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EVALUATION OF METAEOLIC LOSSES IN NHOLE BODY SWEAT 
FROM MEASUREMENTS OF SMALL SKIN AREAS 

In order t o  make u p  an accurate metabolic balance f o r  the  ac t ive  human 

organism i t  has become apparent t h a t  dermal losses  of nu t r ien t s  have t o  be 

included in the calcula t ions .  A survey of the general l i t e r a t u r e  shows t h a t  w i t h  

the inclusion of the  Apollo 14 f l i g h t  no useful information concerning losses  

of metabolic const i tuents  i n  human sweat during actual space f l i g h t s  i s  ava i l - "  

able.  One reason f o r  t h i s  gap in  our knowledge i s  the f a c t  t h a t  no p r a c t i c a l  

method f o r  sweat sampl i  ng had been designed during space f l  i  ght condit ions,  

Lutwak e t  a1 (1 )  analyzed the chemical composition of the  14-day i n f l  i g h t  

underwear from the  crew of Gemini 7 ,  but t h i s  type of co l lec t ion  i s  hardly 

s a t i s f ac to ry .  Both Johnson and Sargent ( 2 )  and the  G .  E. Missile and Space 
Division (3)  suggested the use of p l a s t i c  armbags f o r  col lect ion of human 

sweat. However i t  i s  common experience t h a t  i n  order t o  co l l ec t  any sweat 

w i t h  t h i s  method high environmental temperatures, j n combination with physical 

exer t ion,  a r e  required.  This type of s i t ua t i on  i s  not commonly encountered 
during space f l i g h t  conditions and the  unava i lab i l i ty  of one hand fo r  the 

long col lect ion time makes t h i s  col lect ion procedure impractical .  

Obviously, i f  dermal losses  have t o  be determined another col lect ion 

technique has t o  be employed. The present study deals w i t h  the  problem o f  

sweat co l lec t ion  from small skin areas and the  p r ed i c t ab i l i t y  of whole body 

sweat cons t i tuen t  losses  from the  subsequent analysis .  

SECTION I1 RESEARCH AIMS 

The selected method of co l lec t ion  was the  unventi lated capsule f i l t e r  

paper absorption method. (See Section 111, A1 ) This method has several 

advantages: 

9. I t  i s  technical ly  very simple. 

2. Does not require high sweating r a t e s .  

3. Does not i n t e r f e r e  w i t h  o ther  a c t i v i  t e s .  

4, Can be used f o r  every skin area.  
I 



In order t o  determine the usefulness of th i s  technique the following 

questions had t o  be answered: 

1. How accurate and re l iab le  i s  the f i l t e r  paper collection method 

compared to  other sweat collection techniques? 

2.  Can whole body sweat volume losses be extrapolated from the regional 

measurements? 

If  question 2 could be answered affirmatively then the f eas ib i l i t y  o f  

chemical analysis with th i s  technique had to  be determined. I t  was 

decided tha t  fo r  spaceflights the most important ionic sweat con- 
+ 

s t i t uen t s  were Na , ~ 1 '  and ~ a + + .  

3 .  Can sweat cal ci u m  be determined with the- 5i 1 ter paper col 1 ec t i  on 

technique? 

While the f i l t e r  paper technique had been employed for  sweat sodium 

and chloride evaluations, i t  was unknown whether t h i s  technique was 

useful f o r  sweat calcium determinations. 

4. I s  . i t  possible to  predict whole body sweat ion losses from; regional 

analyses? 

During l a t e r  stages of the project i t  appeared desirable t o  know whether 

pharmacologically induced local sweating could be used in the case o f  

na actual thermal sweating : 

5. 1s pharmacologically induced local sweating similar or different  from 

thermal sweating in the same region? 

SECTION 111 METHODS 

A. Sweat Rate Measurements 
/ 

1, Fi 1 t e r  Paper Col lection Method 

Aluminum capsules as described by Schwartz e t  a1 (4), w i t h  a 
2 surface area o f  12.56 cm were anchored by rubber s t raps to  d i f fe rent  areas 

of the skin. Three discs of f i l t e r  paper were weighed in small a i r t i g h t  

bot t les  and then placed in the unventilated sweat collection chambers, After 

an accurately timed short  period of sweating (5 - 15 minutes) the f i l t e r  paper 

discs were removed from the sweat capsule and placed in th'e a i r t i g h t  j a r  for 

reweighing. The ra te  of sweating was determined from the difference in weight 
2 and expressed in mg/cm /min. 



