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Energy Production
in the 800m

by Enrico Arcelli, Amos Bianchi, Jennifer Tebaldini, Matteo Bonato
and Antonio La Torre

Understanding the aerobic and anaero-
bic energy mechanisms in the 800m can
have important practical consequences for
coaches trying to correctly plan and man-
age an athlete’s training. This knowledge
is especially useful now that low cost, easy
to use equipment is available for measur-
ing blood lactate concentration after a
competition or in training. The purpose of
this study was to examine the contribu-
tion of the anaerobic lactate mechanism
from the point of view of the total energy
expenditure and energy expenditure at dif-
ferent stages of the 800m. Blood lactate
concentration was measured in 18 male
athletes at the end of a race and after time
trials of 300m and 600m run at the same
pace as the race. The data confirm earlier
findings that blood lactate concentration
at the end of the 800m tends to decrease
with the increase of the time of the race. It
was also found that the contribution of the
anaerobic lactate mechanism peaks from
the start to 300m, falls between 300m and
600m and is at its minimum at the end of
an 800m race. Conclusions include general
advice for working with athletes with typi-
cal strength-weakness profiles for the two
mechanisms studied.
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Introduction
rom an energetic point of view, both
the aerobic and anaerobic mecha-
nisms have considerable quantitative
importance in the 800m'*. Understanding how
the two mechanisms affect the energy expen-
diture required to complete the distance at a
competitive or winning speed is, of course, in-
teresting for sport physiologists and can have
important practical consequences for coaches
trying to correctly plan an athlete’s training.
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Currently, low cost and easy to use equip-
ment is available for coaches who would like
to measure the blood lactate concentration of
their athletes after a competition or in training.
This means it is practical to plan training to
emphasise the aerobic or the anaerobic lactic
mechanism in training as required based on
objective and quantifiable data and to moni-
tor accurately the changes caused by the se-
lected training.

With this in mind, the purpose of this article
is to examine the contribution of the anaerobic
lactate mechanism to the 800m from two dif-
ferent points of view: 1) the total energy expen-
diture, 2) energy expenditure at different stages
of the race, as a basis for coaches who wish to
follow this lineox preparation of their athletes.

Material and Methods
Subjects

Eighteen sub-elite male middle distance
runners volunteered for this study. They were
fully informed about the nature of the study
and the potential risks and each gave written
consent to participate.

Before starting with the study protocol, an-
thropometric measurements and other data
were collected from all the subjects. Table 1
gives the mean +SD and range for their age,
height and body weight, body fat, years of
training and personal best over 800m.

Experimental design

Data collection measurements were made
during the outdoor track season (June-July).
The temperature range during this period was
between 20°C and 40°C, there was no precipi-
tation and the wind velocity was below 4 m-s™.

All the subjects took part in 800m compe-
titions on synthetic outdoor tracks in national
or international events. Prior to their races they
used a standard warm-up, which included jog-
ging and mobility exercises. The final perfor-
mances were measured to the nearest 0.01
second. Split times were recorded for each
subject at the 300m and 600m points of their
races. At three and six minutes after the com-
pletion of the races, 5 pl blood samples were
taken from the each subject’s ear lobe so that
blood lactate concentration could be analysed
(Lactate Pro™ LT-1710, Kyoto, Japan).

In addition, 14 of the subjects performed
time trials of 300m and 600m at the same
pace they had run for the 800m races. These
trials took place between 48 hours and seven
days after the subject’s race. At two and four
minutes after the completion of the 300m trial
and at three and six minutes after the comple-
tion of the 600m trial, 5 pl blood samples were
taken from the ear lobe, again so that blood
lactate concentration could be analysed.

Table 1: Anthropometric characteristics, years of training and personal best over 800m of the 18 subjects who

participated in the study

Mean 1SD Range
Age (years) 228 £#3.9 16.0 - 32.0
High (cm) 180.5 +4.9 175.0 - 189.0
Weight (kg) 66.0 5.6 57.0-74.0
Body fat (%) 5.3 +1.1 42-64
Years of training (years) 9.0 £#6.0 4.0-13.0
Personal Best over 800m (sec) 117.6 5 .8 109.8 - 128.4
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Calculation of the total energy
expenditure

According to RITTWEGER et al.’ the total
energy expenditure (J-kg™) for running a cer-
tain distance is the sum of the following three
components:

1. The non-aerodynamic cost: According
to DI PRAMPERQOS, the non-aerodynamic
cost encompasses the energy the athlete
spends to lift and accelerate the body
for each step, for the friction that the foot
meets on each step, for the internal work,
for the muscle contraction to maintain the
core stability and for the work done by the
heart and the respiratory muscles. The
cost is equal to 3.8 J-kg' times the dis-
tance in metres. For the 800m, therefore,
it is 3.8 J-kg™ x 800 = 3040 J-kg™.

