
Agricultural activities are performed in the potentially
health risk environment due to exposure to high level of dust,
atmospheric temperature, noise, vibration, chemical and
biological agents. Dust exposure in agriculture, was
recognized in the 16th century as a cause of respiratory
disease, and is a major source of respiratory morbidity and
mortality among agricultural workers (Schenker 2000). Dust
is also generated in agricultural machine operations in the
field because of machine-soil and machine-plant interactions.
The agricultural workers inhale these dusts in course of
normal breathing. Dusts generated in agricultural activities
could be classified as inorganic dusts (soil/mineral dusts),
organic dusts (plant debris), and biological dusts (animal
debris). Dust sizes in the air could vary in the range of 1-30
µm (Alsan 1998). Dusts larger than 10 µm are considered to
be coarse dusts, which are blocked in the upper air passages

in the body. Dust particles smaller than 10 µm are fine dusts
and can penetrate into lower air passages in the human body.

Agricultural activities are energy intensive operation,
and therefore the farmer work at elevated heart rate, and
increased respiration rate, which enhances inhaling of dusts
at the workplace (Christensen et al. 1992). According to
Reilly (1981), operators associated with agriculture activities
faces allergies four times more as compared to a control
group. Respiratory problems turned out to be the second
most common diseases that the farmers suffer and tractor
and combine operators experienced bronchioles two times
more than other agricultural workers.

Berberet et al. (1998) studied the respirable dust and
crystalline silica (quartz) exposure resulting from potato
harvesting operations. The maximum respirable dust exposure
was 5.05 mg/m3, respirable silica 0.105 mg/m3, and silica
12.85 per cent. Lee et al. (2004) determined the personal
exposure to inorganic and organic dust during manual
harvesting operations of California citrus and table grapes.
Exposures for citrus harvest had 39.7 mg/m3 and 1.14 mg/m3

for inhalable and respirable dust respectively. These exposures
exceeded the threshold limit value for inhalable and respirable
dust.
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ABSTRACT

Magnitude of dust concentration in breathing zone in manual harvesting, and threshing operation of wheat crop were
measured.  The dust levels were 11.89, 4.67 and 3.20 mg/m3 for in-halable, thoracic and respirable dusts respectively.
Dust concentration was highest in breathing zone of the workers feeding the crop into thresher as compared to the workers
engaged in harvesting with sickle, workers supplying crop to feeder and workers collecting threshed grains. The analysis
of particle size distribution of dust indicated relatively low mass proportion of particles smaller than 2.5 µm and high
percentage of particles over 7 µm diameters. Three types of dust filters, i.e. cloth, foam and non-woven fabric were
selected and evaluated for filtration efficiency and pressure drop. An experimental setup was developed to measure filtration
efficiency and pressure drop with varying filter area and dust concentration. The filtration efficiency of dust filters ranged
from 50.76 to 59.71% (cloth), 89.19 to 92.78 % (foam) and 96.50 to 98.70 % (non-woven fabric) and pressure drop ranged
from 5 to 17.83 (cloth), 23.83 to 38.50 (foam) and 14.17 to 27.67 (non-woven fabric) mm of H2O for three different filter
areas and dust concentrations, respectively. The results of subjective evaluation of dust protectors with field workers
showed that, non-woven fabric was most preferred because of higher filtration efficiency and lower pressure drop. It was
concluded that, non-woven fabric based dust protector provides the highest dust protection with lowest breathing resistance.

Key words : Breathing zone, Dust, Harvesting, Dust protector, Filter efficiency, Filter material,
Pressure drop, Threshing, Threshold limits
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DUST PROTECTIVE INTERVENTIONS FOR FARM WORKERS

Dust may also cause poisoning and allergy in the
respiratory tract (Witney 1988) and inflammation of the
eyes, lungs, and the skin (Matthews and Knight 1971).
Intoxicant dusts in the lower respiratory tract may cause
farmers’ lung disease, resulting in productivity loss, increased
health costs and even death in severe cases (Erkan 1989).
The severity of adverse effects of dust in terms of human
health depends on the source of dust particles, particle sizes,
dust concentration, and exposure time (Witney 1988).
Therefore, particle sizes distributions and levels of dust
concentration are critical factors. Moreover, use of protective
gears by farmers indicated that when working with pesticides,
only 44% of farmers wear gloves, 22% wear eye protection,
8% wear respiratory protection, and 4% wear coveralls
(Murphy 2005).

