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Task-Based Noise Exposures for Farmers
Involved in Grain Production

M. J. Humann, W. T. Sanderson, K. J. Donham, K. M. Kelly

ABSTRACT. Few studies have been done examining noise exposures associated with
agricultural tasks. This study was conducted to address that research gap by calculating
the noise exposures for tasks and equipment associated with grain production and
assessing the variability in those exposures. An additional aim of this study was to
identify tasks and equipment that could be targeted for intervention strategies as a means
toward reducing the total noise exposures of farmers and farm workers. Through the use
of personal noise dosimetry and direct observation, over 30,000 one-minute noise
exposure measurements and corresponding task and equipment data were collected on
18 farms and compiled into a task-based noise exposure database. Mean noise exposures
were calculated for 23 tasks and 18 pieces of equipment. The noise exposures for the
tasks and equipment ranged from 78.6 to 99.9 dBA and from 80.8 to 96.2 dBA,
respectively, with most of the noise exposures having a large standard deviation and
maximum noise exposure level. Most of the variability in the task and equipment noise
exposures was attributable to within-farm variations (e.g., work practices, distance from
noise sources). Comparisons of the mean noise exposures for the agricultural tasks and
equipment revealed that most were not statistically different. Grain production tasks and
equipment with high mean noise exposures were identified. However, the substantial
variability in the noise exposures and the occurrence of intense noise measurements for
nearly every task and piece of equipment indicate that targeting a few specific tasks or
equipment for intervention strategies would reduce lifetime noise exposure but would not
completely eliminate exposure to hazardous noise levels.

Keywords. Noise, Noise exposure, Safety and health.

ask-based noise exposure analysis may have the potential to identify tasks that
expose farmers to hazardous noise levels and reduce the risk of noise-induced
hearing loss by allowing interventions to be targeted toward those tasks. While all-
day monitoring to determine time-weighted average (TWA) exposures is useful, the
changing work environment, variability in tasks and equipment, and varying workday
hours limit the ability of the 8 h TWA to accurately characterize the exposures and
associated health risks for agricultural workers, or to identify areas where noise
exposures can be targeted for reduction.
Task-based exposure assessments have been conducted for numerous hazards in
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addition to noise exposure (Verma et al., 2004; Warren et al., 2006; Reames et al., 2001;
Eduard and Bakke, 1999). These assessments allow for the characterization of full-day
exposure, while also permitting assessment of short-term hazards that might not be
identified through a standard full-day exposure sampling protocol (Susi et al., 2000).
Taking measurements at the task level has been shown to be a useful method for
determining hazardous exposures in complex dynamic environments (Goldberg et al.,
1997). Furthermore, epidemiologic studies benefit from task-based exposure assessments
because they support the validity of cumulative exposure histories by limiting the
misclassifications that can occur when reconstructing past exposures through employ-
ment records or work histories (Benke et al., 2000).

Assessment data on task-based noise exposures for agricultural operations are limited
(Franklin et al., 2006; McBride et al., 2003; Depczynski et al., 2005; Humann et al.,
2011; Milz et al., 2008; Lander et al., 2007). The few studies that have examined noise
exposures of agricultural tasks used a variety of techniques for measuring and calculating
task-based noise exposures. Each study also examined noise exposures for a varying
number of tasks. Some studies reported a range of exposures, while others calculated
mean exposure. Regardless of the methods, the noise exposures of many agricultural
tasks examined in these studies exceeded 85 dBA (A-weighted decibels), indicating a risk
for developing noise-induced hearing loss. Furthermore, the noise exposures for the
agricultural tasks in these studies were all highly variable.

The objective of this study was to calculate the mean noise exposures for farmers and
farm workers at the task level by developing a large database of noise measurements and
corresponding task information for farmers involved in grain production. A field study
was conducted to: (1) measure and calculate the noise exposures for specific tasks
conducted on grain production operations, and (2) characterize the variability in the task-
based mean noise exposures. The results of this study will provide useful information on
the noise exposures associated with agricultural tasks and identify tasks with potentially
hazardous noise levels that should be targeted for control.

