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Abstract. The influence of relative humidity (air), en­
vironmental temperature, and skin temperature on irans­
•epidermal water loss (T.W.L.) has been re- investigatcd. lt 
was found that T.W.L. correla1es well with a combination 
of skin temperature and relative humidity and, of 1he two, 
relative humidity seems to be 1he more imporwnt. The 
amount o[ fluid available for T.W.L., therefore, seems to 
be actively regulated in accordance wi1h environmcntal 
conditions. 

The influence of skin lemperature (S.T.), environ­
mental temperature (E.T.), and air relative humi­
dity (R.H.) on the value of transepidermal water 
loss (T.W.L.) has not been clearly elucidated 
up to date. In I 967, Spruit & Herweyer (11) 
showed that lhe loss increases with increased E.T. 
and Thiele & Sinden (12) supported this view. 
Bettley & Grice (2), Grice (5) and Bettley (1) 
all showed that T.W.L. decreases w.ith decreasing 
R.H. Goodman & Wolf (3) found a non-linear 
relation between T.W.L. and R.H., the former 
decreasing when the latter increased and Hey & 
Kats (9) could find no evidence that E.T. in­
fluences T.W.L. in babies. 

The experimental technique utilized by the 
above-mentioned workers usuall) employs a meas­
uring time of 15-J0 minutes. It has been shown 
previously (6) that measuring time has a pro­
nounce<l effect on T.W.L.; the longer the meas­
uring time, the Jower the recorded value of T.\V. L. 
This efect results in a "dehydration" of the skin 
(probably due to the removal of waler bound to 
the stratum corneum) and it is lhen very difficult 
to correlate this with environmental changes, due 
to the small value. Ln the experiments reported 
here, a measuring lime of 3 minutes was used 
and the results indicate that T.W.L. is dependenl 
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upon a combination of envi ronmental factors 
rather than on one factor alone. 

MATERIAL AND METHODS 

T.W.L. was measured with a modified unventilated capsule 
as described prcviously (7, 8). This capsule covers an area 
o( 8 cm• and has a fan built in10 one side so as to assure 
complctc absorption of fluid liberntcd from the skin. The 
fluid is absorbcd by dried magnesium perchlorate (An­
hydrone) which is placed in containers which can 
be screwed ainighL in 1he rneasuring capsule. Thcsc con­
tainers are wcigbed before and afler a T.W.L. determi­
nation (in airtight transport capsules). All rcsulls are 
expresscd in mg/ 5 cm' /3 min. Human volunlecrs were 
used and determinations wcre rnade on various areas 
o{ the body. The areas uscd had very little hair covering 
thc 51uface. In all experiments, thc subjects we1·e rested 

for an hour or rnorc before taking mcasu rements (all 
areas alropinised). 

Environrnental tcmperature (E.T.) and relative humidity 
of the air (R.H.) were measured with standardized mer­
cury thermomcters, wel and dry bulb. Skin tempermure 
(S.T.) was measured with thcrmi,1or units or with a 
Thermotron Hm-202P (Zeniter-Heiwa Electronic lndus­
rrial Co.). 

RESULTS 

It was found convenient to obtain some arbitrary 
constants to aid in the evaluation of the results. In 
the first piace, E.T. and R.H. were multiplied with 
one another and the product divided by 100. The 
numerical value so obtained is  called thc environ­
mental factor (E.F.). Secondly, S.T. was multi­
plied with R.H. and the producl divided by 100. 
The resultant factor was then termed the water 
loss factor (W. F.). ft was hoped that these factors 
would give an indication as to which cnviron­
mental factors are important in determining 



Table T. The eff ect oj em•ironmental co11ditio11s and skin 

remperature on T. W.L. 

T.W.L. 
(mg/5 cm" E.T. 
3 min) ('C) 

T/1ig/1 

1.2 

0.9 
1.0 
1.0 
I. I 

1.0 
I. I 
0.8 
0.7 
0.9 
0.8 
0.8 
1.0 
1.6 
1.6 
1.5 
1.0 
I. I 

20.0 
17.S
19.5
18.0
18.0
22.0
21.8
27.5
27.5
25.0
24.S
23.0
28.5
22.0
22.5
23.5
26.5
28.5

S.T. 
('C) 

31.0 
29.5 
31.0 
29.0 
29.5 
31.0 
30.1 

33.0 
32.5 
32.0 
32.0 
31.5 
33.5 
30.5 
30.5 
31.0 
32.0 
33.0 

R.H. 

(•;,) 

50 

63 
53 
51 

52 
53 
51 

20 
20 
52 
36 
36 
36 
79 

70 
63 
47 
44 

W.F. 

15.5 
18.5 
15.3 
14.8 
15.3 
16.4 
15.4 
6.6 
6.5 

16.6 
11.2 
11.3 
12.1 
24.0 
21.3 
19.5 
15.0 
14.5 

Mean water loss: 1.06±0.25 mg/5 cm'/3 min 

Abdomen 

.1.7 

1.3 
I. I
0.9
0.8
0.8
I. I 
0.8 
1.0 
0.7 
1.0 
1.4 
I.I
I.I 

0.9 

25.0 
22.0 
19.5 
17.0 
19.5 
18.0 
18.0 
25.5 
25.5 
28.0 
27.5 
28.0 
25.0 
24.0 
23.0 

32.5 
31.5 
31.5 
31.0 
31.0 
29.0 
29.5 
33.5 
33.0 
33.5 
33.5 
32.5 
32.5 
32.0 

