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formed. As fatigue plays directly against the work results this comprehensive study about the action of lactic acid over workers
at different jobs and strength demand was realized to find the best methodology to maximize those rotations. 
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1.  Introduction 

Deep changes induced by current increase of pro-
duction and low-cost demands to work  as well as the 
introduction of new technologies to it, have forced 
workers, mostly from developing countries, to 
change their way to work. This scenario with new 
concepts of work speed, rest and commitment with 
the final results has interfered directly with workers’ 
heath, commonly with their musculoskeletal system. 
Intensely involved in this context, job rotation has 
become a common approach to reducing the inci-
dence of work related musculoskeletal injury risk.  

 As it provides the possibility of alternation 
of the biomechanical demand whilst working 
[1],[2],[3], in theory, job rotation could lessen the 
occurrence of that kind of disorder. When measure-
ment method is properly applied, lactic acid used as a 
physical fatigue indicator might make possible job 
rotation to be implemented in several segments of a 
company, by defining issues such as the proper inter-
vals on duty, the scheme to be followed and the right 
alternation of muscular groups.  

 This study hence evaluate job rotation 
schemes performed in shorter intervals (high jobs 
swaps) and its compatibility in muscular  groups ex-
change as well as the consequences of physical fa-
tigue risk, applying acid lactic as the indicator of 
disturbance. Already an important tool to ergonomics, 

it is expected for this accomplishment to make the 
sharing of tasks easier, work more pleasant and effi-
cient, contributing so to companies and workers cor-
relation. 

1.1 - Fatigue (muscle weakness)  
 

 Fatigue may be defined as any reduction of 
the capacity to perform a voluntary effort [4],[5],[6], 
It is the result of long periods of continuous physical 
and/or mental exertion, which induces reversible re-
duction of the person’s work capacity and so affect-
ing task performance. It is caused by a complex 
group of factors with cumulative effects [7]. 

1.2 – Fatigue prognosis and quantification  
 

 As fatigue reduces muscular strength, causes 
discomfort and pain, it is believed that in the long run 
it increases the potential for health disorder and inju-
ries to occur, therefore, fatigue is important to be 
quantified to set limits for muscular load. Nowadays, 
several quantification and qualification methodolo-
gies to evaluate fatigue can be found. 

  However, qualitative analysis may not be 
quantified in numbers, but just qualified or classified 
as it depends on a person’s own evaluation to be per-
formed. On the other hand, a great number of both 
invasive and non-invasive procedures for quantitative 
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evaluation have already been developed to quantify 
and determine fatigue origin. 

 Grandjean [8] observed that, based on the 
fatigue measurement, it is possible to understand the 
level of human exhaustion at work, and also measure 
the human organism reaction to different workloads.  
However, according to the author it is important to 
notice that “there is not nowadays any direct quanti-
tative evaluation method of fatigue status. Thus as all 
applied methods up to these days could only measure 
certain signs of the fatigue; they can only be ap-
praised as fatigue indicators”. 

2. Lactic acid and the Lactate test 

Lactic acid is a weak acid produced by the organ-
ism through a chemical process that requires no oxy-
gen (anaerobic metabolism). It is a contributive fac-
tor for muscular cramps and it is usually removed 
from the blood by the liver. Its buildup in the body 
results in a state called lactic acidosis. The lactic acid 
test is used as an indirect oxygen level measurement 
in body tissues that establish the cause and the course 
of lactic acidosis. 

2.1 – Lactic acid threshold. 

Denadai [9] observed that, regardless of concerns 
and controversies about methodologies and terminol-
ogies in use to identify lactate development during 
progressive exercise, many studies had already con-
cluded that anaerobic threshold is in fact the most 
appropriate lactate indicator, overcoming even VO2. 
Thereby, as lactic acid accumulates in the blood dur-
ing exercise any eventual reduce of pH, which takes 
it to a level it starts interfering with the enzymatic 
action, might lead to fatigue. In  addition, as the 
amount of ATP produced by glycolysis is too small if 
compared with the amount provided by Krebs cycle, 
the substratum for the reaction becomes then  
estricted either to the glucose supplied by the blood’s 
sugar or to the glycogen stocks in the muscle. He-
patic glycogen contributes to the sugar present in 
blood stream, however it is limited in quantity. Mus-
cular glycogen cannot move itself in the blood stream 
in a way that the anaerobic capacity of each muscle is 
limited to its own glycogen content. 

