
I n p r e s e n t i n g t h e d i s s e r t a t i o n as a p a r t i a l f u l f i l l m e n t of 
t h e r e q u i r e m e n t s f o r an advanced d e g r e e from t h e G e o r g i a 
I n s t i t u t e of T e c h n o l o g y , I a g r e e t h a t t h e L i b r a r y of t h e 
I n s t i t u t e s h a l l make i t a v a i l a b l e fo r i n s p e c t i o n and 
c i r c u l a t i o n i n a c c o r d a n c e w i t h i t s r e g u l a t i o n s g o v e r n i n g 
m a t e r i a l s of t h i s t y p e . I a g r e e t h a t p e r m i s s i o n t o copy 
from, or t o p u b l i s h f rom, t h i s d i s s e r t a t i o n may be g r a n t e d 
by t h e p r o f e s s o r u n d e r whose d i r e c t i o n i t was w r i t t e n , o r , 
i n h i s a b s e n c e , by t h e Dean of t h e G r a d u a t e D i v i s i o n when 
such c o p y i n g or p u b l i c a t i o n i s s o l e l y f o r s c h o l a r l y p u r p o s e s 
and does n o t i n v o l v e p o t e n t i a l f i n a n c i a l g a i n . I t i s u n d e r 
s tood t h a t any c o p y i n g from, or p u b l i c a t i o n of, t h i s d i s 
s e r t a t i o n which i n v o l v e s p o t e n t i a l f i n a n c i a l g a i n w i l l n o t 
be a l l o w e d w i t h o u t w r i t t e n p e r m i s s i o n . 
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v i i i 

SUMMARY 

The p r i m a r y p u r p o s e of t h i s s t u d y was t o e v a l u a t e t h e e f f i c a c y 

of f i v e f l u i d s i n r e p l a c i n g swea t l o s s e s and t o e v a l u a t e t h e e f f e c t s of 

t h e s e f l u i d s on p h y s i c a l p e r f o r m a n c e f o l l o w i n g s t r e n u o u s work or e x e r c i s e . 

The f i v e f l u i d s s t u d i e d were w a t e r , A t h l e t e s Rep lacement F l u i d , Olympade, 

C o c a - C o l a , and G a t o r a d e . No f l u i d r e p l a c e m e n t s e r v e d as t h e c o n t r o l . 

F i v e s u b j e c t s r a n on s i x d i f f e r e n t o c c a s i o n s on a t r e a d m i l l a t 4 . 5 

m i l e s p e r h o u r on a 6 . 5 p e r c e n t i n c l i n e . The ambien t t e m p e r a t u r e was 
o o 

m a i n t a i n e d a t 90 F d r y b u l b , 82 F wet b u l b . F o l l o w i n g f o u r , 12 m i n u t e 

r u n s w i t h t h r e e , 10 m i n u t e i n t e r s p a c e d r e s t p e r i o d s , t h e s u b j e c t was 

g i v e n a q u a n t i t y of f l u i d e q u a l i n w e i g h t t o t h e body w e i g h t l o s s of t h e 

s u b j e c t . 

E v a l u a t i o n of r e p l a c e m e n t of swea t l o s s e s was b a s e d on changes i n 

b l o o d c h e m i s t r y d e t e r m i n e d from samples t a k e n b e f o r e e x e r c i s e , i m m e d i a t e l y 

a f t e r e x e r c i s e , 30 m i n u t e s a f t e r e x e r c i s e , and one h o u r a f t e r e x e r c i s e . 

The p a r t i c u l a r b l o o d c h e m i s t r y p a r a m e t e r s u s e d w e r e : 
1 . serum sodium c o n c e n t r a t i o n 

2 . serum p o t a s s i u m c o n c e n t r a t i o n 

3 . serum c h l o r i d e c o n c e n t r a t i o n 

4 . c a r b o n d i o x i d e c o n c e n t r a t i o n 

5 . t o t a l p r o t e i n c o n c e n t r a t i o n 

6 . b l o o d s u g a r c o n c e n t r a t i o n 

7. serum o s m o l a r i t y . 



U r i n e sodium and p o t a s s i u m c o n c e n t r a t i o n s i n samples t a k e n b e f o r e e x e r 

c i s e , i m m e d i a t e l y a f t e r e x e r c i s e , and one h o u r a f t e r e x e r c i s e were a l s o 

u s e d i n t h i s e v a l u a t i o n . E v a l u a t i o n of f l u i d e f f e c t s on p h y s i c a l p e r 

formance was b a s e d on maximum v o l u n t a r y s t r e n g t h and c o o r d i n a t i o n t e s t 

r e s u l t s . The t e s t s were p e r f o r m e d a t t h e same t i m e s i n d i c a t e d f o r t a k i n g 

b l o o d s a m p l e s . 

Us ing m u l t i v a r i a t e a n a l y s i s of v a r i a n c e , i t was shown t h a t t h e s i x 

t r e a t m e n t c o n d i t i o n s d i f f e r e d s i g n i f i c a n t l y ( a = . 0 1 ) . The s i m u l t a n e o u s 

c o n f i d e n c e i n t e r v a l method and m u l t i v a r i a t e a n a l y s i s of v a r i a n c e of t h e 

r a t e of r e c o v e r y d a t a f a i l e d t o d e m o n s t r a t e t h e s p e c i f i c n a t u r e of t h e 

s i g n i f i c a n t d i f f e r e n c e s . The f o l l o w i n g c o n c l u s i o n s a r e b a s e d on a g r a p h 

i c a l a n a l y s i s of t h e d a t a o b t a i n e d . 

T h e r e i s a d e f i n i t e p r e f e r e n c e f o r f l u i d r e p l a c e m e n t t o p r e v e n t 

d e h y d r a t i o n and t h e s u b s e q u e n t t e m p e r a t u r e i n c r e a s e . Based on b l o o d 

c h e m i s t r y c h a n g e s and p h y s i c a l p e r f o r m a n c e m e a s u r e s and c o n s i d e r i n g o n l y 

t h e s h o r t t e r m e f f e c t s (one h o u r ) t h e r e does n o t a p p e a r t o be s u f f i c i e n t 

g rounds f o r p r e f e r e n c e of r e p l a c e m e n t t y p e f l u i d s o v e r w a t e r o r o t h e r 

commonly a v a i l a b l e f l u i d s such as C o c a - C o l a . 
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CHAPTER I 

INTRODUCTION 

P h y s i o l o g i c a l r e s p o n s e s t o work and p h y s i c a l e x e r t i o n i n a h o t 

e n v i r o n m e n t can r e s u l t i n s e v e r a l a d v e r s e r e a c t i o n s , r a n g i n g from m i l d 

d i s c o m f o r t t o t h e more s e v e r e h e a t e x h a u s t i o n and even d e a t h . I n a l m o s t 

a l l c a s e s , r e d u c e d p e r f o r m a n c e accompanies t h e s e a d v e r s e r e a c t i o n s o r 

s t r e s s e s . I n g roups such as men work ing i n a h o t e n v i r o n m e n t , s o l d i e r s 

i n a h o t c l i m a t e , and a t h l e t e s e x e r c i s i n g s t r e n u o u s l y t h i s r e d u c e d p e r 

formance i s u n d e s i r a b l e . 

P e o p l e work ing o r e x e r c i s i n g g e n e r a t e h e a t i n t e r n a l l y due t o an 

i n c r e a s e d m e t a b o l i c r a t e . I f a man i s w o r k i n g i n an e n v i r o n m e n t where 

t h e t e m p e r a t u r e of t h e a i r o r h i s s u r r o u n d i n g s i s g r e a t e r t h a n h i s body 

t e m p e r a t u r e , t h e r e w i l l be a f u r t h e r h e a t g a i n from t h e s u r r o u n d i n g s by 

c o n v e c t i o n o r r a d i a t i o n o r b o t h . The p h y s i o l o g i c a l p r o c e s s e s which e n a b l e 

man t o work a r e d e p e n d e n t upon a r a t h e r l i m i t e d t e m p e r a t u r e r a n g e . I n 

o r d e r f o r man t o c o n t i n u e t o f u n c t i o n , t h e h e a t g a i n mus t be b a l a n c e d by 

h e a t l o s s , o r h i s t e m p e r a t u r e w i l l i n c r e a s e . The re a r e s e v e r a l body 

f u n c t i o n s which r e g u l a t e t e m p e r a t u r e . Among t h e s e i s s w e a t i n g o r p e r 

s p i r a t i o n . By s w e a t i n g , t h e body e l i m i n a t e s h e a t by t h e v a p o r i z a t i o n of 

w a t e r from t h e s k i n . The h e a t s u p p l i e d by t h e body a f f e c t s t h e r a t e of 

v a p o r i z a t i o n of t h e s w e a t . A t m o s p h e r i c c o n d i t i o n s , e . g . , amb ien t t e m p e r a 

t u r e , movement of a i r , and r e l a t i v e h u m i d i t y , e x e r t a much g r e a t e r i n f l u e n c e 
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on t h e r a t e of v a p o r i z a t i o n . I f t h e r e l a t i v e h u m i d i t y i s h i g h , t h e n t h e 

r a t e of v a p o r i z a t i o n w i l l be low and v i c e v e r s a . To compensa t e f o r a low 

v a p o r i z a t i o n r a t e t h e body i n c r e a s e s t h e swea t r a t e i n an e f f o r t t o e l i m i 

n a t e more h e a t ( 2 0 ) . 

I n h o t humid c o n d i t i o n s , Edholm (4) s t a t e s t h a t a p e r s o n w i l l l o s e 

a p p r o x i m a t e l y two l i t e r s of swea t i n a f o u r h o u r work p e r i o d . Under 

s i m i l a r c o n d i t i o n s P i t t s (18) found s w e a t r a t e s t o v a r y from 0 . 9 8 l i t e r t o 

1.48 l i t e r s p e r h o u r d u r i n g m o d e r a t e e x e r c i s e . I f a p e r s o n were t o c o n 

t i n u e t o l o s e w a t e r a t t h i s r a t e w i t h o u t r e p l a c e m e n t , body r e s e r v e s would 

be d e p l e t e d and d e h y d r a t i o n and h e a t i l l n e s s would o c c u r . The r e s u l t i n g 

d e h y d r a t i o n p l a c e s an a d d i t i o n a l s t r a i n on t h e c a r d i o v a s c u l a r s y s t e m b e 

c a u s e of a d e c r e a s e i n c i r c u l a t i n g b l o o d volume and an i n c r e a s e i n b l o o d 

v i s c o s i t y . P i t t s (18) a l s o h a s shown t h a t s u b j e c t s r e a c h e d a p o i n t of 

impending e x h a u s t i o n i n a p p r o x i m a t e l y t h r e e h o u r s when t h e i r w a t e r l o s s e s 

were n o t r e p l a c e d . These e x p e r i m e n t s were c a r r i e d o u t i n c o n d i t i o n s of 

low r e l a t i v e h u m i d i t y which f a v o r s h e a t l o s s by e v a p o r a t i o n and a l s o t h e 

s u b j e c t was a l l o w e d t o r e s t . 

P r e s e n t i n swea t a r e t h e s a l t s sodium and p o t a s s i u m c h l o r i d e . 

(These s a l t s a r e e s s e n t i a l f o r t h e normal f u n c t i o n i n g of t h e b o d y . ) 

Dur ing h i g h swea t r a t e p e r i o d s i t h a s b e e n shown t h a t swea t c o n t a i n s up 

t o 5 grams of sodium c h l o r i d e p e r l i t e r ( 2 1 ) . A s a l t i n t a k e of 20 gm 

p e r day i s a c h i e v e d t h r o u g h t h e normal d i e t ( 4 ) . Al though o n l y s t r e n u o u s 

e x e r c i s e would r e s u l t i n t h e d e p l e t i o n of s a l t r e s e r v e s , o t h e r p rob l ems 

a r i s e from r e d u c e d s a l t l e v e l s i n t h e body . The s a l t s p l a y an i m p o r t a n t 

r o l e i n t h e s t i m u l a t i o n of t h i r s t . Al though t h e mechanism of t h i r s t i s 
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n o t c o m p l e t e l y known, i t h a s b e e n shown t h a t , when no rma l s a l t l e v e l s a r e 

m a i n t a i n e d , t h e i n d i v i d u a l h a s t h e d e s i r e t o d r i n k and r e p l a c e w a t e r 

l o s s e s b u t as t h e s a l t l e v e l i s lowered so t h e d e s i r e t o d r i n k i s d e 

c r e a s e d ( 1 5 ) . Once s w e a t i n g h a s b e g u n , t h e r e w i l l be some s a l t l o s t . 

P i t t s (18) p o i n t s t h i s o u t v e r y c l e a r l y . " I t s h o u l d be emphas ized t h a t 

d u r i n g work men n e v e r v o l u n t a r i l y d r i n k as much as t h e y s w e a t , even though 

t h i s i s a d v a n t a g e o u s f o r m a i n t a i n i n g h e a t b a l a n c e , b u t u s u a l l y d r i n k a t a 

r a t e a p p r o x i m a t i n g abou t t w o - t h i r d s of t h e w a t e r l o s s i n s w e a t . " As men 

become a c c l i m a t i z e d t o w o r k i n g i n a h o t e n v i r o n m e n t t h e s a l t c o n t e n t of 

t h e swea t l e s s e n s b u t t h e swea t r a t e i n c r e a s e s ( 4 ) . Even w i t h a c c l i m a t i 

z a t i o n t h e r e w i l l be a r e d u c e d t h i r s t . 

The immedia te e f f e c t of c o n t i n u e d work w i t h o u t w a t e r r e p l a c e m e n t 

i s i n c r e a s e d body c o r e t e m p e r a t u r e s . Some of t h e more a c u t e h e a t d i s 

o r d e r s a r e h e a t e x h a u s t i o n , h e a t c r a m p s , d e h y d r a t i o n , and h e a t s t r o k e can 

be e a s i l y a v o i d e d . O t h e r l e s s a c u t e p rob l ems do e x i s t which may a f f e c t 

an i n d i v i d u a l ' s a b i l i t y t o work . Work i n a h o t e n v i r o n m e n t c a n r e s u l t i n 

some l o s s o r m e n t a l i n i t i a t i v e . "Accuracy may be n o t i c e a b l y a f f e c t e d i n 

p o o r l y m o t i v a t e d p e r s o n s " o r a p e r s o n may f e e l t h a t a t a s k r e q u i r e s g r e a t e r 

c o n c e n t r a t i o n b u t w i t h o u t a d e t e r i o r a t i o n i n a c c u r a c y ( 3 ) . 

