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Abstract: Introduction Flour dust as one of the most harmful chemicals in the workplace is raised bakery
workshops, according to past studies can be found inhaled particles suspended organic and non organic at
environments work. Objectives The main objective of this study is to elevate of worker exposure to dust and
statistical model associated with flour concentration psychrometric parameters and environmental in this study
has been considered. Materials and Methods A total of 80 industrial and traditional bakeries (Iran, Mazandaran)
with 160 people employed in this study were evaluated. Of the system, individual samples by sampling IOM
open face, 25 mm, 0.2 µ and pumped SIBATA, MP2N to measure respirable dust with 2 l/min flow rate by
method of the gravimetric is used. Simultaneously Climatic factors of the work environment was measured and
recorded. Results In this study, the total average concentration of respirable suspended dust flour was 30 ± 3
(mg/m ) and 74 ± 8 (%) and 28.6 ± 5.4 (°C) for relative humidity and indoor temperature, respectively. There was3

a significant correlation between the concentration of respirable suspended dust and increased relative
humidity bakery size (P  0.05) but with drying temperature and type of task there was no significant
relationship (P> 0.05). Conclusion The bakery with a high relative humidity there is a higher concentration of
flour dust, but the amount of the dry temperature was not affected on increase or decreases the dust
concentration. And Bakery larger size had less pollution congestion. 
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INTRODUCTION the relationship between environmental and

Flour dust as one of the most harmful chemicals in employees and the amount of their problems and
the workplace is raised in the bakery workshops [1]. respiratory diseases [6,7].
Considering the extensive use of cereals and breads made Assessment workshops bakery flour dust pollution
from grain flour in 4 to 25% of people exposed to allergic and side products that somehow deal with the flour dust
reactions from consumption of grain or flour dust contact in terms of health care for workers and the results are
with it can be seen at least 40 allergenic proteins in the important and it's results in improving the quality of
flour prepared in wheat, there are two main solutions knowledge workers in order to prevent respiratory
(albumin and globulin) and insoluble in water (gliadin and diseases caused by exposure with dust flour  is  notable
glutenin s) are classified [2]. The results of other similar [8-10] and being different according to geographical
studies, research suggests that in addition to section location and previous studies have involved different
albumin is the main cause allergies and asthma (Baker's factors such as culture, job status, workplace health being
asthma) inhaling leading to the enhance of the antibody investigated present sites differ from this study.
specific serum and increased allergies, respiratory Significant numbers of people in small industries in Iran
disorders and ultimately "Asthma” [2,3]. A good Scientific are traditional and industrial bakery workers, information
evidence exists that in different countries as a research from the official authority’s substantial shown number of
priority in environmental studies, assessment of internal jobs the group of working population illustrates in
contamination such workshops are shown in bold [3-5], Mazandaran province thus the number of bakery and
also researchers considered in such research to assess pastry shop 3250 with over 13,000 people employed in the

psychrometric factors in the workshops and developing
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province. These number more than 620 bakeries in the Sari for 160 workers were classified into  three  main  groups
city workshop located at least 320 workshops bakery with by job task (bakers, mixers/weighting and cleaners and
more than 2000 the employed people. severs) (Table 1). Sampling methods Personal long-term

Many similar studies were done in developed samples were collected in the workers’ breathing zone
countries such as Sweden and the Netherlands and the using IOM sampling heads with polytetra fluoro ethylene
UK in relation to the infection status of work health status filters (PTFE Membrane, SKC) 2.0-µm pore sizes at a
and health of workers and the flour industry and its calibrated flow rate of 2 l/min. Field blanks were included
products and the rate of occupational contact [7,12,14]. A for each sampling visit. For each gravimetric the filters
study conducted by Huba in the Netherlands (2005) were weighed twice in a preconditioned room (kept at a
concerning occupational exposure people who has shown constant temperature and humidity) before and after
in the bakeries, people exposed to high levels of flour dust sampling were undertaken and the personal dust exposure
over 1 (mg/m ) have been the allergens concerned 28% of [8 h TWA (mg/m )] calculated. 3