2.  Electrohygrometry 

2 Small ventilated skin capsules (5.3 cm ) were placed in clase 

proximity t o  the unventilated capsules with similar ra tes  of sweating as 

established with hygrometry techniques. The high a i r  flow of 1500 cc/min 

through the small capsules ensured complete evaporation of the secreted 

sweat. The moist eff luent  a i r  from the skin capsules was guided over 

7 i thi  um chloride coated humidity sensors (Hygrodynami cs , Si lver Springs , Md, 1, 
The rates  of sweating were continuously recorded on a Honeywell 1912 Visicorder 
(Figure 9 ) . The simultaneous cal i bration of the mu1 t i  channel hygrometry 

system was performed with a technique described previously (5) .  The resu l t s  
a f  t h i s  caj  i brati  on technique were compared with two gravimetri c procedures, 

F i r s t  a known amount of water was evaporated and the graphically recorded 

values compared with the measured weight changes of three s e r i a l l y  arranged 

dr ie r i  t e  tubes, 

Secondly, a small moistened disc  of foam rubber was placed under one 

Capsule fo r  a timed period, In both cases the integrated graphic recordings 

gave identical values as the gravimetric procedures. 

The actual sweat measurements were made during resting and exercise 

s i tua t ions ,  During the resting experiment, the subject s a t  in a specially 

constructed lounge chair ,  which permitted complete evaporation from the body 

surface, The chair was placed on a Potter bed balance, which recorded contin- 

uously and graphically on the Visicorder the whole body sweat loss .  The 

environmental conditions during the resting experiments varies between 37°C and 

43'C D B ,  30% RH. 

The exercise experiments were carried out on a   on ark bicycle ergometer, 

i n  environmental conditions varying from 25-50°C DB and 30-40% R H ,  

For pharmacological activation of sweat glands the method of pilocarpine 

iontophoresis (1-4 ma) was employed ( 6 ) .  

B. Chemical Analyses of Sweat 

9. Wegi onal Measurements 

% h i  sweat co1 lected on the f i l t e r  paper was diluted out i n  the  

a i r t i g h t  sample bot t le  a f t e r  completion of the weighing procedure. Mostly 
4 cc of deionized water was used as d i lu tan t .  The solution was analyzed for 



chloride with a Cotlove chloridometer, sodium with a P and I flame pho"co!neter 

and calcium with a Jarrell-Ash atomic absorption spectrophotometer. 

2. Whole Body Sweat Analysis 

/ 
Each subject was rinsed off with 4 L d i s t i l l e d  water, which 

was subsequently analyzed fo r  chloride , sodium and calcium content. Clothes 
worn by the subjects where also rinsed in th i s  water. Details of t h i s  

procedure are descri bed el sewhere ( 7 ) .  The concentrations were cal cul a t e d  

from whole body weight losses,  as measured by the Potter balance which i s  accurate 

to  - + 3 grams. 

A total  of 11 male subjects participated in the various parts of the 

experiments. All were heal thy; none were obese or  exceptionally t a l l  and a l l  

b u t  one were between 22 and 30 years old. One subject was 39 years old,  

SECTION IV RESULTS 

1 . Regional Sweat Rate Measurements 

The resu l t s  of the various procedures by which the ventilated 

capsule electrohygrornetry technique was ca1 i brated were a1 1 i n  close agreeanent 

w i t h  the calibration values obtained with the technique normally employed 

i n  our laboratory ( 5 ) .  Compared to  the sweating rates  by th i s  technique 

the f i l t e r  paper absorption method gave continuously lower yields .  During 

resting experiments and low rates  of sweating the measurements on the forearm 

and lower leg were 51% and 41% (See Table l a )  respectively below electrohygro- 

metry determinations. Since t h i s  lower yield could be due to hidromeiosis, 

t ha t  i s  the local inhibition by high water vapor pressure, a ventilated capsule 

was temporari ly  rep1 aced wi t h  a unventi lated skin capsule with f i  1 t e r  paper, 

