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significantly more difficult during both work and rest than the
MDS. Failure to decontaminate connections prior to drinking was
noted early in the trial in 2 soldiers using the CS suggesting an
increase risk of accidental contamination associated with this
system. Drinking with the MDS had no measurable adverse effect
on hydration status of the test subjects: water intake rate,
0.36 L/hr (CS) and 0.42 L/hr (MDS); sweat rate, 0.63 L/hr (CS)
and 0.67 L/hr (MDS); bcdy weight loss, 0.32 %/hr (CS) and 0.31
%/hr (MDS). The significantly greater frequency of drinking (3
drinks/walk, MDS vs 1 drink/walk, CS) and the trend toward higher
intake rates during the walks with the MDS (0.35 L/hr vs 0.24
L/hr, CS) indicates the potential advantage of this system during
operations wherein periods of inactivity are usually limited.
Heat strain experienced by soldiers drinking with the MDS was
significantly less than that with the CS. The significantly
greater changes in rectal (1.79aC, CS vs 1.270 C, MDS) and skin(2.47°9, CS vs 1.910C, MQS) temperatures and heat stored (70
kcal/m , CS vs 46 kcal/m', MDS) in CS may have been due to the
additional work and frustration associated with using this
system. Minor effects on performance were observed; exercise
times were not different between CS (232 min) and MDS (225 min).
The significantly greater dispersion in the vertical shot group
measure of marksmanship by MDS may have been related to their
reportedly greater level of fatigue. We have concluded from
these data that the prototype MDS did not compromise fluid intake
during the experimental scenario, and should be more effective
and efficient than the CS in maintaining hydration status,
especially during periods of work.
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This study was dsi ' ed o evaluate the effects of a modified

through-mask dr. k/ng sysem ($on voluntary fluid

consumption. Eig teen male volunteons walked on a treadmill

(4.02 km/hr, 0,Arade, 50 min.)r for 6 h in a climatic chamber

(dry bulb-32.6 C, wet bulb-17.5 C, 20.4% rel ive humidity, and

windspeed=8.05 km/hr, producing a WBGT of 22.1 ). Subjects wore

chentical protective gear (trousers, jacket, boots, gloves, and

M17A1 protective mask) and were randomly assigned one of two

through-mask drinking systems: CS (n-9), the current gravity fed

system or MDS (n-9), a prototype hand-pump drinking system.

Because decontamination of the mask and drinking connections was

performed prior to drinking, the overall use of the CS was rated

significantly more difficult during both work and rest than the

MDS. Failure to decontaminate connections prior to drinking was

noted early in the trial in 2 soldiers using the CS suggesting an

increase risk of accidental contamination associated with this

system. Drinking with the MDS had no measurable adverse effect

on hydration status of the test subjects: water intake rate,

0.36 L/hr (CS) and 0.42 1/hr (MDS); sweat rate, 0.63 L/hr (CS)

and 0.67 L/hr (MDS); body weight loss, 0.32 %/hr (CS) and 0.31

%/hr (MDS). \The significantly greater frequency of drinking (3

drinks/wal.k, MDS vs 1 drink/walk, CS) and the trend toward higher

intake rates during the walks with the MDS (0.35 L/hr vs 0.24

L/hr, CS) indicates the potential advantago of this system during

operations wherein periods of inactivity are usually limited.

Heat strain experienced by soldiers drinking with the MDS was
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significantly less than that with the CS. The significantly

greater changes in rectal (1.79*C, CS vs 1.270 C, MDS) and skin

(2.470C, Cs vs 1.910C, MDS) temperatures and heat stored (70

kcal/m 2, CS vs 46 kcal/m 2, MDS) in CS may have been due to the

additional work and frustration associated with using this

system. Minor effects on performance were observed; exercise

times wure not different between CS (232 min) and MDS (225 min).

The significantly greater dispersion in the vertical shot group

measure of marksmanship by MDS may have been related to their

reportedly greater level of fatigue. We have concluded from

these data that the prototype MDS did not compromise fluid intake

during thp experimental scenario, and should be more effective

and efficient than the CS in maintaining hydration status,

especially during periods of work.
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BACKGROUND

Adequate supplies of potable water and ample time for

consumption of fluids do not always ensure that drinking will be

sufficient to restore body water lost in sweat. Rothstein et al.

[17] observed that troops marching in the desert heat did not

rehydrate adequately and lost as much as 5% body weight even when

water was plentiful and palatable. Progressive hypohydration

from inadequate fluid intake during work may result in elevated

core temperature, increased heart rate, reduced sweating, and

increased risk of heat injury. Under the threat of chemical,

biological or nuclear contamination, the chemical protective

clothing, hooded face mask and the current through-mask drinking

system may further reduce voluntary consumption. Even under

temperate conditions, work in MOPP IV configuration (chemical

protective trousers, jacket, gloves, boots, and hooded M17AI

mask), may cause significant hypohydration and hyperthermia, and

may have detrimental effects on psychological, physiological, and

performance variables [8,9,10,12,18,21,22].