2. The cost for overcoming air resistance:
This cost is 0.01 J-kg™" for the distance (m)
times the square of the running velocity
(m-s™). For the 800m it is 8 J-kg™-v2.

3. The cost for accelerating the body:
This cost is 2 J-kg' times the square of
the velocity. For the 800m it is 2 J-kg™'-v2.
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Therefore, the total expenditure in Jxkg™ for
running an 800m race is:

3040 J-kg' + 8 J-kg'-v2+ 2 J kg-1-v2 or
3040 J-kg' +10 J-kg'-v?

To get the total expenditure in mL:kg™, this
formula becomes:

144.08 + 0.48-v?

Calculation of the energy produced by
the anaerobic lactic mechanism

Referring to the lactate peak, each incre-
ment of 1 mmol-L" over the baseline value, as-
sumed to be 1 mmol-L:' "3 corresponds to a
production of 3 mL:kg™ of lactic energy (lactate
caloric equivalent®).

Results
Blood lactate concentrations

In Figure 1 we see the results obtained for
blood lactate concentration after the 800m
races of the 18 subjects (diamonds) and the
trend of the blood lactate concentration as a
function of the time when the sample was ob-

tained (p=0.086).
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Figure 1: Trend of the blood lactate concentration after an 800m race as a function of the time obtained

(p=0.086) in the 18 subjects evaluated

New Studies in Athletics * no. 3.2012 51



Energy Production in the 800m

Table 2: Values of blood lactate concentration after
time trials of 300m and 600m an 800m race for 14
athletes participating in the study

Mean SD
300m 8.6 mmol-L"' 1.6 mmol-L"'
600m | 13.6 mmolL' | 1.6 mmolL"’
800m | 14.2 mmol-L' | 1.7 mmol-L"

Table 2 gives the mean+SD values of the
lactate concentration after the 300m and
600m time trials and the 800m race for the 14
athletes who completed all three of the tests.
For the two time ftrials, the peak value of the
two samples taken is considered.

In Figure 2 we show the mean blood con-
centration at 300m, 600m and 800m for 14
athletes who completed all three of the tests.
The baseline blood lactate concentration was
considered 1 mmol-L' 3],

Discussion
Blood lactate concentration after an 800m

Table 3 gives the post-800m blood lactate
concentration data from five studies that can
be found in the current literature plus the data
from the present study (last line). Our values
do not differ significantly from the average val-
ues of the other studies, with the exception of
those of LACOUR et al.!, who were the first to
study this area and whose data were obtained
from elite-level athletes.

From the data in Table 3 we created Fig-
ure 3. The straight line indicating the tendency
is different from that in Figure 1 and, indeed,
from the one reported by LACOUR et al.'. Here
below are the three different formulas for the
calculation of the blood lactate concentrations
(in mmol-L") as function of the time of the com-
petition (in sec):

e Present study: 27.15-0.111t
e  Scientific literature: 42.21 - 0.21 t
e |ACOURetal:86.7-0.61
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Figure 2: Blood lactate concentration (Mean+SD) at the start, after a 300m time trial, after a 600m time trial

and after an 800m race
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To explain the differences between the three
formulas, we have to consider that (as shown
in Table 3) the different studies were carried
out with different criteria. In three cases, for ex-
ample, the blood lactate concentrations were
not taken after a competition, but after a time
trial, which could possibly give a different re-

Energy Production in the 800m

sult. Moreover, in most cases the number of
subjects in these studies was limited, particu-
larly for LACOUR et al.!, where there were only
five subjects, even if there were a total of 18
tests. In all cases, the blood lactate concentra-
tion tends to decrease with the increase of the
800m time recorded.

Table 3: Mean blood lactate concentration of the scientific literature after 800m (The last line reports the

values of the present study.)

Numer of | Time | Velocity | Blood Lactate
Authors subjects | () | (ms?) | (mmolLLt) | 1YPeoftest
Lacour et al. (1990) ! (18 face) 108,4 7,39 21,9421 Race
Hill (1999)3 a7 face) 120,2 6,66 18,1422 Race
Duffield et al. (2005)4 9 126,0 6,35 12,4+1.9 Race
Time trial on
10
Thomas et al. (2005) 5 120,8 6,52 17,5+1,3 outdoor track
Time trial on
,
Bosquet et al. (2005) 17 137,2 | 587 15,08+1,48 outdoor track
Time trial on
8
Billat et al. (2009) 8 129 6,20 16,9+1,9 indoor track
Ditroilo et al (2012)!! 72 134,6 13,6+1,1 md"‘l’z;‘:;hle“c
Present Studies (2012) 18 118,8 6,73 14,041,5 Race
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Figure 3: Trend of blood lactate concentration after an 800m as a function of the final time according to data
reported in literature as shown in Table 3 (p=0.135) (The symbols refer to the following authors: L = LACOUR
et al'; PS = Present Study (2012); H = HILL3; T = THOMAS et al.’% D = DUFFIELD et al.?; Bi = BILLAT et al.%;

Bo = BOSQUET et al.’; Di = DITROILO et al.”)

