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Abstract

Curistensex, E. H., R. Hepmaxn and 1. Honyoane, The influenze of
rest pousss on inechanical ¢fficiency. Acia physiol. scand. 1960, 48, 443——447.
- Two subjects performed & given guantity of work on a Krogh bicycle
ergometer within one hour. With a relatively low Ioad the work was
continuous. with higher loads breaks of varied lengih and periedicity
were introduced. Mechanical efficiency was the same or siightly less
when continuous work was replaced by discontinuous work.

During the later years Karrasc and MOLLER (19531) and MuLLER and
Karrasca (1935) have investgated the influence of work pauses of different
lenath and frequency on fatigue. As an index of fatigue the total number of
heart beats above resting level during the recovery period after work (Er-
holungspulssumme E.P.S.) has been introduced. The following experirents
were performed with a similar technigue as used by the above mentioned
authors but the main interest was concentrated on mechanical efficiency, From
& theoretical as well as from a practical point of view it was of interest to
investigate to what an extent large changes in work load and varied duration
and frequency of work pauses influence the total energy output for a given
quantity of work.

Subjects and Methods
1he subjects were two well trained students. One was a female, I. H., 21 vears old,
weight 60 kg and height 174 om. Her capacity for oxygen intake was 3.2 I/min or
53 ml sgamin, ker observed basal oxygen intake was 0.22 I/min and the basal pulse
rate averaged 62. The other subject was a male, R. H., 25 vears old, weight 7+ kg
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and height 177 cm. His capacity for oxygen intake was 4.6 I'min or 62 mi-kg xmin,
his observed basal oxvgen intake was 0.26 I'min and his basal pulse rate averaged 49.
The female subject, I. H.. had to perform a total quantity of 24.000 kpm and the male
subject, R, H.. 36.000 kpm within one hour.

Four series of experiments werc performed and cach one was repeated three 1o five
times 10 make sure that no training effect should influence the results. In series I
the work load on the Krogh bicycele ergometer was 400 and 600 kpm /min for the female
and the male subject respectively, and the work was carried on for 60 min without rest
pauscs. In series (11 the loads were 1,000 and 1,500 kpm min respectively, and 2 min
of work werc tollowed by 3 min of rest during the onc hour period. In series {111
the loads were the same as in (II) but the periods of work and rest were reduced to
0.5 and 0.75 min respectively. In series IV, the locads were 300 kpm min and 730
kpm;min respectively, and rest pauscs of 6 min duration were introduced after 24 and
34 min. During the rest pauses the subjects were sitting on the bicvele. The pedal
frequency was always 50 rpm. With a work load of 1,000 kpm min I. H. could work
in a steady state for 30 min with only a slight increase in the blood lactic acid con-
centration, her maximal value was 20 mg per 100 ml. The male subject could do the
same at 1,500 kpm /min, with a corresponding value of 30 mg per 100 ml.

The experiments started at 7 or 8 o'clock in the morning with the subjects in basal
conditions. The oxygen consumption was deiermined with the Douglas bag technigue.
The total amount of expired air was collected during the one hour work period and
during recovery. The recovery time lasted from 30 to 50 min bevond the one hour work
period. For hcart rate measurements an ejectrocardiographic pulse counter was used
and the heart rate was contim:ously recorded during the one hour and during recovery.

B.M.R. and basal hcart rate were determined when the subject had resied on a
couch for about 30 min: even during recovery, after the work hour was finished, the
rested on the couch placed close 10 the bicycle ergometer. The room temperature ranged
between 167 and 19° C. A small electrical fan. placed at a convenient distance from
the subjects. was put on whenever wanted to secure sufficient skin cooling by cva-
poration of sweat. In this way an attempt was madc to avoid a possible increase in
pulse rate due to disturbances in heat regulation,

Results and Discussion

Oxygen consumption and mechanical ¢fficiency

In Table I mean values and standard errors of the means for oxygen imiake
are given. The oxygen consumption during the one hour period exclusive of
the observed basal oxygen intake (i. e. net oxygen intake) was for I.H. 51.49,
51.73, 52.47 and 30.82 1 for series {I}, (II), (III) and (IV; respectively. No
statistical significant difference between the four series was found. For R.H.
the corresponding net oxygen consumption ranged between 73.70 and 78.80 1.
A statistical significant difference was found when the series /II) and {III}
at 1,500 kpm/min were compared with (I} and {IV) where the lower loads
of 600 and 750 kpm/min were uscd. The difference is however small, amounting
to less than 7 per cent. The same results are reached swhen the total net O,
intake during 1 h “work period” and recovery are compared {see Table I;.
The energy cost per kpm of work or the mechanical efficiency is consequently
the same or practically the same, whether the work is performed continuously
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Table I. Total net oxygen intake during continuous and intermittent work Sor the tuwo subjects

Series I II 11t v
continuous 2 min work 0.5 min work | work 2x24
work 3 min rest 0.75 min rest | min

rest 26
- min

LH. £ 24.000 kpm 400 kpm min | 1,000 kpm 'min | 1,000 kpm min [500 kpm, min

n=3 n==3 n=—4 n=+4¢

total net O, intake (1} during -
1 h “work period” ........ 531.49 = 0.51 | 51.73 - 0.80 52.47 == 1.12 150.82 - 0.85
total net O, intake 71} during g
1 h “work period” and re-

L o 5272 =: 0.38 | 33.24 =073 | 33.35 = 1.56 |52.25 = 1.05
mech. cfficiency per cent. ... 22.0 21.8 217 22.2
R.H. 3 36,000 kpm 600 kpm min | 1,500 kpm min | 1.500 kpm min |750 kpm ‘min

n=+4 n=4 ne== n=3

total net O, intake {1) during
1 h “work period” ........ 73.70 = 0.74 },278.80 = 0.56 2.4 77.92 = 0.38 | 74.16 = 0.31
total net Q, intake (1) during :
! h “work period” and re-

-

COVEIY o veie i iinannnnnns 75.47 = 0.62 |22 80.20 = 0.35 | £,279.55 = 0.39 | 75.39 + 0.33
mech. efficiency per centt..., 23.0 217 21.9 23.1

* The caloric coefficient of oxygen was set to 4.85

¢ Significantly higher. than serics I, 0.01>P>0.001

3 » » » » IV, P<0.001

3

» » » » IV, 0.01>P>0.001

for one hour with an easy load or discontinuously with heavier loads (see
Table I,

These results are in agreement with the results of CrowDEX {1934) but
hardly with the assumption of M{LLER and HETTINGER (1937) that pauses
of 0.75 min or more should increase the oxygen demand for a following work
period significantly compared to the normal steady state level.

At present we are inclined to think that the increascd oxygen intake during
recovery after a single short spell of work does not allow any definite con-
clusions as to the actual muscle metabolism during work. Work always means
a certain disturbance from basal conditions as also Mi'LLER and HETTINGER
mention. The hormonal balance, the heat balance etc. will be disturbed, and
it is therefore quite understandable that basal conditions are not attained
immediately when work stops. We are of course not denying the existence of
a true oxygen debt, but think that it might lead to erroneous conclusions if
the totai increase in oxygen intake during recovery is used for calculating the
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Table I1. Total number of heart beats during continuous and intermittent work Sor the two subjects

1 1I 111 v
continuous 2 min work 0.5 min work | work 2 x 24
work 3 min rest 0.73 min rest | min
rest 2 X 6
min
LH. Q@ 24,000 kpm 400 kpm/min {1,000 kpm min|1,000 kpm min| 500 kpm/min
n=3 n=23 n=4 n=4
total number of heart beats
during 1 h “work period”{ 6,572 = 106 6,658 = 159 6,681 = 234 6,315 + 79
number of hcart beats above
resting level after 1 h “work
period” .. ... ... . ..., 120 = 13 307 = 83 75 =26 2146
R.H. & 36,000 kpm 600 kpm'min {1,500 kpm min 1,500 kpm min{ 750 kpm'min
. n=4 n=+¢ n=3 n=3
total number of heart beats .
during 1 h “work period”| 3,870 = 109 3,991 = 98 3,848 = 93 5,874 £ 67
number of heart beats above
resting level after 1 h ““work
period” ................ 108 = 26 397 + 46 257 + 25 171 £ 11

true oxygen demand and the mechanical efficiency of the metabolic processes
that take place during short spells of muscular work.

Our criticism does not only effect the conclusions of MiLLER and HETTINGER
(1957) but also the ones of Aswmussen (1946) and of CurisTexsEN and HoG-
BERG (1950).

Heart rate

The total number of heart beats during the one hour “work period” ranged
for I.H. between 6,315 and 6,681 and for R.H. between 5,848 and 5,991.
Compare Table II. No statistical significant difference was found between
any of the series. The marked difference in pulse reaction of the two subjects
— the work load for R.H. was 50 per cent higher than for I.H. — corresponds
well to the marked difference in aerobic capacity of the two subjects.

If in our experiments the total number of heart beats above resting level
after the 1 h work period is taken as an index of fatigue, the results for R.H. agree
fairly well with those of MULLER and Karrascu (1935): “Die Ermiidung ist
am geringsten, wenn das geforderte Stundenpensum in pausenloser Arbeit
bewiltigt wird.” However, I.LH. had the lowest number of heart beats after
500 kpm/min with two rest pauses of 6 min each, and no significant differences
were found between series (I) and (II), or between (I) and (III). For the
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high work loads of 1,000 and 1,500 kpm/min, respectively, the lowest number
of heart beats for both subjects is found in series (I11) with short spells of
work (0.5 min) and rest (0.75 min). This result is in agreement with those
of MULLER and KarrascH (1955).

This work has been supported by a grant from Sveriges Riksidrottsférbund (The Swedish -
Sports Federation). .
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Ahstract

Curistexsex, E. H., R. Hepnax and B. Savtix. Intermittent and
continusus running. ‘.4 further contribution o the physiolsgy of tntermitlent
work.! Acta physiol. scand. 1966, 50, 269-—283. — Intermittent
rucning on a wead mill at a speed of 20 km I (12.4 miles'h; is ana-
lvsed and « comparison between this work and continuous running
at the same speed has been done. The present results are in agreement
with the assumption thart stored oxygen plavs an important role for the
oxvgen supply during short spells of heavy work. When running inter-
mittent 6.67 km in 30 min (effective work 20 min and rest 10 min),
a trained subject atizined a twctal O, uptake of 150 1. With an O,
uptake of 0.4 1, min at rest standing at the wead mill, or + ! per 10 min
of rest, 146 1 O, are due to the 20 min of work. The actual uptake
at work was only 101 1 and if normal values are assumed during rest
pauses, a deficit in oxvgen wansport of 43 1 arises during the 20 min
of actual work. This quantity will be taken up during the 120 rest
pauses of 3 sec each. Two thirds of the oxygen demand during the 120
work periods of 10 sec each will accordingly be supplied by oxvgen
rransported with the blood during work. and one third will be covered
by a reduction in the available oxvgen stores in the muscles, which
in twrn will be reloaded during the subsequent 3 sec rest periods.
Respiratory and circulatory functions at intermittent and continuous
running with special reference to maximal values are discussed. Re-
search on intermittent work may open up a new field in work physi-
ology.
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In earlier investigations from this laboratory intermitient heavy work on
the bicycle ergometer was analysed in respect to certain physiological func-
tions (CHRISTENSEN 1956, 1960, AsTRAND ¢t al. 1960 a and b). It was shown
that the length of the individual work period is most critical, whereas the
length of the rest pauses and the total work output might be of secondary
importance as far as the physiological load is concerned.

Oxygen stored in the muscles, probably mainly in combination with myo-
hemoglobin, was postulated to explain why a trained subject could perform
intermittent, heavy work {2,520 kpm/min) with short spells of activity (10 sec)
aerobically or practically so.

In the present investigation intermittent running on a treadmill at a speed
of 20 km/h (12.4 miles/h) and with short spells of work is analysed in details
and a comparison between this work and continuous running at the same speed
has been done. Special attention has been payed to the circulatory and re-
spiratory functions and to the blood lactic acid concentrations obtained at
intermittent and continuous work.