 Farinati and Monteiro [10] stated that physi-
cal training could greatly change both production and 
elimination of lactate in muscles when specific work 
is executed on  them. Exerts established that a physi-
cal training process which produces a lactate concen-

tration of 4mmol is great to reduce the concentration 
of this chemical compound to level below the usual 
standards [11], [12]. Wells [13] proposed the use of 
the average lactate concentration at habituated exer-
cises to establish training load. He also developed a 
three-level effort intensity classification related to 
lactate concentration at that level, as follows: Light 
work, level that doesn't increase the lactate; Heavy 
work, level that produces an increase of about 1.5 to 
2 times; and Overload, level that produces an in-
crease of up to 5 times in lactate concentration found 
at the habituated exercises level.

 Not far from that, Liesen  [12] by the studies 
of Mader, et al. [12] concluded that by comparing 
levels of arterialized lactate with conditions to ac-
quire technical abilities and making good use of tac-
tics:

1) Levels of up to 2 mMol /l are suitable to attain 
new techniques, to work any variation and to the 
practice of any tactical element; 

2) Levels of up to 6 mMol /l are less favorable to 
attain new techniques as it depends on one’s good 
resistance and muscular potency; 

3) Levels above 6 mMol /l affect the perception 
and the responses are wasteful under the energetic 
point of view.  

 FOX, et al. [14] observed that women tend 
to have lower levels of lactic acid in the blood after a 
maximum exercise when compared with men. A 
way to determine lactate threshold is through run-
ning test. Individual test  compound of 5 minutes 
shoots in different speeds, from 4.0 to 6.1 m/s for 
example, in the properly track would bring great re-
sult. 

3. Job Rotation 

Firstly made up to overcome issues concerning to 
absenteeism [15] and productivity decrease [16], job 
rotation has become a comprehensive tool for com-
panies to maximize their work process by reducing 
the risks connected to them.  

 Slack, et al. [17] observed that when an 
eventual increase in work tasks was limited by the 
technological level of work process, taking turns (i.e. 
periodically move individuals among different 
groups of tasks to provide some variation in their 
activities) turned to be a possible alternative to be 
taken into account. Several studies have already re-
ported positive results related to those variations and 
pauses during work, however, only a few have in-
cluded job rotation at all. 
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 Henderson, [18], Canadian Center for Oc-
cupational Health and Safety, [19]; and Kuiser, et al, 
[20] affirm that the use of those taking turns or 
swapping schemes based on simple post position 
change are to be considered job rotation hence sup-
posed to guarantee ergonomic risk decrease. 

 Kuiser, et al, [20] analyzed both advantages 
and disadvantages of job rotation regarding to man-
ual load rising. They concluded that the appropriate 
outline of a job rotation scheme, taking into account 
ergonomic aspects, would improve tasks perform-
ance. Anne Gerling, et al, [21] noticed that the re-
quired content necessary to outline a job rotation 
scheme might naturally be taken from analysis of 
previous evaluations, and also that the focus, during 
this process, have to be seriously placed upon the 
reduction of the biomechanical demand of work. 

 Ellis, [3] and Mac Leod and Kennedy,[16] 
concluded that either the shift increase or taking turns 
monotonous or repetitive work might indeed de-
crease boredom up to a certain level. But differently 
from what is expected the adaptation capacity of 
workers to difficult work situation is hardly reached. 

4. Perception complexity 

 Grandejean [7] affirmed that the evaluation 
of subjective sensations may 

be made up from special surveys. This way, we 
have bipolar questions standing out any sort of ques-
tionnaire due to the ease with which they may be 
applied and also understood by the people. Through 
these questionnaires, the respondent is asked to mark 
responses between the two opposite ends of a scale 
that states how they feel at that moment. 

5 – Methodology 

LEAP 1 – Gettting to know the types of job rota-
tion within companies in Curitiba and surroundings 
through questionnaire application to find out their 
records concerning to job rotation.  

LEAP 2 - Define an industrial sector suitable to 
implement job rotation scheme proposed. Evaluate 
Positions. Collect lactic acid. 

LEAP 3 - Collect fatigue indicators data and com-
pare to the quantitative lactic acid results. 

5.1 – Work group outline 
The following criteria were taken to define 

the work group: not more than 11 workers would be 

part of it due to procedures cost; the chosen industry 
would have an assembly line; workers would have at 
least 6 months experience in the assembly line, tech-
nical know-how over all other required positions, 
average age ranging between 20 and 30 years old and 
could not be a sportsperson; work cycles should be 
shorter than 90 seconds.  By mean of this, a section 
of a home appliances industry was define as the most 
appropriate to hold the actions and so a work group 
was established and right after divided into two, one 
to collect lactic acid after each position’s rotation and 
the other to collect it at the beginning and end of the 
shift. 

