 4 114
-"- 10 6.5 86 0.6-245 1 70
- " - small mill 3 337 16.1 22.3-45.1 1 70
- " - shoveling 13 17.6 0.8-956 1 5
- 48 83 5.7 22 1.8-71.0 3 8o
- " - bag handling 11 3.5 06-87 1 5
7. Sacking.> 10 kg sacks
- " - large mill 14 42 36 05-227 1 70
- "~ small mill 13 347 49.6 54-193 1 7
8. Cleaning
=" -mill 6 24 1.4 0.5-24 1 70
-t 35 04-77 1 3
- " - sifters 2 40.8 36.6 27.6-539 1 43

AM = arithmetic mean, SD = standard deviation, GM = geometric mean, GSD =
seometric standard deviation 1 measured on two separate packing floors
Sampling devices: 1 = membrane filters in a filter holder, diam. 25, 37, 45 mm; 2

= 1OM sampler; 3 = Seven-hole sampler Casella; 4 = 8 stage cascade sampler

Sierra; 5 = horizontal two stage sampler Hexlett
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Table 5b. Concentrations of flour dust in mills, stationary samples.

Task/occupation N _ Concentration of dust, mg/m> __ Sampling Ref.
AM SD Range device
1. Milling
- " - office 5 0.1 0.1 01-02 1 37
2. Sieving
- "« large mill 9 0.4 0.5 0.1-1.3 1 70
- " - small mill 6 5.6 53 02-133 1 70
W 2 1.7 1.5-2.0 1 37
3. Rolling
=" - large mill 6 0.6 0.5 01-14 1 70
=" - small mill 14 7.6 124  07-493 1 70
4. Mixing 4 1.0 0.7-13 1 130
5. Laboratory 1 0.3 1 130
6. Packing
P¥e 242 7.6-17.0 46-293 1 37
-"- 8 3.6 1.9 03-58 1 70
7. Sacking,
- " - large mill 5 4.8 44  06-129 | 70

AM = arithmetic mean, SD = standard deviation, GM = geometric mean, GSD = geometric
standard deviation

1 measured on two separate packing floors

Sampling devices: 1 = membrane filters in a filter holder, diam. 25, 37, 45 mm

In Danish bakeries the fractions of respirable dust were 27% and 21% of the
total dust in small and large (factory) bakeries, respectively (138). Stationary
sampling with cyclones was used.

Using IOM personal inhalable dust samplers in Swedish bakeries, Burdorf et al.
(26) estimated that the thoracic fraction was 39% and the respirable fraction 19%
of the flour dust. Lillienberg and Brisman (68) also used an IOM sampler in four
different work tasks in bakeries and flour mixing factories, and reported the per-
centages of thoracic and respirable dusts according to the ACGIH and BMRC
definitions, respectively. The dustiest task was mixing of dough with 14.1 mg/m3
of inhalable dust, whereof the thoracic fraction was 26% and the respirable frac-
tion 9%. The lowest inhalable dust concentration was measured along the oven
control, with 75% of theracic and 45% of the respirable fractions.

Fakhri (35) measured extremely high concentrations of respirable dust in two
Sudanese mills because of the insufficient ventilation. For sieving, storage and
packing the mean concentrations were 23 mg/m3, 23 mg/m? and 95 mg/m3,
respectively.



6.4 Aeroallergens

The measurements of specific flour antigens (flour protein) have rarely been
carried out, and because of the different methods and standardisation, the results
cannot be directly compared. The terms aeroallergen, wheat antigens or airborne
flour allergens are used as in the original publications to refer to the flour protein
components measured in flour dust.

Tee et al. (123} determined airborne flour in 55 personal samples from British
bakeries. They observed that the concentration of airborne flour allergens was
related to the gravimetric measurement of total dust. In 56% of the samples
ranked in the high flour exposure category, the flour allergen content was over 10
ltg/m3, whereas only in 1 of the 32 samples with the low exposure rank that limit
was exceeded.

Nieuwenhuijsen et al (89) had analysed 488 air samples for flour aeroallergens
from British bakeries and mills. Variations in aeroallergen concentrations were
observed in the different exposure groups. The comparison with total dust and
aeroallergen concentrations showed that exposure in the different areas of the
bakeries depended on the use of products other than flour. The relation between
total dust and amounts of flour aeroallergens was not observed in the mixing
areas, low in the confectionery areas; the highest for hygiene workers. In general,
the concentrations of flour aeroallergens increased linearly with increased total
dust concentrations, and the total dust concentrations varied more than the aero-
allergen concentrations between different groups.

In a Duich study on 21 bakeries, 449 air samples of wheat flour antigen levels
were determined (58). The highest concentration of wheat antigens was measured
at wheat bread production sites for dough makers, and the lowest for oven staff at
rye bread production sites. The ratic of flour antigen concentration and inhalable
dust levels were used to estimate the differences in wheat antigen exposure com-
pared to inhalable dust. The exposure differences between the workers were gre-
ater for wheat antigens concentrations than for flour dust in large bakeries, but
hardly any differences in antigen /dust ratio was found between job titles in small
bakeries. It was also noted that wheat antigen concentrations could be measured
even in samples where inhalable dust could not be detected.

To determine the size of allergen-bearing particles in the air, stationary samp-
lers and the competitive inhibition radioimmunoassay method were used (114). In
the dusty dough-brake area in a bakery and in the packing area of a mill, about
70% of the particles were between 14.8 - 21.3 nm in diameter; 10% were under 6

ptm. In a less dusty roll production area about 50% of the flour particles to which
the workers were exposed were below 6 jum in diameter. The authors conclude
that in dusty areas most of the flour particles are deposited in the nasal passages
and upper airways and a smaller proportion, 8-20%, is deposited in the bronchial
airways and alveoli.

Table 6 shows the concentrations of flour aeroallergens in different tasks in the
bakeries.
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Table 6. Concentration of wheat flour protein or flour aeroallergen in bakeries and in
mills, jLg/m3-

Concentration ug}m3

Task/occupation n AM GM GSD Range Reference
BAKERIES

Dough preparation 9 387 208 3 36-1910 89
Mixing 24 310 229 2 26- 842

Rall production 32 260 215 2 71-1020
Cleaning inside 36 410 149 4 15 - 4300
Confectionary/flour 26 327 252 2 63 - 1160
Maintenance 22 170 121 2 44 - 587

Bread production 45 241 177 23 44 - 744

Roll wrapping 24 141 101 23 29-512

Bread wrapping 31 57 46 20 §-257
Confectionary/no flour 33 102 80 1.9 38-383

MILLS

Flour mill 12 341 248 23 69 - 950

Wheat mill 4 167 154 1.6 78-234

Mixing 12 406 303 2.0 135- 1740

Packing 48 304 227 a2 46-971

Hygiene 4 137 134 1.3 109 - 190
Maintenance 7 230 186 3.3 28- 1064
BAKERIES

Dough preparation, 76 53 0.03-252 58
large bakeries

Maintanance cleaning 27 02 0.03-26

Bread production small 31 6.0 1.3-.53

bakeries

Oven staff, large 71 03 0.03- 68
bakeries

6.5 Enzymes

Since the publishing of Industrial enzymes in this series (21) a couple of studies
on measurements of airborne enzymes in bakeries have come out.

o-amylase allergen concentrations were measured in personal dust samples,
using the sandwich enzyme immunoassay. In all, 480 dust samples were analysed,
and c-amylase was detected in 92 samples. The levels of a-amylase exposure
varied considerably, depending on job title and type of bakery. The workers were
classified into three different exposure groups: low (n =7, GM = 0.7 ng/m3, range
0.2-8.8 ng/m?), medium (n = 43, GM = 1.3 ng/m3, range 0.2-33.2 ng/m?3) and high
(n=27, GM = 18.1 ng/m3, range 0.2-221.8 ng/m3). The dough makers were the
most heavily exposed group with the highest measured o-amylase exposure of
222 ng/m3 (57).