these symptoms Allergic contact allergens in flour have
shown [12] the outbreak of symptoms of respiratory Statistical Methods: The SPSS software (Statistical
disease among workers exposed to flour dust levels to Package for Social Scientists V16, SPSS Inc.) was used for
60% of the population is employed in different the data analysis for the occupational hygiene reports.
occupations have with occupational respiratory problems. Descriptive statistical analysis was performed for the
Epidemiological study concerning the determination of obtained data in the current study. One-way ANOVA and
threshold limit value (TLV) sensitivity special wheat and correlation were used to compare of exposures for bakers
its products in 2001 by researchers was done in the classified by pollution and job task. To calculate
Netherlands, they conducted results have shown no determinants of flour dust exposure, analysis was
significant evidence for the existence of a threshold performed using a linear mixed-effects regression model
inference scientific permitted cannot be expressed [13]. A with fixed effects for covariates (such as relative humidity,
similar study was done in Sweden in workshops were dry bulb temperature, bakery size, job task, type of
dealt with the kind of flour dust these results indicate that bakery).
the exposure rate over TLV authorized in the flour has
been in employed people [6]. RESULTS

Other studies in countries such England and America
have shown that even low levels of respirable dust, flour, Air Sampling: Sampling was performed by positioning an
lower than 0.5 (mg/m³) may lead the workers towards the IOM open face (25mm) sampler at near breathing zone
incidence of allergic respiratory and cause respiratory height. The other parameters (such as dry bulb
illness occupational [9-14]. Another study on determining temperature, workplace shop and relative humidity and)
the cause and prevalence of occupational asthma were measured for all bakeries work stations. The bakeries
symptoms in individuals exposed to grain and flour were were divided in 3 groups: industrial (I), traditional (T) and
performed in England, this study has shown that the mixed (M) in Table 1.
prevalence of nonspecific sensitivity to tea products that Descriptive statistical analysis for indoor air variables
are less specific sensitivity (less than 1 in 1000) and the is shown in Table 1 with respect to the inhalable flour
basis of creation of the specific sensitivity in flour dust (IFD) concentration in the bakeries. The highest of
industry, exposure to the fungal amylase has been the maximum IFD concentration was 32 mg/m , the lowest
reported [15]. Other studies in Iran shows that samples minimum IFD concentration was 21 mg/m and. These
received from reader 42 persons exposed to certain values can be considered as high, compared to NIOSH
disease have not showed regarding the immunological threshold limit value (1 mg/m ). The mean IFD
disorder [16]. concentration was 28mg/m . For indoor psychrometric

METHODS AND MATERIALS the mean indoor relative humidity (RH) was 74% and . 

Bakery Details: Eighty bakeries (Health and Safety compatible with the highest mean value IFD concentration
Executive and Local Authority inspected) were sampled was 30 mg/m³ which match to inside of industrial bakeries.
between November 2010 and March 2011 in Iran. Workers Traditional bakeries had the second highest mean IFD
were randomly selected from different areas of the bakery concentration  and  also  the  second  highest  mean
where flour products were used. The personal 8 h TWA relative   humidity   (74  mg/m³  and  28  %  respectively).

3

3

3

3

3

parameters, the mean dry bulb temperature (Td) was 27°C

The highest mean relative humidity of 75 % is
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Table 1: Values of indoor air parameters in the IFD polyurethane factories 
Bakeries code Variables I T M Average
IFD concentration (mg/m³), Max 32 31 33 32
Min 19 23 21 21
Mean 28 26 30 28
RH (%), Max 77 80 80 79
Min 57 62 61 60
Mean 74 73 75 74
Td (C°), Max 29 26 29 28
Min 24 20 22 22
Mean 27 28 26 27

Table 2: The result of IFD concentration correlation and bakeries indoor parameters
IFD (mg/m³) RH (%) Td (°C) D (m³)

IFD (mg/m³) Pearson Correlation 1 0.925 0.911 -0.974
Sig. (2-tailed) . 0.0001 0.0001 0.0001
N 80 80 80 80

RH (%) Pearson Correlation 0.925 1 0.425 -0.931
Sig. (2-tailed) 0.0001 . 0.0001 0.0001
N 80 80 80 80

Td (°C) Pearson Correlation 0.911 0.425 1 -0.475
Sig. (2-tailed) 0.0001 0.0001 . 0.0001
N 80 80 80 80

D (m³) Pearson Correlation -0.974 -0.931 -0.475 1
Sig. (2-tailed) 0.0001 0.0001 0.0001 .
N 80 80 80 80

Correlation is significant at the 0.05 level (2-tailed).

