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INTRODUCTION

This report supplements an earlier report by the U.S. Tariff Commis-
sion E/ issued pursuant to & resolution adopted by the Committee on Finance
of the U.S. Senate on April 28, i958¢ Among other matters, the resolution
directed the Commission to make "An analysis of the present method of grading
and sampling of imported wools, and an analysis of any alternative methods
of grading and/or sampling, as the Commission's study may develop."

For customs purposes, imported wool is presently classified by
visual examination. If the wool is specifically identified by name in
the Tariff Act of 1930, or is "similar" to those named, it is so classif
fied for tariff purposes without reference to its grade. All other wools
are visually classified by grade, which is based solely on the fineness (i.e.,
dﬁmmier) of the fibers as defined by the U.S. Department of Agriculture
standards of 1926. The alternative method of grading wool considered by
the Commission in its earlier report was the micron method, which is
based on laboratory measurement, in microns (millionths of a meter), of
the diameter of many wool fibers. The micron grade specifications used
in the Commission's report were those prescribed by the American Society
for Testing and Materials (ASTM). 2/

The Tariff Commission originally planned to have only the U.S.
Department of Agriculture (USDA) wool laboratory in Denver make micron

analyses of the wool samples collected during its investigation. The

, 1/ U.S. Tariff Commission, Wool for Carpets and Papermakers' Felts:
Report on Investigation No. 3If Under Section 332 of the Tariff Act of

1930 . . ., 1959 (processed).

"2/ "Standard Specifications and Method of Test for Fineness of Wools

D I19-58," ASTM Standards on Textile Materials, 1959, pp. 198-20L.
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wools that were sampled were limited to those that are usﬁally considered
to be coarse wools, since they are generally the only wcols whose duti-
able status would be affected by changes in grade if micron grading were
to be used in place of, or in conjunction with, visual classification.
The American Carpet Institute i/ agreed to assist in locating and obtain-
ing wool samples. At the suggestion of the institute, large samples were
collected so that portions could be furnished to three laboratories--the
USDA laboratory and two private laboratories.

Part of the micron test results from only one laboratory (USDA)
were received by the Commission in time to be incorporated in its Septem-
ber 1959 report. Af ﬁhe time that report was issued, the Commission did
not plan to publishban analysis‘of the remaining test results. Since
publication qf the 1959 report, however, considerable interest in micron
analysis has been manifested by individuals both in private industry
and in various Government agencies. Moreover, Public Law 86—557,
approved June 30, 1960, authorized the Secretary of Agriculture to deter-
mine the official grade standards for imported wool; the Secretary is
thus authorized to extend micron grading to imported wools should he so
choose. In view of the interest expressed, the Tarifi Commission decided
to make avaiiable its analysis of all the micron test-dafa received from
the three laboratories. The micron grade specifications employed in
this report are virtually the same as the ASTM grade specifications
employed by the Commission in its 1959 report. They are also the grade
specifications included in a set of micron standards which the Department

of Agriculture is planning to propose for official use.

g/ The national trade association of the domestic carpet manufacturers.



Although the aforementioned resolution of the Senate Finance Committee
called for an analysis of methods of sampling wool, little new information
on sampling appeared»to be needed. Sampling is ordinarily not involved in
determining the tariff classification of imported wools under the present
(visual) method of grading, since visual classification is generally made
by a direct examination of the wool in the bales. The samples that have
usually been employed for.micron analysis are the residues from samples
taken for the determination of the clean content of.wool. l/ Neverthe~

.less, to determine the adequacy of hand samples for grade determination
by micron testing, samples were taken by hand from various lots of wool
(in accqrdanceAwith ASTM specifications), and a small number of them were
subjected to micron analysis.

The Tariff Commission is indebted to the three laboratories--the
Department of Agriculture laboratory and the two private laboratories
(ACH Fiber Service, Inc., 11-17 Melcher Street, Boston, Mass., and U.S.
Testing Co., 288 A Street, Boston, Mass.)--which micron-tested the wool
samples provided them. The general teehnical proficiency of these
laboratories in the wool-testing field is well known. The three labofa-
tories are identified in this report by letters of the alphabet. The
Commission is also indebted to the U.S. Bureau of Customs and the U.S.
Department of Agriculture for their cooperation in this supplementary
study. The Tariff Commission, of course, takes full responsibility for

the analysis and the material presented in this report.

1/ Clean-content determinations are usually made in connection with the
merchandising and importation of wocl.



SUMMARY AND CONCLUSIONS

In the course of the Commission's investigation, samples of certain
imported coarse wools were obtained, were officially classified for
customs purposes by visual examination, and were sent to three labora-
tories for micron testing. The results of the visual examination and
the micron tests constitute the basis for this report.

Wools are coﬁmonly grouped into two categories--"improved'" wools
and "unimprovéd" wools. As the names suggest, the former are obtained
from sheep that have been improved by selective breeding, whereas the
latter are from sheep that have changed little from their original native
character. Among other distinguishing characteristics, improved wools
are distinctly more uniform in fiber diameter than unimproved wools.

This difference is apparent on sight to one familiar with wool; data
obtained during the investigation indicate that it is equally discernible
by micron measurement. A coefficient of variation of 33 percent has been
found by analysis of micron tests to be the dividing Iine between the

two groups of wool.

The micron.grading system, like the visual grading system, is based
on fiber diameter. Use of micron grading would proﬁide an objective
method of determining the tariff classification of imported wool; i.e.,
the average fiber diameter of a wool is determined from actual measure-
ments of the diameter of several hundred wool fibers in a laboratory.
Under the present official grading system, the tariff classification of
imported wool is determined from a visual observation of wool fineness

i.e., fiber diameter) as it appears in the bale at the time of importation.
5
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In this investigation each laboratory tested the wool samples in
duplicate. This procedure permitted within-laboratory comparisons to
be made between the test results of the duplicdtes for each sample, and
also permitted comparisons to be made between laboratories of test
results for each sample (using the sum of the duplicates). The Commis-
sion's analysis of the within-laboratory tests on these duplicates
indicates that there were larger differences between duplicates,
particularly for two of the laboratories, than would normally be
expected. The results from the third laboratory were closer to
expectations.