In a study of four bakeries, one flour mill and a crisp bread factory, the air con-
centrations of cz-amylase, cellulase and xylanase at the different work sites were

determined (130). Both personal and stationary samples was taken. The o-
amylase concentrations followed the total dust concentrations. In the bakeries the
ct-amylase levels in the breathing zone were the highest in dough making, and
ranged from <0.2 pg/m? to 6.6 pug/m? (n = 7) but were below 0.4 jig/m3 in bread
making (n = 10). In the mill the o-amylase concentration in the breathing zone
was comparable to that of dough making in bakeries (n = 2, range 0.7-1.1 pLg/m3).
In the samples (n = 10) from the crisp bread factory, the c-amylase levels were
<0.4 pg/m3.

The cellulase and xylanase air samples were collected by stationary samplers.
No cellulase, but air concentrations of 1-200 ng/m3 xylanase were found in the
bakeries (n = 10). In the flour mill the cellulase concentrations (n = 3) varied
between 65-180 ng/m?3 at the site where additives were mixed, being highest
during active mixing; the xylanase levels ranged from 2-5 ng/m3. In the crisp
bread factory the comparable levels of cellulase (n = 4) were measured in different
phases of mixing, dough making and bread forming as at the additive mixing site
in the flour mill. The concentrations of xylanase were higher in the crisp bread
factory (range 7-40 ng/m3) than in the flour mill.

6.6 Task-based grouping of flour exposure

It is important to divide workers into uniformly exposed groups when studying
exposure-response relationships between flour dust exposure and work-related
symptoms or skin sensitivity. Overlap in exposure groups, great variability in the
workers' exposure and random biases can lead to under- or overestimation of the
exposure-response effect. Especially in smaller enterprises it is common for
bakery and mill workers to move from one task to another, and this makes it diffi-
cult to estimate the true exposure levels of workers in different task groups.
However, some studies have been conducted to find optimal grouping strategies to
study flour dust exposure. The variability of flour exposure within and between
workers and work tasks have been investigated (26, 56, 88).

In the survey of Burdorf et al. (26) inhalable dust samples from 13 bakeries
were collected. The work task was found to be the main factor affecting diffe-
rences in flour exposure of bakery workers. There was a hierarchy in mean expo-
sure of the task groups: the most heavily exposed were dough makers, then bread-
formers, oven workers, confectionery workers, and finally packers. From the
repeated measurements it was concluded that among bread-formers and packers
the within-worker variance was an important factor influencing the total exposure
variability, whereas among dough-makers the between-worker variance was
greater than within-worker variance. The conditions specific to a bakery explained
only 9% of the workers' flour exposure variability, and the size of the bakery did
not contribute significantly at all.
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Nieuwenhuijsen et al. (88) examined exposure variability in flour mills and
bakeries using 13 different exposure groups. The levels of fluor dust were measu-
red in the mixing and packing areas in flour mills and packing stations, and the
dispense/mixing area and dough brake in the bakeries. The between-worker varia-
tion was smaller in the various exposure groups than in the whole population. The
eXposure group component was responsible for more than half of the total expo-
sure variability. The changes in daily exposure explain a part of the variability,
which emphasizes the importance to sample sufficient times to get precise estima-
tion of exposure. In addition, between-worker variation was great in roll produc-
tion and confectionery tasks. The different bakeries (n = 3) or mills (n = 2) had
only a small effect on variation.

Grouping factors influencing the exposure estimates of inhalable dust, wheat
aeroallergen and o-amylase were examined by Houba (56) in 5 large and 16 small
bakeries. Large bakeries were distinguished according to the production type, and
the workers were divided into 6 occupational groups. In smaller bakeries workers
were divided into three groups according to their work tasks. The highest concent-
rations of inhalable dust were found for dough makers in large bakeries and for
bakers involved in bread production in the small bakeries. The specific jobofa
bakery warker was the most important factor of variability in inhalable flour dust
and wheat allergen concentrations, but the type of bakery explained some of the
variability as well. For ct-amylase allergen exposure the type of bakery was more
important than job information in those bakeries where o-amylase concentration
could be measured.

7. Toxicokinetics

The deposition and elimination of flour dust follow the patterns of other solid
aerosols of similar particle type. The size, density, shape and aerodynamic pro-
perties of flour dust particles and the volume of respiration determine particle
deposition in the lungs (96).

Substantial amount of flour dust particles are over 10 pm in diameter (68, 1 14)
and therefore they remain in the upper respiratory tract. In the alveolar region of
the respiratory tract, maximum particle deposition is seen to lie in the 2 pmto 5
pm range of particle diameter (96).

Macrophages and the mucociliary system are responsible for the clearance of
flour particles from the lungs. However, under heavy exposure the ability of
fnacrophages to eliminate particles is exceeded, and dust particles may penetraite
into the interstitium. The individual characteristics of an exposed person are also
of great importance in the development of disease (96).



8. Biological Monitoring

No method is commonly available for biological monitoring of the flour exposure.
The occurrence of specific IgG antibodies in serum has been suggested to reflect
exposure (45, 127, 141). The determination of specific IgE antibodies in serum or
skin prick test with flour extract is sometimes used to follow sensitisation or the
development of allergic disease.

9. Mechanisms of Toxicity

9.1 Immunological reactions

Allergic rhinitis, conjunctivitis, asthma, urticaria and protein contact dermatitis
are the immunologically mediated clinical manifestations caused by exposure to
flours or other proteinaceous bakery allergens.

The primary sensitisation of the airways occurs through the participation of
denritic cells which line the bronchi both in the epithelium and in the submucosa.
Denritic cells have the capacity to identify, process and present antigen to T-lym-
phocytes which recognise processed antigens. Further differentiation of T-cells
along the Th2-type pathway involves the upregulation of several interleukins, e.g.
interleukin-4 (IL-4) and interleukin-13 (IL-13) (54). Besides the presence of 1L-4
and IL-13 physical interaction between Th2-cells and B-cells is required for the
synthesis and regulation of IgE antibody production; thus human IgE production”
results from collaboration between Th2-cells and B-cells (108).

Once sensitised to specific allergens subsequent exposure results in allergic
symptoms. The immediate symptoms are mediated through the cross linkage of
IzE-receptor on the mast cells by specific allergen resulting in release of media-
tors: histamine, prostaglandins and leukotrienes. These mediators account for
allergic reactions: damage to epithelium, swelling, mucus secretion and contrac-

tion of airway smooth muscle (54).
Specific IgG, antibodies to flours have also been detected in bakers' sera but

the role of IgGy antibodies in the sensitisation process is not clear (101, 126). In
addition to immediate reactions, delayed asthmatic responses to wheat and rye
flour have also been reported (50).

Contact urticaria and protein contact dermatitis (53) are due to the large protein
molecules contained in the materials to which bakers are exposed; among them
are flour, enzymes, spices, egg proteins and storage mites. Also the terms atopic
contact dermatitis or baker's eczema are used (100, 139). As with respiratory
allergies specific IgE antibodies can elicit an immediate wheal and flare skin
reaction, and specific IgE antibodies can be identified directly from the serum
{66). According to some authors protein contact dermatitis may also be a result of
delayed type cell-mediated allergic reactions (122).
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Delayed type allergic contact dermatitis is usually caused by small chemicals
haptens, which are bound to proteins in vivo. The skin reactivity is caused by j
allergen-specific T-cells which have been activated by antigen presenting Lager-
hans cells (111). ;

Moulds and related mycotoxins which can be included to bakers' allergens are
capable of producing both specific IgE antibodies and immune complex-mediated
hypersensitivity (64).

9.2 Non-immunological reactions =

Less than a half of the flour-related Tespiratory symptoms have been demonstrated
to be due to immunological reactions, and therefore a part of the bakers' bronchial
Symptoms as well as rhinitis or conjunctivitis are thought to have a non-allergic
basis (30, 56, 121). Similarly a local immediate urticarial reaction can also be of
non-immunologic origin and irritant contact dermatitis is caused by physico-
chemical properties such as moisture, acidity, heat or mechanical irritation (1 11).

10. Effects in Animals and in Vitro Studies

No data are available.

11. Observations in Man

In several cross-sectional studies, work-related symptoms have been reported to
occur in 6 to 30% of flour-exposed workers (30, 35,56, 110, 121, 142). The
annual incidence of occupational respiratory allergies in bakers is high in many
countries, however, due to differences in reporting systems of work related disea-
ses data from different countries are not totally comparable. For example, Finland
has a register on occupational diseases based on compulsory reporting of occu-
pational diseases by physicians (78) whereas the Swedish register is based on
cases reported for workers' compensation from the social security system (24).
Compared with two voluntary reporting systems in England, occupational respi-
ratory diseases are reported 3-5 times more frequently in Finland (78).