 Using respiratory protection can significantly reduce
the risk of contracting serious lung diseases because of heavy
dust concentration. The economical methods for protection
of workers against the dust are personal dust protectors such
as dust masks to provide protection against airborne dust
particles, chaff, pollen, and non-toxic paint spray dusts.

The uses of dust protectors are being hampered by
difficulty in breathing and communication. Morcos (1996)
studied the performance of industrial bag filters to control
particulate emissions. The pressure drop across the fabric
and collected dust layer increased exponentially from 14 to
36 mm of water with increase of dust loading on the filter
from 0 to 1300 g/m2.

There are very few studies on filter efficiency of different
materials used for personal dust protectors. Sumi and Araya
(1996) tested an air filter consisting of cotton and artificial
fibers; dust collection efficiency was 98% for particles larger
than 50 micron, 86 to 89% for 20-30 micron particles, and
86% for particles finer than 10 micron. Burton et al. (2007)
determined the physical collection efficiency of commercially
available filters for collecting airborne bacteria, viruses, and
other particles. The physical collection efficiency was
determined by measuring particle concentrations size-
selectively upstream and downstream of the filters. The
PTFE (polytetrafluoroethylene) and gelatin filters showed
excellent collection efficiency (>93%) for all of the test
particles. Smigielski (2006) designed a setup for testing
HEPA (High Efficiency Particulate Air) filter efficiency. A
closed system “HEPA filter testing unit” was assembled
consisting of a fan, industrial damper, two ducts, and filter
housing. The concentrations of a challenge aerosol up-stream
and down-stream were used to calculate the filters capture
efficiency. Chhuneja (2009) assessed six different types of
available personal dust protectors and used them for combine
harvester operators for dust pollution. The filtration efficiency
of the dust protectors varied from 65.5% (single tissue paper)
to 92.2% (cloth). The dust protector of disposable cloth
material was noted to have the highest acceptability during
wheat as well as paddy harvesting. To understand the

magnitude of dust concentrations in farm operations and
identifying suitable cost effective filters, a study was
undertaken to assess dust level in manual harvesting and
threshing of wheat and develop dust protectors for farm
workers.

MATERIAL AND METHODS

The study was conducted on the research fields of Indian
Agricultural Research Institute, New Delhi (India). The soil
of this region is medium textured. Wheat being the major
cereal crop of the country occupies maximum area and
involves a very large number of farm workers, so operations
related to this crop was selected for the study. The
measurements were taken during the peak season of harvesting
and threshing of wheat,  i.e. in April-May. Manual harvesting
and threshing of wheat were selected for the studies. In these
operations, the observation points selected for measurement
were workers harvesting with sickle, workers feeding crop
into thresher chute, workers supplying crop to feeder and
workers collecting threshed grains after threshing operation.
Threshers with hold on type feeding unit was selected for
study as it creates high dust concentration as compared to
throw in type thresher.

Samples collected included total dust, respirable dust,
and thoracic dust from the breathing zone of the workers in
the work environment. Sampling time taken was as 10
minutes. To characterize the exposure levels, numbers of air
samples were collected. Dust concentration (mg/m3) was
measured using real - time personal dust monitor. Flow rate
of the device was 1.5 - 2.3 l/m, sensing range varied between
0.01 and 200 mg/m3 and its particle size range was 0.1 – 100
µm. A simple fixture for measurement was developed for
personal dust monitor, which facilitated the access to breathing
zone of workers.

Dust measurement for each field operation was done
between 9 AM to 2 PM. A total of thirty-six measurements
were taken for three dust categories (inhalable, thoracic and
respirable) with three replications each for all the four
operational locations. This study was conducted to
characterize potential exposure during harvesting and
threshing. Average values of environmental parameters such
as temperature, wind velocity and relative humidity were
also recorded at the time of experiment.

The particle size distribution of dust during selected
operations was also recorded using air sampler measuring
mass concentration for PM2.5 (Particulate matter), PM10 and
TSP (Total suspended particulate) for two minutes of sampling
time, based on the mass concentrations of dust particles in
proportion of diameter less than 2.5, 10 and 25 µm.

