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Effect of Ambient Oxygen Content and Lifting
Frequency on the Participant’s Lifting Capabilities,
Muscle Activities, and Perceived Exertion
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Abstract—The aim of this study is to assesses the lifting
capabilities of persons experiencing hypoxia. It also examines the
behavior of the physiological response induced through the lifting
process related to changing in the hypoxia and lifting frequency
variables. For this purpose, the study performed two consecutive tests
by using; (1) training and acclimatization; and (2) an actual collection
of data. A total of 10 male students from King Saud University,
Kingdom of Saudi Arabia, were recruited in the study. A two-way
repeated measures design, with two independent variables (ambient
oxygen (15%, 18% and 21%)) and lifting frequency (1 lift/min and 4
lifts/min) and four dependent variables i.e., maximum acceptable
weight of lift (MAWL), Electromyography (EMG) of four muscle
groups (anterior deltoid, trapezius, biceps brachii, and erector spinae),
rating of perceived exertion (RPE), and rating of oxygen feeling
(ROF) were used in this study. The results show that lifting frequency
has significantly impacted the MAWL and muscles’ activities. The
oxygen content had a significant effect on the RPE and ROE. The
study has revealed that acclimatization and training sessions
significantly reduce the effect of the hypoxia on the human
physiological parameters during the manual materials handling tasks.

Keywords—Lifting capabilities, muscle activities (SEMG),
oxygen content, perceived exertion.

1. INTRODUCTION

T is well-established that more than a quarter of all work

injuries are related to manual materials handling (MMH)
actions [1], [2]. This threat particularly prevails in the service
and manufacturing sector where the majority of the work is
manual, including lifting. Several studies on the European
workforce have revealed that about one-third of workers carry
heavy weights in more than a quarter of their working hours
[2]. Similarly, a study on the USA workforce has shown that
that overexertion during lifting, holding, carrying, pulling an
object, were the primary cause of injury in the workplace in
2002, which today ranks among the top five causes of injury
[3]. Numerous studies have reflected manual handling tasks,
particularly lifting among the primary causes of general injury,
notably lower back pain (LBP) [4]-[10].

LBP not only impacts the well-being of the individual, but
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also contributes as a major economic burden given its costly
treatment such as hospital visits, hospitalization, and more
[11]. The National Institute for Occupational Safety and
Health (NIOSH) in 1981 documented the rising problem of
occupational LBP injuries and published the Guide of Work
Practices for Manual Lifting. The guide summarized the
earlier lifting review in 1981 and highlighted the association
between LBP and work-related lifting factors. The Application
Manual, published in 1994, was updated in light of the
reviewed NIOSH lifting equation [12].

Ferguson et al. [13] proposed that higher demands of
manual jobs have influenced the job nature where a higher rate
of job rotation between the warehousing workers is observed,
indicating that workers are fleeing jobs that may lead to LBP
disorders. Differences in workers characteristics (such as, age,
body dimensions, sex, physical fitness, muscle strength),
environment conditions (humidity and temperature), and task
requirements (load location, lifting frequency, vertical height
range, size and shape of container lifting speed), make it
challenging to devise a standardized and safe allowable weight
to be lifted by an individual. Consequently, these factors must
be considered in determining that safe allowable weight
bounds [14], [15].

Various studies have drawn attention to the risk of
musculoskeletal injury related to working in a humid
environment [14]-[20]. The study [21] categorized
temperature as a significant environmental risk factor. In a
humid environment, it is observed that the self-selected
workload in a lifting job was reduced to 20%. Furthermore, an
increase of 0.2°C - 0.3°C was revealed in rectal temperature,
whereas the heart rate increased to 9-10 beats/min [14], [15],
[17]. Similarly, [19] add that humidity has an impact on
physiological strain when equipment or work is manually
handled in the hot environment. Liang et al. [22] reported that
working in a humid environment raises heart rate, core
temperature, and blood pressure.

