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Pigmentation in Bristle and Horsehair 
Sanford B. Newman 

Bristles for use in brush es are n orm ally impor ted in large quan t it ies for domestic con­
sum ption. H orsehair is also commonly used in brushes, often bl ended wi t h bristle in paiH t 
brushes. T o determine compliance wi th material specifi ca t io ns and to enforce labeling 
la ws it is necessary to be a ble to distinguish between th e t wo fi bers. Th e need of a re liable 
m ethod for identify ing t he two fibers became more crit ical af ter t h e star t of h ostili t ies in 
K orea, which increased t he diffi culty of obtain ing bristle from Chinese sources. 

The use of pigment distribu tion in bristle and h orsehair has been r ecommended for 
t heir d ifferentiation. H owever , the use of t his characterist ic has been challenged on t he 
grounds of techn ical difficul ty in t he preparation of mi croscopic specimens and th e possibili ty 
of variations in pigment at ion a t different levels in t he fiber , in an ima ls from differen t geo­
graph ical locations, and in different typ es of hairs from t he same animal. 

As li ttle previous atten tion has been given t hese points, a series of observations was 
m ade t hat show clearly t hat pigment distribu t ion in fiber cross sections permi ts the detect ion 
of h orsehair in bristle and bristle produ cts. The test is, of co urse, appl icable only to fib er s 
t hat contain suffi cien t natura l p igmen t to establish a d istribu tion patter n. I n a ddi t ion , 
t he medu llat ion in t he t wo fi bers is suffi cien tly dist inctive to constitu te another a id i n 
ident ifi cation. 

1. Introduction 

The term " bristle" as used in the brush industry 
Tefers to the hair of swine exclusiv0.1 y [1] .1 R efer­
ences to the use of bristles in brushes can be found 
in the litera ture as early as the fift een th century [2], 
and even today synthetics like nylon and neoceta 
have only begun to be substitu ted for bristle in paint 
and varnish brushes. D espite the large amounts 
of bristle consumed annually in this country, the 
greater part is still received from foreign sources, 
over 7,000,000 lbs. having been impor ted in 1950 [3]. 
Swine cannot be maintained profitably in th e United 
Sta tes for the length of t ime necessary to develop 
long flexible bristles. A plentiful supply of cheap 
labor would also be required for the initial cleaning, 
sorting, and packaging if the domestic product were 
to compete with foreign brisLle. 

B ecause of this reliance on foreign supplies, the 
bris tle trade has been subj ect to the exigencies of 
twen tieth-century history . Before 1918 the Siberian 
and Russian bristles dominated the trade, but sub­
sequen tly the Chinese product gained preference, 
especially in the premium types . The change was 
due, at least partially, to deteriorat ion in the quality 
of prepara tion and dressing of the fiber for market . 
When the Uni ted Nations police action was instit uted 
in Korea in 1950, Chin ese bristle was abundant a t 
reasonable prices, but soon after supplies dwindled 
and prices rose. 

The failing supply of bristle was soon reflected in 
the number of adul terated brushes submitted for 
test to the Bureau. Brushes containing mixtures 
of bristle and horsehair, properly marked as to 
fiber con ten t, are standard items usually available 
at lower prices than comparable brushes of pure 
bristle. More and more often it was found that 
brushes labeled pure bristle contained considerable 
q uan tities of horsehair. That this was a phenome­
non of widespread OCCUlTence was evidenced by the 

1 Figures in brackets ind icale the literature references at the end of this paper. 

number of queries on testing procedure Lha t r eached 
the Burea u from other Governmen t agencies, from 
private testing labora tori es, local purchas ing organi­
zations, and from individuals. 

At the Nat ional Bureau of Standards, pigmen ta­
tion pat tern in the cross section of fibers is the chief 
cri terion used in difl'erentia ting bris tle from horse­
hair. This test is based on the original observations 
attributed to E. Weirick by Von Bergen and Krauss 
[4] . According to Krauss [5], Weirick observed the 
pigment dist ribution in fiber trea ted wi th a 10-per­
cen t sodium hydroxide solution. H owever , a number 
of questions were raised concerning the validity of the 
test by people in the brush and bristle trade and 
their consulting technical exper ts . These questions 
involved sect ioning techni q ues and the possibili ty 
of varia t ions in pigmen ta tion a t differen t levels in 
the fiber , in an imals from differen t geographical 
locations, and in differen t types of hail' from th e 
same animal. For this reason the Bureau un dertook 
to study t hese ques tions to determine the validi ty 
of the tes t method. 

