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Abstract: Work-related musculoskeletal disorders (MSDs) accounted for 32% of
days-away-from-work cases in private industry in 2016. Several factors have been associated
with MSDs, such as repetitive motion, excessive force, awkward and/or sustained postures,
and prolonged sitting and standing, all of which are required in farm workers’ labor. While numerous
epidemiological studies on the prevention of MSDs in agriculture have been conducted,
an ergonomics evaluation of blueberry harvesting has not yet been systematically performed.
The purpose of this study was to investigate the risk factors of MSDs for several types of blueberry
harvesting (hand harvesting, semi-mechanical harvesting with hand-held shakers, and over-the-row
machines) in terms of workers’ postural loads and self-reported discomfort using ergonomics
intervention techniques. Five field studies in the western region of the United States between 2017
and 2018 were conducted using the Borg CR10 scale, electromyography (EMG), Rapid Upper Limb
Assessment (RULA), the Cumulative Trauma Disorders (CTD) index, and the NIOSH (National
Institute for Occupational Safety and Health) lifting equation. In evaluating the workloads of
picking and moving blueberries by hand, semi-mechanical harvesting with hand-held shakers,
and completely mechanized harvesting, only EMG and the NIOSH lifting equation were used,
as labor for this system is limited to loading empty lugs and unloading full lugs. Based on the
results, we conclude that working on the fully mechanized harvester would be the best approach to
minimizing worker loading and fatigue. This is because the total component ratio of postures in
hand harvesting with a RULA score equal to or greater than 5 was 69%, indicating that more than
half of the postures were high risk for shoulder pain. For the semi-mechanical harvesting, the biggest
problem with the shakers is the vibration, which can cause fatigue and various risks to workers,
especially in the upper limbs. However, it would be challenging for small- and medium-sized
blueberry farms to purchase automated harvesters due to their high cost. Thus, collaborative efforts
among health and safety professionals, engineers, social scientists, and ergonomists are needed to
provide effective ergonomic interventions.

Keywords: blueberry harvesting; work-related musculoskeletal disorders; ergonomics intervention

1. Introduction

Work-related musculoskeletal disorders (MSDs) accounted for 32% (285,950 cases) of
days-away-from-work cases in private industry in 2016 and occurred at a rate of 29.4 cases per

Agronomy 2018, 8, 266; doi:10.3390/agronomy8110266 www.mdpi.com/journal/agronomy

http://www.mdpi.com/journal/agronomy
http://www.mdpi.com
https://orcid.org/0000-0002-5925-4668
https://orcid.org/0000-0003-2590-4797
http://dx.doi.org/10.3390/agronomy8110266
http://www.mdpi.com/journal/agronomy
http://www.mdpi.com/2073-4395/8/11/266?type=check_update&version=2


Agronomy 2018, 8, 266 2 of 17

10,000 full-time equivalent workers [1]. The term musculoskeletal disorder refers to injuries and
disorders of the locomotor apparatus, i.e., muscles, tendons, bones, cartilage, blood vessels, ligaments,
and nerves. Work-related musculoskeletal disorders (MSDs) include all musculoskeletal disorders
that are induced or aggravated by work and the circumstances of its performance. These painful and
often disabling injuries generally develop gradually over weeks, months, and years. According to the
National Institute for Occupational Safety and Health (NIOSH), several epidemiological studies have
demonstrated evidence of a causal relationship between physical exertion at work and work-related
musculoskeletal disorders (MSDs) [2].

MSDs have been associated with repetitive motion, excessive force, awkward and/or sustained
postures, and prolonged sitting and standing, all of which are required in farm workers’ labor.
Furthermore, workers are often paid on a piece-rate system, providing an incentive to work at
high speed and skip recommended breaks. This results in labor-intensive practices and high rates of
musculoskeletal disorders among farmers and farm workers [3–7].