Materials and Methods

Study Population

Noise exposure, task, and equipment data were collected from farmers and farm
workers located in two counties in the southern Red River Valley region of Minnesota
and North Dakota. According to the 2007 Census of Agriculture, the characteristics of
farms in the two counties are similar (USDA, 2007a, 2007b). Cash crops accounted for
88% and 98% of all farm products sold, with most acres in production of soybeans,
wheat, corn, and sugarbeets. In one county, there were 943 farms with a mean size of
961 acres. The other county had 428 farms with a mean size of 993 acres. The majority of
farmers in both counties were male (97% and 93%) with an average age of 54 years.

Farms where production was primarily grain crops were eligible for participation.
Eligible farms were identified through County Extension and USDA Farm Services
Agency (FSA) offices. A recruitment letter was sent to 30 randomly selected farms in
each county with information about the study, notification about an upcoming recruitment
telephone call, and a “Do Not Contact” return postcard, which allowed the recipient to
opt out prior to the follow-up telephone call.

The random recruitment resulted in a response rate of 5%, so a secondary non-random
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recruitment method was conducted. The principal investigator visited three farms where a
prior personal relationship existed to discuss the project and inquire about participation.
From there, a networking sampling method was carried out in order to put together a
convenience sample of farms for the study. The principal investigator talked to friends
and neighbors of these previously identified farms and utilized county-based contacts to
identify additional farms. Eligible farms where the principal operator indicated a willing-
ness to participate were then sent the standard recruitment letter, and recruitment was
completed with a follow-up telephone call.

Data Collection
Task and Equipment Data

Direct observation of participants was used to collect task and equipment data
corresponding to one-minute noise measurements. Using a task observational form, the
field researcher was able to write a description of the tasks conducted by the participants
and record within an accuracy of five minutes when the tasks were initiated and
completed. The field researcher also recorded the start and stop times when equipment
was used by participants or when they were working in close proximity to the equipment.
The start and stop times were only recorded if the equipment was powered on or
operational, regardless of the task being conducted. In addition to task and equipment
information, the start and stop times of hearing protection use was recorded. A pre-
monitoring questionnaire was also completed by participants prior to noise monitoring to
collect demographic and farm information.

Noise Exposure Data

Noise exposure measurements were collected using NoisePro DL noise dosimeters
(Quest Technologies, Oconomowoc, Wisc.) with NIOSH criteria (slow response, A-
weighting, and three decibel exchange rate) (NIOSH, 1998). The dosimeters were
programmed to calculate the average noise exposure every minute. Dosimeter thresholds
were disabled, allowing measurement of noise for tasks where noise levels were
consistently less than 80 dB.

Noise exposure measurements were collected at each farm three times (spring, sum-
mer, and fall) during the growing season. This ensured that data collection occurred
during a time of the year when a variety of grain production tasks were taking place. One
or two individuals were monitored at each farm during sampling. Farms were randomly
scheduled for noise monitoring during each round of data collection. Two criteria were
used to determine if a farm was available for data collection: (1) whether the monitored
individuals would be putting in a full work day (eight hours), and (2) whether the primary
work tasks that day would be related to grain production.

On the day of noise exposure monitoring, the field researcher met with the principal
operator and employees or family members working on the farm and selected one or two
participants for monitoring. Two participants were selected only if they would both be
working in the same general area. One was designated the primary and was observed
continuously; the other was designated the secondary and was observed periodically
during sampling. The participants were also given the pre-monitoring survey to complete.

To conduct the noise exposure monitoring, the participants were fitted with a
calibrated noise dosimeter. Once the dosimeters were activated and sampling began, the
participants resumed their normal work routine. The noise dosimeters were post-
calibrated, and the data from the dosimeters were downloaded to a computer using
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Questsuite software at the conclusion of the sampling day.