Table 7 shows the annually reported respiratory allergies and skin diseases of
the bakers and pastry makers to the registers of work-related diseases in Denmark,
Finland and Sweden. The Norwegian Register of work-related diseases notified
that during 1985 to 1995, 45 bakers or confectioners were reported to have deve-
loped a respiratory disease (allergic or non-allergic) and 39 bakers or confectio-
ners had allergic or irritation eczema.
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Table 7. The number of respiratory allergies and skin diseases in bakers and pastry
makers reported as occupational. Data are from the registers of the Danish Working
Environment Service; the Finnish Register of Occupational Diseases and from the
registers of the National Board of Occupational Safety and Health, Sweden. It should
be noted that each country has its own reporting system and thus the values are not
comparable. The proportion of bakers respiratory allergies and skin diseases out of all
reported occupational respiratory allergies and skin diseases is given in parenthesis.
_Year Respiratory allergies Skin diseases

Denmark Einland Sweden Denmark Finland Sweden

1992 55 (10.4%) 65 (8.0%) 36 (5.4%) 49 (2.4%) 23 (2.0%) 16(1.2%)
1993 41 (9.5%) 61 (7.1%) 35(1,9%)* 70 (3.7%) 141.2% ]4(0.6%]‘

1994 50 (10.2%) 65 (7.4%) 12 (4.3%) 60 (3.6%) 21(1.7%) 6(0.9%)

* The Swedish values for 1993 are not quite comparable with other years, as in 1993 there was a
change in the Work Insurance Act, and consequent intense campaigns to report occupational
injuries.

11.1 Effects on respiratory tract

11.1.1. Flour

Flour proteins are the main cause of bakers' allergies and several studies on the
pathogenesis of baker's rhinitis and asthma have been conducted. Skin prick-tests
(SPT} and bronchial provocation tests have been used. Serum IgE antibodies from
diseased bakers recognised components from wheat, rye and barley flours, and the
determination of flour-specific IgE antibodies were found useful in the diagnosis
of allergy to inhaled wheat flour dust (15, 17, 18). Skin test reactivity with flours
and flour-specific IgE antibodies showed a good correlation (15).

Herxheimer (52) investigated bakers and baker apprentices with a relatively
short flour exposure. After a few weeks of exposure 9% of the apprentices had
positive flour SPT reactions, but half of them became SPT negative during their
first 12 months in the trade. At the end of the third working year, however, the
total number of flour-positive apprentices rose to 19% and health complaints due
to flour increased from 0.2% to 7% at the end of the third year. A considerable
drop out of apprentices obscures the result; 290 apprentices were examined out of
originally 880 persons after three years and only 37 after five years.

Thiel and Ulmer (124) performed a study among 85 baker apprentices, 29 ran-
domly selected apparently healthy male bakers and 38 bakers with diagnosed
occupational disease. The controls were 60 male students from vocational schools
and 29 male administration employees. Five per cent of the baker apprentices
whose exposure time varied between one and three years complained of work-
related rhinitis. In a group of randomly selected bakers 21% had flour-related
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complaints; the exposure time before the onset of symptoms was between 7 and
32 years.

In 5% of the baker apprentices, 21% of the randomly selected bakers, and 91%
of the diseased bakers, the intracutaneous skin test to flours was positive. In both
control groups only one person had a positive skin test to wheat flour. Specific
IgE to wheat flour was found in 13% of the apprentices (in 17% of the vocational
student controls), whereas 28% of the randomly selected bakers had wheat-
specific IgE, and up to 80% of the bakers with occupational disease were wheat
IgE-positive. Similarly increased frequencies of positivity were noted in the ace-
tylcholine test. Twenty-two per cent of the baker apprentices, (8% of the controls)
had bronchial hyperreactivity, 46% of the randomly selected bakers and 84% of
the diseased bakers. Of the adult male controls, 17% had a positive reaction in the
acetylcholine test. One of the apprentices had a positive bronchial provocation test
with wheat and rye flours. Of the randomly selected bakers, 10% had a positive
reaction to wheat and 17% to rye, and of the diseased bakers, 61% were wheat and
71% rye positives in bronchial provocation.

Since the late 1980s several extensive studies have investigated flour sensitisa-
tion in bakers and millers. In an Australian survey 176 male bakers and 24 bread
slicers and wrappers were examined (102). The bakers had a greater prevalence of
attacks of wheezing and breathlessness than did the slicers and wrappers (20% vs.
4%). Twenty (11%) of the bakers fulfilled the criteria of work-related asthma. The
asthmatic bakers had more frequently increased bronchial hyperreactivity (PD20
<30 pmol) (75% vs. 37%) and positive SPT to wheat flour (50% vs. 10%) and
common allergens (35% vs. 12-19%) than the other bakers, The bakers who reac-
ted to wheat on SPT had a significantly greater prevalence of seasonal rhinitis and
co-existing positive SPT responses to common allergens than the bakers who did
not react to wheat. A positive relationship between the duration of baking and the
frequency of positive SPT to wheat antigens was observed. A group of oven
handlers (n = 16) had a higher prevalence of attacks of wheezing and breathless-
ness, and their standardised FEV, (forced expiratory volume in one second) was
significantly lower compared to the general bakers and dough makers.

In a survey of 226 Italian bakers and pastry makers, work-related asthma was
reported by 4.9% and rhinoconjuctivitis by 17.7% of the employees; 10.2% of the
workers suffered from chronic bronchitis. Skin prick-tests to wheat flour was
positive in 12%, and to common allergens in 24% of the workers. Skin sensiti-
sation to occupational allergens (flours and storage mites) was significantly asso-
ciated with atopy (p <0.001), smoking (p = 0.015) and years as baker (p = 0.027).
The risk of work-related symptoms was associated with sensitisation to wheat, ¢~
amylase, storage mites and with atopy (142).

Houba et al. (56) studied 393 bakery workers. Wheat allergens and fungal -
amylase, were measured in 449 and 507 personal inhalable dust samples of wor-
kers, respectively. Atopicity was defined as elevated total IgE or presence of
specific IgE to common allergens and sensitisation was determined as detectable
amount of specific serum IgE.
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Twenty-three per cent of the bakers reported work-related symptoms; however,
only 30% of the symptomatic workers were sensitised to either wheat or oi-amy-
lase. Wheat flour specific IgE was detected in 10% and 7% had IgE to fungal «-
amylase; 2% were sensitised to both.

Bakers were divided in three different wheat allergen exposure groups (low GM
=0.1 pg/m¥; medium GM = 0.7 lg/m3; high GM = 3.8 pig/m3) based on their total
job histories. The exposure-response relationship between wheat allergen
exposure and wheat specific IgE sensitization was observed in atopic and non-
atopic individuals being strongest in atopics. The relationship between wheat
allergen exposure and respiratory symptoms was analysed with multiple
regression analysis. The prevalence of work-related symptoms increased in groups
of higher exposure levels. The relationship was stronger among those who were
sensitised than among non-sensitised. Prevalence rate ratios among sensitised
were 2.4 (1.4 in non-sensitised) in medium exposure group and 2.7 (1.6 in non-
sensitised) in high exposure group. The lowest exposure group as a control group
had a prevalence rate ratio 1.0 and the atopics 2.7. Similarly exposure-response
relationships were described between o-amylase exposure groups and amount of
specific IgE sensitised and work-related symptoms.

Five persons suffering from occupational laryngitis with immediate allergy
caused by flours (wheat, rye or buckwheat) have been diagnosed (112). Work-
related allergic laryngitis is a seldom diagnosed symptom. All the cases were con-
firmed with provocation tests in which the patients displayed a change in vocal
cord status. Positive SPT reactions as well as specific IgE to causative flour were
demonstrated, Besides allergic laryngitis all patients had flour induced rhinitis and
some of them suffered also from asthma, dermatitis or pharyngitis.