While numerous epidemiological studies on the prevention of MSDs in Agriculture have been
conducted [4,6,8–10], an ergonomics evaluation of manual blueberry harvesting has not yet been
systematically performed. The highbush blueberry industry in the United States has experienced rapid
growth in the past three decades, producing 231 megatons of blueberries per year, accounting for about
57% of the annual production of highbush blueberries worldwide [11]. Furthermore, as consumers
become increasingly aware of healthful eating and of blueberries’ convenience, flavor, and ease of
consumption in various snacks, salads, and baking, North America, including the U.S., Canada, and
Mexico, will continue to have the most developed fresh blueberry market in the world, as shown in
Figure 1.
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Figure 1. World highbush blueberry production: Growth predictions (source: Cort Brazelton—North
American Blueberry Council 2014. Reproduced with permission from North American
Blueberry Council).

With such rapid growth in the production and consumption of blueberries in the last 10 years, there
has been an increased need for laborers to maintain the bushes and harvest the fruit. These workers
are exposed to a high musculoskeletal workload caused by weight, work posture, and repetitive
motion. Although over-the-row (OTR) mechanical harvesters are available on the market, much of the
blueberry harvesting is still done by hand, since the cost of OTR machines is too high for small- and
medium-sized blueberry farms, and since blueberries harvested with OTR machines are likely to be
bruised or damaged, making them un acceptable for extended cold storage and the long transport to
distant consumers [12,13].
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Previous studies on the harvesting of blueberries have focused on harvest efficiency and the
quality and quantity of blueberries rather than the labor conditions of the farm worker. In order to
improve harvest efficiency, several researchers have sought to develop and evaluate new methods for
harvesting blueberries by comparing hand harvesting and semi-machine harvesting with hand-held
shakers and OTR machines [11,14,15]. An ergonomic analysis of new machines for mechanical
harvesting with a lower cost option (e.g., harvesting blueberries from the ground with hand-held
pneumatic shakers and catching fruit using a portable catching frame) was recently described by
Takeda et al. [11]. The purpose of this study was to investigate the risk factors of MSDs for each type
of blueberry harvesting method (hand-picking, semi-mechanical harvesting, and handling of trays on
fully mechanized harvesters) in terms of workers’ postural loads and self-reported discomfort using
ergonomics intervention techniques.

2. Materials and Methods

We conducted five field studies in three western states (California, Oregon, and Washington)
of the United States between 2017 and 2018. Since some companies only permitted data collection
via video recording and direct observation, we did not have access to such detailed demographic
information as age, education level, smoking status, work experience, and anthropometry data for all
participating workers. For hand harvesting, five measurements were used to evaluate workload. First,
muscle activity was measured using electromyography (EMG) (Thought Technology Ltd, Montreal
West, QC, Canada). The electrode sensors were attached to participants’ arms, shoulders, and lower
back (Figure 2). Second, Rapid Upper Limb Assessment (RULA) was conducted to estimate the
postural risks of work-related upper limb injury. Third, subjective perceived exertion was measured
with a Borg CR10 scale to evaluate the workload of harvesting blueberries on the neck, shoulder,
arm, hand, and low back. Fourth, the NIOSH lifting equation was used to calculate the risk factor
of lifting. Finally, the Cumulative Trauma Disorders (CTD) index was used to compute the potential
risk for cumulative trauma disorders caused by repetitive movement. For semi-machine harvesting
with hand-held shakers, four measurements were used to evaluate workloads, including EMG, RULA,
CTD index, and the NIOSH lifting equation. Lastly, for the completely mechanized harvesting system,
only EMG and the NIOSH lifting equation were used, as labor for this system is limited to loading
empty lugs and unloading full lugs.
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2.1. Blueberry Harveating Method

Highbush blueberries destined for the fresh market have been harvested by hand to maximize
quality and postharvest shelf-life. In contrast, nearly all blueberries destined for the process and
frozen market is harvested by over-the-row (OTR) machines such as the Oxbo 7440 berry harvester
(Oxbo International, Lynden, WA, USA). However, many growers have reported difficulty obtaining
sufficient labor for hand harvest operations and the cost of labor is steadily increasing. As a result,
some blueberries sold on the fresh market are now harvested by OTR machines, in which fruit is
detached with fully mechanized shakers and the workers on these machines handle flats, fill them
with berries rolling off the conveyor belt, and then stack filled flats onto a pallet. The third option
for harvesting blueberries is to use hand-held, pneumatic, and electric shakers and collect detached
berries using a portable catch frame [11] or mechanized fruit conveyance system.