5.2 – Biomechanical process related to the job 
 
It is believed that biomechanical interchanges dur-

ing work are necessary to avoid muscular overcharge 
or any associated fatigue and to reduce levels of  lac-
tic acid in the workers blood. The importance of this 
comes from the fact that job rotation might be only 
made viable, in view of biomechanics, in case an 
alternation of the charged muscular groups round all 
jobs could be performed.  

5.3 – Outline a job rotation scheme. 
 
 Information brought by the literature and all 

in company surveys made possible to define the 
proper job rotation scheme to be applied in the cho-
sen work group. As a result, actions were set as fol-
lows: rotations were made by swapping jobs consid-
ered easy, moderate and difficult, in view of biome-
chanics; and muscular groups were always alternated 
every rotation. The scheme also alternate  rotation 
length to find out their effectiveness as regards the 
accumulation of lactic acid, intervals of one, two and 
three hours were tested subsequently. 

5.4 – Intervals 
 
 Rotation intervals followed the next se-

quence: During the first week rotation intervals took 
an hour length, and at the end of this week the lactic 
acid levels were measured. During the second week 
rotation intervals took two working hours with lactic 
acid level measurement again being made only at the 
end of the week. The same happened during the third 
week, however, rotation intervals took three hours.  

 The reasons for which job rotation had to be 
performed all over the weeks and the lactic acid lev-
els were only measured by the end of them were that 
workers had to be fully adapted to shifts and to the 
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kind of work they did for results to represent things 
in the way they were accurate and true to life. 

5.5 – Approach to work group 
 
 After defining intervals and sequence train-

ing must be provided to all engaged staff with the 
purpose of clarify the research goals and also to ex-
plain the reasons for following the proper job rotation 
sequence.

5.6 - Lactic Acid collection and job rotation 
scheme 

 
 The lactic acid collections were made in two 

different ways as follows: 
a) Collections at the beginning of shift and after 

each positions swap, regardless of intervals took one, 
two or three hours. These collections were made by 
half of the work group, and this group was supposed 
to take only a restricted number of jobs from the set 
under study. 

b) Collections at the beginning and at the end of 
the shift, regardless intervals took one, two or three 
hours. These collections were made by the other half 
of the work group, and this group was supposed to 
take only a restricted number of jobs from the set 
under study. 

 

5.7- Lactic Acid collection and fatigue sings 
 
Follow-up each worker regarding their muscular 

fatigues status is necessary in order to make possible 
a comparison to the metabolic results. Thus an inter-
val scale ranging from zero to ten to measure their 
muscular fatigues perception was adopted. In it zero 
was considered no fatigue and ten maximum fatigues. 

6. Results 

6.1 – Survey results (In company survey Figure 1). 

6.2 – Job rotation scheme. 
 
After a comprehensive analysis of the biomechani-

cal risk related to the jobs under study, a properly 
division of groups as well as the outline of the ex-
actly scheme could be found. The table below illus-
trates it 

“Table 1” brings the work group division, this way, 
group A in yellow (jobs 1, 2, 8, 9 and 10) was the 
one collected lactic acid at the beginning of shift and 
after each position swap, and group B in blue (posi-
tions 3, 4, 5, 6, 7 and support) the one collected it at 
the beginning and at the end of the shift. Job rotation 
schemes were then defined to balance biomechanical 
level of jobs performed by both groups. 

Survey results (In company survey)

82%
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56%

27%

18%

45%

18%18%

64%

45%

73%
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NO 18% 64% 45% 73% 82% 55% 82%

Does the 
company adopt 
any job rotation

Is there any 
available training 

about job

Is there 
alternation of 

muscular groups

Is there any set 
interval to rotate 

jobs?

Is job rotation 
audit?

Have workers 
rotation 

autonomy?

Is there any 
report concerning 

about

Figure 1. Job rotation survey 
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6.2.1 “Group A” lactic acid end result versus mus-
cular fatigue perception. 

After each collection of lactic acid workers an-
swered a survey about muscular fatigue perception. 
Workers from this group were submitted to rotation 
intervals of 1 and 2 hours, and not 3 hours as its re-
sults were likely to be same as those found in group 
B(collections at the beginning and at the and of the 
work shift). (Lactate (m/mol) evolution in 1h rotation 
interval). 