Data Analysis

Data from the dosimeters, task observational forms, and pre-monitoring questionnaires
were assembled into a master database. The one-minute noise exposure measurements
and corresponding timestamps were exported into a Microsoft Excel spreadsheet and
labeled with the farm identifier (FID), subject identifier (SID), and sample date.
Demographic data from the pre-monitoring questionnaire were entered into an Epi Info
database. Task and equipment data from the observational form were entered into an
Access dataset with corresponding timestamps, FIDs, SIDs, and sample dates. Task data
from the observational form were categorized into specific task categories during data
entry by assigning the written task descriptions to a specific task category. Using the FID,
SID, dates, and timestamps, data from the two datasets were merged into a final SAS
dataset. The final database contained all one-minute noise measurements linked with the
corresponding task, equipment, and demographic data. To ensure that the stop time for
one task or piece of equipment did not overlap with the start time for the next, stop times
for all tasks and equipment were moved one minute earlier. All data analyses were
performed with SAS (version 9.2, SAS Institute, Inc., Cary, N.C.).

Task and equipment noise exposures (L) were determined by taking the one-minute
noise measurements corresponding to a specific task or piece of equipment, farm,
participant, and date, and calculating the mean noise exposures using equation 1 (Berger
et al., 2003):

ARG
Lyusr = qlogl0 [7sz t; x10\ 9 (1)

=1

where
L; = one-minute noise measurements
t; = duration of L; exposure
T = duration of total sample time for a specific task
q = exchange rate/log2.

Using the Proc Mixed procedure in SAS, an unconditional random effects model was
used to calculate the within-farm and between-farm variance components for the mean
task and equipment noise exposures. This type of linear regression model did not contain
additional covariates and was used to determine the variability of the noise exposures
within an individual farm and between all the farms. Additionally, a Tukey-Kramer
multiple comparison procedure was conducted separately for the mean task noise
exposures and equipment noise exposures to identify means that were significantly
different (p < 0.05) from each other.

Results

Demographic Characteristics
Overall, 35 farmers or farm workers from 18 farms participated in the study. Only
three farms were recruited as a result of the random recruitment process; the remaining
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Table 1. Demographic characteristics of study participants (V= 32)."

Mean (SD) or

Characteristics Frequency™™ Median Min. Max.
Age 42.7 (14.3) 44.0 16 71
Years farming 24.1 (13.6) 23.5 3 55
Hours worked per week (growing season) 58.1(17.7) 60.0 8 100
Hours worked per week (off season) 26.7 (13.6) 30 0 50
Medically diagnosed hearing loss 6 (18.7%)
Primary occupation farming 31(96.9%)
Participants with second job 8 (25%)
Gender Male 31 (96.9%)

Female 1 (3.1%)
Education Some high school 3(9.4%)

High school graduate 8(25.0%)

Some college 7 (21.9%)

College graduate 14 (43.7%)
Marital status Single 7 (21.9%)

Married 22 (68.7%)

Divorced 2(6.3%)

Widowed 1 (3.1%)
Income Less than $40,000 9 (28.1%)

$40,000 to $80,000 10 (31.3%)

More than $80,000 8 (25.0%)

Refused to answer 5 (15.6%)
Often work around Never 0 (0%)
loud noises Some of the time 21 (65.6%)

Most of the time 10 (31.3%)

All of the time 1 (3.1%)
Hearing protection Never 19 (59.4%)

Some of the time 9 (28.1%)

Most of the time 3(9.4%)

All of the time 1 (3.1%)

[
[

3l Three study participants involved in noise monitoring did not complete surveys.
" Continuous variables are given as means (with standard deviations in parentheses);
categorical variables are expressed by frequency (%).

15 were recruited using the non-random recruitment method. The participants provided
79 daily noise samples, corresponding to 30,580 minutes of noise exposure data and
noise exposures measurements for 588 individual task events.

Demographic characteristics of the study participants are presented in table 1. All but
one of the participants was male. On average, participants were 43 years of age and had
been farming for 24 years. All but one participant considered farming their primary
occupation, and during the growing season participants worked an average of 58.1 hours
per week. All participants reported working around loud noises, and nearly 60% reported
never using hearing protection. However, only six participants (19%) reported ever being
told by a doctor or other healthcare professional that they had hearing loss.

The average farm size was 2357 acres. There were on average 2.8 family members and
2.2 hired employees per farm. Eighty-three percent of farms grossed over $100,000 per
year, and over half had farm assets valued over $1,000,000. Remaining farm char-
acteristics are given in table 2. From the task observational form, the percent time hearing
protection was used by participants was calculated. Among all 30,580 one-minute noise
measurements, hearing protection was used by participants only 3.8% of the time.
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Table 2. Characteristics of participating farms (V= 18).
Mean (SD) or

Characteristics Frequency! Median Min. Max.