The current procedures for drinking during masked

encapsulation have been described as "...time consuming and

difficult to perform. Soldiers in stressful environments have

been found to become frustrated and stop drinking the required

amount of water..." 123]. This is true because the current

through-mask drinking system must be decontaminated, connected

and disconnected with every drink (16], a process which requires

21 steps. Also, because this system requires two-handed

operation, drinking is cumbersome and difficult particularly when



marching, in dark or cramped conditions, or when injured.

Finally, drinking with the current system requires that the

soldier first create, then inhale against, a pcsitive pressure

which could exacerbate existing respiratory stiain.

A modified through-mask drinking system (MDS) prototype was

designed to lessen some of the risks and problems associated with

the current through-mask system (CS). Two unique features of

this MDS prototype are 1) single-handed operation for easy use

even under dark or cramped conditions and 2) a one time

connection of the drinking tube and canteen which eliminates

breaching of the system and lessens the risk of contamination.

MILITARY RELEVANCE AND OBJECTIVE

The military requirement for full encapsulation in chemical

protective gear in a contaminated environment poses many problems

for the soldier among which is the difficulty in drinking through

the protective mask. A modified through-mask drinking system

prototype which may eliminate some of the problems associated

with the current system, has been developed. It was the

objective of this study to evaluate the effects of the new MDS

prototype on fluid consumption in soldiers exercising in a

muderate environment in chemical protective gear.

METHODS

Test Subiects:

Eighteen (18) unacclimated male volunteers were recruited from

the military population at USARIEM and USANRDEC, Natick, MA,

2



briefed on the nature, purpose and risks of the study and

provided written consent to participate. A description of the

test subjects is provided in Table 1.

Table 1. Descriptivs characteristics of subjects

CS MDS
Variable (Range) (n-9e (n-9)

Age (yrs) 23.6 ± 3.12 28.0 + 2.11
19 - 42

Height (cm) 178.2 + 1.7 180.0 ± 2.4
170 - 192.5

Weight (kg) 78.82 ± 2.61 76.02 + 2.98
65.96 - 90.97

Surface a-ea (M2 ) 1.95 ± 0.04 1.98 + 0.04
1.78 - 2.16

Body fat (%)1 16.5 + 2.0 18.6 + 1.4
8.2 - 26.6

Values are Mean ± S.E.
1 Durnin-Womersley (7] formula for percent body fat uses 4

skinfold sites and adjusts for age.
CS Current drinking system
MDS Mask drinking system

Experimental DesiQn:

About one week prior to actual dita collection, subjects

practiced drinking with the M17A1 mask and their respective

drinking system, i.e. the current system (CS) or the modified

through-mask drinking system (MDS). Also, subjects trained on

the Weaponeer marksmanship simulator until no further iniprovement

in performance was noted.

On the test day, volunteers reported to the climatic chamber

facility at 0645 h in a 12 hr fasted state. Breakfast consisted

3



of instant breakfast (in 450 ml of milk), toast, butter, jam and

450 ml of orange or apple juice. Subjects were encouraged to

drink plentiful fluids prior to the test day and during

breakfast. Subjects then proceeded to a dressing room for

assessment of initial nude body weight, age, height [6], and %

body fat (7]. As an index of hydration status, a pretest urine

sample was analyzed for specific gravity (refractometry) and no

significant difference was observed between the two groups (1.022

1 0.002, CS; 1.025 + 0.002, MDS). Each subject was fitted with

instrumentation for monitoring rectal (Tre, 10 cm depth) and skin

(3 point: chest, arm and leg) temperatures as well as ECG to

monitor heart rate (HR, 5 min intervals). Shorts, sneakers,

socks, and T-shirt were worn under the chemical protective gear

(MOPP IV: jacket, trousers, boots, gloves, and hooded mask).

Following instrumentation and incapsulation, each subject

proceeded to a second room where they were tested for

marksmanship on a Weaponeer by firing two sets of nine shots at a

zeroing target. Upon termination of the exercise (6 hrs or after

medical or voluntary withdrawal, Appendix E), subjects again

fired while in MOPP IV configuration. Following the final

weaponeer firing, a final nude weight was obtained.

