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Abstract: - Manual task activities have been found to contribute to a number of musculoskeletal disorders such
as sprain and strain of the muscles and low back pain among others. This study examined the impact of manual
tasks on workers in an oil and gas company in Nigeria. Twenty six manual task workers participated in the study
and their physiological responses during work were evaluated through heart beat rate per minute and volume of
oxygen consumption. Relative aerobic strain (RAS) for each of the 26 subjects was calculated through the
volume of oxygen consumption as RAS; and through the heart beat rate per minute as RAS,. The results showed
that based on RAS; and RAS,, 8 or 30.77% and 9 or 34.62% out of the 26 workers have the impact of the job
within their capacity respectively while 18 or 69.23% and 17 (65.38%) have the task beyond their capability
based on RAS; and RAS; respectively. In order to ensure the safety and comfort of the workers, it may be
necessary to assess the physical fitness of an intending manual task worker before employment

Keywords: - age correction factor (AG), Heart beat rate, Manual task, Relative aerobic strain (RAS), Volume of
Oxygen Consumption (VO5)

l. INTRODUCTION

Manual task refers to any activity or sequence of activities that requires a person to use his/her physical
strength (musculoskeletal system) to perform work. Manual handling activities include the use of force in
lifting, lowering, pushing, pulling, carrying, performing repetitive task; adopting awkward or sustained posture
and using plant, tools or equipment that exposes workers to vibration [1]. [2] stated that although automation has
significantly reduced the demand for human power in the modern industrial environment, muscular strength still
remain an essential part of many occupations, particularly those involving manual materials handling or manual
work. Manual tasks can lead to a number of musculoskeletal disorder including sprain and strain of muscles,
injuries to muscle, ligaments, inter vertebral disc, and other structures in the back, injuries to soft tissues such as
nerves, tendons in the wrists, arms and shoulders. It can also contribute negatively to the cardiovascular system,
for as physical activity increases, muscle demands more oxygen and metabolites the body signals, this demand
increases the heart beat rate. When the muscles demand for oxygen and metabolism cannot be met, it produces
accumulation of toxic lactic acid which results to fatigue occurring during physical activities.

The lack of consideration of the effects of manual tasks on workers has led to a large percentage of the
working population to be involved in the tasks that are beyond their physical capabilities [3;4]. This decreases
productivity and increases possibility of operator-related health hazards. The negative impacts of manual tasks
have been reported in many studies to have included among others musculoskeletal disorder and cardiovascular
problems [5;6;7;8]. These symptoms are highlights of many workstations in many industrially developing
countries. [9] noted that common features of industries in developing countries are improper workplace design,
ill-structured jobs, mismatch between worker abilities and job demands, adverse environments, poor human-
machine system design and inappropriate management programmes. [10;11] commented that it is good to ensure
that workers’ capabilities match the kind of work they do which may lead to higher productivity, safety of the
workers and reduction in rate of accidents.

As activities of ergonomists are becoming more in Nigeria, research works are being conducted in
order to solve workplace problems that are associated with manual tasks; e.g. [12] and [13]. However the case of
oil and gas industry in Nigeria seems not to have been explored sufficiently perhaps due to high level of
automation in the sector. Hence, in this study, we examined the impacts of manual tasks on workers working in
a typical oil servicing company in Nigeria with focus on the physical capabilities of the workers and energy
expended during work. The findings may be useful to make appropriate decisions as regards the task to be
assigned to workers at the lower cadre in oil servicing establishments and also create the appropriate work
environment for the workers to ease their jobs.
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1. METHODOLOGY

This study was conducted in a multinational oil servicing company located in one of the cities in the
south-south geo-political zone of Nigeria. Manual activities in the establishment include lifting equipment from
delivery van and lifting of equipment from either the store or the reception area to the workshop. Twenty six
(26) workers (22 men and 4 women) participated in the study. The male workers have experience of 2 to 20
years, while the female workers have between 2 to 7 years on the job experience. One can reasonably assume
that the workers are well used to the task. The following data were obtained from the subjects after the purpose
of study has been thoroughly explained to them and they all gave their consents; age in years, heart beat rate per
minute at rest and while working, volume of oxygen consumption while working (VO,,,). The heart beat rate per
minute for each worker was measured as described by [13]. Measurement of heart beat rate per minute while at
rest (HR;) and when working (HR,,) were taken three times for each worker and the mean value for each were
recorded as the heart beat rate per minute while at rest and while working respectively. The VO, consumed
while working was determined using Incentive Spiro meter (Airlife ™) which usually measures the amount of
air breathe in. The actual oxygen expended during work was obtained by calculating 21% of the amount of air
breathe in. The summary of the data collected are shown in Table 1.