The mass concentration of the particles for PM2.5 and
PM10 was compared with standards recommended by
Environmental Protection Agency (EPA, 2011) and National
Ambient Air Quality Standards (2009) given by Central
Pollution Control Board, New Delhi.
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An experimental set-up consisting of dust chamber of
size 65 cm × 65 cm × 65 cm as per BIS 9473: 1980 was
fabricated. The frame of the chamber was made up of angle
iron with sides 5 mm thick transparent acrylic sheet for
visual observation of turbulence of air and dust dispersion in
the chamber. A centrifugal blower with flow rate of 60 m3/h
was mounted at the bottom of the chamber with its outlet
directed into chamber to create turbulence and distribute
dust and air in the entire chamber. The outlet of chamber was
connected to the inlet section of blower in order to achieve
mass balance of dust. The filter assembly was fabricated and
attached to one sidewall of the dust chamber. The filter
material was sandwiched between upstream (Dust chamber
side) and downstream (Dust monitor turbine side) and has
the provision to vary the filter area. The filter assembly was
made of airtight funnel shaped chamber with sensing head of
real time personal dust monitor. The U-tube manometer was
also used to measure the pressure drop during air filtration.
One end of the manometer was fixed in the funnel wall at
downstream side and other exposed to atmospheric pressure.
A graduated wooden scale was also mounted along with
manometer to measure the pressure difference. The
experimental set up is shown in Fig 1.

Three filter materials namely cloth, foam and non-woven
fabric, commonly used for the protection against solid aerosols
in the disposable type masks, were selected for the study.
The filter efficiency of selected dust protectors was determined
for the wheat dust by measuring dust level on upstream and
downstream side of filter material. A sampling time of three
minutes was used for taking readings of dust levels in upstream
and downstream sides.

In order to study the effect of filter area and dust levels
on filtration performance and filter resistance, as expressed
in terms of pressure drop, three filters of size 9 × 13, 10 × 14
and 11 × 15 cm2 and three dust levels (20, 30 and 40 mg/m3)

were selected for the study. A known amount of dust was fed
in the chamber to simulate pre-selected dust concentration.
The upstream side dust concentration was kept constant.
Each filter was tested for all the three dust levels and three
filter areas at constant flow rate. The filter efficiency was
calculated from upstream and downstream observations,
whereas filter resistance was measured from pressure drop in
U-tube manometer.

The personal dust protectors were developed from the
selected filter materials. The design of dust protectors were
such that they should completely cover the nose and mouth
and provide adequate fitness on face to minimize inflow of
dusty air from the edges. As per the test procedure mentioned
in BIS 9473-1980, all the three dust protectors were subjected
to suitability tests of one hour each on twenty workers (ten
female and ten male workers between the age group 20 to 58
years) performing wheat harvesting and threshing operation
during the harvesting season.

The suitability test consisted of seven performance
indicators as observed by the operators. A proforma was
designed to record different parameters to assess the suitability
of dust protectors in terms of breathing resistance, dust
filtration performance, air leakage from sides, feeling of
tightness on face, rate of sweating, any verbal communication
difficulty and wear and tear of dust protectors during use.
Each of the performance indicators was further categorized
into three levels; low, medium and high respectively, to
tabulate performance and discomfort levels. After recording
feedback for various performance indicators, each of the
operators was asked to give a comparative rank to all the dust
protectors as per his preference for acceptability. The
comparative rank was converted to comparative acceptability
score by giving weightage of “3” to rank one, “2” to rank
two, “1” to rank three. Thus, total acceptability score was
obtained for different dust protectors. Based on cumulative
score, the filter material having minimum pressure drop
(breathing resistance) from laboratory study and highest
acceptability score of workers was selected as best material
for continuous operations on Indian farm condition.

RESULTS AND DISCUSSION

Dust concentration, environmental parameters and particle
size distribution

Observations on total dust concentration and fractional
composition (inhalable, thoracic, respirable) during wheat
harvesting and threshing operations are given in the Table 1.
The ambient environmental parameters such as mean
temperature, mean wind velocity and mean relative humidity
were also recorded during the experiment.

During manual harvesting of wheat mean inhalable,
thoracic and respirable dust concentrations were 2.00, 1.01
and 0.503 mg/m3 respectively (Table 1). There was no study
on dust measurement for wheat harvesting and threshing in Fig 1 Experimental set-up
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the literature surveyed but few studies have been reported on
other field crops in developed countries on mechanized farms.
Berberet et al. (1998) determined the respirable dust exposure
in potato harvesting operations to be 5.05 mg/m3.