The extent of agreement between laboratories on tariff grades for
improved wools ranged from 56 percent to 7L percent and averaged 62 per-
cent. Such interlaboratory agreement would probably have been higher
had test procedures been more fully standardized. With the adoption of
more uniform procedures, it is reasonable to expect that any two labora-
tories would agree on tariff grade for more than 75 percent of the
improved wools they test. Because of the sharp dividing iines that
exist between the wool classifications, it would be virtually impossible,
however, for any two laboratories using tests of the type employed in
this study to agree on grade for more than about 90 percent of their
tests. Some increase in the extent of agreement between laboratories
could always be obtained, however, if the number of fibers measured per
sample were significantly increased abéve the 1200-1600 fibers per sample

that were measured in this investigation.



The analysis of the data obtained‘in this investigation indicates
that the use of a combined visual and micron system of classificatioﬁ
would be reliable and would'be more objective than the visual classifica-
tion, system now in use. However, micron grading cannot be regarded as a
complete substitute for visual classification. TIts use without a Visual
inspection would not be feasible or possible for several reasons:

1. Present U.S. customs classifications require that
the condition of imported wools (in the grease, sorted,
scoured, or on skins) as it enters the country be
identified. The only practical method of determining
this is by visual examination.

2, Micron measurement provides no basis for distin-
guishing the named and similar wools, which have the
lowest rates of duty, from other unimproved wools.

They can be distinguished only by visual examination.

3. A customs classification system based only on
micron testing would be both expensive and time-
consuming. The use of micron testing in connection
with a suitable visual examination, however, would
permit the vast majority of imports (about 75-90 percent
of all entries) to be classified by visual inspection.
Micron analysls would therefore be necessary only for
borderline lots where the examiner was uncertain of the
grade or where the importer protested the classification
made by the examiner. Particle size counters that pro-
vide satisfactory fiber-diameter distribution data for
wool have not yet been perfected but may be in the
offing. Such devices could shorten the time required
for micron analysis of a coarse wool from a matter of

a day to less than an hour and lead to substantial
reductions in cost.

The tariff classification of most imported wools and the rates of
duty applicable to them would not be affeéted by a change to ﬁicron
grading. Two large groups, which account for more than half of all
imported wools, would not be influenced by changes in grading methods.
The first of these groups consists of the 30 types of wool namedvin

paragraph 1101(a) of the Tariff Act of 1930 and wools regarded as



similar to them. "Named and similar" wools qualify for entry as such
without regard to their grade or fineness. The second group consisté

of wools much finer than héé (e.g., 565 and finer) imported into the
United States; i/ these finer wools, which are subject to the same rate
of duty regardless of grade or use, are quickly and clearly classified by
visual examination.

The rates of duty for the remainihg wools imported into the United
States depend upon the grade (i.e., fineness) of the wool. Some of
these are unimproved (i.e., variable) wools consisting mainly of.mixturesi
of named and improved wools and of carpet-type blends. Such wools are
sent to the United States only when they are believed to have a tariff
grade of not finer than L6s, since their principal use is in carpets.
Thirteen lots of mixtures and blends obtained for this study were classi-
fied visually as being not finer than 40s; 8 of them were found by
micron grading to be finer than 46s--a classification which would pre~
clude their duty-free use in carpets. Under a micron method of grading
there would undoubtedly be fewer imports of such mixtures and blends
than formerly.

Coarse improved wools (i.e., improved wools like those tested in
this investigation) constitute the rest of the imported wools whose
rates of duty depend upon their grade. The introduction of micron
grading would cause considerable change inlthe tariff grades assigned to

these coarse improved wools, regardless of the particular standards which

1/ All wools finer than L6s, except carbonized wools, are subject to
the same rate of duty, regardless of grade or use. Wools not finer than
L6s (including the named and similar wools) are free of duty if 1mported
for use in carpets or other specified purposes.



might be established for micron grades. Only about threeQeighths of

the 76 lots of improved wools tested in this study received the same
micron and visual tariff gréde. l/ Most of these 76 lots originated

in New Zealand and Argentina. The New Zealand wools showed considerable
disparity between their visual and micron tariff grades; their grades
would be somewhat coarser, on the average, if the micron system of
grading were adopted. Nearly all Argentine wools, however, were found
by micron tests to have tariff grades that were finer than the tariff
grades assigned by visual examination. There is little doubt that most
coarse Argentine wools would be classified at least one tariff grade
finer if the micron method of grading was adopted.

Although, as described just above, the substitution of micron test-
ing for visual examination would result in substantial changes in the
tariff grades of coarse improved wools imported into the United States,
such substitution would have a considerably smaller effect on their
eligibility for free entry under bond for use in carpets or other
specified purposes. To be eligible for free entry, improved wools must -
be graded as L6s or coarser. Of the 76 lots of improved wools tested in
this study; T2 qualified for duty~free entry according to the grade
visually assigned. Of these T2 lots, 2 did not qualify for free entry
when graded by micron tests. The remaining 4 lots were not eligible
for free entry according to the grade assigned visually. When graded

on the basis of micron tests, however, they were eligible for duty-free

1/ Although 80 lots of improved wool weré tested, only (6 of them were
compared with the grades visually assigned.
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enﬁry. It is estimated, therefore, that the dutiable‘status of sbout

10 percent of all wool imported in recent years would have been different

had micron grading been in effect.

Named and similar wools are generally regarded as being much too
coarse and heterogeneous for apparel use. The heterogeneitj in fiber
diameter is quite apparent both from visual inspection and from the
micron results. The named and similar wools tested in this investigation
proved not to be as coarse as previously suspected, however. Almost
half of them (2L out of 53) were found to be finer than L6s on a micron

grading basis.

Although this study of the micron grading of wool is concerned
principally with the analysis of tests on samples taken with a coring
tool, a small number of tests on samples taken by hand were aléo
analyzed. These analyses indicate that hand samples are not suitable

for micron analysis of wool.
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U.S. TARIFF CLASSIFICATION OF WOOL

Wool imported into the United States is dutiable under the pfovisions
of paragraphs 1101 and 1102 of the Tariff Act of 1930. l/v Paragraph 1101
: provides, eo nomine, for "named and similar" wools; it also provides for
wools not finer than grade LOs. The named wools are wools from sheep
which are native to certain designated regions and which for the most
part do not have merino or English blood. Z/ The term "similar" wools
refers to wools without merino or English blood which are not named
wools but which are similar to fhem. 2/ Paragraph 1102 provides for
vwoéls finer than grade l0Os.