Et can be seen from figure l a  tha t  while the f i l t e r  paper absorption method 

indicated a lower value than the i n i t i a l  hygrometry measurement, upon removal 

o f  the unventilated capsule the ra te  of sweating actually had not changed 

accordi ng t o  el ectrohygrometry . 
During exercise the absolute difference of resu l t s  with the 2 methods 

actually remained constant, however on the back th i s  variation was quantitatively 

l e s s  (Table 16).  Attempts to  ensure tha t  no leaking from adjacent s i t e s  

affected the resu l t s  did not have any noticeable e f fec t .  During 

steady s t a t e  levels of sweating there was a constant difference between 

venti 1 ated and unventi 1 ated sweat ra te  measurements ; during short  t ransient  



periods varying differences could be found. An example i s  presented i n  

Figure 2 ,  where the maximal ra te  of sweating was three times as high as 

tha t  which could be measured with the f i l t e r  paper technique. 

2.  Assessment of Whole Body Sweat Losses from Regional Measurements 

The extrapolation of whole body sweat losses from measurements 

of a very small area proved quite feasible.  Over a large range of sweating 

ra tes ,  evolved by several combinations of r e s t  and exercise,  there appeared 

to  be a d i r ec t  relationship between total  and regional sweat loss .  Inter- 

individual variations were quite large,  especially in the re la t ive  contri-  

butions of d i f fe rent  areas. While the f i l t e r  paper method does not necessarily 

give the absolute true value fo r  regional sweating r a t e s ,  the deviation 

appears to  be numerically constant, fo r  any one skin region. Because of t l?is,  

the slopes of the l ines  in Figure 3a, 36, 3c are identical when compared t o  
hygrometri cal ly  calculated relationships.  

During measurements on resting man i t  was noticed tha t  certain body 

positions affected the re la t ive  dis t r ibut ion of sweating rates  over the 

body surface. An example of th i s  i s  presented in a recording from a thermally 

sweating man w h o  was passively moved from a supine to a s i t t i n g  position with 

elevated knees (Figure 4 ) .  The recording demonstrates tha t  the chest,  t h i g h  

and arm sweat rates  changed approximately 20% in d i f fe rent  direct ions,  No 

noti ceabl e differences in internal or  cutaneous temperatures can account for  

th i s  reactions. Under these conditions the sweating rates  from the legs 

were much less  influenced by the changes in body position. In exercising man 
these influences of posture were not noticeable. 

3.  Sweat Calcium Determinations from Regional Samples and Whole Body 

The primary problem was to measure low concentrations of calcium 

with suf f ic ien t  accuracy. Much time was spent on selecting an absorbent 

with suf f ic ien t ly  constant and low background content of Ca. I t  appeared 

tha t  Whatman No. 541 f i l t e r  paper met the required standards, and was t hus  

used f o r  the ensuing sweat calcium determinations. The data from the f inal  

recovery experiment are presented in Table Ic. 



The chemical analys is  from regional sweat samples indicated t h a t  the 

calcium content was r e l a t i v e l y  constant  a f t e r  a period of 15 minutes sweating, 
The di f ferences  which were recorded were always re la ted  inversely  t o  the 

r a t e  of sweat sec re t ion .  Regional measurements from 3 subjects  a r e  pre- 
sented i n  Tables 2 ,  3 ,  4 and Figures 5 (a-e)  , 6 (a-d) , 7 (a-c)  . I t  can 

be seen t h a t  the i n i t i a l  sweat samples always contained g rea te r  amounts 
of calcium than subsequent samples. These l a t e r  samples contained mostly 

between 0.5 and 1.5 meq Ca/L. In some of the  regional measurements (Figure 

5 a ,  b, d )  and i n  whole body sweat calcium determinations (Figure 8 a ,  b ,  c )  , 
i t  appeared t h a t  i n  warmer environments the  sweat calcium content  was higher 
a t  comparabl e r a t e s  of sweati ng . 