Table 1: Subjects’ heart beat rate at rest and at work and volume of oxygen consumption at work

Subject Sex Age(years) | Heart beat rate per | Meanof Heart beat rate Mean of heart | Vol. of O; at
minute at rest heart beat per minute at beat rate at work Lmin*
rate at rest work work
1 2 3 HR, 1 2 3 HR,, VO,
1 M 51 80 81 83 81 127 | 130 | 131 129 247
2 M 45 B4 B7 B8 B& 120 123 | 121 121 2.308
3 M 48 76 77 76 76 118 | 115 | 118 118 2.215
4 M 39 75 70 72 72 101 | 105 | 103 103 189
5 M 27 &0 B3 Bl Bl 110 | 112 | 112 111 2052
& M 44 70 70 71 70 105 | 102 | 103 103 182
7 M 27 74 74 74 74 128 | 130 | 133 130 247
B M 20 59 59 &0 59 140 | 135 | 140 140 2679
9 M 27 72 74 74 73 132 | 128 | 129 130 2424
10 M 42 80 83 85 83 88 90 93 90 1.541
11 M 23 &0 &0 59 &0 111 | 107 | 106 108 1836
12 M 2B 70 70 69 70 100 | 102 | 104 102 182
13 M 34 79 7B 75 77 101 | 103 | 103 102 1.843
14 M 23 BB 72 68 B9 122 | 120 | 118 120 2,238
15 M 35 = 24 B0 Bl 148 | 145 | 140 144 2815
16 F 26 BB &7 B9 &7 95 | 101 | 100 100 1.797
17 M 2B 74 70 71 72 128 | 128 | 129 128 2424
18 M 61 g1 81 82 81 142 | 140 | 141 141 2702
19 M 41 75 70 72 72 134 | 136 | 138 136 261
20 M 35 79 81 81 B0 115 121 | 121 120 2.261
21 M 21 56 60 62 59 105 | 103 | 100 103 1.843
22 M 26 80 7B 76 78 131 | 138 | 133 134 2 656
23 M 34 7B 7B 76 I7 128 | 131 | 130 130 2453
24 F 27 52 55 56 54 91 %0 91 91 1541
25 F 31 Bl Bl 63 B2 110 | 112 | 114 112 2052
2B F 25 56 54 53 54 g7 87 BB g7 1471
Mean 33.38 71.08 116.65 217
Standard 10.31 917 168 0.39
Deviation

The maximum volume of Oxygen consumption (VO;max) which is a measure of a worker’s maximum capacity
was determined by using Astrand — Astrand nomogram as in [14] shown in equations 1 and 2 for men and
women respectively:

For men: VOymax = AG (131.5V0,,) + (HRy-62) 1)
For women: VOpmax = AG (131.5V0,,) + (HRy - 72) 2
Where ‘AG’ is age correction factor given by [14] in equation 3 below:

AG =1.12 - (0.0073) age 3)

And HR,, is heart beat rate per minute while working
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To determine the impact of any manual task on any worker, the relative aerobic strain (RAS) of such
worker while performing the task may be calculated and then compared with the recommended relative aerobic
strain (RAS). The RAS is defined as the fraction (expressed as a percentage) of a worker’s oxygen consumption
measured on the job relative to his or her VO,ms measured in the laboratory [14], and it is one of the ways of
assessing a worker’s response to manual tasks and the demand of such task on his/her capacity. This can be used
to determine the physical fitness of workers. An approximate value of RAS can be got by calculating percentage
heart rate range (% HR range) with the Karnoven formula if only the heart beat rate data is available [15]. In this
study, RAS; is the Relative Aerobic Strain calculated from volume of Oxygen consumption while RAS; is the
Relative Aerobic Strain obtained from heart beat rate per minute.

