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Exposure to Dust and its 
Particle Size Distribution in
California Agriculture

The aim of this study was to measure personal dust exposure levels and the dust particle size 

distribution during various agricultural operations in California. Personal dust exposure levels 

were measured with four-stage cascade impactors and respirable dust cyclones during field 

crop, fruit and nut farming, and dairy operations at three farms. Altogether, 103 cascade impactor 

measurements and 108 cyclone measurements were taken. High personal dust exposure levels 

were measured during various operations, in particular during ground preparation operations 

such as land planing (geometric mean [GM] = 57.3 mg/m3, geometric standard deviation 

[GSD] = 2.4) and discing (GM = 98.6 mg/m3, GSD = 2.9). Dust particles were relatively large 

and the great majority belonged to the extrathoracic fraction. Dust levels were considerably 

lower when an enclosed cabin was present on the tractor; for example, during discing, dust 

exposure levels were reduced more than sixtyfold for the larger dust particle fraction and 

more than fourfold for the respirable dust fraction.

K e y wo rd s : a g ri c u l t u re , d u s t, p a rt ic le  s ize , re s p i ra b l e  d u s t

F
arming has been associated with a wide 
variety of hazardous exposures,(1) including
airborne exposures, that have been associ-
ated with respiratory disease.(2–5) The devel-

opment of respiratory disease depends in part on
the nature, level, and particle size distribution 
of airborne exposures. Several studies have mea-
sured the exposure to dust, its constituents, and
its particle size distribution, and have evaluated
control measures.(6–15) Reported dust exposure
levels for operations such as ground prepara-
tion and harvesting were often well above the
American Conference of Governmental Indus-
trial Hygienists’ (ACGIH’s) threshold limit 
value (TLV®) of 10 mg/m3 for inhalable dust(16)

but were considerably lower when there was 
an enclosed cabin on the tractor.(12–15) Exposure
assess-ment in agriculture is difficult because of
the varied and cyclic nature of the farmers’ work
and the diverse locations of the farms. Exposures
may vary with local farming practices, commodi-

ties grown or raised, geography, climate, and
other factors.

In California, farm size, quantity and variety
of commodities, agricultural practices, soil types,
and climate are extremely diverse and substantially
different from those in other parts of the United
States and the rest of the world. In 1993 Califor-
nia’s farmers sold an estimated $19.9 billion of
farm products, making it the largest agricultural
state based on cash receipts. That year, California
had some 76,000 farms; average size was 391
acres.(17) As many as 1.5 million people were
directly employed on farms in California.(18)

California agriculture produces approximately
250 different crops, and California leads the
nation in the production of over 60 crops and
livestock commodities including eggs, broccoli,
almonds, lemons, wine grapes, and safflower.(17)

The diversity of California farming is associated
with a wide range of potentially hazardous expo-
sures. However, there has been little investiga-
tion of the magnitude and determinants of these
exposures, particularly of dust exposure.

The aim of this study was to measure personal
dust exposure levels and the dust particle size 
distribution during various agricultural operations
in California agriculture.

*Author to whom correspondence should be addressed.
This work was supported by the National Institute for Occupational Safety and Health,
cooperative agreement U07/CCU906162-05, and the National Institute for Environ-
mental Health Science center grant 1 P30 ES05707.



AIHA Journal (59)    January 1998   35

A
pplied

 S
tu

d
ies

Material and Methods

Three experimental farms were selected around Davis, California;
one field crop farm growing corn, tomatoes, and wheat (72

acres); one fruit and nut farm with peach, plum, pistachio, and
prune trees (107 acres); and one dairy farm with approximately 90
milking cows. These farms were chosen because they were easily
accessible. Working practices and commodities were similar to
those on other farms in Northern California, but the size of the
experimental farms and their plots were smaller compared with the
average farm in Northern California. On the field crop farm, dust
exposure levels were measured during all operations (Table I) in
the growing season (April–November). Measurements were taken
approximately 50% of the time an operation was done. On the fruit
and nut farm, only the harvesting was measured because it was the
only operation that took place. On the dairy farm three regularly
occurring operations—feeding, milking, and manure removal
(Table I)—were measured. On the fruit and nut and the dairy farm
the measurements were taken from August through November.

Workers on the farms were asked to wear either cascade impactors
or respirable dust cyclones during various operations (Table I).
The cascade impactor was a four-stage personal Sierra Marple 294
cascade impactor (Graseby Andersen, Smyrna, Ga.) with inlet cowl
and inlet visor (cut points at 21.3 µm, 14.8 µm, 9.8 µm, and 3.5 µm,
plus one backup filter). It contained Mylar™ membranes coated
with a Dow Corning silicone 316 spray (Graseby Andersen) and was
connected to a personal sampling pump running at 2 L/min. 