Material and Methods

Two physically well trained, male subjects were used. One of them, R. H., was also
a subject in the earlier experiments mentioned above. His age was now 29 years, weight
about 72 kg and height 177 cm. His capacity for oxygen uptake at 5 to 6 min of work
on the bicycle ergometer was 4.60 I/min or 6% mlkg x min. B. S. was 24 years old,
weight about 83 kg and height 187 cm. His maximal oxygen uptake at work on the
bicycle ergometer was 5.60 I/min or 68 ml/kg X min.

The experiments were done at about 8 o’clock in the morning and the subjects were
in fasting conditions. The treadmill, in horizontal position, was set at a speed of 20
km/h. The exact time for the work and rest periods was read from an electrical clock.
Usually, however, the subjects run a definite number of steps for the different work
periods of 3, 10 or 15 sec. For B, S. the number of double steps were 13, 30 and 45,
whereas R. H. had a slightly higher frequency or 17—19, 34 and 31. The distance run
in 5 sec corresponded to 27.8 m, in 10 sec to 55.6 m and in 15 sec to 83.3 m. Due to
the short periods and to the high speed slight variations might occur, but thev are of
ro importance for the general trend, even if they might have some slight influence on
work cfficiency. .

Blood samples for lactate determinations were collected at 5 min intervals during
pauses of 30 sec. This procedure too will have only a slight influence on the total O,
uptake and other functions at intermittent work. Blood was taken from a prewarmed
fingertip to secure full arterialisation. The analyses were done according to the method
of BARKER and SumumEersox (1941), modified by STrOM (1949).

The expired air was collected in Douglas bags and gas analyses were done on a
modified Haldane apparatus. Due to short spells of work and rest the expired air from
a certain number of work or rest periods were collected in the same bags. For closer
analysis the collection time was often cut down to 5 sec periods. The exact timing was
done with two electrically activated stop watches, which were started or stopped from
the threeway stop cock when the subjects’ expiratory air at the end of an expiration
was collected in the “work bag” or in the “rest bag"”.
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Table I. B. S. intermittent running 20 km'h; work 15 sec, rest 10 sec

Time after | Specimen of | Vg, 1 f V1,1 Vo, 1 RQ
start of exper-| expired gas BTPS BTPS STPD
iment, min
5— 8 W. 0—15sec 108.5 32.9 3.30 5.06 0.80
35— 8 R. 0—10sec 115.4 32.6 . 354 4.50 0.85
12—15 W. 0—15 sec 115.9 37.9 3.06 4.94 0.83
12—15 R. 0—10sec 1244 —_ —_— 4.54 0.83
18--20 W. 0— 5 sec 123.0 40.6 3.03 4.49 0.85
1820 W. 5—10 sec 125.9 48.2 2.61 5.07 0.79
18—20 W. 10—15 sec 140.4 50.7 2.77 5.31 0.82
27—29 W. 0—15 sec 1388 . 48.2 2.82 5.06 . 0.82
27—29 R. 0— 5sec 1512 49.6 3.05 5.13 0.83
27—29 R. 5—10 sec 136.4 — —_ 3.99 0.94

The heart rate was taken with an electrocardiographic pulse counter and every
pulse beat was recorded with a four channel pen recorder (Kelvin & Hughes) with
a paper speed of 10 mmy/sec. Two channels were used for exact timing. Before running
and immediately after rectal temperature was taken with a calibrated fever thermoms-
eter and the weight of the naked subject was determined with an accuracy of 4= 50 g.

The room temperature was between 17° and 21° C with a kumidity of around 50
per cent. To secure optimal sweat evaporation electrical fans were placed at a short
distance from the subjects.

All experiments were done without any warming up exercise. When a work period
started the experienced subjects jumped on to the running treadmill, and when the
work period finished, they jurped off it to a standing position with one leg on each
side of the running belt.

Results

1. Inlermitient running
O, uptake

Table I gives an example of the sampling procedure, used for determining
O, uptake and related functions. From the 5th to the 8th minutes after the
experiment had started, the expired air from a number of work periods of
15 sec duration each was collected in the first Douglas bag. The corresponding
O, uptake was 5.06 1/min. During the same interval the expired air from a
number of rest periods of 10 sec each was collected in a second Douglas bag
resulting in an O, uptake corresponding to 4.50 1/min. The following deter-
minations from the 12th to the 15th minutes gave practically identical results,
4.94 1/min and 4.54 1/min respectively. Between the 18th and the 20th minutes
a more detailed fractioning of the expired air was done. In one bag the ex-
pired air from the first 5 sec of work was collected, in a second bag air from the
following 5 sec, and in a third bag air from the last 5 sec was collected. A marked
increase in O, uptake is scen between the first (4.49 }/min), second (5.07 1/min)

‘h\
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Table II. B. S. intermittent running 20 kmih; work 5 sec, rest 5 sec

Time after | Specimen of | Vg, 1 £ Vg1 Voul RQ
start of exper-| expired gas BTPS BTPS STPD
iraent, min
3— 6% W. 0—3 sec 101.6 28.0 3.63 4.41 0.82
53— 6% | R.0—53sec 95.7 25.7 3.72 4.52 0.79
15—163° W. 0—5 sec 102.6 311 3.30 4.36 0.81
15—16% R. 0—>5 sec 100.8 295 3.42 4.55 0.77
20—213°0 W. + R. 100.8 30.5 3.30 4.44 0.78
2526 W, 0—3 sec 100.1 29.7 337 4.29 0.79
25264 R. 0—5 sec 101.6 29.0 3.50 4.57 0.75

and third bag (5.31 l/min). For the whole period of 15 sec the resuit, 4.96
" l/min, agrees closely with the two earlier determiuations (5.06 }/min and 4.94
l/min) as well as with the final one (5.06 |min;j collected between the 27th
and 29th minutes of the ‘experiment. In a similar way the expired air from
the rest periods between the 27th and 29th minutes was fractioned for the
first 3 and the last 3 sec of the 10 sec rest periods. Here a marked decrease
in O, uptake was found from the first 3 sec period (5.13 1/min} to the second
one (3.99 l/min). But again the result (.36 l/min} for the whole period of
10 sec agrees closely with the two earlier ones {4.50 l'min and 4.54 1/min}.

Of interest is a comparison between the oxygen uptake (5.31 1'min) during
the last 5 sec of the work period and the first 5 sec of the rest period (3.13
I/min). Apparently the O, uptake declines immediately when work stops.

The only experimental condition, where a higher oxygen uptake was found
during the first 3 scc of rest compared w0 work, was when B. S. ran in 5 sec
periods. Table II illustrates such an example. The maximal difference was -
0.28 1/min or some 5 per cent. The reason for this discrepancy between the
results of the 5 sec work periods for B. S. and the other results both with B. S.
and R. H. can not be given. )

Here again the stability of the results is remarkable. If the O, uptake for
the work and rest periods are added for the three intervals referred to in
Table II, the results are the following: 4.47 I/min, 4.46 1/min and 4.43 I/min,
which again agree closely with the forth determinatisn (4.44 1/min) after the
20th minute, where the expired air for work plus rest was collected in the
same Douglas bag.

In Table IIT the results from an experiment with the highest work output
are given. B. S. ran for 30 min with 10 sec of work alternating with 5 sec of
rest. The total distance was 6.67 km. Of interest here is to notice that the
lowest O, uptake was seen during the first 5 sec of work (4.44 1/min), second
came the 5 sec of rest (average 4.92 1/min) and the highest value (5.60 1/min)
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Table III. B. §. intermittent running 20 kmih; work 10 sec, rest 5 sec

Time after Specimen of | Vg, 1 f Vo, 1 Vo,. 1 RQ
start of exper-| expired gas | BTPS BTPS STPD
iment, min
5— 61 W. 0—10 sec 124.6 44.2 2.84 5.02 0.86
5— 6 R. 0— 35 sec 135.5 41.9 [ 3.23 5.14 0.89
12—131 W. 0—10 sec 142.4 50.4 2.83 5.28 0.87
12—13 R. 0— 5 sec 137.4 52.4 2.63 4.90 0.87
20—213¢ W. 0— 5 see 138.9 53.9 2.56 4.44 0.91
20—2130 W. 3—10 sec 156.7 57.3 2.73 5.60 0.87
25—261s W. 0—10 sec 142.9 51.2 2.79 4.87 0.90
25—261 R. 0— 5 sec 143.7 43.3 3.32 4.71 0.86

corresponded to the last 5 sec of the 10 sec work period. This equals the highest
oxygen uptake ever recorded with B. S.

Fig. 1 gives an illustration of the changes in oxygen uptake for the two
subjects, when the periods of work and of rest are of identical length, 5, 10 and
15 sec. The total distance run in 30 min was always 5 km.

Table IV summarizes the different work and rest combinations used. The
total O, uptake per minute (work plus rest) were determined in the way
mentioned before, 7—12 Douglas bags were collected during work and rest
periods from the fifth minute on. The results show, as expected, a marked increase
in total oxygen uptake per minute with effective work time or total distance

‘/gz.l work s restS]wark107s rest10” f work 18" + rest15” [lvorkShrest STwork10"s rost10” | work15” + restls”
0 X
H ,sii
b Ba % 2
B 2 15 5
: F £ Pé . it B
oy Y E &b *3
3.0 E % i =
£ ;.4
=1 :
= : 3
preo i
20 2 5 - 3
] 2 i
1 B {
3 3 -4 :
1.0 g g :3 E
o Ldsls] 3]s lsts] s!s:ms";’ 5] 515 <Ll b ks
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Fig. 1. Oxygen uptake at work (filled columns) and rest (unfilled columns) running 5 km at
20 km'h in 30 min as intermittent work with 5, 10 and 13 aec pericds of work and rest. Sub-
Jects R. H. and B. S.
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Table IV, Oz uptake at different work and rest combinations for the two subjects,
intermittent running, 20 kmih

Work | Rest | Worke| Dis- | Num- | Total | Sub- | Vo,1] O, Sub- | Vo,,1 'NetO,
period | peri- | rest | tance | ber of | dis- ject | net up-~ jeet | sTPD | uwp-

gl sec od run at| runsin{ tance STPD | take take
g sec¢ each | 30 min| runin I’km 1'km
work 30 min
period km
m

51 15| 13| 278 | 9 | 250 |R.H.| 216 | 222 |B.S.| — | —

i 5 10 1:2 27.8 120 3.34 264 | 20.9 3.10 | 243
5 5 11 27.8 180 5.00 3.75 20.7 445 | 243
g 10 30 1:3 55.6 45 2.50 1.92 19.3 - —
: 10 20 1:2 55.6 60 3.3¢ 2.53 19.9 3.11 | 243
10 10 I:1 35.6 90 3.00 3.40 18.5 4.08 | 22.1

10 5 2:1 55.6 120 6.67 — -— 5.00 | 20.7

+d 15 45 1:3 83.3 30 2.5 2.05 209 ~— —
i 15 30 1:2 83.3 40 3.33 2.39 18.7 297 | 232
- 15 15 1:1 83.3 60 5.00 340 18.5 4.20 | 228
15 10 3:2-1 833 72 6.00 —_ - 482 | 221

run in the 30 min experiments. There may be a slight tendency for a higher
oxygen consumption with the short spells of work of 5 sec compared 1o 10
or 13 sec. But the differences are too small, and the possible errors in exact
timing of the work periods are probably too large 10 allow any conclusive
statements as 10 a statistical significant difference in running efficiency. The
highest determined O, uptake for work plus rest was for R. H. 3.75 Iimin,
when the periods of work and rest were 3 sec each; when the periods were
10 or 15 sec, the O, uptake was 3.40 l/min. The corresponding values for
B. S. were 4.45 l/min, 4.08 l/min and 4.20 1/min.

The higher O, uptake for B. S. compared to R. H., even when the dis-
tances run were the same for both, is mainly explained by the higher body
weight of B. S., 83 kg compared o 72 kg for R. H. B. 8. had an oxygen up-
take of 400 ml/min when standing at rest with one leg on each side of the
running belt, whereas R. H. had only 310 ml/min. The net O, uptakes in
liters per km in Table 4 are calculated with a deduction of 310 ml/min for
R. H. and 400 ml/min for B. S. Based on these values the average O, uptake
per kg body weight and km was calculated to be 0.277 I for both. Obviously
the efficiency in running at a speed of 20 km/h was the same for the two.