The p rob lem of p h y s i c a l e x e r t i o n i n a h e a t s t r e s s e n v i r o n m e n t i s 

f r e q u e n t l y e n c o u n t e r e d . P e o p l e w o r k i n g i n l a u n d r i e s , p a p e r m i l l s , t e x 

t i l e m i l l s , and c a n n e r i e s f r e q u e n t l y e n c o u n t e r h o t humid c o n d i t i o n s . High 

t e m p e r a t u r e and low r e l a t i v e h u m i d i t y a r e common i n g l a s s p r o d u c t i o n , 

s t e e l m i l l s , f o u n d r i e s , and r e d u c t i o n p l a n t s . Depending upon t h e p a r t i c u 

l a r o p e r a t i o n , t h e m i n i n g and c h e m i c a l i n d u s t r i e s p r e s e n t e i t h e r s e t of 
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c o n d i t i o n s . I n t h e c a s e of mine w o r k e r s i n E n g l a n d , t h e a c c i d e n t r a t e 

showed a marked i n c r e a s e d u r i n g h i g h t e m p e r a t u r e s . I n a n o t h e r s t u d y of 

E n g l i s h mine w o r k e r s , a d e c l i n e i n p r o d u c t i o n of 41 p e r c e n t was o b s e r v e d 
o o o o 

when t h e t e m p e r a t u r e r o s e from 73 t o 86 F d r y b u l b and 66 t o 79 F wet 

b u l b ( 4 ) . Brouha (4) a l s o p o i n t s o u t t h a t s t e e l p r o d u c t i o n i s " g r e a t e s t 

i n w i n t e r and l e a s t i n summer." S i m i l a r t r e n d s have been o b s e r v e d i n t h e 

g l a s s i n d u s t r y , f o u n d r i e s , r o l l i n g m i l l s , s m e l t i n g p l a n t s , and t e x t i l e 

f a c t o r i e s . Much h a s b e e n done t o a l l e v i a t e t h e h e a t s t r e s s c o n d i t i o n s 

i n i n d u s t r y , b u t t h i s i s n o t p o s s i b l e e v e r y w h e r e . 

The p r o b l e m e n c o u n t e r e d by t h e s o l d i e r and a t h l e t e i s more a c u t e 

due t o t h e more s t r e n u o u s n a t u r e of t h e e x e r c i s e . At t h e Mar ine Corps 

R e c r u i t Depot a t P a r r i s I s l a n d , S. C , a p rog ram t o p r e v e n t t h e h i g h r a t e s 

of h e a t c a s u a l t i e s was s u c c e s s f u l " b u t s u c c e s s was a c h i e v e d o n l y a t c o n 

s i d e r a b l e c o s t i n h o u r s s c h e d u l e d f o r d r i l l " ( 1 3 ) . 

The m a j o r p rob lems a r i s i n g from d e h y d r a t i o n a r e , t h e n , t h e d e c r e a s e 

i n work c a p a c i t y , l i m i t e d a b i l i t y t o work t h r o u g h i m p a i r e d c a r d i o v a s c u l a r 

f u n c t i o n , f a s t e r o n s e t of f a t i g u e , and i n c r e a s e d r e s t i n g p u l s e r a t e . 

T h e r e a r e c u r r e n t l y s e v e r a l f l u i d s c o m m e r c i a l l y a v a i l a b l e as r e 

p l a c e m e n t f l u i d s . These f l u i d s were d e s i g n e d t o r e p l a c e t h e w a t e r and 

s a l t l o s s which accompany s w e a t i n g . However, t h e r e i s v e r y l i t t l e i n f o r 

m a t i o n on t h e e f f i c a c y of t h e s e f l u i d s as r e p l a c e m e n t f l u i d s o r on t h e i r 

e f f e c t s on p h y s i c a l p e r f o r m a n c e i n man. 

S t a t e m e n t of t h e Prob lem 

The p r i m a r y p rob l em was t o e v a l u a t e t h e e f f i c a c y of f i v e f l u i d s i n 
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r e p l a c i n g body l o s s e s i n swea t and t o e v a l u a t e t h e e f f e c t s of t h e s e f l u i d s 

on p h y s i c a l p e r f o r m a n c e f o l l o w i n g s t r e n u o u s work o r e x e r c i s e . The f i v e 

f l u i d s we re w a t e r , A t h l e t e s Rep lacemen t F l u i d , Olympade, C o c a - C o l a , and 

G a t o r a d e . The c o n t r o l was no f l u i d r e p l a c e m e n t . 
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CHAPTER I I 

REVIEW OF THE LITERATURE 

T h e r e i s a g r e a t d e a l of l i t e r a t u r e r e g a r d i n g d e h y d r a t i o n by 

s w e a t i n g and i t s s u b s e q u e n t e f f e c t s on t h e b o d y . P r e s e n t e d h e r e a r e some 

of t h e more p e r t i n e n t l i t e r a t u r e r e g a r d i n g d e h y d r a t i o n , r e h y d r a t i o n , and 

t h e i r e f f e c t s on p h y s i c a l p e r f o r m a n c e . 

I n e x p e r i m e n t s by P i t t s ( 1 8 ) , f u l l y a c c l i m a t i z e d s u b j e c t s marched 

up a g r a d e of 2 . 5 p e r c e n t a t a c o n s t a n t r a t e of 3 . 5 m i l e s p e r h o u r . The 
o 

two c l i m a t i c c o n d i t i o n s u s e d were h o t d r y (100 F , 30 p e r c e n t r e l a t i v e 
o 

h u m i d i t y ) and h o t m o i s t (95 F , 83 p e r c e n t r e l a t i v e h u m i d i t y ) . One s u b j e c t 

p e r f o r m e d s i x e x p e r i m e n t s u n d e r t h e h o t d ry c o n d i t i o n s . I n two e x p e r i 

ments t h e s u b j e c t was n o t p e r m i t t e d t o d r i n k any w a t e r , i n two w a t e r e q u a l 

i n w e i g h t t o s u b j e c t w e i g h t l o s s , and i n two w a t e r was p e r m i t t e d ad l i b i 

tum. I n t h e c a s e where no w a t e r was p e r m i t t e d , t h e r e c t a l t e m p e r a t u r e 
o 

r o s e t o t h e " zone of impending e x h a u s t i o n " ( t e m p e r a t u r e s above 102 F) i n 

l e s s t h a n 3 . 5 h o u r s ( 1 8 ) . I n t h e c a s e of w a t e r ad l i b i t u m , t h e t e m p e r a -
o 

t u r e r e m a i n e d be tween 100 .5 and 1 0 1 . 5 F f o r a p p r o x i m a t e l y f o u r h o u r s and 

t h e n b e g a n a s h a r p i n c r e a s e a t which t i m e t h e e x p e r i m e n t s were t e r m i n a t e d . 

Where w a t e r e q u a l e d w e i g h t l o s s , t h e t e m p e r a t u r e r o s e t o a p p r o x i m a t e l y 
o 

1 0 0 . 5 F and r e m a i n e d a t t h a t p o i n t . A f t e r 5 .5 h o u r s a t t h i s l e v e l t h e 

s u b j e c t " s a i d he c o u l d e a s i l y go on a l l d a y " ( 1 8 ) . One i m p o r t a n t p o i n t 

P i t t s b r i n g s o u t a t t h i s p o i n t i s t h a t , d u r i n g work , men v o l u n t a r i l y d r i n k 
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o n l y a t a r a t e a p p r o x i m a t e d by two t h i r d s t h e w a t e r l o s s i n s w e a t , as 

p r e v i o u s l y m e n t i o n e d . 

F u r t h e r t e s t s we re a l s o c o n d u c t e d t o e v a l u a t e t h e e f f e c t s of s a l t 

s u p p l e m e n t a t i o n . I n t h e c o n t r o l l e d e n v i r o n m e n t , e i t h e r 10 p e r c e n t s a l i n e 

s o l u t i o n o r s a l t t a b l e t s w i t h o u t w a t e r were g i v e n . S a l t i n t h i s form was 

t o o d i s t r e s s i n g f o r some s u b j e c t s t o c o n t i n u e . I t was c o n c l u d e d from 

t h o s e t h a t d i d c o m p l e t e t h e t e s t t h a t t h e swea t r a t e was m a i n t a i n e d b e t t e r 

b u t o v e r a l l t h e r e was l i t t l e o r no b e n e f i t from t h e s a l t a l o n e . I n t e s t s 

c o n d u c t e d o u t s i d e d u r i n g a Bos ton summer, t h r e e 3 gm s a l t t a b l e t s were 

a d m i n i s t e r e d a t i n t e r v a l s d u r i n g t h e m a r c h . T h i s g roup a l s o r e c e i v e d 

w a t e r a p p r o x i m a t e l y e q u a l i n w e i g h t t o t h e s w e a t l o s s . A second g roup 

was g i v e n o n l y w a t e r as j u s t d e s c r i b e d . T h e r e was no s i g n i f i c a n t d i f f e r 

ence b e t w e e n t h e s e two g r o u p s e x c e p t t h a t " g a s t r o i n t e s t i n a l u n e a s i n e s s 

was f e l t by t h o s e who had r e c e i v e d s a l t t a b l e t s . . . . " ( 1 8 ) . 

T e s t s on t h e e f f e c t s of g l u c o s e were a l s o c o n d u c t e d . I n t h e c a s e 

where l a r g e d o s e s (100 gm p e r h o u r ) were g i v e n , t h e s u b j e c t s became u n 

c o m f o r t a b l e and n a u s e a t e d and t h e t e s t s were d i s c o n t i n u e d . I n t h e e x p e r i 

ments w i t h 25 gm of g l u c o s e and w a t e r e q u a l t o s w e a t , t h e r e was a s l i g h t l y 

more f a v o r a b l e p u l s e r a t e , i . e . r e d u c e d h e a r t r a t e ( 1 8 ) . 

P i t t s e t a l . c o n c l u d e d from t h e s e e x p e r i m e n t s t h a t t h e b e s t p e r 

formance of f u l l y a c c l i m a t i z e d men can be a c h i e v e d by h o u r by h o u r r e 

p l a c e m e n t of w a t e r l o s t by s w e a t p r o v i d e d t h e r e i s a d e q u a t e s a l t i n t h e 

d i e t ( 1 8 ) . 

T a y l o r (24) s t u d i e d t h e e f f e c t s o f v a r i o u s l e v e l s o f sodium c h l o 

r i d e i n t a k e o v e r a p e r i o d of t h r e e d a y s . I n t h e s e e x p e r i m e n t s , men wa lked 
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a t 3 . 2 5 m i l e s p e r h o u r a t 7 .5 p e r c e n t g r a d e f o r s i x 10 m i n u t e p e r i o d s i n 

t h e morn ing and a f t e r n o o n . The wa lks were c o n d u c t e d i n h o t d r y c o n d i -
o 

t i o n s (120 F , 25 p e r c e n t r e l a t i v e h u m i d i t y ) . A l l o t h e r t i m e was s p e n t i n 
o 

c o o l e r , m o i s t e r s u r r o u n d i n g s (85 F , 45 p e r c e n t r e l a t i v e h u m i d i t y ) . The 

s a l t i n t a k e of t h e s u b j e c t was c o n t r o l l e d by d i e t . T h r e e g roups were 

t e s t e d , b u t o n l y two a r e s i g n i f i c a n t as t h e s econd and t h i r d g r o u p s d i d 

n o t d i f f e r s i g n i f i c a n t l y . The f i r s t g roup had a low s a l t i n t a k e ( 5 . 8 ± 2 

grams p e r d a y ) . A t - t e s t was u s e d t o compare t h e d i f f e r e n c e s of t h e means 

of p h y s i o l o g i c a l d a t a ( 1 2 ) . T a y l o r o b s e r v e d t h a t t h e men on t h e low s a l t 

i n t a k e l o s t more t h a n t w i c e as much w e i g h t , d r a n k l e s s w a t e r , and swea t ed 

l e s s t h a n t h o s e on t h e m o d e r a t e s a l t i n t a k e . The low s a l t g roup ended 

t h e f i r s t 24 h o u r s w i t h a d e h y d r a t i o n of 2 . 5 p e r c e n t of body w e i g h t as 

compared t o 0 . 7 7 p e r c e n t f o r t h e m o d e r a t e g r o u p . T a y l o r a t t r i b u t e d t h i s 

d i f f e r e n c e t o f a i l u r e of t h e t h i r s t mechanism t o demand a d e q u a t e w a t e r . 

On t h e s e c o n d and t h i r d d a y s , t h e swea t r a t e of t h e low group f e l l m a r k e d l y 

as compared w i t h no s i g n i f i c a n t change f o r t h e m o d e r a t e g roup ( 2 4 ) . 

Adolph and a s s o c i a t e s (1) c o n d u c t e d e x t e n s i v e s t u d i e s of t h e p h y s i 

o l o g i c a l e f f e c t s of men w o r k i n g and e x e r c i s i n g i n t h e d e s e r t . Adolph 

drew t h e f o l l o w i n g c o n c l u s i o n s from a v a r i e t y of e x p e r i m e n t s i n t h e d e s e r t 

u s i n g s o l d i e r s as s u b j e c t s . A s t r e s s i s i n d u c e d on t h e c i r c u l a t i n g s y s 

tem b e c a u s e of d e h y d r a t i o n and t h e s u b s e q u e n t d e c r e a s e i n p l a sma vo lume. 

T h i s s t r e s s i s e v i d e n c e d by an i n c r e a s e d h e a r t r a t e . D e h y d r a t i o n by w a t e r 

r e s t r i c t i o n and s w e a t i n g r e s u l t e d i n i n c r e a s e d body c o r e t e m p e r a t u r e and 

a d e c r e a s e d swea t r a t e . Adolph a l s o o b s e r v e d t h a t 15 p e r c e n t of t h e g roup 

of s u b j e c t s were u n a b l e t o c o m p l e t e an e n d u r a n c e h i k e w i t h o u t w a t e r w h e r e a s 
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o n l y 1.7 p e r c e n t f a i l e d t o c o m p l e t e t h e h i k e w i t h w a t e r . 

P e a r c y e t a l . (17) c o n d u c t e d e x p e r i m e n t s i n which i n d i v i d u a l s 

a l t e r n a t e d be tween a h o t room i n which t h e y worked f o r one h o u r and a 

c o o l room i n which t h e y r e s t e d . The a l t e r n a t i o n was c o n t i n u e d f o r e i t h e r 

e i g h t h o u r s o r 25 h o u r s . D u r i n g t h e s t u d y , t h e w e i g h t , u r i n e f l ow, and 

s k i n t e m p e r a t u r e of t h e s u b j e c t s were o b s e r v e d . I n t h e s u b j e c t s who were 

d e h y d r a t e d , P e a r c y o b s e r v e d swea t r a t e s 15 p e r c e n t be low t h e r a t e s of 

t h o s e who were f u l l y h y d r a t e d . When t h e d e h y d r a t e d s u b j e c t s a t t e m p t e d 

t o r e g a i n t h e i r w a t e r b a l a n c e by d r i n k i n g t h e r e was a r e d u c t i o n of serum 

c h l o r i d e , marked d i u r e s i s , and s e c o n d a r y d e h y d r a t i o n . 

I n e x p e r i m e n t s by B l y t h ( 5 ) , t h e 18 s u b j e c t s were s u b j e c t e d t o 
o 

e x h a u s t i v e t r e a d m i l l r u n s a t a t e m p e r a t u r e of 120 F . B e f o r e one r u n , t h e 

s u b j e c t was h y d r a t e d w i t h two l i t e r s of .450 p e r c e n t s a l i n e s o l u t i o n . I n 

a n o t h e r r u n t h e s u b j e c t was g i v e n no f l u i d and i n t h e l a s t r u n t h e s u b j e c t 

was d e h y d r a t e d t h r e e p e r c e n t of h i s body w e i g h t by t h e r m a l h e a t l o a d i n g . 

The t i m e e a c h s u b j e c t r a n b e f o r e e x h a u s t i o n was s i g n i f i c a n t l y l o n g e r f o r 

t h e p r e h y d r a t i o n and norma l w a t e r b a l a n c e c a s e s . E l e v e n of t h e 18 s u b 

j e c t s were a t h l e t e s and t h e i r t i m e t o e x h a u s t i o n was s i g n i f i c a n t l y l o n g e r 

i n t h e p r e h y d r a t i o n c a s e when compared t o t h e n o n - a t h l e t e s . 

