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Physical load on the cardiovascular system
in different work tasks

by Juhani limarinen, PhD'

ILMARINEN J. Physical load on the cardiovascular system in different work tasks. Scand J Work
Environ Health 10 (1984) 403—408. This review of the cardiovascular load at work is based on the con-
cept of stress and strain in dynamic work. The relationship between oxygen consumption (VO,) and
heart rate (HR) and work load and the effects of intervening variables are described. The relationship
between relative aerobic strain (RAS) and HR is shown to be dependent on the type and combination
of muscular work. Significant differences in cumulative HR curves over 8-h shifts have been detected
between the profile groups ‘‘producing muscle forces’ or ‘‘coordinating motor functions’’ and others;
the HR remained above the level of 110 beats - min—' for about 50, 30, and 5 % of the shift time,
respectively. VO,, HR, and RAS are described in more detail during tasks in milk delivery, mail
delivery, and logging, during tasks in the construction and steel industries, and during tasks in the
municipal sector. Special attention is paid to work tasks in which the load on the cardiovascular system
is above the ‘‘acceptable’’ level. Peak loads which increase strain to the maximal RAS level are described.
The change in RAS with ageing is shown to increase in work tasks which include the production of muscle

forces and the coordination of motor functions.
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In most industrialized countries today, it seems to be
common belief that workplaces are highly mechanized
and that hard muscular work is no longer necessary.
Experience in work physiology does not concur with
these assumptions however. On the basis of field stud-
ies carried out in several thousand workplaces over
the last 30 years, Rutenfranz and co-workers (13) have
recently commented on this opinion and described
the situation in a more realistic way. Experience in
Finland from intensive field studies involving several
hundred workplaces in the last 10 years also indicates
that muscular work has not disappeared but that the
physical load has changed .and become more one-
sided and more static than before.

Rutenfranz et al (13) point out that people are per-
haps overimpressed by the outstanding technical de-
velopments applied in some processes, and they there-
fore neglect the traditional work conditions still re-
maining.

Stress-strain concept

The use of the stress-strain concept is practical in the
study of the effect of physical load on the cardiovas-
cular system (12). The stress-strain concept is based
on three physiological facts. Stress can be objectively
described from the measurement of oxygen con-
sumption (VO,) during work. Strain at a given VO,
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varies subjectively depending on the individual’s car-
diopulmonary work capacity. A VO, of 0.9
1- min—! means a relative aerobic strain (VO, at
work as percentage of the maximal VOZ) of 20 %
for an athlete, 45 % for a 50—year-ol.d man, and
90 % for an 8-year-old child. At this VO, level the
strain measured by heart rate for the aforementioned
individuals varies from 90 to 190 beats - min—!.
Thus the effects of physical load on the cardiovascu-
lar system are directly related to the individual’s
physical work capacity (12). The acceptable level of
physical load varies from 30 to 50 % of the maximal
VOZ. It has been suggested that 30 % of maximal
\'IO2 is acceptable for prolonged physical work with-
out breaks. The 50 % level should be the upper limit
if work breaks are available (13).

Stress and strain related to muscular work

The relationship between the relative aerobic strain
(RAS) and heart rate depends on the type and com-
bination of muscular work (figure 1). Heart rate at a
given RAS is the highest in industrial work that in-
cludes much static work (2). In milk delivery, which
also includes driving, the average heart rate at 50 %
RAS is 122 beats - min—! (5). In municipal jobs, for
which static muscular work is less dominant, the heart
rate at the reference point is only 112 beats - min™!
(14). These findings indicate that the recommenda-
tions for critical thresholds of aerobic overstrain
should be related to work content. Therefore a job
analysis should always be one component of
physiological field studies.
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Figure 2. Cumulative distribution of heart rate in five groups
according to job analysis [reprinted from limarinen & Ruten-
franz (6)].

