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Abstract

Water polo combines swimming and ball handling. Swimming uses 15.7-20.0 kilocalories per
minute, more than any other form of physical activity. The complexity of the game divides the effort, for
the field players, into 50-60% aerobic effort, 30-35% anaerobic lactic effort and 10-15% anaerobic alactic
effort. Knowledge of the respiratory quotient, as a metabolic response to exercise, depends on the type of
energy substrate used (carbohydrates, lipids or proteins), being particularly important for the correct
diagnosis and management of higher aerobic effort in the training of athletes. Hypothesis: Using the
respiratory quotient parameter to analyse the anaerobic threshold provides information on the correctness
of preparation in the pre-established effort zone. Methods: The research is focused on the ascertaining
pedagogical experiment with a single variable. Results: Data from the anaerobic threshold assessment
reveal that: for the respiratory quotient, the mean value in basal metabolism is 1.04, and after exercise, it
reaches 1.11; for the lactic acid, the mean value in basal metabolism is 2.27mmol, and after exercise, it
reaches 8.29mmol. Conclusion: The preparation of junior athletes in their clubs was not done correctly,
because, for this effort zone, they should have used the lipid metabolism as an energy supplier, not the
carbohydrate one — the research hypothesis is validated.
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1. Introduction

The game of water polo combines swimming and ball handling. Swimming uses 15.7-20.0
kilocalories per minute, more than any other form of physical activity (Wilmore & Costill, 2004, p. 148).
The complexity of the game divides the effort, for the field players, into 50-60% aerobic effort, 30-35%
anaerobic lactic effort and 10-15% anaerobic alactic effort (Smith, 1988, p. 331). It has been noticed that
elite male water polo players have approximately 6 to 20% greater oxygen consumption than competitive
swimmers (Smith, 1988, p. 328). Total swimming distance of elite male players during a water polo game
ranges between 1,500 and 1,800m (Hohman & Frase, 1992, p. 316). The blood lactate values recorded in
competition by water polo players range between 8 and 10mmol/L (Wilmore and Costill, 2004, p. 273).
Data presented by specialists in the field reveal that the game of water polo falls, from a metabolic point
of view, within the higher aerobic effort zone (VO,max), with anaerobic penetrations. Given the high
percentage of aerobic work performed during a water polo game, this type of effort can be addressed very
similarly to swimmers’ training in the anaerobic threshold zone (endurance/higher aerobiosis), where
volumes ranging between 4,000 and 6,000m per day are used to train this system (Snyder, 2008, p. 19).
Maximal aerobic capacity and endurance depend on the oxidation of energy substances; it is difficult to
measure these items, because they are largely dependent on the available amount of lipids stored in the
body (Guedj, Brunet, Girardier, & Moyen, 2006, p. 43); as to the oxidative metabolism of lipids, it
depends on the amount of oxygen supplied. That is why the methodical stimulation of higher aerobic
metabolism uses the concept of “aerobic threshold” in the training of athletes (Marinescu, 2003, p. 57).
Contrary to the wrong ideas of coaches specialized in sports games, martial arts, gymnastics etc. (acyclic
efforts), who claim that the training within metabolic effort zones only matches the cyclic sports
disciplines, ergo-physiologists show that the mixed-type training (VO,max at the central level and
peripheral AA) is mandatory, because it stimulates both the higher aerobiosis zone and the anaerobic
alactic zone, including the amino acid metabolism; these are intensity exercises from 1.2 to 1.4 of
submaximal VAM, and the AA lasts between 5 and 15 sec. at maximal intensity, the duration of active
recovery being equal to or less than that of the exercise (Gued; et al., 2006, p. 46). We present the new
concept cited above to support the idea that improving the anaerobic threshold zone and VO,max is
particularly important, because it also prepares the anaerobic effort zones. We mention, in close
connection with the research, that the performance in endurance activity relies on the following factors: a
high VO,max, a high anaerobic threshold and a high economy of effort, which means a low VO,max for
the same exercise intensity. Knowledge of the respiratory quotient (non-protein QR — the protein nitrogen
is non-oxidizing), as a metabolic response to exercise, depends on the type of energy substrate used
(carbohydrates, lipids or proteins), being particularly important for the correct diagnosis and management
of higher aerobic effort in the training of athletes. We highlight that the metabolic zone of anaerobic
threshold is more important in training than the metabolic effort zone with maximal oxygen consumption
(Maglischo, 1982, p. 281). As an argument in our research, we used a specific test for the anaerobic

threshold zone (20 x 50m free style), with a start every 50”).
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Premises: our research starts from the premise that there is a one-to-one relationship
between respiratory quotient and anaerobic threshold, which provides valuable information for
training the higher aerobiosis zone. Water polo coaches do not use this information to conduct
endurance effort within metabolic zones and do not know the importance of the relationship
between respiratory quotient and anaerobic threshold. The respiratory quotient value allows
deducing the nature of the oxidized energy substrates; R = 0.70 indicates that the lipid substrate
has been used during exercise (which is correct for the endurance effort/anaerobic threshold),
and R > 1-1.4 shows that the glycolytic substrate has been used in the endurance work, which is

not effective in terms of the metabolic cost for sustaining the effort.