Subjects walked on one of two treadmills set on a flat grade

for 50 min of each hr at a rate of 4.02 kph (2.5 mph) in an

environmental chamber (db-32.6*C, wb-17.50C, rh-20.4%,

windspeed-8.05 km/hr, WBGT-22.1 0 C). During the remaining 10 min

of each hr, subjects were sedentary. A complete experimental

scenario was comprised of six repetitions of this 50/10 min

4



work/rest cycle for a total endurance time of 6 hr (360 min) and

total walk time of 5 hrs (300 min). Subjects were removed when

any signs of distress were observed, when preset.safety criteria

(HR>180 bpm, Tre>39.5 0 C) were exceeded, or when ordered by the

medical monitor. Each subject was randomly assigned to one of

two groups based upon the through-mask drinking system: CS,

current through-mask water delivery system; MDS, modified

through-mask drinking system prototype.

Webb gear and canteens were worn about each subject's waist,

and water intake (250C, 16 mg iodine/l) was measured upon

completion of each 50 min walk and 10 min rest, or sooner if

necessary, by weighing each 2 qt flexible canteen on an

electronic balance (±1 g). At that time, canteens were refilled.

Total sweat production was calculated as the difference between

final and initial nude body weights, adjusted for fluid intake

and measured urine volume and calculated respiratory water losses

(15].

Subjects carried a rifle during the walks, and prior to

drinking with the current system, soldiers slung the rifle on

their shoulders. It was necessary for CS subjects to connect and

disconnect canteens from the hooded mask without assistance and

perform decontamination procedures before each drink (16]. The

frequency of drinking and the number of times decontamination was

not performed were recorded. Before entering the test chamber,

each subject completed an Environmental Symptoms Questionnaire

(ESQ) (weariness, head and bodily aches, hyperthermia, and

thirst) after donning the chemical protective clothing but

5



without the hooded mask. The ESQ was also administered

immediately after completing the day's trial while test subjects

were still in MOPP IV configuration. During the 2nd, 4th and

6th or final rest periods, each subject rated their drinking

system for overall ease of use for both the walk and rest

periods. During each rest, subjects rated their feelings of

comfort, warmth and tiredness [11), and during each walk,

perceived exertion was assessed (4].

"Final" walk values for all variables were obtained for all

subjects and represent the last measures prior to termination of

a subject's trial. Intrasubject comparisons for the

physiological measures were made using the Wilcoxon Matched Pairs

test and comparisons between the two drinking systems were

evaluated using Friedman ANOVA by Ranks and the Mann-Whitney U

test. The Weaponeer data were analyzed by the BMDP statistical

software package for repeated measures analysis of variance and

descriptive statistics software. Statistical significance was

accepted at p<0.05 level.

RESULTS

Ratings of the drinking systems (Table 2) suggest that the MDS

prototype is a more convenient water delivery system than the CS.

Of particular importance are the findings that general ease of

use of the MDS was similar during walk and rest periods

(extremely easy to easy) and rated significantly easier to use

than the CS (neither easy nor hard to hard) during b;th work and

rest. CS subjects rated connecting! disconnecting the canteen

6



Table 2. Results from Drinking System Questionnaire

Ease of connecting/
e ddisconnecting canteen

Ease of use duringa from mask ata

Group Time # Subjects Walk Rest Walk Rest
* *

CS Rest 2 7 3.6, 2.9, 3.0 2.7#
Rest 4 8 3.5* 3.1, 3.5 2.9#
Final 8 3.4 3.0 3.6 2.9

MDS Rest 2 9 1.9 1.9
Rest 4 7 2.0 1.7
Final 9 1.6 1.5

Ease of holding canteen Ease of pumping watera a
above head during into mouth during

Group Time # Subjects Walk Rest Walk Rest

CS Rest 2 7 3.0 2.4#

Rest 4 8 3.5 2.9#
Final 8 3.6 2.9

MDS Rest 2 9 3.1 1.9#
Rest 4 9 2.4 1.9
Final 9 2.4 2.1

Taste. Temperatuie
Group Time # Subiect3 Rating Ratina

CS Rest 2 7 3.1 2.9
Rest 4 8 3.1 2.8
Final 8 3.3 3.0

MDS Rest 2 9 2.9 3.6
Rest 4 9 2.9 3.5
Final 9 2.9 3.3

Values represent average ratings given by group.
a On a scale from 1 to 5; 1- extremely easy, 3- neutral, 5- extremely hard.
b On a scale from 1 to 5; 1- extremely dislike, 3- neutral, 5- extremely

like.
c On a scale from I to 5; 1- cold, 3- neutral, 5- hot.
* Significant (p<0.05) difference between CS and MDS.
# Significant (p<0.05) difference between walk and rest.



from the mask and holding the canteen above the head as "neither

easy nor hard" during rest but as "difficult" during the walks.

While drinking with the CS was rated slightly easier during rests

compared to walks, the MDS group reported tbat fluid delivery

with the hand pump was equally easy during rest and work.