Although, many studies have been carried out in the field of
manual work handling in different environments, the aspect of
environmental conditions where the oxygen content is low still
remains an unexplored area. It is because either studies have
neglected it or have shown limited interest in examining it.
Thereby, the objective of the current study is to examine the
influence of manual lifting in hypoxia on lifting capacity and
body physiological responses. Consequently, the study has
hypothesized that hypoxia and lifting frequency has a
significant effect on the MAWL, muscles’ activities (EMG),
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and perceived exertion.

II. METHODS

A. Study Design

An experimental study design is adopted in this study for
investigating the manual lifting in hypoxia on lifting capacity
and body physiological responses. A quantitative approach is
employed in the study based on its effectiveness for deriving
quantifiable results and its use in the previous studies

Independent

conducted in the field of human factors and ergonomics
(Industrial Engineering). A two-way repeated measures
design, with two independent variables (ambient oxygen
(15%, 18% and 21%) and lifting frequency (1 lift/min and 4
lifts/min)) and four dependent variables (1. MAWL, 2. EMG
of four muscle groups (anterior deltoid, trapezius, biceps
brachii, and erector spinae), 3. RPE, and 4. ROE) were used in
this study (Fig. 1).
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Fig. 1 Independent and dependent variables

B. Participants

The population of the study constitutes students enrolled at
King Saud University, KSA. Based on the inclusion criteria, a
total of 10 students were recruited with a mean age of 25.6
years and standard deviation of 2.1 years (Table I). The
average body mass was 68.2 kg with a standard deviation of
5.7 kg, and average stature was 165.4 cm with a standard
deviation of 1.7 cm.

TABLEI
INCLUSION AND EXCLUSION CRITERIA

Inclusion Criteria Exclusion Criteria

No previous lower limb disorder
No LBP disorders
No heart problem/ disease

Have experienced lower limb disorder
Have LBP disorders
Occurrence of heart problem/ disease

C.Ethical Considerations

Before the study, an approval was obtained from the
Institutional Review Board. Also, before performing the
research, participants were communicated with the objective
and scope of the study, along with the confidentiality and
anonymity of the collected data. The researcher also
communicated the participants’ right to withdraw at any time
during the research. Accordingly, all participants signed
consent forms approved by the Human Participants Review
Sub Committee.

D.Equipment

All experiments in the study were performed inside the
environmental chamber. An eight-channel Biomonitor
MEG6000, MT-ECG-1 preamplifier, and Mega Win 3.0.1
software (Mega Electronics Ltd., Kuopio, Finland) were used

to record the EMG signals; whereas, a two-handled box (40
cm X 60 cm x 22 cm) was used for lifting the loads and
headphones were used to reduce the noise inside the chamber.
Other materials and equipment include 70%- isopropyl-
alcohol swaps, cotton squares, band-aid, Ag/AgCl solid
adhesive pre-gelled electrodes EMG signal acquisition (Ambu
A/S, Denmark), and high-viscosity electrolyte gel for active
electrodes.

III. EXPERIMENTAL DESIGN AND PROCEDURES

The study has conducted six treatments for each two
independent variables (Fig. 1) and their combinations levels.
Shapiro and Wilk [23] test was applied to test the normality of
data. Statistical significance was set at 95% level of
confidence. The study has used IBM SPSS (Statistical
Package for Social Sciences) version 22 to analyze the data.
The experiment had two stages; i.e., acclimatization and
training study, and experimental lifting study.