Purpose: to determine the respiratory quotient values in the specific endurance effort and to

establish the energy substrate used to sustain the effort.

Hypothesis: using the respiratory quotient (R) parameter to analyse the anaerobic threshold

provides information on the correctness of preparation in the pre-established effort zone.

The research subjects are 20 athletes, basic players of two water polo clubs enrolled in the
National Championship (“Steaua” School Sports Club 3 and “Emil Racovita” Sports College).
There were tested athletes in the 1997 age group; the test used to assess the anaerobic threshold
zone (20 x 50m free style, with a start every 50”) was carried out on 17.12.2013 at the swimming

pool within the Sports Complex of Izvorani.

Research methods: the research is focused on the ascertaining pedagogical experiment with a
single variable. The test used aimed to assess the anaerobic threshold zone (20 x 50m free style,
with a start every 50”). Mathematical and statistical methods: arithmetic mean, standard
deviation, Pearson correlation coefficient, coefficient of determination (r*) and graphical

representation (Popa, 2008, p. 164).
Description of the test and equipment used:

Anaerobic threshold assessment: the test (20 x 50m free style, with a start every 50sec.)
consists in covering (by swimming) the distance of 50m free style, after a preliminary specific
warm-up. This distance is repeated 20 times in a single series. The exercise is performed with a
start every 50sec., and the break between repetitions is about 5-10sec., depending on the
athletes’ level of preparation. The work intensity ranges between 80-90% of VO,max, and the
duration of this test is about 17min.;

Equipment used to take blood samples: at that time, we were having a partnership with the
National Institute for Sports Research (INCS) of Bucharest, represented by Mr Dorel Tocitu,
PhD Researcher, who used the automatic blood gas analyser ABL835 to measure blood
samples taken from the finger pulp under basal conditions, after various training stimuli and/or

at different post-exercise recovery times (Ticala, 2015, p. 158).
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Figure 01. ABLS835 Acid-base balance analyser - RADIOMETER

= Biochemical parameters measured:

—  pO, is the partial oxygen pressure in a gas phase in equilibrium with the blood and
signifies the level of oxygen uptake by the lungs;

—  pCO, is the partial pressure of carbon dioxide in a gas phase in equilibrium with the
blood. It is measured in mmHg. This parameter is a direct reflection of the relationship
between metabolic rate and pulmonary ventilation;

- R (respiratory quotient) — during exercise, it shows the metabolic cost, and under basal
conditions, it shows whether there is a balance between the respiratory and muscular
systems; R = VCO,/VO, = 1;

- LA — lactate is an extremely important indicator for assessing the predominant type of
energogenesis during physical exercise and, depending on the concentration reached, it

helps to assess the endurance capacity of the body.

3. Results

Table 01 shows the values of the biochemical parameters measured in basal metabolism and their
evolution after exercise.

For the pO, parameter, the mean value recorded in basal metabolism is 78.595 mmHg, with a
minimum value equal to 62 mmHg and a maximum value equal to 97.6 mmHg; standard deviation is
+9.346 mmHg, and the coefficient of variation is equal to 11.89% mmHg, which integrates the results
recorded for this parameter into a relatively homogeneous group. During exercise, the recorded mean
value is 89.075 mmHg, with a minimum value equal to 72.9 mmHg and a maximum value equal to 101
mmHg; standard deviation is +8.432 mmHg, and the coefficient of variation is equal to 9.46% mmHg,
which integrates the results recorded for this parameter into a homogeneous group. The PO, values
ranging between 80-100 mmHg are considered as normal values, and those lower or higher than these

limits indicate an acid-base imbalance. (Table 01, Figures 02, 03 and 10).
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Table 01. Summary table with the evolution of the measured biochemical parameters

