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ABSTRACT. Objective: This exploratory study evaluated the feasibility of field exposure assess-
ment methods to characterize the noise sources and levels that farm youths experience during a
typical workday.

Methods: Detailed exposure assessments were performed with a sample of 10 farm youths
working on Vermont dairy farms to characterize potential noise hazards typical in the farm setting.
Personal and area noise measurements were taken using noise dosimeters. Information concerning
work- and non-work-related noise exposure histories was collected via questionnaire.

Results: The average age was 15.5 years (SD 2.5, range 10-18). Youths started working at an av-
erage age of 8.4 years (SD 2.3, range 6-12) and during the summer months worked an average of
41.3 hours per week (SD 32.3, range 2-68). Two youths exceeded the OSHA action level, having
eight-hour time-weighted averages of 95 dBA and 92 dBA, or alternatively, doses of 206% and
127%. (The OSHA action level for the hearing conservation amendment is an eight-hour time-
weighted average of 85 dBA or a dose of 50%.) Participants exceeding the action level reported
working with tractors, skid steers (Bobcats), and all-terrain vehicles and doing general barn work.
Additional sources of noise exposure included a mechanical silo elevator, chain saw, and wood
splitter.

Conclusion: Two of the monitored subjects were overexposed to noise in their farm work.
Youths may be exposed to noise levels that exceed adult OSHA hearing conservation amendment
action level as part of their daily farm activities. doi:10.1300/J096v12n02_03 [Article copies available
for a fee from The Haworth Document Delivery Service: 1-800-HAWORTH. E-mail address: <docdelivery@
haworthpress.com> Website: <http://www.HaworthPress.com> © 2007 by The Haworth Press, Inc. All
rights reserved.]
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INTRODUCTION

Noise exposure can be a significant hazard
associated with agriculture, and its deleterious

effects on the developing auditory system of
youths are not well understood. Noise induced
hearing loss is cumulative and irreversible.1
Youths working in farm environments today
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are at risk for noise exposure, but individual
susceptibility makes it difficult to predict the
degreeof hearing loss from any particularnoise
exposure. A recent literature review found only
a few studies that focused on children’s unique
occupational and agricultural health risks that
can affect permanent hearing loss.2

Youths working on farms may be particu-
larly vulnerable to ototraumatic exposures
since the effect of noise could be different on
the developing than on the mature ear3 and the
vulnerability of developing organ systems is of
concern.2 Risk of hearing loss depends on dura-
tion and level of noise exposure (above 75-80
dBA), age, number of years worked in farming,
and number of exposure sources.4,5 Temporary
threshold shifts can occur during occupational
noise exposure, and the damage may become
permanent after repeated exposures.6 The sea-
sonal nature of farm work often requires fami-
lies to work with noisy equipment for longer
than eight hours a day, which may prevent full
ear recovery and put farm youths’ hearing at
high risk of permanent damage. Excessive oc-
cupational noise exposure may also disturb
sleep, produce stress, and impair one’s ability
to communicate.7 Several types of farm equip-
ment have been found to operate at potentially
harmful noise levels.4 Noisy equipment is also
used indoorsonfarms, forexample inbarnsand
milkhouses, where noise tends to reverberate.

Noise exposures in a farm environment can
exceed the current acceptable occupational
standards. A study conducted in New Zealand,
found that 10 measurements (17%) exceeded
an 8-hour equivalent level (LEQ) of 90 dBA and
the maximum LEQ recorded during the survey
was 94.1 dBA on a mixed dairy and sheep farm.
The median LEQ exposures were 84.8-86.8
dBA which are similar to moderate industrial
noise exposure levels.8 Another study evalu-
ated noise levels of 155 tractors on 36 farms in
centralWisconsin,wheresoundpressure levels
ranged from 78-103 dBA. In tractors without
cabs, soundpressure levelsexceeded90dBAin
82 out of 110 (75%) tractors compared to 18%
(8 of the 45) in tractors with cabs. Playing a
radio increased the average noise exposure by
3 dBA.9

Children may be especially vulnerable to
noise exposure due their developing auditory
systems.2 The third National Health and Nutri-

tion Examination Survey (NHANES) found
that 14.9% of U.S. children (6-19 years of age)
have low or high-frequency hearing loss of at
least 16 dB in one or both ears.10 A study of 68
rural school children (mean age = 15.2 years)
found that 18% of all children and more than
25% of males had audiograms consistent with
noise-induced hearing loss.11 Another study
foundthat theprevalenceofhearinglossamong
children who lived in a rural environment was
2.5 times greater than among students who
lived in an urban environment.12 In Central
Wisconsin, Broste and colleagues conducted
audiometric threshold testing of teen-aged
farm children who lived and/or worked on a
farm and found hearing loss in at leastone ear in
over 70% of 872 children.13