For duty purposes, the grades pertinent to wools that are neither
named nor similar are (1) not finer than LOs; (2) finer than LOs, not
finer than llLs; (3) finer than Lls, not finer than L6s; and (4) finer
than L6s. é/ Although these four tariff grades are the only ones perti-
nent for duty purposes, a larger number of grades are used commercially
within the United States. They begin at 36s (very coarse), continue with

hos, klis, 48s, 50s, and so forth, and end at 6hs (fine). While these

1/ Carbonized wools are dutiable under the provisions of par. 1106,
but the amount of such wools imported into the United States is small;
carbonized wools are not further discussed in this report. o

2/ The wools named in par. 1101 are as follows: Donskoi, Smyrna, Cor-
dova, Valparaiso, Ecuadorean, Syrian, Aleppo, Georgian, Turkestan, Arabian,
Bagdad, Persian, Sistan, East Indian, Thibetan, Chinese, Manchurian,
Mongolian, Egyptian, Sudan, Cyprus, Sardinian, Pyrenean, Oporto, Iceland,
Scotch Blackface, Black Spanish, Kerry, Haslock, and Welsh Mountain.

3/ Few types of wool have qualified as "similar" under the 1930 tariff
act. The principal types which have qualified are Karakul (regarded as
similar to Persian wools), Herdwick, and Swabdale (regarded .as similar to
Scotch Blackface), and Anatolean wools (regarded as similar to Bagdad).

li/ For convenience, these four tariff grades are frequently identified
in this report as follows: (1) nf/LOs, (2) Lhs, (3) Lés, and (L) f£/Lbs.
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designations originally had reference to the amount of yarn that could be
spun from a given weight of wool, they now refer to official standards
established by the U.S. Department of Agriculture in 1926. Official
replicas of these standards have been made available to the Bureau of
Customs wool examiners to enable them to determine the rate of duty on
the wools that must be graded.

The Tariff Act of 1930 specifies that the wools provided for in
paragraph 1101 may be imported free of duty for the manufacture of carpets
and certain other uses. 1/ This duty-free provision was extended tempo-
rarily, in 1958, to wools not finer than L6s destined for the same end
uses as those specifiéd in the 1930 act. The extension was made permanent
in 1960; at that time, the specified end uses were broadened to cover
wool used in papermakers' felts.

The categories of wool pertinent for duty purposes, and their
respective rates of duty, are shown in table 1. In addition to distin-
guishing visually between these categories for duty purposes, customs
examiners must distinguish between certain conditions of impcrted wool
at the time of importation since the rate of duty varies not only
according to grade but also according to the condition of the wool,

The different rates of duty which apply to specified conditions of
wool (in the grease or washed, on skins, sorted, and scoured) are
intended to afford protection to industries that perform the preliminary

processing of wool in the United States.

1/ The other duty-free uses are for the manufacture of press cloth,
camel's hair belting, knit or felt boots, and heavy fulled lumbermen'
socks.
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The differences in the fineness of fiber diameters between ad jacent
grades of wool are very small--about 1/10,000 of an inch. Consequently,
considerable training and ekperience are required before custcms |
examiners can make meaningful visual evaluations of fineness. To be
consistent in grading, the examiners must be familiar with many grades
and types of wool. Even then, working conditions (1ight, temperature,
and the like), condition of the wool (fleece, greasy shorn, scoured,
washed, pulled, and so forth), and other extraneous factors influence
their determinations. In visual grading, the examiner is governed to
some extent by characteristics more readlly perceptible than fiber
diameter, such as crimp, fiber length, country of origin, strength,
handle, and resilience, which are correlated with fineness.

Examination is made by the Bureau of Customs ofreach‘lot of‘wool
entered. For some lots this examination is, of necessity, detailed and
time consuming, especially if the wool is close to the borderline of
two grades for which different rates of duty apply. For most lots,
however, a definiﬁe grade for duty purposes can be assigned after a

brief inspection.
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PROCEDURES FOLLOWED IN OBTAINING AND ANALYZING WOOI. SAMPLES

To provide information on present and alternative methods of
grading wool, the Commission obtained samples of imported wools.
These samples were collected with as little change from the usual
entry and customs procedures és possible, and an official visual
customs classification of the wool was obtained at the time each

sample was drawn.

Sample Collection Procedures

A sampling team composed of representatives of the U.S. Bureau
of Customs, the U.S.lDepartment of Agriculture, and the U.S. Tariff
Commission was formed to obtain wool samples for this project. The
staff of the Tariff Commission in cooperation with the other members
of.the team then developed a list of wools to be sampled. This list,
which was based on data relating to wool imports in earlier years,
described foreign coarse wools by kind, type, and grade; it also
indicated the approximate proportion of each listed wool to toﬁal
imports of all wools coarser than grade 50s (including nemed and
similar types) in recent years. The list covered only these
coarser wools since it is only within this group that different
rates of duty apply to different grades of wool.

The team used the list as a guide to bbtain samples of 146

lots of wool. Each lot consisted of 20 bales which were selected



1L
from a customs entry of a particular type of wool. l/ The entire
146 lots were selected from six carpet mills and two papermakers '~
felt mills, from plers, and from warehouses of wool dealers. The
lots were officially (visually) graded by Bureau of Customs
examiners. '

The 146 lots of wool from which samples were drawn are listed .
on the following page. They are divided into two major categories,
iﬁproved and unimproved; within each category they ére also
individually listed in accordance with their visual tariff

classification.

1/ For a few lots the desired number of bales could not be ob-
tained. The sample for each of these lots was taken from the bales
available and correspondingly more wool per bale was drawn.
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Core samples

Samples drawn with a coring tool from bales of wool are known
as core samples. The tool used in this study was a half-inch rota-
ting sampling tube about 18 inches long with a sharpened cutting
edge. In penetrating the bale, it cut a core of wool which remsined
in the tube until ejected into a container. The cores were taken
substantially in accordance with the sampling procedure prescribed
by the American Society for Testing and Materials, i/ éxcept that
no attempt was made to preserve the moisture content Qf the sample.
Essentially, this procedure requires that substantially all par£s
of a bale be accessigle to the coring tool, and that all parts be
represented in the wool which is drawn. From each of the 20 bales
in a lot, 4 cores were drawn, making a total of approximately 80
cores; 2 of the 4 cores from each bale were combined to form one
duplicate sample (of 4O cores) and the other 2 cores from each

bale were combined to form a second duplicate sample (of 40 cores).