2. Materials and Methods 

An a t tempt was made to secure samples of bristle 
and horsehair from as many represen ta tive sources 
as possible. Commer cial bristle and horsehair wer e 
obtained from brush manufacturers and bristle 
suppliers. Othor specimens from the fil es of the 
microbiological laboratory of th o Bureau, mainly 
ob ta ined from the larger manufacturers of brushes, 
were included in the study . In addi tion , a small 
amount of fiber was secured from animals in the 
surrounding area. Through the cour tesy of the 
National Museum's Division of :M ammals bristle 
and h air from hides of specimens of the families 
Suidae, T ayassuidae, and Eq uidae were made avail­
able. Tables 1, 2, and 3, list the horsehair, bristle, 
and miscellaneous hair samples used in this work. 

The Hardy microtome (fig. 1) , a device used 
routinely in textile microscopy, was the means for 
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T A BLle 1. Rn'stle examined 1:n cross serlion 

Sample Source 

Black H ankow ____________________ _ 
Black Hankow (received 1936) __ __ _ 
Calcu tta India ____________________ _ 
EQuador-South American . ________ _ 
Bristle __________________ __________ _ 
Black Bristle _____________________ _ 

Black Sha nghaL. _____________ ____ _ 
Superior Hanko\\", 5 in . (received 

1936) . 
Shanghai mack __________________ _ _ 
Black Bris tle _______________ ______ _ 
Mixcd Bri stle _____________________ _ 
Black ShanghaL __________________ _ 
Persian ___________________________ _ 
Sus serofa atli/a (Persian wild hog) _ 

Sus serafa maupine"sis (Cb inese 
wi ld hog) . 

Sus cristatus rhion is (C rested bog) __ 

Sus barbalus (Beard ed hog) _______ _ 

Comm ercial A. 
Com mercial B . 
Commercial C . 

Do. 
Comm crcial D . 
9-month-old pig, Grea t Black stra in , 

U. S. Dept. of Agricul ture, Belts­
vi lle, Md. 

Comm ercial A. 
Com mercial E . 

Commercial A. 
Com mercial D . 
Brush. comm ercial D. 
Comm ercial A . 
Comm ercial D . 
Smi thsonia n Ins ti tu tion Collect ion 

U . S. National lVIuseum Specim en 
283111. 

Sm i t hsoni an In s titution collec t ion 
U. S. National ~1 :tsc um specimen 
1i2658. 

Smith son ia n Institu t ion coll ectio n 
U . S. ~National l\1uscUJTI specimen 
122925. 

Smith sonian In stit u tion collectio n 
U. S. National ni(uscmn specim en 
196838. 

T AB L E 2. llorsehai)' (equus cab all us) examined in CTOSS sfction 

Sample Source 

Horsehai r ___________________________ _ Com mercial l. 
Horsehai r ( fl a~gcd) _________________ _ Do. 
N o. 1 stiff quality ___ ________________ _ :--rB S collection . 
Regular medi um quality, black _____ _ 
Black mixture ______________________ _ 
Superior extra-stilT q uali ty, black ___ _ 
No.2 stilT qu a li ty, black ____________ _ 
Black Australian ____________________ _ 
Horsehair (ta il) _____________________ _ 

Horsehair ___________________________ _ 

Do. 
Do. 
Do. 
Do. 

Comm ercial 2. 
12-yr-old mare, 

Md. 
N B S collection . 

17SDA , Rells \' ille, 

TABLE 3. Alisceliane01is hail' examined in cross section 

Sample 

I -I!llo choerU8 me i n er l zh age n i 
(Suid~e). 

P ecar i a n g'l£l al 1.ls crusni ger 
('l'ayassuid'lc). 

Equus grevyi (Equidae) ____ ____ _ _ 

Equus hemionus (Eq uid ae) _____ ._ 

Equus pr zewalskii (Equidae) ____ _ 

Source 

Sm ithsonhL I1 Ins titution collection 
U . S. N ational Museu m specimen 
164627. 

Smi thson ia n Institu tion collection 
U . S. N at ional :Nluseum specimen 
11 i10. 

Smith.:::oniq, n Inst itu tion collectio n 
U . S. )Ja tional l\1useum specimen 
163238. 

