Downloaded from www.sjweh.fi on January 08, 2023

Scand J Work Environ Health 1979;5(3):195-204
Issue date: Sep 1979
doi:10.5271/sjweh.3093
Effects of work in cold stores on man
by Enander A, Ljungberg A-S, Holmér I
Affiliation: National Board of Occupational Safety and Health,
S-17184 Solna, Sweden.
Key terms: body temperature; climate; cold; cold store; dairy work;
discomfort; ergonomics; man; meat cutting; meat packaging; men;
perceived temperature; skin temperature; work; work load

This article in PubMed: www.ncbi.nlm.nih.gov/pubmed/20120567

This work is licensed under a Creative Commons Attribution 4.0 International License.

Print ISSN: 0355-3140 Electronic ISSN: 1795-990X

Skin te.mp~C

Air temp. +10 ·C

35

Chest

30

Cheek

35
30

25

25

20

20

15

15

10

10
Break

Time min

'tn~(~I--~I---""'I---~I----I-.I'r-'

(0

30

60

90

126

AIr temp. + 4 ·C

Skin temp.'t

'VI

1

o

Break

Time min

I

I

I

30

60

90

1/

120

Fig. 6. Skin temperature measured at different parts of the body for one woman during 2 h of

work in the meat-packaging department (on the left) and in the cold-storage room (on the right).

measured during cutting work varied from
19-30°C (fig. 5). The temperature on the
back of the hand was much more even,
i.e., about 25-32°C. The skin temperature
of the chest and shoulder was almost always more than 30°C. The temperature
of the heel and toe also displayed wide
interindividual variations, the values
ranging from 20° to 35°C.
Work intensity in the packaging department was also even, but of low intensity,
and warmer clothing was often required
in order to maintain heat balance. Body
temperature (oral temperature) displayed
wide interindividual variations (fig. 4). The
body temperature of two of the women
dropped by nearly 10C during work at
+ 10°C. During order filling in the
cold-storage room of the packaging department (+4°q, the body temperature of the
women remained more or less unchanged,
probably as a result of a higher work
intensity and warmer clothing.
The skin temperatures measured were
generally somewhat lower in the packaging department than in meat-cutting work.
During periods of direct contact with cold
meat or work at +4°C, skin temperature
dropped even further, especially in the
hands and fingers (fig. 5 and 6). A very
low skin temperature, {+IOoq was measured for the fingers of one subject.
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In all the types of work studied, the
skin temperature of the hands was a few
degrees higher when cotton gloves were
worn. As mentioned earlier, the interindividual variation was striking, especially
in respect to cooling of the hands. The
skin temperature of unprotected hands
was often extremely low. Hand and skin
temperatures were affected by the work
and work details, such as contact with
cold products, whereas body temperature
was more dependent upon work intensity
and ambient temperature. The skin temperature o-f covered body parts, such as
the chest, back and neck, was generally
only slightly affected during the measurement sessions. In conjunction with pauses
and breaks in heated rooms, the hand and
finger temperatures increased for most
subjects.

Temperature perception
At all the work sites, skin temperature
variation of central parts of the body was
rather slight. In general, the temperature
of the body was perceived to be rather
constant, and estimated values were around
the neutral or warm part of the scale. The
butchers' perception of body temperature
differed during cutting down and rough

cutting even though each individual
used equivalent clothing in each of the
two work sesisons. Most subjects felt
somewhat warmer when cutting down
than when rough cutting, even when
the chest temperature was directly
comparable. Rough cutting work was less
active, and most subjects sometimes felt
cold.
Both inter- and intraindividual variations in skin temperature were considerable in peripheral parts of the body. In
almost every subject, a change in temperature was also accompanied by a corresponding change in perception. This relationship was especially striking for the
hands, as illustrated on the left in fig. 7.
Finger temperature and the equivalent
estimate paralleled one another very closely. The foot temperature varied less, as
was also reflected in the perception of skin
temperature. The general feeling of warming up during a break also affected the
perception of foot temperature.
A difference in temperature between the
left and right hand was found in several
cases, mainly among the butchers and
packers, e.g., when they held cold goods
with one hand. The subjects proved to be
able to estimate these differences, as
exemplified on the right in fig. 7. A difference of 4-5°C in the temperature of
the .left and right hand of a subject was
clearly reflected in the perceived tempera-
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tureof the respective hands, whereas the
objectively measured skin temperature did
not differ in those cases in which the same
perceived value was given for both hands.
In most subjects, a difference of 2-3°C
between hands was sufficient to elicit
discriminating ratings.
The interindividual variation in the
level of perceived temperature was considerable at all the work sites. Nevertheless,
certain tendencies were common to all the
subjects examined. Hands and feet began
to feel cold at finger and toe temperatures
under about 25°C. At a finger temperature
of less than 20 0 C, almost every subject
perceived his/her hands as rather or very
cold.
As a rule, discomfort from cold was only
reported in conjunction with very low skin
temperatures. In the dairies most of the
subjects experienced discomfort in their
hands and/or feet on some occasion. Discomfort from cold was noted at temperatures under 20-21 DC. The finger temperature of the butchers was generally
somewhat higher, and they did not report
discomfort from cold hands. One subject
in the packaging department, whose work
involved laying slices of semithawed liver
on plastic trays, had a finger temperature
below + 10 D C during one period, and she
reported great discomfort in the form of
finger pain and stiffness in conjunction
with these duties.
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Skin temperature and corresponding ratings of perceived temperature (see methods section) on the left hand and foot (on the left) and on the right and left hand (on the right) of
one subject. The measurements were made during 2 h of work in the meat packaging department (+ 100C).