The d e v e l o p e r of G a t o r a d e , Dr . R o b e r t Cade (6) s t u d i e d changes i n 

body f l u i d c o m p o s i t i o n of 10 c o l l e g e f o o t b a l l p l a y e r s w h i l e p r a c t i c i n g . 

B e f o r e and a f t e r a two h o u r p r a c t i c e s e s s i o n t h e body w e i g h t , p l a s m a 

vo lume , e x t r a c e l l u l a r f l u i d vo lume , sodium and p o t a s s i u m c o n c e n t r a t i o n of 

p l a s m a , and swea t and p l a s m a o s m o t i c p r e s s u r e were d e t e r m i n e d . P lasma 

c a l c i u m , magnes ium, t o t a l p r o t e i n , g l u c o s e , and t o t a l l i p i d s were a l s o 
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d e t e r m i n e d . The a v e r a g e w e i g h t l o s s d u r i n g t h e two h o u r p e r i o d was 2 . 7 

kg o r 2 . 9 p e r c e n t of t h e body w e i g h t . Cade o b s e r v e d an a v e r a g e l o s s of 

2 . 0 l i t e r s i n e x t r a c e l l u l a r f l u i d and 0 . 3 l i t e r i n p l a s m a v o l u m e . From 

t h i s s t u d y Cade c o n c l u d e s t h a t i n g e s t i o n of s a l t t a b l e t s w i t h o u t w a t e r 

r e p l a c e m e n t would a g g r e v a t e t h e p h y s i o l o g i c a l d i s t u r b a n c e e v i d e n c e d by 

i n c r e a s e d p l a s m a sodium and p o t a s s i u m l e v e l s . H i s p r i n c i p a l c o n c l u s i o n 

r e g a r d s t h e c o n t e n t of an a t h l e t i c r e p l a c e m e n t f l u i d . "The i d e a l r e 

p l a c e m e n t f l u i d f o r an a t h l e t e who i s v i g o r o u s l y p e r s p i r i n g , t h e n , i s a 

h y p o t o n i c s a l t s o l u t i o n t o which g l u c o s e h a s been a d d e d . " (6) 

The f i v e f l u i d s i n c l u d e d i n t h i s s t u d y were w a t e r , A t h l e t e s Re

p l a c e m e n t F l u i d (ARF), Olympade, C o c a - C o l a , and G a t o r a d e . Coca -Co la 

c o n t a i n s s u c r o s e and i t s d e g r a d a t i o n p r o d u c t s a r e f r u c t o s e and g l u c o s e . 

The sodium and p o t a s s i u m c o n t e n t i s e s s e n t i a l l y t h e same as t h e w a t e r 

u s e d i n i t s p r e p a r a t i o n . A l l of t h e o t h e r s p e c i a l r e p l a c e m e n t f l u i d s 

c o n t a i n g l u c o s e , sod ium, p o t a s s i u m , and w a t e r . For t h i s r e a s o n , some of 

t h e more p e r t i n e n t l i t e r a t u r e r e g a r d i n g a b s o r p t i o n of t h e s u b s t a n c e s i n 

t h e human g u t a r e i n c l u d e d h e r e . 

I n 1965 , Malawar (12) s t u d i e d t h e i n t e r r e l a t i o n s h i p b e t w e e n sod ium, 

g l u c o s e , and w a t e r i n t h e human j e j u n u m . I n r e p e a t e d e x p e r i m e n t s on 18 

n o r m a l m a l e s , t e s t s o l u t i o n s were i n f u s e d i n t o t h e j e j u n u m . Malawar o b 

s e r v e d a 3 . 1 m i l l i e q u i v a l e n t s (mEq) p e r h o u r a b s o r p t i o n of sodium from 

i s o t o n i c s a l i n e w i t h o u t g l u c o s e . When two t o t e n m i l l i m o l e s of g l u c o s e 

were added , sodium a b s o r p t i o n i n c r e a s e d by 9 . 2 mEq t o 1 2 . 3 mEq p e r h o u r . 

I t was a l s o o b s e r v e d t h a t two mEq of sodium was t r a n s p o r t e d p e r m i l l i m o l e 

of g l u c o s e . Water a b s o r p t i o n was d i r e c t l y p r o p o r t i o n a l t o n e t s o l u t e 
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movement and was maximal (303 m i l l i l i t e r s p e r h o u r ) w i t h 140 m i l l i m o l e s 

of g l u c o s e . 

I n a s t u d y of g l u c o s e a b s o r p t i o n , O l s e n (16) o b s e r v e d t h a t g l u c o s e 

a b s o r p t i o n was i n h i b i t e d when t h e g l u c o s e c o n c e n t r a t i o n of t h e i n f u s e d 

f l u i d was l e s s t h a n t h a t of t h e b l o o d and sodium was a b s e n t . When t h e 

g l u c o s e c o n c e n t r a t i o n of t h e f l u i d was g r e a t e r t h a n t h a t of t h e b l o o d , 

a b s o r p t i o n of g l u c o s e was u n a f f e c t e d by t h e a b s e n c e of sod ium. 

F o r d t r a n (10) s u b j e c t e d f i v e s u b j e c t s t o one h o u r of e x e r c i s e a t 

l o a d s of 64 t o 78 p e r c e n t of maximum oxygen u p t a k e . G a s t r i c a b s o r p t i o n 

of a s o l u t i o n of 1 3 . 3 p e r c e n t g l u c o s e and 0 . 3 p e r c e n t sodium c h l o r i d e 

was n o t a f f e c t e d by e x e r c i s e . T h i s o b s e r v a t i o n i s b a s e d on a c o m p a r i s o n 

w i t h r e s t i n g a b s o r p t i o n d a t a . I n a d d i t i o n , o n l y s l i g h t i n h i b i t i o n of 

g a s t r i c a b s o r p t i o n of w a t e r was o b s e r v e d . 

The l i t e r a t u r e c o n t a i n s v e r y l i t t l e r e g a r d i n g r e h y d r a t i o n w i t h 

s p e c i a l e l e c t r o l y t i c f l u i d s d e s i g n e d as r e p l a c e m e n t f l u i d s o r on t h e i r 

e f f e c t on p h y s i c a l p e r f o r m a n c e . I n c l u d e d h e r e i s a d i s c u s s i o n of a l l 

p a p e r s found t o d a t e . 

Schamadan (22) c o n d u c t e d a s t u d y u s i n g c o l l e g e f o o t b a l l and b a s k e t 

b a l l p l a y e r s as s u b j e c t s . S u b j e c t s were d i v i d e d i n t o t h r e e g r o u p s and 

g i v e n a f l u i d b e f o r e a t h l e t i c p r a c t i c e . One group r e c e i v e d a s o l u t i o n 

c o n t a i n i n g sodium and p o t a s s i u m , one a s o l u t i o n c o n t a i n i n g o n l y p o t a s s i u m 

and t h e t h i r d a s t a n d a r d s a l t t a b l e t w i t h w a t e r which c o n t a i n e d o n l y 

sodium c h l o r i d e . The c h l o r i d e c o n t e n t of t h e u r i n e was d e t e r m i n e d b e f o r e 

p r a c t i c e on one day and a f t e r p r a c t i c e a t one t o two week i n t e r v a l s . Re

s u l t s of t h i s e x p e r i m e n t were i n c o n c l u s i v e . S u b j e c t i v e e v a l u a t i o n s by 
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t h e s u b j e c t s showed a p r e f e r e n c e f o r t h e s o l u t i o n c o n t a i n i n g p o t a s s i u m 

o n l y . 

S t u d y i n g t h e e n d u r a n c e of c o l l e g e w r e s t l e r s , Eaves (8) s u b j e c t e d 

f i v e s u b j e c t s t o d e h y d r a t i o n by s i x p e r c e n t of t h e i r body w e i g h t by any 

method t h e s u b j e c t c h o s e . Two p e r c e n t r e h y d r a t i o n u s i n g e i t h e r w a t e r , 

C o c a - C o l a , G a t o r a d e , o r C r a m e r ' s " T a k e - 5 " f o l l o w e d . No r e p l a c e m e n t 

s e r v e d as a c o n t r o l . The s u b j e c t s t h e n r a n on a t r e a d m i l l u n t i l a h e a r t 

r a t e of 180 b e a t s p e r m i n u t e was r e a c h e d . Based on t h e amount of t ime 

r u n , c o r e t e m p e r a t u r e s , oxygen u p t a k e , and e x c e s s c a r b o n d i o x i d e p r o d u c 

t i o n , no s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e b e t w e e n f l u i d s was found . 

W i t t e n (26) had s i x s u b j e c t s d e h y d r a t e two p e r c e n t of t h e i r body 

w e i g h t i n a swea t box on f o u r o c c a s i o n s . The s u b j e c t s were t h e n g i v e n 15 

m i n u t e s t o r e h y d r a t e t h e w e i g h t l o s s by i n g e s t i o n of C o c a - C o l a , w a t e r , 

or G a t o r a d e . No r e p l a c e m e n t s e r v e d as t h e c o n t r o l . Blood and u r i n e 

samples were t a k e n b e f o r e d e h y d r a t i o n , a f t e r d e h y d r a t i o n , one h a l f h o u r 

a f t e r t h e b e g i n n i n g o f i n g e s t i o n , one h o u r a f t e r , one and o n e - h a l f h o u r s 

a f t e r , and f o l l o w i n g e x h a u s t i v e e x e r c i s e . One and o n e - h a l f h o u r a f t e r 

b e g i n n i n g i n g e s t i o n of t h e f l u i d s t h e s u b j e c t s r a n on a t r e a d m i l l a t 

t h r e e m i l e s p e r h o u r wh ich i n c r e a s e d i n g r a d e one p e r c e n t p e r m i n u t e . 

The t i m e r e q u i r e d f o r t h e s u b j e c t s ' h e a r t r a t e s t o r e a c h 180 b e a t s p e r 

m i n u t e was o b s e r v e d . D u r i n g t h e e x e r c i s e , oxygen c o n s u m p t i o n was t a k e n . 

W i t t e n o b s e r v e d a s l i g h t l y more r a p i d r e t u r n t o p r e - d e h y d r a t i o n l e v e l of 

p l a s m a sodium c o n c e n t r a t i o n i n t h e c a s e of G a t o r a d e . No s i g n i f i c a n t d i f 

f e r e n c e was found i n t i m e t o e x h a u s t i o n , h e a r t r a t e s , t e m p e r a t u r e , o r 

oxygen c o n s u m p t i o n . 
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I n a f o l l o w - u p s t u d y Cade (7) e v a l u a t e d t h e e f f e c t s on p h y s i c a l 

p e r f o r m a n c e and b l o o d c h e m i s t r y of e x e r c i s e w i t h no f l u i d r e p l a c e m e n t , 

w a t e r , s a l i n e , and a g l u c o s e - e l e c t r o l y t e s o l u t i o n which had t h e same 

g l u c o s e - e l e c t r o l y t e c o n t e n t as G a t o r a d e . Four s u b j e c t s r a n one m i l e by 

r u n n i n g 440 y a r d s t h e n w a l k i n g 220 y a r d s . The s u b j e c t s c o n t i n u e d t o r u n 

i n t h i s manner f o r s e v e n m i l e s o r u n t i l e x h a u s t i o n , e x c e p t t h a t e v e r y 

o t h e r 440 y a r d r u n was r e p l a c e d by an 880 y a r d r u n . The s u b j e c t s r a n 

t h r e e t i m e s each week f o r t h r e e weeks u s i n g e i t h e r no r e p l a c e m e n t , w a t e r , 

o r g l u c o s e - e l e c t r o l y t e . The t h r e e week p e r i o d was t h e n r e p e a t e d by t h e 

same s u b j e c t s w i t h 0 . 1 p e r c e n t s a l i n e r e p l a c i n g w a t e r . (The re was 17 

mEq/4 sodium i n b o t h t h e s a l i n e and g l u c o s e - e l e c t r o l y t e s o l u t i o n . ) Be fo re 

and a f t e r e ach r u n b l o o d s a m p l e s were t a k e n f o r d e t e r m i n a t i o n of sod ium, 

p o t a s s i u m , and g l u c o s e . O r a l , r e c t a l , and s k i n t e m p e r a t u r e s were a l s o 

r e c o r d e d i n t h e t h r e e s e t s of r u n s i n v o l v i n g s a l i n e . The t i m e r e q u i r e d 

t o c o m p l e t e t h e r u n and t h e t i m e of t h e l a s t 880 y a r d s were t h e e v a l u a 

t o r s of e n d u r a n c e and maximum a b i l i t y t o p e r f o r m work . 

I n t h e t h r e e week w a t e r s t u d i e s , Cade o b s e r v e d a p a s s i v e c o n c e n 

t r a t i o n of sodium when t h e s u b j e c t s r e l i e d on t h i r s t and d r a n k d u r i n g 

w a l k s . An a v e r a g e d e c r e a s e of 2 2 . 8 m i l l i g r a m p e r 100 m i l l i l i t e r s i n b l o o d 

s u g a r and an i n c r e a s e of 3 . 3 m E q / i i n sodium were o b s e r v e d u s i n g w a t e r . 

Runs u s i n g t h e g l u c o s e - e l e c t r o l y t e s o l u t i o n r e s u l t e d i n a 1.2 mEq/4 i n 

c r e a s e i n sodium and b l o o d s u g a r i n c r e a s e 1 7 . 5 mg/100 m l . P la sma p o t a s 

sium d i d n o t change s i g n i f i c a n t l y . The re was no s i g n i f i c a n t d i f f e r e n c e 

i n t h e t i m e r e q u i r e d t o c o m p l e t e t h e r u n o r t h e l a s t 880 y a r d s be tween 

no r e p l a c e m e n t and w a t e r . The same t i m e s f o r t h e g l u c o s e - e l e c t r o l y t e 
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r u n s were s i g n i f i c a n t l y s h o r t e r ( 7 ) . 

Dur ing t h e s e t of r u n s w i t h s a l i n e , h i g h e r e n v i r o n m e n t a l t e m p e r a 

t u r e s and h i g h e r h u m i d i t y p r e v e n t e d any s u b j e c t from c o m p l e t i n g t h e s e v e n 

m i l e s w i t h no r e p l a c e m e n t and few were a b l e t o c o m p l e t e t h e r u n on s a l i n e . 

The a v e r a g e d i s t a n c e r u n was 4 . 7 m i l e s w i t h no f l u i d and 5 . 5 m i l e s w i t h 

s a l i n e . The s u b j e c t s were a b l e t o c o m p l e t e t h e r u n u s i n g t h e g l u c o s e -

e l e c t r o l y t e s o l u t i o n . At t h e end of f i v e m i l e s r u n , r e c t a l t e m p e r a t u r e 
o o o 

a v e r a g e d 1.9 C i n c r e a s e w i t h no r e p l a c e m e n t , 1.6 C w i t h s a l i n e , and 1.0 C 

w i t h g l u c o s e - e l e c t r o l y t e ( 7 ) . 

The need f o r a d e q u a t e h y d r a t i o n w i t h p h y s i c a l work and s w e a t i n g 

i s q u i t e e v i d e n t b a s e d on t h e l i t e r a t u r e p r e s e n t e d h e r e . Rep lacemen t of 

body f l u i d l o s s e s r e s u l t s i n g r e a t e r e n d u r a n c e , lower h e a r t r a t e s , lower 

body t e m p e r a t u r e s , and h i g h e r s w e a t r a t e s ( 1 , 5 , 6 , 7 , 8 , 2 4 , 2 7 , 2 8 ) . I t i s 

a l s o e v i d e n t t h a t sod ium, p o t a s s i u m , and g l u c o s e can be r e a d i l y a b s o r b e d 

by t h e human g u t d u r i n g e x e r c i s e as w e l l as a t r e s t ( 1 2 , 1 6 , 1 0 ) . 