A. Acclimatization and Training Study

The training and acclimatization study was proposed to
raise the participant’s flexibility, strength, and endurance of a
muscle. Every subject was provided a 2-hour session for
acclimatization, and training lasted for 14 consecutive days.
Acclimatization and training sessions were similar to those
used by Ramadan [17]. On the first day, every participant was
trained in ambient oxygen of 18% to be familiar with the
protocol of the study before being exposed to ambient oxygen
of 15%. For the next 13 days, every participant was exposed to
ambient oxygen of 15%, while simultaneously and gradually
increasing the physical demand.
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B. Equipment

After ending the training and acclimatization stage, the
experimental study and collection of data were started. Every
participant did lift under every one of the six conditions of
experiment in 6 days (one condition every day). Before
starting the lifting task, every participant was equipped with
EMG electrodes placed on the interest muscles. SENIAM 5
[24] determined procedures were followed for placed
electrodes of the EMG. Following which, maximum voluntary
contraction (MVC) was measured and recorded for every
muscle. Every maximum voluntary contraction MVC test
continued for 5 s. The researcher performed a loud,
continuous, and strong verbal encouragement to reduce the
limitation of muscle contraction capacity due to low
motivation and inhibitory effects [25]. The experiment was
carried out thrice with a 3-minute break between to relieve the
fatigue of the muscle. To remove the impacts of different
study day and locations of the electrode, the maximum
voluntary contraction was recorded before each session to be
used for normalizing the data of the EMG of its corresponding
session.

The lifting task was performed for every participant within
the chamber under the six conditions of the experiment.
Weights were lifted from knuckle to shoulder using the
freestyle in the sagittal plane with no twisting. Participants
were lifting the weights inside a two-handle box (40 cm x 60
cm x 22 cm). After a participant had lifted the box to the
shoulder, it was then returned to the knuckle level by an
assistant. Every participant was allowed five minutes pre-work
rest, followed by 15 minutes of lifting to determine his
MAWL psychophysically.

When a participant decided the MAWL for a session, he
continues lifting for five minutes with that MAWL. After five
minutes of lifting, the participant was allowed a break of five
minutes to recover and rest; and then, followed by the second
replication, which is the same as the first replication where he
determines his MAWL during 15 minutes, the participant
continues lifting for five minutes with that MAWL. The
difference between the two replications was in the given
starting weights; such that, in one replication it started with
30% of 1RM, while in the other replication, it started from no
weight, and was random for every session. Following it, the
participant took a five-minute break to rest and recover after
the second lifting replication. Also, the order of the sessions
was completely randomized. Throughout the two replications
of the five minutes of lifting using the MAWL, EMG signals
were measured and recorded. After each of the lifting
replications sessions, the participants were asked to provide
the ratings for the oxygen feeling and perceived exertion.

IV. RESULTS

A.MAWL

Frequency of lifting had a significant effect on MAWL, F
[1,8]=5.374, p <0.05. The participant’s MAWL while lifting
at 1 lift/minute [mean (SD) =18.608 kg (3.65)] was
significantly higher than their cardiac costs as compared to

lifting at 4 lifts/minute [mean (SD) = 14.563 kg (3.81)].

B.EMG Muscle Activities

Only frequency of lifting had a significant effect on the
normalized root mean square EMG (MVC%) of the biceps
brachii [F (1, 9) = 110.203, p < 0.00001], anterior deltoid
muscle [F (1, 9) = 125.352, p < 0.00001], trapezius muscle [F
(1,9) = 16.643, p < 0.003], and erector spinae muscle [F (1, 9)
= 11.694, p < 0.008]. MVC% of the biceps brachii muscle,
anterior deltoid muscle, trapezius muscle, and erector spinae
muscle had significantly higher square EMG (MVC%) with a
lifting frequency of 4 lifts/min when compared to the MVC%
of a lifting frequency of 1 lift/ min. Table II shows the mean
and standard deviation (SD) for root mean square EMG
(MVC%) of muscles during levels of lifting frequency.

TABLE II
MEAN AND STANDER DIVISION (SD) FOR ROOT MEAN SQUARE EMG
(%MVC)
1 lift/minute 4 lifts/minute
Muscles
Mean SD Mean SD
Biceps brachii 12.90% 4.34% 21.11% 6.22%
Anterior deltoid 12.29% 4.23% 20.56% 5.39%
Trapezius 14.25% 7.96% 22.34% 8.60%
Erector spinae 20.05% 10.79% 27.03% 8.73%

C.Subjective Measures

1. RPE

The experiment showed that only oxygen content had a
significant effect on the RPE, [F (2, 8) = 5.213, p < 0.036].
Such as, the RPE was significantly higher when oxygen
content was 21% as compared to its rating when oxygen
content was 18% and 15%. Moreover, RPE was significantly
lower when oxygen content was 18% in contrast to the oxygen
content of 15%.