1/ "Standard Method of Core Sampling of Raw Wool in Packages
for Determination of Percentage of Clean Wool Fiber Present:
D 1060-58," ASTM Standards on Textile Materials, 1959, pp. 419-426.
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As the duplicate samples from each of the 146 lots were drawn, they
were separately packaged and forwarded to the U.S. Customs Laboratory
in Boston, where each duplicate was individually scoured and mixed. }/

After being scoured and mixed, the wool in each duplicate was
remo&ed from the scouring solution 1n very small quantities and distrib-
uted into three portions. After drying, one portion was sent to each
of the three laboratories for micron analysis. Thué, each laborator&
received 292 duplicates representing 146 lots of wool. The laboratories
were furnished the sample number, country of origin, and condition and
description of the wool, but not the customs grade. g/

Hand samples ’

In addition to the core samples, hand samples were drawn for use
in this study. They were drawn in accordance with the hand sampling
provisions of ASTM Standard D 419-58. For each lot, an aggregate of
about 40 pounds of wool was taken by hand from at least two bales,
which were selected at random from the lot. Fach LO-pound sample was
divided, by a random procedure, into four portions. g/ One portion
was forwarded to each of the three cooperating iaboratories, and the
fourth portion was retained by the Bureau of Customs. The hand samples
were obtained primarily to provide samples of the wools tested in this

investigation. A few were also used for comparison with core samples.

1/ In "scouring," wool is thoroughly washed with a cleansing agent to
remove grease and dirt.

g/ Contrary to usual experimental design, the Tariff Commission disclosed
the identity of the duplicates. Subsequent analysis of the data in table
7 has not shown, however, that this affected the results in any way.

3/ A small (1/2 pound) sample was also retained by the Tariff Commission.
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Laboratory Analysis

Single diameter method of measuring wool fibers

The single diameter method of measuring the diameter of wool fibers
is described in ASTM Standard D 419-58. Essentially, this method involves
measuring the diameters of a specified number of wool fibers on a magﬁi—
fied projection of the longitudinal (side) view, as opposed to the cross-
section (end) view of the fibers. In order that the fibers may be measured
iﬁ this manner, they are first packed parallel to one another in a viselike
holder. This holder keeps the fibers together and allows the mass to
be extruded longitudinally so that the fibers may be cut with a razor
blade at right angleé to their length. When the holder has been packed
and the excess fibers are trimmed off, the mass is extruded about 250
microns and cut off. This first cut is usually discarded. After another
extrusion of about 250 microns, a second cut is made with a clean razor
blade. The fibers obtained on the second cut are removed from the blade
with a dissecting needle, placed on a microscope slide, dispersed in a
few drops of mineral oil, and the slide is completed with a cover glass.

The covered slide is inserted into a microprojector which projects
a microscopic field onto a horizontal surface. The projector is adjusted
to magnify the image exactly 500 times. The projected image of the cub
wool fibers résembles short lengths of rope scattered on a light back-
ground, The diameter of the required numﬁer of fibers is measured by,
and recorded on, a printed cardboard wedge-scale. When kemp fibers

(described below) are found, they are not measured but merely counted.
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Bidiameter method of measuring wool fibers

Cross-section slides are needed to measure wool by the bidiameter
method. These slides are prepared by a method similar to the single
diameter method. Wool fibers are packed parallel in the holder, extruded,
trimmed, and again extruded. A drop of embedding medium, however, is
put on the fibers prior to cutting. When this chemical hardén& it acts
as a mount and keeps the fibers from moving while they are cut. The
embedded mass of fibers is extruded about 15-20 microns and cut off. It
is then mounted on a slide so that the short lengths of fiber are stand-~
ing on end, and the slide is placed in the microprojector for cross-section
measurement. The %}émeters are measured in two directions, at right
angles to each other, and then the two measurements are averaged.

The bidiameter method of measuring wool fibers is particﬁlarly
applicable to those fibers which are highly medullated, although it may
also be used to measure nonmedullated wool fibers. Medullated fibers
are hollow fibers; that is,ithey have air spaces within the fiber which .
vary in size from tiny fragmented hollow sections to continuous large
hollow centers. Hollow areas may appear in fibers of all diameters,
though most of the fibers in which they appear are more than 30 microns in
diameter. There is virtually no doubt whether a fiber is medullated; there
is only doubt as to the proportion that is medullated. On microprojec-
tion, these hollow portions appear as black areas in an otherwise trans-

lucent image (see fig. 1).
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Figure 1l.--Diagram of wool fibers as they would appear under the
single diameter method of measurement when magnified 500 times

J/ 23 microns

Normal fiber .«
|

~m_§§;iif/‘ 47 microns

\5

Partielly medullated fiber /j'\

140 microns

Kemp fiber
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Kemp fibers are defined, for purposes of this investigation, as
fibers in which the hollow center accounts for more than three-fourths
of the diameter. They are éharacteristically ribbon shaped, often
measuring as much as 200 microns on thelr elongated side and as little
as 20 microns on their short side. Kemp fibers lie on their elongated
side when placed on a microscope slide to be measured by theAsingle
diameter method; the measurement consequently is of the widest side.
Under the bidiameter method, the diameters of both the elongated and
short sides are determined and then averaged.

Measurement procedures followed by the 1aboratories

Three laboratories participated in the present investigation. Each
of the analyses they performed was based on the measurement of the
diameters of ﬁany fibers. From these measurements the distribution of
diameters, percent of medullated fibers, and percent of kemp fibers were
determined.‘ Measurements were made separately for the duplicates of each
lot tested. The number of samples analyzed and the number of fibers per

sample -that the laboratories measured were as follows:

Number of : Number of : Total number of
Laboratory : samples : fibers measured : fibers measured
: analyzed : per duplicate : per sample
A e : 146 : 800 : 1,600
B e : 121 : 800 (10 lots) : 1,600
: ‘ : 600 (111 lots) : 1,200
Commm e : 146 : . Nonconstant : Nonconstant
number 1/ :  number 1/

1/ For the entire 146 lots, the number of fibers measured per duplicate
averaged 615 and ranged from 581 to 723. The number of fibers measured
per sample averaged 1,231 and ranged from 1,198 to 1,373.