The personal respirable dust cyclone (BGI Inc., Waltham, Mass.)
contained a 37-mm diameter polyvinyl chloride filter (pore size 5
µm) and was connected to a small pump run at 2.2 L/min (cut
point 4 µm). The samplers were worn one after another. A cali-
brated rotameter was used to check the required flow rates for
both samplers. This was done at the beginning of each sampling
period and then checked at the end of the sampling period. Dur-
ing all the measurements an observer was present. The membranes
and filters were weighed before and after sampling on a six-figure
ATI Cahn C-35 microbalance (ATI Orion Cahn, Boston, Mass.).
For the cascade impactor, weights were corrected for internal loss
and inlet efficiency. The sampler efficiency correction factors for
the stages were, from top to bottom: 0.26, 0.70, 0.82, 0.94, and
0.99.(19) The median sampling time for the cascade impactor was
76 min and for the cyclone 87 min. For the cascade impactor, the
detection limit for each stage was 0.031 mg and 0.015 mg for the
backup filter. The detection limit of the cyclone filters was 0.022
mg per filter. Measurements with values below the detection limit
were assigned half the value of the detection limit for statistical
analyses. In total, 103 cascade impactor measurements were made,

of which for the first stage 3% were below
the detection limit, for the second stage
11%, for the third stage 14%, the fourth
stage 18% and the backup stage 32%. In
total, 108 cyclone measurements were
taken, of which 20% were below the detec-
tion limit. Both the cascade impactor and
respirable cyclone measurements could be
best described with a log-normal distribu-
tion (Shapiro Wilk test on log-transformed
concentrations: W = 0.96, p < 0.02; W =
0.96, p < 0.05; W = 0.96, p < 0.01,
respectively, for cascade impactor mea-
surements for all particles, particles with
50% cutoff diameter smaller than 
9.8 µm, and particles with 50% cutoff
diameter smaller than 9.8 µm, and W =
0.89, p < 0.0001 for the respirable dust
cyclone measurements).

The SAS software package (SAS
Institute, Cary, N.C.) was used for statis-
tical analyses. Proc Means and Proc
Univariate were used for descriptive
analyses. Cascade impactor data were
used to estimate a mass median aerody-
namic diameter (MMAD). The MMAD
was estimated with a computer program
(Proc Reg and Proc Means) and in accor-
dance with the procedure in the manu-
facturer’s instruction manual (Graseby
Andersen). An average MMAD for all mea-
surements was derived by estimating 
an MMAD for each individual measure-
ment first and then taking the average 
for all the measurements.

Results

With the cascade impactor, the highest dust exposure levels were
measured during ground preparation operations such as land

planing, discing, and rolling beds, followed by tomato harvesting
(sorters on the machine), feeding of cows, planting, and mechanical

TABLE I. Description of Operations
Operation Machinery/Manual Aim

Field crop operations
Ground preparation tractor with attachment

ripping to tear open the soil
ploughing to turn the soil
discing to loosen the soil and make it finer
land planing to level the field
listing to make beds
rolling beds to roll beds
incorporating to mix pesticides with soil

Spraying compost tractor with spreader to spread compost
Mowing tractor with mower to cut weeds
Planting tractor with attachment to drop seeds (corn, wheat) or put 

plants (tomato) into soil 
Cultivating tractor with attachment to cut weeds between rows of crops
Harvesting harvester to cut, shake, and sort crop
Swathing tractor with attachment to cut weeds
Baling tractor with attachment to pick up straw or hay and bale it
Irrigating manual to open valves and keep irrigation 

canals open

Fruit and nut
Hand harvest manual to pick fruit
Machine harvest shaker and conveyer belt to shake trees to make fruit, nuts fall