Stress and strain related to work content

In recent years studies have been carried out to dem-
onstrate the work-related aspects of strain. Record-
ings of 8-h heart rate among different work groups
according to job analysis (11) have shown very clear-
ly the extent to which the strain at work varies (6).
The cumulative distribution of heart rate in the group
“producing forces’’ shows that more than 50 % of
the workshift in this group is worked above the level
of 110 beats - min—! (figure 2). For the group *‘co-
ordinating motor and sensory functions,’’ this refer-
ence point was 90 beats - min—}, and for the other
groups it was about 70 beats - min—. The results
also show that information work led to a heart rate
level above 90 beats - min—' only 10 % of the shift
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Figure 1. Relationship between relative
aerobic strain and heart rate according to dif-
ferent muscular work in three types of work (2,
5, 14). Industrial work includes the most and
municipal work the least static work of large
muscle groups (% VO, max = percentage of
maximal oxygen consumption)

time, whereas in muscular work 10 % of the shift
time involved work above the level of 140 beats -
min—!. In information work the heart rate is at the
rest level at least 20 % of the shift time. Thus, even
today, there are still great differences in cardiovascular
strain related to work content.

In a study of 88 municipal jobs in Finland (14), the
heart rate values demonstrated the variation of strain
among employees 40 to 58 years of age (figure 3).
The average work-related strain ranged from 70 to
100 beats - min—! for the different profile groups.
The strain was the highest during auxiliary work
done by women (street sweeper, cleaner, kitchen
helper) and during installation work done by men
(machine mechanic, pipe filter, electrician). About a
third of the heart rate range (HR rest — HR maxi-
mal) was activated in the groups.

The mean VO, in the delivery of milk products (5)
and mail delivery (4) is about 1.5 1. min—!. In
motor-manual logging the mean \"O2 is higher,
about 1.9 1 - min—"' (10). Due to the great differences
in the maximal VO,, the mean RAS in these three
typical physical jobs is about 50 % of the maximal
VO,. The figures indicate that, for these jobs, the
average aerobic strain at work is close to the upper
internationally accepted limit for prolonged physical
work even though the groups were adapted to heavy
work.

Task-related stress and strain

A task-related analysis of stress and strain is the most
adequate level for the detection of occupational physi-
cal stress factors which lead to overstrain and which
should be avoided or changed. In milk delivery the
loading of the truck at the dairy was heavier than un-
loading the truck and delivering milk products to
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Figure 3. Means and standard deviations of the heart rate and the means and standard deviations of the heart rate range
(% HRRY) in different profile groups of female and male municipal employees aged 45—58 years (14). [% HRR = (HR work —

HR rest : HR max — HR rest) x 100]

shops (figure 4). During unloading the RAS depends
on the work method. Carrying the milk cases, 20 kg
each, is heavier than pushing the dollies, about 200
kg (5). In mail delivery the RAS depends on the work
method, too, but then the RAS is even more related
to the work pace (figure 5). In free-pace delivery,
which is the usual delivery pace in Finland, the RAS
is systematically higher than in the standard pace rec-
ommended by the Post and Telecommunications
inspectors. Mail delivery by bicycle is more stressing
than by foot with a mail bag or by foot with a mail
cart. At free pace, bicycling exceeds the 50 % RAS
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ing stairs carrying a mail bag (4).

Motor manual logging also involves some differ-
ences between the typical work tasks. The bunching
of wood is the heaviest task, with a VO, of 2.2
1 - min—!, both in winter and in autumn (10). Log-
ging, which has been described as one of the heaviest
jobs, today still includes heavy muscular work despite
the use of a power saw.

A 2 1. min™} level of \"O2 at work is not excep-
tional in technically developed countries. Results
from the Federal Republic of Germany (8, 9) indicate
that a high level of stress is typical for several tasks
in construction work and in the iron and steel in-
dustry. In construction work the VO, exceeds 2.0
1 - min—! during the tasks of pulling the steel rods
from the stack, carrying them, and laying them out
(9). During five other tasks the VOZ exceeds 1.5
1 - min—! (loading a wheelbarrow with bricks, pushing
and unloading the wheelbarrow, pouring and setting
concrete mix, climbing to a crane 40 m high, lifting
support beams for walls and ceilings). In the iron and
steel industry the VO, is somewhat lower than in
construction work, but also this industry includes
heavy tasks, eg, manually removing accumulated
deposits from a furnace closing machine, transport-
ing and laying bricks in the casting pit (extreme heat
load), taking a sample to check the quality of the cast
and rapidly adding heavy bags of chemical compo-

Figure 4. Means and standard deviations of the relative
aerobic strain during different tasks in the delivery of milk
products — Based on measurements of 10 truck drivers (5).
(% VO,max = percentage of maximal oxygen consumption)
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Figure 5. Means and standard deviations of the relative
aerobic strain during mail delivery according to work pace
and work method — Based on measurements of 11 postmen

[reprinted from limarinen et al (4)]. (% VO,max = percentage
of maximal oxygen consumption)

nents to the cast, manually controlling a sheet-metal
grinder and polisher. The individual RAS values in-
crease up to 68 % during grinding and up to 63 %
during brick transport. (8).
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Peak loads related to work tasks

Although the mean strain in municipal work groups
(see figure 3) was rather low, task-related strain
showed that workers older than 45 years also have
heavy tasks in the municipal sector (14).