Both subjects reached O, uptakes during intermittent running close to or
equal to their maximum. When running for 13 and resting for 15 sec R. H.
| reached 4.53 l/min, and when running for 10 and resting for 5 sec B.S.
' reached 5.60 1/min.
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Pulmonary ventilation

Although oxygen uptake usually reached some sort of a steady state al-
ready from the 5th minute on, the other respiratory functions were at the
highest work output Jess stable. Running for 15 sec and resting for 10 (Table I)
the respiratory minute volume for the work periods increased for B. S. from
108.5 1 to 138.8 1 and for the rest periods from.115.4 to 143.8 . The volume
found for the last 5 sec of the work period was 140.4 1/min and for the first
5 sec of rest, 151.2 1/min. The respiratory frcquency showed a steady in-
crease from about 35 to about 50 per minute. A tendency for a decrease in
tidal volume is also seen from Table 1. The ventilation per liter of O, uptake
showed during the latter part of the half hour an increase, at work from 21.4 1
to 26.8 1, and at rest from 25.6 1 t6 34.2 1. One possible reason for this steady
increase in ventilation was undoubtedly the blood lactic acid, which was 40 mg
per 100 mi at the 5th minute and 66 mg per 100 ml at the 30th minute {comp.
Table VI).

In Table III the highest pulmonary ventilation for B. S. at intermittent
work, 156.7 1/min, is given; at continuous work as shown later the highest
value was 158 l/min. For R.H. the corresponding values were definitely
lower at intermittent work with a maximum of 107 l/min compared to 142.5
l/min at continuous work, where the blood lactic acid concentration was very
much higher, which may explain some of this difference.

Heart rate and oxygen pulse

Fig. 2 gives an illustration of the recorded heart rates for R. H. when
running at 20 km/h 2.5 km for 30 min with work periods of 5, 10 and 15 sec
and with the corresponding -est pauses of 15, 30 and 45 sec. The heart rate
for work belongs to the last 5 sec of this period; one rest value belongs to
the first 5 sec, the other one to the last 5 sec of rest, which even means to the
5 sec preceding the following work period. It is clearly demonstrated that the
heart rate at work and for the first 5 sec of the rest period are identical or
practically identical.

This general finding for all work and rest combinations is of significance
as to the reliability of judging the rate at work from pulse counts obtained
during the first sec after work has stopped. In this laboratory a commonly
used procedure is to take the exact time with a stop watch for 10 pulse beats
immediately when work stops. Specially when using the heart rate as an in-
dicator of physiological load in athletics or in industrial work, where pulse
counting during actual work often is difficult or impossible, it is of importance
to know, thut post exercise values, when taken immediately after work, that
is within the first 5 sec, are reliable indicators of the actual work situa-
tion, at least under normal climatic conditions.

Due to the fact that the oxygen uptake decreases immediately whea work
stops (exception see p. 272) and the heart rate stays unchanged for the first
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Fig. 2. Heart rate at different work and rest periods, intermittent work. Subject R. H. (x)
last 5 sec of work period, (@) first 3 sec of rest period, ([ ) last 5 sec of rest period. The heart
rate when standing at rest before the work experiments ranged 72—76 beats/min.

5 sec, an immediate decrease in O, pulse occurs. This decrease will go
on until the next work period staris again.

Since a detailed fractioning in 3 sec periods during the work and rest periods
has not always been done, a more complete calculation of the oxygen pulse
at all different work and rest combinations could not be done. The available
results show, however, that for subject R. H. the oxygen pulse was always
lower during rest, even during the first 5 sec, than during the preceding work
period. The same holds true for B. S. except for the 3 sec running periods,
where a slightly higher oxvgen pulse, 27.5 ml, was found during the first 5 sec
of rest compared to 26.7 at work {running for 5 sec and resting for 10 sec).
For both subjects similar maximal values for oxygen pulse were obtained at
continuous and at intermittent work, for R. H. about 27 ml and for B. S.
about 32 ml. (For further discussion on oxygen pulse at intermittent work
see CHRISTENSEN 1960.)
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Table V. Blood lactate concentrations at different time intervals intermittent running,
20 km'h. Subject R. H.

Work | Rest | Blood lactate, mg per 100 mil Average
. iod
::crmd f::l Rest be- | Min after start of work experiment
fore work| - _
experi- 5 10 15 20 25 30
ment ‘
5 20 18 14 12 9 11 11 8 11
5 15 13 i8 21 14 14 11 11 15
5 10 —_ 18 17 16 13 10 9 14
5 5 10 42 50 . 51 48 45 45 47
10 30 9 19 13 14 16 13 11 15
10 20 14 20 16 19 i9 16 20 18
10 10 16 46 53 47 43 39 42 45
15 45 13 13 12 13 14 13 12 14
15 30 18 32 30 24 30 32 23 29
15 15 14 62 72 74 79 82 80 75
average 14 29 30 28 29 27 26

Blood lactic acid

Table V and Table VI give the blood lactic acid concentrations at the
different time intervals from the 5th to the 30th minutes of the experiments.
The results from the single experiments arc averaged and so are the deter-
minations done at the fixed time intervals in all different experiments.

The results in Table V (subject R. H.) show that there is no, or only a
slight increase in blood lactic acid concentrations at work compared to nor-
mal rest, when the periods of work are 5 or 10 sec, and the total distances
run in 30 min are 3.33 km or less, or, when the work periods are 15 sec and
the total distance is 2.5 km (work : rest = 1 : 3). With 15 sec work periods
and a total distance of 3.33 km (work :rest = 1 : 2) a slight increase in blood
lactic acid takes place during the first 5 min, and a level averaging 29 mg
per 100 ml is seen for the following 23 min. If the total distance reaches 5 km
(rest : work = 1 : 1) a more definite increase in blood lactic acid concentra-
tion is seen. When running for 5 or 10 sec this increase, however, only takes
Place the first 5 min of the experiments, from there on a level at an average
of 47 and 45 mg per 100 ml respectively is found. When running for 15 and
resting for 15 sec the increase is larger and continuous, 62 mg per 100 ml
at the 5th minute and 80 mg at the 30th minute. This represents the only
work situation examined with subject R. H. where anaerobic conditions are
indicated for the whole experiment which, with a longer work time than
30 min, would limit his work performance.

Looking at the averaged values from all experiments for the 5th, the 10th
19—603460. Acta physiol. scand. Vol. 50.
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Table V1. Blood lactute concentrations at different time intervals intermittent running,
20 km/h. Subject B. S.

Work | Rest | Blood lactate, mg per 100 ml ’ Average
::rwd f;nod Rest be- | Min after start of work experiment
fore work - :
experi- 5 10 15 20 25 30
ment
5 20 - 13 8 9 7 7 9 9
5 15 14 20 13 9 10 1 12 12
5 10 16 14 14 15 14 2] 17 16
5 5 12 28 23 20 22 23 24 23
10 30 12 11 1n 11 10 11 10 11
10 20 17 22 18§ 27 27 25 23 24
10 10 15 19 18 17 21 17 25 20
10 5 14 42 43 38 49 47 47 44
15 45 9 13 9 16 11 12 10 i2
15 30 23 21 16 16 14 16 14 16
15 15 15 — 18 19 19 23 28 21
.15 10 1t 40 42 48 54 54 . 66 51
average 14 22 19 20 21 22 24

minute a.s. 0., it is obvious that the blood lactic acid concentration is more
likely 10 decrease than to increase from the 5th minute on. This is even more
clearly shown when the determinations from the experiment with 15 sec work
and 15 sec rest are excluded from the averages, then a decrease from 25 mg
per 100 ml at the 5th minute to 20 mg at the 30th minute is seen.

The results in Table VI show the same general trend for subject B. S. with
fow lactic acid concentrations when the total distances run are 2.5 or 3.33 km.
Even at a distance of 5 km the lactic acid level is low, averaging 23, 20 and
21 mg per 100 ml respectively when running for 5, 10 and 15 sec. The only
work situation examined, where a definite increase in lactic acid between the
5th and the 30th minutes occurred, was when running 2 total distance of 6 km
with work periods of 15 and rest periods of 10 sec. If the results from this last
experiment are exciuded from the average values in Table VI, the concentra-
tion at the 5th minute of work is 18 and at the 30th minute 17 mg per 100 ml.

Both subjects showed consequently a more marked tendency for increased ;
lactic acid concentrations,”anaerobic work, when the work periods were 15 sec
compared to 5 or 10 sec.

Body temperature and heat regulation

When running a total of 3 km R. H. showed an increase in rectal tem-
perature of 1.9° C in all three instances referred to in Table IV. The highest
temperature, measured immediately after work, was 39° C. After running a
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total of 6.67 km in 30 min B. S. showed an increase of 2.25° C and reached
39.2° C. The corresponding weight loss showed for R. H. an average of 0.58 kg
and for B. S. with the higher work load 0.85 kg in 30 min.

A rough estimation will give some information about the heat balance in
the case of B. S. At an oxygen uptake of 5.00 l/min, an average RQ of 0.88
(compare Table III) and a heat equivalent of 4.9 kcal per liter of oxygen,
the total energy output in 30 min will be 740  kcal. If we assume, that the
measured increase in rectal temperature of 2.23% C is representative for the
whole body {83 kg) — the working muscles will have a somewhat larger and other
tissues as the skin a lower increase, — 130 kcal will be stored in the body.
If 0.8 kg of the total weight loss of 0.835 kg is due to evaporation, about 450
kcal are eliminated that way, some 10 per cent from the respiratory track and
90 per cent from the skin (compare the results of NieLsen (1938)). Obviously
the sweat rate has been of the order of 1.5 l/h, which undoubtedly is oa the
upper limit of what the sweat glands are supposed to handle at the actual
climatic conditions. The high body temperature or the steep increase was
subjectively not at all felt unpleasant. Unpleasant was, however, the profuse
sweating from the face with sweat running into the eyes.

11. Continuous running

Continuous running at a speed of 20 km/h is even without wind resistance,
as on the treadmill, a typical non steady state work, where the work time
will be limited by an accumulation of anaerobic metabolites in the working
muscles and in the organism as a whole. For the subject R. H. three minutes
of continuous running was the lmit for what he could perform. Five minutes
after work had stopped, his blood lactic acid reached a maximal value of
151 mg per 100 ml (cf. Fig. 4). The other subject B. S. also went on for three
minutes, but was not totally exhausted at the end. His blood lactic acid con-
centration also showed a maximum after 3 min of recovery and reached 117 mg
per 100 ml indicating a close to but not maximal performance.

The values for O, uptake, pulmonary ventilation and heart rate arc given
in Fig. 3. Oxygen uptake showed a steep increase and a value corresponding to
more than 4 l/min was reached 1 to 1.5 min after start of work for R. H,,
and more than 5 I/min for B. S. Already between 0.5 and 1 min the O, uptake
for B. S. reached a value corresponding to 4.88 l/min. Both subjects reached
an O, uptake very close to the earlier determined maximal values, for R. H.
434 I/min (max. 4.60 1/min) and for B. S. 5.55 I/min {max. 5.60 l/min) be-
fore the end of the three minutes’ work period. For both subjects the O, uptake
was increased some 18 times compared to the normal basal values and a ten-
fold increase ook place during the first 0.5 min of work.

The respiratory minute volume (at B. T. P. 8.) reached for B. S. 138 | between
2 and 2.5 min; the highest volume for R. H., 142.5 {, was measured between
1.5—~2 min. At these high respiratory volumes B. S. had an electrically re-
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Fig. 3. Oxygen uptake, oxygen pulse, pulmonary ventilation and heart rate at continuous
work (running 20 km/h for 3 minj. Subjects R. H. and B. S.

corded respiratory rate of 48.9/min and a t#idal volume of 3.23 1. R. H. had a rate
of 48.2 and a tidal volume of 2.96 1. Per liter of oxygen the corresponding
respiratory volumes varied between 24.9 1 and 28.5 for B. S., and between
29.4 and 33.0 1 for R. H. during the three minutes of work.

The heart rate showed for both subjects a steep increase during the first
minute of work, a rate above 150 per min was reached during the first 0.5 min.
For B. S. the race levelled off around 175 per min, whereas for R. H. it levelled
off below 170. This is an atypical pulse reaction for R. H., whe usually would
show maximal values of mcire than 180 at such a work load. The reason for
this atypical reaction can not be given. An after control of the records showed
no indication of cxperimental errors.