Dairy farming
Milking milking machinery to milk cows
Feeding tractor with truck to feed cows

and manual
Manure removal tractor with scrape to push away manure

attachment
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harvest (shaking) of fruit and nuts (Table II, Figures 1 and 2). The
lowest dust exposure levels were measured during milking. The
presence of an enclosed cabin considerably reduced the personal
dust exposure levels of the farm workers, for example, by more than
sixtyfold in the case of discing (dust on all stages together). The
largest proportion of the dust belonged to the extrathoracic frac-
tion; dust concentrations for particles with a 50% cutoff diameter
smaller than 9.8 µm or 3.5 µm were only a fraction of the dust
exposure levels measured on all stages together. Since most of the
dust deposited on the top stage or stages, it was difficult to esti-
mate an accurate MMAD; the average MMAD estimate for all mea-
surements together was 49 µm (range 22–150 µm). No attempt
was made to present an MMAD for the various tasks. To investi-
gate differences in particle sizes, the levels for particles with a 
50% cutoff diameter smaller than 9.8 µm were expressed as a 
percentage of the dust exposure levels on all stages together and
will be referred to as percentage< 9.8 µm. The percentage< 9.8 µm varied
slightly between operations, but considerably between the pres-
ence or absence of a cabin (Table II). Generally, low percentage
< 9.8 µm was estimated but was higher when there was a cabin pre-
sent on the tractor. The dairy farming operations also had 
higher percentage< 9.8 µm. There was moderate increase in the per-
centage< 9.8 µm with an increase in log-transformed dust exposure

levels measured on all stages (Pearson correlation coefficient
between log-transformed values = –0.57, p < 0.0001), suggesting
that the fraction of larger particles increases with an increase in
dust exposure.
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TABLE II. Exposure Levels (mg/m3) for Various Dust Fractions During Agricultural Operations in California
All Stages 50% Cutoff < 9.8 µm 50% Cutoff < 3.5 µm

n AM GM GSD AM GM GSD AM GM GSD %< 9.8 µm
A

Field crop farming
Land planing (no cab) 18 82.7 57.3 2.4 4.6 2.9 2.7 0.5 0.3 2.8 5.7
Discing (no cab) 16 158.6 98.6 2.9 8.6 4.3 3.5 1.1 0.5 3.5 4.8

(cab) 8 1.9 1.6 1.9 0.3 0.3 2.0 0.1 0.1 2.0 16.9
Listing (no cab) 2 11.0 10.3 1.7 0.4 0.3 2.6 0.1 0.1 2.3 3.9

(cab) 1 1.5 0.1 0.0 3.8
Incorporating (no cab) 2 12.9 12.4 1.5 0.8 0.7 2.5 0.2 0.2 2.1 5.9
Rolling beds (no cab) 2 48.4 46.7 1.5 2.2 2.2 1.2 0.5 0.5 1.0 4.6
Ripping (cab) 2 2.2 1.9 2.4 0.6 0.5 2.4 0.2 0.2 1.9 26.5
Ploughing (cab) 1 4.4 0.5 0.2 12.2
Fertilizing (no cab) 3 10.4 10.0 1.4 0.5 0.4 2.2 0.1 0.1 1.4 4.6
Mowing (no cab) 2 14.0 11.5 2.5 1.2 0.8 3.5 0.2 0.2 2.3 7.5
PlantingB (no cab) 1 9.8 0.4 0.0 3.9
PlantingC (no cab) 6 23.3 15.4 3.7 1.9 1.2 4.2 0.2 0.1 3.0 8.2
Cultivating (no cab) 1 9.3 0.6 0.1 6.9
HarvestingD (cab) 5 1.6 1.4 1.9 0.2 0.2 1.8 0.1 0.1 2.1 12.9
HarvestingB (no cab) 4 41.0 39.1 1.5 3.0 2.7 1.7 0.4 0.4 1.7 7.1
Swathing (cab) 1 1.8 0.3 0.2 14.1
Baling (cab) 1 4.9 0.2 0.1 3.6
Irrigating (n.a.) 4 2.3 2.2 1.4 0.2 0.2 1.2 0.0 0.0 1.6 7.8

Fruit and nut farming
Hand harvestE (n.a.) 4 5.2 5.1 1.3 0.2 0.2 1.4 0.0 0.0 1.6 3.6
Mechanical harvestF (no cab) 10 13.0 10.6 1.9 0.7 0.6 1.3 0.2 0.1 2.0 6.8

Dairy farming
Milking (n.a.) 3 0.8 0.7 1.4 0.1 0.1 1.7 0.0 0.0 1.6 13.7
Feeding (n.a.) 3 26.1 25.9 1.2 2.9 2.8 1.2 0.3 0.3 1.1 11.0
Manure removal (n.a.) 3 3.7 2.6 1.4 0.5 0.5 1.6 0.2 0.2 1.1 18.6

Notes: n = number of samples, AM = arithmetic mean, GM = geometric mean, GSD = geometric standard deviation, cab = cab present, n.a. = not applicable
AConcentrations of particles with a 50% cut off < 9.8 µm as a percentage of the total dust
BTomatoes
CCorn, wheat, and winter cover
DWheat and corn
EPeaches and plums
FPistachios and prunes