In the threshing operation, the micro-environment of
worker feeding crop into thresher chute, the dust concentration
was found to be 11.89, 4.67 and 3.20 mg/m3, respectively for
inhalable, thoracic and respirable type (Table 1). Dust
concentration was high in this operation, as large amount of
crop material was handled in machine-crop interaction.
Threshing drum rotating at high speed impacting fed crop for
detachment of grain from plants and convert feed material
into small size particles. The finer size particles escape
threshing drum as dust and increase dust concentration in the
vicinity. There are no studies on dust assessment of threshing
operation; however, a few studies are reported on other farm
operations. Aybek and Arslan (2007) observed mean dust
concentrations of 137.9 mg/m3, 83.6 mg/m3, 80.3 mg/m3 and
88.8 mg/m3 for soil packing, furrowing, straw making, and
baling respectively, on tractors with no cabin. Dust exposure
of a similar crop interaction was bailing, where it was 88.8
mg/m3, much higher than the dust levels of present study as
mechanical operations with higher power machines cause
more disturbances resulting in high dust values.

The workers who were handling the harvested crop
material and carrying it from entire field to the threshing unit
were found to have exposure levels of 3.98, 1.58 and 0.81
mg/m3 for inhalable, thoracic and respirable fractions,
respectively (Table 1). The dust exposure was found to be
lower than the feeding point of thresher as there was no crop-
machine interaction in this activity and workers were moving
in field while the location of crop feeder was fixed resulting
in buildup of dust concentration. On the other hand, at the
grain outlet of thresher, the dust exposure was least among
all the four activities. There was very little visible dust at this
location. The direction of air current to facilitate grain-chaff

separation was responsible to blow away dust from grain
outlet location. The inhalable, thoracic and respirable fractions
at this point were 1.39, 0.72 and 0.37 mg/m3, respectively. At
the outlet clean grains were discharged which were free from
crop stalks and soil particles after sieving and blowing
operation.

The results of the analysis of inhalable dust particles in
the workplaces under study are summarized in Table 2 and
Fig 2. In this table PM 2.5 indicates respirable fractions, PM
10 indicate thoracic fractions and total suspended particles
(TSP) indicates inhalable fractions of dust. TSP was highest
(9.99 mg/m3) in the breathing zone of workers feeding crop
into thresher chute and lowest (5.32 mg/m3) in the breathing
zone of worker collecting grain at thresher outlet.

The particle size distribution pattern shows that, the dust
concentration for fine (PM2.5) and coarse (PM10) particulate
matter for all the four operations exceeding the standard
value of 24 hour PM2.5 standard of 0.035 mg/m3 and PM10

DUST PROTECTIVE INTERVENTIONS FOR FARM WORKERS

Table 1 Dust concentrations and environmental parameters during harvesting and threshing of wheat crop

Activity/ Dust type Concentration (mg/m3) Mean temp. Mean wind Mean relative
Location Average ± SD  (°C) velocity (km/h) humidity (%)

Workers harvesting Inhalable 2.00 ± 0.41 38.57 6.40 20.33
Thoracic 1.01 ± 0.28 38.80 6.70 17.00
Respirable 0.50 ± 0.19 38.43 5.70 17.00

Workers feeding crop Inhalable 11.89 ± 0.12 41.73 4.37 30.33
into chute Thoracic 4.67 ± 1.41 42.00 4.30 31.00

Respirable 3.20 ± 0.26 42.00 4.30 31.00
Workers giving crop Inhalable 3.98 ± 2.05 36.40 5.23 22.67

to feeder Thoracic 1.58 ± 0.39 40.27 4.37 28.33
Respirable 0.81 ± 0.51 42.80 3.80 30.00

Workers collecting Inhalable 1.39 ± 0.08 42.00 7.80 24.00
threshed grains at outlet Thoracic 0.72 ± 0.07 36.67 4.77 27.33

Respirable 0.37 ± 0.10 36.13 5.63 29.00

Fig 2 Particle size distribution of dust
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range of 3.6–26.5% of total dust in different agricultural
operations. The author suggested that the percentage of these
particles in total dust increases with an increase in dust
exposure. Moreover, in this study, the proportion of
extrathoracic and thoracic fraction fell within the range of
33.74 – 70.6% of total dust in different operations which are
above the hazardous category of Air Quality Index (AQI).

