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Many attempts have been made during the past fifty years to estimate the
rate and character of the secretion of sebum, since this is an important factor in
the preservation and health of the skin. The results of these investigations have
varied widely and have been admittedly inaccurate. The reason for this has been
mainly the lack of a method sufficiently sensitive to determine the amount of
fat on small, discrete areas for short, definite durations of time. Since a suitable
method is now available, this question may be reinvestigated.

This paper is concerned mainly with methods for removing and estimating
the fat on the skin and its secretion by the sebaceous glands. In order to keep
all experiments comparable, these have been restricted to tests on one area of
skin of a single individual, the volar aspect of the forearm, roughly five centi-
meters below the elbow.

Linser (1) and Schur and Goldfarb (2) claimed that the original amount of fat on the
skin would return in fifteen minutes following its removal by means of petroleum ether.
On this basis they concluded that if the fat were removed continuously, from one to two
grams could be obtained daily from the entire surface of the body. This rapid secretion of
fat has not been verified by later investigators.

Zehender and Dunner (3) found rates of 0.2-0.8 microgram per square centimeter per
minute on the skin of the forehead, with a return to the original amount in three to four
hours. Emanuel (4) found the rate of secretion to depend on the number and size of the
sebaceous glands in a given area. The restoration of fat, after removal, was found to take
longer than three hours.

Pritchard, Edwards and Christian (5), using a colorimetric method estimating cholesterol
esters, found the rate of secretion to be one microgram per square centimeter per minute,
with the fat returning to normal within three hours of removal. Mackenna, Wheatley and
Wormall (6) found the skin of the forearm to secrete fat at the rate of 14—70 micrograms per
minute for the entire forearm, the area of which was not given. Using an approximate com-
puted figure of 980 sq. cm. for the forearm, the rate became .014 to .07 microgram per square
centimeter per minute.

Kvorning (7) gives figures for the four hour secretion of 10 square centimeters of the
forehead skin. From these a rate of 0.74 microgram per square centimeter per minute can
be computed.

Methods that have been used to remove fat from the skin fall into three categories:
1. Absorption methods, where blotting or filter paper is placed on the skin for determined

lengths of time and then is extracted with solvents to obtain the fat.
2. &rubbin methods, where wads of fat-free cotton or gauze are soaked in solvent, rubbed

on a definite area of skin, and extracted to obtain the fat.
3. Cup methods, where small containers are fastened to the skin, in which solvent can be

held directly in contact with the area to be measured, for a determined duration of time.
There are objections to all of these methods. The paper absorption method is limited

by the capacity of the paper to take up the fat. The scrubbing method requires the initial
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purification of the cotton, which is difficult. The last traces of fat are almost impossible to
remove without wrecking the texture. No other material has been effective. It is difficult
to keep the scrubbing constant from one operation to another. Another objection is the
relatively large amount of skin scales and debris removed by the scrubbing. This material
amounts to as much as 90 micrograms per sq. cm. of skin area. This material must be filtered
off and thoroughly washed to avoid loss of fat.

The cup method must keep the solvent on a definite area, without loss in application or
recovery. The solvent must be thoroughly agitated and brought into intimate contact with
the skin or the fat will not be adequately removed.

The solvent for skin fat must remove both fat and water and do so without irritation. A
mixture of alcohol and ether satisfy these requirements. This mixture is an excellent sol-
vent when hot, but at body temperature anhydrous ethyl ether alone is soperior to mixtures
with alcohol. Petroleum ether will not remove fat effectively from moist skin. Acetone is
relatively non-irritating and an excellent solvent but is difficult to purify and to keep from
polymerizing after purification.

The amount of fat removed by any of these methods is extremely small. Micro methods
must be used for its determination. Many different kinds have been tried. The ones most
used may be grouped under four heads:

1. Gravimetric, usually by means of a micro balance (8, 9, 10).
2. Oxidation with chromic acid mixtures, followed by an estimation of the carbon diox-

ide released or back titration of chromic acid reduced (2, 11, 7).
3. Nephelometric determinations of fatty acid precipitates (12, 13).
4. Microtitration of free fatty acids after saponification (14).
None of these methods has been sensitive to less than .01 milligram and most of them

are not sensitive to less than a milligram.
The method used by us is different from those listed above and is based on the spreading

properties of fat on a water surface. It is sensitive to less than a microgram and accurate
to one microgram. Since the method is new, it will be described in some detail. More details
will be found in the original papers (15, 16).