The flow rate (slow to just right) and leakage (none to

slight) were similar for CS and MDS. Neither drinking system had

any effect on the perception of either water taste (neither like

nor dislike) or temperature (neither cool nor warm).

Fluid intakes, normalized to an hourly basis to accomodate

differences in walk and rest durations, are consistent. with the

ratings of the two drinking systems. W.1ile the average water

intake during the walk cycles for MDS (0.35 L/hr) was 46% greater

than that for CS (0.24 L/hr), this difference was not

statistically different (Table 3) due to interindividual

variability (Appendix A). When individual fluid intakes for the

rest periods were rank ordered (Appendix A), 8 of the 9 soldiers

using the CS consumed more fluid during rest than all but 3 of

the soldiers drinking with the MDS. Again, despite a 55%

increment in fluid intake during the rest periods for CS (1.20

L/hr) relative to MDS (0.77 L/hr), statistical significance

(p<0.09, Table 3) was precluded due to intersubject variability.

Soldiers using the MDS took an average of 3 drinks per walk,

which was significantly more than during rest (Table 3), and

significantly more than the CS group during both rest and walk

periods.

8



Both CS and MDS groups exhibited a cyclic pattern of drinking with

greater (p<0.05),fluid intake rates during the 10 min rests compared

to the 50 min walks (Table 3). However, it is important to note that

on a normalized basis, CS drank 5-fold and MDS drank 2.2-fold more

water during the rest intervals.

Table 3. Comparison of Fluid Intake during Walk and Rest Periods

Variable Current System' Mask Drinking System
(CS, h-9) (MDS, n-9)

Intake during Walks 0.24 + 0.20 + 0.07 0.35 ± 0.25 + 0.09
(L/hr) (0 - 0.59) (0.09 - 0.93)

Intake during Rests 1.20 + 0.53 ± 0.19# 0.77 + 0.68 + 0.24#

(L/hr) (0 - 1.92) (0.13 - 2.39)

Number of Drivks taken 0.6 + 0.5 + 0.2 3.0 + 1.2 + 0.5
per Walk (0 - 1.3) (1.8 - 4.8)

Number of Dripks taken 1.1 + 0.2 + 0.1 0.9 ± 0.3 + 0.1#
per Rest (0.8 - 1.5) (0.5 - 1.2)

Values are Mean + SD + SE.
Values in parentheses represent the range.
+ n-5 for Current System and n-7 for Mask Drinking System for number

of drinks taken during walks and rest periods.
* Represents significant (p<0.05) difference between CS and MDS.
# Represents statistical significance (p<0.05) between walk and rest

values.

There were no statistical differences in total fluid intake

(approximately 0.39 L/hr, Table 4) between groups, although the

data indicated a trend toward higher total fluid consumption in

the MDS group (Appendix B). Further, sweat rate (0.65 L/hr),

body weight lcss (0.24 kg/hr) and % rehydration (68%) were

likewise not different (Table 4) between the CS and MDS groups.

9



Individual values for these variables are provided for the MDS

and C' groups in Appendices C and D, respectively.

Table 4. Fluid Balance

Current System Mask Drinking System
Variable JCS. n-9) (MDS, n-9)

Total Intake (L/hr) 0.36 + 0.12 + 0.04 0.42 ± 0.30 + 0.11
(0.25 - 0.57) (0.11 - 1.0)

Sweat Rate (Kg/hr) 0.63 ± 0.14 + 0.05 0.67 + 0.22 + 0.08
(0.45 - 0.98) (0.3; - 1.27)

a

Rehydratiov (%) 67 ± 32 + :1 68 ± 42 ± 18
(21 - 132) (18 - 170)

Body weight loss (Kg/hr)d 0.22 + 0.25 ± 0.09 0.25 + 0.25 ± 0.09
(-0.19 - 0.78) (-0.20 - 0.65)

d
Body weight loss (%/hr) 0.32 + 0.31 + 0.11 0.31 ± 0.29 + 0.10

(-0.23 - 0.89) (-0.25 - 0.72)

Values are Mean + SD + SE.
Values within parentheses represent the minimum and maximum.
* Significant (p<0.05) difference between CS and MDS.
a % Rehydration - (total fluid intake/sweat loss) * 100.
b Subject who rehydrated 132% vomited after completing study.
c Subject who rehydrated 170% consumed four pieces of toast with margarine

and jam, 284 grams orange juice and 340 grams instant breakfast in
skim milk for breakfast. In addition, subject indicated that he
maintained good hydration on evening prior to and on morning of study.

d Body weight loss is a positive.number
Body weight gain is a negative number.