Smi thsonia n In stitution collectio n 
U . S. N ation al l\1 useulTI specimen 
8408-3. 

Smithson ian Inst it ution collection 
U. ~ . National M useum specimen 
260018. 

sectioning all the samples, which contained 300 or 
more fibers. B ecause of the toughness of both 
bristle and horsehair it was necessary to soften the 
samples before they were cu t. Although several 
organic plasticizers were tried, both ho t and cold, 
none of them was as effective as a 10- or IS-min 
immersion in boiling water. After boiling the fibers 
they were placed in a microtome and sectioned in 
the usual fashion. The screw was advanced a 25 /-t 
increment for each section, but because the cu t is 
made by hand the actual section thickness would be 
eA1>ected to vary to some extent from tIllS figure. 
Sections were mounted on slides in Canada balsam. 

Single bristles or hairs were oriented in gelatin 

capsules, as shown in figure 2. The top and bottom 
of a No. 00 capsule was perforated with a hot needle 
and the fib er to be sectioned threaded thTough the 
two holes. A plug of gelatin or sodium carboA"Jm­
ethylcellulose was formed around the fiber where it 
passed through the bottom of the capsule in order 
to prevent leakage of the embedding material. If 
possible, the fiber was of such length that the cap 
could be withdrawn from the body of the capsule 
without unthl'eading the fiber from the cap. 

The body of the capsule was filled with a mixture 
of monomers (8 parts of n-butyl methacrylate and 
2 parts of methyl methacrylate) plus 0.5 percent of 
a catalyst, 2,4-dichlorobenzoyl peroxid e. Polymer­
ization was accomplished in an air-circulating oven 
held at 500 C. 

When polymerization was complete the gelatin 
containers were removed by soaking them in warm 
water. Mounting of the embedded fiber in the 
microtome was essentially by the method recom­
mended for the ultramicrotomy of fibers [6], as shown 
in fi gure 3. Sections were cut at 10 or 15 f.1, in the 
Spencer microtome. The methacrylate matrix was 
removed wi th toluol and the sections mounted in 
Ca.nada balsam. 

3. Observations 

Typical cross sections of hog bristles (Sus scroja) 
from various sources are shown in figure 4. Bristle 
pigment appears concentrat ed or more dense in the 
cen ter of the cross section ancl becomes more dilute 
as the periphery is approached. Certain fibers in 
any sample of bristle exhibit cross sections with more 
or less jagged fractures, usually through the cen ter 
of the section. It is a common observation that 
many bristles have hollow centers, and these hollows 
or fragmentation medulla probably account for most 
of the gaps noted in the cross sections. Occasionally 
these openings will practically divide the sect ions 
into two halves, and in these cases it is suspected 
that the sectioning procedure is responsible for , at 
least, enlarging these fragmen ta tion medullas. In 
general, the bristle medulln. is totally devoid of 
fibrou s material but, more rarely, fragments of the 
surrounding cortical cells can be found in the open­
ing. vVhere fragmentation medullas are present , the 
pigment will appear more concentrated around the 
edges of the void and will diminish toward the 
p eripheral cuticle. 

Central concen tration of pigment was found in all 
bristles, regardless of their geographical origin. 
Rarely, a radiate variation of thr, pigmentat ion 
pattern can be found . In this, the pigment is limited 
to bands that in general are t hick at the center and 
narrow toward the border of the section, as shown 
in figure 5. 

The genus Sus consists of num erous closely allied 
and slightly differentiated forms. Transportation 
by man has further confused the taxonomy. How­
ever, it appears that there a,re at least three groups 
of wild hogs of more than subspecific rank [7]. 
Several dozen bristles, representing all these groups, 
as well as widely separated geographic races of one 
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of them, were taken from hides in the Smithsonian 
Institu tion and were secLioned and examined (see 
table 1). The pigmcnLaLion pattern was found to 
be the same in all specimens, as noted in commercial 
bristle from domestic hogs. 

Hylochoerus meinertzhageni (African Forest hog) a 
member of t he Suidae, or Pig family , exhibits the 
normal bristle pigmentation pattern (fig. 6) . Cross 
sections of the hair of th e peccary (P ecari angulatus 
crusn1'ger) were examined fl.nd found to have a much 
different and distinctive pattern (fig . 7). The 
medulla is much more diffuse, and the medullary 
cell outlines are easily distinguished. P ecari a. 
crusniger is included in the Tayassuidae, a family 
closely related to the Suidae. 