METHOD OF FAT ANALYSIS

A trough, 6 x 28 x " in dimension, is ifiled with redistilled water. On the sur-
face of this water is placed a small drop (.02 — .03 ml.) of "piston oil", which
spreads over the surface. By means of a paraffin covered slide, the film is com-
pressed until it becomes blue in color—changing to green. At this point the
surface pressure is 20 2 dynes per centimeter. This oil is called "piston oil"
because the ifim it forms opposes other films with a constant pressure. It is
made by heating a heavy mineral oil (Motor oil No. 20 or 30) (Cenco Hyvac
No. 93050 C) in a shallow dish just below the s:rnoking point until it becomes
dark brown in color and spreads without lensing.

As soon as the piston oil film is stabilized, a measured quantity of a petroleum
ether solution of the skin fat is placed on the blue-green piston oil ifini. The
ether evaporates and the fat spreads to a colorless monolayer film, the outline
of which is distinct against the piston oil film. A glass plate is placed directly
over the trough and on this the figure can be traced. The outline on the plate
is transferred to paper on which it can be traced with a planimeter, giving the
area of the figure.

Each molecule of a saturated fatty acid occupies an area of 21 square Angstrom
units at a pressure of 20 dynes per centimeter. Cholesterol occupies 40 square
Angstrom units and other lipids from 20 to 120 square Angstroms. Skin fat is a
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mixture of lipids, seemingly quite constant in composition. Samples of this fat
obtained from the same individual used in these experiments, large enough to
be weighed accurately when spread, gave a constant factor 0.19 micrograms of
fat spreading over the area of one square centimeter. Hence multiplying the
area obtained by the planimeter readings by this factor gives the amount of
fat represented.

Using this technic for quantitating fat, different methods of removing fat
from the skin have been tested and compared.

Methods for Removing Fat from the Skin

1. The Paper Method

Experiment 1. Following the technic of Miescher and Schonberg (17), a fat-
free filter paper 7 cm. in diameter was placed on the forearm and covered with
aluminum foil. Over this was placed a pressure cuff distended to 30 mm. of

TABLE I
Fat removed by paper method

Experiment 1

FAT

mm. mcgm./sq.cm.

0 4.68
6 3.13

12 4.68
18 1.82
24 1.99
30 2.11

mercury. Every six minutes the paper was replaced with a fresh piece. The
paper removed was extracted with petroleum ether and the fat estimated. The
results are shown in Table I.

It is evident that the results are variable and compared with the figures in
Tables II, III, IV and V, low in amount. They seem to represent the ability of
the paper to absorb fat rather than the amount of fat on the skin.

2. The Scrubbing Method

A mask was made by cutting a hole 32 mm. in diameter in the top of an oint-
ment tin. This was fastened firmly on the skin. One hundred mg. of fat-free
cotton held in an applicator was dipped in ethyl ether and rubbed on the area
of skin exposed by the mask. This rubbing was continued for 2 minutes with
frequent rinsings of the cotton in the ethyl ether. The cotton was then placed
in a 5 ml. syringe and the ether pressed into an acetylization flask (Corning
Glass Co. No. 4040). The ether used for the rinsing (10 ml.) was poured through
the cotton in the syringe, pressed out, and the cotton rinsed with 5 ml. of fresh
ethyl ether in the same way.
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The ethyl ether was evaporated at low temperature, the last few drops re-
moved under nitrogen gas, and the flask thoroughly dried. The skin fat in the
flask was dissolved in 2 ml. petroleum ether and transferred to a 5 ml. volumetric
flask. Subsequent rinsings of the acetylization flask with petroleum ether brought
the contents of the volumetric flask to 5 ml. The amount of fat in the petroleum
ether was then estimated by the monolayer technic described above. Subsequent
scrubbings of the skin were made with the same cotton so that the effect of traces
of fat originally in the cotton were minimized. Skin scales accumulated in the

FIG. I

cotton and eventually interfcrred with the fat extraction. These scales form an
opalescent cloud in the ether, difficult to remove and would be measured as fat
in oxidation or nephelometric methods of analysis.