Since apparently some calcium remains i n  the skin o r  the sweat glands, 

a few experiments were ca r r i ed  out t o  determine the  r a t e  of calcium deposit ion 
i n  the skin (Table 3d, 4c). When a sweating man i n  a warm environment was 

moved t o  a cool room f o r  1 hour and then returned t o  the  hot room, the i n i t i a l  

sweat sample again contained a higher concentration of calcium. 

When whole body sweat calcium losses  were compared with regional 
measurements i t  became obvious t h a t  the region w i t h  a comparable r a t e  of 

sweating t o  t h a t  of the  whole man, would show s imi la r  concentration curves. 

Analysis of f igures  5 ad, 6 d ,  7 d shows t h a t  the  sweat r a t e  - sweat [Ca] 
curves f o r  the  forearm and the whole body a r e  qu i t e  s imi la r .  The curves For 

o ther  areas  a r e  i n  general more t o  the  r i g h t ,  because of the  higher sweat 
secre t ion r a t e s .  

4. Sweat Chloride and Sodium Determinations from Regional Samples 

and Whole Body 

The r e s u l t s  of the  sweat analyses from various body regions under 

d i f fGrent  condit ions a r e  presented i n  Tables 6 ,  7 ,  8 and Figures 9 (a-h) ,  

10 ( a - j )  and 11 (a-h).  

While these data demonstrate the wide var ia t ions  i n  regional r a t e s  o f  

sweating, they a l so  showed the  di f ferences  i n  chemical composition of sweat 
i n  d i f f e r e n t  regions w i t h  s imi la r  r a t e s  of sweating. Whole body measurements 

were very s imi la r  t o  those of the  forea;m o r  forehead, a t  l e a s t  a t  sweat rakes 



2 smaller than 1.0 mg/cm /min. In nearly every experiment the sweat sodium 
concentration was higher than t h a t  of sweat chlor ide ,  b u t  not always t o  the  

same extent .  

The highest  s a l t  concentrations were found on the forehead o r  back, 
1 

espec ia l ly  in  warm environments. Values of 80 meq/L f o r  chloride were 
found on numerous occasions, b u t  f o r  whole body sweat the chloride content 
seldom rose above 50 meq/L. 

The slopes of the  sweat rate-sweat [Cl] curves changed w i t h  the 
temperature of the environment and the  skin temperatures. 

In a few experiments specia l  a t t en t i on  was paid t o  the  e f f e c t  o f  decreasing 

sweat r a t e s  on sweat composition a f t e r  profuse sweating. As can be seen 
from Figures 15 a - f ,  the  sweat composition curve r e l a t e s  to  d i f f e r en t  values 

f o r  decreasing sweat ra tes .  Especially a f t e r  physical exert ion the  

r a t e  of sweating can f a l l  by 50% i n  one o r  two minutes, b u t  the s a l t  con- 

centra t ion remains high. In t he  experiments i n  warmer environments i t  was 
noticed t h a t  a f t e r  112 hour the  e a r l i e r  re la t ionsh ip  had not been reestabllished, 

5. Comparison of Thermal and Pharmacologically Induced Sweating 

In a nonthermally sweating man the sweat glands act ivated loca l ly  
by pi1 ocarpine iontophoresis respond d i f f e r en t l y  then when stimulated 
by heat .  

Their a c t i v i t y  pat tern  during pharmacological s t imulat ion,  when recorded 

by el ectrohygrometry produced a noncycl i c t racing (Figure 9 2 ) .  During thermal 

sweating a pu l s a t i l e  pattern of sec re ta ry  a c t i v i t y  i s  always noticeable 
(Figure 13) .  During thermal sweating the  re f lex  response to  cooling i s  qu i te  

d i s t i n c t ,  while pharmacologically act ivated sweat glands f a i l  to  respond 
(Figure 14) .  Similar ly ,  on i n i t i a t i o n  of exert ion thermal sweating can be 

increased instantaneously,  while drug act ivated glands remain unresponsive, 

In addi t ion,  the  re1 at ionshi p between sweating r a t e  and sweat chloride 
concentration i s  noticeably d i f f e r e n t  between the  2 modes of s t imulat ion,  

Especially a t  lower r a t e s  of sweating, drug sweat i s  more concentrated, 
However a t  higher secret ion r a t e s  the  chloride concentration of thermal sweat 

becomes higher than drug sweat. 