The exact number of fibers measured for each sample by each laboratory is

shown in tables 2, 3, and L4,
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The procedures followed by the three laboratories were not iden-
tical. ILaboratory A measured fibers on a single diameter basis except
when kemp fibers were found. The kemp fibers were not measured but
merely counted. An equal number of kemp fibers from the appropriate
duplicates of the sample were subsequently measured by the bidiameter
method and these measurements were included with those obtained on

a single diameter basis in the report of fiber diameters sent to the

Commission. Laboratory B followed a procedure almost identical with
that followed by laboratory A. In preparing some samples for bidiam-
eter measurement, however, laboratory B used a hooked wire to draw

the fibers part way ﬁhrough a small hole in a cork. A transverse slice
of this cork with the wool fibers held in the center was then inserted
in the microprojector to obtain a cross section image which was measured
as described above. Because this procedure had a tendency to cause the
iargest, most brittle kemp fibers to break and possibly to be lost

from the sample, it was replaced during the study by the one describéd
in the above section on the bidiameter method of measuring wool fibers.
No record was made, however, of the particular samples analyzed by each
method.

Laboratory C did not make bidiameter measurements of kemp fibers but
instead measured all fibers on a single diameter basis. Consequently,
the results of the micron tests made by laboratory C for those lots of
wool containing significant portions of kemp fibers resulted in average
diameters appreciably»larger than would have been obtained héd the tests

been made on a bidiameter basis.
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Some hand samples were also subjected to micron analysis in this
investigation. The special laboratory procedures they required are

described in the section enﬂitled "Hand sampling."

Statistical Reporting
FEach laboratory used forms like the one shown in figureVZ to report
the results of their analyses to the Tariff Commission. The form in
figure 2 contains the data for sample No. 335 (a Neﬁ Zesland second shear
ﬁool) as reported by laboratory A. The percentages of medullated and
kemp fibers in the sample were reportéd separately and the measurements

of these fibers were included in the fiber measurements shown for each

duplicate.
Figure 2.--Reporting form
UNICED) STATES TARIFF COMMISSION

Investigation No. 3
RERPORTING FORM

wr N, 335 -C

"Duplicate Duplicata Total or

No, 1 No, 2 avorage

Average diameter (m)---m-we-- 36,05 . 33.98 34,02

Standard deviation (6)=-e-n-- 9,41 9.15 9.:1‘— :
Coefficient of variation (%) 27.81 26.92 T 21,36
Number of fibers measured---- 800 800 160!
Medullated fibers (%)--w-mnx- 5.15 ~ 10,00 7.88
Kemp fibers 03 J— - - Q

Fiber distribution (%)

Gl ioir i

COMMENTSs (Include range in diameter LABORATORY_ "A"
of fibers over 100 microns). Continue - -
comments on reverae side if DATE
necessary. -
SIONATURE
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The basic data reported to the Tariff Commission by the three
laboratories and used by the Commission for its calculations were con-
verted to & uniform format and are contained in tables 2, 3, and L.
All Qata reported to the Commission aieAincluded in this report for
reference purposes, since information of this type has not been
generally available, especially for some of the less common Wools.

Tables 2, 3, and 4 are each divided into two sections. The
first section in each table is limited to unimproved wools. The
second section liste the improved wools grouped according to the
official tariff clastification assigned by a customs examiner. A
detalled description of other characteristics of each lot is slso

given in these tables.
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ANALYSTS AND INTERPRETATION OF DATA

Three lines of inquiry are presented in the sections which follow.
The first of these is concerned with improved and unimproved wools and
the ﬁeans by which they may be distinguiéhed under either the micron or
the visual method of grading. The seéond is concerned with the cdmparison
of the micron and visual grades obtained on 80 samples of improved wools
and, the third, with the reliability of the micron method of grading

wool. Also examined is the adequacy of hand sampling for micron grading.

Distinction Between Unimproved and Improved Wools

In their original native state, sheep possessed an outer coat of
coarse guard hairs that covered finer downy wool. This combination of
fibers protected the sheep against weather and skin abrasion in the
rough country in which they roamed. Sheep with substantial quantities
of guard hair are still the only sheep found in many of the less developed
areas of the world. Such sheep have not changed to any substantial degree
over the centuries; they are essentially the same as the sheep of Biblical
times. The term "unimproved wool" refers primarily to wool from such
sheep. It is "wild" and variable in character and has many long, coarse
fibers.

The '"named'" and "similar" wools provided for in paragraph 1101 of

the Tariff Act of 1930, are unimproved wools. l/ There are other wools

1/ Black Spanish wool is an exception. Although named in par. 1101, it
is_generally regarded as an improved wool. This fact is of no consequence
in the present investigation, since Black Spanish wool has not been im-
ported into this country for years. Karakul, on the other hand, is regarded
as unimproved despite the fact that it is obtained from a type of sheep
that has experienced selective breeding to produce better lambskins. The
wool itself is a coarse black wool of highly variable fiber diameter that
is classified as '"similar" to Egyptian wool for customs purposes.
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that are unimproved wools but cannot qualify as "nemed" and "similar"
wools. 1/ These wools, which are designated "other wools of whatever
blood or origin" in the Tariff Act of 1930, must be classified by grade
since there is no other classification applicable to them (table 1).
Certain other types of wool which are generally similar in fiber-
diameter variability to the unimproved wools described above have been
developed and are imported into the United States. They are classified
as unimproved wools in this report. One of these types of wool is a
mixture of "named" wools and low-grade wools obtained frbm improved wooll
fleeces. Cordova blends from Argentina are well-known examples of this
type. They are mixtures of Cordova (a named wool) and low-grade pieces
from the necks, flanks, britch, and other less desirable parts of improved
wool fleeces; they are generally intended for use in carpets. Samples of
fivellots of such mixtures were obtained during the investigation.
Another type similar to unimproved wool in fiber-diameter variability is
the carpet blend, which consists of pieces of various types of wool that
are blended and sold, under trade names, for use in carpets. In this
category are Mazumet blends 2/ and Holland blends. Such blends, eight
samples of which were obtained during this investigation, are noteworthy

for the extreme variation found in their fiber diameter.