Table 1.
mean was 110—119 beats - min—" (14).

The list of work tasks carried out at two heart
rate levels exceeding the acceptable criteria of 40
beats - min—! above the resting level at the work-
place are presented in tables 1 and 2. The results
demonstrate two aspects. First, the range of mean
heart rate within one task is large. Thus the same task

Mean duration of the work tasks and the range of mean heart rate (HR mean) for municipal jobs for which the HR

Work task

Number of
subjects (N)

Mean duration
of task (min)

Range of HR mean
(beats - min—1)

Sweeping, raking

Assembling, repairing
Operating a machine

Riding a bicycle

Carpentry

Shoveling (gravel)

Service and maintenance work

OO amMwWO

-

42 87—136
35 89—133
17 102—122
49 111

64 109—129
30 100—132
33 99—147

Table 2. Mean duration of the work tasks and the range of the mean heart rate (HR mean) for municipal jobs for which the

HR mean was 120—129 beats - min—"1 (14).

Work task

Number of
subjects (N)

Mean duration
of task (min)

Range of HR mean
(beats - min—")

Lifting, carrying (load 10—25 kg)
Carpentry, hands above shoulder level
Pushing, pulling a loaded cart

Striking, hewing with a hammer or crowbar

29 8 90—148
1 36 126
7 17 108—156
5 11 100—158

Table 3. Number of minutes in heart rate classes over 150 beats - min—" during industrial work done by three different male

subjects (6).

Age of Heart rate class beats - min—?)
Branch subject Work task
(years) 150—159 160—169 170—179 180—189 190—199
Construction industry 34 Striking and shoveling frozen
ground 46 16 6 8 1
Iron and steel industry 37 Removing deposits from a
furnace closing machine with
a press-hammer and iron rod 19 1 7 1 1
Chemical industry 30 Removing slag from the inside
walls of the furnace with an
iron rod 103 50 13 6 —
[beats.min'] .
! 2 ? 13
J_I ’— } ’, MH——'[ 4 ra 345 &§7 10 Il?l?
200 i I ‘ — ! J k I } H’l ”’T{!{J JA{ ﬂf’
200 ﬂ
;50 *{‘
w
: w Wiso |
' <
[ [+
< 100 B ’ W % l
li‘ ﬁ 100 W i v
I
W 12 ;
5 5 2 59
ER “2
2< s o
1 ;’ <
0 —
s 10 12 14 16 [hour] e 3 ; 0 72 Thouri 7+
Figure 6. Individual heart rate curve over the shift, demon- Figure 7. Individual heart rate curve of a smelter in a blast

strating the cardiovascular response to striking the ground
with a pick (code 3), shoveling soil (code 1), and recovering
during rest pauses (code 2) (2).
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furnace (2). The heart rate during the manual removal of
deposits with an iron rod (code 5) reached the maximal heart
rate level.



can be carried out at different intensities. Dur-
ing sweeping and raking one subject’s mean heart
rate was 87 beats - min—! and another’s was 136
beats - min—' (table 1). Mean heart rate varied re-
markably also in maintenance and service tasks. Sec-
ond, the results indicate the mean duration of the
heavy tasks. At the heart rate level of 110—119
beats - min—! the mean duration was usually longer
than 30 min (table 1). At the level of 120—129
beats - min—! the range of the mean was still very
large (table 2). Among 29 subjects who had been car-
rying loads of 10 to 25 kg an average of 8 min, the
individual mean heart rate varied from 90 to 148
beats - min—!. Pushing and pulling a loaded cart
and striking blows with a hammer or iron rod can be
extremely heavy tasks for older workers, as the mean
heart rates of 156 and 158 beats - min—! demon-
strate.