Pigm entation at various levels in a bristle appeared 
to be subject to some variation in dcnsity, but the 
basic p attern did not change. Sections through the 
part of the bristle cnclosed in the root sheath (fig . S) 
showed the same pattern found at other levels in the 
fib er . When sections were taken through the 
branching flagged portions of the bristles the pig­
mentat ion pattern was more difficult to detect. 
Cross sections of flags appeared as fragments or 
segments of the entire bristle section. The opacity 
of sections through the flagged area is often com­
paratively high. 

Hog wool is the curly, rather fine fib er usually found 
growing on the belly area of the hide. Hog hair is 
the name applied to the poorly defined fib er that is 
intermediate between bristle and wool. ,Vool is 
rarely found in brushes, being a waste prod uct 
destinecl mainly for upholstery use, but hair is 
largely blended with tb e brush bristl e. When exam­
ined in cross section, however, both wool and hair 
were found to have the pigmentation found in bristle, 
as shown in figures 9 and 10 . 

Mane hair and tail h air of the domestic horse 
(Equus caballus) are widely used in many brushes. 
The body hair is generally too short for this type of 
application. Tail hair is thicker in cross section than 
mane hair, and the F ederal Specification [S] arbi­
trarily defines any sample having fl.n average diameter 
of not less than 0.0055 in . as tail hair. In cross sec­
tions, however , both tail fl.nd man e hair rev ealed the 
same pigmentation pattern. It differed from bristle 
in possesing a cellular medulla, with little or no pig­
ment, which occupied the center portion of the hair 
cross section. The pigment granules were in a ring 
around this colorless area. The medulla was only 
roughly circular; finger] ike diffuse projections of pig­
mented cells into the colorless areas were common, 
and colorless projections into pigmented areas were 
often seen. Typical cross sections through samples 
of horsehair are shown in figw'e II. 

As in bristle, the sections of horsehair revealed 
minor variations in density and d istribution of pig­
ment granules at different levels, but the basic pat­
t ern was constant. In figures 12, 13, and 14 are 
views of sections cut from different locations on the 
same hair. 

Other members of the horse genus appeared to 
have essentially the same pigment di stribution. Hairs 

from Grevy's zebra (Equus grevyi), the Asiatic wild 
horse (E . przewalskii) , and Asiatic wild ass (E. 
hemionus) all show peripheral concentra tion of pig­
ment granules in cross section (figs. 15, 16, 17) . 

Pigment was not seen in sections of the cuticle, or 
scale, stru cture in either bristle or horse h air . The 
cuticle of bristle appeared much thicker than that of 
horsehair and formed a refractive ring around the 
entire section . The pigmentation did not come 
quite to the outer edge of the cortex in all fibers, a~d 
in cross section such fibers had the superfiCIal 
appearance of possessing an extremely thi?k cu.ti~le . 
However, the true cuticle could be eaSily dIstll1-
guished by the differ~nce in its index of ref~'action . 

The dyeing of Ilght-colored , or unpIgmented, 
bristle and horsehair is a common practice in the 
manufacture of brushes. The presence of dye in the 
fibers could be easily detected in cross section a~ld 
presented no obstacle to the determin ation of pIg­
mentation pattern . Natural pigment lYas always 
present in the form of . discrete melanin g ranul~s. 
D ye, on the other h and, couJd always be seen . III 
cross sect ion as a band of amorphou s color of varymg 
width . In many cases the band appeared. to .be 
localized a nd di screte, forming a ring con centnc WIth 
the section outline. In other cases, however , the re 
would be almost complete penetration of dye 
throuo'hout the sect ion. Section s of dyed horsehair 

'=> are shown in figure I S. 
The artificial flaaging of horsehair appears to be a, 

fairly common p~'ac tiee in the brush. indu st ry . 
Flagged horsehair is sometim?s found m br~l sJ:.es 
labeled bri stle and more often, m brushes contammg 
mixtures of horsehair and bristle. Synthetic :flags, 
as would be expected, were found on fib ers with ~i ttl e 
or no taper. All the bran ches of the flag at the tiP of 
the hair appear to spring from practically one point 
on the length of the fib er and lllany branches, often 
a dozen or more, were found in a flag. At th e pomt 
where the fib er is broken up into these branches the 
hair appears to increase in diameter . N a~u:~'al flags 
contained fewer branches, and these dlvlded at 
different levcls from the main trunk. E xamples of 
these :flags are shown in figure 19 . 