It Full Results
o (lIlni:;:lI:)e PO2 PCO2 R LA
basal | effort | basal effort | basal | Effort | basal effort
1. C.M. 97.6 89.4 29.6 27.1 1.16 1.25 4.4 10.7
2. B.A. 77.6 96.3 334 323 1.05 1.15 4.4 10.7
3. C.G. 83.5 98.2 38.1 28.3 1.04 1.15 0 9.9
4. V.G. 72.3 93.7 344 29.8 1.05 1.16 2.8 11.5
5. V.V. 67.3 96.5 37.4 29.6 1.05 1.12 2.8 6.7
6. B.A. 75.1 76.9 36.7 31.6 1.04 1.07 9.9
7. T.P. 86.1 88.5 34.8 29.4 1.04 1.13 6.7
8. A.C. 92.8 86.6 40.1 343 1 1.12 1.2 7.5
9. D.A. 81 85.9 35 355 1.05 1.05 2.8 2.8
10. P.E. 64.3 76.7 38 31.3 1.04 1.07 2 9.9
11. D.C. 81.4 100 30.8 31.1 1.10 1.16 2.8 11.5
12. B.P. 74.1 88.7 35.8 24.8 1.04 1.23 2 9
13. LR. 91.4 82.3 33.1 343 1.05 1.05 2.2 4.4
14. C.D. 71.5 72.9 413 47.4 1 0.94 1.2 7.5
15. V.A. 73.2 101 45.6 36.5 0.96 1 0 7.5
16. N.D. 81 96.5 38 29.6 1 1.18 2.8 13
17. P.A. 86.6 93.7 33 28.3 1.10 1.14 3.6 9
18. Z.1. 62 87.5 41.7 342 1 1.06 0 9.9
19. L.A. 75.9 76.7 36.7 30.1 1.05 1.13 2.8 8.3
20. G.A. 77.2 93.5 32.2 31.8 1.10 1.12 3.6 5.9
Statistical parameters
Min 62 72.9 29.6 24.8 0.96 0.94 0 2.8
Max 97.6 101 45.6 47.4 1.16 1.25 4.4 13
X 78.595 89.075 | 36.285 | 31.865 1.04 1.11 2.27 8.294
S +9.346 | +8.432 | +£3.939 | +4.680 +0.04 +0.07 | *1.304 +2.529
(Y 11.89% | 9.46% | 10.85% | 14.68% | 3.84% | 6.30% | 57.26% 30.48%
Partial oxygen pressure
19
16
13
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7
4
1
0 20 40 60 80 100 120
B PO2 post-exercise W PO2 basal

Figure 02. A comparative graph for the pO, parameter (partial oxygen pressure) in basal and post-
exercise metabolism

170




http://dx.doi.org/10.15405/epsbs.2018.03.22

Corresponding Author: Laurentiu Daniel Ticala

Selection and peer-review under responsibility of the Organizing Committee of the conference
elSSN: 2357-1330

Partial oxygen pressure

20
88
86
84
82
80
78
76
74
72

mmHg

basal post-exercise
PO2
B mean value 78.595 89.075

Figure 03. A comparison of the mean values recorded in basal and post-exercise metabolism for the pO,
parameter

For the pCO, parameter, the mean value recorded in basal metabolism is 36.285 mmHg, with a
minimum value equal to 29.6 mmHg and a maximum value equal to 45.6 mmHg; standard deviation is
+3.939 mmHg, and the coefficient of variation is equal to 10.85% mmHg, which integrates the results

recorded for this parameter into a relatively homogeneous group.

Partial pressure of carbon dioxide
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Figure 04. A comparative graph for the pCO, parameter (partial pressure of carbon dioxide) in basal and
post-exercise metabolism

During exercise, the recorded mean value is 31.865 mmHg, with a minimum value equal to 24.8
mmHg and a maximum value equal to 47.4 mmHg; standard deviation is +4.680 mmHg, and the
coefficient of variation is equal to 14.68% mmHg, which integrates the results recorded for this parameter
into a relatively homogeneous group. The pCO, value in venous blood is 45 mmHg, and in arterial blood,
40 mmHg; these are considered as normal values (Table 1, Figures 04, 05 and 10). We mention that these
two parameters of the respiratory coefficient (R) have to be in compliance with the following scheme:

when one increases the other must decrease; it is not indicated for the values to increase simultaneously or
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to decrease simultaneously (this would indicate an acid-base imbalance and an inadequacy of the

respiratory system to the specific effort).

Partial pressure of carbon dioxide
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basal post-exercise
PCO2
® mean value 36.285 31.865

Figure 05. A comparison of the mean values recorded in basal and post-exercise metabolism for the
pCO; parameter

As regards the evolution of R (respiratory quotient), the mean value recorded in basal metabolism
is 1.04, with a minimum value equal to 0.96 and a maximum value equal to 1.16; standard deviation is
+0.04, and the coefficient of variation is equal to 3.84%, which integrates the results recorded for this

parameter into a homogeneous group.