2.1.1. Hand Harvesting

Blueberries do not ripen simultaneously in the cluster. The workers harvesting blueberries by
hand wear a shoulder or waist belt harness on which a pail or bucket can be hooked. When one or
more berries in a cluster become ripe, the workers clasp the cluster with one or both hands with the
palm of the hand underneath the cluster. Ripe berries are teased off the cluster by rolling the thumb or
the index finger over them individually until they detach from the pedicel. When several berries are
collected in the palms of the hands, the fruit is gently placed in the container. A worker normally picks
about 25–30 kg per hour, and expert pickers pick up to 50 kg per hour and work about 6–7 h per day.
A flat or pail of blueberries weighs about 7 to 10 kg, depending on the size of box. Thus, each worker
picks between 20 and 50 pails per day. When the containers are filled with blueberries, the workers lift,
lower, or carry them to the weighing station located at the edge of the field. Depending on the length of
the row, workers walk out of the field carrying three or four containers, each weighing between 7 and
10 kg, for as much as 200 m (see Figure 3). Once the fruit is weighed and transferred to flats, workers
carry the empty picking containers back through the row to harvest more blueberries. Examples of
carrying postures are shown in Figure 3. The total number of carrying trips can be between 10 and
20 times per day for each worker.
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2.1.2. Semi-Mechanical Harvesting with Hand-Held Shakers

For the semi-mechanical harvesting method, a long-handled, pneumatically-operated olive
harvester (Campagnola, Bologna, Italy) was used to harvest blueberries from a platform on a modified
over-the-row harvester (Model 7240, Oxbo International, Lynden, WA, USA). The olive harvester (10)
consisted of a 1.2-m-long aluminum tube with a grip in the mid-section and the trigger handle grip
at the end. At the other end of the tube, an attachment consisting of an air motor/piston housing to
which two reciprocally moving heads with four 20-cm-long plastic tines were mounted. The tips of
tines had a lateral displacement of about 5 cm. The speed at which the air motor rotated and actuated
the piston’s in-and-out motion, which caused the two heads to move left and right, was controlled
with air pressure. For this study, the olive shakers were operated at about 450 KPa, which caused the
heads with tines to move back and forth at ~1.2 Hz. Workers held the olive shaker with two hands
with the hand at the opposite end from the shaker head controlling the on/off trigger. The long handle
allowed workers to operate the shaker in the standing position with the handle oriented horizontally
across at waist to chest height. It was also possible to raise the shaker head even above the worker’s
head to harvest blueberries at the top of 2-m-tall blueberry plants or to lean forward or bend the knees
and point the shaker downward to harvest blueberries located close to the ground.

2.1.3. Over-the-Row Machine Harvesting (OTR)

Over-the-row blueberry harvesters are large machines designed to travel over rows of blueberry
plants, one row at a time [11]. They typically have an inverted “U”-shaped frame tunnel large enough
to move over large blueberry plants with sufficient clearance at the top. For this study, two harvesters
(Oxbo 7440 and 8040, Oxbo International, Lynden, WA, USA) were used. Both harvesters detach
blueberries with a rotary shaker mounted on each side of the tunnel. In both machines, detached
berries are collected by catch plates on each side of the tunnel and roll onto a conveyor belt on each
side of the harvester. Model 8040 is a single-drop harvester which transfers the fruit through a cleaning
system to the back of machine, where it falls into a flat placed on a shelf. There are two workers on the
platform on each side of the harvester. The first worker places an empty flat on the shelf underneath
the end of the conveyor belt, waits for the flat to fill with blueberries, stops the belt by closing the
hydraulic line, removes the filled flat from the shelf, and hands it to a second worker. The second
worker takes the flat and stacks. Model 7440 is a top-load berry harvester designed to handle high
fruit volume. The harvested fruit rolls onto a conveyor belt on each side of the harvester that moves
the fruit to the back, where the fruit is transferred to an elevator bucket that moves the fruit to the
platform at the top of the harvester. There the fruit is transferred to a horizontal conveyor belt, first
going under a leaf/trash suction blower. The cleaned fruit is then transferred to another belt which
moves the fruit horizontally. At the end of the conveyor belts, the fruit drops into a flat. Workers
stationed on the top platform move empty flats that are stacked on pallets, and places them under the
end of the conveyor belt to collect falling fruit in the flat. When the flat is full then the first worker
lifts the filled flat and hands it to another worker. This worker then moves the filled flat to another
pallet for stacking. There are shallow and deep flats used to collect machine-harvested blueberries.
Shallow flats weigh about 4 kg when filled with blueberries. Deep flat weights 7 kg when filled with
blueberries. For shallow trays, workers make six columns of flats on a pallet. As many as 12 flats are
stacked, reaching a height of 1.4 m. When deep trays are used, workers also create six columns and the
filled flats are stacked eight high, reaching a height of 1.8 m.