It was observed that the workers performing threshing
are potentially exposed to higher level of dust concentration
exceeding the desirable limit (EPA, 2011). Study revealed
that respirable particles (< 2.5 µm) and inhalable particles
(<10µm) concentration in work environment of worker
performing the task of harvesting, handling, threshing and
collecting grains are exposed to hazardous level of dust
concentration.

Effect of filter area and dust concentration on filter
efficiency and pressure drop

All the three filter materials were tested in the developed
experimental set-up for their efficiency and pressure drop. A
known amount of wheat dust collected from field was fed
into the chamber so as to simulate the desired dust
concentrations. An average upstream dust concentration of
20.1, 29.1 and 40.47 mg/m3 was achieved and kept constant
during experiment. These concentrations levels were chosen
on the basis of maximum instantaneous concentration found
during the different field operations. Among all operational
locations, the highest instantaneous dust concentration was
44 mg/m3 on thresher platform (Fig 3). Filter materials were
tested at each of these three dust concentrations levels for
three selected filter areas 9 × 13 (A1), 10 × 14 (A2) and 11 ×
15 (A3) cm2. Filter efficiency and pressure drops were
recorded for each filter material at selected dust concentration

standard of 0.15 mg/m3 recommended by Environmental
Protection Agency (EPA 2011). The size of particles is directly
linked to their potential for causing health problems as these
particles enter into lungs through the throat and nose. Once
inhaled, these particles can affect the heart and lungs and
cause serious health hazards.

Additionally, as per National Ambient Air Quality
Standards (2009) given by Central Pollution Control Board,
New Delhi, the observed particulate matter concentrations
were beyond the standard limits of 0.10 and 0.06 mg/m3 for
PM10 and PM2.5 respectively. Nieuwenhuijsen et al. (1998)
investigated exposure to dust and its particle size distribution
in California agriculture. The largest proportion of dust
belonged to the extra thoracic fraction (<PM10) and the
levels of thoracic fraction for dust particles lie within the

Table 2 Particle size distribution of dust during harvesting and
threshing

Activity Dust concentration levels (mg/m3)
in different diameter intervals (µm)

PM 2.5 PM 10 TSP
(<=2.5µm) (<= 10 µm) (<25 µm)

Worker harvesting crop 0.14 2.90 7.51
Workers feeding crop into 0.09 7.06 9.99

chute
Workers giving crop to 0.06 4.65 9.88

feeder
Workers collecting threshed 0.08 1.80 5.32

grains at outlet
EPA standards 0.035 0.15
National Ambient Air
Qulity Standards 0.06 0.10

Fig 3 Instantaneous dust concentration during threshing for 10 minutes of time interval



33January 2014]

and filter area for constant flow rate. The efficiency and
pressure drop for all three filters at constant upstream
concentrations and three filter areas are given in Table 3.

The results of ANOVA (Table 3) shows that the calculated
F-values for filter efficiency and pressure drop in all three
dust protectors and for all three dust loadings are higher than
the table value for (2, 6) d.f. and at 1% level of significance.
It means the results are significant, increase in filter area
results in increase in filter efficiency and reduction in pressure
drop.

The effect of filter area and dust concentration on filter
efficiency and pressure drop is given in Table 3. For the
cloth, the filter efficiency varied from 50.76 to 59.71% and
pressure drop between 5 and 17.83 mm of H2O, which was
the lowest among all the filter materials tested. Filter
efficiency of foam was high (89.19 to 92.78 %) as compared
to cloth. The pressure drop across the foam varied from
23.83 to 38.50 mm of H2O, higher than the permissible limit
of 30.6 mm of water or 3 mbar (IS 8347: 2008). In case of
non-woven fabric, the filter efficiency was very high (96.5 to
98.70 %) as compared to cloth and foam; pressure drop was
14.17 to 27.67 mm of H2O which was lower as compared to
foam but higher than cloth. It was found that with increase in

filter area there was negligible increase in filter efficiency
but higher reduction in pressure drop across the filter, which
indicated reduction in breathing resistance. This increased
efficiency and decrease in pressure drop with the increase in
filter area was due to the fact that as the filter area increases
total filter pore spaces also increases, which reduce the air
flow velocity. The lower kinetic energy of dust particle allow
particle to stick and settle down in flow channel of porous
media. There are few studies on filter efficiency of different
materials used for personal dust protectors. Sumi and Araya
(1996) found high dust collection efficiency in an air filter
made of cotton and artificial fibers. Dust collection efficiency
was 98% for particles larger than 50 micron, 86 to 89% for
20-30 micron particles, and 86% for particles finer than 10
micron. In the present study also, the filters made of foam
and non-woven fabrics for dust protection achieved efficiency
of over 90 per cent.