Table 3: Result of regression analysis between IFD concentration and indoor air parameters
 Coefficients t
---------------------------------------------------------------------------------------------------------------

Model B SE P value
(Constant) 15.11 2.61 0.0001
Dry bulb temperature ( C) 0.25 3.13 0.0001°

Relative humidity (%) 0.11 2.019 0.025
Shop size (m ) -0.041 -8.016 0.00013

Dependent Variable: IFD concentration (mg/m³)

The lowest mean IFD concentration (26 µg/m³) was The results of the summary entail that three of
observed in bakeries which have the biggest size 350 m³. parameters (dry bulb temperature, relative humidity and
Conversely, the highest means IFD concentration of 120 workplace size) can be significant predictors of IFD
µg/m³ was seen in the smallest workplace. concentration in the bakeries workplaces. Therefore, all of

Relationship   of    IFD    and    Indoor    Air   Variables: model. The model showed that the IFD concentration can
The   data   (n  =   80)   of   psychrometric   parameters be attributed to all the independent variables (dry bulb
[dry  bulb  temperature  (Td),  indoor  relative humidity temperature, relative humidity and workplace size).
(RH)]  and  other  parameters  [natural  ventilation, In this current research the indoor variables (natural
industrial  ventilation  and  shop  size)  were  collected ventilation, industrial ventilation and working shift) are
from   bakeries   and   used   to   predict   IFD  pollution not significant (P< 0.05). Among the indoor air parameters,
level.   As   statistical    analysis   correlation   analysis the size of IFD workplaces had a negative correlation.
was   performed   checking   the   normality  assumptions According to the results of regression analysis, indoor
for both variables. Three parameters are strongly dry bulb temperature, relative humidity and shop size can
correlated  with  IFD  concentration  where  P  <  0.05 be  seen  to  be  significant  predictors  of  IFD  pollution
(Table 2). (P< 0.05). 

the significant parameters were put in the regression
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The coefficients regarding the constant, dry bulb In the results, dry bulb temperature, relative humidity
temperature, relative humidity and shop size are shown in
Table 3. The independent variables (dry bulb temperature,
relative humidity and workplace size) were obtained for
the model to get the regression coefficients for IFD
pollution in the bakeries. 

Equation 1 can now be used to predict IFD
concentration. Replacing Y, X  and X  with IFD, Td (dry1 2

bulb temperature), RH (relative humidity) and S (shop
size), respectively in Equation 1 which can predict IFD
concentration based on dry bulb temperature, relative
humidity and the shop size. By substituting the relevant
coefficients from Table 4, into Equation 1, the following
equation can be written to describe the relationship
between IFD concentration and the indoor air parameters
and shop size:

IFD = 15.11 + 0.25 Td + 0.11 RH-0.041 S (1)

The  above  equation  implies  that  dry  bulb
temperature, relative humidity and shop size affects
inhalable  flour  dust concentration in the work places.
The background IFD concentration was about 15.11
mg/m³ as indicated by the value of the constant in the
regression equation.

DISCUSSION

This study is the first research of full-shift inhalable
dust exposure levels experienced by bakery workers in
Iran. Individual exposures exceeding the exposure limit
were also observed during full shift work in bakeries. All
types of bakeries were associated with some exceeding of
indoor pollution by flour dust.

In this survey, full-shift inhalable dust exposures
observed in this study tended to be somewhat higher
than those reported by other investigators. Compared to
other

Studies, our research illustrates to have higher mean
exposure and higher percent of the exposures above 20
mg/m . Traditional bakeries were exposed to higher3

concentrations of inhalable dust than those involved in
other type production. Full-shift inhalable dust exposure
in industrial ventilated bakeries was higher than that in
without that system. There was a high level pollution in
winter (cool weather, 18-25°C) compared to autumn
(moderate weather, 26-32 °C) in the assessed bakeries. 

The results of this current study has illustrated that
all kind of bakeries (industrial, traditional and mixed) have
the highest mean inhalable flour dust particulate compare
with threshold limit value (1 mg/m ).3

and shop size were associated with significantly increased
exposures, but other parameters such as ventilation,
working time and kind of bread were not significant. The
results of this study are supported by the results of
multiple regression modeling. Two factors, dry bulb
temperature and relative humidity increasing and shop
size decreasing full-shift inhalable dust exposure in the
bakeries. One of the most important factors increasing
full-shift inhalable dust exposure was time spent pouring
or dusting in the workplaces. Clearly, decreasing time
spent pouring, dusting and weighing flour should reduce
exposure.