2.2. Ergonomics Intervention Techniques

2.2.1. Borg Category Ratio Scale (CR10)

The Borg category ratio scale (CR10) was used to determine workers’ health and discomfort at
work [16]. Borg CR10 is a subjective scale in which participants self-rate their level of physical pain or
discomfort for various parts of the body on a scale from 0 to 10, where 0 represents no pain at all and
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10 represents maximum pain. In the literature, numerous studies have validated the Borg scale with
quantitative measurements of physiological responses (e.g., metabolic acidosis, ventilation, oxygen
intake, heart rate, and respiration frequency) [17–19].

2.2.2. Rapid Upper Limb Assessment (RULA)

McAtamney and Corlett [20] developed the Rapid Upper Limb Assessment (RULA) to examine
the level of risk of upper limb disorders for individual workers. RULA evaluates worker exposure to
the position, force, and repetitive movement of different work postures that contribute to repetitive
strain injuries (RSIs). It is a widely used measurement because it is easy and provides a quick
assessment without requiring special equipment. RULA encompasses the postures of several body
parts, including the wrists, arms, neck, shoulders, trunk, and legs, and accounts for force as well
as repetition in those postures. The assessment consists of two sections, Section A and Section B.
In Section A, scores are entered for the shoulders, arms, and wrists, while scores for the legs, neck,
and trunk are entered in Section B. The posture scores from Sections A and B are then combined with
the muscle use score and force score to obtain the grand score, which represents the level of MSD
risk. The MSD risk score ranges from l to 7, where a score of 1 or 2 indicates an acceptable risk, 3 or
4 indicates low risk and may warrant further investigation, 5 or 6 indicates medium risk and requires
investigation and change, and a score of 7 indicates high risk and requires immediate investigation
and change.

2.2.3. Cumulative Trauma Disorders (CTD) Risk Assessment Model

The original version of the Cumulative Trauma Disorders (CTD) risk assessment model assesses
the risk of CTDs in the upper extremities [21]. A simplified version of the CTD risk index appears
in Niebel and Freivalds [22]. This version reduces the analysis complexity and time required for the
assessment and is therefore more appropriate for evaluation in field study. This version assesses
four factors: frequency, posture, force, and miscellaneous. The frequency factors index is calculated
based on the number of hand motions per day scaled by the allowable limit of 10,000 daily hand
motions. The posture factor is determined from grip types and the degree of deviation from the natural
posture of the upper limbs. The force factor index is calculated based on percent maximum voluntary
contraction (MVC) used in a given task and then scaled by 15 percent. Miscellaneous factors include
the use of gloves, the presence of sharp edges on work contact surfaces, vibration exposure, and cold
temperatures. These four factors are then weighted and summed to obtain a final CTD risk index as a
job risk measure with a critical value of 1.

