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ABSTRACT
The aim of this research programme was to improve military performance in extended military operations in cold conditions. The research was performed in cooperation with the Finnish Defence Forces and the Finnish Institute of Occupational Health during years 2003-2007 in Northern Finland. Questionnaires, physiological measurements, performance measurements, health examinations and clothing tests were applied. The measurements were carried out mainly in ca. two weeks winter combat exercises of motorized infantry units. The subjects were voluntary male conscripts.
One distinctive result from the daily questionnaires, carried out during the winter trainings, has been a marked deficiency in drinking water among the soldiers. Furthermore, a typical phenomenon during the exercises was that some soldiers had to be evacuated to first aid station with symptoms such as headache, nausea, dizziness and weakness. After giving proper amount of drinking water the symptoms dramatically ceased. Main explanations for the deficient drinking during the exercise have been inadequate logistics of food and drinking water and freezing of water.
An intervention study for a proper hydration during two weeks winter training was performed. One platoon was supplied daily with additional 10 pieces of 0.2 litre juice containers, which were kept warm in their all terrain vehicles. A reference platoon was supplied with normal food and drink rations. The results of this intervention study show that all subjects in the test platoon got enough to drink, while all subjects in the control platoon suffered from thirst. The improved drink rations were associated with clearly improved subjective evaluations of physical and mental performance, mood and motivation in the test platoon compared to the control platoon. Furthermore, daily consumption of 2.0 to 2.5 litres of fluid seems to be enough to maintain good hydration status and optimal performance in wintertime combat training in the studied type of military tasks.

1.0
INTRODUCTION
Both short and long term exposure to cold decreases significantly the different components of physical performance, e.g. the function and coordination of hand, muscular strength, maximal aerobic capacity and fulfilling submaximal tasks [1,2,3,4]. Also mental performance decreases in cold [5] and hypohydration decreases it even more [6]. Hypohydration decreases initiativity and reduces food intake, which in turn can reduce body's energy supplies and heat production [7]. Hypohydration can decrease the ability for thermoregulation in long term cold exposure in rest by decreasing peripheral vasoconstriction so that heat loss increases [8]. Extremities cool even more, because the blood flow to peripheral parts of the body decreases due to the decrease of blood volume caused by dehydration [9,10]. There is also evidence that hypohydration increases the prevalence of frostbite in peripheral parts of the body [11]. Moreover, hypohydration influences the circulation even before the blood volume has decreased [12].
A research program on health, performance and cold protection of soldiers in long-term combat during winter has been performed in co-operation with Finnish Defence Forces (FDF) and Finnish Institute of Occupational Health (FIOH) during years 2003-2007 in Northern Finland. The project was a continuation of long-time research and development co-operation between FDF and FIOH.
The aim of this research program was to improve military performance in extended military operations in cold conditions. Another aim was to improve the methods of monitoring and evaluating soldiers' physical and mental performance in the field in winter time. Part of the study was also to compare the newly developed model M2005 of combat clothing and personal equipment of Finnish soldier with the combat clothing model M1991. It could be expected, that during long-term strenuous combat exercise in winter conditions several factors e.g. physical and mental fatigue, sleep loss, decrease of thermal insulation of clothing due to moisture and dirt, dehydration and negative energy balance may decrease the performance of soldiers and military units.
Questionnaires, physiological measurements, performance measurements, health examinations and clothing tests were applied. The measurements were carried out mainly in ca. two weeks winter combat exercises of motorized infantry units. 

One distinctive result from the interviews and daily questionnaires, carried out during the winter trainings, shows that there is a marked deficiency in drinking water. Furthermore, a typical phenomenon during the exercises was that some soldiers had to be evacuated to first aid station with symptoms such as headache, nausea, dizziness and weakness. After giving proper amount of drinking water the symptoms dramatically ceased. Main explanations for the deficient drinking during the exercise have been inadequate logistics of food and drinking water and freezing of water. 

Therefore, an intervention study was carried out, in which one platoon of soldiers was supplied by extra daily rations of 2 litres of juice, which were kept warm in their all terrain vehicles. Moreover, the soldiers were able to drink normally during their meals. A reference platoon was supplied by normal food and drink rations.

2.0
GENERAL DESCRIPTION OF MATERIALS AND METHODS

The study was carried out during a 12 days field exercise in December 2005 in Northern Finland. The exercise started as a 5 days combat training and continued by a 7 days combat shooting. The subjects were voluntary male conscripts, aged 18-23 years, from a motorized infantry company of Jaeger Brigade, Sodankylä, Lapland.
One infantry platoon (n=28) was supplied daily with 10 pieces of 0.2 litre juice containers, which were kept warm in their all terrain vehicles; moreover, the soldiers were able to drink normally during their meals. 
The juice containers were orange, apple and pineapple juices. The content was: carbohydrates 10-12 g/100 ml, energy content 170-205 kJ/100 ml (40-48 kcal/100 ml), and ascorbin acid 30 mg/100 ml.
A reference platoon (n=26) was supplied with normal food and drink rations.
The amount of consumed fluids by every man was recorded daily in a questionnaire. Also with daily questionnaires was asked on a scale from 0 (worst situation) to 10 (optimal situation) their subjective opinion of their mood, motivation and physical and cognitive performance. 
3.0
results
The mean temperature during the exercise was -8.6 oC, variation was between -3.9 - -21.1 oC. There was no rain during the exercise.

The results of this intervention study show that all subjects in the test platoon got enough to drink, while all subjects in the control platoon suffered from thirst. The men in the test platoon drank 2.2 ± 0.05 litres and the men in the control platoon drank 1.3 ± 0.05 litres per day (Fig. 1). The opinion about the sufficiency of the fluid was almost optimal, when the daily fluid intake was 2.2 litres (Fig. 2). 
The improved drink rations were associated with clearly improved subjective evaluations of physical and mental performance, mood and motivation in the test platoon compared to the control platoon (Fig. 3 and 4).
[image: image1.emf]1 2 3 4 5 6 7 8 9 10 11

Day

0,0

0,5

1,0

1,5

2,0

2,5

3,0

Fluid intake, (L)

 

control

test


Figure 1: Daily fluid intake (L) in the test and control groups.
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Figure 2: The association between daily fluid intake and the opinion about the sufficiency of fluid.
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Figure 3: Self-estimated mood in the test and control groups.
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Figure 4: Self-estimated physical performance in the test and control groups.

4.0
conclusions
The results show that all subjects in the test platoon got enough drinking, while in the reference platoon all subjects suffered thirst. The improved drink rations were associated with clearly improved subjective evaluations of physical and mental performance, mood and motivation in the test platoon compared to the control platoon. 
Daily consumption of 2.0 to 2.5 litres of fluid seems to be enough to maintain good hydration status and optimal performance among infantry soldiers during combat training in wintertime in the studied type of military tasks.
The deficiency of drinking water during wintertime exercises can be avoided by good planning of the daily supplies of warm water or juice and training the soldiers to drink enough also in cold conditions.
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