The calculated oxygen pulse, showed for B. S. a practically constant value of
31 ml, reached already 0.5 min after work had started; for R. H. the value
of 26 ml was attained after 1 min of work.

For R. H. the average resting blood lactate in 9 determinations was 10.5 mg
per 100 ml with the range of 6 to 15 mg per 109 ml. For B. S. the corresponding
average was 12.5 mg per 100 ml in 8 determinations, range 8 to 18 mg per
100 ml.

After each work experiment six blood samples were taken, one during the
first minute of recovery and five samples spread out over the following 10 to
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Fig. 4. Blood lactate concentrations. Maximal post-exercise values obtained during recovery
after coatinuous running of different duratior, from 5 sec to 3 min. Subjects R. H. () and
B.S. (x).

15 min. The highest recorded post-exercise value for each experiment is given
in Fig. 4.

The lactic acid concentration increases practically rectilinear, for R. H.
roughly with 50 mg per 100 1l for each minute of work. Only after the 5 sec
run no increase was found; the resting value before running was 15 mg per
100 ml and the post-exercise values were 10, 12, 11, 10, 10 and 14 mg per
100 ml. For B. S. the lactic acid increase per work min was roughly 40 mg
per 100 ml. After running for 5 and for 10 sec all the post-exercise values were
lower than the rest values before running. In the experiment with 10 sec
running the rest vaiue was 15 mg per 100 ml and the following post-exercise
values were 10, 12, 9, 7, 8 and 9 mg per 100 ml. With a linear increase of
40 mg per ‘cent per minute an increase of some 7 mg per 100 ml should be
expected in this latter experiment, instead a slight decrease was found.

Discussion
The here mentioned results are in agreement with the assumption that
oxyvgen stored probably mainly in combination with myohemoglobin in the
working muscles, plays an important role for the oxyvgen supply during short
spells of heavy work.
The “buffering” effect of the stored oxygen as to the total oxygen supply
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during heavy intermittent work may be illustrated by the following example.
When running 6.67 km in 30 min (work 10, rest 5 sec) B. S. had an avcrage
O, uptake (work plus rest) of 5.00 l/min or a total of 150 1. His effective work
time was 20 min and he rested for 10 min. As his normal oxygen uptake at
rest, standing at the treadmill, was 0.4 l/min, a total of 4 | has to be sub-
tracted from 150 | to get the total O, demand of 146 1 due to the 20 min of
work, which corresponds to 7.3 1 O, per work minute. The actual uptake per
minute (cf. Table III) corresponded to 5.05 l/min during the work periods,
or for the 20 min of work 101 1. Obviously a deficit in oxygen transport of 45 1
arises during the 20 min of actual work, and this quantity is supplied during
the 120 rest pauses of 3 sec each. The quantity that has to be repayed during
each of the 120 rest pauses amounts to an average of 375 ml. With a demand
of 7.3 1/min or 1.217 1 per 10 sec two thirds will be supplied by oxygen trans-
ported with the blood during actual work, and if exclusively aerobic metabolism
is assumed at work, one third will be covered by a reduction of the available
oxygen stores in the muscles, which in turn will be reloaded during the sub-
sequeirt 5 sec rest period.

In our carlier investigations (AsTRAND et al. 1960 b) with the subject R. H.
we came to the conclusion that about 0.43 1 O, ought to be available in the
working muscles at the beginning of each work period. As subject B. S. defi-
nitely, in respect to physical work capacity, is the stronger of the two, the above
mentioned calculations for B. S. indicate, that with 10 sec work periods he
should have a fair margin for a further O, supply from the dcpots in the
working muscles. With work periods of 13 sec this margin should, however,
be reduced markedly, and the tendency shown for increased anaerobic condi-
tion with these longer work periods agrees with this assumption.

A further analysis of the results in Table VII, which were calculated in
the same way as the before mentioned example, gives the following results.

Table VII. Calculated O3 demand and Oy deficit at different work and rest combinations. Intermittent

Subject Work period| Rest period | Total work | Total rest Average O, demand
sec sec min min \"02, 1 for work 1
work 4+ rest

R. H. 5 5. 15 15 3.75 108.0
10 10 15 1S 3.40 97.35
15 15 15 15 3.40 97.05

B.S. 5 5 15 15 4.45 127.8
10 10 15 15 4.08 116.4
15 15 15 15 4.20 120.0
10 5 20 10 5.00 145.0
15 10 18 12 4.82 139.8
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For subject R. H. the same average blood lactic acid concentration is seen,
47 and 45 mg per 100 ml respectively, when the work periods were 5 and
10 sec; the O, deficit was, however, only 0.240 | per work period at 5 sec but
0.402 1 at the 10 sec periods. At 15 sec periods the corresponding values were
75 mg per 100 ml and 0.570 L

To find a possible explanation for the relatively high lactic acid values even
at the 5 sec work periods a consideration of the average load and of the
maximal load on the oxygen transport system may be of some significance.
The average O, uptake per min for work plus rest (at 5 sec of work) was
3.75 lmin or 82 per cent of the maximal aerobic capacity for this subject.
The actual uptake during the work period corresponded to 4.30 1/min or 94
per cent of the aerobic werk capacity. At 10 sec work periods the average load
on the oxygen transport system was 74 per cent and the highest load 89 per
cent. This could give some explanation for the relatively high lactic acid
values with the 5 sec work periods, and could of course also be valid for the
results with the 15 sec work periods, where 99 per cent of the aerobic capacity
is engaged during the latter part of the work periods. It is well known from
carlier investigations, both from this and from other laboratories, that an in-
crease in blood lactic acid concentration always takes place, especially during
the first minutes of work, when the actual O, uptake in continuous work sur-
passes a certain percentage of the aerobic capacity.

The same explanation may fit the results with subject B. 8. with exception
of those from the experiment with 15 sec work and 15 sec rest periods (com-
pare Table VI and VII). In this experiment the lactic acid stays constant or
practically constant at an average concentration of 21 mg per 100 ml in-
dicating aerobic or practically zerobic condition during the whole experiment.
The relative load on the oxygen transport system corresponds to 73 per ceat
of the maximum, if the average O, uptake for work plus rest (4.27 l/min) is

running, 20 kmfh.

Ozdemand | O, demand | ActualVo,,| O, uptake | O, deficit | Max Vo, 1| Average

per minof | for each 1 at work | each work | each work | ap work blood lact.

work, 1 work period period, 1 period, 1 mg per 100

1 mi

7.20 0.598 429 0.357 0.240 4.30 47
6.49 1.082 4.08 0.680 0.402 4.10 45
6.47 1.618 4.19 1.048 0.570 4.53 75
8.52 0.710 4.35 0.363 0.347 4.40 23
7.76 1.293 4.38 0.730 0.563 4.71 20
8.00 2.000 4.54 1.135 0.865 5.34 21
7.30 1.217 5.05 0.842 0.375 5.60 44
777 1.943 5.02 1.255 0.688 5.31 51
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considered, but as much as 95 per cent {or 5.30 I/min) if O, uptake for the
last 5 sec of the work periods is considered.

It is quite remarkable that subject B. S. within 30 min can make 60 runs
of 83.4 m each, with an O, demand corresponding to 8.00 l/min, and with
a maximal O, uptake corresponding to 53.34 l/min, without hardly any in-
crease in blood lactic acid. This can only ke explained by an exceptional high
ability to “flatten out” the work load over the subsequent rest period, which
is indicated by the enormous deficit for transported oxygen of 0.865 1 that he
can compensate for at each work period of 15 sec duration.

In calculating the O, demand and O, dcficit for the actual work periods
as done in Table VII, we have assumed that the “rest O, uptake’ is the same
during the 30 min experiment as determined separately before the experi-
ment, or 0.310 I/min for R. H. and 0.400 i/min for B. S. This assumption is
not strictly justified. A number of physiological functions are highly elevated
above the rest level, and this may involve a certain but indeterminable extra
demand for oxvgen, which is unrelated to a real deficit in uptake during actual
work. The given values for O, deficit should therefore be taken as possible
maximal values and they may not in a quantitative exact way be used for
calculating the-amount of stored oxygen, as we have done before. To our
opinion the possible errors must, however, be relatively small. If the metabo-
lism during rest pauses is much higher than assumed, this would involve a
decrease in mechanical work efficiency at intermittent work. In two of our
earlier publications (CHRISTENSEN, HEDMAN and HoLmpanL 1960, and ASTRAND
et al. 1960 a) where work efficiency at continuous and intermittent work on
the bicycle ergometer were compared, such marked differences were not found.
A tendency for a slightly lower efficiency at intermittent work was seen, how-
ever, even at short work and rest periods involving no or only a very slight
increase in blood lactic acid. Part of this difference and perhaps the whole
might be explained by the fact, that at intermittent work on the bicycle ergom-
eter the subject has to accelerate the heavy flywheel from standstill at every
work occasion. At continuous work the flywheel runs at a constant speed all
through the experiment, which really means a somewhat lovier work output
and consequently a somewhat lower demand for O, uptake at continuous
work compared to intermittent.

It is remarkable that at a work load asking for an O, uptake of 5.00 l/min
(work plus rest) the RQ for the 30 min experiment averaged only 0.88 with
a maximal deviation of 0.03 (cf. Table I1I). This and the other low values
for RQ indicate, that in spite of the high work output the metabolism has been
almost entirely aerobic, which is further confirmed by the reiatively low and
after the 5th minute usually stable blood lactic acid concentrations.

There are obvious differences between the two subjects with respect to their
reaction to increasing length of the work periods. When running a total dis-
tance of 5 km the oxygen uptake for R. H. reached almost identical values,
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at 5 sec 4.30 1/min, at 10 sec 4.09 l/min and at 15 sec 4.45 l/min. In all in-
stances they are close to his maximum (4.60 l/min). When running the same
distance B. S. had at 5 sec work periods 4.35 1/min, at 10 sec 4,71 l/min and at
15 sec 5.34 1/min (cf. Fig. 1). The relatively low value at 5 sec work is possible
only because of the extremely high value, 4.50 1/min during the following rest
period. For R. H. the corresponding value was only 3.20 I/min. When com-
paring the work and the rest periods for B. S. there is a definite trend towards
more or less identical values for oxygen uptake during the short work and
rest periods. Subject R. H. on the other hand shows a steep decrease in oxygen
uptake as soon as work stops, even at the short work periods of 3 sec.

For several reasons the reaction of B. S. seems to be superior to that of R. H.;
10 2 higher degree he will be able to “flatten out” the effect of the work load
over the work and rest period. At the work period R. H. with an uptake cf
4.30 1/min used 94 per cent, whereas B. S. with an uptake of 4.35 1/min only
used 78 per cent of his maximum for oxygen uptake. The low lactic acid con-
centration, average 23 mg per 100 ml (cf. Table VI) in contrast to 47 mg
(cf. Table V) for R. H., might be significant in this respect.

Especially the results from intermittent running with B. S. are of interest as
to the problem of the respiratory control at work. Looking at Table I, II and
III it may be difficult to decide whether a given pulmonary ventilation belongs
to the work or to the rest periods. Changes in O, uptake and pulmonary ven-
tilation are synchronized independently of work or rest, most likely with the
concentration of metabolites and “oxygen demand”. Therefore the pulmonary
ventilation can not, at least not to any greater extent, be governed by nervous
impulses, either radiating from the motorregion of the cortex cerebri or from
proprioceptors in. muscles, joints and tendons, which all should show a high
activity during work but not at rest. Here again sutbject R. H. reacts somewhat
differently. His pulmonary ventilation (and oxygen uptake) declines more
abruptly when work finishes, even at the short periods of work.

The results of the experiments with continuous running at 20 km/h show
without doubt that for subject R. H. the running time of 3 min, in which he
covered a distance of 1 km, represented a maximal performance in respect to
both his aerobic and anacrobic work capacity. For subject B. S. the running
time and speed was sufficient tc load his aerobic work capacity, or oxygen
transporting system, to maximal values, but the biood lactate concentration
was definitely below maximum, indicatiag a submaximal load on his anaerobic
capacity. If we assume a maximal tolerable blood lactate value of 150 mg per
100 ml as for R. H., B. S. should be able to run for 4 min or cover a distance
of 1.35 km, cf. Fig. 4.