Number of workers (family) 2.8 (1.6) 3 0 6
Number of workers (hired) 2.2(3.9) 1 0 12
Number of tractors 5.6(1.4) 6 3 8
Number of combines 1.6 (0.5) 2 1 2
Number of portable augers 3.2(1.0) 3 2 6
Number of skid steers 0.8 (0.4) 1 0 2
Number of grain bins 10.7 (6.1) 10 0 24
Number of grain dryers 0.5 (0.5) 1 0 1
Number of grain trucks 3.3(1.8) 3 0 8
Number of semis 1.8 (1.4) 2 0 5
Size of farm (acres) 2357 (1286) 2250 800 5400

<1200 4(22.2%)

1200 to 2199 4(22.2%)

2200 to 3199 5(27.8%)

>3200 5(27.8%)
Farm production Grain and livestock 2 (11.1%)

Grain only 16 (88.9%)
Gross farm income Refused to answer 2 (16.7%)

Over $100,000 15 (83.3%)
Value of farm assets Refused to answer 3 (16.7 %)

Under $1,000,000 3 (16.7 %)

$1,000,000 to $5,000,000 8 (44.4 %)

Over $5,000,000 4(22.2 %)

2l Continuous variables are given as means (with standard deviations in parentheses);

categorical variables are expressed by frequency (%).

Task-Based Noise Exposures

The mean noise exposures and summary statistics for the 23 task categories are listed
in table 3. The noise exposures ranged from 78.6 to 99.9 dBA for all tasks. Tasks with
noise exposures greater than 85 dBA were operating a grain vacuum (99.9 dBA),
operating other equipment (94.1 dBA), unloading and loading grain bins (90.3 dBA),
changing tires on vehicles and implements (89.8 dBA), working around grain bins (86.3
dBA), unloading grain at the elevator (86.0 dBA), driving a grain truck (85.9 dBA), and
operating an all-terrain vehicle (ATV) (85.7 dBA). Only miscellaneous work around the
farm (78.6 dBA), which included a wide variety of activities, had a noise exposure less
than 80.0 dBA.

The standard deviations of the task-based mean noise exposures were large, in the
context that a three-decibel increase or decrease in the noise level is a doubling or halving
of the exposure’s intensity (NIOSH, 1998). Only driving a grain truck; plowing, digging,
and ditching fields; and operating a tractor during other field work had standard
deviations less than 3.0 dBA. The within-farm variance accounted for most of the
variability in the task-based noise exposures. The within-farm variance is attributed to the
variability in the measurements of noise exposures at a specific farm, whereas the
between-farm variance is attributed to the variability in the measurements from one farm
to another. There was greater between-farm variance in the mean noise exposures for
operating a grain vacuum; operating an ATV; operating a grain cart; plowing, digging,
and ditching fields; and operating a tractor during other field work. In addition, except for
operating a tractor during other field work, each of the tasks had at least one measure-
ment (maximum dBA) greater than 85 dBA.
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Table 3. Noise exposure characteristics of common grain production tasks.