Although farms are known to be inherently
hazardous and farm equipment is frequently re-
sponsible for traumatic injuries,noiseexposure
levels have not been extensively characterized
in farm environments. This exploratory study
evaluated the feasibility of field noise exposure
assessment methods to characterize source,
frequency of exposure, and noise levels that
farm youths experience during a typical work-
day. Feasibility questions underlying the study
included: Will farm youths wear noise dosime-
ters during the workday? Can youths follow in-
structions to track their work tasks throughout
the day to aid in interpreting noise measures?
Outcome questions of interest included: What
are the types of noise sources that youths are
routinelyexposed to during work? Whatare the
sound pressure level ranges from farm equip-
ment to which youths are exposed? What is the
overall noise dose that farm youths are exposed
to during a typical workday? How do noise
exposures compare to occupational regulatory
standards?

METHODS

Overview

Detailed exposure assessments were per-
formedwithasampleof10 farmyouths tochar-
acterize potential noise hazards typical in the
farm setting. Exposure assessment methods in-
cluded farm-based noise dosimetry as well as
questionnaire information concerning noise
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exposure history. Study results are being used
to determine feasibility and efficacy for plan-
ning a larger prospective investigation of hear-
ing performance in a cohort of farm youths as
theyageintoadulthood.Thestudyprotocolwas
approved by the Harvard School of Public
Health Human Subjects Committee prior to
data collection.

Sampling

This study was conducted in Vermont’s
leading dairy county (pop. 32,000), located in
the northwestern region of the state. Farm
youths 10-18 years of age attending middle or
high school in the county were recruited for the
study. School enrollment rosters were com-
paredwith therosterofdairyfarmsregisteredin
the county’s primary milk cooperative to iden-
tify farm students. Farm parents were con-
tacted, and a brief screening questionnaire was
administered to determine if the household stu-
dents worked on the family farm. The farm
youths were eligible to participate if they
worked directly on the farm for 10 or more
hours per week during the school year and 20 or
more hours per week during the summer
months. Telephone screening continued until
10 families agreed to participate. A total of
15 families were contacted; three were not
eligibile, and two declined participation for
unspecified reasons. Eleven youths were origi-
nally recruited. Data from one youth was de-
leted since his dosimeter malfunctioned after
an impact with equipment. Thus the final sam-
ple size was 10 youths.

Noise Exposure Questionnaire

Detailed noise exposure assessment was a
primary aim of this study because noise expo-
sures for youths working in the farm environ-
ment have not been previously characterized.
Although the rates of hearing loss in youth have
been reported, the actual noise levels present in
the farm environments have not been de-
scribed. The questionnaire used included ques-
tions from previous studies of hearing loss in
farmers4,14 and specific questions developed
for this study concerning rural youth noise ex-
posure. Items includeddemographiccharacter-
istics, farm work history, the use of personal
protectiveequipment,aswellas farmandrecre-

ational sources of noise exposure (hours per
week) including farm equipment, stereo and
headphoneuse,musicconcerts, gunblasts,mo-
torcycles, and all-terrain vehicles.

Noise Dosimetry

Calibrated noise dosimeters15 were used to
measure individual exposures of the 10 youths
during one workday each. These measure-
mentsweremadein thesummerwhentheexpo-
sures of working youths would be expected to
be thehighestbecause theyoftenwork fulldays
on the farm. Youths were outfitted with a do-
simeter enclosed in a waist pack and attached
around the waist. The microphone was clipped
ontheshirtcollar,asclose to theearaspractical.
Each participant was instructed on the correct
way to attach the dosimeter and turn it on. Par-
ticipants were intermittently monitored for
about 10 minutes every 2-3 hours during one
workday. Since researchers had to interrupt
youths to inspect theirdosimeters,even10min-
utes of observation appeared to be disruptive.
Given the mobile nature of the youths’ work, it
was difficult to follow participants throughout
the day. To avoid misrepresentation of expo-
sures, youths were informed that their dosime-
ters would be inspected throughout the day but
the exact times were not specified.

Two types of dosimeters were used: the
Brüel & Kjaer Noise Dose Meter Type 4436
weighed 250 grams and measured137 x 79 x 22
mm; the Quest MICRO-15 Noise dosimeter
weighted 315 grams and measured 64 x 130 x
33 mm. These dosimeters were adjusted to one
of the following settings: (1) OSHA hearing
conservationamendment16–that is, 90dBA cri-
terion level, 5 dBA exchange rate, and 80 dBA
threshold level. Based on these settings, OSHA’s
action level is a dose of 50% or an eight-hour
time-weighted average (8-h TWA) of 85 dBA;
(2) Study setting of 85 dBA criterion level, 3
dBA exchange rate, and no threshold level.17 In
actuality, for one participant, the threshold
levelwasset to80dBArather thannothreshold.
For high noise levels, however, this has essen-
tially no effect, so this measurement was also
considered to be done at the study setting. The
dosimetersettingsaresummarizedinTable1.