The outline of the cross sect ions of both bristle 
and horsehair ranged from roughly circular to 
elliptical and included many irregular shapes. 

4. Discussion 

Mi croscopic examination of fib er is .apparen tly 
rarely resorted to in th e brush and bnstle trade. 
Great reliance is placed on the so-c~lled ."eye .and 
feel test" which some usc not only to Identlfy bnstle 
but also 'to determine its geographic origin . Other 
individuals using this test arc more moderate in their 
claims. Visual examination and manipula.tion of the 
fibers is the basis of this test method . 

Several men with 20 or more years of experien ce 
in the brush and bristle trade consented to apply the 
eye and feel test to a brush shown to be adulterated 
by cross-sectional examination (fig . 20). ~1any of 
the samples extracted from the brush , wl11eh were 
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identified by the experts as representing fibers from 
a specific geographic source, were extremely small, 
but in almost all cases sectioning revealed the horse­
hair pigmentation pattern in some of the fibers 
chosen . In one case two fibers were selected to r ep­
resent Tientsin bristle, and one of the fibers showed 
the horsehair pattern. It is difficult to definE' the 
criteria used in such a nonmicroscopic test. Flex­
ibility and surface appearance are often m en tioned, 
but it is interesting to note that most errors in j udg­
ment are made on the finer and untapered fibers that 
arc in the problem group. Eviden tly taper , fiber 
diameter , and probably flagging must be clements in 
the precision of this test. 

The microscopic observations previously described 
indicate that the centri c pigmentation pattern is 
characteristic of bristle, whereas th e concentric pat­
tern is characteristic of horsehair. Centric pigmen­
tation appears not to be restricted to the domestic 
Sus scroja but is probably common to all of the 
Suidae. Similarly, the concentric pattern of pigmen­
t,ation was found in the hair of all members of the 
genus Equus that were studied. In view of this 
taxonomic distribution, it is hardly conceivable that 
geographic origin would affect the pattern . 

Von Bergen and Krauss [4] found that all bristle 
fibers have a m edullary channel. Although medul­
lated fibers were not uncommon in the samples 
examined, they were not as numerous as the non­
m edullated, and most of the medullas were of the 
fragmentation type. In unpigmented, 01' colorless, 
bristle, however, medullation appears more common. 

The sectioning of bristle and horsehair presents no 
great problems in teclmique. In sectioning with the 
Hardy microtome, a fresh single-edge razor blade is 
used for cutting each section. Drying out of the wet 
fibers causes a gradual return to their normal tough­
ness, so that sectioning should be performed as 
expediently as possible. With methacrylic embed­
ding and the Spencer microtome, 6 to 12 fibers can 
be cut at 10 fJ- or less if desired . 

Bristle and horsehair are LOO opaq lie to permit mi­
croscopi c examination without sectioning. ' Veiriek's 
method of treating fibers with a 10-percent solution 
of sodium hydroxide enabled her to detect thE' pig­
mentation pattern through the fiber diameter. 
Treatmen t with alkali , however, leads to the degrada­
tion of the fiber and does not permit critical observa­
tion of detail. :Moreover , it gives no informat ion on 
the presence or absence of dye. 

Hardy and Hardy [9] have tabulated some trade 
categories of commercial paint-brush fibers, giving 
their most notable characteristics. A typical bristle 
has a definite taper, being thicker at the butt, or root , 
end and becoming gradually thinner toward the tip . 
N ear the tip end the bristle becomes furcated , often 
dividing into several branch es, to form the flag. 
Bristles that approximate this descrip t ion are E'asily 
distinguished from horsehair by their gross aspect. 

---
Horsehair has no definite Lapel', t.hough it may vary 
in diameter over its length, and it has no natural 
flag. The average diameter of bristle at the base is 
greater than the average diameter of horsehair [3]. 

In all groups of bristles, selected at random, how­
ever, there arc fibers showing lit t le or no taper, a 
complete lack of flag, 01' both. Fla.gs may fail to 
form, be worn off while still on the animal, or be 
removed in processing. It is these bristles, often 
making up a considerable part of t he whole , which 
present a problem in fiber identification. These can 
be definitely identified by their pigment distribu tion. 
As picnometer measurements indicate that the den­
sity of both horsehair ancl bristle is approximately 
1.29 [10], quant itative data on the amount of each 
fiber in a mixture can be obtained by m erely inte­
grating the cross-sectional areas in photomicrograph. 