31.5 

74 
62 
60 
SI 
53 

51 
52 
38 
38 
31 
25 

43 
65 
70 
53 

24.0 
19.5 
18.8 
14.8 
16.4 
14.8 
15.3 
12.7 
12.7 
10.4 
8.4 

14.0 
21.1 
22.5 

16.7 

Mean water loss: 1.10:t0.15 mg/5 cm'/3 min 

Chest 

1.1 

0.6 
0.6 
0.4 
0.4 
0.9 

23.5 
25.5 
26.5 
28.0 
29.5 
29.0 

31.0 
32.0 
32.5 
33.0 
33.5 
33.5 

53 
40 
37 
34 
19 
32 

16.4 
12.8 
12.0 
11.2 
6.4 

10.7 

Mean watcr loss: 0.67 ±0.30 mg/5 cm2/3 min 

E.F. 

10.C
11.0
10.3
9.3
9.4

11.7
I 1.1 

5.5 
5.5 

13.0 
8.8 
8.3 

10.3 
17.3 
15.8 
14.8 
12.5 
12.5 

18.5 
14.3 
11.7 
8.6 

10.3 
9.2 
9.4 
9.7 
9.7 
8.7 
6.9 

12.0 
16.2 
16.8 
12.2 

12.4 
10.2 
9.8 
9.5 

5.6 
9.3 

T.W.L., considering that no clear or single rela­

tionship seem to exist bctween any onc factor 

and water loss. 

Determinations of T. W. L. were done on variou� 

areas of the human body and the mcan resull 

of each is indicated in Table I, together with thc 
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corresponding cnvironmental conditions. Different 

localities were used in each case. 

By analysing the results stastistically the follow­

ing values are found for the correlation coeffi­

cients (statistically significan t): 

T.W.L. and E.T. r 0.156 

T.W.L. and S.T. r=0.262 

T.W.L. and E.F. r = 0.480 

T.W.L. and R.H. r=0.561 

T.W.L. and W.F. r=0.737 

DlSCUSSTO 

From the presented results, it can be seen that 

T.W.L. does vary with environmental conditions 

and in fact it appears that it is dependcnt on a 

combination of environmental factors. The rele­

vant combination sems to be the relative hu­

midity of thc air and skin temperature. Of the 

two, relative humidity seems to be the more 

important. Jf T.W.L. were a simple diffusion 

process of extracellular waler (10), one would 

expecl to find a good positive correlation betwccn 

the loss and S.T. and E.T. respectively, and a 

negative correlation with the air relative humidity. 

This is not the case and T.W.L. is not, therefore 

simply a pure physical diffusion process through 

an epidermal membrane. The possibility must be 

borne in mind that the water loss is actively regu­

lated by some or other physiological mechanism 

and the blood vascular system might be a good 

candidate (7). The above statcmenl is not meant 
to imply Lhat lhe process of water movemcnt 

through the epidermal membrane is not controllcd 

by physical laws (4) bul rather that the amount of 

f!uid made available for T.W.L. is actively regu­

lated in accordance with environmental condi­

tions. 

ACKNOWLEDGEMENT 

The author would like 10 thank professor C. P. Luck for 
his advice and criticism. 

REFERENCES 

I. Beuley. F. R.: The influence of amb:ent humidity on
transepidermal water lo�s. Brit J Derm 79: 515. 1967.

2. l:lettley, F. R. & Gricc, K. A.: A method for mca,­
urmg tran\epidennal water Jo�, and a rneans of in• 

nc1ivating �weat glands. Brit J Derm 77: 627, 1965.
3. Goodman, A. 8. & Wolf, A. V.: ln,ensiblc water

Acta Demratore11er (Stockholm) 5:! 



440 J. Hauingh 

loss from human skin as a function of ambient vapor 

concentration. J Appl Physiol 26: 203. 1967. 

4. Grice, K. A.: Skin temperature and tran-,cpidermal

water lo��- J Jnvest Oerm 57: 108, 1971.

5. - The cffccl of skin tcmperature und vascular changcs

on the rate of tran,cpidermal watcr loss. Brit J Oerm

79: 582. 1967.

6. llallingh. J.: The effect of mea,unng time on trans­
epidermal water loss. J lnvest Dcrm. (In prcs,.)

7. - The effect of blood flow on trunscpidcrmal watcr

loss. Acta Dermatovcner (Stockholm) 52: 365, 1972.

8. Hauingh, J. & Luck. C. P.: A scn,itive. dircct method
for the measuremcnt of water loss from body ,ur­

faces. S Afr J Med Sci. (ln prc,,.)

9. Hey. E. N. & Kats. G.: Evaporative water lo;,s in the

new-bom baby. J Phy,iol 200: 605. 1969.

Acta Dermarm e11er (Srockho/1111 51 

10. Rothman. S.: Phy,iology and Biochcmistry of the

Skin. University of Chicago Press. 1954.

11. Spruit, D. & Hcmeyer. H. E.: The ability of the

skin 10 change it; inscnsiblc per;pirntion. Dermatolo­

gica (llasel) 134: 364. 1967. 

12. Thiclc, F. A. J. & Von Sinden. K.: Rclationship bc­

tween skin temperature and the insen,ihile perspira­

tion of the human skin. J lnve,t Derm 47: 307, 1967.

Recei,•ed April 2 7, 1972 

J. Hattingh. M.D. 
Department of Zoology

Rand Afrikaans Univcrsity 

Johanne,burg

South A frica