Both dosimeters were used for one partici-
pant to determine which dosimeter would be
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more convenient to use in the field. All dosime-
ters were calibrated before and after the mea-
surements. In addition, for descriptive purposes
only, sound pressure levels were recorded from
the common farm environment noise sources
by holding the dosimeter at the operator’s loca-
tion.

Youths were instructed to complete time-ac-
tivity logs throughout the course of their work-
day to include the time and type of activity as
they changed jobs and locations. In addition,
they were asked to record the presence of noise
not related to a particular farm task (e.g., the
playing of music, noise from other nearby
equipment, etc.). Youths were also asked to re-
cord any issues associated with wearing the do-
simeters, such as inconvenience, malfunction,
impact, etc.

RESULTS

Therewere10participants in this study,each
monitored over the course of one workday
(mean 10.0 hours, SD 5.0, range 2-14.6). The
average age was 15.5 years (SD 2.5, range
10-18). The youths started working at an aver-
age age of 8.4 years (SD 2.3, range 6-12) and,
during the summer months, worked an average
of 41.3 hours per week (SD 32.3, range 2-68).
The majority of subjects came from farming
families in which the owners had lived on a
farm for on average of 24.2 years (SD 20.9,
range 0-50). The farms were largely dairy pro-
duction farms with 216 acres (SD 259, range

0-800) and 80.6 cows (SD 117, range 0-350) on
average.

Based on youths’ self-reports of usual noise
exposure sources other than farm equipment,
eight youths (57%) reported driving all-terrain
vehicles for 1-60 hours per week (mean 10.4,
SD 17.9). There were no reports of attending
musicconcertsor ridingmotorcycles in thepast
year. Five youths (36%) reported hunting and
shooting for 1-5 hours per week (mean 0.9, SD
1.6). A music player was used with headphones
on average for 1.6 hours per week (SD 3.6,
range 1-10), and without headphones for 15.6
hours per week (SD 17.8, range 1-50).

The 8-h TWA noise exposures for the 10
participants are presented in Figure 1. The cor-
responding noise doses are presented in Fig-
ure 2 for the benefit of readers more familiar
with noise doses.

Thehearingconservationamendmentaction
level isan8-hTWAof85dBAoradoseof50%.
Two measurements exceeded the action level,
having an 8-h TWA of 95 dBA and 92 dBA
(3.5-206%). Subjects 2 and 3 exceeded the
action level with doses of 206% and 126.5%
respectively.

Based on the study setting, the 8-h TWA
rangedfrom79dBAto103dBAcorresponding
to noise doses of 24-6612%. Our measure-
ments showed that the 8-h TWA of subjects 1,
2, 3, and 5 were 92 dBA, 103 dBA, 96 dBA, and
87 dBA, respectively. These values corre-
sponded to noise doses of 455%, 6612%,
1265%, and 147%. Subject 1 was riding a trac-
torandworkingwithaskidsteer (Bobcat).Sub-
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TABLE 1. Settings for dosimeters used to monitor farm youths, Vermont, 2003.

A Action level is 85 dBA or a dose of 50%
B Study setting of Lc = 85 dBA, E = 2 dBA, and Lt = none is comparable to The American Conference
of Governmental Industrial Hygieniests-Threshold limit values (ACGIH-TLV) for high exposures
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Original Research 29

FIGURE 1. The 8-hour Time Weighted Averages (TWA) according to the OSHA hearing conservation
amendment, and the study setting in Vermont farm youths in 2003.A

A Study setting of Lc = 85 dBA, E = 3 dBA, and Lt = none is comparable to ACGIH-TLV for high exposures.
B Bars represent 8-hr TWA according to dosimeter settings for each subject

FIGURE 2. Dose based on the OSHA hearing conservation amendment and the study setting in Vermont
farm youths in 2003.A

A Study setting of Lc = 85 dBA, E = 3 dBA, and Lt = none is comparable to ACGIH-TLV for high exposures.
B Bars represent percentage of allowable dose according to dosimeter settings for each subject.
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ject 2 reported haying with a tractor and riding
an all-terrain vehicle all day. Similarly, sub-
jects 3 and 5 reported riding the tractor while
haying (Table 2).

For descriptive purposes only, sound pres-
sure levels were recorded from noise sources
common in the farm environment by holding
the dosimeter at ear level and at a distance prox-
imate to a working distance (e.g., while sitting
inside the tractor cab). These measurements
showed that noise levels were relatively high,
ranging from 77 to 100 dBA (Figure 3).