FIG: I 

ELECTRO HYGROMETRY SYSTEM 
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TABLE l a  

COMPARISOY OF S;?MT RATE &rmmD%TTS BY UiSJaJTILkTED 
ATJD VE2TTILATED CAPSULE DmING ZEST 



1. Included 3 minutes of  oder rate exercfse ( 9 0  kgm/l/ril~~i, n ~ d  ensuing recove 
2 ?= with ~raxinal  sweat rates of 0.50 mg/cm /rain on the forearn and 1.20 mg,/en /nin 

. on the back. 

2. See 1. w q i m s l  sveciting r a t e s  a t ta ined 0.60 mdcmL/min on ihe  forearm and 
0'45 mg/cm /nin on the back. 



TABLE lc 

Calcium Recovery from Fi l terpaper  (~ilution 4 m l )  





TABLE 2a ( ~ o n t ' d )  



TABLE 2b 



TABLE 2c 



TABLE 3n. 





TABLE 3c 





TABLE Iln 









TABLE 5 









SI.1EAT ' Na AND C1 Subject J ,@,P.  



TABLE 7 





TABLE 713 









S E C ~ I O N  V DISCUSSION 
) #  

The problem of relat ing sweat volumes and sweat composition from small 
ski'n areas to  whole body sweating has been investigated dur ing  several decades. 
Kuno (8) had already s tated t h a t  general conclusions w i t h  regard to  the 
pattern of whole body sweating can be drawn from measurements of sweating 
from small skin areas. Other investigators confirmed these observations, 
wighout making actual use of t h i s  phenomenon with regard fo r  predicting whole 

- bpdy sweat rates .  Custance (9) was the f i r s t  to  use a ventilated capsule 
2 - tqchnique to  predict  whole body sweating by recording from a 14 cm skin 

area. This data a re  i n  complete agreement w i t h  our measurements, w i t h  the 
r ' -  a'ddi tional comment tha t  the relat ionship i s  quite variable w i t h  d i f fe rent  

s k i n  areas (Figure 3 a-c) . There is  a1 so a 1 arge individual vari abi 1 i ty  : 
subj .  W .  P. (Figure 3 c )  who was a d i s t i n c t  ectomorph sweated much more 

-unifo'rmly over the whole s k i n  areas then the other two mesomorphic subjects. . 
In most subjects we found a good correlation between whole body sweating 1 and regional sweating ra tes  i n  forearm when measured w i t h  the unventilated 

: capsule, primarily because the apparent range i s  very s imilar  between these 
I two measurements. However, because the f i  1 t e r  paper technique under estimates 

the r a t e  of sweating i n  the forearm, the t rue maximal r a t e  of sweating in the 
\ forearm i s  probably greater  and thus also larger  than tha t  of the whole body. 
' 

y h e  d i f f i cu l ty  of obtaining a t rue  value f o r  forearm sweat ra tes  i s  apparently 
#also affected by intra-individual variabi 1 i ty.  Johnson e t  a1 (2) using an 

' impermeable glove in hot environments found also tha t  forearm sweating rates  
and who1 e body sweating corresponded reasonably we1 1 . However i n  t he i r  
Study the r a t i o  of sweat collected from the forearm to tha t  of the whole body 

'was smaller i n  the subject w i t h  the greater percentage of surface area on 
the forearm. The poss ib i l i ty  t h a t  water vapor pressure e f fec ts  the r a t e  of 
sweating i n  a variable manner i n  d i f fe rent  skin areas and subjects has to  be 
considered. 

While i t  i s  t rue tha t  the r a t e  of whole body sweating can be predicted 
from any small surface, the f a c t  tha t  sweat r a t e  a f fec ts  sweat composition 
resulted i n  highly similar sweat r a t e  - sweat concentration curves f o r  
forearm and whole1 body. Curves f o r  other skin areas differed i n  varying 
manner w i t h  each other,  often because of much higher maximal sweating ra tes  
(forehead, back) or  other unknown reasons. Whether the relationship between 



sweating ra te  and concentration i s  inversely or posit ively related (Na, C1) 
i s  apparently inconsequential . What mechani sms and factors 1 ay behind t h e  

regional var iab i l i ty  in sweat chemistry i s  .unknown. Obviously i t  i s  n o t  
the ra te  of sweat secretion alone, because even a t  s imilar  sweating rates 

I differences were noticeable. 