Performance measures were similar between groups. For

example, there were no significant differences in exercise

endurance between the two groups: CS - 232 ± 22 min, MDS - 225

18 min. As anticipated, cumulative walk intervals elicited an

increase (p<0.05) in the rating of perceived exertion with both

systems. Quite surprisingly, soldiers using the MDS rated their

final walk as "very hard" and slightly more difficult (p<0.05)

than soldiers drinking with the CS who rated their final

1o



walk as "hard". A statistically greater, but most likely not

physiologically important, degree of tiredness was expressed by

the MDS subjects (very tired) relative to the CS group (tired)

following the final walk.

While no differences were observed in pre-exercise

marksmanship performance between groups, a greater (p<0.02)

vertical shot dispersion was observed post-exercise in the MDS

group (Table 5). Shot groups were significantly more dispersed,

both vertically and horizontally, post-exercise compared to pre-

exercise irrespective of drinking system (Table 5).

Most of the subjects who terminated participation early

reported symptoms of dehydration and hyperthermia (Appendix E).

It is not surprising thac no consistent pattern was noted for

either drinking system since exercise times were similar. The

most common complaints reported were, in descending frequency,

headache, dizziness, cramps, nausea, and fatigue. All but one of

the six soldiers completing the entire 300 min of walking

complained of headache and fatigue. Responses to the

Environmental Symptoms Questionnaire (ESQ, Table 6) indicated

that symptoms of weariness, bodily aches, light-headedness, and

thirst were also increased post-exercise with either drinking

system. Relative to CS, soldiers using the MDS did not report an

increased incidence in any of these symptoms except for an

increased number of bodily aches (p<0.01) and light-headedness

(p<0.005) (Table 6). The MDS did not impact on the subjective

ratings of comfort or thermal sensation which were reported as

"very uncomfortable" and "warm", respectively, by both groups.
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Table 5. Marksmanship Performance

aDisance from Center of Mass of Target (mm)

Cs
Pre-exercise 6.78 + 2.04 + 0.68
Post-exercise 7.29 ± 3:43 ± 1.14

Pre-exercise 8.49 + 4.41 + 1.47
Post-exercise 9.47 ; 5.88 " 1.96

bShot Group Tightness by S.D. From Taraet Center of Mass (mu)

CS
Pre-exercise 2.40 ± 1.03 ± 0.34
Post-exercise 3.09 ± 1.36 ± 0.45t

MDS
Pre-exercise 3.23 + 1.56 0.52t
Post-exercise 5.29 + 4.24 + 1.41

cHorizontal Shot Group Tightness (MM)

CS
Pre-exercise 6.01 + 3.36 ± 1.12
Post-exercise 7.61 ; 2.42 0 0.81t

MDS
Pre-exercise 8.84 + 5.78 ± 1.93•
Post-exercise 11.04 7 7.04 + 2.34t

Vertical Shot Group Tiahtness (mm)

cr
Pre-exercise 5.77 + 2.57 + 0.86t
Post-exercise 7.06 + 2.52 + 0.84

MDS
Pre-exercise 7.13 + 4.91 1.64
Post-exercise 11.86 ± 9.37 + 3.12t

a Distance is mean distance of all nine shots from the center of mass.
b Shot group tightness is calculated by taking the standard deviation of

the distance from the center of mass.
c Horizontal shot group tightness represents a range, and is calculated by

doubling the standard deviation of the X-coordinates. The same
procedure is done for the Y-coordinates to get a masure of vertical
shot group tightness.

t Statistically significant (p<0. 0 5) between pre- to post-exercise.
* Statistically significant (p<0.05) between CS and NDS.
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Table 6. Post-Exercise Environmental Symptoms Questionnaire

Sof Responses Rated

Complaint Group none at all slight moderate severe

Weariness MDS 36 25 18 21
CS 47 24 6 23

Headache MDS 33 11 17 39
Cs 56 17 5 22

Heat NDS 11 14 22 54
CS 17 25 11 47

Bodily aches MDS 35 22 18 25.
CS 56 27 3 14

Light-headedness MDS 24 47 4 25*
CS 47 24 22 7

Thirst MDS 38 29 18 15
CS 62 20 9 9

Values indicate percentage of responses from all questions about the comilaint
for which group members rendered that numeric reply.
* Significant (p<0.05) difference between CS and MDS.

