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Abstract: We assessed the mite exposure of workers in Finnish groceries by collecting
samples of settled dust in 5 different grocerys. Mites were counted and identified
microscopically. Mite allergen (Der p 1 and Der f 1) content of dust was analyzed with
2-site ELISA. Mites were found in 20-100% of the samples, both from storage and
salesrooms. Seven samples (8%) contained more than 100 mites per gram dust and 3
additional samples (6%) more than 500 mites per gram dust, the suggested limits for
mite sensitization and acute alergic symptoms, respectively. Most of the mites were
storage mites belonging to Astigmata (Acaridae, Glycyphagidae) or Prostigmata
(tarsonemids). House dust mites were found only occasionally. One dust sample out of
15 contained Der p 1, and none contained Der f 1.
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INTRODUCTION

Since the early 1900's, storage mites have been
reported to cause both occupational and non-occupational
health problems [3, 10]. Asthma and other respiratory
diseases caused by sensitization to mites are a problem
throughout the world [10]. Storage mites are known to
cause occupational sengtization, e.g. farmers, grain
workers and bakers [2, 3, 6, 7, 13, 14, 15, 17]. Systematic
assessment of mite exposure in other occupations has
hardly been carried out.

Mites flourish in warm and damp environments where
they feed on protein-rich substances such as grain and
fungi. Both house dust mites and storage mites occur in
damp dwellings [12, 18]. Severa storage mite species
have been identified in rural environments in Europe [1,
6]. A well-known fact is that certain foodstuffs (e.g.
cheeses, dried fruit, and seeds) can contain storage mites
[5]. Thus, it is probable that mites are also frequent in the
stores. However, nothing is known about the occupational
exposure of Finnish shop assistants to mites. Similarly,
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the occurrence of mite fauna in dust from stores has not
been studied. Because mites can contaminate foodstuffs
and favour similar living conditions, it is probable that
they are found in grocery shops. The aim of our study was
to estimate mite exposure in Finnish groceries both
quantitatively and to species level, and to assess the
working conditions.

MATERIALSAND METHODS

Groceries. We surveyed the mite fauna in 5 stores in
eastern Finland: 4 groceries (S1, S2, S3, and S5) and 1
supermarket (S4). Samples were collected in November-
December 2000. The stores differed from each other, both
in floor design and size. Generally, the sampling area was
in 2 groceries, the restrooms situated on the bottom (S3-
S5) or top floor (S1, S2) of the grocery. $4 was the
newest of the grocerys and in the best condition. In
previous studies, dampness and/or mould has been found
in groceries S2 and Sb.
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Sampling. From stores selling food, 5 standard
locations were sampled: 1 cashier’s chair, the flour and
pet aisles, fruit and vegetable section, and the fresh bread
counter. From the storage areas and the restrooms 3-5
samples were taken from each grocerys. Allergen samples
were taken from the cashier’s chair, the flour aisle, and 1
sample from the storage area of each store.

Dust for mite samples was collected on fiberglass
filters (MN 640W) by vacuuming approximately 1 m® of
floor for 1.5-2 minutes, or a chair for 45 seconds. All
samples were stored at refrigerator temperature before
analysis. The allergen samples were collected on membra-
ne filters (Millipore, AAWP 090 25AA, pore size 0.8 um,
@ 9 cm) in the same way as the mite samples. These
samples were stored at -20°C before analyses[9, 16, 17]

Analyses. From each dust sample, 2 sub-samples of 25-
50 mg dust were taken for counting and identification of
mites. After cleaning the mites in lactic acid, they were
picked out under a stereomicroscope at low magnification
(x13-80). The mites were mounted in Heinze PVA
medium and subsequently counted and identified
microscopically. The results were calculated as the
number of mites in a gram of dust. If no mites were
found, a detection limit (DL) was calculated for that
sample[9, 16, 17].

Concentration of Der p 1 and Der f 1 alergens was
determined with 2-site ELISA methods (Indoor Biotech-
nologies Ltd.). The concentration was presented, as ug/g
dust. If no alergen was found in a sample, a detection
limit (DL) was calculated for that sample. For the
statistical considerations, a value of DL/2 was used for
these samples.

RESULTS

Two-thirds of the collected samples (n=56) contained
mites. Differences among the groceries were conside-
rable. All samples from S1 contained mites while only
30% of the samples from S4 contained mites. Similarly,
groceries having many positive samples had several
samples containing high amounts of mites. On the other
hand, stores $4 and S5 that had few mite positive
samples, also had low mite densitiesin those samples.

Of all the allergen samples collected (n=14), only 1
allergen sample (7%) contained Der p 1, and none of the
samples contained Der f 1. The concentration of Der p 1
was about 80 times smaller than the concentration
suggested causing sensitization (2 ug/g) [11-12].

Altogether, 60% of the samples taken from the standard
location at groceries contained mites (Tab. 1). All pet
aide samples contained mites. In 3 cases, the number of
mites found exceeded the sensitization limit of 100 mites
per gram of dust. On the other hand, only 2 samples from
the cashier's chair and 1 sample from the flour aide
contained mites, and in relatively low density. In the
storage areas, 4 samples of mites found exceeded the
senditization limit (Tab. 2 and Tab. 3) and 2 of them
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Table 1. Number of mites (mites/g dust) in the standard five locations.