2. Rating of Oxygen Feeling (ROF)

ROF was only significantly affected by oxygen content, [F
(2, 8) = 4.959, p < 0.04]. It can be observed that ROF was
significantly higher when oxygen content was 21% than at
18% and 15%.

V.DISCUSSION AND CONCLUSIONS

The study intended to assess the lifting capabilities of
persons experiencing hypoxia. Primarily, it focused on the
behavior examination related to the physiological response
induced through the lifting process related to those variables.
The study assumed that hypoxia and frequency of lifting have
a significant effect on the MAWL, muscles’ activities (EMG)
and perceived exertion. The outcomes of the experiment
showed that increasing lifting frequency from 1 lift/minute to
4 lifts/minutes decreases the MAWL to be lifted. These
findings are found corresponding to previous studies where an
increased lifting frequency caused a decrease in mean weight
lifted by 21.74% as compared to 22.08% that was reported by
[26], 19.8% found by [27] and 15.51% found by [28].

Mital [28] states that the reductions in MAWL could be
lower because of the differences in environmental conditions
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and also in the population recruited. Such as, the present study
had students as participants, whereas [28] had workers as its
participants. In general, the MAWL decreases as lifting
frequency increases, which escalates the intensity of the
workload. However, the study found no effect of oxygen
content on MAWL. This may be due to the acclimatization
and training that participants performed before the inception
of the experiment.

MVCY% for the biceps brachii muscle activity during the
lifting experiment was significantly lower for the light
workload conditions present in a lower lifting frequency. A
significant increase of MVC% by approximately 63.6% was
related to the higher frequency of lifting. The biceps brachii
muscle responded to the increased workload intensity in the
form of increased muscle activity to provide the required
effort for performing the lifting task under the new conditions.
The anterior deltoid muscle MVC% was significantly lower
for the lower lifting frequency, which increased by 67.3% for
the higher lifting frequency.

Also, the trapezius muscle MVC% was significantly lower
for the lower lifting frequency and increased by 65.8% for the
higher lifting frequency. Finally, the erector spinae muscle
MVC% was significantly lower for the light workload
conditions represented in lower lifting frequency. A
significant increase of MVC% by approximately 34.8% was
related to the higher lifting frequency. The results of the EMG
analysis of the four different muscle groups indicated variable
responses to the variations in the workload intensity
represented in the form of lifting frequency.

At this juncture, the study concludes that the significant
increase in the RPE was related to higher levels of oxygen
content (21%), indicating oxygen content as an indicator for
the work intensity. In addition, the rating of oxygen feeling
(ROF) decreased by 14.3% from at oxygen content 15%.
Furthermore, the rating of oxygen feeling (ROF) increased by
6.67% at oxygen content 18% from oxygen content 15%.

ACKNOWLEDGMENT

The author is very thankful to all the associated personnel in
any reference that contributed in/for the purpose of this
research. Further, the research holds no conflict of interest and
is self-funded.

REFERENCES

[1] Ciriello, V.M., 2005. The effects of box size, vertical distance, and
height on lowering tasks for female industrial workers. Int. J. Ind. Ergon.
35(9), 857-863. http:// dx.doi.org/10.1016/j.ergon.2005.03.003.

[2] Eurofound, 2010. Changes over Time e First Findings from the Fifth.
European Working Conditions Survey. http://www.eurofound.europa.eu/
sites/default/ files/ef publication/field ef document/efl074en_0.pdf.

[3] Liberty Mutual Research Institute for Safety, 2004. Liberty Mutual
Workplace  Safety Index. Available online at: http://www.
libertymutualgroup.com/omapps/ContentServer?pagename= LMGroup/
Views/ LMG&ft=1&fid=1138366284077#2004.