Increases in heart rate, rectal and skin temperatures and heat

storage were effected within the first 50 min walk in both

groups. Compared to MDS, significantly greater increases in

rectal and skin temperatures (Table 7) were measured in the CS

group, and consequently, significantly more heat was stored by

soldiers in this group. Increases in heart rate (Table 7;

approximately 70 bpm) which were similar for the two groups are

quite marked for the average 4 1/2 work bouts completed.
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Table 7. Heat Strain Ind 4 ces

Variable Current System Mask Drinking System

(CS. n-9) (MDS. n-9)

Heart Rate (bpm)
Pre-exercise 88 + 9 1 3±t 94 13 ±5t
Finai walk 161 ± 15 5 161 16 6

A HR 73 16 6 67 + 19 7

Rectal Tomperature ,'C)
Pro-exercise 37.03 ± 0.24 + 0 . 0 9  37.26 ± 0.34 + 0 . 1 2 t
Final walk 38.82 + 0.39 ± 0.14' 38.53 ± 0.62 ± 0.22t

A Tre 1.79 + 0.38 + 0.14 1.27 + 0.42 + 0.15

Skin Temperature (M)
Pre-exexcise 34.23 ± 0.76 0 27± 34.55 ± 0.64 ± 0.23
Final Walk 36.70 ± 0.89 0.31 36.46 0.76 0.27
A Tak 2.47 + 0.93 + 0.33 1.91 ± 0.62 ± 0.22"

Heit Storage (kcal/m')
Pre-Exercise 1224 + 51 + 18 1224 + 78 ± 2 8 t
Final Walk 1294 + 53 + 19t 1270 84 + 39

A HS 70 ± 11 ± 4 46 15 ± 5

Values are Mean + SD + SE.
A - final walk - pre-exercise value.
Heat Storage (S) was calculated using the following formula (193:

S - 0.84 * (BW)/(BSA) * Tbody
where: Body weight (BW) is in kg

Body surface ar.a (BSA).- 0.00718 * Subject's heightAo.725 * BW^0.425
Body temparature (Tbody) - (0.8 * Tre) + (0.2 * Tsk)

t Represents significance (p<0.05) between pre-exercise and final values.
* Represents significant (p<0.05) difference between CS and MDS.

DISCUSSION

In addition to the risk of contamination inherent in using the

current through-mask drinking 3ystem, impermeable protactive

clothing and hooded mask increase the heat load and sweat rate

[21]. Thus, in warm envir.,ments the inability of fluid

.- umption to compensate for excessive water losses through

14



sweating may constitute a sufficient level of hypohydration and

hyperthermia to pose a potentially life-threatening risk to the

soldier in MOPP IV configuration [21]. Therefore, a modified

through-mask drinking system prototype was designed to facilitate

drinking and, thereby, improve rehydration in soldiers working in

MOPP IV configuration.

Responses to the drinking system questionnaires (Table 2)

indicated that the MDS prototype was received more favorably than

the CS during either work or rest. The MDS was rated as "neither

easy nor hard" to use during both walk and rest periods. In

contrast, ease of use, ease of connecting/disconnecting and ease

of holding the canteen above head level for the CS were rated as

"hard" during the walks and as "neither easy nor hard" during the

rests. The CS group had to shculder the rifle and decontaminate

the mask and canteen connections prior to drinking; thus, it was

not surprising that general use of the CS was rated more

difficult than the MDS, particularly during the walks.

Because the water pumped from the canteen to mask with the MDS

remains in the pumping bulb between drinks, it can warm to

ambient temperature (32.6*C or 91*F) . The first two mouthfuls of

water originate from the handpump of the MDS and since warm water

elicits reduced fluid intake (2,13,-20], we anticipated that warm

water in the pumping bulb mty be a potential problem under desert

conditions or during maneuvers in closed vehicles. However,

under the conditions of the present study, the NDS prototype had

no significant effect on the perceptions of either the taste

(rated neither like nor dislike) or the temperature (rated
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neither cool nor warm) or the total quantity of fluids consumed.

Fluid intake rate (Table 4) was not compromised in soldiers using

the MDS (0.42 L/hr) compared to the CS (0.36 L/hr).

One of the theoretical advantages of the MDS is that during

periods of high stress and/or work, a soldier may replace fluid

losses easily and without interruption due to the single-handed

operation. The MDS prototype, which was evaluated as a

potentially safer and more convenient system than the CS, did not

compromise fluid intake under the present experimental

conditions. In fact, although not statistically significant, the

46% greater. fluid intake during walk periods in MDS comparid to

the CS group supports our previous observation [211 that

significantly more fluid was consumed by soldiers using ai.other

MDS prototype.

In addition, soldiers using the MDS took, on average, J drinks

per 50 min walk compared to 1 drink taken by the CS group (Table

3). This is important because Kenney (141 reported that small

frequent sips of water are instrumental in preventing

hypohydration and its attendant hyperthermia, particularly when

working in hot, humid environments. Likewise, consumption of

large volumes of water with each drink may exceed the gastric

emptying capacity of about 290 ml/15 min (51 and produce gastric

upset. For example, one soldier using the CS continually

consumed between 1/2 to 2 quarts of water with each drink during

the walks, rehydrated to 132%, gained 1.1 kg in body weight, and

had lower than average increases in heart rate, rectal

temperature and heat storage. However, he displayed symptoms of

16



dizziness and nausea, and ultimately vomited shortly after

completing the 6 hr trial. In contrast, one soldier of the MDS

group, drank frequently and in smaller volumes, rehydrated to

170%, completed the 6 hr trial, displayed heat strain indices

well below the average group values, and did not become ill.