With care, uniform and reproducible results may be obtained on short series
of tests, but a long series on the same area produces a definite irritation of the
skin.

Experimmt 2.

In Table II are the results of five scrubbings, each of two minutes duration.
Curve A, Chart I shows this original data plotted as a broken curve, showing

the amount of fat removed each time it was scrubbed. Curve B shows the loga-

4 iii?
'X4 ,1441
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rithmic curve that would have been obtained from leather or dead skin From
Curve B it can be surmized that three scrubbings on such skin would remove
practically all the fat, leaving only an infinitessimal quantity. The difference
between Curve A and Curve B is believed to be due to the fat reappearing on

TABLE II
Fat removed by scrubbing method

Experiment 2

NUMBER OF SCBUBBINGS
TIME

FAT REMOVEI)

Number Log. mcgm./sq.cm. Log. Log Rectified Computed

1

2
3
4
5

0
.301

.477

.602

.699

mn.
2
2

2
2

2

58.00

12.10

8.35

6.75

7.13

1.76

1.08

.92

.83

.85

1.76

1.08

.65

.35

.20

58.00

12.10

4.46

2.24

1.59

j30
20

cJ-0

NumJr of 5cruJJbinq

the scrubbed surface from sebaceous glands or possibly spreading from adjacent
areas.

Using this same technic, another experiment (Experiment 3) was made to
estimate this return of fat. In the first place three separate scrubbings of the
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test area were made and the fat removed was pooled. The analysis of this gave
the fat initially on the surface. Then ten minutes were allowed to pass with the
skin area protected, then a two minute scrubbing was made. The result is shown
in column 3 of Table III. Ten more minutes passed and a determination of the
fat was made. The result is in column 4 of this table. Following this, two twenty-
minute periods tests were made in the same way, followed in order by 30, 40

TABLE III
Fat removed by scrubbing method

Experiment 3

COLUMN

1 2 3 4 5 6 7

Intervals Fat Removed
Ain't. y

20.4

Rate y/x
Miii. x Miii. x mcgm./sq.cm. Ave. y

0 0 37.58

10 10 9.05 4.98 7.02 10.0 .702

20 30 7.71 5.51 6.61 8.3 .331

30 60 6.95 7.71 7.33 7.3 .257

40 100 5.71 7.94 6.83 6.8 .170

50 150 5.65 6.53 6.09 6.3 .122

and 50 minute periods. Considering the small amounts and the unknown factors
involved, the agreement is considered good. The average values in column 5
were plotted against the total time involved (column 2) to give Curve A in
Chart II. This indicates a constant amount on the skin despite the increasing
time intervals between scrubbings. When these average amounts are divided by
the time of each interval, an apparent rate for this time interval is obtained.
Succeeding intervals show a decreasing rate, as listed in column 7.

40

30

AI—. = &mount o f removed
B o——o= no±e o ecration

4

2.0

I— —— o_______——

0 20 40 60 80 100 120 140 160
0

CHART II
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In Curve B the rates for each time interval (column 7) are plotted against the
elapsed time of this interval (column 2). This curve indicates that the rate is
both diminishing in value and tending to reach a constant level.

3. The Cup Method

The cup method used by us was essentially the method used by Emanuel (12).
This cup is shown in the accompanying figure (Fig. I). It has an opening 5 sq.
cm. in contact with the skin. Around this is an annular space 1 cm. in width
with an outlet by which this space can be evacuated. Suction is applied by means
of a 50 ml. syringe. A vacuum of 30 cm. of mercury can be obtained which
pulls the skin into the evacuated space and holds the cup firmly on the skin.
'When solvents are placed in the cup there is no loss. There is, however, tension
on the skin and some reddening. No injury is produced.