The pore size of filter material has bearing on the size of
dust particle which pass through it. In foam and non-woven
cloth, the pore sizes are smaller than that of cloth which
resulted in higher filter efficiency along with higher pressure
drop, indicating higher breathing resistance. In the present
study the characteristics of filter pores of the material had

DUST PROTECTIVE INTERVENTIONS FOR FARM WORKERS

Table 3 Effect of filter area on filter efficiency and pressure drop at different concentrations

Area Filter materials efficiency (%), Pressure drop (mm of H2O)

Cloth Foam Non-woven fabric

Efficiency Pr. drop Efficiency Pr. drop Efficiency Pr. drop
(mean ± SD) (mean ± SD) (mean ± SD) (mean ± SD) (mean ± SD) (mean ± SD)

Dust concentration 20.1 mg/m3

(A1) 50.76±0.45 8.83±0.17 89.19±0.21 28.83±0.44 96.50±0.19 18.67±0.44
(A2) 54.01±0.98 6.83±0.17 90.23±0.24 25.83±0.17 97.54±0.08 17.17±0.17
(A3) 57.33±0.96 5.00±0.00 91.70±0.23 23.83±0.17 98.70±0.05 14.17±0.17
F-Cal 15.38** 198.50** 32.56** 76.00** 137.74** 63.00**
CD 2.95 0.48 0.81 1.02 0.33 1.02
CV (%) 2.68 3.42 0.44 1.92 0.17 3.00

Dust concentration 29.1 mg/m3

(A1) 52.38±0.44 14.50±0.29 89.47±0.62 32.67±0.17 97.17±0.15 22.00±0.29
(A2) 56.25±0.67 12.17±0.17 91.56±0.44 30.33±0.33 97.61±0.06 20.33±0.33
(A3) 58.91±0.09 10.50 ±0.29 92.78±1.67 28.33±0.44 98.66±0.03 18.67±0.17
F-Cal 49.75** 62.29** 13.99** 42.33** 65.03** 37.50**
CD 1.64 0.90 1.58 1.18 0.33 0.96
CV (%) 1.44 3.56 0.85 1.90 0.17 2.318

Dust concentration 40.47 mg/m3

(A1) 53.75±0.25 17.83±0.17 91.24±0.09 38.50±0.29 97.41±0.1 27.67±0.17
(A2) 55.97±0.39 15.83±0.17 91.76±0.18 36.33±0.16 98.10±0.07 25.83±0.17
(A3) 59.71±0.54 12.83±0.17 92.55±0.29 34.33±0.33 98.67±0.08 22.83±0.17
F-Cal 53.39** 228.00** 10.23* 58.62** 54.39** 214.33**
CD 1.45 0.59 0.73 0.96 0.30 0.58
CV (%) 1.26 1.86 0.39 1.29 0.15 1.13

** Significant at 1 % level of significance, * Significant at 5 % level of significance
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not been studied. However, it was also found that with the
increase in the dust concentration from 20.1 to 29.1 and 40.47
mg/m3, there was very small increment in the filter efficiency.
This is due to the fact that, as the concentration increases
more amount of dust is fed into the filter material and after
some time filter pores gets clogged and restrict the transfer
of dust towards downstream side, resulting in decreased rate
of air exchange between upstream and downstream side,
which in turn increases pressure drop across the filter.
Nieuwenhuijsen et al. (1998) also reported that with increase
in dust concentration extrathoracic fraction increases, leading

to increased clogging of filter with increase in agricultural
dust concentration. Morcos (1996) determined the pressure
drop across the fabric, which increased exponentially from
14 to 36 mm of water with increase in dust loading from 0 to
1300 g/m2. In the present study also, the pressure drop
increased with the increase in the dust concentration.