“Figure 2” identify each worker and show their 
lactate evolution after each working hour. Collections 
were made after each  activity accomplishment (1h 
interval) during half shift. Conclusions were that 

there is either an increase or a decrease of lactate af-
ter each rotation, what shows that alternations be-
tween difficult and easy jobs tend to produce a de-
crease of acid lactic hence lower tendency to muscu-
lar fatigue. 

“Figure 3” shows lactate evolution for 2h rotation 
intervals. The initial lactate levels correspond, in the-
ory, to the levels of the 1h job rotation group. How-
ever, this graphic shows a considerable increase in 
the lactate levels when compared to the previous one. 

The levels of 01:00 pm were not collected due to 
lunch break, this way next collection only happened 
at 03:00 pm. For a better elucidation let’s take worker 
H lines (Figure 4). 
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Statistical Analysis verified that the difference be-
tween the levels of lactic acid from the easy (tape) 
and the difficult (silicon) jobs is significant. In other 
words, the levels of lactic acid in the difficult job are 
considerably larger than in the easy. Besides, it is 
possible to observe that there is a tenuous coincident 
line between the perception and quantitative data 
(figure 5).  

 In statics view, however, it is noticed that 
there is feeble concordance between the worker’s 
perception and the quantitative information, which 
can be attested on the fact that there are workers 
with a strong concordance (worker J) and workers 
with a low concordance (worker H). 

6.2.2 “Group B” lactic acid end result versus 
muscular fatigue perception. 

 Workers from “group B” were addressed 
with letters from “A” to “F” and their  information 
collection process differed from “group A” as it 
followed this sequence: collections at the beginning 
of the shift; after 1, 2 and 3 working hours and at the 
end of the shift  

“Figure 6” shows lactic acid levels after each ro-
tation. After comparing results it is  possible to see a 
considerable lactate increase at the 3h rotation lines. 
Jobs and levels of lactate at the beginning and end 
of the shift are found below. However, notice that 
the following information does not correspond to the 
same worker as jobs were already swapped. The 
difficulty of each job is directly connected to the 
level of lactate found, independent of the worker in 
charge.
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The figure 7 brings out information about job 
which is called Silicon. Activities from this position 
are considered to be difficult. This job presents sev-
eral inadequate posture points, what speed muscular 
fatigue process up. Graphic also shows that the rota-
tions of 3h can raise lactate concentration up to 70%, 
depending on the activities imposed. 

“Figure 8” brings out information about job 
called Tape. Activities from this position, o the 

other hand, are considered to be easy. This job sel-
dom presents inadequate posture points.  

 The concentrations of lactic acid are also 
considerably raised for rotation of 3h. The issues at 
this job, concerning to workers and intervals, are the 
same as those from Silicon, therefore the interval 
information does not necessarily correspond to same 
worker.
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6.3 Statistical results relative to lactic acid and 
its collection in rotations made after 1h, 2h and 3h.  

6.3.1 Test number 2- MANNWHITNEY test U 
This test was made to compare the group submit-

ted to rotations of 1h. Therefore it is possible to say 
that the levels of lactic acid differ according to job 
rotation intervals. 

6.3.2 Test number 3- MANNWHITNEY test U 
The third test was made to compare groups sub-

mitted to rotations of 2h with those submitted to 3h. 
It is possible to say that the levels of lactic acid dif-
fer in job rotation of 2h and 3h intervals.

6.3.3 Test number 4- WILCOXON test  
The fourth test was made to compare groups 

submitted to rotations of 1h with those submitted to 
2h. It is possible to say that the levels of lactic acid 
do not differ in job rotation of 1h and 2h intervals.  

6.3.4 Statistical results relative to the activities 
complexity at workplaces. 

The aim of these tests was to compare an  easy 
job to a difficult one showing that the perception 
evaluation is compatible to the job real presented 
muscular fatigue. For the job evaluation the levels of 
lactic acid measured in job rotation of 1h and 2h 
intervals were considered. The levels of lactic acid 
differ between the Tape and Silicon positions. 

7. Conclusions 

It is noticed that the terms production and health 
are interlinked in business nowadays, therefore, ac-
cording to the premise that when lactic acid, as indi-
cator of muscular fatigue, is correctly measured it 
makes job rotation procedures viable, by the defini-
tion of its ideal scheme and  the properly alterna-
tions of muscular groups, it can be concluded that 
through the reliability of the presented results that 
job rotations schemes of 1h and 2h  intervals pro-
duce less lactic acid than those longer length 
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