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MEASUREMENT OF WATER VAPOR LOSS THROUGH HUMAN 
NAIL IN VIVO* 

DAVID SPRUIT, PH.D. 

ABSTRACT 

A capsule is described which can be used for the measurement of the water vapor 
loss of the nail with the aid of the same instrumentation that has been used for the 
measurement of the water vapor loss of skin. 

The effecti ,·e area of the described capsule has been determined applying an elec.tric 
analog. 

The specific water permeability of the nail plate appeared to be independent of nail 
thickness in the finger nails of a healthy volunteer. 

The water vapor Joss from the nail is of the 
same order as the water vapor Joss from the skin 
of the palm; it is relatively high in comparison 
with the water Yapor loss from most parts of the 
human body (1-3). The reliability of the meth
ods used pre,•iously may be criticized because 
the possibility of displacement of the normal 
water flow through the nail by the rim of the 
measuring capsule was not considered. 

METHODS 

lV ater vapor loss measurement. Dry nitrogen or 
dry air (less than 5 ppm water by volume) is 
passed over the nail. The gas is led through a cap
sule attached to a polyethylene tube of the same 
diameter as tbe opening of the capsule (Fig. 1) . 
The water loaded gas is led into an electrolytic 
water analyzer. Except for the polyethylene tube, 
tl)e method is exactly the same as the one pub
lished before for the measurement of the water 
,·upor loss from skin ( 1). The pressure of the cap
sule upon the nail is greater than the pressure of 
Lhe skin capsule upon the skin, since considerable 
force must be exerted in order to keep the capsule 
closely connected to the nail in spite of the flexi
bility of the polyethylene tubing. However, the 
deformation caused by the pressure of the capsule 
in skin measurements is not significant in measure
ments performed on the more rigid nail material. 

The environmental circumstances of the meas
ment are the same as those fo r the measurement 
of water vapor loss from the palm. The main pre
cautions are to keep the subject calm and the tem
perature of the environment at about 18-19" C in 
or·der to avoid sweat gland activity. 

The water ,·apor loss from the nails of all fin
gers of a healthy voluntee r was measured for 15 
minutes on three successiYe days. 
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The standard deYiation of the measurements was 
determined subsequently and was found to be les
than 15%. 

1'hicl•ne•s measuremeltl. The Lhickucss of the 
nail plate was measured by meano of a ,-ernier cal
iper. 

EleclTic a11alog. The real tlectl\·e capsule area 
was determined by means of an electric ana.log 
(Fig. 2). The interfaces a) nail plate/inside of cap
su le, b) nail plate/ outside atmosphere, c) nail 
plate/ nail bed, were represented by copper plates; 
the interface d) nail plate/ polyethylene tube of 
capsule, was represented by a plastic insulating 
ring. The water potential between tJ)e nail bed and 
the nail plate was represented by a 30 m V electric 
potential. The nail plate material was represented 
by a 2% acid copper sulfate solution in dioxane. 
This solution was chosen since it undergoes mini
mal electrolytic decomposition with a. 30 mV elec
tric potem.ial. The thickness of the nail plate was 
represented by tile distance between the copper 
plates. The water permeation was therefore repre
sented by the electric current measured. 

Figure 2 shows the apparatus set up as an ana
log of the actual water loss measuremen ts on 
skin, including the effects of the displaced flow due 
to the rim of the polyeth~· lene tubing. By lowering 
the insulating ring, through the copper sulfate so
lution. to the lower copper plate. a model is ob· 
tained of tbe situation where no lateml "potential 
flow" occurs. The ratio between the two ntlues ob
tained from the analog provides a correction fac
tor for the skin measurements. 

RESULTS 

Water vapor loss. The standard deviation e:'(
pressed as a percentage of the water vapor loss 
measurements was 11 o/o; the same value as has 
been found in water vapor loss measurements on 
the skin of the forearm and the palm (6). 

Results of the measurements of the water 
vapor los from normal finger nails are shown in 
column B of the Table. The results are similar 
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to the results of other investigators (1-3). It is 
moreo,·er ob,-iou- that the thicker nail yields the 
smaller water vapor loss. Therefore the "spe
cific" water vapor loss bas been calculated from 
the Yalues of column B by multiply-ing these 
values with the thickness of the relevant nail 

in 
stn~ntes5 st-eer 
Co.'lpsule 

Fw. 1. Capsule for carrying water loaded gas 
irom the nail surface to the analyzer. 

plate (Column A). The results are shown in 
column C. 

Electric analog. The results of the experiments 
with the electric all!llog indicated that when the 
thickness of the nail plate was between 0.4 and 
0.8 = and the humidity of the ambient atmos
phere was between 20 and 80% at 19• C, the 
effective area of the described capsule appeared 
to be between 0.27 and 0.25 em'. For the sake of 
implicity the effective area of the capsule was 

considered to be 0.26 em'. The actual inner di
ameter was 0.20 em', and the outer was 0.38 
em'. 