1/ The named wools are identified in the act itself. Wools can be
regarded as similar if they have the same appearance as named wools and
if they contain no merino or English blood. Crimp, or waviness, in the
fibers is regarded as evidence of such blood or breeding.

2/ Mazumet is a wool-pulling center in France where wool is removed
from the pelts of slaughtered sheep.
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As used in this report, therefore, the term "unimproved wool"

refers to (a) wools which are naturally wild and variable in charscter
and (b) mixtures and blends of variable wools prepared abroad for sale,
generally to carpet manufacturers, in the United States.

In contrast to "unimproved wool," the term "improved wool" as used
in this report refers to wool from breeds of sheep that have changed
considerably over the centuries as a result of selective breeding. The
Spanish merino and the English breeds, prominent about 150 years ago,
constitute the foundation for almost all the modern breeds of sheep
which have been improved by breeding. Improved wool 1s distinguishable
from unimproved wool by its uniformity of fiber diameter, crimp (waviness),
softness, good color, and other factors.

Since the characteristics of wools produced by the same breed of
sheep differ with climate, topography, feed, and local husbandry,
improved wools, like the unimproved wools, are usually identified by
country or area of origin and generally by some indication of grade and
type, rather than by breed. The samples of both improved and unimproved
wools collected during this investigation are so identified in this
report; their identification is supplemented by other information
deemed pertinent.

Methods of distinguishing between wools

Improved wools can be readily distinguished from unimproved wools by
differences in the variability of their fiber diameters. Not only is the
difference in fiber-diameter variability between these two groups of wools
apparent on visual inspection to one familiar with wool, but it can also

be measured, under the micron method, by the coefficient of variation. }/

l/ The coefficient of variation is defined in app. B.
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Fiber-diameter distributions for typical unimproved and improved

wools of identical average diameter tested by laboratory A are presented

in figure 3.

They illustrate both graphically and in statistical terms

the basic differences in variability of fiber diameter that exist between

improved and unimproved wools.
Figure 3,~.Comparative fiber diamster distribution of imported improved
and unimproved wools of identical average dismetesra
Percent Lerendt  Tmproved ... “Unimproved - — - - __ Percent
X both samples = 39,5 microns | X both samples = 36,2 microns ]
20 :" 4 20
/
i , <« $191 ' 1 4 <— $142 .
' N.Z, crutchings ! N.Z. fleece
! V=264 % _ / V= 2544
10 | + o 1 10
'
! #170 ! #100 -
L «# East Indian 1o # " Sardintan -
] . V=3649% : V = 50,4 %
] ~
0 e e S et S LEEUR PR
i X both samples = 35,3 microns X both samples = 34,0 microns ]
20 + 4 20
B “———$141 1 , ~— #335 i
. N.Z. crutchings , N.Z. 2d shear
/ V =29,5% ! V=27,5%
10 T 1 10
f
#140 | 133
B Scotch Blackface | Cyprus 4
£ Vo= 42,9 ! N V=5134%
~ " " \‘\\N
60 80 100 120 20 ) 60 80 100 120
Fiber diameter in microns

- 20
Note on symbols.-:-'f = mean or arithmetic average, and V = coefficient of variation.
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A1l the wools sampled in this investigation which on a visual basis
were found to be unimproved are listed in tables 5A, 5B, and 5C. All
the wools sampled which on a visual basis were found to be improved are
listed in tables 6A, 6B, and 6C. The coefficients of variation for
each individual sample, computed from the déta reported by each of the
three laboratories, are also shown in these six tables. All samples of
improved wool have coefficients of variation less than 33 percent and all
Samples of unimproved wool have coefficients of variation greater than
33 percent., The coefficient of variation of 33 percent therefore is a
dividing line between improved and unimproved wools. The average of the
coefficients of variation was L6 percent for the 66 lots of unimproved
wools and 27 percent for the 80 lots of improved wools. l/

In addition to differences in the variability of fiber diameter,
an important distinction between most improved and unimproved wools is
the difference in the percentage of kemp fibers in the wools. Most
unimproved wools have a significant percentage of kemp fibers, whereas
improved wools generally have only a very small percentage. Laboratory
A, for example, found that 61 of the 66 lots of unimproved wools it
tested contained 0.5 percent or more of kemp fibers, but that only 3 of the
80 lots of improved wools it tested contained that great a percentage of
kemp fibers (table 2). Although the proportions of kemp fibers in these
two groups differ significantly from an overall point of view, no
specified percentage of kemp can be used to distinguish between improved

and unimproved wools with the degree of reliability which is obtained by

1/ Based on results submitted by laboratory A.
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the use of the coefficlent of variation, since some improved wools had

a higher percentage of kemp fibers than some unimproved wools. For
similar reasons, the percenéage of medullated fibers to the total number
of fibers in a sample cannot be used to distinguish reliably between

the two fypes of wool, |

Differences between laboratory test results for unimproved wools

The measurements of unimproved wdils reported by the three laboratories
often differed significantly for the"same lot of wool. The greatest
. differences between laboratory results.for these wools occurred between
the results reported by laboratory A and those repdrted by laboratory C.
Somewhat smaller differences were noted in comparing the results of labdra-
tories A and B. The differences appear to be attributable lafgely to
the use of different methods of measuring kemp fibers described in the
section on measurement procedures followed by the laboratories, since
.the greatest differences were found where the amount of kemp in the
sample was large. Thus, there were large differences between the
standard deviations obtained by laboratories A and C for unimproved wool
samples (tables 5A and 5C). These differences were found to be strongly
correlated with the percentage of kemp in the samples. The correlation
coefficient was 0.75.

Fineness of unimproved wools

Unimproved wools cannot be graded visﬁally'with a high degree of
precigion because their fiber diameters are highly variable. Most
imported wools of this type, however, are not required to be graded.

The named ana similar wools need only to be identified as such under the

i
provisions of paragraph 1101 of the Tariff Act of 1930 to qualify for
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duty~free entry, or, if they are not to be used for carpets or other
seiected duty-free'uses, for the lowest rates of duty applicable to‘gny
type of wool (table 1). However, mixtures and blends, which constitute
most of the remaining part of the ﬁnimproved wools imported into the
United States, must be classified by visual grade as best it can be done.