2.2.4. NIOSH Lifting Analysis

The National Institute for Occupational Safety and Health (NIOSH) published the Revised NIOSH
lifting equation for evaluating the physical demands of two-handed manual lifting tasks based on
biomechanical, psychophysical, physiological, and epidemiological factors in 1993 [23]. The NIOSH
lifting equation has been used in several research studies to quantify biomechanical stressors from
manual lifting and lowering tasks and has become the most commonly used job analysis method in
the past two decades [24–27]. The lifting equation consists of two steps: (1) calculate the recommended
weight limit (RWL, i.e., the maximum acceptable load), and (2) calculate the lifting index (LI, i.e.,
the relative estimate of the level of physical stress and MSD risk associated with lifting tasks) for
a specified manual lifting task. The RWL is calculated depending on lifting conditions, e.g., hand
location in relation to the body, vertical travel distance of hands, degree of symmetry in posture,
frequency of lifting, work-rest duration pattern, and type of hand coupling:

RWL = 51×
(

10
H

)
× (1− 0.0075× |V − 30|)×

(
0.82× 1.8

D

)
× FM× 1− 0.0035× A)× CM (1)
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where the factors in the equation are:

H = horizontal load distance,
V = vertical load distance,
D = vertical displacement of the load,
FM = frequency multiplier,
A = asymmetric factor, and
CM = coupling multiplier.
LI is the ratio of the current load weight to the recommended load weight limit:

LI =
Load Weight

RWL
(2)

An LI value of less than 1.0 indicates safe lifting without an increased risk of low back pain (LBP).
An LI > 1 has been shown to be associated with LBP in previous studies [28,29]. Thus, the goal is to
design all lifting jobs such that they result in an LI value of less than 1.0.

2.3. Video Recording Observation and Data Processing

Twelve farm workers (male: 11, female: 1) were observed during the harvesting process via video
recording. For each worker, five-minute samples were recorded at randomly selected periods during
the harvesting process. The video was captured at one-second intervals. About 3000 images per worker
were captured. These images were categorized into groups for posture analysis. Figure 4 shows the
example of categorized harvesting postures and the component ratio of each posture group. In Figure 4,
the postures are defined as follows: for hand harvesting, high (H-A), middle (H-B), low (H-C), stretch
(H-D), and squat (H-E); for semi-machine harvesting, push in high position (M-A), pull in high position
(M-B), push in low position (M-C), pull in high position (M-D), and standing (M-E). EMG signals were
obtained using disposable surface electrodes (Thought Technology TTL T3404; an active diameter of
1.0 cm and an inter-electrode distance of 2.4 cm). The electrodes were placed in the direction of the
muscle fibers on the worker’s skin after standard skin preparation. The EMG signals of each muscle
were amplified and automatically converted into root mean square (RMS) values via a MyoScan-Pro
sensor (Thought Technology Ltd, Montreal West, QC, Canada). The EMG signals for each participant’s
biceps brachialis (BB), anterior deltoid (AD), and L5 level on the trunk were normalized by:

EMGn,m(%MVC) =
EMGtask
EMGmax

× 100 (3)

where EMGn,m stands for the RMS EMG of each muscle for each participant and EMGmax is
the maximum RMS EMG signal of each muscle obtained for all recorded postures for each
participant. EMGtask represents the actual electromyographic activity of a specific muscle during
the blueberry harvestings.
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Figure 4. Examples of categorized harvesting postures and component ratios of each posture group: For
hand harvesting, high (H-A), middle (H-B), low (H-C), stretch (H-D), and squat (H-E); for semi-machine
harvesting, push in high position (M-A), pull in high position (M-B), push in low position (M-C), pull
in high position (M-D), and standing (M-E).

3. Results

3.1. Demographic Result

Half of the subjects did not exercise regularly, and more than five had low education levels (i.e.,
through lower secondary school). Details of the blueberry harvester demographic data are shown in
Table 1.

Table 1. Demographic information (SD = Standard deviation).