RAS; = (7522-) x 100 @)
RASZ = {(HRW - HRr)/(HRmax - HRr)} % 100 (5)
HR,,, =220 —Age ©)

Where:

VO,, is volume of oxygen consumed by a worker while working

VO,max IS the maximum volume of oxygen consumption possible by a worker
HR; is the heart beat rate per minute for a worker while at rest

HR,, is the heart beat rate per minute for a worker while working

HRax is the maximum heart beat rate per minute possible for a worker

Age is in years.

1. DATA ANALYSIS AND DISCUSSIONS OF RESULTS

3.1DATA ANALYSIS

From the result obtained in Tablel the age of the workers was between 20 and 61 years with mean age as 33.38
years and standard deviation of 10.31

Using equations 1, 2 and 3, VO,nax Can be calculated:

E.g., from equation 1, for a male worker; VO,max = [AG (131.5V0,,) + (HRy - 62)]

For subject 1 from Table 1; age= 51years; AG = 1.12 — (0.0073) age

AG=1.12-(0.0073) 51 =0.7477

Substituting this value of AG into equation of VO,.x above:

VOomex  =[0.7477 (131.5) (2.47)] + (129 -62)]

VOjmax = 3.625litmin™

Hence maximum volume of oxygen consumption (VO.may) possible for subject 1 is = 3.625 litmin™

To obtain RAS; for subject 1, from equation 4 above and with VO,,, = 2.47;

RAS; = (2.47/3.625) x100

RAS; = 68.14%

RAS; for subject 1 = 68.14%

Similar procedure was followed to obtain VO, and RAS; for other subjects and the results are shown in
column 6 and 7 respectively of Table 2.

To determine RAS; i.e. relative aerobic strain through the heart beat rate per minute, using equations 5 and 6;
For subject 1, age =51years, Heart beat rate per minute while at rest HR, = 81, while heart beat rate per minute
while working HR,, = 129, substituting these values into appropriate equations 5 and 6:

HRax = 220- (age) years

HRpax = 220- 51= 169
RAS, ={(HR,, — HR,)/(HR,,,, — HR,)} x 100

RAS, =[(129-81)/ (169-81)] = 48/88 = 54.55%

In a similar way, RAS, for other subjects can be determined and is as shown in column 8 of Table 2.
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Table 2:Subjects’ Relative aerobic strain from oxygen consumption (RAS;) and Relative aerobic strain
from heart beat rate (RAS;)

Subject | Sex Ageinyears | HR,.=(220-age} | HE, VOumex RAS, (%) | RAS:[%)

1 Il 51 165 129 3.625 6B.14 54 55

2 I 45 175 121 4071 56.60 3533

3 I 48 172 118 4.002 55.35 4375
4 I 39 181 103 5.062 37.34 28.44
5 Il 27 193 111 5.083 40.37 37.8B8

& I 44 176 103 4.662 39.04 31.13
7 Mo 27 183 130 4409 56.02 47.06

B I 20 200 140 43599 0.9 5745

o M 27 193 130 4326 56.03 475
10 I 42 178 S0 5.8BY 26.18 1.37
11 Ml 23 157 108 5.269 3674 35.04
12 i 28 152 102 5478 33.22 2623
13 Mo 34 1B 102 5. 282 34 B9 2254
14 Il 23 157 120 4831 46.33 3084
15 i 35 185 144 3.908 7213 60.58
16 F 26 154 100 7.849 22 B9 2598
17 I 28 152 128 4421 54 B3 4667
18 i 61 159 141 3.035 B9 .03 76592
19 I 41 179 136 3.806 68.58 59.81
20 Mo 35 185 120 4432 51.02 38.1
21 I 21 155 103 5714 32.25 3143
22 Tl 26 154 134 4512 LB.BY 48 28
23 I 34 1B6 130 4.204 58.3 4862
24 F 27 193 91 5844 15.65 2662
25 F 31 189 112 6.029 34.04 39.37
26 F 25 185 B7 12.064 1216 234
Mean 33.38 1B6.62 11665 5.24 46 85 4017
5td Dev 10.31 10.31 16.E1 196 18.37 14 B6

Key:

HRax - maximum heart beat rate per minute possible for a worker

RAS;- the Relative Aerobic Strain from volume of Oxygen consumption
RAS; - the Relative Aerobic Strain from heart beat rate per minute.