Cross-sectional examination is, unfortunately, no t 
applicable to white or very slightly pigmented fibers. 
Where only sm all amo un ts of pigment are present i t 
is usually desirable to in crease the section thickness 
to resolve the pigmentation pattern. The amount of 
ligh t bristle or hair used in brushes , however , is not 
large. These observations indicate that where ap­
plicable the microscopic examination of cross sections 
is an accura te and rapid mr:p.,ns of differentiating 
bristle and horsehair . ~Io:'rover , the techniques in­
volved present no unusual difficulty, and the pigment 
distribut ion is a characteristic at the family level and 
not subj ect to significant cha nge becau se of geo­
graph ic locat ion, type of hair , or location in the hair 
itself. 

The author expresses his appreciation to Charles 
S. Cox of the Federal Trade Commission, John I. 
Hardy of the United States Depar tment of Agricul­
ture , and C. O. H andley , J1'. of the Smithsonian 
Insti t ution for cooperation in the course of this work. 
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FW URE 1. Disassembled fl m'ely micr%lli e. 

/CAPSULE 

WATER SOLUBLE SEAL --- , ....... ~ 

Fre URE 2. Schematic sec/.ion of capsule: embedding cell for 
single bristles. 

Fre lJ RE 3. S ectioning single fib ers. 
A, Si ngle bristle being sectioned in a rota ry microtomc. 
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FIGU RE 4. Cross sections oj bristle jTom various sources. 

A, Black Hankow received in 1936 from co mmercial source B; B, Black Hankow received in 1950 from commercial source A; 0, random sa mple taken from a bristle 
brush; D , Ecuador, South America. 
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100 J..I 

FIGU RE 5. Cross section of a P ersian bTistle showing radiating 
bands of pigment. 

100 ).l 

100 ~ 

FIGU RE 6. CTOSS section of a hair from l-f ylociloerus m einertz­
hageni (Suidae) showing hog-type distribution of pigment. 

J"rom u. S. 1\TaLio ll ::l1 l\1u sculll spccinl(' 11 16462i. 

FIGURE 7, CTOSS section of hair fl'om a peccaTY, P ecal'i angul­
atus crusniger. 

From U S. Nationall\1uscum specimen 11710. 
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FIGURE 8. Section through the butt end of a black H ankow 
bristle showing the root sheath. 

100 j..! 

100 j..! 

FIGumJ 9. Cross section of b1·istle wool. 

F rG UR E 10. Cross section of bristle hair . 
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FW U RE 11. O'oss sections oj commercial horsehair . 
A, Black Australian ; B, regular medi um qualit)' hlack horsehair ; C, No.1 st itT quality black horsehair; D , No.2 'tiff quality black horsehai r. 
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100 J.! 

FIGUHE 12. Cross section of a horse tail hail' (Equus cab all us) 
near the root end. 

100 J.! 

Fro UHE 14. C"oss section of the same hair as in jig'W'e 12 but 
/Tom the distal end. 

100 J.! 

FraUHE 13. Cross section of the same hair as in figure 12 but 
/Tom the middle of the length. 

100 J.! 

FWUHE 15. Cross section of a hair /Tom G"evy's Zebra, E quus 
grevyi. 

l!-'rom u. S. Nat ional l\{useum specimen 163238. 

VI (l l' H~J 16. Cross section of a hair from lhe wild horse, Equus 
pr zewalshi. 100 J.! 

From U. S. National Museum specimen 260018. 
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Fw um} 17. Cl'OSS secti on oj a hail' jTom the wild ass, Equus 
hemionus. 

It' rom U . S. National ~Iuseull1 SJ)C'c imen 84083. 

A 

B 

F IGURE 19. A , Natural bTistle flags; B , aTtificiall y flagged 
hOTsehaiT . 

Approxima tely X 6 n a tura l si7.C. 

WASHINGTON, D ecember 28, 1951. 

Fw U RI': 18. CTOSS sections oj dyed hOTsehaiT. 

. 
f' , ... '" 

"'.; " 4 ,. . 
,7 " • 

FIGU RE 20. CI"O SS section 'oj fib eTs jl'om a brush showi no hOT se­
hair and bristle. 
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