The regional differences i n  sweat calcium content are  d i f f i c u l t  t o  
evaluate because of the methodological var iab i l i ty  in measuring very f ow 

calcium contents. In general though the lowest calcium concentrations were 
found on the cutaneous regions w i t h  the highest ra tes  of sweating. Skin 
temperature had a def in i te  e f f ec t ,  independent of sweating rate .  Higher 

skin temperature resulted i n  higher calcium concentrations. 

Our data show tha t  the extremely high values f o r  sweat calcium (lo-15 rneq/L) 

found by Paupe (10) and Consolazio (1 1 ) in a few cases, are  not representative 

and probably erroneous. We did find i n i t i a l  sweat samples with approximately 
5 meq/L occasionally, b u t  during continued sweating most values f e l l  in t h e  

0.5 to 2.5 meq/L range. The reason f o r  the i n i t i a l  h i g h  sweat calcigm levels 
is  not c lear .  Even a f t e r  intensive pre-washing w i t h  deionized water, h i g h  

i n i t i a l  sweat calcium concentrations were found. The decline of sweat 

calcium i s  very rapid indeed. In 10 o r  15 minutes the concentration may 
drop to  half i t s  original value. After cessation of sweating, the calcium 

concentration will r i s e  slowly and a f t e r  1 hour a measurable increase was 
noticed i n  2 experiments. Compared with the ranges and variations reported 

i n  the l i t e r a t u r e ,  the f i l t e r  paper collection technique can be used for  
estimating sweat calcium losses. We did not find the consistent very low 

calcium levels i n  sweat reported by Vellar and Astavold (11 ) .  However the i r  

col 1 ection technique and environmental conditions were d i f fe rent  from those 
employed in our studies.  The obtained resu l t s  of sweat calcium analysis 

in this study fa1 1 in the range most often found by other investigators as 

quoted by Vellar e t  a1 (11 ) .  

The regional and whole body sweat analysis f o r  chloride and sodium 

revealed tha t  again the arm sweat r a t e  - sweat concentration curves are quite 
similar to  those of the whole body when the unventilated capsule technique 

i s  employed. A t  low sweat ra tes  the curve fo r  forehead s a l t  concentration 
i s  often a1 so quite s imilar  to  tha t  of the whole body. The studies revealed 



that  even a t  similar ra tes  of sweating regional s a l t  losses are different  
between different  skin areas. Possibly the difference in duct length as 

reported by Takagi ( 1 2 )  could play a ro le ,  since the duct has reabsorptive 
capaci ty (1 3 ) .  

1 
Apparently the sweat glands cannot adjust the chemical composition o f  

sweat very quickly when the sweat ra tes  f a l l  suddenly. Very l i t t l e  i s  known 

about th i s  phenomenon. Weiner e t  a1 (14) observed similar changes in sweat 

r a t e  without a decrease i n  sweat chloride f o r  the whole body. Our data from 
small skin areas are  i n  agreement w i t h  Weiner" observation and suggest 

t ha t  sweat r a t e  i s  not the only fac tor  which influences sweat s a l t  composition 
i n  a short  experiment. 

The f a c t  tha t  the sweat s a l t  content remains high f o r  such a prolonged 
period argues against a delayed "wash o u t ' b f  concentrated sweat i n  t h e  

glands, The changes are  also too sudden to suggest variation in hormonal 
(aldosterone) effects  on the sweat gland duct. Possibly the r i s e  i n  skin 
temperature during diminshed sweating i n  warm environments could increase the 

sweat sal t concentration (14). However the increments i n  skin temperature 
are  often small a f t e r  profuse sweating during work in the heat, and may not 

account f o r  the continued high sweat s a l t  content during diminished sweat 
r a t e s ,  Xt i s  also not l ike ly  tha t  the precursor solution i n  the sweat 

gland coil i s  more concentrated, since i t  i s  normally already isotonic w i t h  

the plasma. Perhaps the greater blood flow around the sweat glands over 
a prol~nged time has altered the enzymatic ac t iv i ty  of the high s a l t  producing 
ce l l s  (15) and the slow reduction of these enzyme actions could produce the 

bralonged high sweat s a l t  content a t  low sweat rates .  