Task-related strain indicates large variation from
one individual to another. This finding can be ex-
plained both by differences in individual work capac-
ity and by the organizational aspects of work. The
frequency, duration, and intensity of heavy tasks,
rest pauses between the tasks, etc, have considerable
effects on cardiovascular load during the workshift.

Determining the real time relationship between
work tasks and strain depends on knowledge of the
individual heart rate curves over the shift. The fol-
lowing two examples demonstrate the task-strain
relationship in real time analysis (2). The first heart
rate curve (figure 6) shows responses to striking the
ground with a pick and shoveling soil. The work
phases were long, and there were only two rest pauses.
During the rest periods the mean heart rate did not
reach the resting level (2). The second heart rate
curve (figure 7) demonstrates the task-strain rela-
tionship for a smelter in a blast furnace. This work
was done in temperatures of 42—46°C (globe tem-
perature). Figure 7 shows that the smelter had more
than 10 different tasks during the day, and no sys-
tematic rest pauses were available between the tasks.
Continuous change from one task to another is
typical for this job (2).

These examples indicate that, even today, the physi-
cal load at work can be so high that the maximal level
of cardiovascular capacity is reached. Three cases are
described in table 3. The first man was striking and
shoveling frozen ground (see also figure 6). The work
was done on a contract basis. At a tempo of 20
strikes/min his heart rate reached the maximum level
of 190 beats - min—!. It was above the level of 170
beats - min—! for 15 min. The second man worked
with a press-hammer and an iron rod to remove de-
posits from a furnace closing machine. Heavy dynam-
ic and static work was combined with poor climatic
conditions. His heart rate was above 180
beats - min~—! for 12 min and reached a maximum of
192 beats - min~"' for 1 min. The third man worked
in a power plant. His job was to remove the slag from
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Figure 8. Amount of peak loads related to work content
[reprinted from Hmarinen et al (3)].

the inside walls of the furnace. He used 12-kg iron
rods that were 4 m long. He worked for 19 min at a
heart rate above 170 beats - min—! and reached his
maximum of 185 beats - min—! for 1 min (6).

From the examples the question can be posed of
how typical such peak loads are at work. Figure 8
shows work-related peak loads. In the work group
“producing forces,”” an average of about 10 min
per day was worked above the heart rate level of 160
beats - min—!. Such high peak loads are not typical
in sensorimotor work (coordinating sensory and
motor functions, eg, crane driver), but a few minutes
daily can be expected (3). These levels of peak loads
can be harmless for young, healthy workers, but for
older ones this may not be the case.

Strain which exceeds 50 % of the maximal aerobic
capacity is likely to include anaerobic load too.
Short-term muscular effort combined with static
muscle contractions can be worked out only with
anaerobic energy metabolism. So far no relevant data
on the anaerobic strain of professional work are
available.

Strain and age

The capacity of the cardiovascular system decreases
with age. At the age of 50 years, 15—20 % of the
capacity available at the age of 25 years has been lost.
This fact has important consequences on the effects
of physical load on the cardiovascular system among
older workers. It has been suggested earlier that older
workers are able to regulate their work intensity so
that they are less stressed than younger workers (1).
Experience shows that this is not always the case. In
pace work workers may choose an RAS level which
is higher than recommended, as the results for mail
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Figure 9. Relative aerobic strain related to age in hard
muscular work (a) and in sensorimotor work (b) [reprinted
from limarinen & Rutenfranz (7)). (% VO,max = percentage
of maximal oxygen consumption)

delivery indicate. The results for industrial groups
also indicate that the RAS increases with age (figure
9). In hard muscular work (figure 9 a) the increasing
tendency with age is clear, and the tendency is even
much stronger in sensorimotor work (figure 9 b).
This result suggests that the more complicated the
work tasks are, the higher the RAS can increase (7).

To summarize, physical load has definitely not dis-
appeared from workplaces in most industrialized
countries. The increasing tendency of static work
places new demands on the cardiovascular system at
work. Stress and strain is strongly related to work
content, job, and work tasks. Physiological task
analysis can reveal the critical characteristics of work.
Individual task-strain curves in real time provide the in-
formation needed for improving work. Peak loads
are still common at work, and their frequency, inten-
sity, and durations should be checked so that also
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older workers are on the safe side of the stress
border.
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