Mean Variability in Measurement
No. No.  Sample Within  Between
of of Time Mean Min. Max. SD Farm Farm
Grain Production Task Days® Farms™™ (min) (dBA) (dBA) (dBA) (dBA) Variance Variance
Operating grain vacuum 4 4 140 999 96.8 1028 3.0 0.9 7.9
Operating other equipment 1 1 125 94.1 - - - - -
Unloading/loading grain bins 11 7 40 903 851 941 32 10.2 0
Changing tires on vehicles 4 2 44 89.8 819 937 54 29.6 0
and implements
Working around grain bins 11 7 21 863 790 913 37 13.9 0
Unloading grain at elevator 12 9 25 86.0 821 954 3.6 10.5 2.8
Driving grain truck 29 15 73 859 789 903 27 4.4 2.5
Operating ATV 2 2 21 857 832 883 3.6 0.9 12.2
Checking equipment/field/ 30 17 17 84.0 727 943 47 15.7 7.2
crops during field work
Planting grain crops 13 12 202 83.7 765 894 3.6 13.2 <0.1
Prepping equipment 56 18 32 83.6 737 90.6 3.7 13.9 0
Operating grain cart 8 6 93 833 753 937 58 2.5 30.7
Combining grain crops 25 14 202 832 773 922 3.6 6.8 6.4
Maintenance on equipment 30 15 81 83.0 77.1 949 50 17.0 7.7
Spraying fields 8 5 161 828 779 881 34 11.3 0
Plowing/digging/ditching 14 9 142 826 778 879 25 2.5 4.5
fields
Misc. work in fields 19 12 36 82.6 728 919 49 20.1 43
Driving tractor for non-field 33 17 27 82.1 744 89.1 3.8 11.5 33
work
Working in shop 29 13 42 819 726 973 6.0 35.7 0
Driving pickup or personal 29 15 38 81.7 739 89.7 39 12.8 2.2
vehicle
Operating tractor during 6 4 178 815 778 849 25 0.1 9.3
other field work
Unaccounted for work time 28 12 55 802 700 912 48 233 0
Misc. work around farm 49 18 42 78.6  68.7 86.7 4.9 19.6 4.9

@] Number of days during noise monitoring when the task was observed.
1 Number of farms during noise monitoring where the task was observed.

For the most part, the mean noise exposures were not statistically different between
most of the tasks (data not shown). Operating a grain vacuum (mean = 99.9 dBA, SD =
3.0 dBA) and unloading grain at the elevator (mean = 86.0 dBA, SD = 3.6 dBA) were the
tasks with means greater than 85 dBA that were significantly different from most of the
remaining tasks. Similarly, for the tasks with means less than 85 dBA, miscellaneous
work around the farm (mean = 78.6 dBA, SD = 4.9) was significantly different from most
other tasks. Unaccounted for work time (mean = 80.2 dBA, SD = 4.8), although not a
precise task, also had a mean noise exposure significantly different from several of the
other tasks (unloading/loading grain bins, changing tires on vehicles and implements,
unloading grain at elevator, and driving grain truck).

Equipment Noise Exposures

Table 4 presents the mean noise exposures for specific agricultural equipment used
by or in close proximity to participants (only when powered on or operational) and
does not corresponding to any specific task. Similar to the task noise exposures,
exposure from the grain vacuum was the highest (96.2 dBA). Other equipment
resulting in mean noise exposures greater than 85 dBA included grain bin spreaders
(93.6 dBA), grain dryers (91.4 dBA), grain augers (89.8 dBA), skid steers (89.2 dBA),
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Table 4. Noise exposure characteristics from common grain production equipment (only when powered
on or operational).

Mean Variability in Measurement
No. No.  Sample Within  Between
of of Time Mean Min. Max. SD Farm Farm
Grain Production Equipment  Days"™ Farms™ (min) (dBA) (dBA) (dBA) (dBA) Variance Variance
Grain vacuums 5 5 82 96.2 80.8 1024 89 1.0 78.4
Grain bin spreader 1 1 24 93.6 - - - - -
Grain dryers 5 4 24 914 88.0 949 2.7 0.5 6.8
Grain augers 14 10 23 89.8 848 96.8 38 14.2 0
Skid steers 5 4 17 892 857 938 39 15.2 0
Air compressors 11 10 19 89.1 798 1022 6.1 1.5 39.8
Grain bin fans 3 2 40 88.8 854 937 42 13.9 5.3
Power tools, continuous 10 8 6 87.5 70.5 964 8.7 75.9 0
Grain trucks 27 13 57 853 69.6 969 438 23.0 0
Power tools, intermittent 8 6 36 84.5 689 946 8.6 1.6 87.2
Semis 20 9 71 844 726 894 38 8.0 53
Power washers 2 2 63 84.1 80.7 875 48 23.0 0
Non-power tools, intermittent 8 7 85 838 735 97.1 7.8 60.3 0
Combines 32 16 171 837 774 920 38 12.2 2.6
Tractors 59 18 147 836 732 988 4.7 21.9 0
ATVs 6 5 10 816 67.6 883 75 345 23.8
Pickup or personal vehicles 32 15 36 81.1 727 884 4.0 11.3 53
Non-power tools, continuous 11 9 33 80.8 702 91.0 53 6.9 21.1

2] Number of days during noise monitoring when the task was observed.