The re does n o t a p p e a r t o be any l i t e r a t u r e r e g a r d i n g t h e e f f e c t s 

of r e p l a c e m e n t f l u i d s on t h e p e r f o r m a n c e of submaximal o r n o n e n d u r a n c e 

t a s k s . The s i t u a t i o n e n c o u n t e r e d by t h e a t h l e t e i s w e l l modeled by t h e 

e x p e r i m e n t s r e p o r t e d , b u t t h e i n d u s t r i a l s i t u a t i o n may r e q u i r e f i n e r 

motor s k i l l s and e x t e n d s o v e r a l o n g e r p e r i o d of t i m e a t a lower l e v e l of 

p h y s i c a l e x e r t i o n . 
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CHAPTER I I I 

METHODS AND PROCEDURES 

The p u r p o s e of t h i s s t u d y was t o e v a l u a t e t h e e f f i c a c y of f i v e 

f l u i d s i n r e p l a c i n g body l o s s e s due t o s w e a t i n g and t o e v a l u a t e t h e e f 

f e c t s of t h e s e f l u i d s on p h y s i c a l p e r f o r m a n c e f o l l o w i n g s t r e n u o u s work o r 

e x e r c i s e . The f i v e f l u i d s s t u d i e d were w a t e r , A t h l e t e s Rep lacemen t F l u i d , 

Olympade, C o c a - C o l a , and G a t o r a d e . No f l u i d r e p l a c e m e n t s e r v e d as t h e 

c o n t r o l . 

S u b j e c t s 

The a g e , h e i g h t , and w e i g h t o f t h e s u b j e c t a t t h e i n i t i a l r u n a r e 

g i v e n i n T a b l e 1 . A l l s u b j e c t s were r i g h t h a n d e d . P r i o r p h y s i c a l c o n 

d i t i o n i n g by t h e s u b j e c t s v a r i e d c o n s i d e r a b l y . S u b j e c t N.N. p a r t i c i p a t e d 

i n i n t e r c o l l e g i a t e c r o s s c o u n t r y and was accus tomed t o r u n n i n g up t o f i v e 

m i l e s each d a y . S u b j e c t s J . C . and G.W. r a n one t o two m i l e s t h r e e t i m e s 

p e r week . S u b j e c t s A.C. and D.M. d i d n o t e x e r c i s e r e g u l a r l y b u t p l a y e d 

h a n d b a l l o r t e n n i s i n f r e q u e n t l y . P r i o r t o a c t u a l p a r t i c i p a t i o n i n t h e 

e x p e r i m e n t , e a c h s u b j e c t was examined by a p h y s i c i a n and r a n f o r t h e same 

amount of t i m e and i n t h e same e n v i r o n m e n t a l c o n d i t i o n s as r e q u i r e d by 

t h e e x p e r i m e n t . Comple t i on of t h i s p r e l i m i n a r y r u n w i t h o u t s i g n s of ad 

v e r s e r e a c t i o n o r s t r e s s was t h e o n l y c r i t e r i o n f o r p a r t i c i p a t i o n . No 

o t h e r a s s e s s m e n t of p h y s i c a l c o n d i t i o n was made . 
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T a b l e 1. Age, H e i g h t , and Weight of S u b j e c t s 

S u b j e c t Age H e i g h t I n i t i a l 
Weight 

( y e a r s ) ( i n c h e s ) (pounds ) 

J . C . 29 70 .0 167 

A.C. 24 71 .5 1 7 4 - 1 / 4 

N.N. 19 72 .0 1 4 1 - 1 / 2 

G.W. 25 74 .5 1 8 9 - 1 / 4 

D.M. 18 71 .0 1 5 6 - 1 / 4 

E x p e r i m e n t a l D e s i g n 

A r andomized b l o c k d e s i g n was u s e d t o e s t a b l i s h t h e s e q u e n c e of 

t r e a t m e n t c o n d i t i o n s f o r each s u b j e c t . Each s u b j e c t was r e p r e s e n t e d by 

a b l o c k i n t h e d e s i g n and a s s i g n m e n t of s u b j e c t s t o b l o c k s and t r e a t m e n t s 

t o p o s i t i o n s i n t h e f i r s t s e q u e n c e was made a t random. T h i s d e s i g n a p 

p e a r s i n T a b l e 2 . I t s h o u l d be n o t e d t h a t each s u b j e c t u s e d t h e s i x 

t r e a t m e n t s i n a u n i q u e s e q u e n c e . T h i s was done t o r a n d o m i z e t h e e f f e c t 

of c o n d i t i o n i n g r e s u l t i n g from t h e e x p e r i m e n t i t s e l f . 

T e s t f o r C o o r d i n a t i o n 

The p r i m a r y m u s c l e g r o u p s f a t i g u e d by t h i s e x p e r i m e n t were t h o s e 

of t h e l e g s . A method t o measu re any dec r emen t i n c o o r d i n a t i o n of t h e 

l e g s was n o t r e a d i l y a v a i l a b l e i n t h e l i t e r a t u r e . Poock (19) p r e s e n t s a 

t e s t f o r e y e - h a n d c o o r d i n a t i o n i n which t h e s u b j e c t f o l l o w e d a p a t h of 

h o l e s i n t h e form of a maze i n s e r t i n g a s t y l u s i n each h o l e . The e l a p s e d 

t ime t o t r a c e o u t t h e e n t i r e maze was t h e t e s t p a r a m e t e r . 
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T a b l e 2 . E x p e r i m e n t a l D e s i g n 

S u b j e c t Run 

1 2 3 4 5 6 

J . C . A n B 
w 

C 
a 

D 
0 

E 
c 

F 
g 

A.C. B 
w 

C 
a 

D 
0 

E 
c 

F 
g 

A n 

N.N. C 
a 

D 
0 

E 
c 

F 
g 

A n B 
w 

G.W. D 
o 

E 
c 

F 
g 

A n B 
w 

C 
a 

D.M. E 
c 

F 
g 

A n B 
w 

C 
a 

D 
o 

A - No n Rep lacement D -
0 

Olympade 

B - Water w E -c Coca- Cola 
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The p r e s e n t t e s t f o r m e a s u r e of c o o r d i n a t i o n i s p i c t u r e d i n F i g s , 

1 and 2 . A maze was formed by 14 r e d b u t t o n s on a p a l e g r e e n b a c k g r o u n d . 

The b u t t o n s we re mounted w i t h t h e t o p of t h e b u t t o n f l u s h w i t h t h e s u r 

f a c e of t h e t e s t b o a r d . A h o l e one i n c h i n d i a m e t e r s u r r o u n d e d t h e b u t t o n . 

T h i s a r r a n g e m e n t p r e v e n t e d t h e s u b j e c t from d r a g g i n g h i s f o o t o v e r t h e 

b u t t o n s t o d e p r e s s them. A b r i g h t r e d l i n e be tween t h e b u t t o n s i n d i c a t e d 

t h e p a t h t o be f o l l o w e d by t h e s u b j e c t . The b u t t o n i n t h e l ower r i g h t 

hand c o r n e r c o n t a i n e d a s w i t c h which s t a r t e d and s t o p p e d a c l o c k . 

The s u b j e c t s a t on a s t o o l as shown i n F i g . 1A and was a l l o w e d t o 

a d j u s t t h e h e i g h t of t h e s t o o l and t h e p o s i t i o n of t h e b o a r d r e l a t i v e t o 

t h e s t o o l . The s u b j e c t t h e n f o l l o w e d t h e p a t h i n d i c a t e d by t h e p a i n t e d 

l i n e s , d e p r e s s i n g each b u t t o n w i t h h i s r i g h t b i g t o e . Be fo re p e r f o r m i n g 

t h e t e s t t h e s u b j e c t was a l l o w e d t o p r a c t i c e t h e t e s t as d e s i r e d w i t h a 

minimum r e q u i r e m e n t of c o m p l e t i n g t h e maze t h r e e t i m e s c o r r e c t l y . When 

r e a d y , t h e s u b j e c t was i n s t r u c t e d t o t r a c e t h e p a t t e r n t h r e e c o n s e c u t i v e 

t i m e s w i t h o u t p a u s i n g b e t w e e n c y c l e s and d e p r e s s i n g e a c h b u t t o n i n s u c 

c e s s i o n . The t e s t p a r a m e t e r f o r t h i s t e s t was t h e t i m e i n t h o u s a n d t h s 

of a m i n u t e r e q u i r e d t o t r a c e t h e p a t t e r n t h r e e t i m e s . 

T e s t f o r Maximum V o l u n t a r y S t r e n g t h 

Maximum v o l u n t a r y s t r e n g t h was m e a s u r e d u s i n g t h e d e v i c e p i c t u r e d 

i n F i g . 3 . The s u b j e c t s a t i n t h e c h a i r p i c t u r e d on t h e l e f t . A w i r e 

s t r a p was t h e n p l a c e d a round t h e h e e l of t h e s u b j e c t ' s r i g h t s h o e . The 

s u b j e c t ' s c h a i r was p o s i t i o n e d so as t o a c h i e v e a n e a r r i g h t a n g l e a t t h e 

k n e e . The s u b j e c t was t h e n i n s t r u c t e d t o r e t r a c t h i s h e e l as h a r d as he 
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F i g u r e 3 . Maximum V o l u n t a r y S t r e n g t h T e s t 
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c o u l d a g a i n s t t h e r e s t r a i n i n g w i r e s t r a p . The f o r c e e x e r t e d by t h e s u b 

j e c t was a p p l i e d t o a h y d r a u l i c c y l i n d e r f i l l e d w i t h a h y d r a u l i c f l u i d . 

The maximum p r e s s u r e r e a c h e d i n t h e c y l i n d e r was t h e n measured u s i n g a 

maximum r e a d i n g p r e s s u r e g a g e . T h i s maximum p r e s s u r e i n pounds p e r s q u a r 

i n c h gage was t h e n r e c o r d e d . T h i s measurement c o n s t i t u t e s t h e s t r e n g t h 

e x t e n d r e s p o n s e . The p r e s s u r e gage was t h e n z e r o e d and t h e s u b j e c t i n 

s t r u c t e d t o move t o t h e c h a i r p i c t u r e d on t h e r i g h t i n F i g . 2 . The w i r e 

s t r a p was t h e n p l a c e d a round t h e t o e of t h e r i g h t shoe of t h e s u b j e c t and 

t h e s u b j e c t i n s t r u c t e d t o e x t e n d h i s t o e as h a r d as he c o u l d . Again t h e 

maximum p r e s s u r e r e a c h e d i n t h e c y l i n d e r was r e c o r d e d . T h i s measurement 

c o n s t i t u t e s t h e s t r e n g t h e x t e n d r e s p o n s e . At no t ime d u r i n g t h e c o u r s e 

of t h e e x p e r i m e n t was t h e s u b j e c t a l l o w e d t o s e e t h e r e s u l t of h i s p e r 

formance . 

E x p e r i m e n t a l P r o t o c o l 

S u b j e c t s were s c h e d u l e d f o r i n d i v i d u a l r u n s w i t h a minimum of 48 

h o u r s b e t w e e n each r u n . T h i s was done t o a l l o w f o r a c o m p l e t e r e c o v e r y 

from t h e p r e v i o u s r u n and t o r e d u c e p h y s i c a l c o n d i t i o n i n g by t h e e x p e r i 

m e n t . S u b j e c t s were i n s t r u c t e d t o e a t t h e i r normal d i e t d u r i n g t h e two 

days p r e c e d i n g t h e t e s t and t o a v o i d h i g h s a l t i n t a k e . The d i e t of t h e 

s u b j e c t f o r t h e 24 h o u r p e r i o d i m m e d i a t e l y p r e c e d i n g t h e r u n was r e c o r d e d 

The s u b j e c t s were a l s o i n s t r u c t e d t o v o i d t h e i r u r i n a r y b l a d d e r one h o u r 

b e f o r e t h e s c h e d u l e d r u n . 

Be fo re t h e e x p e r i m e n t b e g a n , s u b j e c t s a g a i n v o i d e d and a venous 

b l o o d sample was drawn u s i n g an e v a c u a t e d t u b e which d i d n o t c o n t a i n 

a n t i c o a g u l a n t s . The p u l s e , b l o o d p r e s s u r e , and o r a l t e m p e r a t u r e of t h e 
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s u b j e c t were t h e n t a k e n and r e c o r d e d . The s u b j e c t was t h e n weighed nude 

and t h e w e i g h t r e c o r d e d . The s u b j e c t t h e n was a l l o w e d t o p r a c t i c e t h e 

c o o r d i n a t i o n t e s t as much as d e s i r e d w i t h a minimum r e q u i r e m e n t of t r a c 

i n g t h e p a t t e r n t h r e e t i m e s . F o l l o w i n g t h e c o o r d i n a t i o n t e s t , t h e s u b j e c t 

p e r f o r m e d t h e maximum v o l u n t a r y s t r e n g t h t e s t i n t h e r e t r a c t and e x t e n d 

modes . The r e s u l t s of t h e c h e m i c a l d e t e r m i n a t i o n s and t e s t d u r i n g t h i s 

p o r t i o n of t h e r u n w i l l be r e f e r r e d t o as t h e p r e l i m i n a r y r e s u l t s . 

The s u b j e c t t h e n p u t on a r u b b e r g l o v e c o v e r i n g h i s r i g h t hand and 

f o r e a r m . Sweat from t h e fo r ea rm of t h e s u b j e c t a c c u m u l a t e d i n t h e g l o v e 

and was removed a t t h e c o n c l u s i o n of e x e r c i s e by a s y r i n g e . 

F o l l o w i n g t h e p r e l i m i n a r y d a t a c o l l e c t i o n , t h e s u b j e c t began t h e 

e x e r c i s e p o r t i o n of t h e r u n . T h i s p o r t i o n of t h e r u n c o n s i s t e d of fou r 

12 m i n u t e r u n n i n g p e r i o d s w i t h t h r e e 10 m i n u t e i n t e r s p a c e d r e s t p e r i o d s . 

The s u b j e c t r a n on a t r e a d m i l l a t 4 . 5 m i l e s p e r h o u r w i t h a 6 . 5 p e r c e n t 
o 

i n c l i n a t i o n . The t e m p e r a t u r e i n t h e t e s t i n g room was m a i n t a i n e d a t 90 F 
o 

d r y b u l b and 82 F wet b u l b o r 75 p e r c e n t r e l a t i v e h u m i d i t y . _ Dur ing t h e 

r e s t p e r i o d s t h e s u b j e c t ' s b l o o d p r e s s u r e , p u l s e , and o r a l t e m p e r a t u r e 

were measured t o i n s u r e t h a t t h e s u b j e c t d i d n o t o v e r e x e r t h i m s e l f . 

Dur ing t h e s e r e s t s , t h e s u b j e c t was a l l o w e d t o s i t o r s t a n d , w h i c h e v e r he 

c h o s e . 