It is difficult to settle if the low lactic acid concentrations found after a
single short run has any significance as to aerobic or anaerobic conditions during
the first 5 or 10 sec of work. The total production of anaerobic metabolites are
of course relatively small duc to the short work time, and a ditution by the
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body fluids will anyhow result in low blood concentrations. Only direct deter-
minations in the venous bicod from the working muscles might give a definite
answer to the question, whether a single run of 5 or 10 sec duration at a speed
of 20 km/h can be performed aerobically due to oxygen stored in the muscles.

For further discussion as to the possible role of mychemoglobin as an oxvgen
store, the reader is referred 10 the earlier publications by AsTraxD ef al. (1960 b).
Independent of the validity of this assumption the following experimental find-
ings are of significance.

Two physically trained subjects can run continuously for 3 respectivelv 4
min on the treadmill at a speed of 20 km/h, reaching maximal values for
oxygen uptake aad for blood lactic acid. At the end of this time when they
have run a total distance of | and 1.3 km respectively they will be totally ex-
hausted and will need a comparatively long time for recovery. Running at
the same speed but intermitteat with short spells of activity and rest, the
character of work will change entirely; despite a marked decrease in oxygen
uptake during the actual work periods, the work can be performed without
or with only a comparatively slight increase in blood lactic acid concentra-
tion, indicating aerobic cor practically aerobic wwork conditions. The trained
subjects can stand an effective work time of 15 respectively 20 min within the
experimental time of 30 min and run a total distance of 5 respectively 6.67 km
without being totally exhausted.

We are inclined to think that the before and here mentioned results con-
cerning intermittent work opens up a new field of research, and the results
may have rather far reaching consequences for practical work studies. Too
little emphasis may until now have been laid on the critical length of the
active phases in intermittent work.
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Abstract

Astraxp, 1., P.-O. Astravp, E. H. Curistexsex and R. Heoaax,
AMyohemogiobin as n oxygen-store in man. Acta physiol. scand. 1960. £8.
434—460, — The aire of the present research was 1o investigate further
the possible role of myohemoglobina as an oxygen-store during the initial
stage of muscular work. One subject worked intermittently with a work
luad of 2,520 kpm/mixn with varied duration of work and rest pauses on
a bicycle ergometer. A highly significant difference in 1he blood lactic
acid concentration during the experimental time of 30 min was found,
at work with short work periods (10 sec. lactic acid concentration about
10--20 mg per 100 ml) compared with relative long oncs {60 sec, lactic
acid concentranon !10-——140 mg per 100 ml;. The conclusicn was drawn
that the first 1vpe of work is performed acrobically. The calcuiated
oxvgen demand. during the work period of 10 sec, however, does not
correspond to the measurad oxygen intake. A deficit of about 0.431 O,
jor each period of work will occur. Tt was suggested that this amount
of 0.43 1 O, is supplied to the working muscle mainly from oxymyo-
hemoglobin. This store function of mvohemogiobin is discussed in rela-
tion 1o the prescnt findings and to the results mentioned in the literature.

In an carlier investigation concerning intermittent heavy work (2,160 kpm/
min} it was shown that blood lactic acid concentration remains low if work
alternates with rest pauses every half minute. If work and rest periods are
increased t¢ 3 min the lactic atid concentration will reach high values and
the total work sune will be limiwcu due 1o exhaustion (ASTP.AND et al. 1960).

4 possible explanation for the aerobic work metabolism when 0.5 min
periods are used was given by the assumption that the oxygen bound to the
mychemoglobin plays an important réle in the supply of oxygen to the working
muscles in the initial stage of work. With increasing duration of the work
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period the relative importance of this oxvgen fraction diminishes, and if the
transport of oxvgen is insufficient for the local demand, anaerobic processes
have to cover a certain fraction of work metabolism, and lactic acid accumu-
lates in the muscles and in the blood. _

The present work was planned to further elucidate the réle of myohemoglobin
in this respect. To obtain more conclusive results the work load was increased
to 2,520 kpm/min. Furthermore, the periods of work and rest were varied
independently of each other so that more decisive results as to the relative
importance of the rest pauses could he obtained.

Methods

Work was performed by one male, physically well trained subject, R. H., on a Krogh
bicycle crgometer. The subject and the mcthods uscd were the same as in the earlier
experiments {AstRanD et al. 1960). The work of 2,320 kpm/min corresponds to a
load of 6 kg with 70 pedal revolutions per minute. The total experimental time was,
if possible, 30 min. The work periods were always of the same duration throughout one
experiment. They lasted for 10, 13, 30 or GO sec. The rcst pauses lasted from 20 up to
240 sec (compare Table I). Duc 1o the different duration of rest pauses the total quanti-
ties of work produced on the diffcrent experimental dayvs ranged between about 6,000
and 38,000 kpm, and the average work load for the 30 min varied between some 200
kpm/min and 1,260 kpm/min.

Results

Table I summarizes the experiments done and gives the maximal values for
blood lactic acid concentration, the total quantity of work performed in the
30 min experiment and other calculated values of importance for the dis-
cussion. The total quantity of 25,200 kpm of work will be represented in all
series, I—IV arranged according to the duration of the work period in the
table, and the quantity of 15,120 kpm will be found in three of the sections.
This makes a direct comparison possible. If the work period lasts for 10 sec,
420 kpm will be produced at every work occasion; with longer duration this
quantity increases and reaches, at 60 sec, 2,520 kpm. The calculated oxygen
demand for these different work quantities are given in the table. These values
are, of course, approximate but still they give a good illustration of the varying
demands, which are 0.9 1 of O, for the 10 sec periods and 5.6 1 for the 60 sec
periods. The calculated values are based upon a mechanical efficiency of
23.0 per cent and a caloric coefficient for oxygen of 4.85.

Fig. 1 and 2 illustrate the changes in blood lactic acid concentration during
work with a total quantity of 25,200 and 15,120 kpm respectively. The relation-
ship between work and rest time is always 1 to 2 in Fig. |, and 1 to 4 in Fig. 2.
With the short work periods of 10 sec followed by pauses of 20 sec, the blood
lactic acid concentration was about 20 mg per 100 ml, while in the experiment
with 40 sec pauses it was approximately 15 mg per 100 mi; that is, in both cases

31-593790. Acta physivl. scand. Vol. 48.
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mg % Production 25200 kom n 3Qrmvn
1501 work:rest I

1601 Y 60 sec work
130 120 sec pauses *
mg % Prooduvction 15120 kom in 30min
1204 120 work.res/ 1.4
] 80sec work
110 - 170 - 240 sec pauses
100 - 100
904 90
80 80 1 . -
704 70 4
60 0 sec work 50
60 sec pavses
504 50
0 S0sec work
40 404 120 sec pauses
30 .
10 sec work =
0 5
@ W 2050c pouses 204 10 sec work
101 . 10 4O sec. povses
04 4
0 10 20 30 minufes o 19 20 30minules

Fig. 1 and 2. The blood lactic acid concentraticn at a total work production of 1} 25,200 kpm
and 2) 15,120 kpm during an experimental time of 30 min. The work is performed with a load
of 2,320 kpm/mirn, The work periods last for 10, 30 and 60 sec and the corresponding rest peri-
ods for 1; 20, 60 and 120 sec and for 2) 40, 120 and 240 scc.

very close to the normal rest value of about 10 mg per 100 ml. If the work periods
are lengthened 10 30 sec and the pauses to 60 sec, onc finds a significant increase
in the blood lactic acid concentration; after about 9 min a maximal value of
70 mg per 100 ml is reached {sce Fig. 1). After that there is a small reduction
and the values remain approximately at 60 mg per 100 ml until the end of the
experiment. At the longer pauses of 120 sec, and consequently a smaller amount
of work performed (Fig. 2), a maximal value is also obtained after about 9 min,
now at 36 mg per 100 ml, and thercafter the values are stabilized betwecen 0
and 50 mg per 100 ml. Thereforc, even with work periods of 30 sec a certain
equilibrium is reached between the production and the elimination of lactic
acid. With work periods of 60 sec, however, a corresponding balance is never
reached; the lactic acid concentration increases until thc end of the experiment.
With the relatively short pauses of 120 sec (Fig. 1), the blood lactic acid con-
centration reached a maximal value of 142 mg per 100 ml after 22 min. The ex-
periment was then interrupted because the subject was no longer able to continue.
With pauses of 240 sec (Fig. 2) the task could be fulfilled for 30 min and the
blood lactic acid concentration reached a value of 114 mg per 100 ml at the end.
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Discussion

The present results confirm earlier findings by AsTRAND ef al. (1960).
They show conclusively that a principal difference exists in man’s reaction at
intermittent work to short and relatively long work periods, even if the total
amount of work in a certain time is the same. Furthermore, the results answer
the question, whether the length of the work period or the length of the pause
is the.deciding factor for the blood lactic acid concentration. In the earlier
series of experiments, as stated above, the length of the work periods and
pauses were always equal in the same experiment, which brought about
difficulties for making a conclusive interpretation in this respect. It can he
seen from the results in Table I that the most decisive factor is the length
of the work period (compare series I—IV)}. From the results in series I1I it is
most apparent that even the length of the pause has a certain significance. In
this series the work period was 30 sec and the pauses on the different experi-
mental days varied between 30 and 240 sec. With a pause of 30 sec there were
30 work occasions during the half hour, with a pause duration of 240 sec there
were only 7 work occasions. Fewer work periods naturally decrease the possi-
bilities 10 produce lactic acid, and longer pauses provides greater possibilities
for the elimination of lactic acid. That explains the decrease in blood lactic
acid concentration from 78 mg per 100 ml, which was the maximal value with
30 sec pauses, to 41 mg per 100 mlwith 240 sec pauses. Accordingly, the duration
of the pauses has a secondary importance in comparison to the duration of
the work periods. This is also illustrated by the results given in Fig. 1 and 2,

It is of great interest swhether or not the present results are in agreement
with the hypothesis mentioned above that the difference in the reaction at
short {10 and 15 sec) and long (30 and 60 sec; work periods can be explained
by the rdle of myohemoglobin as an oxygen-store.

One knows that the oxygen transport by the blood to the working muscles
increases with the duration of the work period, and that equalization between
oxvgen need and supply can take several minutes to occur. In the series of
experiments performed with 10 sec of work and 20 sec of rest, the oxygen
intake was determined during the work period, and corresponds 0 2.80 1/min.
During the 10 sec of work the actual oxygen intake was 1/6 of this, or 0.47 L
The oxygen intake during work was 10 times greater than a corresponding
rest value of 0.043 1. The oxygen intake during the last 30 sec of a 60 sec work
period with 120 sec pauses gave a maximal value of 4.08 1 O,/min, or 0.681 O,
for 10 sec. In the latter case the oxyvgen intake was 16 times greater than the
rest value. To be adequate for a load of 2,520 kpm/min an oxygen supply of
5.6 l'min or 0.9 1 per 10 sec is required according to Table I. During the
experiment with work for 10 sec and pauses for 20 sec we must calculate with
a deficit of 0.90 — 0.47 = 0.43 1 O,. With work for 60 sec and pauses for
120 scc, the oxygen intake during the whole work period was maximally 3.26 1
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Fig. 3. The oxygen demand for 10 and 60 sec work with a load of 2,520 kpm/min. An attempt is
made to il! strate the fraction of O, that is a) bound 10 myohemoglobin, b) transported by the
bleod and ¢) O, deficit.

(during the first half min 2.43 }/min and during the second half 4.08 I;min).
This means a deficit of 5.60 — 3.26 == 2.34 1 O,. The reason that the oxygen
intake during the first half minute of a I min work period is relatively smaller
than during the 10 sec periods {2.43 and 2.80 }/min respectively) is that during
the short pauses of 20 sec the circulation and respiration never decline severely
before the work is begun again. If the pauses are lengthened to 2 min, the time
for adjustment becomes significantly increased.