Characteristics N (%)

Gender
Male 11

Female 1

Age in years (mean ± SD) 31.3 ± 15.8

Educational level
Primary school 5

Lower secondary school 4
Upper secondary school 3

Smoking Status Yes 3
No 9

Years smoking (mean ± SD) 3.0 ± 2.0

Exercise frequency
None 6
Some 3
Often 3

On average, each blueberry farm laborer had worked 6.9 years at a rate of 8.3 h per day with a
total of 17.9 min spent on breaks. Our analysis showed that half of the subjects experienced fatigue
during daily work activities, and that most experienced the highest level of discomfort in the shoulder
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area. Table 2 shows the blueberry harvesters’ physical ergonomic factors in their labor based on
the questionnaire.

Table 2. Physical ergonomic factors of worker (n = 12, SD = Standard deviation).

Characteristics N (%)

Working experience (mean ± SD) years 6.9 ± 7.5

Working days in a month (mean ± SD) days 26 ± 6.3

Working hours in a day (mean ± SD) hours 8.3 ± 1.6

Break duration (mean ± SD) minutes 17.9 ± 9.9

Experiencing work fatigue Yes 6
No 6

Frequency of work fatigue
Sometimes 6
Frequently 5

Always 1

Body parts with greatest discomfort

Shoulder 8
Arm 4
Hand 2

Low back 6
Leg 6
Foot 6

3.2. Hand Harvesting

Regarding CTD risk assessment, both the mean of the frequency factor of 2.24 (SD: 0.12) and
the posture factor of 1.43 (SD: 0.06) exceeded the safety threshold of 1.0, leading to a total risk value
mean of 1.30 (SD: 0.05), which also exceeded 1.0. Table 3 shows the RULA scoring during blueberry
harvesting. Score A represents wrist and arm scores and Score B refers to neck, trunk, and leg scores.
Based on a Score A of 6 and a Score B of 7, posture H-A showed a RULA score of 7, the highest score
among the evaluated postures, indicating that this harvesting posture needs further analysis and that
immediate change should be implemented. Posture B displayed a RULA score of 3, the lowest RULA
score among the evaluated postures, indicating that this harvesting posture needs to be changed or
performed less frequently. Overall, the total component ratio of postures with a RULA score equal to
or greater than 5 was 69%, indicating that more than half of the postures used during hand harvesting
were medium risk and called for engineering and/or work method changes to reduce or eliminate
MSD risk.

Table 3. Rapid Upper Limb Assessment (RULA) analysis results.

Posture Component Ratio (%) Score A Score B Grand Score

H-A 23 6 7 7
H-B 31 4 3 3
H-C 12 6 5 6
H-D 26 6 3 5
H-E 8 5 5 6

EMG was measured for five different positions including high (H-A), middle (H-B), low (H-C),
lifting task, and normal standing posture. Overall, the low back and shoulders were commonly used
for hand picking, while all muscles were used for lifting, as shown in Figure 5. The lifting task required
the greatest muscle activity. For the harvesting task, the middle position required muscle activity like
that of the standing position, resulting in similar EMG values between these two positions. The high
position produced muscle activity three times higher than that of the standing posture. These results
were consistent with the RULA postural analysis.
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The mean Borg scale scores of the workers’ perceived rate of discomfort is shown in Figure 6.
The Borg scale scores showed a similar trend to that of the RULA analysis and EMG results. The low
back exhibited the greatest mean Borg scale score (3.8), followed by the shoulder (3.5), neck (3.3),
arm (3), and hand (2.7).
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Figure 6. Subjective workload rating (Borg CR10).

Examples of the lifting postures are shown in Figure 7 and the results of the NIOSH lifting
equations are shown in Table 4. The lifting task of picking up a bucket from the ground resulted in an
LI value greater that in the NIOSH lifting equation, indicating that this lifting posture may increase
the risk of developing lifting-related low back pain. This high LI value was due to the VM (Vertical
Multiplier factor) since the worker needed to bend their trunk and knees to pick up the bucket from
the ground without the aid of a raised pallet, which may contribute to low back pain.
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Table 4. NIOSH lifting equation results for lifting task show in Figure 7.