I m m e d i a t e l y f o l l o w i n g t h e f o u r t h 12 m i n u t e r u n n i n g p e r i o d , t h e 

s u b j e c t ' s b l o o d p r e s s u r e , p u l s e , and o r a l t e m p e r a t u r e were t a k e n . A 

b l o o d sample was t h e n t a k e n c a l l e d t h e s t r e s s sample and t h e s u b j e c t p e r 

formed t h e c o o r d i n a t i o n and maximum v o l u n t a r y s t r e n g t h t e s t s . A sweat 

sample was t h e n removed from t h e g l o v e , t h e g l o v e removed, and t h e s u b j e c t 
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t o w e l e d d r y . He was a g a i n weighed nude and a u r i n e sample was t a k e n as 

t h e s u b j e c t v o i d e d . The volume of u r i n e o u t p u t was r e c o r d e d . These d a t a 

r e p r e s e n t t h e s t r e s s r e s u l t s . 

The s u b j e c t was t h e n g i v e n an amount of f l u i d which had b e e n c o o l e d 
o 

t o 40 F and was e q u a l i n w e i g h t t o h i s l o s s i n body w e i g h t . The s u b j e c t 

was n o t t o l d t h e i d e n t i t y of t h e f l u i d a t any p o i n t d u r i n g t h e e x p e r i m e n t . 

I t was r e q u i r e d t h a t one h a l f of t h e f l u i d be consumed i n t h e f i f t e e n 

m i n u t e p e r i o d which i m m e d i a t e l y f o l l o w e d d rawing t h e s t r e s s b l o o d s a m p l e . 

The s u b j e c t t h e n had f i f t e e n m i n u t e s t o consume t h e r e m a i n i n g f l u i d . 

T h i r t y m i n u t e s a f t e r d r awing t h e s t r e s s b l o o d sample a t h i r d b l o o d 

sample was drawn. The c o o r d i n a t i o n and maximum v o l u n t a r y s t r e n g t h t e s t s 

were r e p e a t e d . These d a t a r e p r e s e n t t h e a b s o r p t i o n r e s u l t s . The s u b j e c t 

t h e n r e s t e d f o r a p e r i o d of t h i r t y m i n u t e s . A f o u r t h b l o o d sample was 

t h e n t a k e n and t h e c o o r d i n a t i o n and maximum v o l u n t a r y s t r e n g t h t e s t s r e 

p e a t e d . T h i s l a s t s e t of d a t a r e p r e s e n t s t h e r e c o v e r y r e s u l t s . 

The e x p e r i m e n t a l p r o t o c o l i s r e p r e s e n t e d s c h e m a t i c a l l y i n F i g . 4 . 

P r o c e d u r e s 

Sweat 

Sweat samples we re c o l l e c t e d by means of a r u b b e r g l o v e on t h e 

s u b j e c t ' s r i g h t arm. A c l e a n , d r y r u b b e r g l o v e which c o v e r e d t h e s u b j e c t ' s 

hand and f o r e a r m was s e c u r e d a t t h e e lbow by means of t a p e t o p r e v e n t 

l e a k a g e . A f o u r m i l l i l i t e r sample was drawn from t h e g l o v e by means of a 

n e e d l e and s y r i n g e . 

The sodium and p o t a s s i u m i o n c o n c e n t r a t i o n s were d e t e r m i n e d by 

means of a f lame p h o t o m e t e r u s i n g t h e i n t e r n a l l i t h i u m s t a n d a r d . 
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U r i n e 

At each u r i n e c o l l e c t i o n t h e s u b j e c t was i n s t r u c t e d t o v o i d t h e 

b l a d d e r as c o m p l e t e l y as p o s s i b l e . The volume of u r i n e c o l l e c t e d a t 

s t r e s s and r e c o v e r y p e r i o d s was r e c o r d e d . The f lame p h o t o m e t e r was u s e d 

t o d e t e r m i n e t h e sodium and p o t a s s i u m c o n c e n t r a t i o n s i n t h e u r i n e . U r i n e 

was c o l l e c t e d b e f o r e t h e p r e l i m i n a r y w e i g h i n g . 

Blood 

Blood was c o l l e c t e d from a v e i n i n t h e a n t e c u b i t a l s p a c e by means 

of a n e e d l e i n s e r t e d i n t o t h e v e i n and c o n n e c t e d t o an e v a c u a t e d t e s t 

t u b e . The b l o o d was t h e n a g i t a t e d t o h a s t e n c l o t t i n g and t h e n a l l o w e d t o 

s t a n d f o r t e n t o f i f t e e n m i n u t e s . A f t e r t h e f o r m a t i o n of a c l o t t h e 

b l o o d was c e n t r i f u g e d and t h e serum removed. 

The f o l l o w i n g p a r a m e t e r s were d e t e r m i n e d by means of a T e c h n i c o n 

SMA-12 A u t o a n a l y s e r : 

1 . sodium c o n c e n t r a t i o n 

2 . p o t a s s i u m c o n c e n t r a t i o n 

3 . c h l o r i d e c o n c e n t r a t i o n 

4 . c a r b o n d i o x i d e c o n c e n t r a t i o n 

5 . t o t a l p r o t e i n c o n c e n t r a t i o n 

6 . a lbumin c o n c e n t r a t i o n 

7. c a l c i u m c o n c e n t r a t i o n 

8. a l k a l i n e p h o s p h a t a s e c o n c e n t r a t i o n 

9 . b i l i r u b i n c o n c e n t r a t i o n 

10 . b l o o d u r e a n i t r o g e n c o n c e n t r a t i o n 

1 1 . b l o o d s u g a r c o n c e n t r a t i o n 
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1 2 . serum g l u t a m i c - o x a l a c e t i c t r a n s a m i n a s e c o n c e n t r a t i o n . 

The f o l l o w i n g p a r a m e t e r s were d e t e r m i n e d by means of a T e c h n i c o n 

SMA-2 A u t o a n a l y s e r : 

1 . u r i c a c i d c o n c e n t r a t i o n 

2 . p h o s p h o r o u s c o n c e n t r a t i o n 

3 . c h o l e s t e r o l c o n c e n t r a t i o n . 

Serum o s m o l a r i t y was d e t e r m i n e d by t h e f r e e z i n g p o i n t d e p r e s s i o n 

me thod . 
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CHAPTER IV 

RESULTS 

To d e t e c t d i f f e r e n c e s be tween t h e v a r i o u s f l u i d s and e v a l u a t e t h e i r 

e f f i c a c y i n r e p l a c i n g body sweat l o s s e s , t h e d a t a from t h e P r e l i m i n a r y 

and Recovery p o i n t s were f u r t h e r r e d u c e d . A q u a n t i t y was d e f i n e d a s 

f o l l o w s : 

A. = ( R e c o v e r y ) . - ( P r e l i m i n a r y ) . 1 1 I 

where (Recovery) and ( P r e l i m i n a r y ) . r e p r e s e n t t h e v a l u e of p a r a m e t e r i 
i i 

a t t h e p r e l i m i n a r y and r e c o v e r y p o i n t s a s i n d i c a t e d i n F i g . 4 . The quan

t i t y A^ then r e p r e s e n t s t h e change i n t h e p a r a m e t e r i n go ing from t h e 

P r e l i m i n a r y p o i n t t o t h e Recovery p o i n t . I f t h e v a l u e of t h e p a r a m e t e r 

r e t u r n s t o t h e v a l u e a t P r e l i m i n a r y t h e n A^ w i l l be z e r o . 

M i s p l a c e d o r b roken sample c o n t a i n e r s and i n a v a i l a b i l i t y of e q u i p 

ment r e s u l t e d i n m i s s i n g d a t a v a l u e s . A method d e s c r i b e d by H i c k s (11) 

fo r t h e u n i v a r i a t e c a s e was used t o r e p l a c e t h e s e v a l u e s . The e r r o r sum 

of s q u a r e s was computed and then min imized by d i f f e r e n t i a t i o n w i t h r e s p e c t 

t o t h e m i s s i n g d a t a p o i n t . 

The f o l l o w i n g p a r a m e t e r s were chosen from t h e n i n e t e e n t o t a l p a r a 

m e t e r s measured f o r i n c l u s i o n i n t h e s t a t i s t i c a l a n a l y s i s : 

1. Serum sodium A 

2 . Serum p o t a s s i u m A 

3 . Serum c h l o r i d e A 
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4 . Serum ca rbon d i o x i d e A 

5 . T o t a l serum p r o t e i n A 

6. Blood s u g a r A 

7 . T o t a l serum o s m o l a r i t y A 

8 . U r i n e sodium A 

9. U r i n e p o t a s s i u m A 

10. Maximum v o l u n t a r y s t r e n g t h r e t r a c t A 

1 1 . C o o r d i n a t i o n A. 

The s t a t i s t i c a l methods used r e q u i r e d m a t r i x i n v e r s i o n . In o r d e r t o main 

t a i n c o m p u t a t i o n a l a c c u r a c y w h i l e p e r f o r m i n g t h i s o p e r a t i o n on a d i g i t a l 

computer t h e t o t a l number of p a r a m e t e r s had t o be l i m i t e d . In t h e c a s e s 

where i t was f e l t t h a t t h e p a r a m e t e r s h o u l d be u n a f f e c t e d by t h e v a r i o u s 

t r e a t m e n t c o n d i t i o n s , t h e p a r a m e t e r was e x c l u d e d . P a r a m e t e r s i n t h i s 

c a t e g o r y i n c l u d e d SGOT, b i l i r u b i n , a l b u m i n , and o t h e r s . I n t h e c a s e s 

where t h e p a r a m e t e r p r o v i d e d e s s e n t i a l l y t h e same i n f o r m a t i o n a s a n o t h e r 

p a r a m e t e r , one was e x c l u d e d . An example of t h i s i s t h e two maximum v o l 

u n t a r y s t r e n g t h p a r a m e t e r s . Only t h e r e t r a c t p a r a m e t e r was i n c l u d e d . 

M u l t i v a r i a t e a n a l y s i s of v a r i a n c e f o r a r andomized b l o c k d e s i g n a s 

d e s c r i b e d by M o r r i s o n (14) was employed t o t e s t t h e e q u a l i t y of t h e s i x 

t r e a t m e n t - e f f e c t v e c t o r s . A n e c e s s a r y a s s u m p t i o n f o r t h i s t y p e a n a l y s i s 

i s t h a t t h e r e be no b l o c k - t r e a t m e n t i n t e r a c t i o n o r i n t h i s c a s e s u b j e c t -

t r e a t m e n t i n t e r a c t i o n . O the r a s s u m p t i o n s a r e t h a t t h e random e f f e c t v e c 

t o r s have t h e p - d i m e n s i o n a l m u l t i n o m i a l d i s t r i b u t i o n w i t h n u l l mean v e c 

t o r and common c o v a r i a n c e m a t r i x . I t i s a l s o assumed t h a t t h e random 

e f f e c t t e r m s be i n d e p e n d e n t l y d i s t r i b u t e d i n any b l o c k . The n u l l h y p o -
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t h e s i s was r e j e c t e d a t t h e . 0 1 l e v e l of s i g n i f i c a n c e (0 = .985 > X 
s • u i j J , 

2 5 4 ) * T h i s means t h a t b a s e d on t h e e l e v e n p a r a m e t e r s i n c l u d e d t h e r e 

was a s i g n i f i c a n t d i f f e r e n c e be tween t h e s i x t r e a t m e n t s u s e d . 

To d e t e r m i n e which p a r a m e t e r s d i f f e r e d be tween t r e a t m e n t s and how 

t h e y d i f f e r e d t h e method of s i m u l t a n e o u s c o n f i d e n c e i n t e r v a l s a s d e s c r i b e d 

by M o r r i s o n (14) was employed . T h i s method f a i l e d t o i d e n t i f y t h e d i f f e r 

e n c e s i m p l i e d by t h e a n a l y s i s of v a r i a n c e . 

In a f u r t h e r e f f o r t t o i d e n t i f y t h e p a r a m e t e r - t r e a t m e n t d i f f e r e n c e s , 

t h e r a t e a t which a p a r t i c u l a r p a r a m e t e r r e t u r n e d t o a p r e - e x e r c i s e l e v e l 

was examined . To do t h i s t h e q u a n t i t y i s d e f i n e d by 

( A b s o r p t i o n ) . - ( S t r e s s ) . 
R. — i ( R e c o v e r y ) . - ( S t r e s s ) . 

where ( R e c o v e r y ) i , ( S t r e s s ) ^ , and ( A b s o r p t i o n ) a r e t h e v a l u e s of p a r a 

m e t e r i a t t h e r e c o v e r y , s t r e s s , and a b s o r p t i o n p o i n t s i n d i c a t e d by 

F i g . 4 . Time was n o t i n c l u d e d i n t h e f o r m u l a t i o n of R.̂  b e c a u s e t h e t ime 

l a p s e d be tween s t r e s s and a b s o r p t i o n and be tween a b s o r p t i o n and r e c o v e r y 

were e q u a l and were c o n s t a n t f o r a l l e x p e r i m e n t a l r u n s . R^ i s t h e n t h e 

f r a c t i o n of r e c o v e r y which h a s o c c u r r e d d u r i n g t h e f i r s t h a l f of t h e t ime 

p e r i o d a l l o t e d f o r r e c o v e r y . In t h e c a s e s where ( R e c o v e r y ) ^ was e q u a l t o 

( S t r e s s ) ^ , R^ was a s s i g n e d a v a l u e of z e r o s i n c e no change from s t r e s s 

had o c c u r r e d . 

M u l t i v a r i a t e a n a l y s i s of v a r i a n c e f o r a r andomized b l o c k d e s i g n 

was u sed t o t e s t t h e n u l l h y p o t h e s i s of e q u a l t r e a t m e n t - e f f e c t v e c t o r s 

f o r t h e f o l l o w i n g q u a n t i t i e s : 
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1. Serum sodium R 

2 . Serum p o t a s s i u m R 

3 . Serum c h l o r i d e R 

4 . Serum ca rbon d i o x i d e R 

5 . Blood s u g a r R 

6 . T o t a l serum o s m o l a r i t y R 

7. Maximum v o l u n t a r y s t r e n g t h r e t r a c t R 

8 . Maximum v o l u n t a r y s t r e n g t h e x t e n d R. 

The n u l l h y p o t h e s i s was n o t r e j e c t e d a t t h e .05 l e v e l of c o n f i d e n c e (0 = 

.796 < X ) . T h i s a p p r o a c h f a i l e d t o d e m o n s t r a t e t h e p a r a m e t e r -
• U J j J j 1 j J • J 

t r e a t m e n t d i f f e r e n c e s . 

The f i n a l method employed was a g r a p h i c a l i n t e r p r e t a t i o n of t h e 

r e s u l t s . The t r e a t m e n t mean f o r each p a r a m e t e r of i n t e r e s t was computed 

a t t h e p r e l i m i n a r y , s t r e s s , a b s o r p t i o n , and r e c o v e r y p o i n t s . The r e s u l t 

i n g means were p l o t t e d a s shown i n F i g u r e s 5 t h r o u g h 1 5 . The f i r s t p a r a 

m e t e r t o be d i s c u s s e d w i l l be b l o o d s u g a r c o n c e n t r a t i o n s . 

Blood Sugar 

Of t h e f i v e f l u i d s t e s t e d o n l y w a t e r d i d n o t c o n t a i n s u g a r . R e f e r 

r i n g t o F i g . 5 i t can be seen t h a t w a t e r and no r e p l a c e m e n t r e s u l t e d i n 

e s s e n t i a l l y s t a b l e b l o o d s u g a r l e v e l s . A l l o t h e r f l u i d s r e s u l t e d i n s h a r p 

i n c r e a s e s i n b l o o d s u g a r w i t h a s u b s e q u e n t d e c l i n e toward t h e p r e l i m i n a r y 

l e v e l . 