A simpler cup and one often useful dispenses with the vacuum. It is essentially
a cylindrical funnel with a stopcock. In this is placed the solvent, with the stop-
cock closed. The open end of the cylinder is placed against the skin and the body
moved so that the cup is tilted. As the solvent clears the stopcock, the latter is
opened to release the vapors of the solvent. With the stopcock open, the solvent
is agitated in contact with the skin a definite length of time. Then the stopcock
is closed and the cup immediately tilted back to the original position. The solvent
flows back to the bottom of the cup and can now be removed for analysis. A
little practice makes this maneuver possible without loss of solvent. Kvorning
(7) uses an open cup without vacuum and removes the solvent by means of
suction.

One advantage the open style cup has over a closed cup is the use of a flattened
glass rod which can be rubbed gently over the skin while it is covered with the
solvent. With this, the cup method is as efficient in removing fat as the scrubbing
technic.

In Experiment 4 the same area of skin was washed by means of the cup method.
The skin was washed for two minutes for the first test, then after two minutes,
washed for the second test. Eleven such tests were made in succession. The
results are shown in Table IV, column 2.

In Chart III, Curve A, these data are plotted against the number of washings.
As this suggested an hyperbolic function, the data were fitted to the function
y = a/xb + c (21), giving the equation y = 12.02/x'°4 + 2.42. Except for the
first figure, the data are well represented by Curve B. From this it may be seen
that after a large number of washings, the amount of fat that can be removed
becomes constant at 2.42 micrograms per square centimeter. As four minutes
elapsed from one washing to another, this figure represents a rate of 0.6 micro-
gram per square centimeter per minute.

The following eight experiments were made to substantiate this. As in a pre-
vious experiment, the area covered by the cup was washed three times, 2 minutes
each time, and the results combined to give the initial figure. Intervals of time
were allowed to elapse before the fat on the skin was again estimated. These
intervals were 5, 10, 20, 40, 60, 80 and 100 minutes, each increasing in the order
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listed. The results are given in Table V. The average figures in column 12 show
very nearly the same amount of fat for each interval. When plotted as Curve A,
Chart IV, there is seen a very slight tendency to rise with time. If, however, the

TABLE IV

0

I,)

0'

Fat removed by cup method

Experiment 4

NUMBER WASHINGS
(

AM'T. PAT REMOVED MCGM.
(

AM'T. PAT COMPUTED Y 12.02fx'2
-- 2.42 mcgnl.

Column

1 2

1 26.60
2 8.20
3 6.70
4 4.04
5 4.25
6 3.24
7 5.06
8 3.49
9 4.10

10 3.30
11 3.74

3

15.02
8.28
6.23
5.28
4.67
4.28
3.99
3.82
3.65
3.52
3.42

15

A e- • = o.rrouxt oE £& rpnovnJ.
B o-—o .moux€ o £ compu±vd. froo.9uo±iou.

12.02.y= Q41242

10

5

a 3

rnir of
CHART III

amount of fat at each interval is divided by the time involved, a figure repre-
senting the rate of secretion is obtained (column 13). If these data are plotted
against the time intervals, an hyperbolic type curve is obtained, tending to
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approach a limit as the intervals are extended (Curve B, Chart IV). Fitting these
data to the same function as used on preceding data, an equation of y = 13.76/x'2
+ .081 is obtained. This is plotted as Curve C, Chart IV, with excellent agree-
ment. This curve indicates a steady rate of secretion of .081 microgram per

TABLE V
Fat removed by cup method

COLUMN

1 2 3 4 516 718 910 11 12 13 14

Num-
ber of
Wash-

ings

Elapsed
time

Total
time

Individual Experiments

—---———-—---—-—-

Micrograms per square
centimeter

———---—————
8 Ave.

Rate
Column
12/Col
umn2

Rate
Com-
puted
from
equa-
tints1 2 3 4 5 6 7

mitt. mitt.