The elevated intake during exercise, increased frequency of

drinking and greater ease of use when drinking with the MDS are

important observations when considering fluid requirements during

active training/operations wherein periods of inactivity are

usually limited, and indicate that a MDS prototype warrants

further development.

In a contaminated environmenc a second potential benefit of

the MDS prototype is the one-time connection between the mask

drinking tube and canteen. This eliminates the requirement to

decontaminate all connections with each drink, and thereby

reduces the risk of accidental contamination associated with

drinking with the CS. Failure to decontaminate mask and canteen

connections prior to drinking was noted in 2 soldiers using the

CS. Surprisingly, these 2 failures occurred early in the trial

(Rests #1 and #3) suggesting memory lapses which were not

associated with hypohydration, fatigue or hyperthermia.

Because the environmental conditions, work intensity and

clothing ensembles were identical for both groups, the

significantly higher rectal temperature and greater heat storage

in CS were not expected. It is possible that increased heat

production in the CS group may be due to the additional work

required for decontamination and the multiple steps required for
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drinking. Further, increased metabolic activity due to the

frustration and anxiety associated with drinking with the CS may

have contributed to the greater thermal stress in this group.

Post-exercise, test subjects reported an increased number of

complaints related to dehydration and hyperthermia irrespective

of the drinking system used (ESQ, Table 6). The three most

common complaints resulting in early withdrawal from the study

were headache, dizziness and cramps, with no consistent pattern

noted for either drinking syster (Table 6, Appendix E). These

symptoms are noteworthy since only 33% (6/18) of the subjects in

the current study completed all six 50 min work bouts. These

data are consistent with those of our previous study (21].

Because drinking with the MDS had no adverse effect on fluid

intake or rehydration, it was not surprising that only minor

effects of drinking system on performance measures were observed.

Both the CS and MDS groups completed an average of only 228 min

out of a possible 300 min. While this represented 76% of the

potential exercise tolerance time, Avellini (3] has also observed

reductions as high as 49% in toleranne time under mild climatic

conditions when impermeable protective gear was worn. The only

significant difference in marksmanship performance between the

two groups was the greater vertical shot group dispersion in seen

post-exercise for MDS compared to CS. This difference is most

likely due to the greater tiredness and symptoms (ESO, bodily

aches, lightheadedness) expressed by the MDS group.

We have concluded that not only did the MDS prototype not

compromise total fluid intake or exercise endurance during the

18



experimental trial, but several observations indicate the

advantages of this modified through-mask drinking system

prototype. For example, during the walks, a trend toward higher /

fluid consumption was observed in the MDS group relative to the

CS, clearly advantageous if tactical scenarios prevent adequate

rest intervals. Further, ratings on the ease of use and reduced

requirements for canteen/coupling decontamination indicate both

subjective and objective rationale for further evaluation of the

MDS.
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Summary Table of Differences

Relative to the current system, the advantages and disadvantages
of using the modified mask drinking system (MDS) are shown.

Advantage Disadvantage
Measurement usina MDS using MDS

Heat storage +

Skin temperature +

Rectal temperature +

Ease of use while walking +

Ease of use while at rest +

Decontamination failures +

Number of drinks per walk +

Fluid intake during work a

Rating of perceived exertion +

ESQ : light-headedness +
bodily aches +

Fatigue/tiredness +

Weaponeer firing errors +

Fluid intake during rest 0

Total fluid intake 0 0

Percent rehydration 0 0

Sweat rate 0 0

Body weight loss 0 0

Number of drinks per rest 0 0

Exercise time 0 0

Heart rate 0 0

+ Indicates advantage or disadvantage.
* Indicates trend.
0 Indicates no difference between current system and MDS.
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Appendix A. Rank Order of Fluid Intake during Work aund Rest Period.s

Intake during Work
Order Group (L/hr)

1 MDS 0.95
2 CS 0.59
3 CS 0.54
4 MDS 0.45

MDS 0.45
5 MDS 0.36
6 CS 0.29
7 CS 0.26
8 MDS 0.25 median NDS
9 CS 0.24 median CS
10 MDS 0.22
11 MDS 0.19
12 MDS 0.14
13 CS 0.10
14 MDS 0.09
15 CS 0.05
16 CS 0.04
17 CS 0.00

Intaki during Rest
Order GrOUD (L/hr)