Recently a retrospective cohort investigation using self-administered postal
questionnaires was conducted among Swedish bakers (n = 2,923) to estimate the
asthma incidence rate and the risk to develop asthma compared to unexposed refe-
rents (24). The incidence rate (cases per 1,000 person-years) for asthma among
male bakers was higher, 3.0, than in male referents (0.9-1.9). Also the relative risk
of male bakers to develop asthma during baker work was increased 1.8 (95% con-
fidence interval 1.3-2.6) compared with a combined comparison group of refe-
rents. Among female bakers no higher asthma incidence for asthma was noted
compared to referent groups. Persons who ever had worked as a baker reported
significantly more frequently that they had changed job because of asthma (2.5%)
than referents(1.1%).

In order to establish dose-response relationships, each baker was assigned an
estimate of current and cumulative flour dust exposure (23). Exposure levels were
based on inhalable dust measurements in a random sample of Swedish bakeries (n
= 12) (26). Three exposure levels were distinguished (1, 3 and 6 mg/m3 ) which
corresponded to certain bakery work tasks asked for in the questionnaire. Cumu-
lative flour exposure estimates were calculated by multiplying the time spent in
each work task with the corresponding exposure level. Incidence rate for asthma
in male bakers increased by increasing cumulative dust dose being 3.4 cases/1000
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person years with a cumulative dust dose of >30 mg years/m3 compared to 1.2 of
unexposed. Incidence rate for rhinitis increased 2-3 fold in all current exposure
classes compared to unexposed indicating the dependence of current exposure and
onset of rhinitis.

The studies containing health data and measurements of flour dust exposure in
bakeries and mills are dealt with in Section 12, “Dose-Effect and Dose-Response

Relationships”.

11.1.2. Cross-reactivity .

The cross-reactivity of specific IgE may indicate that persons once sensitised to an

allergen are likely to develop hypersensitivity to other components sharing similar

or closely related antigens. Several studies have shown cross-reactivity of IgE

antibodies to different cereal flours. The specificity of IgE antibodies from flour

allergic patients was found to be directed not only against common flours (wheat,

rye) but also against other taxonomically related cereals. Using RAST inhibition,

the degree of cross-reactivity of the tested sera of asthmatic bakers followed clo- |
sely the taxonomic relationship of cereals in order: wheat, triticale, rye, barley,
oats, rice and corn (7, 19, 118). Using western blotting, allergens of the same
molecular weight have been recognised in wheat, rye and barley flours by sera of
hypersensitive persons (42, 118, 131); also soybean flour has been demonstrated
to contain some allergens which are identified by the sera of wheat flour allergic

bakers (118).

11.1.3. Enzymes
Allergies due to enzymes in bakeries have been reported since 1986 when Baur et

al. demonstrated the role of Aspergillus o.-amylase in baker's asthma (12). The
document on Industrial enzymes by Brisman (21) summarises the respiratory
health effects also of non-proteolytic enzymes (mainly a-amylase). Since then
some new data on bakers’ enzyme allergies have been published.

Moneo et al. (80) examined the sensitivity to fungal a-amylase among 259
millers without any known occupational contact to -amylase or any other
enzyme. Ocular, nasal and respiratory symptoms were reported by 28% of the
workers. Six per cent of the millers had positive SPT to a-amylase, 3% had speci-
fic IgE (5 symptomatic, 2 asymptomatic) and 17% had specific IgG to a-amylase.
The correlation between positive SPT and the presence of symptoms was signifi-
cant. Positive SPT to oi-amylase and o-amylase specific IgE and IgG antibodies
were also associated with positive skin tests to common allergens. The authors
conclude that although cross-reactions with environmental allergens cannot be
totally excluded as the reason for ¢-amylase sensitisation in millers, grain or
flours can be contaminated by Aspergillus and other moulds which secrete amyla-
ses to which the workers are then sensitised.

In a subsequent report 25 asthmatic subjects with suspected o.-amylase hyper-
sensitivity and 10 unexposed controls were studied by SPT, a capture ELISA for
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IgE, immunoblotting and bronchial provocation tests. Eight patients showed a
positive bronchial provocation to ct-amylase and seven of them had also positive
SPT to ct-amylase and six had specific IgE. However, four more bakers had posi-
tive SPT to amylase but no reaction in bronchial provocation nor specific IgE
were demonstrated. It was concluded that SPT alone is a sensitive but unspecific
tool for the diagnosis of symptomatic a-amylase allergy in bakers (81).

In a Dutch study (57) of 178 bakery workers 25% had work-related symptoms.
As many as 9% had positive SPT to fungal a-amylase compared to 2% of labora-
tory animal workers and 8% had o-amylase specific IgE. 15% of the workers had
positive SPT to occupational allergens, including wheat and rye flours, ct-amylase
and baker's yeast. In the whole examined group ct-amylase sensitisation increased
from 1.4% in the low exposed (GM = 0.7 ng/m3) workers and 12.8% in the
medium exposed workers(GM = 1.3 ng/m3) to 30.4% in the high exposed workers
(GM = 18.1 ng/m3). Especially atopic workers showed a strong exposure-positive
SPT relationship, whereas no clear association was found in non-atopic workers.
Atopy and a-amylase exposure appeared to be the most important determinants of
skin sensitisation, and atopic status was the only statistically significant determi-
nant of positive IgE. A relationship was found between SPT to amylase and the
prevalence of work-related respiratory symptoms. The prevalence of work-related
respiratory rhinitis was almost five times higher in a-amylase SPT positive wor-
kers, and the prevalence of work-related chest symptoms 12 times higher.

Recently a cross-sectional study was conducted by Vanhanen et al. (130) in four
bakeries, one flour mill and one crisp bread factory. Altogether 365 workers were
examined and tested with the enzymes a-amylase, cellulase and xylanase. In
bakeries 8% (12 of 153 tested) had a positive SPT to enzymes (12% to flours), in
the flour mill 5% (3 of 62) of the subjects had SPT reactions to enzymes (5% to
flours) and in the crisp bread factory 3% (4 of 150) were positive to enzymes (8%
to flours). Nine out of 19 persons were sensitised to enzymes, but not to flours,
and 7 of them had work-related symptoms. Four workers were sensitised only to
enzymes without reactions to any other allergen tested; one of them suffered from
work-related symptoms.

Two cross-sectional studies conducted in bakeries also report c--amylase sensi-
tivities: positive SPT to at-amylase was found in 5% of British bakery and flour
mill workers (30) and in 7.5% of Italian bakers (142).

Cereal flour itself contains also several enzymes. In a study on cereal amylases
Sandiford et al. (117) showed that 29 out of 30 wheat flour exposed subjects with
suspected hypersensitivity had positive IgE to cereal c- and B-amylases. Only 16
out of 30 had specific IgE to fungal a-amylase but whether all 30 bakers were
exposed to fungal c-amylase was not mentioned. A minimal cross-reaction was
observed with RAST inhibition between cereal and fungal enzymes.
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Table 8a. The percentage of bakers with symptoms, positive skin prick tests and corresponding flour dust measurements. Eye and

nose symptoms comprise itching of the eyes or nose, runny nose, sneezing or diagnosed rhinitis. Chest symptoms comprise tightness,
wheezing, difficulty in breathing, chronic cough/phlegm or diagnosed asthma and skin symptoms eczema or itchy skin rash. Any

bakery antigens include: flour, baker's yeast, mould mix, storage mites, enzymes.

Flour dust from personal samplers

Positive SPT (%)

Waork-related symptoms (%)

Reference

Range mgfn13

Skin Flours  Any bakery antigens  n Range of GM mg/m3

Chest

Eye and nose

83

0.01 -3.0

32

28

NR

13

183

0-38

1.7-11.0

47

17 NR

30

34 121 09-2.1* 02 -12.4" 138

NR

NR

a7

o1-113"

NR 36 50 0.6 - 6.0

NR

16

117

21 0.7-41.3 05-98 20

NR

5

at least 23

18

44

30, 89

0.1-16

205 <l

17

104

02-86 "

191 1-5

25

10

15

90

2-128

99 >5

30

10

31

62

*The original report gave arithmetic means see text. GMs and mensuring ranges have been caleulated using the original data of the report,

NR

not reported



Table 8b. The percentage of bakers with symptoms indicated as Table VIlla, positive skin prick tests and corresponding

aeroallergen measurements. Bakery antigens include: flour, baker's yeast, mould mix, storage mites, enzymes.