DISCUSSION 

~ormal water ,-apor loss is distu rbed by plac
ing the capsule upon the nail plate. Because of 
the relative thickness of the nail plate the water 
from t he nail bed will reach the inside of the 
capsule through the nail plate along the flow 
lines whi ch indicate the direction of the poten
tial gradient , illustrated schematically in the 

A 
polyethylene lube 
I 

nai l plate 

nail bed 

outer 
almo,phere 

8 

bopper plate 

gl11ss d ish containing 2%acid 
copper s<Jiphate oolution in dioxane 

lcm 
1---< 

FIG. 2. The upper part of the figure (A) shows the route of the water penetrating the nail 
plate when a capsule has been mounted. The lower part of the figure (B) illustmtes the elec
tric analog used for the determination of the effective permeating area under conditions of 
variable humidity of the outer atmosphere (variable voltage between outer and lower copper plate) and of variable nail thickness (variable distance between upper and lower copper 
plates). 
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upper part of Figure 2. The amount of water 
reaching the inside of the capsule will, therefore, 
be related to an area of the nail which exceeds 
the 0.20 ern" internal area of the capsule. The 
effecti,·e area of permeation is dependent upon 
1.be t hickness of the nail plate and the humidity 
of the out Pr atmosphere. The influence of the 
1hic:kneos of the nail plate was studied with the 
electric analog (Fig. 2, lower part) by raising 
and lowering the lowest copper p late; the influ
ence of the humidity of the atmosphere wa 
studied by Yarying the electric potential of the 
outer copper plate. The results of these varia
tions are largE'ly dependent on the dimensions of 
the analog, which are analogous to the dimen
sion of t he capBule used in the measurement of 
1he water ,·apor loss. The sum of these Yariables 
gives an pfferti>"e permeation a rea of 0.27-0.25 
rm' and is. therefore. only Yalid for the de
Hribcd rn wule when used on the nail and simi
la rly thick layers. The effeetive capsule area is 
1 h0rcfor e 0.2(\ ::'::: 0.01 ern'. This Yariation may 
be ignored in the measurrment of the water 
1·apor Joss ns it causes an error of less than 4% 
while the relati,·e standard dev;ation of the 
measuremen t of the w!lter vapor loss is some 
10%. 

The nail plate has been described as consisting 
of three different layers; a dorsal, an intermedi
ate and a YeJJtral part (4). Lewis (5) states that 
there is "a dissimilar Yariable pattern in the 
mature digit". If there were any marked differ
ences between the permeability of those different 
layers, this would appear as a difference in the 
permeability per w1it thickne-s found for differ
ent nai ls; this is not seen. 

The specific permeability of ,·arious finger 
nail- m:1y therefore be compared to each other . 
The sperifir. water ,·apor loss (Table , column C) 
being the product of t he mea ured total water 
,·npor loss and the ihicknes- of the nail (Table, 
•·olumns B and A) has been calculated assumin g 
that this "specific" water vapor Joss is constant 
for all of the healthy nails of one individual. T he 
mean specific water ,·apor loss appeared to be 
0.130 mg/(cm · hr) in the inn~.,-tigated individ
ua l ; the va lues of ti1P nrious individual nails 

TABLE 
Permeation of wale·r through I he nails of the 

10 finger8 of a healthy lnmwn being 

ll c 
Water ( ~ B·O.I A) 

A vapor Specific 
Hand Finger Nail loss {per- water vapor 

thickness meation) loss (spec. 
in:mm in : mg/ permcabil-

(cmt·bour) ity} in: mg/ 
(cm·hour) 

--- ----

left thumb 0.70 1.85 0.130 
right thumb 0.6.5 1.91 0.125 
left index 0.58 1.9 0.120 
righ t index 0.60 2.18 0.130 
left middle 0.54 2.41 0.130 
righ t middle 0.4 2 .23 0.110 
left ring 0.48 3.00 0. 145 
righ t rir1g 0.48 2.(\5 0 .135 
left little 0.46 3.07 0.140 
righ l li ttle 0 . -l7 2 .Ti 0.130 

Men n of all llllil~ 0 .5-J 2. 40 0 .130 

are sPa ttered about thi;; a\·erngc ,·alue, including 
t he thick thumb nail and the t hin nail of the 
little finger, the standard de,;ation being only 
7.5o/c . Ob,·iously in these e:>."J)eriments the specific 
'>•;ater Yapor loss was th same for all nails of the 
fingers of the healthy indiv-idual. 

REFEREKCES 

l. Blank, I. H. : Further obsermt:ions on factors 
which influence the water content of the stra
tum corneum. J. Invest. Derm .. '21: 259. 1953. 

2. Burch, G. E. and Winsor. T.: Diffusion of water 
through dead plantar palmar and tarsal hu
man skin and through toe nails. Arch. Derm. 
Syph., 58: 39. 1946. 

3. Jacobi, 0.: Die Niif!Pl des 1 benden Menschen 
und die Perspirn tio i.nsensibilis. Arch. Klin. 
Exp. Derm., 214: 559. 1962. 

4. J arrett, A. and Spearman. R.I. C.: The histo
chemistry of the human nail. Arch. D erm .. 94: 
652. 1966. 

5. Lewis. B. L.: Microscopic sl\tdi s of fetal and 
mature nail and surroundinf! soft tissue. Arch. 
Derm .. 70: 732. 1954. 

6. Spruit. D . and Ma.lten, K . E.: Epidermal water
bnrrier form ation after stripping of normal 
skin. J. Imest. Derm .. 45: 6. 1965. 

7. Spntit. D. and Mallen. K. E.: The regeneration 
rate of the water ,·apour loss of beavil~' dam
aged skin. D ermatologica. 13£: 115. 1966. 