Results Values

Recommend Weight Limit (RWL) 5.56 kg
Lifting Index (LI) 1.26

3.3. Semi-Machine Harvesting with Hand-Held Shakers

For semi-mechanical harvesting with hand-held power shakers, the result of CTD risk assessment
for all postures was less than 1, indicating an acceptable risk of CTD for all tasks in the semi-machine
harvesting process. Even though the posture factors exceeded the safety threshold of 1.0 with a mean
value of 1.1 (SD: 0.14), the frequency factors were below the safety threshold of 1.0 with a mean value
of 0.67 (SD: 0.07). Therefore, the total risk value was 0.73 (SD: 0.07). Table 5 shows the RULA scoring
for semi-machine blueberry harvesting. Postures M-A and M-D each exhibited the highest possible
RULA score of 7, mostly due to a side-bend of the trunk and an abducted shoulder posture. Since all
postures showed a RULA score greater than 3, the machine design and/or worker posture should be
adjusted to reduce or eliminate MSD risk.

Table 5. RULA analysis results.

Posture Component Ratio (%) Score A Score B Grand Score

M-A 26 5 6 7
M-B 26 4 4 4
M-C 27 6 4 6
M-D 11 6 6 7
M-E 10 4 4 4

For semi-machine harvesting with hand-held shakers, EMG values were measured for two
positions: high (M-A and M-B) and low (M-C, M-D, and M-E). EMG results showed that both the
high and low positions commonly required the right bicep to control the shaker, as shown in Figure 8.
The low position required the left deltoid to push and pull the shaker, while the high position required
the right deltoid to control the shaker and the left bicep to push and pull the shaker. Since the low
posture closely resembled standing posture, low back EMG values showed little difference between
high and low postures.
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Example of the lifting posture are shown in Figure 9, with workers handling flats being filled
with blueberries by an Oxbo 7240 harvester. The results of the NIOSH lifting equation are shown in
Table 6. The lifting task at both origin and destination showed NIOSH equation values of less than 1,
indicating a nominal risk to healthy employees.
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Figure 9. Example of lifting posture for handling flats filled with blueberries on an Oxbo 7240
blueberry harvester.

Table 6. NIOSH lifting equation results for lifting task.

Results Values

Recommend Weight Limit (RWL) 11.88 kg
Lifting Index (LI) 0.80

3.4. OTR Machines

The lifting of full lugs weighing 8.2 kg (18 lb.) was studied in workers operating the Oxbo 7440
and the Oxbo 8040 machines. An example of the lifting posture is shown in Figure 10 and the results
of the NIOSH lifting equations are shown in Table 7. The Oxbo 7440 could be unloaded either from the
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back of the conveyor system or from the side. The same was the case for the Oxbo 8040. In all cases the
NIOSH lifting index (LI) was less than 1, and thus acceptable for an 8-hour day.
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Figure 10. Example lifting postures: (A) Oxbo 7240 Back, (B) Oxbo 7440 Side, (C) Oxbo 8040 Side,
and (D) Oxbo 8040 Back.

Table 7. National Institute for Occupational Safety and Health (NIOSH) lifting equation results for
lifting task during over-the-row (OTR) harvesting.

Oxbo 7440 Back
Recommend Weight Limit (RWL) 9.52 kg

Lifting Index (LI) 0.14

Oxbo 7440 Side
Recommend Weight Limit (RWL) 11.80 kg

Lifting Index (LI) 0.69

Oxbo 8040 Side
Recommend Weight Limit (RWL) 9.12 kg

Lifting Index (LI) 0.89

Oxbo 8040 Back
Recommend Weight Limit (RWL) 12.7 kg

Lifting Index (LI) 0.64

EMG data is shown with respect to working conditions in Figure 11 and with respect to specific
muscles in Figure 12. The Oxbo 8040 showed the worst EMG values with respect to working conditions,
but the peaks (slightly over 40% MVC) were only for short periods of time. Greatest muscle loading
was as expected for the arms and shoulders, but because peak values marginally exceeded 40% MVC
and only for short periods of time, the loading posture associated with OTR machines was acceptable
for an 8-hour day.
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4. Discussion