Acroallergens from personal samplers

Positive SPT to %

Work related symptoms %

Reference

Range of GM pg/m3 Range j1g/m3

n

Flours  Any bakery antigens

Chest Skin

Eye and nose

n

30, 89

8-525

<100

153

15

90

15-4510

207 100-215

28

14

83

"

26-8320

>230

159

26

13

10

27

83

11.1.4. Storage mites

Revsbech et al. (105) examined 23 bakery workers who suffered from nasal or
pulmonary symptoms and 17 control persons with no relation to bakery work or
agriculture. Among bakers specific IgE to flours was associated (p<0.01) with
specific IgE to A. siro and L. destructor but not T. putrescentiae, No difference
was observed between bakers and controls in positive SPT to the above-mentio-
ned mites. However, six out of seven bakers who showed specific IgE to flours
exhibited also specific IgE to storage mites. On the other hand Armentia et al. (3)
reported that 12 out of 19 workers with daily occupational exposure to wheat flour
had positive SPT to L. destructor. Five of these had specific IgE and 8 had a posi-
tive provocation test. The authors considered that the sensitisation to L. destructor
is important in wheat flour-exposed workers who are also flour-sensitised.

In a study of British bakery workers 30% of the bakers had a positive SPT to
house dust mite, Dermatophagoides pteronyssinus, and 77% of them had positive
reactions to one or more storage mites (83). Only 14% of the bakers with a nega-
tive test to D. pteronyssimus showed positivity to storage mites. In the companion
paper in which salt packing workers served as a control group, 33% of the bakers
had a positive SPT to at least one of the storage mites, but the controls had an
equal amount of positive SPT reactions. It was concluded that storage mites are
not of special significance in the allergic responses of bakery workers (123). In
another British study 7% of the bakers had positive SPT to L. Destructor (30).

De Zotti (142) reported that 18% of the examined bakers (n = 226) had a posi-
tive SPT to one or more storage mites. However, the risk of work-related symp-
toms was not associated with storage mite sensitisation, and it was not considered
important in the occupational allergic response.

11.1.5. Fungi and insects

Hypersensitivity to the fungi Alternaria and Aspergillus has been reported in two
cases of baker's asthma. In one case an inhalation challenge with Aspergilius mix
revealed a dual asthmatic response. Precipitating Aspergilius antibodies were
demonstrated. The second case showed an immediate type response to Alternaria
in intradermal and bronchial challenge tests. Several fungi were cultivated from
the air and the flour from the respective bakeries (64).

Specific IgE to proteins from flour beetle (Tribolium confusum) was observed
in 9 out of 125 (7%) flour-exposed workers, suggesting that flour beetle proteins
might act as occupational allergens (119). Eleven per cent of British bakers were
found to be positive to Tribolium confusum (83).

Among 66 Danish bakers with a positive SPT to a granary weevil (Sitophilus

' granarius) extract 54% were shown to have IgE to granary weevil proteins by the

RAST method, but clear evidence whether sensitisation were of occupational
origin could not be provided (51).
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11.1.6. Non-cereal flours

Soybean lecithin is a common additive in bakeries where it is used to improve the
making and storage of bread. Wiithrich and Baur (140) reported that soybean flour
components, especially lecithin can be common sensitiser among bakers. Sixty-
five per cent of the bakers with occupational asthma had positive skin scratch test
reaction to soya bean lecithin and 39% of bakers had lecithin specific IgE shown
by RAST. Recently baker's asthma related to soybean lecithin has been reported
in two bakery workers both with positive SPT, specific IgE and bronchial pro-
vocation tests to soybean components (67).

Buckwheat flour is a known occupational inhalation risk but it is rarely used in
bakeries and mills compared to cereal flours. Valdivieso et al. (129) reported on a
crepes-preparing baker who developed occupational asthma and contact urticaria
from buckwheat flour exposure. The specificity of the allergic reactions was
shown with positive bronchial provocation (both immediate and late responses),
specific IgE and positive SPT to buckwheat flour extract.

An atopic noodle maker with buckwheat flour-induced asthma was described
recently with positive bronchial provocation test with buckwheat and wheat flour.
Specific IgE antibodies to buckwheat flour was showed with enzyme-immuno-
assay and immunoblotting (95).

11.1.7. Other substances occurring with flour dust

Baker's yeast have seldom been the reason for hypersensitivity disorders in bakery
workers. Recently, baker's asthma caused by powered form of baker's yeast was
reported. Bronchial provocation with Saccharomyces cerevisiae extract caused
38% decrease in FEV, and PEFR (peak expiratory flow rate)-monitoring during
workdays showed over 25% decrease from baseline values, however when patient
used conventional wet yeast PEFR values did not decrease significantly. Positive
SPT reactions were found with both wet and dehydrated yeast extracts and also
specific IgE to S. cerevisiae was measured. Bronchial provocation with baking
additive extract elicited no reaction; neither did SPT with storage mites, moulds,
pollens, flours or a-amylase. None of the controls had positive SPT to baker's
yeast extract (13).

The development of asthma-like symptoms in 8 of 13 confectioners from the
use of egg spray has been described. Skin prick test to egg extract was positive in
two cases and specific IgE to ovalbumin was found in 4 confectioners (33). In
addition, Blanco et al. (16) published the cases of a confectioner who used eggs to
spray cakes before baking and became allergic to egg white. This was confirmed
with a positive bronchial provocation test to egg white extract, and a positive skin
prick test and specific IgE measurement.

The relevance of sugar dust as an occupational hazard to dental health was
studied in 298 employees preparing sweets, biscuits and bakery products. The
findings did not support the hypothesis that airborne sugar is an occupational
dental hazard (74, 75).

32

Two cases of baker's asthma, rhinitis and urticaria due to sesame seed have been
reported and verified by considerably decrease in PEF values when handling
sesame seeds, positive SPT to sesame seed extract and specific IgE antibodies (1,
63).

Allergic respiratory symptoms from spice dust are described only occasionally
and the reports are from spice mills or foodstuffs industry where spices are hand-
led in greater amounts (91).

11.2 Effects on skin

Bakers belong to the high risk occupations for irritant contact dermatitis (111).
The handling of moist doughs, frequent hand washing, and exposure to detergents
cause irritant contact dermatitis; flours, flour additives and spices may also act as
irritants. In addition, occupational allergic contact dermatitis and protein contact
dermatitis to flours, enzymes and mites occurs, although they are rare compared to
the number of exposed workers (106).

11.2.1. Flour

Pigatto et al. (100), examined 6 bakers with atopic contact dermatitis who had
been exposed to flour for 1 to 20 years. All bakers had flour-specific IgE antibo-
dies but no specific IgE to dust mite or grasses. In addition two of them were flour
patch test positive, and acute dermatitis was also shown in a histological picture.
Several IgE-positive dermal and epidermal cells were detected. Another four
patients displayed negative or weakly positive patch test reactions to flours, and
their histology bears resemblance to irritant dermatitis. All the bakers showed
positive reactions in the use test with moistened flour. The control group of 10
atopic subjects had no positive test reactions at all.

In the group of 1,346 suspected contact dermatitis patients from Canadian
dermatological clinics, 10 bakers were found to have occupational contact derma-
titis. The working years before the onset of symptoms varied between 0.5-32
years. Seven of the bakers were diagnosed to have irritant contact dermatitis. Two
bakers had a diagnosis of atopic contact dermatitis associated with the use of
flours and the other had also occupational asthma related to rye flour. In addition
positive patch test reactions to fragrances and spices were found in both bakers.
One baker had a patch test response to fragrance mix which was believed to be
related to past contactant exposure (84).

11.2.2. Enzymes and Baker's yeast :
o.-Amylase is a cause of protein contact dermatitis in bakers. Morren et al. (82)
examined 32 bakers who had hand dermatitis: seven had positive reaction in
scratch-chamber test to ci-amylase (no controls were reported); five of them (5/7)
had specific IgE to a-amylase and two (2/7) had also a delayed scratch-chamber
test reaction to ¢t-amylase after two days. Six of the patients had also simultane-
ous positive scratch chamber test reactions to flours. All seven scratch chamber

33



o-amylase-positive bakers had eczema on the hands and in four of them the
eczema was more extensive, affecting also forearms and face. Four of the bakers
experienced flare of urticaria-like lesions after a short exposure time and three of
them complained of respiratory symptoms at work. Specificity of ¢t-amylase
reactions were investigated further with ci-amylase SPT. All four tested bakers
had positive SPT reactions to oi-amylase with 1:25 mg/ml or with more dilute
dilution, whereas only one of the 60 controls (a healthy volunteer) had the
reaction to the dilution of 1:25 mg/ml.