Respiratory quotient
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m R post-exercise ™ R basal

Figure 06. A comparative graph for the R (respiratory quotient) parameter in basal and post-exercise
metabolism

During exercise, the recorded mean value is 1.11, with a minimum value equal to 0.94 and a
maximum value equal to 1.25; standard deviation is £0.07, and the coefficient of variation is equal to
6.30%, which integrates the results recorded for this parameter into a homogeneous group. The value 0.94

is the only case that indicates the involvement of lipid metabolism in the metabolic support of the
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anaerobic threshold effort, while the values exceeding 1.1-1.2 etc. show that the energy substrate used

during exercise is supported by glucose or glycogen. (Table 01, Figures 06, 07 and 10)

Respiratory quotient

1.12
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1.04

1.02

basal post-exercise

® mean value 1.046 1.114

Figure 07. A comparison of the mean values recorded in basal and post-exercise metabolism for the R

parameter
Lactic acid
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Figure 08. A comparative graph for the LA (lactic acid) parameter in basal and post-exercise
metabolism

As regards the evolution of LA (lactic acid) parameter, the mean value recorded in basal
metabolism is equal to 2.27 mMolli, with a minimum value equal to 0 mMolli and a maximum value
equal to 4.4 mMolli; standard deviation is +£1.304 mMolli, and the coefficient of variation is equal to
57.26% mMolli, which integrates the results recorded for this parameter into a non-homogeneous group.
During exercise, the recorded mean value is 8.294 mMolli, with a minimum value equal to 2.8 mMolli
and a maximum value equal to 13 mMolli; standard deviation is £2.529 mMolli, and the coefficient of
variation is equal to 30.48% mMolli, which integrates the results recorded for this parameter into a non-

homogeneous group. The mean value recorded for this parameter is 8.294 mMolli; it results that the
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metabolic cost of the performed effort is much higher than required by the metabolic zone of anaerobic

threshold (4-6 mMolli). (Table 01, Figures 08, 09 and 10)

Lactic acid
10
9
8
7
= 6
= 5
£ 4
3
2
[
0 .
basal post-exercise
LA
M mean value 2.27 8.615

Figure 09. A comparison of the mean values recorded in basal and post-exercise metabolism for the LA
parameter

Mean values recorded in basal and post-
exercise

LA ™=
R
PCO2
PO ey

0 20 40 60 80 100
PO2 PCO2 R LA
B mean value post-exercise  89.075 31.865 1.114 8.615
M mean value basal 78.595 36.285 1.046 2.27

Figure 10. A comparison of the mean values recorded in basal and post-exercise metabolism for the
monitored parameters

The Pearson coefficient of correlation (r) between the values of respiratory quotient (R) and lactic
acid (LA) shows a moderate degree of association, r = 0.488 (Table 02). This result is truthful and closely
related to the title and objectives of the research, and also its hypothesis, because, although the athletes
were stimulated with means of the anaerobic threshold zone, they were practically working within a

maximal oxygen consumption zone.

Table 02. Strength of association between the results recorded for the LA parameter and the R
parameter

Strength of association Anaerobic threshold — LA
R 0.488
Respirat tient — R
espiratory quotien N 20
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Table 03. The effect size between the results recorded for the LA parameter and the R parameter

Effect size Anaerobic threshold — LA
Resoi ) R r’ 0.238
espiratory quotient — N 20

The effect size value is high; the coefficient of determination (r*) shows that the dispersion of each
of the two parameters is influenced by the other parameter in a proportion of 23.8% (Table 03). This
metabolic response of the body is logical, because water polo players prepare in the higher aerobiosis
zone, and the effort zoning, from a metabolic point of view, is didactic (actually, the metabolic effort

zones are interlaced).

4. Discussions and conclusions

Improving the anaerobic threshold is perhaps the most important training adaptation to increase
performance in the endurance effort, may be even more important than improving maximal oxygen
consumption (VO,max);

Improvement of the anaerobic threshold reflects the increases in VO,max, indicates a reduction in
the production of acid lactic in active muscles and an increase in the elimination of lactic acid,

Knowing the respiratory quotient (R) indicates if the respiratory system is able to correctly sustain
the exercise intensity with a metabolic cost appropriate to the performed effort and provides valuable
information for zoning the metabolic effort;

As regards the respiratory quotient (R) assessment after an anaerobic threshold effort, the
arithmetic mean R = 1.11 demonstrates that, in the investigated athletes, the energy substrate for
sustaining the effort is the glucose or glycogen, and not the lipid substrate, as would have been correct for
this higher aerobiosis zone — the research hypothesis is confirmed,

Analysis of the anaerobic threshold in terms of lactic acid (LA) correlated with the respiratory
quotient (R), r = 0.488, has revealed that the athletes did not master the pace and rhythm specific to the
metabolic effort zones. Also, knowing the values of the two parameters (R and anaerobic threshold)
demonstrates that it is possible to achieve a scientific management of the training effort;

The lactic acid value, LA = 8.294, proves that the athletes respond to the anaerobic threshold effort
through an effort intensity corresponding to the VO,max metabolic zone, which indicates the inadequacy
of their training;

Water polo athletes do not master the pace and rhythm specific to the metabolic effort zones and
coaches do not understand the importance of interdisciplinary knowledge for the scientific management

of sports training.
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