In this study, we conducted field research at several sites to investigate the risk factors of MSDs
for each type of blueberry harvesting in terms of workers’ postural loads and self-reported discomfort
using ergonomics intervention techniques. Hand harvesting and semi-machine harvesting with
hand-held shakers are difficult to analyze for fatigue, as there are many approaches with no clear
limits. RULA values for hand picking ranged from 3 in the middle posture to 6 and 7 for low and high
postures, respectively. Because the component ratio was over 50% in high and stretch position (H-A
and H-D), we can conclude that this working posture contributes to workers’ shoulder pain. The high
scores of H-A and H-D suggest a need for redesign, but there is not much that can be done with
hand harvesting. In addition, the RULA measurement assesses posture, but offers no clear insights
on fatigue.

For semi-machine harvesting with hand-held shakers, the RULA numbers were also high, coming
in between 4 and 7, but this was due to excessive repetition of the reaching motion. Once the standing
positions on the vehicle and the length of shaker are adjusted, then working posture and RULA scores
will improve. The EMG value of various muscles indicate the forces utilized. For hand picking,
EMG values for the high posture slightly exceeded 40% MVC, which is higher than the recommended
15% for static contractions. The shakers required 30–50% MVC, but because this work is performed
dynamically rather than in a static position, the recommended value of 15% MVC does not apply.

The best solution is to consider the Threshold Value Level [30] approach in conjunction with the
Hand Activity Level (HAL). Two factors, force and HAL, determine whether the TLV is acceptable.
The red region shown in Figure 13 represents hand harvesting, which has very high hand activity
levels and lower EMG values but results in unacceptable fatigue values. The green region in Figure 13
represents the shakers, which have medium frequency and slightly higher EMG values but overall
are still in the acceptable region for fatigue. The biggest problem with the shakers is the vibration,
which can lead to fatigue and various risks for workers, especially in the upper limbs. Reducing the
vibration with gel pads or gloves would decrease the risk to workers, as found in 2016 in the North
Carolina studies that used simple foam as a stop-gap approach. However, according to a previous
study [31], since anti-vibration gloves only extend the vibration exposure over time and therefore
do not completely prevent the wearer from developing Hand-Arm Vibration Syndrome (HAVS),
more research is required to conduct ergonomic interventions with reliable vibration data, not only
with that obtained by subjective perceptions. In addition, according to a previous study conducted by
Takeda et al. [11], hand-held shaker devices have not been widely adopted among blueberry growers
due to harvest inefficiency and fatigue after prolonged use. Furthermore, Calvo et al. [32] pointed
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out that vibrating tools used in manual olive harvesting exceed the admitted limits of occupational
repetitive action (OCRA) scores. Thus, workers who use vibrating tools in unnatural body postures
are at risk for disorders of the upper limbs.
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Figure 13. Threshold Level Values for Shakers and Hand Harvesting.

OTR harvesting eliminates repetitive hand motions and transfers all the work to simple lifting,
for which there are clear approaches, such as the NIOSH lifting guidelines, to be used. In all
cases, the lifting index was below 1 and therefore acceptable for an 8-hour day. This indicates
that the automated harvester would be the best approach in minimizing worker loading and fatigue.
However, it would be challenging for small- and medium-sized blueberry farms to purchase automated
harvesters due to their high cost. Thus, collaborative efforts among health and safety professionals,
engineers, social scientists, and ergonomists are needed to provide effective ergonomic interventions,
including mechanical worker aid devices and tools as well as engineering and administrative controls
such as programmed rest breaks, job rotation, and worker training.

Our study presents some features and limitations that should be noted. The first limitation of
this study is the limited data to obtain reliable demographic results. Since most harvesters were
migrants, the manager did not allow the collection of demographic data. The second limitation of this
study is that it does not provide a solution that would eliminate risk factors of MSDs for hand and
semi-machine harvesting. For example, this study does not suggest how to redesign the shaker to
reduce vibration problems or how to train workers to adopt proper harvesting posture. However, the
purpose of this study was to identify the risk factors of each type of blueberry harvesting. Thus, this
limitation should not change the conclusions of this study. Further research will be required to find
solutions for aid devices and tools as well as adequate training to reduce MSDs.
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