Fig. 7.
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DISCUSSION
Two different types of climate-related
physiological problems could be distinguished in the cold-store work studied. One
concerned the measures required to prevent general cooling of the body, i.e., to
maintain body temperature. The other
concerned local cooling of peripheral body
parts, especially the hands.
The body's heat balance is affected by
work intensity (the body',s heat production)
and the insulating properties of clothing,
in addition to the effect of climate. The
subjects adapted their clothing to heavy
and intensive work phases by wearing
clothing with relatively little thermal
insulation. The required thermal insulation of clothing was estimated at approximately 0.8 clo under these conditions (1).
Nevertheless, many workers became hot
and sweaty when activity was at its peak,
especially in the dairies. This sweating
contributed to more rapid cooling during
low activity. The heat production during
low activity resulted in a need for two to
three times as much insulation in clothing,
or 2-3 clo. The work clothing used could
not meet this requirement. It should be
emphasized that great individual variations in energy e~penditure existed, and
therefore different needs for clothing insulation existed. The values presented and
discussed are average estimates.
Work intensity in the dairies was mainly
governed by ·external factors. Peaks of
high work load could occur during the
day, and these were especially ·fatiguing
to people with a low physical work capacity. A better distribution of work could
reduce the load while simultaneously
simplifying the clothing problem.
The air temperature was somewhat
higher and the work intensity more even
in the meat-cutting room. The butchers
were therefore able to adjust their clothing to their work intensity and did not
have as great a problem as dairy staff in
protecting themselves against the cold.
The relatively high work intensity enabled
them to wear rather light clothing with
an estimated clo value at about 0.8. This
value is in agreement with the predicted
required clo value for these conditions (1).
None of the butchers used additional
insulation clothing. A cold draft radiated
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from a long row of cold (0-6°C) animal
carcasses hanging on hooks about 1 m
behind the meat-cutting table. The fact
that this cold draft did not appear to affect
the subjective ratings may be due to the
very active nature of the work.
The muscular strain occurred in meat
cutting primarily in the back, shoulder
and cutting arm. Heart rate increased
when the animal carcasses were especially
cold or tough. Increased cutting resistance
was the probable reason for this 'Phenomenon. More-detailed studies are necessary in order to quantify the manner in
which muscular strain is affected by, e.g.,
temperature and meat quality.
Work intensity in the packaging department was low, making warmer clothing
necessary. Most of the staff did wear
extra, insulating clothing providing an
overall clo value of 1-1.5. Maintaining a
normal body temperature still proved to
be difficult. In comparison with meatcutting work, packaging work under
otherwise similar climatic conditions called
for clo values between 1.5-2.0 in order
to attain heat balance (1). A drop in air
temperature from + 10 to + 4°C in the
same type of work increases the clothing
insulation required by about 25010 at an
oxygen uptake of about 0.5 I1min (1). In
general, the workers underestimated the
insulation requirements of clothing needed
during less physically demanding activities.
The cooling of peripheral body parts,
the hands in particular, is the other major
problem in work in a ,cold climate. Cooling
may lead to a decreased sense of touch and
manual dext'erity, fadors which may
increase the risk of accidents in the processing of meat with sharp-edged tools,
especially in work with hard or tough
meat. Hands became more or less cooled
in all the types of work studied. The palm
of the left hand in particular easily
became cooled in meat cutting and
packaging because of the direct contact
with cold and moist meat. Dry cotton
gloves reduced cooling by a few degrees.
These gloves were also used by about 75·010
of all the butchers employed in the meatcutting unit studied. Unfortunately, the
gloves became wet after a relatively short
period of time as a result of contact with
the meat products. Gloves can also lead

to an impairment of manual performance
capacity, especially when they do not fit
well.
In all three phases of the study, the
subjects were able to assess temperature
changes in peripheral parts of the body
well. Even relatively slight changes in
the temperature of the skin of the hands
were detected by most of the 'Subjects. The
skin temperature at one site on the
periphery was used throughout as the objective measure with which subjective
assessments were compared. However,
this temperature may vary considerably
at different sites on the hand. It can also
shift in different directions at different
sites, as was noted in many butchers during breaks. It is apparent that the perception of hand temperature reflected a relatively complex process.
In most subjects, the perception of temperature could vary considerably without
any discomfort being reported. On the
other hand, the variations in temperature
perception provided information on deviations from the optimum comfort range for
each individual. These deviations were to
be found in the peripheral parts of the
body for almost all the subjects. As a rule,
discomfort from cold hands was experiencedat temperatures at which previous
studies also recorded a decline in manual
performance ,capacity (4). When there was
pronounced discomfort because of cold
hands, the hand temperature of several
subjects approached the pain threshold,
i.e., around + 10°C (5).
The wide individual 'variation in response patterns underlines the difficulties
in assessing the effect of cold on the individual merely on the basis of 'climatic measurements. An assessment of this kind
must be supplemented with biological
measurements to a greater extent. There
is currently no relevant climatic index
which can be used to assess the physiological effect on man in moderately cold
environments.
To summarize, the climate-related
physiological problems associated with
work in the cold mainly involve the
cooling of peripheral parts of the body,
the hands in particular. Unsatisfactory
design of work clothing, especially with
respect to insulation and ventilation properties, is another problem. In both these

respects, basic and applied efforts are
needed to provide information on the
measures required to reduce or eliminate
the unfavorable effect of cold climate in
the work environment.
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