[4] NIOSH, 1981. Work Practices Guide for Manual Lifting. Government
Printing Office, Washington, DC. Technical report DHHS (NIOSH)
Publication No. 82-122.

[5] Ayoub, M.M., Mital, A., 1989. Manual Materials Handling. Taylor &
Francis, London, England..

[6] Riihimaki, H., 1991. Low-back pain, its origin and risk indicators.

Scand. J. Work, Environ. Health 17 (2), 81-90.
[7] Skovron, M.L., 1992. Epidemiology of low back pain. Baillieres Clin.
Rheumatol. 6 (3), 559¢573
[8] Mirka, G.A., Marras, W.S., 1993. A stochastic model of trunk muscle
coactivation during trunk bending. Spine 18 (11), 1396 -1409.
[9] Burdorf, A., Sorock, G., 1997. Positive and negative evidence of risk
factors for back disorders. Scand. J. Work, Environ. Health 23 (4), 243-
256.
[10] Xiao, G.-B., Dempsey, P.G., Lei, L., Ma, Z.-H., Liang, Y.-X., 2004.
Study on musculoskeletal disorders in a machinery manufacturing plant.
J. Occup. Environ. Med. 46 (4), 341-346.
Gore, M., Sadosky, A., Stacey, B., Tai, K., Leslie, D., 2012. The burden
of chronic low back clinical comorbidities, treatment patterns and health
care costs in usual care settings. Spine 37 (11), E668-E677
Waters, T.R., Putz-Anderson, V., Garg, A., 1994. Applications Manual
for the Revised NIOSH Lifting Equation. U.S. DHHS (NIOSH),
Cincinnati, Ohio. Publication No. 94-110.
Ferguson, S.A., Marras, W.S., Lavender, S.A., Splittstoesser, R.E.,
Yang, G., 2014. Are wworkers who leave a job exposed to similar
physical demands as workers who develop clinically meaningful
declines in low-back function? Human Factors. J. Hum. Factors Ergon.
Soc. 56 (1), 58-72. http://dx.doi.org/10.1177/ 0018720813493116.
Hafez, H.A., 1984. Manual Lifting Under Hot Environmental Conditions
(Ph.D. dissertation). Texas Tech University, Lubbock, Texas.
Hafez, H.A., Ayoub, M.M., 1991. A psychophysical study of manual
lifting in hot environments. Int. J. Ind. Ergon. 7 (4), 303-309.
Snook, S.H., Ciriello, V.M., 1974. The effects of heat stress on manual
handling tasks. Am. Ind. Hyg. Assoc. J. 35 (11), 681-685.
[17] Ramadan, M.Z., 1988. Effects of Task and Environment-related
Variables on Individuals' Lifting Capabilities while Wearing Protective
Clothing (Ph.D. dissertation). West Virginia University, Morgantown,
West Virginia.
Harkness, E.F., Macfarlane, G.J., Nahit, E.S., Silman, A.J., Mcbeth, J.,
2004. Risk factors for new-onset low back pain amongst cohorts of
newly employed workers. Rheumatol. (Oxf.) 42 (8), 959-968.
Powell, S., Davies, A., Bunn, J., Bethea, D., 2005. Health & safety
executive (HSE), RR 337. In: The Effects of Thermal Environments on
the Risks Associated with Manual Handling. The Health and Safety
Laboratory, Harpur Hill, Buxton, Derbyshire, ISBN 07176 29953. HSE
BOOKS. http://www.hse.gov.uk/research/rrpdf/ rr337.pdf.
Al-Ashaik, R. A., Ramadan, M. Z., Al-Saleh, K. S., & Khalaf, T. M. ,
2015. Effect of safety shoes type, lifting frequency, and ambient
temperature on subject's MAWL and physiological
responses. International Journal of Industrial Ergonomics, 50, 43-51.
Health & Safety Executive (HSE), 2003. Manual Handling Assessment
Charts. UK. www.hse.gov.uk/msd/mac.
Liang, C., Zheng, G., Zhu, N., Tian, Z., Lu, S., Chen, Y., 2011. A new
environmental heat stress index for indoor hot and humid environments
based on cox regression. Build. Environ. 46 (12), 2472-2479.
Shapiro, S.S., Wilk, M.B., 1965. An analysis of variance test for
normality. Biometrika 52 (3 and 4), 591-611.
SENIAM 5, 1997. The state of the art on sensors and sensor placement
procedures for surface ElectroMyoGraphy: a proposal for sensor
placement procedures, deliverable of the SENIAM project. In: Hermens,
H.J., Freriks, B. (Eds.), Roessingh Research and Development, ISBN
90-75452-09-8.
Vollestad, N.K., Sejersted, O.M., Bahr, R., Woods, J.J., Bigland-Ritchie,
B., 1988. Motordrive and metabolic responses during repeated sub-
maximal contractions in man. J. Appl. Physiol. 64 (4), 1421-1427.
Chen, F., Aghazadeh, F., Lee, K.S., 1992. Prediction of the maximum
acceptable weight of symmetrical and asymmetrical lift using direct
estimation method. Ergonomics 35, 755-768,http://dx.doi.org/
10.1080/00140139208967361
Ghaleb, A. M., Ramadan, M. Z., Badwelan, A., & Saad Aljaloud, K.,
2019. Effect of Ambient Oxygen Content, Safety Shoe Type, and Lifting
Frequency on Subject’s MAWL and Physiological Responses.
International journal of environmental research and public health,
16(21), 4172.
Mital, A., 1984. Maximum weights of lift acceptable to male and female
industrial workers for extended work shifts. Ergonomics 27,
1115e1126,http://dx.doi.org/10.1080/0014013840896359.