] Number of farms during noise monitoring where the task was observed.

air compressors (89.1 dBA), fans on grain bins (88.8 dBA), continuous use of power
tools (87.5 dBA), and grain trucks (85.3 dBA). The noise exposures associated with
specific equipment were more variable than the task noise exposures. Only the exposure
from grain dryers had a standard deviation less than 3 dBA. For grain vacuums, grain
dryers, air compressors, intermittent use of power tools, and continuous use of non-power
tools, the variability between the farms was greatest, with the remaining equipment
exposures demonstrating higher within-farm variability.

As with the task noise exposures, the mean noise exposures were not statistically
different between most of the equipment (data not shown). Only the noise exposures for
grain augers (mean = 89.8 dBA, SD = 3.8 dBA), grain vacuums (mean = 96.2 dBA, SD =
8.9 dBA), and pickup or personal vehicles (mean = 81.1 dBA, SD = 4.0 dBA) were
significantly different from the noise exposures of four or more pieces of equipment.

Discussion

In this study, mean noise exposures for eight grain production tasks and nine pieces of
equipment were found to be greater than 85 dBA and could potentially lead to daily noise
exposures greater than the NIOSH-recommended exposure limit (REL) (NIOSH, 1998).
Controlling noise exposures when participating in these tasks or working with this
equipment, through engineering controls or personal protective equipment, would reduce
lifetime noise exposures and potentially decrease the prevalence of hearing loss among
farmers and farm workers.

For example, given an eight-hour workday, if a farmer loaded grain bins for three
hours, combined grain crops for four hours, and did miscellaneous work around the farm
for one hour, with mean noise exposures for these tasks of 90.3, 83.2, and 78.6 dBA,
respectively, this farmer would have a daily noise dose of 163% (87.1 dBA, 8 h TWA)

108 Journal of Agricultural Safety and Health



based on the NIOSH REL (NIOSH, 1998). If the farmer, knowing that the mean noise
exposure when loading grain bins was loud enough to cause hearing loss, wore hearing
protection (e.g., ear muffs) that reduced the exposure to 80 dBA, then the daily noise dose
would only be 48% (81.8 dBA, 8 h TWA), thereby reducing the farmer’s total daily noise
exposure even if the noise exposure from the remaining tasks performed during the
workday remained the same.

While the previous example shows that targeting intervention strategies to the highest-
exposure tasks and equipment will reduce lifetime noise exposure, this approach may not
eliminate exposure to all hazardous noise levels. This is because of the large variability in
the mean noise exposures (standard deviations ranging from 2.5 to 8.9 dBA). Further-
more, the mean noise exposures for almost all of the tasks and equipment had
measurements loud enough (i.e., maximum dBA) to contribute to hearing loss in indi-
viduals exposed for sufficient durations (NIOSH, 1998). Combined with the long hours
that farmers work (average 58 h per week), tasks and equipment with even moderate
noise exposures could possibly lead to hearing loss.

This study is one of the few that calculated and examined task and equipment noise
exposures of agricultural operations. Therefore, direct comparison of the results of this
study with similar published work is limited. The ability to compare results to published
literature is also difficult because prior studies used a variety of sampling methodologies.
Further complicating comparisons, the convenience sample for this study resulted in
larger farms participating, which were probably wealthier and had newer equipment, as
opposed to smaller, more modest farms, which would have older, noisier equipment.

Two previous studies conducted comprehensive assessments of task and equipment
noise exposures on farms in Australia (Franklin et al., 2006; Depczynski et al., 2005).
Five of those exposure measurements were directly comparable to tasks and equipment in
the current study. Mean noise levels of AT Vs, augers, farm trucks, harvesters, and tractors
with cabs were 86, 93, 85, 83, and 76 dBA, respectively. With the exception of tractors,
these measurements were similar to the exposures for operating equipment in the current
study. The mean noise level of operating tractors measured in the Australia study were
closer to our exposures only when comparing the mean noise levels of older Australian
tractors (81.0 dBA) with the added effect of having the radio on in the cab. A key
difference from the current study was that neither Depczynski et al. (2005) nor Franklin
et al. (2006) measured personal noise exposures, but rather short-term noise levels
measured near the farmers’ ears.