Development of dust protectors for subjective assessment
The dust protectors were developed using anthropometric

data of twenty farm workers engaged on research farm. The
shape of dust protectors was such that maximum surface area

Table 4 Workers feedback on different performance indicators

Performance indicator Level Dust protectors Chi-square value
Cloth Foam Non woven fabric (calculated)

Harvesting
Breathing resistance Low 18 13 17 7.15

Medium 2 3 2
High 0 4 1

Dust filtration performance Low 4 0 0 9.60 *
Medium 2 3 2
High 14 17 18

Air leakage from sides Low 18 12 17 5.88 *
Medium 2 8 3
High 0 0 0

Feeling of tightness on face Low 17 16 18 0.79
Medium 3 4 2
High 0 0 0

Rate of sweating Low 13 10 17 9.82 *
Medium 7 7 2
High 0 3 1

Wear and tear during use Yes 1 3 3 1.47
No 19 17 17

Communication during use Yes 20 16 20 9.37 **
No 0 4 0

Threshing
Breathing resistance Low 19 12 16 8.80

Medium 1 5 3
High 0 3 1

Dust filtration performance Low 3 0 0 10.12 *
Medium 4 4 1
High 13 16 19

Air leakage from sides Low 15 10 16 7.46 *
Medium 5 8 4
High 0 2 0

Feeling of tightness on face Low 17 16 18 2.01
Medium 2 3 2
High 1 1 0

Rate of sweating Low 11 7 14 7.00
Medium 9 12 5
High 0 1 1

Wear and tear during use Yes 6 4 5 0.53
No 14 16 15

Communication during use Yes 20 18 20 2.87
No 0 2 0

** Significant at 1% level; * significant at 5% level
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of dust protectors are given in Table 5. The comparative rank
was converted to comparative acceptability score. Thus, the
acceptability score was obtained for the selected dust
protectors. The total acceptability score for all dust protectors
during wheat harvesting and threshing season was calculated
by summing them up as given in Table 5. The acceptability
score was highest for dust protector fabricated by non-woven
fabric followed by cloth and foam respectively.

Acceptability rank in parenthesis gives acceptability
score. It is evident from the subjective assessment that,
disposable dust protector of non-woven fabric has the highest
acceptability score of 108 because of its high efficiency and
low breathing resistance during wheat harvesting as well as
threshing. The cloth type dust protectors ranked second
because of less breathing resistance, though it had low
filtration efficiency. The foam type dust protector, due to its
high breathing difficulty had least acceptability among the
workers. The cost of each unit of dust protector is Rs 4 which
includes material and manufacturing cost.

It was found that, the workers performing threshing are
potentially exposed to higher level of dust concentration
exceeding the desirable limit. Study revealed that reparable
particles (< 2.5 µm) and inhalable particles (<10 µm)
concentration in work environment of worker performing
the task of harvesting, handling, threshing and collecting
grains are exposed to hazardous level of dust concentration.
The personal dust protector should be provided to worker
engaged in these activities to safeguard their health. It was
also found that, as the filter area increased, pressure drop
across the filter reduced. With the increase in the concentration
there was very small increment in the filter efficiency and
higher increment in pressure drop across the filter. The non-
woven fabric material had higher filter efficiency (98.70 to
96.50%), lower pressure drop (14.17 to 27.67 mm of H2O)
and highest acceptability during the harvesting and threshing
operation. Thus, non-woven fabric filter material can be
used for personal dust protection of farm workers.
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Table 5 Acceptability rank and acceptability score of selected
dust protectors

Operation Rank Frequency of ranks given
by workers

Dust protectors

Cloth Foam Non woven
fabric

Harvesting 1 3 (9) 2(6) 15(45)
2 9(18) 8(16) 3(6)
3 8(8) 10(10) 2(2)

Threshing 1 2(6) 2(6) 16(48)
2 12(24) 5(10) 3(6)
3 6(6) 13(13) 1(1)

Total (acceptability score) 40(71) 40(61) 40(108)

Score=rank frequency *weightage

Fig 5 Developed personal dust protectors

for filtration can be achieved. Various face dimensions
required to design dust protector are shown in the Fig. 4.