As one result of this study micron data are available which indicate
the fineness of unimproved wools. The tariff grades that wefe obtained
from the application of the micron system to named and similar wools,
ﬁixtures, and blends, based on the résults obtained by laboratory A,

are presented below (by number of samples):

Micron grades }/ '

: :
Visual : , f Total
- ¢lassification f nﬁ/hOs f Lhs f L6s f £/L6s ;
Named and similar------: 13 : 8 : 8 2L . 53
Mixtures—-—=—=——mmm———— : - 1 : 1 3 5
Blends-—————m—mmmmmm e : 1 -2 2 5 8
. Total ———===m—mmmm : 1l 9 11 32 66

1/ The grades abbreviated in this tabulation are defined on p. 10.

The average fiber diameters of the unimproved wools, and the tariff
grades related thereto, were found to be much finer than they are gener-
aily considered to be., Mongolian wools were found to be about 58s, the
fineét of the unimproved wools. In addition; the Mongolian wools were
noteworthy for their extreme variation in fiber diameter. (Their coeffi-
clents of variation ranged from 62 to &8 percent.) Scotch Blackface
wools, on the other hand, were coarse (most of them were nf/L0s). They
had a variation in fiber diameter which, while considerable, appProx—
imated the average for all unimproved wools; their coefficients of
variation (based on test results from laboratory A) ranged from 43 to

51 percent.
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The number of samples of mixtures and blends that aré finer than
468 in the preceding tebulation is significant for duty purposes.
Although thé 13‘samples of mixturés énd blends covered in the tabulation
were officially (visually) classified as not finer than 40s, 8 of the 13
lotwaould not have qualified for duty-free use if the ﬁroposed micron
grades had been the official standards because, on the basis of micron
grading, they were finer than 46s. 1/ These 8 lots are the only lots éf
unimproved wools in the tabulation whose dutiable status would h@vé
beén changed had the micron standards used in this report been in
effect, since they are the only unimproved wool samples which are
classified for duty purposes on the basis of grade.

Comparison of Micron and Visual Classification
Systems for Improved Wools

In contrast with most unimproved wools, all improved wools thét
arelimported must be classified by grade for duty purposes. While many
gradés are commercialiy recognized, only four are presently used for
| tariff classification: (1) Not finer than LOs; (2) finer than LOs, not
finer than Lhs; (3) finer than lLls, not finer than L6s; and (L4) finer
than L6s. Although the micron grades provided for in the micron .
standards which the Department of Agriculture is planning to propose far
official use are more numerous, they would be converted to the above
tariff grades if the micron étandards were adopted for the purpose of
tariff classification. The present syétem'of classifying wool for

customs purposes, which involves a visual inspection of the wool with

1/ Only named and similar wools and all other wools not Tiner than L6s
can be imported duty-free, under bond, for carpets and certain other
specified uses.
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réference to the U.S. Department of Agriculture standards of 1926, has
beeh discussed in the section on U.S. tariff classification of wool.

Micron‘grading

Micron standards are the only official standards now in effect for
all grades of wool top. l/ ' Official micron specifications for raw wool,
grades 50s through 80s, inclusive, were released by the Depaftment of
‘ Agriculture in November 1942 for optional use only,'in place of the
visual standards of 1926. 2/ At preSent there are no official standards
for micron grading of wools coarser than grade 50s. The Tariff Commissiénr
report of September 1959 based its discussion of micron grading of wools
coarser than 50s on specifications prepared by the American Society for
Testing and Materials.

The U.S..Department of Agriculture has developed considerable
information on the ﬁicron analysis of wool in recent-years. The
Department has indicated that it is planning to propose micron grade
specifications on wool which, if adopted for official use, would supplant
all present visual and micron grade standards now in effect. The
average fiber diameter limits for each numerical grade in those standards
are virtually the same as the ASTM specifications which the Commission
used in its 1959‘report. These new U.S. Department of Agriculture

specifications, upon which this report is based, are as follows: 2/

1/ Wool top is a continuous untwisted strand of longer wool fibers from
which the shorter fibers or noil have been removed by combing. Wool top
is dutiable as such and need not be classified by grade for duty purposes.

g/ While these specifications for optional use have been applicable to
the tariff classification of imported wool since 1960 they have not been
used in practice, since all wools finer than L6s are dutiable at the
highest rate.

2/ The standards set forth testing procedures and also include other
specifications in addition to average fiber diameter. ‘
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Limits for average fiber

Numerical grade diameter (microns)
Finer than 80s--—-~~=====mmm 17.69 and smaller
BOg~=mmmmmmmmmmmmmmmm e, 17.70-19.1}
(O] —— ~ 19.15-20.59
BlySmmmmmmmmmm e ' 20.60-22.0l,
S — 22.05-23.19

608 mm 23.50-2L.94
58§=mmmmmmmmm e mmm e mmmmm 2ly.95-26.39

5O =mmmmmm e : 26.40-27.8L

Slh§mmmmm e 27.85-29.29

50§ =~mmmmmmmmmmmmmmmmmmmmem - 29.30-30.99

L85 mmmmmmmmmm o mmmmmeemeem \ 31.00-32.69

U6g-—mmmm e 32.70-3L.39

Wl mmmm e e » 34.40-36.19

0§ ~mmmmmmmmm e m e 36.20-38.09

368- === mmmmmmmmm e 38.10-40.20
Coarser than 36s----=-=--=== 40.21 and larger

The micron tariff classifications which correspond to the above

numerical micron grades are as follows:

Limits for average fiber

Tariff classification diameter (microns)
Finer than L6s——m=m—mmemmmm e 32.69 and smaller
S — 32.70-3L.39

LS e 3L.40-36.19

Not finer than LOS-=—mmmmemmommmeemme o 36.20 and larger

Differences between visual and micron grades for improved wools

On the basis of the results of micron tests performed by the three
laboratories (tabies 6A, 6B, and 6C), tariff grades were assigned to each
lot of improved wool tested in this investigation. The visual grade and
the micron grades obtained for each lot tested by the laboratories are

presented in table 6E. The extent of agreement between the visual and
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micron grades applicable to these improvedbwools is summarized below: l/