(11

(12

[13

[14

(15

(16

(18

[19

[20

[21

[22

[23

[24

[25

[26

[27

[28

Atef M. Ghaleb is a Researcher and PhD Student in Industrial Engineering

511



International Journal of Medical, Medicine and Health Sciences
ISSN: 2517-9969
Vol:13, No:12, 2019

Department, College of Engineering, King Saud University, Saudi Arabia. His
area of expertise is Human Factors and ergonomics. He received the M.S in
Industrial Engineering from King Saud University, Saudi Arabia. He received
the BSc in Industrial Engineering from University of Taiz, Taiz, Yemen.

Mohamed Zaki Ramadan is a Professor with the Industrial Engineering
Department of King Saud University, Saudi Arabia. He holds a B.Sc. in
Mechanical Engineering from Helwan University, Egypt, M.S.LLE. from the
University of Miami, and Ph.D. from West Virginia University, USA. His
specialties are human factors and ergonomics and applied operations research.
His areas of interest include human factors and ergonomics, expert systems,
and genetic and memetic algorithms. He has published several papers in local
and international refereed journals and conferences. Prof. Ramadan is a
registered member of multiple organizations and societies. He developed a
new Arabic keyboard layout.

Khalid Saad Aljaloud, is a Associate professor in the department of Exercise
Physiology, College of Sport Sciences and Physical Activity King Saud
University.He graduated from Physical Education and movement department
at the college of Education, King Saud University. He holds Master of Science
in exercise sciences from Physical Education department at the College of
Education, Western Illinois University. He teaches different courses in the
field of Exercised physiology including exercise and cardiorespiratory system,
and exercise and chronic diseases, physical activity and health. His research
interest in exercise and cardiorespiratory fitness as well as physical activity
and health. He published several studies in different exercise physiology
topics. He is the supervisor of the cardiorespiratory physiology laboratory.
Recently, he completed translating the textbook “Physical Activity and
Health”. He has reviewer in deferent international journals in sports, exercise
and health areas. Also, he is a membership in deferent national and
international societies in the field exercise sciences.

512