Serum P o t a s s i u m 

In F i g u r e 6 t h e e f f e c t of d e h y d r a t i o n can be seen i n t h e i n c r e a s e 
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F i g u r e 5 . Mean Blood Sugar C o n c e n t r a t i o n s f o r F i v e Men Under S ix T r e a t m e n t C o n d i t i o n s 
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F i g u r e 6 . Mean Serum P o t a s s i u m C o n c e n t r a t i o n s f o r F i v e Men 
Under S i x T r e a t m e n t C o n d i t i o n s 



I I 1 I 

P R E L I M . S T R E S S A B S O R B R E C O V . 

;ure 7 . Mean Serum Sodium C o n c e n t r a t i o n s f o r F i v e Men Under S i x T r e a t m e n t C o n d i t i o n s 
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F i g u r e 8 . Mean Serum C h l o r i d e C o n c e n t r a t i o n s f o r F i v e Men Under S i x T r e a t m e n t C o n d i t i o n s 
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F i g u r e 9 . Mean Serum O s m o l a r i t y C o n c e n t r a t i o n s f o r F i v e Men 
Under S i x T r e a t m e n t C o n d i t i o n s 
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P R E L I M . S T R E S S A B S O R R R E C O V . 

F i g u r e 10 . Mean T o t a l Serum P r o t e i n C o n c e n t r a t i o n s f o r F i v e Men 
Under S ix T r e a t m e n t C o n d i t i o n s 
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P R E L I M . S T R E S S A B S O R R R E C O V . 

F i g u r e 1 1 . Mean Serum Carbon D i o x i d e C o n c e n t r a t i o n f o r F i v e Men Under S i x 
T r e a t m e n t C o n d i t i o n s 
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F i g u r e 1 2 . Mean U r i n e Sodium C o n c e n t r a t i o n s f o r F i v e Men 
Under S i x T r e a t m e n t C o n d i t i o n s 
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F i g u r e 1 3 . Mean U r i n e P o t a s s i u m C o n c e n t r a t i o n s f o r F i v e Men 
Under S i x T r e a t m e n t C o n d i t i o n s 



Fi g u r e 14 . Mean Maximum V o l u n t a r y S t r e n g t h s f o r F i v e Men Under S i x 
T r e a t m e n t C o n d i t i o n s 
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F i g u r e 1 5 . Mean Times f o r C o o r d i n a t i o n T e s t f o r F i v e Men 
Under S ix T r e a t m e n t C o n d i t i o n s 
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i n serum p o t a s s i u m l e v e l s f o l l o w i n g e x e r c i s e . With a l l f l u i d s e x c e p t 

w a t e r t h e r e was a d e c l i n e t o n e a r p r e - e x e r c i s e l e v e l s f o l l o w i n g r e h y d r a 

t i o n . Water and no r e p l a c e m e n t r e s u l t e d i n c o n t i n u e d h i g h serum p o t a s s i u m 

l e v e l s . T h i s i m p l i e s t h a t i n t h e s h o r t t e r m w a t e r i s n o t a s e f f e c t i v e in 

r e h y d r a t i o n a s t h e o t h e r f l u i d s s t u d i e d . However, t h i s i s p r o b a b l y n o t 

t h e c a s e s i n c e a r e d u c e d serum g l u c o s e ( F i g . 5) can r e s u l t i n an e l e v a t e d 

serum p o t a s s i u m ( 2 3 , 2 6 ) . 

Serum Sodium 

The same d e h y d r a t i o n e f f e c t j u s t m e n t i o n e d i s e v i d e n t i n t h e serum 

sodium c o n c e n t r a t i o n a s seen i n F i g . 7 . A l l t r e a t m e n t s i n c l u d i n g w a t e r 

and no r e p l a c e m e n t r e s u l t e d i n a r e t u r n to p r e l i m i n a r y l e v e l s . 

Serum C h l o r i d e 

No r e p l a c e m e n t a f t e r e x e r c i s e r e s u l t e d i n c o n t i n u e d e l e v a t e d serum 

c h l o r i d e l e v e l ( s e e F i g . 8 ) . A l l f l u i d s b r o u g h t t h e serum c h l o r i d e back 

to a n e a r p r e l i m i n a r y l e v e l . Water b r o u g h t t h e c h l o r i d e c o n c e n t r a t i o n 

down t h e f a s t e s t and t o t h e l o w e s t p o i n t . With no f l u i d r e p l a c e m e n t t h e r e 

was an o b v i o u s d e h y d r a t i o n which p e r s i s t e d t o t h e r e c o v e r y p o i n t . With 

w a t e r t h e r e was an a p p a r e n t r e d u c t i o n i n c h l o r i d e r e s e r v e s and r e h y d r a 

t i o n r e s u l t e d i n a d i l u t i o n of c i r c u l a t i n g c h l o r i d e . A l l o t h e r f l u i d s 

c o n t a i n e d c h l o r i d e i n an i o n i z a b l e form and seemed t o r e p l a c e c h l o r i d e 

l o s s e s . 

Serum O s m o l a r i t y 

The e f f e c t of some s a l t d e p l e t i o n and a s u b s e q u e n t r e h y d r a t i o n and 

d i l u t i o n by w a t e r can be seen i n F i g u r e 9 . An i m p o r t a n t p o i n t t o n o t e i s 
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t h a t no r e p l a c e m e n t r e s u l t e d i n e s s e n t i a l l y t h e same p a t t e r n a s t h e f l u i d s 

b u t f o r a d i f f e r e n t r e a s o n . With no r e p l a c e m e n t t h e r e was a c o n t i n u e d 

p a r t i a l s a l t d e f i c i t , b u t by a d j u s t i n g body f l u i d s be tween t h e c i r c u l a t 

i n g v o l u m e , t h e i n t e r s t i t i a l s p a c e s , and t h e c e l l s , a r e t u r n t o normal 

c o n c e n t r a t i o n was a c h i e v e d . The r e s u l t i s a r e d u c e d t o t a l body w a t e r and 

s a l t c o n t e n t b u t w i t h serum c o n c e n t r a t i o n r e t u r n i n g t o n o r m a l . A l l t h e 

f l u i d s w i t h t h e e x c e p t i o n of w a t e r s u p p l e m e n t e d t h e body s a l t and w a t e r 

c o n t e n t , and r e t u r n e d t h e t o t a l body w a t e r and s a l t t o i t s p r e - e x e r c i s e 

l e v e l . The n e t r e s u l t a p p e a r s t o be t h e same i n t h i s and o t h e r p a r a m e t e r s 

c o n s e q u e n t l y no r e p l a c e m e n t i s n o t i n d i c a t e d a s b e i n g s t a t i s t i c a l l y d i f 

f e r e n t . 

T o t a l Serum P r o t e i n 

No r e p l a c e m e n t r e s u l t e d i n a p a t t e r n v e r y much l i k e t h a t of a l l 

o t h e r t r e a t m e n t s ( F i g . 1 0 ) . T h i s c a s e a l s o d e m o n s t r a t e s t h e p h y s i o l o g 

i c a l p r o c e s s e s which supp lemen t c i r c u l a t i n g f l u i d volume by removing 

f l u i d from t h e i n t e r s t i t i a l s p a c e s and c e l l s . 

Serum Carbon D i o x i d e 

At t h e s t r e s s p o i n t a l l s u b j e c t s a p p e a r e d s l i g h t l y a c i d o t i c ( F i g . 

11) due t o e x e r c i s e a s e v i d e n c e d by lower ca rbon d i o x i d e l e v e l s . A l l 

t r e a t m e n t s w i t h t h e e x c e p t i o n of Coca -Co la r e s u l t e d i n a r e t u r n toward 

p r e l i m i n a r y l e v e l s . Coca -Co la i s c a r b o n a t e d and i s t h e r e f o r e a c i d i c due 

to c a r b o n i c a c i d . A b s o r p t i o n of t h i s a c i d r e s u l t s i n lower ca rbon d i o x i d e 

l e v e l s . 
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U r i n e Sodium and P o t a s s i u m 

A f t e r e x e r c i s e u r i n e sodium c o n c e n t r a t i o n s d e c l i n e d and u r i n e p o 

t a s s i u m c o n c e n t r a t i o n i n c r e a s e d ( F i g s . 12 and 1 3 ) . T h i s i s t h e normal 

p h y s i o l o g i c a l r e s p o n s e e x p e c t e d and a p p e a r s i n d e p e n d e n t of t r e a t m e n t con 

d i t i o n ( 2 , 1 7 , 2 5 ) . 

Maximum V o l u n t a r y S t r e n g t h R e t r a c t 

Under a l l t r e a t m e n t c o n d i t i o n s a d e c l i n e i n s t r e n g t h f o l l o w e d e x e r 

c i s e ( F i g . 1 4 ) . A f t e r r e s t i t a p p e a r e d t h a t s t r e n g t h r e t u r n e d t o normal 

i r r e s p e c t i v e of t r e a t m e n t . 

C o o r d i n a t i o n 

In F i g . 15 t h e t r e a t m e n t means f o r t h e c o o r d i n a t i o n p a r a m e t e r a r e 

shown. F o l l o w i n g e x e r c i s e t h e r e i s a marked improvement i n c o o r d i n a t i o n 

a s i n d i c a t e d by t h e r e d u c e d t i m e t o c o m p l e t e t h e t e s t . A f t e r r e s t t h e 

c o o r d i n a t i o n r e t u r n s t o p r e - e x e r c i s e l e v e l s and a p p e a r s i n d e p e n d e n t of t h e 

t r e a t m e n t c o n d i t i o n . A p o s s i b l e e x p l a n a t i o n i s t h e r u n n i n g h a s s e r v e d 

t h e same f u n c t i o n a s t h e warm-up e x e r c i s e pe r fo rmed by many a t h l e t e s . Af

t e r a r e s t p e r i o d of one hour used in t h e s e e x p e r i m e n t s c o o r d i n a t i o n r e 

t u r n s t o i t s normal l e v e l . An i m p o r t a n t c o n s i d e r a t i o n when s t u d y i n g c o 

o r d i n a t i o n i s m o t i v a t i o n . The a t t i t u d e of each s u b j e c t c o u l d n o t be r e g u 

l a t e d . 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

The p u r p o s e of t h i s s t u d y was t o e v a l u a t e t h e e f f i c a c y of f i v e 

f l u i d s i n r e p l a c i n g body l o s s e s due t o s w e a t i n g and t o e v a l u a t e t h e e f f e c t s 

of t h e s e f l u i d s on p h y s i c a l p e r f o r m a n c e f o l l o w i n g s t r e n u o u s work o r e x e r 

c i s e . The f i v e f l u i d s s t u d i e d were w a t e r , A t h l e t e s Replacement F l u i d , 

Olympade, C o c a - C o l a , and G a t o r a d e . No f l u i d r e p l a c e m e n t s e r v e d a s t h e 

c o n t r o l . 

C o n c l u s i o n s 

A l l f l u i d s t e s t e d w i t h t h e e x c e p t i o n of w a t e r c o n t a i n e d s u g a r i n 

some form and r e s u l t e d i n an e l e v a t e d b l o o d s u g a r a t 30 m i n u t e s and one 

hour a f t e r e x e r c i s e . Water and no r e p l a c e m e n t r e s u l t e d i n e s s e n t i a l l y 

unchanged b l o o d s u g a r l e v e l s f o l l o w i n g e x e r c i s e . Coca -Co la and Olympade 

r e s u l t e d i n t h e h i g h e s t l e v e l of b l o o d s u g a r . Blood s u g a r ( g l u c o s e ) i s 

of i m p o r t a n c e t o a l l p h y s i c a l and m e n t a l a c t i v i t y b e c a u s e i t i s t h e most 

r e a d i l y a v a i l a b l e s o u r c e of e n e r g y t o t h e c e l l s . For t h e s h o r t t e r m (one 

h o u r ) e f f e c t s s t u d i e d h e r e a l l t h e s u g a r c o n t a i n i n g f l u i d s p r o v i d e d an 

a d e q u a t e s u p p l y of s u g a r f o r m e t a b o l i s m . 

From t h e d a t a on t h e serum e l e c t r o l y t e s , sod ium, p o t a s s i u m , and 

c h l o r i d e , and t h e serum o s m o l a r i t y , a d e f i n i t e s a l t d e f i c i t can be seen 

f o r t h e w a t e r and no r e p l a c e m e n t c a s e s . The re a r e no a p p a r e n t d i f f e r e n c e s 

in e l e c t r o l y t e r e p l a c e m e n t between t h e o t h e r f l u i d s . None of t h e f l u i d s 
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i n t e n d e d a s r e p l a c e m e n t f l u i d s a p p e a r e d o u t s t a n d i n g i n t h i s r e s p e c t . The 

d a t a f o r serum c h l o r i d e and serum o s m o l a r i t y i n d i c a t e t h a t w a t e r i s an 

e f f e c t i v e means of r e h y d r a t i o n . Serum p o t a s s i u m would i n d i c a t e j u s t t h e 

o p p o s i t e , bu t p o t a s s i u m i s n o t a r e l i a b l e p a r a m e t e r i n t h i s r e s p e c t . F o l 

lowing a d e c r e a s e i n b l o o d volume from d e h y d r a t i o n , p o t a s s i u m c o n c e n t r a 

t i o n b e h a v e s i n v e r s e l y t o b l o o d s u g a r l e v e l s ( low b l o o d s u g a r , h i g h serum 

p o t a s s i u m c o n c e n t r a t i o n ) and i s n o t a s e n s i t i v e i n d e x of changes i n i n t r a 

c e l l u l a r p o t a s s i u m c o n c e n t r a t i o n s ( 2 5 , 2 6 ) . For t h e s h o r t t e rm e f f e c t s 

t h o s e f l u i d s which c o n t a i n e d e l e c t r o l y t e s d i d n o t a p p e a r t o be of major 

i m p o r t a n c e . E v i d e n t l y t h e body h a s s u f f i c i e n t r e s e r v e s t o m a i n t a i n serum 

l e v e l s . E f f e c t s of e l e c t r o l y t e d e p l e t i o n on p e r f o r m a n c e would n o t a p p e a r 

u n t i l a g r e a t e r d e f i c i t h a s o c c u r r e d from e i t h e r a h i g h e r sweat r a t e o r 

p r o l o n g e d s w e a t i n g . 

In r e p l a c e m e n t w i t h C o c a - C o l a , t h e s u b j e c t s r ema ined s l i g h t l y a c -

i d o t i c a s a r e s u l t of a c i d a b s o r p t i o n from t h e C o c a - C o l a . The r e s u l t s of 

t o t a l serum p r o t e i n s u p p o r t t h e c o n c l u s i o n t h a t w a t e r i s an e f f e c t i v e r e -

h y d r a t o r and t h a t i n t h e s h o r t t e rm t h e r e i s an a d j u s t m e n t of body f l u i d 

r e s e r v e s t o o f f s e t some of t h e e f f e c t s of d e h y d r a t i o n . 

U r i n e sodium and p o t a s s i u m c o n c e n t r a t i o n s r e f l e c t t h e r e s u l t of 

i n c r e a s e d l e v e l s of t h e hormone a l d o s t e r o n e c a u s e d by d e h y d r a t i o n . The 

r e s u l t i s d e c r e a s e d u r i n e sodium o u t p u t and i n c r e a s e d u r i n e p o t a s s i u m 

o u t p u t ( 2 5 ) . U r i n e sodium and p o t a s s i u m o u t p u t a p p e a r u n a f f e c t e d by t h e 

v a r i o u s t r e a t m e n t s . 