1 0 0 37.58 36.54 40.94 53.6439.9654.1454.5444.10 45.18 2.07

2 5 5 4.95 8.06 11.47 11.34 11.25 10.67 10.35 9.73 1.95 1.95

3 10 15 9.05 5.81 4.83 11.35 8.28 16.92 12.38 9.86 9.81 .98 .46

4 20 35 14.03 7.95 6.08 8.48 8.91 7.15 11.97 9.96 9.31 .47 .24

5 40 75 14.66 4.80 7.92 7.16 12.29 10.29 9.52 .24 .18

6 80 155 15.48 10.08 11.66 12.87 11.55 12.33 .15 .15

7 100 255 11.88 10.98 13.05 13.92 12.46 .08 .14

U

1o

50

40

Ai • ouxtE of £o± rorrsOVcl

3o

20
1c

R±
20

= ra.tc of crafion. detormircd.
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y = -t- .oa

A

0

Minutcs
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CHART IV

square centimeter per minute for this area. In Experiment 4 over a time of 4
minutes, a rate of 0.6 microgram per square centimeter per minute was found,
while in the above experiment over a time of 260 minutes, a rate of 0.08 micro-
gram per square centimeter per minute was found.
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If the data given in Table V is arranged as a summation of the fat removed,
the data as given in Table VI assumes a parabolic form when plotted (Curve
A, Chart V).

()

C44

TABLE VI
Summation of fat removed

TIME
AMOUNT OP PAT

Mcgm./sq.cm. as obtained Computed from equation

mm.

0
5

15
35
75

155

255

45.18
54.91
54.72
74.03
83.55
95.88

108.34

45.2
57.3
63.6
71.7
82.0
96.5

109.2

A o —o -oux of £t znova
B ———x=ernoun&of fe± frox.9u.Atioa.

y =5.546 x+45.2
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CHART V

The equation, y = 5.546 x ° + 45.2 fits this data closely as shown by Curve
B, Chart V. The slope of this curve at any point is the rate of secretion at the

0 30 60 90 120 150 180 210 240
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corresponding time. At 255 minutes the rate is .118 microgram per square centi-
meter per minute which agrees well with .112 microgram per square centimeter
per minute found as an average of four independent determinations over periods
of 3—4 hours.

Since the curve computed in this way is a parabola, the limiting slope at infinity
would be zero. It is not known whether the curve would continue to be a parabola
if the experiments were extended. Obviously, if the minimal rate is constant, the
rate must become constant and be represented by a straight line. At approxi-
mately 8 hours the rate would be .08 microgram per square centimeter per minute
or the same as the limiting rate as computed from the hyperbolic function.

It can be seen from the variance in these figures and variance in data reported
in the literature, that factors other than experimental errors of analysis are pres-
ent. In all experiments on the rate of secretion, when this is found for short
intervals, the rate is high and when determined over an extended interval, the
rate is low. Obviously, if the sebaceous glands continue to secrete at a constant
rate, fat should accumulate on a given area if not removed. Observation has
shown that such accumulation is slow and irregular.

It has been suggested that the tension of fat on the skin limits the secretion.
The evidence of sebaceous cysts, comedones and the formation of vernix caseosa
indicates a flow of sebum against pressures many times greater than those found
on these cleansed areas.

One factor that has been ignored in experiments such as these is the spreading
ability of fat on moist skin. It was evident in our experiments that such fat would
flow rapidly from skin onto a water surface. Touching the skin to a piston oil
film gives a spread equivalent to the amount that can be removed from the same
area with solvents, 30 micrograms per square centimeter. This spread takes
place within a few seconds. The following experiment shows the speed with
which skin fat can flow on a water surface. A hydrophil balance (Cenco No.
70551) was set at zero reading on a clean water surface. At zero time the hand
was gently touched to the water surface 50 centimeters from the float. At this
moment the stop-watch was started and stopped the second the float moved.
That this movement was due to the tension of the film of fat was shown by the
return to zero of the pointer when the film was removed. The average speed was
3.3 centimeters per second, which was slow compared to the 20 cm. per second
found by Cary and Rideal (20) for the spread of myristic acid.