With work for 10 sec and pauses for 20 sec we must assume practically
aerobic conditions in the working muscles. If such were not the case. the
60 work occasions should have brought about a successive accumulation of
Jactic acid as a consequence, compare Fig. 1. We believe that the conclusion
can be drawn that approximately 0.43 1 O, have been available in the working
muscles at the beginning of each new work period, naturally even at the 60 sec
periods. Quantitatively this means, that a supply of oxvgen for the 10 sec
periods is assured by that amount, which is already in the muscles and by
the amount which can be wansported by the blood during the work irself.
For 60 sec work, a deficit of 1.91 1 arises. This must be covered by anaerobic
processes, which results in an increase of the lactic acid concentration in
the blood.

Fig. 3 illustrates schematically the relative importance of the postulated
amount of oxygen in the muscles at 10 sec and 60 sec work periods respectively.

Naturally, the oxygen supply to the muscles becomes smaller at a single
work occasion, and the anaerobic factor is of greater importance quanti-
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watively, If the work time is sufficiently short the amount of oxygen bound
to myohemoglobin should, however, be able to play a decisive réle for the
muscle metabolism even in those cases. A revaluation of the so-called Simonsen-
effect must be the consequence. According to MULLER and HETTINGER (1957)
this effect is important during the first 10 sec of work and results in an extra
oxygen consumption as a result of the anaerobic conditions in the muscles.

On the basis of the results given here the amount of the oxygen which is
available at the beginning of the work can not, of course, be determined. If
one attempts to calculate the amount of oxygen bound to myohemoglobin,
one is immediately confronted by a whole series of more or less unknown
factors. One is not familiar with the size of the active muscle mass, the myo-
hemoglobin concentration of the musculature or the degree of reduction of
oxymyohemoglobin. If one uses the values given in the literature for myo-
hemoglobin for example by Biérek (1949, p. 131), one finds that each gram
of muscle can bind about 10 mm?® O,. If one assurnes 20 kg of active muscles
for the subject in the work mentioned here, one arrives at a value of 200 ml O,.
There is sull a deficiency of about 230 ml, according to the above. The values
given by Bi6rck are in this case wo low, since it is generally accepted that
the amount of myohemoglobin increases with training, and the values given
above are not derived from speciallv well trained individuals.

It is quite evident from the investigations of ScHorANDER, IrvinG and
Grixxerr (1942) on diving seals that myohemoglobin can constitute an im-
portant factor for oxygen supply 1o the musculature. According to our concep-
tion, the experimental results laid forth here indicate that mychemoglobin
has an important function as an oxygen-siore even in man. The reader is
referred to Biorek (1949, p. 42), regarding references for and against such a
conception based on earlier findings.

Before a definite answer can be given 1o the question of the quantitative
role which myohemoglobin plays in this respect, further investigations are
required on myohemoglobin concentration in trained individuals. It is our
hope that the experimental results related here will help to create greater
interest into this field of research.
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Abstract

Astranp, I, P.-O. Astraxp, E. H. Curistensex and R. HEDMAN.
Intermittent muscular work. Acta physiol. scand. 1960. 48. 448—453. —
The physiological effect of rest pauses on a non-steady state work
{2.160 kpm/min) was studied. 2\ physically well trained subject per-
formed in one hour a total amount of 64,800 kpm on a bicycle ergometer
by intermitient work with 0.3, 1, 2 or 3 min periods of work and rest.
Total O, intake, total pulmonary ventilation, total number of heart
beats and blood lactic acid concentration during the work hour and
during recovery were determined. It was found that the heavy work
when split into short periods of work and rest (of 0.5 or 1 min duration)
was transformed to a submaximal load on circulation and respiration
and was well tolerated during onc hour. With longer periods (of 2 or
3 min duration) the work output got closc to the upper limit of per-
formance and could be fulfilled only with the utmost strain. These
findings are discussed from a physiological and practical point of view.
In order to explain the low lactic acid values during the short periods
of work and rest it was proposed that the myohemoglobin has an im-
portant function as an oxygen stors during short spells of heavy mus-
cular work.

It is a well known fact that the oxvgen intake during the initial period of
heavy work does not correspond to the energy demand; due to a time lag in
respiration and circulation a certain oxyvgen deficit arises. It takes one or
several minutes, depending upon the work load and the physical fitness of
the individual, before the oxvgen intake reaches a steady state level, At severe
work a steady siate will never be reached, and the work time will be limited
by anaerobic metabolites in the muscles, blood and other tissues.

The problem for our present research work is to analyze the effect of rest
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pauses on different physiological functions responsible for the increased me-
tabolism during such a non-steady state work (2,160 kpm:min;.

In these experiments the work periods and the pauses varied between 0.3
and 3 min. During the same experiment thev were always constant and of
equal length. The total work time was one hour and the effective work time
and the rest time were consequently alwayvs 30 min each. During the one hour
the total work amounted to ' t.800 kpm, or an average of 1,080 kpm'min.
In this way it was possible to corpare the physiological effect of intermittent
work of 2,160 kpm/min and <. tnuous work of 1,080 kpm min, The traired
subject could perform the latter work for hours without fatigue.

If the periods for work and rest are 0.5 min, 60 inital work periods will
occur with all the conscquences this may have as far as O, intake, heart rate,
pulmonary ventilation and so forth are concerned: if the periods are 3 min
the number of inidal periods will only be 10, and the different physiological
functions responsible for O, transport may, towards the end of the work period.
reach values that are fairly close to the demand. Consequently one might
expect to find a reduced tendency for anaerobic metabolism in experiments
with 3 min periods compared to the shorter ones in which the oxygen transport
during work always will be far below the demand. The following experiments,
however, gave the opposite result.

Subject and Methods

All experiments were donc with one physically well trained male subject. R. H.. age
25 years, weight 74 kg and heigiit 177 cm. His capacity for oxvgen intake at 6 min of
work on the bicvcle ergometer was 4.6 I'min or 62 mlkg» min. His basal pulse rate
averaged 49 beats per min and his basal O, intake was 0.26 1, min.

Work was performced on a2 Krogh bicycle ergometer at 60 pedal revolutions per min
with a load of 6 kg corresponding to 2,160 kpm min; in the experiments with con-
tinuous work for onc hour the load was 3 kg and the work load was 1.080 kpm min.
The expired air was collected in Douglas bags ard analvzed according to the Haldane
technique. The heart rate was recorded with an clectrocardiographic pulse counter
during the work hour and durinz 60 min of recovery after work. The resting valucs
for pulsc rate and O, intake, and the recovery values were taken wirh the subject
reclining on a bed close to the bicvcle. The determinations during work pauscs were
donc with the subject sitting on the bicycle. Blood samples for lactic acid determination
were taken from the warmed up finger tip and the analvses were done according to
Barker and Suammersox (1941, with the modification of STROM 1949, Rectal tem-
peraturc was determined before and immediately after work. as was the weight = 30g-
to get information about the heat regulation.

Results

Certain of the investigated functions are shown in Table I to make possible
2 comparison between different work forms. The number of experiments is
limited, motivated partly by the hizh accuracy of the metheds used and partly
by the extreme demands which a work form of 2 or 3 min places upon the
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Table 1. Total O, intake, work efficiency, total number of heart beats and total pulmonary
ventilation during continuous and discontinuous work

1 II 111 v v VI

L total Q, | total O, | work total num-| total num-j total
intake (1) | intake (1) | efficiency | ber of ber of pulm.
“‘work “rccovery | per cent | heart heart vent. (1)
hour” hour” “beats beats “work

- STPD STPD “work recovery | hour”

hour” hour™ BTPS

continuous work 1,080

kpm/min ........... 1455 19.9 23.4 7,904 2,847
1,080 kpmmin ........ 145.9 19.1 2%.4 7.859 3.683 2,916
discontinuous work 2,160

kpmmin ...........

work pause

min min ;

0.3 05........... 154.1 21.8 21.3 8,637 4,299 3,266
0.5 05........... 154.2 19.6 21.9 8.493 4,276 3,202
1 S 152.2 21.7 21.6 3,330
1 152.4 20.0 21.9 8,295 4,211 3,406
2 2 e 160.1 21.0 20.4 8,579 4,715 3,908
3 3 . 162 9 24.2 19.4 9,215 5,219 4,355

subject when the work shall be carried on for one hour. However, further
experiments were made although only some of the functions given in the table
were measured, and these results are in agreement with the values in the
table. Furthermore, it should be pointed out that each result given in Table I
on O, intake and pulmonary ventilation during work and recovery is based
on a large number of determinations in one and the same experiment. For
example, the values for O, intake at 1,080 kpm/min are based upon a total
of 38 determinations made between the 2nd and the 60th min of work. An
average for O, intake of 2.44 1/min, with a standard deviation of = 0.038 I/min
and an error of the mean of 4 0.006 I/min, illustrate the accuracy of the
method and the stability of the subject.

From Table I it can be seen that the mechanical efficiency is highest (23.4
per cent) at continuous work of 1,080 kpm/min; at discontinuous work with
0.5 or I min periods the mechanical efficiency is 21.7 per cent, at 2 min periods,
20.4 per cent and at 3 min periods, 19.4 per cent. The moderate lowering of
the efficiency at the short periods as compared with the 2 and 3 min periods
is also illustrated by the difference in the total number of heart beats (IV
and V). The pulse sum increased from approximately 11,500 at continuous
work to about 12,500 with the one min periods and 10 about 14,400 with the
3 min periods. The total pulmonary ventilation (VI) shows the same tendency;
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Table II. Maximal and minimal values of O, intake, pulmonary ventilation, heart rate and
blood lactic acid concentration during continuous and discontinuous work

O, intake I'min | pulm.vent. | min| heart rate beats! lactic
STPD BTPS ' min acid mg
max min max min | max min peciins
continuous work 1,080 kpm!
min .o.ioiiiiei e, 244 49.0 134 12
2,160 kpm/min 9 min....| 4.60 124.0 204 150
discontinuous work 2,160
kommin..............
work pausc
min min
0.5 05.. . .oiltt. 2.90 2.30 62.5 44.5 150 137 20
1 | B8 60600050060 2.93 2.23 65.3 47.5 167 99 45
2 2 e 4.40 1.00 35.0 350 178 106 95
3 K 2 4.60 1.00 107.0 36.0 183 118 120

it increased from 2,880 | during the work hour at continuous work to 3,370 |
at work with 1 min periods and 1o 4,350 1 at the 3 min periods, which means
an increase of 17 and 51 per cent respectively. With regard to heat regulation,
work at 3 min periods seems 1o differ from the others, with an increase in
the rectal temperature of 2.0° C {38.9° C). In the other cases, the rectal
temperature after the work hour was around 38° C, with a maximal increase
of 1.35° C. Loss of weight was more or less identical for the different forms of
work and amounted to about 700 g.

Work with short periods was subjectively felt to be relatively light, and the
subject experienced no fatigue after one hour. Work at 2 and specially at
3 min periods meant a nearly maximal or a maximal load. Only by strong
motivation could this work be performed for 2 whole hour. A closer analysis
of the values in Table II, which contains maximal and minimal values for O, -
intake, pulmonary ventilation and pulse rate for intermittent work, provides
an explanation for this difference in subjective strain. The values for continuous
work at 1,080 and 2,160 kpm/min respectively, are also included in Table 1T
for comparison. The maximal values refer to determinations made during the
last half minute of the work period. In the same way, the minimal values refer
to the last half minute of the rest period. It should be pointed out that due to
the techniquc used for collection of expiratory air during 0.5 min, the given
figures do not represent the absolute maximal or minimal values; this may
have a certain significance at the 0.5 and 1 min periods. Since the high values
for O, intake and pulse rate are first reached 15 to 20 min after the beginning
of the work hour, the values given in Table I are representative for the latter
part of the work period and not for the first 5 or 10 min. The lactic acid values
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are valid for the time immediately following the end of the work hour, but
generally the blood lactic acid concentration reached a more or less constant
level about 15 10 20 min after the beginning of the work hour; a continuous
accumulation of lactic acid consequently did not take place.

The most surpiising results obtained were the low lactic acid values, about
20 mg per 100 ml, at the work with short periods. According to the introductory
considerations, this work form might be expected to result in relatively un-
favourable conditons for oxvgen supply to the acti¢e muscles. The low lactic
acid values found contradict this assumption. '

Discussion

The rvesults given above are of interest for several reasons. They confirm
findings reported elsewhere by CHRriSTENSEN, HEDMaAN and HormpanL (1960)
that the mechanical efficiency at intrermittent work, with suitable load and
duration of work and rest periods, does not lie on a considerably lower level
than at continuous work.