Another task-based assessment of agricultural noise exposures was conducted as part
of a study measuring noise exposures of farm families (Milz et al., 2008). Milz et al.
(2008) measured and reported the range of noise exposures for five tasks and two pieces
of equipment that were also examined in this study: power tools (75.5 to 82.3 dBA),
tractors (75.8 to 78.3), harvesting (78.4 to 88.0 dBA), planting (79.5 to 84.2 dBA),
plowing (77.4 to 91.3 dBA), spraying fields (64.5 to 74.0 dBA), and maintenance (50.8 to
86.1 dBA). However, these results were standardized to an 8 h TWA, making
comparisons difficult. The mean noise exposures measured in this study were greater than
the ranges reported by Milz et al. (2008) for both continuous and intermittent power tools
(87.5 and 84.5 dBA), tractors (83.6 dBA), and spraying fields (82.8 dBA) and within the
range for combining grain crops (83.2 dBA); planting grain crops (83.7 dBA); plowing,
digging, and ditching fields (82.6 dBA); and maintenance on equipment (83.0 dBA).

Two other studies also measured task-based noise exposures of agricultural operations
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(Humann et al., 2011; Lander et al., 2007). However, these studies focused on exposures
specific to children and adolescents. Human et al. (2011) measured the task-based noise
exposures for adolescents in agriculture, for which five tasks or equipment operations
could be directly compared. Operating a tractor with a cab (86.7 dBA) and working in a
shop (83.2 dBA) had mean noise exposures greater than the exposures measured in the
current study, while working around grain bins (85.5 dBA), riding ATVs (84.1 dBA), and
using power tools (81.9 dBA) had mean noise exposures less than the current study.
Lander et al. (2007) found comparable results; operating power tools (89.0 dBA), skid
steers (88.0 dBA), and tractors with a cab (84.0 dBA) were all within two decibels of the
noise exposures measured in the current study.

Several methodological limitations may have affected the noise exposures in this
study. This was a small study of only 35 farmers on 18 farms; therefore, few measure-
ments were available for calculating the task and equipment noise exposures. A larger
sample size would decrease the standard error of the means and better reflect the true
noise exposures. The small sample size also reduced the ability to resolve mean
differences across tasks and equipment. Characterization of the within-farm and between-
farm variance components was also limited due to the small sample size and lack of
repeated measurements across farms. For tasks and equipment with few repeated
measures or small sample sizes, the variability components may be unreliable.

Tasks were also not selected for sampling in advance of noise monitoring. Applying
the criteria for selecting a suitable sampling day was intended to increase the collection of
noise measurements of relevant tasks. Aside from that, there was no additional control
over the tasks and equipment monitored. As a result, there were disproportionate numbers
of measurements among the tasks and equipment, with some having 30 or more
measurements and other having less than five.

A limitation that may explain the large variability seen in the task and equipment noise
exposures was the inability to account for distances from noise sources during
monitoring. As sound energy radiates from a source, the intensity of the noise decreases
by six decibels when the distance from the noise source is doubled (Berger et al., 2003).
A large amount of information on the tasks and equipment was collected by directly
observing the participants, but it was not feasible to collect information on the distances
between the participants and the noise sources. Because the farmers and equipment in this
work environment are mobile, it is likely any attempt to measure distance from noise
sources would have been inaccurate. Furthermore, equipment differences (e.g., speed of
moving parts, types of motors), work practices, number of additional noise sources, and
the work area were not accounted for and could possibly explain the variability in the
task and equipment noise exposures.