Among atopic dermatitis patients with positive SPT to Saccharomyces
cerevisiae were also two patients whose baker's yeast associated symptoms were
thought to be caused by baking. The other had also SPT positivity to barley and
wheat extracts. Immunoblotting with pooled sera from persons with Saccha-
romyces cerevisiae specific IgE recognised 15 allergens in baker's yeast extract
(65).

11.2.3. Spices
The spices and flavourings used in bakeries are known to contain both allergens
and irritants, the same compounds which are found also in fragrances.

‘While investigating contact sensitisation to fragrance materials Malten (72)
reported that contacts with occupational flavourings were related to bakers’ ecze-
matous complaints. Four (4/7) bakers had positive patch test reactions to several
fragrances, most often to cinnamic compounds. From the work substances tested
only cinnamon powder caused positive patch test results in two of the bakers. One
baker had strong reactions to a spice mixture, and weaker reactions to flour and
yeast. The eczematous complaints of the fourth patient had not an occupational
origin but difficulties were encountered when he functioned as a baker or as a
cook.

In addition to cinnamon powder, which is the main bakers' spice allergen,
cardamom has caused allergic hand dermatitis in a confectioner; this was con-
firmed with positive patch-tests to cardamom powder and oil (79).

A Swedish study of 70 spice factory workers showed that exposure also to the
spices used in bakeries and confectioners may cause skin irritation, and in some
cases contact allergy. Especially cinnamon powder produced both irritant and
allergic reactions (76).

11.2.4. Chemicals

Contact dermatitis in bakers has been reported due to the emulsifying agent
Foodmuls E3137 in the dough improver (135), the flour bleaching agent benzoyl
peroxide (36) and chromium compounds in the flour (47).
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12. Dose-Effect and Dose-Response Relationships

12.1. Single/short-term exposure

There are no data available on the effects of single or short-term exposure. A
prerequisite for sensitisation is repeated exposure; thus, single exposure is not
relevant in terms of sensitisation. The literature also lacks information on the
importance of single or repeated short-term peak exposures in the process of
sensitisation.

12.2. Long-term exposure

Although there is a multitude of studies on the prevalence of sensitisation and
allergies among flour dust exposed bakers, surprisingly few have assessed expo-
sure-effect relationships; full exposure-response curves are normally not compu-
table. Only of couple of incidence studies are available (24, 52). During the past
few years some studies have included data on symptoms, disease, and sensitisa-
tion in relation to the measured exposure concentrations. Some data on four of
these studies have been compiled in Table 8. These studies will be described
briefly.

Musk and co-workers (83) reported on 279 bakery employees. A ranking sys-
tem of perceived dustiness correlated well with 79 measurements of air concent-
rations using personal samplers for inhalable dust. The geometric means exceeded
3 mg/m? only in the confectionery bakery (11 mg/m?) and in scone production
(6.6 mg/m3). However, concentrations above 10 mg/m3 were recorded occasio-
nally in several bakery tasks (Table 4a). In the bakery group 35% reported some
chest symptoms, 13% of whom considered them work-related. The corresponding
figures for nasal symptoms were 38% and 19%. Non-specific bronchial responsi-
veness (PD20 of 30 umol or less) was associated with a higher exposure. Positive
skin tests to one or more of the bakery antigens (mixed flour, wheat flour, mould
mix, baker's yeast) were found in 9% of the subjects. Thirty-three per cent had
positive skin tests to storage mites. In Table 8a work-related symptoms and
positive skin tests have been divided into two exposure categories according to the
original paper.

Respiratory symptoms and non-specific airway responsiveness to methacholine
was studied in 44 flour-exposed male workers (20). The 164 controls comprised
of workers who had never been at occupational risk of exposure to wheat flour
dust; they may have been exposed to other dusts in salt-packing (n = 40}, statio-
nary work (n = 27), food distribution (n = 27), glass shop (n = 55) and electrical
engineering (n = 6). Total dust concentrations were measured using Millipore
closed-face filter holders as personal samplers with a portable pump. The bakery
was divided into five areas according to work assignment and 2-6 samples were
taken at each area during 4 h periods. The flour dust concentrations are given in
Table 4a. Only one area exceeded an average concentration of 3.5 mg/m3, The
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area for “special bread baking” reached an average of 41.3 mg/m3, Looking at the
situation symptomwise, there were no statistically significant differences between
the flour-exposed workers and the controls (chronic bronchitis, chronic cough,
phlegm, asthma, dyspnoea, runny nose, eczema, urticaria). However, “one or
more symptoms” were mentioned significantly more often among the bakers than
among the controls. Airway responsiveness (positive methacholine airway chal-
lenge test, MAC) was strongly associated with being flour dust exposed; the dose-
response curve in the MAC-test was also steeper in flour-exposed workers than in
controls. A positive skin-prick test to cereal flour antigen was found in 11% of
flour-exposed and in 6% of the controls.

In the Copenhagen area 56 traditional bakeries and 9 bread factories were sub-
jected to hygienic assessment. The objective was the prevention of allergies
among bakers (98, 138), Personal air sampling of total dust (cellulose acetate filter
with portable pump) on maximally 4 workers per bakery and 16 per factory was
performed. The sampling time was four hours. Stationary total dust sampling at
fixed sites was undertaken simultaneously. In traditional bakeries, the average
flour concentrations in air varied from 1.1 to 2.9 mg/m3 (AM) as assessed with
personal samplers. In the nine factories the corresponding range of average
concentrations was 1.0-14.3 mg/m3 (AM) (Table 4a). The study included a health
survey on 378 bakers representing 66.3% of the invited bakers from 99 traditional
bakeries, and 117 bakers and 81 packers (as controls) from nine bread factories.
The response rate was 71.2%. As a second group of controls, 150 persons of the
Glostrup community were invited. The rather low response rate of 45.3% may
indicate some degree of self-selection. The clinical investigations included
spirometry and a bronchial inhalation test with methacholine. Prick tests with 10
environmental allergen extracts and 18 bakery allergens were performed. Peak
flow recordings over a 2-week period were obtained. The diagnosis of
occupational asthma was based on: i) an ascertained asthma diagnosis, ii) one or
more positive skin tests with bakery allergens and iii) work-relatedness of the
symptoms. Occupational rhinitis was considered proven when: a) two out of three
typical symptoms were present (sneezing, nasal discharge, stuffiness of nose), b)
one or more skin tests with bakery allergens were positive; and, ¢) there was a
subjective work-relatedness of the symptoms.

Non-specific bronchial hyperresponsiveness was found in 14% of the factory
workers, 8.4% in traditional bakery workers and 5% in packers. In the bread fac-
tory workers, occupational asthma was found in 8.6% and occupational rhinitis in
16.2%, respectively. The corresponding values for traditional bakery workers
were 4.7% and 7.4%, respectively. Of the packers 1.2% had baker's rhinitis and
none had flour asthma. These prevalences have been related to the exposure levels
in Table 8a.

Recently a report relating sensitisation and zallergic symptoms among bakers
and mill workers to exposure to flour dusts and aeroallergens was published (30).
It represents the initial cross-sectional phase of a longitudinal on-going study. It
involves three modern bakeries, a flour packing factory and three mills where

36

wheat was milled and packed. Out of 401 eligible workers 344 participated (86%).
The symptoms of 322 persons were assessed by self-administered questionnaires.
The symptoms were considered work-related if they improved over the weekends
or holidays, or if they were provoked by contact with flour, New symptoms were
defined as symptoms reported to have started after first employment at the site.,
Sensitisation was assessed by skin prick tests in 335 subjects. Personal samplers
were used for the air measurements and both total dust and aeroallergen concent-
rations were analysed. The inclusion of the measurement of aeroallergens parallel
with the measurement of total dust is a comparatively new approach that may
have future importance in the setting of hygienic limits on the basis of sensitising
properties.

Work-related chest symptoms were reported by 14% of all participants, 29%
reported eye/nose symptoms, and 9% skin symptoms. A positive skin test with
flour allergens was found in 5% and with a-amylase in 5%. The work-related
symptoms have been related to the exposure categories in Table 8a and b.