Store Cashier's Petaisle  Flour Frve Bread Mean+SD
chair aise

S1 39 160 32 20 103 70.8+59

S2 15 1200 10* 47 34 261.2+525

S3 9* 324 8* 19 54  82.8+136

4 10* 21 o* 6* 10* 11.2+6

S5 9* 67 9* 33 9 25.4+26

Mean 16.4+13 354.4+487 13.6+10 2516 42+39

+SD

*The numbersare DL/2.

Table 2. Number of mitesin storage area of each store.

Store Positive samples/ Mites/gofdust Range

Samples collected (x+SD)

S1 4/4 1681+1830 20-3272

S2 3/4 666 10*-19

S3 3/3 157+108 71-281

4 2/5 1145 7*-20

S5 3/4 1316 7*-19

* The numbers are DL/2.

contained more than 500 mites per gram of dust, the limit
for acute allergic symptoms.

Almost every sixth sample (17.5%) contained more
than 100 or 500 mites per gram of dust (Tab. 3). Some
storage samples from stores S1, S2, and S3 contained
high amounts of mites. The same species of mites were
found from different stores. Almost every third sample
(32.5%) contained Acaridae and/or Tyrophagus sp. Other
common mites were Mesostigmata, which were be found
in 12% of the samples. Altogether, 949 mites were found.
Over 60% of these belonged to Acaridae (Acarus sp. and
Tyrophagus sp.) which are common storage mites. The
other abundant group was Prostigmata mites comprising
13% of the mites found. On the other hand, only 1 (0.1%)
house dust mite was found. Other rarely found mites were
Cryptostigmata (0.3%). Five percent of the mites remained
unidentifiable. The relative abundances among species
differed dightly from grocery to grocery and from sample
to sample. Hypopi and larval mites were found in abun-
dance from samples containing high mite counts, indica-
ting that a viable mite population was present (Tab. 3).

DISCUSSION

The age and condition of the buildings, as well as the
cleaning practices in each grocery can at least partly
explain the extent of positive samples and the huge
differences in mite numbers. At S1, which is about 10
years old and built on top of a burnt-down building, every
sample contained mites. The water used for extinguishing
the fire probably soaked the foundations, and the
structures may be damp. Furthermore, the subjectively
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Table 3. Samples containing more than 100 mites per gram of dust.
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Store Sample mites/gdust  Species
S1 Bread 103  Tyrophagus sp.
Pet aisle 160  Acaridae, Lepidoglyphus sp., Lepidoglyphus hypopus, Tydeidae, Cheyletidae, unknown
Storage 174  Astigmata, Tyrophagus sp., Mesostigmata, unknown
Storage 3,259  Acaridae, Tyrophagus sp., Lepidoglyphus sp., Lepidoglyphus hypopus, Lepidoglyphus larva, Glycyphagus
hypopus, Cheyletidae, Tarsonemus sp., Mesostigmata, unknown
Storage 3,272  Acaridae, Prostigmata, Tydeidae, Cryptostigmata, Mesostigmata , unknown
S2 Storage 110  Acaridae, Glycyphagidae , unknown
Pet aisle 1,200  Acaridae, Acaridae hypopus, Tyrophagus sp., Glycyphagidae, Glycyphagus hypopus, Lepidoglyphus sp.,
Pyroglyphidae, Tydeidae, Cheyletidae, Tarsonemus sp., Mesostigmata, unknown
3 Storage 114  Acaridae, Tyrophagus sp., Prostigmata
Storage 281  Acaridae, Tyrophagus sp.
Pet aisle 324  Acaridae, Tyrophagus sp., Lepidoglyphus sp.

assessed storage area of S1 was dirty, and dust had
probably been collecting in the corners and under the
shelves for a long time. These conditions facilitate the
proliferation of storage mites, which was seen as high
mite numbers. S2 and S5, on the other hand, are older
(approximately 20 years old) and actual dampness or
mould growth and damage was verified in the premises.
The lower mite numbers at S5 compared to S2 are likely
to be due to the cleaning and repeated renovations during
recent years. Furthermore, the newest and subjectively
cleanest grocery S4 had the lowest mite numbers and the
least mite positive samples.

The almost complete absence of house dust mites and
their allergens suggests that storage mites are more
important than house dust mites in groceries. This is in
accordance with our previous studies [4]. The high
amounts of mites found in the pet food and accessories
aides, and fruit and vegetable section is easily
understood. The import of fresh material, as well as dried
seeds and hay, is a good source of new mites to these
sections [5]. It is not known whether the mites now found
represent a true population, or if they are new individuals,
continuously replenished from the imported material. The
numerous hypopi found, however, suggests that a popula
tion might have been established.