The r e s u l t s of t h e maximum v o l u n t a r y s t r e n g t h t e s t i n d i c a t e a def 

i n i t e d e c l i n e i n s t r e n g t h a s a r e s u l t of t h e s t r e n u o u s e x e r c i s e . A r e t u r n 



48 

t o p r e - e x e r c i s e s t r e n g t h was o b s e r v e d f o r a l l f l u i d s and no r e p l a c e m e n t . 

An i n t e r e s t i n g c o r o l l a r y r e s u l t was t h e o b s e r v e d improvement i n c o o r d i n a 

t i o n which accompanied t h e dec remen t i n s t r e n g t h . The e x e r c i s e a p p e a r e d 

to improve c o o r d i n a t i o n . T h i s may be t h e same e f f e c t s o u g h t by a t h l e t e s 

who warm-up b e f o r e e x e r c i s i n g . 

In t h i s s t u d y o n l y s h o r t t e rm e f f e c t s of r e h y d r a t i o n f o l l o w i n g d e 

h y d r a t i o n by e x e r c i s e were s t u d i e d . T h i s i s t h e c a s e f r e q u e n t l y encoun

t e r e d i n a t h l e t i c s , b u t i n t h e i n d u s t r i a l e n v i r o n m e n t l e s s s e v e r e work 

l o a d s o v e r a much l o n g e r p e r i o d of t ime a r e e n c o u n t e r e d . I t i s d i f f i c u l t 

t o g e n e r a l i z e t h e r e s u l t s of t h i s s t u d y t o t h e c o n d i t i o n s of i n d u s t r y . 

I t h a s l ong been e v i d e n t t h a t f l u i d r e p l a c e m e n t i s p r e f e r e n t i a l t o 

no r e p l a c e m e n t t o p r e v e n t d e h y d r a t i o n and t h e s u b s e q u e n t t e m p e r a t u r e r i s e . 

T h i s i s a l s o c l e a r l y i n d i c a t e d by t h e d a t a p r e s e n t e d h e r e . Based on b l o o d 

c h e m i s t r y c h a n g e s and p h y s i c a l p e r f o r m a n c e m e a s u r e s and c o n s i d e r i n g o n l y 

t h e s h o r t t e rm e f f e c t s (one h o u r t i m e p e r i o d s ) , t h e r e does n o t a p p e a r t o 

be s u f f i c i e n t g rounds f o r p r e f e r e n c e of r e p l a c e m e n t t y p e f l u i d s o v e r wa

t e r o r o t h e r commonly a v a i l a b l e f l u i d s such a s C o c a - C o l a . 

Recommendations 

I t i s recommended t h a t a s t u d y of t h i s t y p e be c o n d u c t e d on t h e 

l ong t e rm e f f e c t s i n an e n v i r o n m e n t s i m i l a r t o t h a t e n c o u n t e r e d i n i n d u s 

t r y . I n a s t u d y of t h e p r o p o s e d t y p e o t h e r t e s t s of p e r f o r m a n c e such as 

m a t h e m a t i c a l m a n i p u l a t i o n of numbers s h o u l d be i n c l u d e d . 

I t i s f u r t h e r recommended t h a t a s t u d y of t h e a p p a r e n t t r a d e - o f f 

n a t u r e of s t r e n g t h and c o o r d i n a t i o n be c o n d u c t e d . G e n e r a l l y i n a t h l e t i c s 

good c o o r d i n a t i o n i s d e s i r e d a t t h e same t i m e t h e g r e a t e s t s t r e n g t h i s 
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d e s i r e d . Warm-up e x e r c i s e s would a p p e a r t o improve c o o r d i n a t i o n and i m p a i r 

s t r e n g t h . By s t u d y i n g t h e t ime h i s t o r y of c o o r d i n a t i o n and s t r e n g t h a t 

v a r i o u s l e v e l s of p h y s i c a l e x e r t i o n an improved p r e - c o m p e t i t i o n e x e r c i s e 

p l a n m i g h t be d e v e l o p e d . 
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APPENDIX I 

GLOSSARY OF PHYSIOLOGICAL TERMS USED* 

1. A l b u m i n - - o n e of a g roup of s i m p l e p r o t e i n s found i n t h e b l o o d . 

2 . A l k a l i n e p h o s p h a t a s e - - a n enzyme of i m p o r t a n c e i n a b s o r p t i o n of c a r 

b o h y d r a t e s and i s i n d i c a t i v e of l i v e r f u n c t i o n . 

3 . B i l i r u b i n - - a n o r a n g e p igment formed a s t h e p r o d u c t of d e g e n e r a t i o n 

of h e m o g l o b i n . 

4 . Blood s u g a r — s u g a r found i n t h e b l o o d i n t h e form of g l u c o s e . 

5 . Blood u r e a n i t r o g e n - - t h e n i t r o g e n of u r e a i n t h e b l o o d formed from 

ammonia, a w a s t e p r o d u c t . 

6 . C h o l e s t e r o l - - a n a l c o h o l found i n t h e b l o o d . I t i s of i m p o r t a n c e in 

b o d i l y m e t a b o l i s m s e r v i n g a s a p r e c u r s o r of v a r i o u s s t e r o i d h o r 

mones . 

7. E l e c t r o l y t e s - - t h o s e . s u b s t a n c e s which e x i s t a s i o n s when i n s o l u t i o n . 

In t h i s t h e s i s i t i s p r i m a r i l y r e s t r i c t e d t o sod ium, p o t a s s i u m , 

and c h l o r i d e . 

8 . J e j u n u m - - t h e second p o r t i o n of t h e s m a l l i n t e s t i n e s which i s a p p r o x 

i m a t e l y e i g h t f e e t l o n g . 

9 . P l a s m a - - t h e l i q u i d p o r t i o n of b l o o d and lymph. 

A l l d e f i n i t i o n s were t a k e n from C. W. T a b e r , T a b e r ' s C y c l o p e d i c 
M e d i c a l D i c t i o n a r y , 11 th e d i t i o n , F . A. Dav i s C o . , P h i l a d e l p h i a , 1969 . 
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APPENDIX I ( C o n t i n u e d ) 

10 . S e r u m - - t h e l i q u i d p o r t i o n of t h e b l o o d r e m a i n i n g a f t e r c l o t forma

t i o n . 

1 1 . Serum g l u t a m i c - o x a l a c e t i c t r a n s a m i n a s e (SGOT)--an enzyme found i n 

t h e l i v e r and o t h e r t i s s u e s . I n j u r y of t h e l i v e r l i b e r a t e s t h i s 

enzyme i n t o t h e b l o o d s t r e a m . 

12 . Serum o s m o l a r i t y - - t h e i o n i c c o n c e n t r a t i o n of d i s s o l v e d s u b s t a n c e s 

p e r u n i t of serum. 

1 3 . T o t a l p r o t e i n - - i n t h e c o n t e x t of t h i s t h e s i s i t w i l l mean t h o s e p ro 

t e i n s p r e s e n t i n t h e serum such as a l b u m i n s and g l o b u l i n s . 



APPENDIX I I 

GLOSSARY OF ABBREVIATIONS 

A l k a l i n e P h o s p h a t a s e A l k . Phos 

A b s o r p t i o n A b s o r p . 

Blood u r e a n i t r o g e n BUN 

Carbon d i o x i d e CO2 

Gram gm 

L i t e r L 

M i l l i e q u i v a l e n t mEq 

M i l l i l i t e r ml 

M i l l i o s m o l e mosm 

Minu te m i n . 

P r e l i m i n a r y P r e l i m 

Recovery Recov 

T o t a l p r o t e i n T . P . 
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APPENDIX I I I 

CONTENTS OF FLUIDS USED IN STUDY 

A t h l e t e s Replacement F l u i d : 

sodium 29 .4 mosm/L 
p o t a s s i u m 5 .0 mo sm/L 
c a l c i u m 0 . 6 mo sm/L 
d i h y d r o g e n p h o s p h a t e 0 . 4 mo sm/L 
c h l o r i d e 3 3 . 4 mosm/L 
d i h y d r o g e n c i t r a t e 3 .5 mo sm/L 
c i t r i c a c i d 1 2 . 3 mo sm/L 
s a c c h a r i n a n i o n 0 . 4 mo sm/L 
hydrogen ion 2 .9 mosm/L 
g l u c o s e 259 .0 mo sm/L 

G a t o r a d e : 

sodium 21 .0 mEq/L 
p o t a s s i u m 3.0 mEq/L 
c h l o r i d e 16 .0 mEq/L 
b i c a r b o n a t e 1.0 mEq/L 
c a l c i u m and p h o s p h a t e 6 .0 mgm/lOO m l . 
g l u c o s e 3.0 gm / l 0 0 m l . 

* 
Olympade 

sodium 8 . 5 mEq/L 
p o t a s s i u m 1.3 mEq/L 

Coca -Co la : 

sodium 
p o t a s s i u m 

2 .0 
0 . 3 

mEq/L 
mEq/L 

Sodium and p o t a s s i u m c o n t e n t of Olympade and Coca-Cola were d e t e r 
mined by a f lame p h o t o m e t e r . 



APPENDIX IV 

PRELIMINARY, STRESS, ABSORPTION, AND RECOVERY TREATMENT 

MEANS FOR FIVE MEN 



Tab le 3 . P r e l i m i n a r y T r e a t m e n t Means f o r F i v e Men 

No F l u i d Water A .R .F . Olympade Coca-Cola G a t o r a d e 

Blood : 
Sodium (mEq/L) 141.4 141.0 141 .2 140 .8 140 .0 141 .8 
P o t a s s i u m (mEq/L) 4 .10 3 .98 3.70 4 . 0 0 3.80 3.90 
C h l o r i d e (mEq/L) 102 .8 102.0 101 .2 102 .2 102 .2 101 .8 
C02 (mEq/L) 2 9 . 6 29 .0 30 .0 29 .0 28 .0 27 .6 
T. P . (gm/lOOml) 7.20 7.28 7.30 6 .52 7.50 7 .48 
Albumin (gm/lOOml) 4 .58 4 . 6 4 4 . 6 4 4 . 7 0 4 . 7 2 4 . 7 4 
Calc ium (mg/ l00ml) 9.70 9 .56 10.0 9 .78 9 .82 9 .98 
A lk . P h o s . (KA u n i t s ) 11.20 11 .50 11.40 11.00 11 .80 11 .20 
B i l i r u b i n (mg/lOOml) .680 .640 .700 .560 .740 .640 
BUN (mg/lOOml) 17.80 17 .60 17 .80 17 .40 18 .40 17 .60 
Sugar (mg/lOOml) 92 .0 100 .6 101 .0 101 .2 8 7 . 0 100.0 
SGOT (SGOT u n i t s ) 27 .4 31 .6 28 .0 33 .0 3 0 . 6 29 .6 
C h o l e s t e r o l (mg/lOOml) 183.6 194 .4 173 .2 180 .2 183 .6 188 .4 
P h o s p h o r o u s (mg/lOOml) 4 .02 4 . 1 6 4 . 6 6 4 . 8 2 4 . 2 0 4 . 1 8 
U r i c Acid (mg/lOOml) 6 .66 5 .76 6 .22 6 .62 6 .14 6 .30 
O s m o l a r i t y (mosm/L) 296 .8 295 .5 295 .5 299 .4 296 .8 297 .5 

U r i n e : 
Sodium (mEq/L) 173.6 1 8 5 . 3 140 .0 1 8 7 . 3 182 .4 202 .7 
P o t a s s i u m (mEq/L) 72 .4 126 .0 93 .4 8 9 . 6 97 . 0 107 .2 

S t r e n g t h : 
R e t r a c t ( l b / s q . i n . ) 17 .6 18 .2 16 .8 15 .4 14 .6 16 .8 
Ex tend ( l b / s q . i n . ) 19 .8 1 9 . 6 20 .8 20 .0 2 0 . 4 2 2 . 4 

C o o r d i n a t i o n (min) .429 .396 .498 .420 .469 .415 



Tab le 4 . S t r e s s T r e a t m e n t Means f o r F i v e Men 

No F l u i d Water A . R . F . Olympade Coca-Cola G a t o r a d e 

B lood : 
Sodium (mEq/L) 142.2 144.6 142 .4 142.6 140 .8 143 .6 
P o t a s s i u m (mEq/L) 4 .40 4 . 5 2 4 .16 4 . 3 4 4 . 2 4 4 . 2 2 
C h l o r i d e (mEq/L) 103.8 104 .2 103.0 103 .2 104 .4 104 .2 
C 0 2 (mEq/L) 25.60 25 .40 26 .20 25 .40 25 .60 25 .60 
T. P . (gm/lOOml) 8.08 8 .26 8 .06 8.50 8 .06 8 .12 
Albumin (gm/lOOml) 5.O0 5 .10 5 .22 5 .24 5 .04 5 .06 
Ca lc ium (mg/lOOml) 10.50 10 .76 10 .64 10 .66 10.44 10 .56 
Alk . P h o s . (KA u n i t s ) 9.56 11 .30 10 .08 12 .60 11.60 11.00 
B i l i r u b i n (mg/lOOml) .640 .580 .780 .740 .680 .700 
BUN (mg/100ml) 18.80 19 .80 15 .64 18.20 19.60 17.40 
Sugar (mg/lOOml) 88 .0 9 6 . 6 9 3 . 4 89 .8 8 6 . 2 8 9 . 4 
SGOT (SGOT u n i t s ) 3 4 . 4 31 .8 2 7 . 5 3 2 . 1 33 .0 31 .0 
C h o l e s t e r o l (mg/lOOml) 199 .2 210 .8 191 .6 194 .4 194 .0 200 .8 
Phospho rous (mg/lOOml) 4 .62 4 . 4 0 5 .22 4 . 8 2 4 . 5 2 4 . 4 2 
U r i c Ac id (mg/100ml) 7.68 8 .06 7 .22 7 .80 7.06 7 .12 
O s m o l a r i t y 303 .4 298.8 301.0 306 .4 302 .25 302 .80 

U r i n e : 
Sodium (mEq/L) 102 .2 120 .1 1 0 4 . 3 114 .9 131 .6 141 .6 
P o t a s s i u m (mEq/L) 125 .2 156 .2 143 .6 135 .4 125 .2 113 .8 

Sweat : 
Sodium (mEq/L) 6 5 . 9 5 8 . 2 6 8 . 4 6 0 . 8 4 9 . 3 3 8 . 3 
P o t a s s i u m (mEq/L) 6 .9 4 . 7 9 .2 7 .5 5.7 8 .0 

S t r e n g t h : 
R e t r a c t ( l b / s q . i n . ) 16 .0 14 .4 14 .4 13 .6 13 .2 15 .2 
Ex tend ( l b / s q . i n . ) 2 0 . 6 1 9 . 2 14 .6 1 7 . 3 9 . 5 24 .0 

C o o r d i n a t i o n (min) .386 .362 .427 .409 .411 .386 



T a b l e 5 . A b s o r p t i o n T r e a t m e n t Means f o r F i v e Men 

No F l u i d Water A . R . F . Olympade Coca -Co la G a t o r a d e 

B lood : 
Sodium (mEq/L) 
P o t a s s i u m (mEq/L) 
C h l o r i d e (mEq/L) 
C 0 2 (mEq/L) 
T. P . (gm/lOOml) 
Albumin (gm/lOOml) 
Ca lc ium (mg/lOOml) 
A lk . P h o s . (KA u n i t s ) 
B i l i r u b i n mg/lOOml) 
BUN (mg/lOOml) 
Sugar (mg/lOOml) 
SGOT (SGOT u n i t s ) 
C h o l e s t e r o l (mg/lOOml) 
P h o s p h o r o u s 
U r i c Ac id (mg/lOOml) 
O s m o l a r i t y (mosm/L) 