13. Previous Evaluations by (Inter)National bodies

The health effects of flour dust (wheat and rye flours) and «t-amylase have been
evaluated and these substances have been added as sensitisers to the Deutsch
MAK- und BAT-Werte-Liste in 1995 (31), no specific values have been presen-
ted.

In the HSE list EH40/95 Occupational Exposure Limits 1995, flour dust is
mentioned as one of the substances under the reviewing process.

The EU Scientific Group on Occupational Exposure Limits have in 1996
adopted a position paper on sensitisers which states that exposure-response data
available ought be taken into consideration in the setting of LOAELSs (Lowest
Observable Adverse Effect Level) in order to protect a majority of workers from
respiratory allergies.

14. Evaluation of Human Health Risks

14.1. Groups at extra risk

There are two identified principal factors, apart from exposure conditions, that
may increase the risk of contracting occupational asthma; atopy and smoking. It is
common practice to look into these parameters in epidemiological studies on
occupational sensitisation.

The outcome of studies on atopy and risk of becoming sensitised to occupa-
tional agents may depend on the criteria of atopy used. The most widely used
definition refers to the capacity to readily produce IgE antibodies on contact with
common environmental allergens (97). Sometimes atopy is used to denote atopic
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history of the studied individuals, family history of atopy or combinations of the
alternatives. These definitions are known to describe populations that are far from
identical (120).

Jdrvinen and collaborators (59) demonstrated high prevalences of asthma (9%),
rhinitis (23%) and eczema (5%) among 234 bakers. According to history, skin or
RAST tests, flour dust was implicated as the cause of asthma in 14 (6%) workers.
Seventeen (29%) of the 58 bakers with an atopic disease had had an allergic mani-
festation before entering the bakery industry. The workers were not skin tested to
assess atopy; atopy was determined by personal and family history. The authors
construed their results as evidence of unsuitability of workers with previous or
present atopic diseases for bakery work. The study is comparatively frequently
quoted. It appears reasonable to assume that workers suffering from rhinitis or
asthma when entering any work associated with exposure to dust will experience
an aggravation of their symptoms; the higher concentrations of flour dust the more
will symptoms increase. This applies probably even stronger to intrinsic asthma
and vasomotoric and other non-allergic rhinitis and is not dependent on atopy. The
unsuitability of non-symptomatic atopics with a history of allergy is less clear-cut.

Considering the alleged unsuitability of atopics for bakery work one ought to
bear in mind a recent report showing that although 23% of bakery workers repor-
ted work-related rhinitis and/or chest tightness, IgE-mediation could be demon-
strated in only one third of them, and the mechanism of the two thirds of the
symptomatic bakers remained unclear (56). The non-specific, irritative effects of
flour dust have lately been emphasised by other authors as well (30, 121).

Atopy is in general associated with an increased risk of becoming sensitised to
high-molecular weight agents such as animal dander (28, 120) and enzymes (21).
The association between sensitisation to flour allergens and atopy as demonstrated
using skin tests with common environmental allergens has also been corroborated
in several studies (30, 102, 142). In a bakery involving 279 studied workers, the
odds ratio for atopics compared with non-atopics to have one or more positive
skin test to bakery antigens was as high as 16,3 (83). Houba and co-workers
reported a clear exposure-sensitization-relationship of both wheat and o-amylase
allergens in 393 bakery workers. Atopy (defined as elevated total IgE or presence
of specific IgE to common allergens) appeared to be an important effect modifier
of this relationship (56). However, a recent report comprising 344 bakery workers
found only a weak association between symptoms and specific skin sensitisation
to flour. Eye, nose and skin symptoms were independent on the atopic status (30).

It is obvious that atopy increases the probability of becoming sensitised to flour.
There is, however, not a strong correlation between symptoms and positive skin
tests to flour allergens, and atopy and symptoms. This implies that symptoms have
a non-allergic background and that non-atopics develop specific allergic diseases
from flour dust exposure. Considering that atopy is a characteristic of about one
third of the working population it is generally agreed that atopy, owing to its low
predictive value, should not be used for pre-employment screening. Prevention
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should primarily focus on the control of exposure in the occupational environment
(85, 86, 92, 132).

Smoking has been claimed to increase the risk of contracting occupational
asthma in some working environments. In a coffee roastery, smokers were shown
to have higher IgE-levels and an increased risk of becoming specifically sensitised
(93). Venables and co-workers reported that atopy was associated with sensitisa-
tion against tetrachlorophthalic anhydride; however, smoking was more strongly
associated with the development of specific IgE-antibodies than atopy (134). The
effect of smoking on sensitisation has also been shown in other environments but
it is not a consistent finding in occupations associated with sensitisers. So far one
study has revealed an association between smoking and sensitisation to bakery
allergens (flour and storage mites) (142).

14.2 Assessment of health risks

Exposure to flour dusts is associated with well recognised health hazards. Any
health risk assessment of the work environments associated with flour dust expo-
sure need to consider the multitude of sensitising agents apart from flours that
invariably are present. These allergens include enzymes, other flour additives,
spices, and storage mites.

The prevalence of asthma and respiratory symptoms among flour exposed
workers is high. In prevalence studies symptoms from the eyes and nose are
frequently over 20%, symptoms from the chest range from about 5 to 20% and
asthma from 5 to 11%. Moreover, studies are concerned with so-called survival
populations, and almost certainly underestimates the risk. In fact, results by
Prichard and co-workers (102) indicate that atopics tend to leave bakeries; the
frequency of positive skin tests to environmental allergens declined with increa-
sing duration of baking, whereas the frequency of positive skin tests with wheat
increased.

Exposure conditions have not undergone the favourable change that was
expected when modern and technically developed bread factories became com-
mon. Exposure levels in modern factories are as high as in traditional bakeries.
Consequently, the prevalence of sensitisation, symptoms and flour dust-induced
allergies has not declined (138). Dust control in traditional bakeries has likewise
failed. The lack of improvements in controlling dust exposure is difficult to under-
stand, as the technical means for reducing dust levels in bakeries are available
(49). Flour concentrations during dough preparation, bread forming, and mixing
of flour still display levels far above all recommendations. Peak exposures of -
short duration are frequent in most bakeries.

Flour-induced asthma and rhinitis have repeatedly and convincingly been
shown to be IgE-mediated (15, 17, 18). However, far from all respiratory symp-
toms are due to specific sensitisation; non-allergic mechanisms and irritative
effects ought to be born in mind (30, 121).

Specific sensitisation as demonstrated in skin tests with flour extracts among
exposed populations has a range of 1-15%. However, when extracts of other flour
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dust components such as enzymes, storage mites and baking yeast have been used
in testing, the prevalence of positive results is frequently above 30% (Table 8).
Sensitisation per se is not an illness. Its clinical significance and especially the
predictive value of sensitisation with respect to the development of disease
remains to be assessed. Positive skin tests are found in a greater proportion than
IgE-mediated allergy. The rather weak association between positive skin tests
with flours and symptoms (30) can be explained by the fact that other agents such
as enzymes and storage mites or non-immunologic mechanisms arc causing part
of the symptoms.

The prevalence of respiratory symptoms is clearly dependent on exposure inten-
sity, whereas the prevalence of sensitisation at the concentrations studied does not
exhibit a similarly strong exposure-response relationships (Table §). The
importance of peak exposures in terms of sensitisation cannot be evaluated on the
basis of existing data. Also non-specific bronchial hyperreactivity correlates with
exposure intensity. The most detrimental outcome of sensitisation is bronchial
asthma. As a rule specifically induced asthma forces the worker to chan ge work,
or at least work site. Allergic rhinitis may precede the onset of asthma and there-
fore calls for vigilance by the health persannel.

Atopy increases the risk of sensitisation to flour allergens. The sensitivity,
specificity and predictive value of atopy, regardless of how it is defined, are low
with respect to development of allergic disease, and the prevalence of atopy
among working populations is high. Therefore, atopy is unsuitable for the identifi-
cation of susceptible individuals; prevention by controlling exposure should be
focused on.