Suitability testing and comparative acceptability of dust
protectors

The developed dust protectors (Fig. 5) were tested in
field for their suitability to workers involved in wheat
harvesting and threshing. The suitability test consisted of
various performance indicators of dust protectors and
feedback of workers were recorded (Table 4).

Likelihood chi-square test was performed to infer whether
there is any association between a performance indicator and
dust protectors. The calculated chi-square values obtained
separately for each performance indicator shows that there is
an association between performance indicator and dust
protector as shown in Table 5.

Each of the workers was asked to give a comparative
rank to all the dust protectors as per their preference for
acceptability. The ranks given for preference of acceptability
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Fig 4 Anthropometric dimensions of face



36 [Indian Journal of Agricultural Sciences 84 (1)

of Agronomy for allowing us to carry out our research study
on their farm. Finally, we would like to acknowledge the
workers and all technical assistants participating in the study
for their patience, cooperation during the project.

REFERENCES

Alsan S. 1998. Aerial dusts. Science and Technique, pp 68–70.
Turkish Scientific and Technological Council Publications.

Aybek A and Arslan S. 2007. Dust exposures in tractor and combine
operations in eastern Mediterranean, Turkey. Journal of
Environmental Biology 28 (4): 839–44.

Berberet L J, Buchan R and Beard M. 1998. Respirable dust and
crystalline silica (quartz) exposure resulting from potato
harvesting operations. Journal of Agricultural Safety and Health
5(1): 97–107.

BIS. 1980. Specification for filter type particulate matter respirators.
Bureau of Indian Standards, New Delhi.

BIS. 2008. Respiratory protective devices – definitions, classification
and nomenclature of components. Bureau of Indian Standards,
New Delhi.

Burton N C, Grinshpun S A and Reponen T. 2007. Physical collection
efficiency of filter materials for bacteria and viruses. Annals of
Occupational Hygiene 51(2): 143–51.

Chhuneja N K. 2009. Assessment of available dust protectors for
protection to combine harvestor operators. Development in
Agricultural and Industrial Ergonomics 1: 93–8.

Christensen H, Vinzents P, Nielsen B H, Finsen L, Pedersen M B
and Sjogaard G. 1992. Occupational exposures and health among
Danish farmers working in swine confinement buildings.
International Journal of Industrial Ergonomics 10: 265–73.

Erkan N. 1989. Physiological stresses in workplace and ergonomics.
Proceedings of the 2nd National Ergonomics Congress, Turkish
National Productivity Center Publications 379, 28–38.

Lee K, Lawson R, Olenchock S, Vallyathan V, Southard R, Thorne
P S, Saiki C and Schenker M B, 2004. Personal exposures to
inorganic and organic dust in manual harvest of california citrus
and table grapes. Journal of Occupational and Environmental
Hygiene 1 (8): 505 – 14.

Matthews J and Knight A A.1971. Ergonomics in agricultural
equipment design. National Institute of Agricultural Engineering,
Silsoe.

Morcos V H. 1996. Performance analysis of industrial bag filters to
control particulate emissions. Energy 21 (1): 9–14.

Murphy D J. 2005. Personal protection from pesticides. Agricultural
and Biological Engineering Department, The Pennsylvania State
University, E-35.

National Ambient Air Quality Standards. 2009. Central Pollution
Control Board Notification. New Delhi.

Nieuwenhuijsen M J, Kruize H, Schenke M B. 1998. Exposure to
dust and its particle size distribution in California agriculture.
American Industrial Hygiene Association Journal 59 (1): 34 – 8.

Reilly N M. 1981. Dust load and dust composition in workplaces in
agriculture and load limits and dust protection measures derived
there from (Translation, T.467). National Institute of Agricultural
Engineering, Silsoe, MK45 4HS.

Schenkar M. 2000. Exposure and health effects from inorganic
agricultural dusts. Environmental Health Perspectives 108: 661–
4.

Smigielski K A. 2006. ‘Design and setup of a system for testing
HEPA filter efficiency.’ Master of Science thesis in occupational
health. The University of Toledo.

Sumi A and Araya K. 1996. Dust collection efficiency of an air filter
for co-operative grain drying facilities. Journal of Japanese
Society of Agricultural Machinery 58(3): 95-102.

Witney B. 1988. Choosing and Using Farm Machines. John Wiley
and Sons Inc, New York.

PANDIRWAR ET AL.

36



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