The fact that one can obtain a great amount of work done at an extremely
heavy load with a clear submaximal load on circulation and respiration by
suitable application of short work and rest periods, is of great practical and
physiological interest.

The results illustrate that one can divide the total amount of work into
suitable periods in such a way that one can induce training of large muscle
groups without simultancously loading the respiratory and circulatory organs
(work with short periods over long time). By choosing longer periods, for
example 2 10 3 min, one can obtain a high training effect also on respiration
and circulation. This is of interest not only for the training of sportsmen, but
also for rehabilitation of patients during the convalescent period, etc.

The reason why older workers in spite of lowered capacity for oxygen intake,
to a surprisingly high degree. remain in physically heavy jobs such as forestry
and farming may also be explained. If these workers spontancously choose a
suitable length of work and pause pericds, the acute foads on respiration and
circulation do not need to exceed the moderate range corresponding to the
old individual's reduced capacity. If, however, the work pace is determined

by a machine, even a less heavy work with relatively long work periods may -

involve an elimination of the older workers.

In the present investigation the work periods and the rest pauses were always
equal in duration in the same experiment. Therefore it is difficult to decide
whether the short work periods or the short pauses cause the favourable results
obtained. This problemn will be more thoroughly analyzed in a following
mvestigation,

A relationship between the time for work and for rest of | : 1 seems to give
practically full recovery if the duration of the period is 0.5 min. On the other
hand, this is not at all the case if the period length is 2 or 3 min. It is important

e
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to stress the fact that the so called rest allowances used in industry to avoid
overloading of the workers, based on average caloric consumption during the
8-hour work day, according 1o our findings may have entirely different phvsio-
logical effects dependent on the duraton of work and rest periods.

In order to explain the low lactic acid values at the short periods, 1wo
hypotheses may be proposed. The first postulates that the rate of formation
of lactic acid is the same, independent of the length of the period, but that
lactic acid during the short periods of rest is eliminated almost at the same
rate. According to LEnmaxn (1933 p. 49; many short rest pauses should impiv
a more favourable recovery than longer, but thereby fewer, pauses.

The other hypothesis assumes that the formation of lactic acid during the
short work periods is reduced to a minimum. This would mean that the
liberation of energv during the initial phase (0.5 min) of a work of 2,160
kpm/min could take place practically aerobically. This conflicts with earlier
assumptions but seems nevertheless to give the most probable explanation
for the experimental findings related here. Oxvgen transport by the blood 10
ithe muscles during work is both absolutely and relatively less during the short
work periods; if in spite of this the work is aerobic, this must depend upon
the amount of oxvgen which the muscles dispose of at the very moment when
the work is started. The oxvgen bound to myohemoglobin and 1o hemoglobin
in the muscles and the amount which comes to the muscles with the blood
during the 0.5 min of work must be the prerequisite for this aerobic work.
During the pauses, even if they are only 0.5 min long, the myohemoglohin
must certainly have time 1o be reloaded with oxygen before the next work
period begins. During work pericds of 2 or 3 min, the oxygen wansport w0
the muscles is relatively greater but never becomes adequate, and the oxvgen
bound to myohemoglobin, which suffices for only a short part of the whole
work period, becomes of much less importance.

If this assumption is correct, myohemoglébin has a fundamentally important
function in addition to the traditionally accepted one, i.e. that it plays a
certain role as an O, buffer in the muscle, being re-charged curing relaxation
so that it can be reduced during the following contraction. According to the
viewpoints presented here, myohemoglobin should represent an oxygen store
which is used during the initial phase of work before circulation and respiration
are able to reach the values which correspond to the actual oxygen demand.
Further research on these points will be taken up in another investigation.
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The William P. Yant Memorial Award
was established shortly after the death of Dr.
Yant, to commemorate his dedicated ycars
of service and pioncering achievements in in-
dustrial hygiene. He was for many years affil-
iated with the Mine Safety Appliances Com-
pany, becoming director of rescarch and vice-
president, and in memory of this service the
company sponsors and supports this award
under the auspices of the American Industrial
Hygiene Assoctation. The award is presented
to a person from outside the United States
who is outstanding in one or more of the
industrial health sciences. The first award
was presented in 1965,

Dr. Sven Forssman, Director of the Na-
tional Institute of Occupational Health,
Stockholm, Sweden, 1s the recipient of the
1967 Yant Award. Dr. Forssman is also Pro-
fessor of Occupational Health of the Caro-
line Institute (Stockholm) and President of
the Permanent Commission and International
Association on Occupational Health. He re-
cetved his degree of Medical Doctor from
the University of Lund, where he was later
Professor of Pharmacology. He served also
as Professor and Chief of Occupational
Health at the National Institute of Public
Health (Stockholm), as medical adviser to
the Swedish Employers Confederation, and
President of the Joint Industrial Safety Coun-
cil. He has been active as a consultant of the
World Health Organization and as Chief of
their Social and Occupational Health Unit.

Dr. Forssman has been honored repeatedly
in many countries by honorary membership
in professional societies and institutions. His
outstanding work in the toxicology and

197

pharmacology of occupational health has
varned the world-wide recognition which so
fittingly has led to his present honor of ve-
ceiving the 1967 Yant Award.

History and Background

URING THE industrialization of the
19th century, the health hazards from
work and working environment became in-
creasingly important in  many countrics,
especially with the increase in the number of
people exposed. More study gradually was
devoted to occupational diseases and acci-
dents by physicians and surgeons. Institutes
on occupational health were then mainly
concerned with clinical studies of occupa-
tional diseases and injuries, either in a gen-
eral way as was the case at the first institutes,
founded in Italy, Milano and Naples: or
devoted to some special problems, as at the
institute on silicoses in South Africa. Other
countries followed later the same pattern, and
clinics on occupational diseases were estab-
lished, among other places, in Berlin, Ger-
many. In some countrics, however, the first
studies on occupational diseases were car-
ried out by pathologists or experts on legal
medicine, and legal medicine and occupa-
tional medicine were thus combined in the
institutes set up in countries, such as France.
In addition to the clinical studies on oc-
cupational diseases industrial hygiene engi-
neering was developed in several countries.
especially in the USA, hence making evalua-
tion of exposure and technical prevention
more efficient.
It was gradually recognized that the in-
fluence of work and working conditions upon
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man was not limited to occupational dis.
eases. Industrial fatigue was studied, for
instance in England and the USA. The ad-
justment of man to work and the adjustment
of work to man was considered to be im-
portant. Methods for job analysis, selection
and placement were developed. Applied
anatomy, physiology and psychology were
now included in occupational health, and
these experiences were used in industry for
the design of machines. A new field (human
engineering or ergonomics) was developed.
The scope of occupational health institutes
was widened. Occupational health was de-
fined in 1950 by a joint ILO/WHO Com-
uittee on Occupational Health as follows:

“Occupational health should aim at: the promotion
and maintenance of the highest degree of physical,
mental, and social well-being of workers in all
occupations; the prevention among workers of
Gupestures from health caused by their working
conditions: the protection of workers in their em-
ployment from risks resulting from factors adverse
1o health; the placing and maintenance of the
worker in an occupational environment adapted
to his physiological and psychological equipment
and, to summarize: the adaptation of work to
man and of each man to his job.”

When developing countries entered the
industrializing stage during 1950-1960, it
was recognized that there was great need
to build up occupational health and indus-
trial health services at the same time. The
establishment of occupational health insti-
tutes in developing countries, considering
their special problems, has lately been recog-
nized as very important to the health of the
working population. Model plans for occu-
pational health institutes of different sizes,
minimum, average and complete establish-
ments, were described in a report of - the
Joint ILO/WHO Committee on Occupa-
tional Health. {(WHO Techn. Report Series
No. 135, Geneva 1957),

Scope and Functions

The main functions of occupational health
institutes are research, service and teaching,
according to the wide definition of occupa-
tional health recognized today.

At the beginning of the 20th century oc--
cupational health was mainly considered to
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consist of studies on occupational diseases,
their causes, diagnoses, treatment and preven-
tion. Well equipped clinical departments for
occupational diseases were included in the
institutes organized in that era. In most coun-
tries they are still kept as an important part
of an occupational health institute, Modern
occupational health engineering methods are
now commonly used in prevention of occu-
pational diseases, in addition to medical
methods.

As many occupational diseases are of the
internal medicine class, (diseases of lungs,
liver, kidneys, and blood-forming organs),
clinics on occupational diseases are also open
in several countries to patients with non-
occupational diseases relating to internal
medicine. Methods to evaluate lung function
or physical working capacity may well be
applied to occupational diseases such as sili-
coses as well as to nonoccupational diseases
such as chronic bronchitis and emphysema.
This combined concern with occupational
and nonoccupational diseases is of value also
in keeping the personnel abreast with devel-
opments in general clinical sciences.

The prevalence of occupational diseases is
gradually decreasing in many countries but
it is still necessary to retain the special clini-
cal departments for diagnosis and treatment. -
It is then practical to use the available ex-
perts and techniques also for studying non-
occupational diseases, whereby the evalua-
tion of working capacity and rehabilitation is
of special concern.

The experience gained on occupational ex-
posure to toxic gases will also be of value
in studying air pollution in cities. In several
countries the field of activities of occupa-
tional health institutes have been widened to
“environmental health,” which usually means
occupational health and air pollution.

Since occupational health now includes the
general adaptation of work to man and of
man to work, physiological and psychological
aspects have been included in the field of
activities. Ergonomics and human engineer-
ing are applied when production methods
and working environment are adjusted to
man. Industrial psychology and sociology
are used in studying the mental capacity of
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the worker in relation to the demand of the
work, the worker’s attitudes towards his job,
and human relations at work.

Resoarch

In principle it has been found most effi-
cient to devote the research activities mainly
to applied research, dealing with occupa-
tional health problems of practical impor-
tance to the country concerned.

Research on occupational diseases has dur-
ing recent years mainly studied the mecha-
nism of action of toxic substances, methods to
detect already minor deviation from health,
and diagnosis at an early stage of disease. As
examples of research of this type we may
mention the studies on silicoses concerning
the mechanism of collagen formation. the
lung clearance of inhaled particles and fac-
tors influencing it, the distribution of metals
such as cadmium, lead. mercury in different
tissues, the inhibition of the synthesis of
haemoglobin and the increased excretion of
ALA (aminolaevulic acid) with lead expos-
ure and the metabolism of chlorinated hydro.-
carbons such as the transformation of tri-
chlorethylene to trichlorethanol and trichlor.
acetic acid. The effect of certain toxic sub-
stances upon higher nervous functions have
also been studied, for instance, in institutes
in Moscow, Prague and Zurich.

Importance has been placed on the study
of occupational and nonoccupational dis-
eases as well as accidents at work from the
epidemiological approach. It has been
emphasized that a disease or an accident is
a result of many factors, and to understand
the mechanism and to achieve efficient pre-
vention it is necessary to study the complex
interaction of all these factors. The approach
“ene disease - one cause” has sometimes over-
simplified the problem of occupational dis-
eases. Already the great individual differ-
ences in sensitivity to exposure to occupa-
tional hazards will show that many factors
are involved in the effect of a toxic substance
upon man.

During the last 40 years occupational
health engineering has been gradually de-
veloped. The activities of occupational health
institutes in the USA have been of greatest
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value in developing this field. Methods have
been worked out for dust counts or analysis
of gases in order to study exposure through
industrial hygiene surveys, evaluating the
concentration of contaminating substances in
air, their variation according to production,
weather conditions, seasons, etc., taking into
account the time of exposure of the indi-
vidual worker. The outstanding contributions
of research workers, such as Philip Drinker,
Theodore Hatch and William Yant, whom I
have had the honour to know personally,
should be especially mentioned. '

Studies on incidence of diseases in relation
to occupational exposure have resulted in the
establishment of maximum allowable concen-
trations (MAC) and threshold limit values
(TLV) of toxic substances in air, to be used
for guidance in prevention. Considerable dif-
ferences are found in some values from dif-
ferent countries. International agreement on
the principles applied would be of value for
future progress. A new approach would be
to establish four different values, from the
concentration with an effect within normal
variations up to a concentration with obvious
symptoms of intoxication. = Permanent co-
operation between different institutes in dif-
ferent countries and guidance from an inter-
national organization are of equal signifi-
cance. Maximum allowable concentrations in
biological material (blood, urine, tissues)
have been studied as well as “normal” values
of toxic substances.