Figure 1. Geometric means of the personal dust exposure levels (mg/m3) for
various operations during field crop farming in California (operations with three
measurements or more). Cab = cabin present, no cab = no cabin present.
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With the respirable cyclone, the highest dust exposure levels
were measured during ground preparation tasks, such as land plan-
ing and discing and feeding cows, followed by cultivating, rolling
beds, tomato harvesting, and mowing (Table III). The lowest res-
pirable dust exposure levels were measured during milking and 

irrigation. The latter was a manual operation, whereby the farm
worker switched on the taps and kept the furrows open. Respirable
dust exposure levels measured with the cyclone were in the same
order of magnitude as dust measured on the last stage of the cas-
cade impactor (50% cutoff < 3.5 µm). Respirable dust exposure levels
were lower when there was a cabin on the tractor. For example, in
the case of discing there was more than a fourfold reduction in
average dust levels when an enclosed cabin was present (Table III).

Discussion

In this paper it has been shown that high personal dust exposure
levels occur during various farming operations in California agri-

culture, particularly during ground preparation operations such as land
planing and discing. The dust particles were relatively large, and the
great majority belonged to the extrathoracic fraction. Dust levels were
considerably lower when an enclosed cabin was present on the tractor.

In California, farm size, quantity and variety of commodities,
agricultural practices, soil types, and climate are substantially dif-
ferent from those in many other parts of the United States and 
the rest of the world. The agricultural regions of California have an
arid climate. During the measurement period of this study there
was no rainfall of any importance and fields were, as usual, irrigat-
ed. Given the differences, it is hard to compare this exposure data
with data from outside California. Also, there are many determi-
nants of dust exposure in agriculture, and they are not mentioned
in many of the papers. The few agricultural dust exposure stud-
ies(8,12) that have been carried out in California show similar dust
exposure levels to those measured in this study. Operations where
machinery attached behind tractors is used to disturb the soil, such
as land planing or discing, and operations where farm workers have
close contact with dusty material, such as hay during feeding or
dust on leaves during harvesting, showed high levels of personal
dust exposure in this study. Poppendorf et al.(8) measured total
dust levels of 13 mg/m3 and respirable dust levels of 0.50 mg/m3

during hand-harvesting in peach orchards. Lawson et al.(12) mea-
sured total dust levels of 35.2 mg/m3 and respirable dust levels of
3.17 mg/m3 during field preparation operations. These levels are
on the same order of magnitude as this study. Studies from else-
where around the world show similar results, but direct compar-
isons are difficult because of the different climates and limited
information provided.(6,9,13,14) If the exposure in this study had
lasted for an 8-hour period, the respirable dust levels would be well
below the ACGIH’s TLV of respirable nuisance dust (3 mg/m3),
but the inhalable dust exposure levels would be well above the 
current TLV (10 mg/m3) for many operations.(16)

Other studies(12–15) showed that the presence of an enclosed
cabin on the tractor generally reduced the dust exposure levels
experienced by the tractor drivers more than twentyfold, but that
there was a considerable amount of variation in the reduction fac-
tors. Little information was provided on the cause for this varia-
tion. In this study the reduction was more than sixtyfold for the
larger dust fraction in the case of discing, and more than fourfold
for the respirable dust fraction. If exposure had lasted for an 8-
hour period, tractor operations without an enclosed cabin would
have shown dust levels well above the ACGIH’s TLV for inhalable
nuisance dust (10 mg/m3).(16) Tractor operations with an enclosed
cabin present would have shown levels well below the TLV. The
efficiency of cabins depends in part on leaks and condition of the
filter, information not collected for this study. Operations with
tractors were also identified as a major determinant of dust expo-
sure in a large epidemiological study of California farm operators.(18)
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TABLE III. Exposure Levels for Respirable Dust (mg/m3)
During Agricultural Operations in California

n AM GM GSD

Field crop farming
Land planing (no cab) 12 0.64 0.46 2.5
Discing (no cab) 16 1.19 0.58 3.7

(cab) 7 0.18 0.14 2.3
Listing (no cab) 1 0.38

(cab) 1 0.17
Incorporating (no cab) 3 0.29 0.28 1.3
Rolling beds (no cab) 3 0.56 0.43 2.7
Ripping (cab) 4 0.22 0.21 1.3
Ploughing (cab) 1 0.22
Spraying compost (no cab) 1 0.09
Mowing (no cab) 3 0.31 0.30 1.4
PlantingA (no cab) 2 0.09 0.09 1.9
PlantingB (no cab) 8 0.18 0.14 2.1
Cultivating (no cab) 4 0.57 0.45 2.1
HarvestingC (cab) 3 0.11 0.11 1.2
HarvestingA (no cab) 4 0.69 0.59 2.0
Swathing (cab) 1 0.14
Baling (cab) 1 0.13
Irrigating (n.a.) 6 0.09 0.07 2.3