New Studies in Athletics * no. 3.2012 53



Energy Production in the 800m

Table 4: Energy expenditure in the 800m for performances from 105 sec to 120 sec (calculated with the
RITTWEGER et al. formula), the contribution of the anaerobic lactic mechanism (calculated according to di
PRAMPERO et al. formula) and the contribution of the anaerobic lactic mechanism as a percentage of the total

energy expenditure

Time over 800m Total Energy Expenditure Lactic Component Lactic Component
(sec) (mL-kg") (mL-kg) (%)
110 169.1 42.15 24.9%
115 167.0 40.50 24.2%
120 165.1 36.60 22.2%

Contribution of the anaerobic lactate mecha-
nism on the total energy cost for the 800m

Table 4 was created by calculating the total
energy cost for the 800m run in different times
using the RITTWEGER et al.® formula and the
contribution of the anaerobic lactic mechanism
with the caloric lactate equivalent®, according
to the mean lactate values of the present study
(the straight line in Figure 1).

The total energy expenditure calculated by
the RITTWEGER et al.® formula is very similar
to that established with different criteria by
LACOUR et al.!", HILL®, DUFFIELD et al.4, BOS-
QUET et al. “and BILLAT et al.8. These authors
propose an energy expenditure of 0.211, 0.198,
0.205, 0.221 and 202 mlkg™'.min", which is
equal to 168.8, 158.4, 164, 176.8 and 161.6
mlL:kg™, respectively.

As we can see in the far right-hand column
of Table 4, the anaerobic lactic mechanism
contributes 25.5% where the 800m time is 110
sec, 24.2% where the time is 115 sec and for
22.2% where the time is 120 sec.

Intervention of the anaerobic lactic me-
chanism in different sections of the 800m

Itis possible to calculate the increase of blood
lactate concentration from the start to 300m,
from 300m to 600m and from 600m to 800m,
by considering the time spent in each section
and the average lactic power of 6 mLkg™-min”,
that is the energy produced by the anaerobic
lactic mechanism per unit of time.

As can be seen in Figure 4, the lactic pow-
er reduces significantly from the first section
(start-300m), to the second section (300m
— 600m) and the last section (600m - finish).
As would be expected from this, the authors
who evaluated the maximal kinetic oxygen
consumption during an 800m race (DUFFIELD
et al. and SPENCER & GASTIN) reported that
oxygen consumption rises very quickly after
the first ten seconds and provides the maximal
contribution to the total expenditure during the
final section of the race*°.

Conclusions

The 800m is a race in which the percent-
ages of the energy contribution of the aerobic
and anaerobic mechanisms are very close.
The current availability, low cost and ease of
use of equipment for blood lactate measure-
ment allows coaches to know the blood lac-
tate of their athletes after a race of 800m and
consequently to direct the preparation more
towards the aerobic or the anaerobic lactic
mechanism as required. Moreover it can also
allow coaches to control the changes caused
by training.

For example, with an athlete who runs the
800m between 110 and 125 sec and has a low
concentration of lactate compared to that in-
dicated by the line in Figure 1 it might be that
the glycolytic mechanism is the less effective
of the two. The coach, therefore, should ad-
just the training programme to stimulate that
mechanism.
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Figure 4: Contribution of the anaerobic lactic mechanism to the total energy expenditure in different sections

of an 800m race

Conversely, for an athlete who comes from
a 400m background and has a very high lac-
tate concentration in relation to the average
values, especially if his/her running technique
does not result in a very high-energy expendi-
ture, an improvement of the aerobic compo-
nents may lead to a significant improvement of
the performance.

The second example highlights the blood
lactate data relating to the theoretical transition
from 300m to 600m, which shows that, con-
trary to the feeling of athletes during the race,
the production of energy during the 800m be-
comes less lactic and more aerobic as the race

progresses. However, even a small increase in
the concentration of lactate in the muscles sig-
nificantly affects the feeling of fatigue and the
efficiency of the muscles. Therefore, there is
need to develop the ability to run with a cor-
rect technique, despite the increased concen-
tration of lactate.

Please send all correspondence to:
Antonio La Torre
antonio.latorre@unimi.it
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