All variables associated with decreased full-shift
inhalable dust exposure had substantial individual
contribution to explaining total variability, which probably
had a strong correlation with bread production. A
negative association between exposure and shop size or
workplace space was revealed. This implies that
increasing workplace size can reduce bakers' dust
exposures. The amounts or different types of bread
production assessed in this study were making it difficult
to address the issue. Closer investigation of this is
warranted, since material properties have been
demonstrated to have a substantial impact on dust
generation, although particle size was shown not to be a
very  important   factor  in  predicting  dust  generation
[17, 18].

The empirical model presented in  this  study
illustrate more variability in exposure (92%) than other
prediction models used to predict full-shift inhalable dust
exposure in bakeries. Burdorf, et al. (1994) were showed
61-69% of variability and Nieuwenhuijsen, et al. (1994)
showed 31-46% [19,20].  It  also compares positively in
this respect with empirical researches of determinants of
exposure in other workplaces [21-23].

The limitation of our model is that it does not account
for different geographical places (with different
temperature and relative humidity) and intra-individual
components of variability. Additionally, as in any
prediction model, our ability to predict a correlation
between any factors depended on the presence of these
factors in the sample is limited, for instance, there are
many variables effective to make a flour dust pollution
such as other task, cleaning tasks, peak exposure
concentrations of dust and flour aeroallergen in flour mills
and bakeries [20].

In other survey observed that silo and bin cleaning
tasks resulted in the highest dust exposures but there are
not cleaning tasks in this study. For other parameters, use
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of  local  exhaust  ventilation  systems   in  bakeries has ACKNOWLEDGEMENT
not been stated in the literature [21]. Absence or non
perfect of local exhaust ventilation in the assessed
bakeries made it impossible to use our data in assessing
its effectiveness in controlling inhalable flour dust
exposure [21]. The mean inhalable flour dust exposures of
this group of bakery workers were lower than the levels
reported by Meijster, [24] and among workers in industrial
(19-25  mg/m )  and  traditional  bakeries  (26-33  mg/m )3 3

but comparable to levels reported by other researchers
[24-26]. Also the mean dust exposure levels in this
research were similar to those reported by Brant in UK
bakeries [27].

In the multiple regression model analysis, dry bulb
temperature, relative humidity and shop size were
significant determinants of exposure. This is consistent
with other studies, demonstrating bakery size, job and
tasks as significant predictors of dust particulate and
wheat allergen exposures [26, 27]. The empirical model
presented in this study illustrate more variability in
exposure (92%) than other prediction models used to
predict full-shift inhalable dust exposure in bakeries.
Burdorf were showed 61-69% of variability and
Nieuwenhuijsen reported 31-46% [19, 20]. It also compares
positively in this respect with empirical researches of
determinants of exposure in other workplaces [22-31]. For
other parameters, use of local exhaust ventilation systems
in bakeries has not been stated in the literature. Absence
or non perfect of local exhaust ventilation in the assessed
bakeries made it impossible to use our data in assessing
its effectiveness in controlling inhalable flour dust
exposure.

CONCLUSION

On the whole, predictive regression model in this
survey   illustrated   a   significant   proportion of
between-worker   variability   for   inhalable   dust
particulate  and  indoor  air   and   workplace  variables.
The findings of this current study suggest that the
measurement of inhalable flour dust particulate in
personal samples may be a good method to consider
indoor air pollution in the bakeries with regard to dry bulb
temperature and relative humidity. These are important
factors to bear in mind with regard to hygiene monitoring,
especially in the bakeries with similar psychrometric
condition. This information may be useful in measuring
dust particulate levels when evaluating the impact of
specific interventions to comply with occupational health
requirements.

This study was funded by the Mazandaran
University of Medical Sciences. We would like to thank
the members of the field scientific support unit at
assistant of health executive for their assistance with the
organization of the study, date collection and completion
of the occupational hygiene reports (in particular
Mohammad. Asadi and Reza. Pnanahi).
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