1 MDS 2.39
2 CS 1.19
3 CS 1.77

SCS 1.41
5 CS 1.30
6 CS 1.26 median CS
7 MDS 1.22
8 CS 1.21
9 MDS 1.14
10 CS 1.11
11 CS 0.81
12 MDS 0.77
13 MDS 0.41 median MDS
14 MDS 0.34
15 MDS 0.33
16 MDS 0.20
17 MDS 0.13
18 CS 0.00
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Appendix B. Rank order of total fluid intake rates

Total Fluid Intake.
Order Group (L/hr)

1 MDS 1.19
2 CS 0.77
3 MDS 0.57
4 CS 0.51
5 CS 0.44

MDS 0.44
6 CS 0.42
7 MDS 0.39
8 CS 0.38 median CS
9 MDS 0.35 median MDS
10 CS 0.30
11 MDS 0.26
12 MDS 0.25

CS 0.25
13 CS 0.21
14 CS 0.20
15 MDS 0.18
16 MDS 0.10
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Appendix C. Individual vallies for various physiological parameters.

Subiects using the MDS

Exercise Heart Fluid Heat
Time Tre Tsk Rate Intake Storage2

Sublect (min) (0C) (0c) (bpm) (L/hr) (kcal/m ) RPE

1 initial 37.7e 35.55 100 1329 11
final 150 39.39 37.45 186 0.57 1387 15

2 initial 37.24 34.?0 99 1187 11
final 300 38.29 35.08 123 1.19 1220 12

3 initial 36.70 34.50 69 1227 11
final 212 37.75 36.19 158 C.18 1265 17

4 initial 36.74 34.47 77 1123 13
final 235 37.97 35.95 161 0.26 1165 19

5 initial 37.46 34.44 107 1170 11
final 300 39.40 37.34 161 0.44 1233 18

6 initial 37.51 33.71 101 1285 13
final 200 37.99 36.12 159 0.39 1311 19

7 initial 37.05 35.68 108 1103 9
final 150 37.99 37.42 170 0.25 1137 17

8 initial 37.51 33.81 99 1284 11
final 254 39.02 36.56 165 0.35 1352 17

9 initial 37.33 34.59 87 1309 11
final 223 38.94 36.03 164 0.11 1364 17

Tre - Rectal Temperature
Tsk - Skin Temperature
RPE - Rating of Perceived Exertion
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Appendix D. Individual values for various physiological parameters.

Sublects using the CS

Exercise Heart Fluid Heat
Time Tre Tsk Rate Intake Storage2

Sublect (min) (0C) (0C) (bpm) (L/hr) (kcal/m2) RPE

1 initial 36.99 35.04 37 1194 11
final 198 39.50 37.84 156 0.51 1.278 i5

2 initial 37.34 34.21 97 1272 11
final 175 39.10 37.05 174 0.38 1346 13

3 initial 36.91 35.42 80 1161 9
final 300 38.61 35.95 138 0.22 1213 13

4 initial 37.00 32.69 89 1218 11
final 200 38.08 35.50 138 0.42 1271 15

5 initial 36.96 33.84 101 1228 11
final 300 38.57 36.48 160 0.77 1289 14

6 initial 36.90 34.33 83 1133 13
final 300 39.10 37.93 164 0.30 1209 19

7 initial 36.89 34.59 83 1261 11
fi. al 300 38.78 35.79 159 0.44 1340 12

8 initial 37.57 34.38 100 1294 11
final 171 39.09 37.66 176 0.25 1360 15

9 initial 36.73 33.59 73 1260 10
final 144 38.61 36.11 182 0.20 1339 15

Tre - Rectal temperature
Tsk - Skin temperature
RPE - Rating of Perceived Exertion
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Appendix E. Reasons for Terminating Participation

Exercise
Time

Order System (m Reason for Termination

1 CS 144 HR > 180 bpm

2 MDS 150 Trouble breathing

MDS 150 headache, HR Z 188 bpm

3 CS 171 Stomach cramps, dizzy, HR Z 176 bpm

4 CS 175 HR > 182 bpm

5 CS 198 Fatigue, lead feet, Tre >3!.5 0C

6 CS 200 Blisters on feet, headache, dizzy,
leg aches

MDS 200 Backache, headache

7 MDS 212 Nausea, dizzy

8 MDS 223 Leg cramps, dizzy

9 MDS 235 Headache, leg cramps, legs itch
(reaction to charcoal), flatulence

10 MDS 254 Leg cramps

11 CS 300 COMPLETED TEST but had headache,
nausea, vomited

CS 3C0 COMPLETED TEST but had headache,
hunger

CS 300 COMPLETED TEST but had headache

CS 300 COMPLETED TEST but had fatigue,
hunger

MDS 300 COMPLETED TEST but had headache

MDS 300 COMPLETED TEST but had headache,
fatigue

CS Current system.
MD? Mask drinking systemi.
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