The studies on local drug-induced sweating showed tha t  there i s  a 

fundamental difference between thermal sweat and sweat from pharmacoSogical9y 

activated sweat glands. Our  data on sweat chloride and those recently by 

Sato e t  a1 (16) on potassium and sodium are essent ial ly  in agreement on th is  

P o i n t ,  That d i f fe rent  types of c e l l s  may have been activated, or  tha t  t h e  

d u c t  cel l  s played a variable role according to  the type and r a t e  of sweating 
remains a possibi l i ty .  This i s  underlined by the observation tha t  mechanically 
t h e  sweat i s  expelled i n  a d i f fe rent  manner. More detailed experiments are  
required to  elucidate th i s  poi n t .  The unpredi ctabl e re1 ationshi p between 



sweat r a t e  a n d  sweat consti tution makes the use of drug-induced sweating 
undesi rabl e f o r  the prediction of whol e body sweat losses.  

SECTION CONCLUSIONS AND SUMMARY 

From the resu l t s  of the present study the following conclusions can 
be made: 

1. Measurements of sweat ra tes  by ventilated capsule techniques 

(hygrometry) are  more accurate than measurements with unventi 1 ated capsules , 
especial Iy a t  1 ow ra tes  of sweating. 

2. The difference of sweat r a t e  measurements with the two techniques 

is  constant. 

3,  Whole body sweat volume losses can be predicted from measurements 

on small skin areas by the f i l t e r  paper absorption technique, 

4. Total calcium losses in  human sweat can be extrapolated from 
analyses of sweat samples from small skin areas. 

5. The calcium content of human sweat i s  i n i t i a l l y  often very h i g h  and 

not representative fo r  prolonged sweating. 

6. Sweat from skin areas w i t h  s imilar  sweat rates  per u n i t  skin area 

as the whole man, contains nearly the same amount of calcium as whole body 

sweat, when measured w i t h  the f i l t e r  paper technique. 

7 ,  In each individual there are  skin areas with sweat rates  sweat 

chloride (sodium) concentrations s imilar  to  tha t  of the whole man. 

- 8. Sweat induced local ly  by pharmacological activation i s  d i f fe rent  

from thermal sweat a t  similar sweat ra tes .  

I t  proved not feasible  to  perform meaningful s t a t i s t i c a l  analyses an 

the co l lec t  data. While many data were collected, every experiment on each 

individual subject had to  be considered separately. The subjects showed some 

variations in body sweat chemistry, even i n  the same environment under pre- 

sumable s imilar  conditions (except perhaps f o r  d i e t ,  which could not be 
control 1 ed) . Comparison of regional sweat analyses w i t h  whol e body sweat 

measurements were therefore only jus t i f ied  during one experimental period, 



The complexity of  the experiment and the imposed physical s t r e s se s  on the 

subjects  enabled only the col lect ion of a l imited number of measurements, 

The experimental r e s u l t s  of t h i s  study demonstrate individual and regional 

v a r i a b i l i t y  and suggest t h a t  good corre la t ions  between selected regional 

and whole body sweat losses  should e x i s t .  However the de f in i t e  proof of 

t h i s  has t o  be demonstrated in  more extensive s tud ies  on l a rge r  population 

samples wi t h  d i e t a ry  control and repeated experiments and s imi la r  envi ron- 

mental condit ions.  The r e su l t s  from t h i s  study point to  the  f e a s i b i l i t y  

of the  measuring technique and t o  the  pract ical  app l i cab i l i t y  of the  method. 

However i t  i s  qu i t e  obvious t h a t  the  prediction of dermal losses  of nutr ients  

from measurements of small skin areas i s  only possible when the re la t ionsh ip  

between whole body sweat and regional samples i s  known. Since there  i s  

suggestive evidence t h a t  t h i s  re la t ionsh ip  changes w i t h  accl imatization 

t o  heat and w i t h  physical t r a in ing  addit ional  information i s  imperative 

t o  ensure accurate extrapolat ions  from regional measurements. 
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