14.3 Scientific basis for an occupational exposure limit

Symptoms from the respiratory tract and the eyes are the health effects to be
prevented by setting an OEL (occupational exposure limit). Asthma is particularly
important to prevent. Rhinitis precedes often the onset of asthma and is therefore
likewise important. Sensitisation, i.e. the development of specific IgE-type anti-
bodies, is not a disease. Positive skin tests with flour extracts correlate weakly
with symptoms and the predictive value of sensitisation with respect to the deve-
lopment of disease is still unclear. The correlation between sensitisation and expo-
sure intensity is weaker than that of symptoms and exposure intensity. Probably
less than half of the symptoms are IgE-mediated. Based on current knowledge it
appears both unrealistic and not sufficiently founded to suggest an OEL to prevent
sensitisation; however, sensitised individuals should be subjected to careful
supervision by health personnel.

Existing data on exposure-response relationships do not allow the identification
of a NOAEL (No Observable Adverse Effect Level) for flour dust. Due to the
nature of allergy ir is unlikely that the setting of a NOAEL for flour dust will be
practicable even in the future. The setting of an LOAEL should aim at the protec-
tion of a vast majority of the exposed; however, such an LOAEL will not neces-

sarily protect already sensitised individuals from elicitation of symptoms by the
inducing flour.

A flour dust level of above 5 mg/m3 is associated with a prevalence of work-
related chest symptoms of some 9-17% and work-related rhinitis/conjunctivitis of
16-31% (30, 83, 138). The corresponding values at geometrical mean below 5
mg/m3 are for chest symptoms 3-9% and for rhinitis/conjunctivitis (7-15%).
Wilhardt et al., (138) reported 5% of work-related asthma and 7% of rhinitis at
geometrical means (calculated using the original data of the paper) of 0.9-2.1
mg/m? for flour dust. Current data indicate that existing occupational exposure
limits for flour dust (total/organic dust) which are in the range of 3-15 mg/m3 will
allow high prevalences of sensitisation, symptoms and allergic diseases as well as
disorders caused by non-immunological mechanisms. A factor of uncertainty
remains as the importance of peak exposures is unknown.

Peak exposures reaching high concentrations are frequent and may last up to 30
minutes in some operations. The setting of a STEL (short term exposure limit)
appear necessary to conirol such exposures. It is difficult to derive a STEL from
current scientific data.

15. Research needs

There is much information on exposure levels to flour at various sites in bakeries,
prevalences of sensitisation to flour products, and symptoms and diseases. Howe-
ver, few studies have combined exposure measurements and detrimental outcomes
of the exposure in a way that would provide valuable exposure-response data for
the establishment of health-based OELs. This is especially true for low exposure
levels. The recording of symptoms and diseases as well as the levels of flour dust
have not been conducted in a consistent manner and hence hinders comnparisons
between studies.

Prevalences of allergic symptoms are frequently given without a careful
assessment of the immunological background. This pertains especially to symp-
toms observed for the eyes and upper respiratory tract. When setting an OEL it is
of importance to understand the nature of the disease; for instance, non-specific
irritative symptoms cannot be compared with asthma due to specific sensitisation
with respect to severeness. However, a great many of respiratory symptoms are
not due to specific sensitisation; therefore, non-allergic mechanisms and irritative
effects should be examined in bakers' with respiratory symptoms.

Prevalence studies should be supplemented by retrospective studies of workers
who have left there work to assess the degree of leaving due to symptoms and
diseases. Sensitisation is a result of an immunological reaction and is not as such a
disease. Sensitisation is constantly reported more frequently than allergic diseases.
Thererfore, the prognostic importance of sensitisation should be assessed by lon-
gitudinall studies. This type of study has rarely been attempted although there is at
least one study presently being conducted (30). Such studies are expensive and are
vulnerable to a high degree of drop out. However, the studies still generate useful
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information because prevalence studies of allergic manifestations such as asthma
always suffer from several biases pertaining to both active and unconscious selec-
tion in addition to the so-called “healthy worker effect”. Longitudinal studies also
assess the importance of individual susceptibility linked to, e.g. atopy and smo-
king in a more reliable way than cross-sectional studies.

The use of standardised methods with size-selective sampling devices for flour
dust measurements should be emphasised to obtain more accurate and comparable
flour dust concentration results from different studies in the future. It has also
been suggested that short term peak exposures are more important in the deve-
lopment of asthma and other allergies than low exposure over a long period of
time (71, 133). The importance of peak exposures in bakeries has not been stu-
died. Peak exposures appear to be frequent in bakeries. Thus they contribute
importantly to the full shift TWA exposure. Although this issue is crucial it may
be difficult to solve as effects induced by peak exposures and daily averages are
hard to separate from each other.

Some studies have used various immunological methods to assess the levels of
aeroallergens in the air and also in relation to sensitisation and symptoms. This
approach may prove important for the establishment of exposure limit values in
the future. However, there are so far differences between various assays yielding
different results. The development of standardised assays and continuous inter-
laboratory comparisons appear imperative before aeroallergen levels can be used
to establish limit values.

Due 1o the nature of allergy it appears unrealistic in the near future to achieve a
100% protection of workers from sensitisation and, especially to protect already
sensitised symptomatic individuals by setting OFELs. However, it is obviously
possible to reduce both the rate of sensitisation and the incidence of symptoms
and respiratory diseases by reducing exposure levels, The immediate objective
should be to protect a majority of workers by using existin g data in the setting of
OELs. Technically the control of exposure should not be too difficult, especially
not in large factories, whereas small bakeries (less than 10 persons) need simple
and cheap solutions. Intervention studies in bakeries where the exposure is being
controlled will be needed to evaluate the efficiency of the LOAEL for flour dust,
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16. Summary

Tiikkainen U, Louhelainen K, Nordman H. Flour Dust. The Nordic Expert Group
for Criteria Documentation of Health Risks from Chemicals. Arbete och Hiilsa
1996;27.

High flour exposure levels are common and short-time peak exposures are
frequent in bakeries. The critical health effects are symptoms from the respiratory
tract and the eyes, allergic rhinitis and asthma. IgE-mediation can be confirmed
only in less than 50% of symptomatic workers implying that non-immunologic
mechanisms are also involved. Specific sensitisation is more frequent than allergic
disease; however, the prognostic importance of sensitisation is unknown. The
prevalence of symptoms, allergic rhinitis and asthma are high at all currently used
hygienic limits (range 3-15 mg/m®). When considering preventive measures it is
necessary to consider other agents including enzymes and spices which may cause
similar health effects as flours.

Keywords: allergy, exposure levels, occupational exposure limits, flours, bakery
allergens, health effects, risk assessment, sensitisation, review

17. Summary in Swedish

Tiikkainen U, Louhelainen K, Nordman H. Flour Dust. The Nordic Expert Group
for Criteria Documentation of Health Risks from Chemicals. Arbete och Hiilsa
1996;27.

Exponering for hoga halter mjoldamm 4r vanligt och korttidsexponering
forekommer ofta i bagerier. De Kritiska effekterna bedoms vara symptomen frin
luftviigar och Ggon, allergisk rinit och astma. Vissa symptom och sjukdomar
orsakas av sensibilisering till mjol. IgE-mediering kan dock fastiillas hos mindre
#in 50% av arbetare med symptom. Det prognostiska virdet av sensibilisering &r
dock oklart. Specifik sensibilisering ar mera frekvent én allergiska sjukdomar.
Prevalens av allergisk rinit och astma 4r hogt vid alla nuvarande hygieniska
griinsviirden (3-15 mg/m”). I samband med preventiva dtgirder 4 det nédvindi gt
att ta hinsyn till andra agens sisom enzymer, kryddor och kvalster som kan
orsaka likadana effekter som mjol.

Nyckelord: Allergi, exponerings niv4, hygieniska grinsvirden, mjél, bagare
allergen, hilsoeffekter, riskuppskattning, sensibilisering, &versikt
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Appendix 1

Occupational exposure limits (8-hour time-weighted averages) for organic dust in air
(mgfm3]

Country Total dust  Inhalable dust  Respirable dust  Comments Year  References
Denmark 3 1992 1
Finland 5 1996 2
Tceland 5 1989 3
Norway 5 1996 4
Sweden 5 1993 5
France 10 5 PNSED 1993 3]
UK 10 5 1995 7
Germany 6 flour dust defined 1996 8§
as sensitiser
USA 10 3 PNOC2) /ACGIH 1995 9
15 5 OSHA 1995 9

1) Particulates with no specific effect

2} Particulates not otherwise classified, ACGIH
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