VO,max s the maximum volume of oxygen consumption possible by a worker

3.2 DISCUSSIONS OF RESULTS

From the results, the average heart beat rate per minute at rest (HR,) and while working (HR,,) for all
the subjects are 71.08 and 116.65 respectively and average volume of oxygen consumption at work is 2.17Lmin"
! The mean relative aerobic strain (RAS,) calculated from oxygen consumption is 46.85% while relative
aerobic strain (RAS,) obtained from heart beat rate is 40.17%. A worker’s response to impact of work can be
got from his heart beat rate or oxygen consumption. [12] reported that a more physically fit employee would
have his heart beat rate per minute increase less rapidly than his/her counterpart who is less fit while subjected
to the same workload. The higher the heart beat rate/oxygen consumption, the more impact the task is on the
individual or more difficult is the job on the worker.

The relative aerobic strain is one of the ways to ascertain the demand of task on the capacity of a
worker. Several authors have suggested a safe value of RAS for manual task workers. [16] had recommended
that RAS should not exceed 50% for an eight hour work day job but 25-55% for construction workers. Latter,
[17] recommended 30-35% for all day job. If 35% RAS is used as the safe value, then the impact of the task is
too severe on workers whose RAS values are greater than 35%. In order words, the workers may not be able to
sustain the job without putting their health and comfort at risk if they are to be performing the task on daily
basis.

From Table 2, RAS; (relative aerobic strain calculated from oxygen consumption) for 8 workers are
35% or below i.e. only 30.77% of subjects in the study would be able to do the job without being at risk while
18 or 69.23% would find the job to be beyond their physical capability. Result of relative aerobic strain from the
heart beat rate (RAS,) indicates that 9 workers have their RAS, less than 35% i.e. 34.62% of the workers have
the job within their physical capability butl7 or 65.38% would have the job to be too stressful thereby putting
their safety at risk. These observations are summarized in Table 3.
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Table 3: Number of workers that task is safe and unsafe for based on (RAS) value of 35%

Relative aerobic | No of workers that task is safe (RAS | No of workers that task is not safe
Strain (RAS) < 35%) (RAS > 35%)

RAS; 8(30.77%) 18(69.23%)

RAS, 9(34.62%) 17(65.38%)

The results as displayed in Fig.1 fairly agree with previous findings [18; 19; 20] that the heart beat rate and
oxygen consumption rate have direct relationship.

2.5

15

Yol of Oxygenconsum ption

0.5

I:I T T T T T T T T T T T T T 1

B0 85 %0 9% 100 105 110 115 10 135 130 135 140 145 150

Heart beat rate per minute

figure 1: Relationship between heart beat rate per minute and oxygen consumption rate

Furthermore, the implication of these results is that if the ergonomics principles that consider the
safety, comfort and well being of employees while performing their jobs are anything to go by, then, 18 workers
are not supposed to be doing the manual task that was studied based on the criterion of RAS; and 17 are not if
the RAS; is the basis for determining those that the impact of the task is excessive for thereby making them to
be prone to occupational hazards and the likely negative effects of musculoskeletal disorder. It appears thorough
investigation of the workplace and environment is needed in order to possibly reduce the workload on the
workers.

V. CONCLUSIONS AND RECOMMENDATIONS

In this study, the impact of manual tasks on workers in an oil servicing company was examined using
relative aerobic strain as the criterion. The results obtained showed that the impact of the task is rather much on
almost 18 of the 26 workers that participated in the study. About 8 of the workers would however be able to
perform the job as it appears they have the capacity to cope with the job. Linear relationship seems to exist
between the heart beat rate per minute and the volume of oxygen consumption per minute while working. In
view of the outcomes of this study, It is suggested that there is need to redesign the work content of the job in
order to make the work environments more conducive for the workers thereby reducing the chance of
occupational hazards. Also, prior to employing a manual tasks worker, his physical fitness should be assessed to
determine whether he has the capacity to do the job. Only a fit worker should be employed for a job for which
he has the capacity to perform in order to ensure safety and comfort of the worker which may lead to higher
productivity while at work.
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