It is also possible that mites are transferred from the
storage areas to other areas of the groceries [8]. The high
mite numbers from the fresh bread section at Sl is
probably in accordance with the overall high mite
numbers from this particular store, and the mites have at
least partly migrated from other locations. Using the same
clothing while unloading new goods to the storage area
(often dusty) and working at the customers side of the
store may, in fact, contribute to the sometimes high mite
numbers found.

Every sixth sample (n=10) contained more than 100 or
500 mites per gram of dust, which are the suggested limits
for mite sensitization and acute symptoms, respectively
[12]. These values are generated for house dust mites, but
can probably also be used - with some reservation - for

storage mites. In our study, the high mite numbers can
probably be attributed to either moisture/mould damage
or lack of cleaning. Thisis supported by our finding that
the employees were annoyed due to the visible dust and
dirt and; irritation of the respiratory tract, eyes and skin
aso was frequently reported (Questionnaire, data not
shown). This emphasizes the need for proper cleaning and
personal protection. On the other hand, having no mitesin
a sample does not automatically mean that there are no
mites in the premises. Mite densities can be low, or the
sampled location may not be ideal for mitesto thrive.

CONCLUSIONSAND IMPLICATIONS

Mites, especially storage mites, are found in groceries,
and sometimes in high concentrations. Thus, it is possible
for the workers and even the customers to be exposed to
mites and their allergens. Mites can be one of the
causative factors for the indoor air complaints/problems
in these work places. Proper cleaning practices and
protection against mites is necessary in order to decrease
exposure and minimize the symptom frequency among
the workers. To summarize, mites will always be found in
groceries, and workers - as well as customers - can be
exposed to them.

Acknowledgements

The authors wish to thank Ms Kirs Immonen for her
excellent technical assisstance. This study was supported by the
Finnish Work Environment Fund and The Farmers' Sociad
Insurance I nstitution.

REFERENCES

1. Bostrém S, Johansson E, Harfast B, Lundgvist L, Backman |, von
Rosen E, van Hage Hamsten M: Characterization of the mite fauna
(Acari) in Swedish barn dust. Int J Acarology 1997, 23, 127-132.

2. Cuthbert OD: Storage mite allergy. Clin Rev Allergy 1990, 8, 69-
86.

3. Green WF, Woolcock AJ Tyrophagus putrescentiae: an
alergenically important mite. Clin Allergy 1978, 8, 135-144.



344

4. Harju A, Pennanen S: Characterization and Estimation of Sorage
Mite Allergens in Work Environment. Report for Finnish Work
Environment Fund, Project 97312, 1999 (in Finnish).

5. Hughes AM: The mites of stored food. MAFF Technical Bulletin
1961, 9, 287.

6. lversen M, Korsgaard J, Hallas T, Dahl R: Mite alergy and
exposure to storage mites and house dust mites in farmers. Clin Exp
Allergy 1990, 20, 211-219.

7. Lehtinen PT, Oksda I: Mite Allergies in Manufacturing and
Trade |. Grain Storages, Mills, Feed Factories and Malt Houses. Report
for Finnish Work Environment Fund, Project 85194, 1988 (in Finnish).

8. Mollet JA, Robinson WH: Dispersal of American house dust
mites (Acari:Pyroglyphidag) in a residence. J Med Entomol 1996, 33,
844-847.

9. Pennanen S, Harju A: Mites in facilities for laboratory animals.
Scand J Work Environ Health 2003, 29, 314-316.

10. Pirila V, Kilpié O: Occupational mite dermatitis; a further report
from Finland. Acta Derm Venereol 1954, 34, 368-371.

11. Platts-Mills TAE, de Weck AL: Dust mite allergens and asthma: a
world wide problem. J Allergy Clin Immunol 1989, 83, 416-427.

Harju A, Husman T, Merikoski R, Pennanen S

12. Platts-Mills TA, Thomas WR, Aaberse RC, Vervioet D,
Champman MD. Dust mite alergens and asthma: report of a second
international workshop. J Allergy Clin Immunol 1992, 89, 1046-1060.

13.Solarz K: The allergenic acarofauna of the house dust from
dwellings, hospitals, libraries and institutes in Upper Silesia (Poland).
Ann Agric Environ Med 1998, 5, 73-85.

14. Solarz K, Solarz D: The allergenic mites in coa-mine dust from
cod minesin Upper Silesia (Poland). Ann Agric Environ Med 1996, 3, 49-55.

15.Solarz K, Szilman P, Szilman E: Preliminary study on the
occurrence and species composition of astigmatic mites (Acari:
Astigmata) in samples of dust, debris and residues from farming
environments in Poland. Ann Agric Environ Med 1997, 4, 249-252.

16. Stenius B, Cunnington AM: House dust mites and respiratory
alergy: a qualitative survey of species occurring in Finnish house dust.
Scand J Respir Dis 1972, 53, 338-348.

17. Terho EO, Leskinen L, Husman K, Karenlampi L: Occurrence of
storage mites in Finnish farming environments. Allergy 1982, 37, 15-19.

18.Verhoeff AP, van Strien RT, van Wijnen JH, Brunekreef B:
Damp housing and childhood respiratory symptoms: the role of sensiti-
zation to dust mites and molds. Am J Epidemiol 1995, 141, 103-110.