Fat spreads rapidly over moist skin but seems to spread slowly or not at all
over dry skin. This is shown by carefully cleansing the skin of the hand and
fingers with anhydrous alcohol and ether. No fat is then found on touching the
piston oil film. Ten minutes later .025 microgram per square centimeter was all
that could be found. This low figure was not surprising since the finger tip has
few sebaceous glands. The hand then was immersed in pure double distilled water
and immediately (inside of 15 seconds) the same finger tip again was touched to
the film. A spread of 3.5 micrograms per square centimeter was obtained, 140
times as much in 15 seconds as was found in 10 minutes on dry skin. This
fact, that skin fats spread over moist skin, makes the determination of the
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rate of secretion of a given area not only difficult but of mere academic im-
portance. Fat undoubtedly flows from areas of high secretion, such as the scalp,
to areas of low secretion and even to such areas as the palms of the hands where
there are no sebaceous glands. This may help to explain the difference in the
apparent rates of secretion over varying time intervals. The observed fact, that
fat tends to come back rapidly at first and then seems to return slower and
slower over extended intervals of time, was interpreted as due to fat stored in
the glands. It could also be that fat flowed from contiguous areas even though
these areas were supposedly isolated by the masks and cups. This point requires
further study.

CONCLUSION

In conclusion, it is evident that a method sensitive to one microgram is neces-
sary to measure the fat on limited areas of skin and to follow the rate of secre-
tion of sebum on these areas. Such a method is described here, in the monolayer
film method which not only gives accurate results but gives them in a short
space of time and may be used to measure the fat on the skin by direct contact.

The total removal of fat is difficult to accomplish since fat is constantly re-
turning to the cleansed surface. Removal of fat in repeated cleansings follows a
logarithmic curve, but approaches a limit which is considered the rate of secre-
tion.

The amount of fat on a given area, such as the forearm, in these experiments
was fairly constant at 45.18 2.73 micrograms per square centimeter. This is
undoubtedly a resultant of the rate of secretion, rate of flow over the skin and
removal by contact with clothing and other objects. Anything which increases
secretion and decreases removal should increase the fat on the skin and vice
versa.

Immediately after the removal of surface fat, stored fat in the glands flows to
the surface giving an apparent rapid rate of secretion. Depletion of fat in the
glands is accompanied by a decreasing rate until this falls to the level of the
continuous rate of fat formation The time necessary to establish this is dependent
on the viscosity of the sebum. This minimal rate of secretion can be shown as
limiting rate when the intervals between removals are extended indefinitely.
For the forearm of a single individual this has been determined to be .081 micro-
gram per square centimeter per minute. It is to be emphasized that this figure
while it fits the facts as obtained is only a means of expressing this rate as a
single value and indicates the difficulty in establishing such a value. Skin fat
from the hand has been shown to flow over water from wet skin at an average
rate of 3.3 centimeters per second. The flow over completely dry skin appears
negligible.

With all these observations in mind, the estimation of the true rate of secre-
tion requires:

1. Isolation of the test area from other areas of skin so completely that fat
cannot flow either in or out.

2. Three washings immediately to reduce the surface fat to the lowest possible
amount.
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3. Determination of the return of fat over sufficient intervals of time that the
glands are depleted of stored fat and the amount removed represents the true
secretion of the glands.

SUMMARY

1. A method for the determination of fat in sebaceous secretion is described
which is sensitive to less than microgram levels.

2. A comparison between absorption methods, scrubbing methods and direct
solvent action shows that the absorption method is inadequate, the scrubbing
method effective but irritating and the solvent method non-irritating and ade-
quate, if combined with gentle rubbing.

3. The amount of fat on the skin of the forearm of a single individual was
found to be 45.18 2.73 micrograms per square centimeter initially.

4. The removal of fat from the skin requires repeated washings. The removal
follows a logarithmic curve. After three washings, the amount being secreted
affects the readings.

5. The interval of the time between determinations affects the amount of
fat removed and the apparent rate of secretion. Over extended intervals, the
rate of secretion tends to fall. A hyperbolic curve can be fitted to these rates
obtained over intervals of increasing duration, giving a computed limit of .081.
This indicates that a steady rate of secretion is in the order of 0.1 microgram
per square centimeter per minute.

6. Skin fat flows with a speed of 3.3 centimeters per second over a water film
and presumably over wet skin. It may be considered, therefore, that fat flows
from areas of high sebaceous secretion to areas of low secretion and is constantly
being removed by objects in contact with the skin.

7. Sebum flows very slowly over dry skin.
8. A procedure is suggested for the estimation of the true glandular secretion

of sebum.
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