The greatest limitation of this study is that the results may not be generalizable to
other farms and/or farmers. The farmers who participated in this study were
predominantly male (97%), which reflects the gender distribution of farmers in the study
area (97% and 93% male) (USDA, 2007a, 2007b). However, the average age of the
farmers who participated in this study was less (43 years) than that of farmers nationwide
(55 years) (NASS, 2007). In addition, the average size of the participating farms was
much larger (2357 acres) than that of farms nationwide (418 acres) (NASS, 2007). This is
likely the result of the convenience sample, which resulted in a sample of mostly full-
time farmers from larger operations. Larger farms may be wealthier and have newer
equipment with better noise control or have taken steps to integrate noise controls into
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their operation. Therefore, it is possible that the farm size and equipment age biased the
noise measurements and gave the impression that the noise exposures for farmers are not
as hazardous.

A major strength of this study was the collection of task and equipment data through
direct observation by a field researcher, as opposed to interviewing the farmers at the end
of the workday or having the farmers record their tasks in a diary. Misclassification of
tasks with their corresponding one-minute noise measurements was likely reduced
because clear start and stop times for the tasks were recorded. Several studies have shown
that there can be differences in task information when self-reported using task diaries or
by worker recall at the end of the day. One study found that users of task diaries
underreported the changes in tasks, resulting in tasks of short duration not being recorded
at all, as well as recorded start and stop times that did not correspond to the actual times
when tasks were conducted (Unge et al., 2005). Another study, comparing the agreement
of task diaries to direct observation of tasks in a musculoskeletal study, found that self-
reported task diaries can cause misclassification of tasks and result in inaccurate task-
based exposure assessments (Van der Beek et al., 1994). A third study, specific to task-
based noise exposures, found moderate agreement between tasks reported using worker
diaries and observations made by researchers, with kappa statistics between 0.51 and 0.67
(Reeb-Whitaker et al., 2004).

Another important strength of this study is the capacity to incorporate future noise
measurements and task data into the task-based noise exposure database. The
observational form can be used to collect additional data in a manner similar to the
current study. This will increase the number of task-based noise measurements and
improve the accuracy of future mean task and equipment noise exposures. Furthermore,
because the database was designed to permit tasks to be determined a posteriori, the
database can be shared with other researchers and allow tasks to be categorized to their
desired level of specificity.

Conclusions

Several tasks with high mean noise exposures, such as operating grain vacuums and
loading/unloading grain bins were identified. Overall, the noise exposures for the 23 tasks
and 18 pieces of equipment ranged from 78.6 to 99.9 dBA, and most had standard
deviations greater than three decibels. Because of the small sample sizes and high
variability, statistically significant differences between most of the mean task and
equipment noise exposures were not found. In addition, for nearly every task and piece of
equipment, there were occurrences of noise measurements intense enough to cause
hearing loss.

The large variability in the mean noise exposures indicates that using task and
equipment noise exposures to target specific agricultural tasks for intervention strategies
still has limitations. Focusing interventions on just a few tasks or equipment with the
highest noise exposures would diminish farmers’ overall noise exposure, but exposure to
hazardous noise would likely still exist due to the variability in the noise exposures and
the occurrence of high noise measurements for nearly every task and piece of equipment.
Given this, controlling noise at the source (e.g., reducing the noise produced by
equipment and tools) is the most effective approach to reducing noise exposures for
farmers and farm workers in such a dynamic work environment. However, technological
limitations and cost would make this impractical.
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The use of hearing protection is another possible control option. If tasks with
consistently high or low mean noise exposures had been identified, efforts to promote the
use of hearing protection among farmers and farm workers could be targeted to specific
tasks or equipment with high exposures. However, the variability in the noise exposures
examined in this study indicates that hearing protection use should not be ignored for any
task, because high-intensity noise could still be present. Therefore, continuous use of
hearing protection by farmers, when engaged in any agricultural task, is the only way to
ensure protection from hazardous noise levels.

Although the variability in the mean noise exposures indicates that no agricultural task
or piece of equipment should be overlooked as a potential source of hazardous noise, the
database developed from this study still has important implications for future work. The
data from the observational form can be used to examine how farm characteristics and
work practices affect noise exposures. The data could also potentially be used to develop
mathematical models that could estimate noise exposures for farmers and farm workers.
A model that can accurately estimate noise exposures would allow health and safety
professionals to determine noise exposures for workers in an industry that is largely
unregulated and unlikely to pay for comprehensive noise monitoring.
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