All participants reported that wearing the
dosimeters was slightly uncomfortable and dis-
ruptive. One participant’s dosimeter was dam-
aged due to impact with equipment. Periodic
checks by researchers interrupted youths’ work.
In addition, it was challenging to locate youths
in order to check their dosimeters. Youths had
difficulty recording specific work activities they
performed during the day.

DISCUSSION

Children growing up on farms usually begin
working very early in life. In this study, youths

as young as 10 years old were found working
near noisy farm equipment.On average,youths
started working at 8.4 years (SD 2.3, range
6-12).

Two participants were exposed to noise lev-
els exceeding the OSHA hearing conservation
amendmentactionlevel.Foursubjectswereex-
posed to noise levels exceeding 85dBA based
onthestudysettings. If thisexposurecontinues,
noise induced hearing loss may occur. In addi-
tion, farm youths are exposed to non-occupa-
tional noise sources such as all-terrain vehicles
as well as hunting and target shooting that may
also damage their hearing. OSHA standards
were put in place to protect the majority of
healthy adult workers. The mature auditory
system of adults is different from the develop-
ing auditory system of youths and thus may be
differently affected by noise. The combination
of occupational and non-occupational expo-
sures may make farm youths more susceptible
to noise-induced hearing loss than youths
working in other settings or adult farmers.

This study had several limitations. It was a
pilot study to investigate noise exposures in
farm youths, and sample size was small. A

30 JOURNAL OF AGROMEDICINE

TABLE 2. Summary of dairy farm work activities and noise exposures in Vermont youth, 2003.

A Percentage of allowable dose according to OSHA Hearing Conservation Amendment; action level is 85 dBA or a dose of
50%.
B Measurement for this subject was done according to the ACGIH-TLV (455%)
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larger study is needed to make generalizable
conclusions about youths’ noise exposures in
farm environments. Second, there were incon-
sistencies in dosimeter settings. Measurements
were done according to the OSHA hearing con-
servation amendment and study setting. Addi-
tional consistent measurements are needed to
provide more comprehensive comparative
noise exposure assessment. Only one partici-
pant used both dosimeters, making it difficult
to compare differences in convenience in the
field. Finally, exposure was determined from
time-activity logs filled by youths during their
workdays. Therefore, only general descrip-
tions were obtained and times spent on each
task were not reported. Better recording system
is needed to monitor tasks and times spent on
each task.

Thispilot investigationgave insight into fea-
sibility issues in conducting exposure assess-
ments with youths in the farm environment.
Noise dosimeters often interfered with the highly
mobile nature of the farm work. One observa-
tion was excluded because of malfunctioning
dosimeter due to an impact with equipment.

Youths were cooperative but had difficulties
completing the activity logs and reporting spe-
cific rather than general work activities or their
precise duration. Researchers monitored youths
and dosimeters several times throughout the
day, but found it difficult to check on dosime-
ters without interfering with the youths’ fast
paced work demands. Ideally, more systematic
measurements of noise exposures could be ac-
complished by having youth wear dosimeters
that log sound pressure levels vs. time and by
following youths around to see exactly what
they are doing during the day as a function of
time. Without this information, the varieties of
farm equipment common on the farms studied
make identifying the main noise exposure haz-
ards difficult.

The two youths exposed to noise levels be-
yond the OSHA action level reported riding
all-terrain vehicles and tractors. No hearing
protection was used by any of the participants
during monitoring and the average weekly
self-reported protection use was minimal. Al-
though not immediately apparent, barn work
may also have high noise exposures, because
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FIGURE 3. Ambient noise measurements at worker ear level according to ACGIH-TLV settings taken on
Vermont dairy farms, 2003.
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music was played loudly in several barns and
noise tends to reverberate indoors. A study of
139 farmers found that noise protection is used
17%of the time(SD=13.4), and themajorityof
subjects (56%) do not use hearing protection at
all.18 Hearing and noise safety recommenda-
tions should be given to farm owners to protect
their youth. Some short-term solutions include
job rotations and the use of hearing protection.
Longer term goals may include replacing dated
equipment with newer equipment that has
noise-reducing mechanisms in place. How-
ever, the associated costs may make equipment
replacement the least feasible option.

CONCLUSIONS

Thispilot investigationgave insight into fea-
sibility issues in conducting exposure assess-
ments with youths in the farm environment.
This study showed that youths’ noise exposure
exceeded current occupational standards. Two
participants were exposed to noise levels ex-
ceeding the OSHA action level, and four sub-
jects were exposed to noise levels exceeding
the85dBAcriterion level for thestudysettings.
Based on the noise exposures observed in this
study, additional exposure assessment work is
needed in this occupational environment and
vulnerable population to determine whether
guidelines and recommendations should be
considered to protect the developing auditory
system of farm youths.
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