S t r e n g t h : 
R e t r a c t ( l b / s q . i n . ) 
Ex tend ( l b / s q . i n . ) 

C o o r d i n a t i o n (min) 

1 4 1 . 8 141 .6 140 .4 141 .4 139 .2 141 .4 
4 .34 4 . 5 2 3 .98 4 .04 3 .82 4 . 1 2 

105 .0 100 .2 101 .4 102 .4 102 .6 102 .6 
26 .8 2 7 . 3 2 8 . 4 27 .0 2 5 . 6 26 .6 

7.90 8 .06 7 .78 8 .18 7 .88 7 .74 
4 .88 4 . 9 0 4 . 8 8 5 .22 4 . 9 4 4 . 8 0 

10.48 10 .26 10 .46 10 .86 10 .36 10 .16 
10.50 10.60 11 .00 12 .25 11 .80 10 .90 

.700 ,720 .740 .860 .740 .700 
19.20 19 .80 19 .60 18 .40 19 .80 17 .40 
96 .0 110.0 177 .4 203 .4 196.0 178 .4 
34 .8 30 .6 34 .6 39 .0 31 .6 29 .6 

190 .8 214 .0 186 .8 189 .2 189 .4 190 .0 
4 . 1 4 3 .78 4 . 4 6 3 .94 3 .52 3 .66 
7.66 7 .86 7 .20 8 .10 7 .40 7 .18 

301 .6 2 9 2 . 8 297 .8 306.6 3 0 5 . 3 300 .2 

17 .5 
2 3 . 3 

.398 

14 .6 
18 .0 

.422 

15 .6 
18 .8 

.485 

13 .5 
19 .5 

.417 

12 .8 
1 8 . 3 

.526 

14 .2 
2 1 . 6 

.436 

00 



Tab le 6 . Recovery T r e a t m e n t Means f o r F i v e Men 

No F l u i d Water A . R . F . Olympade Coca-Cola G a t o r a d e 

Blood : 
Sodium (mEq/L) 140 .8 141 .2 139 .2 141.8 140 .8 141.6 
P o t a s s i u m (mEq/L) 4 .36 4 .40 3 .90 4 . 1 2 3 .72 3 .96 
C h l o r i d e (mEq/L) 104 .6 100 .4 102 .4 103 .0 103 .4 103.0 
C 0 2 (mEq/L) 2 7 . 2 2 8 . 1 28 .4 2 7 . 4 2 5 . 4 26 .8 
T. P . (gm/lOOml) 7.74 7.80 7 .64 8 .04 7 .72 7.42 
Albumin (gm/lOOml) 4 .84 4 . 7 4 4 . 8 0 5 .06 4 . 8 4 4 .70 
Calc ium (mg/lOOml) 10.36 10 .32 10 .12 10.70 10 .20 9 .92 
Alk . P h o s . (KA u n i t s ) 11.00 9 .60 11 .40 13.00 11.20 10 .70 
B i l i r u b i n (mg/lOOml) .700 .620 .780 .840 .680 .660 
BUN (mg/lOOml) 20.40 20 .20 19.20 18.80 19 .80 18.00 
Sugar (mg/lOOml) 101 .6 103 .8 155 .6 197 .0 174 .0 139.0 
SGOT (SGOT u n i t s ) 36 .6 3 0 . 2 33 .0 35 .6 29 .6 24 .0 
C h o l e s t e r o l (mg/lOOml) 190 .4 208 .4 179 .2 181 .2 184.0 191 .2 
Phospho rous (mg/lOOml) 4 .08 3 .88 4 . 1 2 0 3 .96 4 . 0 0 3 .96 
U r i c Acid (mg/lOOml) 7 .74 7 .90 7 . 1 2 8 .08 7 .66 6 .88 
O s m o l a r i t y 300 .6 290 .8 297 .0 304 .0 300 .0 295 .0 

U r i n e : 
Sodium (mEq/L) 8 6 . 8 75 .6 8 6 . 6 72 .6 140 .2 100 .5 
P o t a s s i u m (mEq/L) 146.0 129 .8 126 .8 128 .8 90 .8 116 .2 

S t r e n g t h : 
R e t r a c t ( l b / s q . i n . ) 17 .2 16 .2 15 .4 1 6 . 3 14 .8 1 6 . 3 
Ex tend ( l b / s q . i n . ) 2 1 . 8 18 .2 18 .8 21 .0 2 2 . 5 2 3 . 5 

C o o r d i n a t i o n (min) .416 .385 .419 .403 . 423 .444 

Ul 
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APPENDIX V 

MEANS FOR OTHER PARAMETERS 

Throughout Appendix V t h e f o l l o w i n g t r e a t m e n t s 

w i l l be d e n o t e d by t h e symbol g i v e n : 

No r e p l a c e m e n t O 

Water • 

A t h l e t e s Replacement F l u i d <̂> 

Olympade V 

Coca-Cola 

G a t o r a d e 0 



E 5 . 3 0 . 

o 5 2 0 . 

E 5 , 1 0 " 
» 5 . 0 0 -

5 4 . 8 0 . 

| 4 . 8 0 -

3 4 . 7 0 . 

4 . 6 0 . 

4 . 5 0 . 

P R E L I M . S T R E S S A B S O R R R E C O V . 

F i g u r e 1 6 . Mean Serum Albumin C o n c e n t r a t i o n s f o r F i v e Men 
Under S i x T r e a t m e n t C o n d i t i o n s 
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gu re 17 . Mean Serum Calcium C o n c e n t r a t i o n s f o r F i v e Men Under S i x T r e a t m e n t C o n d i t i o n s 



F i g u r e 18 . Mean Blood Urea N i t r o g e n C o n c e n t r a t i o n s f o r F i v e Men Under S i x T r e a t m e n t 
C o n d i t i o n s 



F i g u r e 19 . Mean Serum U r i c Acid C o n c e n t r a t i o n s f o r F i v e Men 
Under S i x T r e a t m e n t C o n d i t i o n s 
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F i g u r e 2 0 . Mean Serum Phosphorous C o n c e n t r a t i o n s f o r F i v e Men 
Under S i x T r e a t m e n t C o n d i t i o n s 



F i g u r e 2 1 . Mean Serum C h o l e s t e r o l C o n c e n t r a t i o n s f o r F i v e Men 
Under S i x T r e a t m e n t C o n d i t i o n s 
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P R E L I M . S T R E S S A B S O R P R E C O V . 

F i g u r e 2 2 . Mean S t r e n g t h s Extend f o r F i v e Men 
Under S i x T r e a t m e n t C o n d i t i o n s 



68 

BIBLIOGRAPHY 

1. Ado lph , E. F . and A s s o c i a t e s , P h y s i o l o g y of Man i n t h e D e s e r t , 
Hafner P u b l i s h i n g C o . , New York , 1969. 

2 . A n d e r s s o n , B . , " T h i r s t - - a n d B r a i n C o n t r o l of Water B a l a n c e , " 
American S c i e n t i s t , 59 ( 4 ) : 4 0 8 - 4 1 5 , 1 9 7 1 . 

3 . B e l l , C. R. and K. A. P r o v i n s , " E f f e c t s of High T e m p e r a t u r e E n v i r o n 
m e n t a l C o n d i t i o n s on Human P e r f o r m a n c e , " J o u r n a l of O c c u p a t i o n a l 
M e d i c i n e , 4 : 2 0 2 - 2 1 1 , 1962. 

4 . Brouha , L . , P h y s i o l o g y i n I n d u s t r y , Pergamon P r e s s , Oxfo rd , 1967. 

5 . B l y t h , C. S. and J . J . B u r t , " E f f e c t of Water B a l a n c e on A b i l i t y 
t o Pe r fo rm in High Ambient T e m p e r a t u r e s , " R e s e a r c h Q u a r t e r l y , 3 2 : 
3 0 1 - 3 0 7 , 1 9 6 1 . 

6. C a d e , J . R . , H. J . F r e e , A. M. de Quesada , D. L. S h i r e s , and L. 
Roby, Changes i n Body F l u i d Compos i t i on and Volume Dur ing V i g o r 
ous E x e r c i s e by A t h l e t e s , u n p u b l i s h e d , Depar tmen t of M e d i c i n e , 
U n i v e r s i t y o f F l o r i d a M e d i c a l S c h o o l , G a i n e s v i l l e , F l o r i d a , 1970. 

7 . Cade , R . , G. S p o o n e r , E. S c h l e i n , M. P i c k e r i n g , and R. Dean, Ef
f e c t of F l u i d , E l e c t r o l y t e , and G lucose Rep lacement Dur ing E x e r 
c i s e on P e r f o r m a n c e , Body T e m p e r a t u r e , Ra t e of Sweat L o s s , and 
C o m p o s i t i o n a l Changes of E x t r a c e l l u l a r F l u i d , u n p u b l i s h e d , D e p a r t 
ment of M e d i c i n e , U n i v e r s i t y of F l o r i d a M e d i c a l S c h o o l , G a i n e s v i l l e , 
F l o r i d a , 1 9 7 1 . 

8 . E a v e s , C. G. W., E f f e c t s of Four L i q u i d s on t h e Endurance of C o l l e g e 
W r e s t l e r s F o l l o w i n g D e h y d r a t i o n , u n p u b l i s h e d d i s s e r t a t i o n , Ohio 
S t a t e U n i v e r s i t y , 1968 . 

9 . Edholm, 0 . G . , The B i o l o g y of Work, McGraw-Hil l Book C o . , New Y o r k , 
1967 . 

10 . F o r d t r a n , J . S. and B. S a l t i n , " G a s t r i c Emptying and I n t e s t i n a l 
A b s o r p t i o n Dur ing P r o l o n g e d , Seve re E x e r c i s e , " J o u r n a l of A p p l i e d 
P h y s i o l o g y , 2 3 : 3 3 1 - 3 3 5 , 1967 . 

1 1 . H i c k s , C h a r l e s R . , Fundamen ta l C o n c e p t s i n t h e Des ign of E x p e r i 
m e n t s , H o l t , R h i n e h a r t and W i n s t o n , New York , 1964 . 



69 

BIBLIOGRAPHY ( C o n t i n u e d ) 

12 . Ma lawer , S. J . , M. Ewton, J . S. F o r d t r a n , and F . J . I n g e l f i n g e r , 
" i n t e r r e l a t i o n Between J e j u n a l A b s o r p t i o n of Sodium, G l u c o s e , and 
Water i n Man , " J o u r n a l of C l i n i c a l I n v e s t i g a t i o n , 4 4 : 6 , 1072 , 
1965 . 

1 3 . M i n a r d , D . , H. S. B e l d i n g , and J . R. K i n g s t o n , " P r e v e n t i o n of Heat 
C a s u a l t i e s , " J o u r n a l of t h e American M e d i c a l A s s o c . , V o l . 1 6 5 , 1813 -
1818 , December 7 , 1957. 

14. M o r r i s o n , D. F . , M u l t i v a r i a t e S t a t i s t i c a l M e t h o d s , McGraw-Hil l 
Book C o . , New York , 1967 . 

1 5 . Newburgh, L. H . , P h y s i o l o g y of Heat R e g u l a t i o n and t h e S c i e n c e of 
C l o t h i n g , W. B. S a n d e r s C o . , P h i l a d e l p h i a , 1949 . 

16 . O l s e n , W. A. and F . J . I n g e l f i n g e r , "The Role of Sodium i n I n t e s 
t i n a l G lucose A b s o r p t i o n i n Man , " J o u r n a l of C l i n i c a l I n v e s t i g a 
t i o n , 4 7 : 1 1 3 3 , May, 1968 . 

17 . P e a r c y , M. , S. R o b i n s o n , D. M i l l e r , J . Thomas, and J . D e b r o t a , 
" E f f e c t s of D e h y d r a t i o n , S a l t D e p l e t i o n , and P i t r e s s i n on Sweat 
Ra te and U r i n e F l o w , " J o u r n a l of A p p l i e d P h y s i o l o g y , 8 : 6 2 1 - 6 2 6 , 
1956 . 

18 . P i t t s , G. C , R. E. J o h n s o n , and F . C. C o n s o l a z i o , "Work i n t h e 
Heat a s A f f e c t e d by I n t a k e of W a t e r , S a l t , and G l u c o s e , " American 
J o u r n a l of P h y s i o l o g y , 142 : 2 5 3 - 2 5 9 , 1944 . 

19. Poock , Gary K. , P r e d i c t i o n of E l e m e n t a l Mot ion Pe r fo rmance Us ing 
P e r s o n n e l S e l e c t i o n T e s t , R e p o r t 1 1 5 , The MTM A s s o c i a t i o n f o r 
S t a n d a r d s and R e s e a r c h , Ann A r b o r , M i c h i g a n , 1968 . 

20 . R e c c i , B . , P h y s i o l o g i c a l B a s i s of Human P e r f o r m a n c e , Lea and 
F e b i g e r , P h i l a d e l p h i a , 1967 . 

2 1 . R o b i n s o n , S. and A. H. R o b i n s o n , "Chemical Compos i t i on of S w e a t , " 
P h y s i o l o g i c a l R e v i e w s , 34 : 2 0 2 - 2 2 0 , 1954 . 

22 . Schamadan, J . L . , W. R. Godf r ey , and W. D. S n i v e l y , " P r e l i m i n a r y 
Communica t ion: E v a l u a t i o n of P o t a s s i u m - R i c h E l e c t r o l y t e S o l u t i o n s 
a s O r a l P r o p h y l a x i s f o r Heat S t r e s s D i s e a s e , " I n d u s t r i a l M e d i c i n e 
and S u r g e r y , 3 7 : 6 7 7 - 6 8 4 , 1968 . 

2 3 . S e e d a t , Y. K. , " E f f e c t s of P o t a s s i u m on B lood -Suga r and P l a sma-
I n s u l i n L e v e l s i n P a t i e n t s Undergo ing P e r i t o n e a l D i a l y s i s and 
H a e m o d i a l y s i s , " The L a n c e t , 2 : 1 1 6 6 - 1 1 6 8 , 1968 . 



70 

BIBLIOGRAPHY ( C o n t i n u e d ) 

2 4 . T a y l o r , H. L . , A. H e n s c h e l , D. M i c k e l s o n , and A. Keys , "The E f f e c t 
of Sodium C h l o r i d e I n t a k e on t h e Work Pe r fo rmance of Man D ur ing 
E x p o s u r e t o Dry Heat and E x p e r i m e n t a l Heat E x h a u s t i o n , " American 
J o u r n a l of P h y s i o l o g y , 140: 4 3 9 - 4 5 1 , 1 9 4 3 . 

2 5 . W i l l i a m s , Robe r t H . , e d . , Tex tbook of E n d o c r i n o l o g y , W. B. Saun
d e r s C o . , P h i l a d e l p h i a , 1965 . 

2 6 . W i n t r o b e , M. E . , e d . , H a r r i s o n ' s P r i n c i p l e s of I n t e r n a l M e d i c i n e , 
6 t h e d i t i o n , McGraw-Hi l l Book C o . , New York , 1970. 

27 . W i t t e n , C. X . , The E f f e c t s of Three L i q u i d s on E x h a u s t i v e E x e r c i s e 
and A b s o r p t i o n i n C o l l e g e Men, u n p u b l i s h e d d i s s e r t a t i o n , Ohio S t a t e 
U n i v e r s i t y , 1969 . 