Fruit and nut farming
Hand harvestD (n.a.) 5 0.09 0.08 1.7
Mechanical harvestE (no cab) 13 0.22 0.19 2.0

Dairy farming
Milking (n.a.) 3 0.06 0.06 1.6
Feeding (n.a.) 3 0.69 0.59 2.0
Manure removal (n.a.) 3 0.15 0.15 1.3

Notes: n = number of samples, AM = arithmetic mean, GM = geometric mean,
GSD = geometric standard deviation, cab = cab present, n.a. = not applicable
ATomatoes
BCorn, wheat, and winter cover
CWheat and corn
DPeaches and plums
EPistachios and prunes

Figure 2. Geometric means of the personal dust exposure levels (mg/m3) for
various operations during fruit and nut and dairy farming in California
(operations with three measurements or more). No cabins were present.
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In this study the particle size distribution seems to be larger
than in other reports from outside California.(13,14) Atiemo et al.(14)

found MMADs varying from 12 to 20 µm during various field
operations such as seeding, cultivating, and baling. Noren(13)

reported that dust in the operator’s breathing zone largely con-
sisted of particles smaller than 6 µm. Most of the dust in the pre-
sent study deposited on the first stage or stages of the cascade
impactor; therefore, an accurate estimate for an MMAD could not
be calculated. An MMAD of 49 µm was estimated for all opera-
tions together, much larger than in previous studies.(13,14) This
might be due partially to the measurement instrument, different
weather conditions, different soil conditions, and composition and
working practices in California. For example, the other two stud-
ies(13,14) were carried out in wetter climates. Detailed comparisons
are difficult because little information was given on the measure-
ment instrument used or other factors, such as soil conditions.

The percentage of smaller particles, expressed as percentage< 9.8 µm,
differed slightly between operations, but considerably between the
presence or absence of a cabin. This suggests that cabins not only
reduce the dust levels, but also that they appear to decrease exposure
to larger particles to a greater extent than they reduce exposure to
smaller particles. Atiemo et al.(14) also showed a smaller dust parti-
cle size distribution inside the cabin compared with outside. There
was moderate increase in the percentage< 9.8 µm with an increased
dust exposure levels measured on all stages, suggesting that the frac-
tion of larger particles increases with an increase in dust exposure.

The sampling time in this study was generally short. Preliminary
studies showed that the cascade impactor showed signs of dust
overload at longer sampling times due to high dust exposure lev-
els. Sampling times were therefore kept short to prevent overload.
Cascade impactor membranes were visually inspected after each
sampling period to look for signs of dust overload or other irreg-
ularities. A second reason for the short sampling times was the
short duration of many operations.

The number of samples for various operations was small, result-
ing in unstable dust exposure level estimates. This is largely due to
the large number of different operations, the relatively small farms,
and the unpredictability of the farm work. For example, at the field
crop farm only  approximately 50% of the operations were mea-
sured, partly because of machinery breakdowns, or because other
more important work had to be done by the farmers. Exposure
monitoring in agriculture is difficult and very time consuming,
which often leads to a small number of samples.(6–15) For many
operations, more samples need to be taken to improve the expo-
sure estimates. The results of this study should be used to direct
the measurement effort for future studies, which, for example,
could mean taking more samples for fewer operations to increase
the statistical robustness of the estimates.

This study was carried out over one season. Experimental farms
were selected for practical reasons such as accessibility. These farms
were smaller than the average Northern California farm and could
well represent the smaller farms in California better than the larger
farms, although working practices are often similar. Also, most
samples were taken during the driest period of the year, and the
sampling results could well be more representative for this period
of the year than for others. Surprisingly enough, only a few dust
exposure studies have been carried out in California agriculture, 
an industry with as many as 1.5 million workers and an increased
prevalence of respiratory disease(20) and impairment of lung func-
tion.(21) More investigation on dust exposure in California agricul-
ture is needed, including an increase in the sampling effort to
produce statistically robust dust exposure level estimates for the
various operations, exposure assessment studies in other regions of

California, and detailed analyses of the constituents of the dust,
such as whether it contains silica and silicates, endotoxins, and cer-
tain allergens. A control strategy needs to be designed to reduce
the excessive dust exposure levels in California agriculture.
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