The prevention of occupational diseases is
based nowadays chiefly on an industrial hy-
giene engineering approach. Medical pre-
vention is useful but mainly to support the
technical prevention, and to control its ef-
ficiency, especially in regard to its practical
application and its relation to the human
factors. Efficient research and field studies
on occupational diseases is today a result of
team work between physicians, chemists,
physicists and engineers.

Methods for physiological measurements,
such as pulse rate, oxygen consumption, body
temperature, have made it possible to study
in detail the physical work load on the hu-
man being in order to eliminate peak loads
at work and thus increase the possibilities of
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placing “ordinary” workers in formerly
“*heavy” jobs. Studies of work physiology on
such problems as heavy work, hot environ-
ment, fatigue, have been carried out in many
institutes, for instance by Belding (Pitts-
burgh), Bonjer (Leyden), Grandjean (Zu-
rich), Karvonen (Helsinki), Christensen and
Lundgren (Stockholm), Lehmann (Dort-
mund), Metz (Strasbourg).

In most countries heavy work is now grad-
ually disappearing due to mechanization.
Consequently, in industry there seems to be
a gradual change of work load from ths=
physical to the mental side. Psychology will
thus be of greater future significance, when
ergonomics is concerned with designing in-
strument panels and the like. Among prob-
lems of industrial psychology may be men-
tioned perception of signals, instrument
panels, decision-making, job design and vari.
ation of performance with age. Methods of
selection and placement have been developed.

Research on occupational health should
closely follow current developments and try
as far as possible to estimate future prob-
lems. One side of research activities should
be concerned with production. It is essential
to study the introduction of new methods of
production and their possible health hazards
as well as general changes in production,
which may create problems of human adjust-
ment to work, such as the introduction of
mechanization and automation. Research
conducted by occupational health institutes
should try to be a few years ahead of the
technical development of production methods
and hence be prepared to issue recommenda-
tions on preventive measures when changes
of production are introduced in practice.

The other side of research activity should
deal with the labor force, the human aspect
of man al work, his adjustment, etc. It
would be of great importance for occupa-
tional heaith institutes to follow changes in
the labor force of the couritry and changes
on the labor market.

A shortage of labor, for instance, may call
for the increased employment of handicapped
workers and married women. It will there-
fore be desirable to study methods far the
proper placement and adjustment of espe-
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cially vulnerable groups.

The increasing expectation of life and the
reduced birth-rate in° many countries will
change the age distribution of the popula-
tion and of the labor force, resulting in an
increased number of middle-aged and old
people at work. An important task for “oc-
cupational health research is to study the
abilities and disabilities of the aging man in
order to.ensure him a proper adjustment to
work.

It is of greatest importance that the re-
sults from research should not only be pub-
lished in scientific - journals but should also
be made available to industry and applied
in practice, if necessary through practical ex-
periments, The research activities of occu-
pational health institutes will thus promote
the health of the worker, contribute to his

adjustment to work and prevent occupa-
tional health hazards.

Service

Industries and other places of employment,
employers’ and workers’ organizations, and
government authorities have need now and
then for expert advice in order to solve
special occupational health problems. It is
imperative that the occupational health in-
stitutes be prepared to carry out such studies
upon request as a service. It is essential for
the country concerned to solve its many
practical occupational health problems in
such a way. These studies, however, are also
of value for the occupational health insti-
tute as a source of information to the insti-
tute as to what practical problems are sig-
nificant at places of work,

As examples, the following studies from
Sweden may be mentioned. The workers of
a storage battery plant complained of fatigue;
the problem was discussed at the joint safety
committee, and the factory asked the na-
tional institute for a study which led to the
discovery of cadmium proteinuria.

The management of a chemical factory
was apprehensive that a health hazard was
connected with a certain part of their pro-
duction. It involved possible exposure to a
substance of which then little knowledge was
available as to its toxicity. A health examin-
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ation of the exposed group and of a nonex-
posed group, as well as an industrial hygiene
survey, carried out by the national institute,
showed no difference between the two groups,
and the safety of working conditions from
the industrial hygiene point of view seemed
to be acceptable.

An iron mine, where diesel-engine trucks
were used extensively for underground trans-
port, was the source of a request for a study
on possible health hazards from exhaust
gases. Health examinations on an exposed
group compared with a nonexposed group, as
well as an industrial hygiene survey on gases
in the mine, were carried out by the national
institute.

There is, however, a certain danger that:
the demand for service upon an institute may
be so considerable that there will be insuffi-
cient time left for research and teaching. It
is very important for an institute to keep a
proper balance between activities of their own
initiative, such as research and teaching, and
service upon request. One institute (Prague)
has found it practical to devote about 25%
of its activities to service and the rest to re-
search and teaching. This seems to me to
be a reasonable proportion also for the
Swedish National Institute of Occupational
Health. At another institute (Helsinki) it
has been practical to devote more time to
service work, which provides 70 to 809 of
the annual budget of the institute,

If an institute cannot deal with all service
problems referred to them by industries, trade
unions, etc., the possibility must exist to refer
these problems to other organizations, such as
regional or local institutes on occupational.
health, hospital departments on occupational
diseases, university institutions, occupational
departments of large industries, and private
research organizations. A national institute
of occupational health will work efficiently
only if it has a proper regional organization
to which it can delegate a certain part of its
activities. As an example, the organization
of health centers in Yugoslavia can be men-
tioned. The system here is that the occupa-
tional health institute in each republic of the
federation may refer local problems to these
centers and they on their part can refer
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more complicated problems to the national
institute. A

An institute of occupational health carry-
ing out service work will be of material value
to its country. Practical problems on occu- °
pational health will be solved, safety and
health at places of work will be promoted
and service problems of general scope will
stimulate the institute to carry out more ex-
tensive research work.

Teaching

The development of occupational health
in a country calls for the availability of
trained personnel, such as physicians, engi-
neers, nurses, psychologists and physiologists.
The aim of undergraduate teaching for medi-
cal students and engineering students and so
forth should be to give a short introduction
to the main problems of occupational health,
excite their interest in occupational health
and inform them on literaturé and where
they can procure more information.

The teaching of occupational health in-
stitutes, however, will be mainly at graduate
and post-graduate level. The graduate teach-
ing of specialists, such as industrial physicians
or industrial hygiene engineers, will be one
of the major teaching activities of occupa-
tional health institutes. In many countries,
courses of one or two years’ duration are
given, leading to a diploma in occupational
health. The training courses in the USA
such as at Harvard University, University of
California (Berkeley), University of Califor-
nia at Los Angeles, University of Cincinnati,
Pittsburgh University and Michigan Univer-
sity should be especially mentioned. Some in-
stitutes or occupational health departments
of schools of public health have their gradu-
ate courses open also for students from other
countries, as in England, France and the
USA. It is extremely important that the
teaching gives practical information to be
used in the field by the participants when
they go back to industries or other field activ-
ities. 3

Posi-graduate training includes courses on
special problems such as pneumoconiosis,
prevention of industrial noise, mental health
in industry, ergonomics of machine design, or
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general refresher courses for specialists.

Many countries do not have enough spe-
cialists available to organize institutes and
training courses. International training
courses have therefore been organized by the
World Health Organization and the Inter-
national Labor Office. These courses have
been either training courses, with a duration
of a few months up to a year, or shorter
courses or seminars, for already experienced
participants, where special problems are ex-
amined such as ergonomics, occupational
health problems in agriculture, and occupa-
tional heaith in developing countries.

As occupational health is today essentially
a matter of team work among specialists from
different fields, it has been found most valu-
able to organize graduate and post-graduate
courses in the form of joint instruction for
engineers, physicians or other experts. This
will make it possible for each group to un-
derstand the problems and the language of
the others and will foster a team spirit right
from the teaching stage.

Organization

The occupational health institutes may be
set up within universities, where they may
be separate institutes or they may be a de-
partment within a school of public health as
in England (London), the USA (Harvard
University, Michigan University, Pittsburgh
University), the Netherlands (Leyden), the
United Arab Republic (Alexandria), or a
medical school, as in France and Italy. In

Zurich, Switzerland, the occupational health’

department is organized within the Technical
University. In several countries, including
Japan and Sweden, the institutes are direct-
ly under the Ministry of Labor or the Min-
istry of Health, sometimes closely connected
with the Chief Factory Inspectorate of the
country. Some institutes may be organized by
labor unions, by insurance companies, by
large industrial concerns or by a mixed state
and private foundation as in Finland (Hel-
sinki). In some countries the leading occu-
pational institute of the country is closely
connected with the Academy of Science such
as in USSR, Moscow, and Yugoslavia, Zag-
reb.
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A national institute of occupational health
should be organized, if possible, to comprise
all hecessary departments or units, such as
medical unit, industrial health engineering
unit, physiology unit, toxicology unit, psychol-
ogy unit, rehabilitation unit, statistical unit
and educational unit. In the third report of
the Joint ILO/WHO Committee on Occupa-
tional Health, Geneva, 1957, plans are pub-
lished for minimum establishment, average
establishment and complete establishment of
an occupational health institute. This step-
wise approach may be of great value for
countries planning to organize such institutes,

In several large countries where there are
several occupational health institutes, a cer-
tain degree of specialization’ will very often
take place. This is so in the USSR, for in-
stance, where there are about 15 institutes
on occupational health, including a leading
institute in Moscow. Some institutes have spe-
cialized on certain problems of great im-
portance in the region where the institute in
question is located. For instance the Kiev
Institute specializes on the health problems
of agriculture, and the Charcow Institute, on
silicoses. In USSR special “problem commit-
tees” have been created within the institute
in order to coordinate research to decide
what occupational health problems should be
given priority and to which institute they
should be referred.

In many countries there are local institutes
or departments of occupational health within
the local institute on public health. These
local institutes wiil deal with local problems.
A national institute can also refer the prac-
tical application of results from research to
these institutes in order to have the results
applied in the field.

Some countries have preferred to establish
special institutes or units for special problems
instead of always organizing a complete in-
stitute on occupational health with all avail-
able specialists. This is partly the situation in
the United Kingdom, where research units
are established, such as the research center on
pneumoconiosis and research center on toxi-
cology. The Federal Republic of Germany
has a research institute on pneumoconiosis
(Institut fiir Staublungenforschung) in Miin-




ster, and an institute on work physiology
(Dortmund).

Developing Countries

Industrialization especially in developing
countries will cause a transfer of large groups
of the population from agriculture and rural
areas into industries and industrial cities.
Such a shift will create many health problerns
related to working conditions as well as to
social conditions and these will call for pre-
ventive measures. There is great need to de-
velop industrial health services apace with
industrialization in order to prevent the
health hazards that will occur when people,
often with high morbidity and unaccustomed
to industrial work, are absorbed into indus-
try and industrial cities. If prevention is not
applied and included at the planning stage a
high frequency of accidents and occupational
diseases may occur.

It must also be borne in mind, although
it is outside the field of occupational health,
that the health aspects must be considered
when new industrial communities are being
planned, since serious health hazards and
difficulties in social adjustment will occur.

An occupational health institute organized
in a developing country at the beginning of
an industrialization era will be of greatest
value in promoting the health of the worker.
Applied research and service will deal with
the practical health problems in industry,
teaching courses will provide the new indus-
try with industrial physicians and safety and
industrial hygiene engineers.

The organization of occupational health
services in industries, mines and other places
of employment can be supported by the in-
stitute, in studying the needs and the prob-
lems that should have priority in such a
service.

Several developing countries have organ-
ized occupational health institutes either
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separately or as departments tvithin a public
health school as in Alexandria and Calcutta.
In some countries occupational health insti-
tutes have been organized with support from
international organizations (United Nations,
International Labor Office, World Health
Organization) as in India and Chile.

Occupational health institutes, through
their activities in research, service and teach-
ing, will contribute to the promotion of oc-
cupational health in a country and to the
health of its workers.
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