Tariff grade, as determined

Visual grade by micron analysis

s
: nf/hOsgf Lis P ks P £/l6s : Total
fLaboratory A ; ; ; ; ;
: : : : s
NEf/LOS~mmmmmmmm e 25 13 : Ly s 1 L3
Ulg—mmm e : 1l 5 1: 1: 21.
U6 §—mmmmmmm e e : 2 2 Lo - 8
F/Ufs—-mmmmmmmmmmm e -t 1 3 : - 3 I
Total =======mmmmmmm : L1 e 21 12 : 2 76
Laboratory B : ; ; : ;
/o T——— 18 9 : 5 1 33
111 TR : 12 : 5 2 ¢ 1 20
Lhbs-—m e e e : 1 2 3 2 ¢ 8
1Y — : - - Lo - Lo
Total-—=mmmm——————— : 31 16 : 1l Lo 65
Laboratory C ; ; ; ; ;
NE /[0S~ mmmmmmmmmmmmme —— 12 21 : 9 1: L3
T I : 9 : 7 3 2 ¢ 21
U6§=mmmmm e e - 3 Lo 1: 8
T ——— - -t L o - N
Total -~==mmm==momm= : 21 ¢ 31 : 20 : L 76

. . . .
. . . .

The tabulation shows that there was agreement between visual and
micron grades for only about three-eighths of the improved wools tesﬁed
by the laboratories. The extent of this agreement was significantly
greater for laboratories A and B (LO percent or more) than for laboratory
C (30 percent). The extent of agreement was also significantly greater
for the coarser wools than for the finer ones. On the average, about L6

percent of the lots with a visual grade of not finer than LOs had the

1/ Four of the GO lots of improved wools were of mixed visual grade and
are not included in the tabulation. The results of the micron tests for
improved wools are also presented, in table 6D, on the basis of the more
numerous numerical grades.
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same micron grade and about 59 percent of the lots with a micron grade of
not finer than LOs had the same visual grade. In contrast, only about

28 percent of the lots with.visual grades finer than li0s had the same
micron grades and about 22 percent of the lots having micron grades finer
than LOs had the same visual grades.

The data summarized in the above tabulation are graphicélly portrayed
for each individual sample in figure li. Figure L is vertically divided
into four sections, or columns, each of which represents one of the four
tariff grades for wool. Each wool sample is shown as a horizontal solidland
dashed line. The samples are grouped on the chart by country or origin and
by type. The position of the average fiber diameter of each sample, as
determined by each laboratory, is indicated on the horizontal line by the
appropriate letter. These letters are plotted to the micron Scales given
atlthe_top and bottom of the figure. Only in that section of the chart
which coincides with the visual grade of the sample is the horizontal
line solid; in the other sections it is a dashed line. When the visual
grade and the micron grade for a sample are identical, the letter for
the micron grade appears on the sclid line; when they do not agree, the
symbol appears on the dashed line.

Thus in figure l; the relationship between the visual grades that
were assigned by the customs examiners and the micron grades obtained by
the three laboratories on each sample can be clearly seen. One signifi-
cant trend is detectable in the disparities between visual and micron
grades depicted in figure L. A1l 15 lots of Argentine BA 5/6s wools
were Visually graded as not finer than LOs. When graded on a micron

basis, however, 13 of these lots (according to results for laboratory A)
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Tigure h.-—Improved wools: Official. visual classification of ‘the Bureau of
Customs, and micron tariff classification based on average fiber diameters
as determined by 3 laboratories, by types of wool samples

Visual and micron tariff classifications }/

Description -
nf/los bhg L6g £ /h6s

Micron scale

Lo 38 36 3k 32 30

New Zealand:

Felt wool

"leece wool

Miscellaneous 4 So e

Crutchings

Second shear and 4
early shorn.

Argentine BA 5/6s:
November ~~=========--

—————————————————— . \‘_,G_B_:

Micron scale

E/ Solid line ( ) denotes visual grade as determined by U.S. Bureau of Customs.
The letters A, B, and C, which are plotted using the micron scale, indicate both the
average fiber diameter and the tariff classification obtained from the results of
the respective laboratories.

2/ The average diameters obtained for this sample by the 3 laboratories were
larger than 40 microns. The diameters obtained are given in tables 6A, 6B, and 6C.

Note.--This chart enables 2 types of comparisons to be made for each of the 80 im-
proved wools plotted therein: (1) the extent of agreement between laboratories in
their determination of the average fiber diameters of the samples and the correspond-
ing tariff classifications on a micron basis; and (2) the extent of agreement between
the tariff classifications visually assigned by the Bureau of Customs and those based
on the micron data of the 3 laboratories. With one notable exception, there were no
consistent patterns in the differences between visuasl and micron classifications;
however, virtually all the Argentine BA 5/65 were visually assigned grades coarser
than those based on the micron tests.
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were finer than 4Os: 10 of them were Ulhs, 2 were 46s, and 1 was finer
than 46s. Although the micron grades of BA 5/6s were significantly
finer than the visual grades, all but 1 of the 15 samples tested would
ﬁeveftheless have qualified for duty-frée entry under the micron grading
system. l/

The largest group of wools tested in this investigation consisted
of New Zealand wools. The micron grades for these wools were generally
coarser than the visual grades: 22 lots had the same visual and micron
grade (according to results for laboratory A), 20 had micron grades that
were coarser than the visual grades, and only 4 had micron grades that
were finer than the visual grades.

Only 15 wools listed in figure || were not from Argentina or New
Zealand. Two-thirds of those wools (based on test results from laboratory

A) received identical micron and visual grades.

Reliability of Micron Grading

The reliability of micron grading is evaluated in two ways in this
section. First, the internal consistency of the results obtained on each
sample within each laboratory is examined and evaluated through compafi-
sons of duplicates. Since all the tests performed by each laboratory on
each sample were in duplicate, many such comparisons were made. Second,
the results for each sample reported by the different laboratories are
compared. Fewer comparisons can be made for this second measure of

reliability than for the first measure described above because (a) only

1/ Wools not finer than Li6s are free of quty when used for carpets and
other limited purposes. -
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wools containing 1little or no kemp, that is, mainly improved wools, can
be included, 1/ and (b) not all laboratories tested all improved wool
samples.

Internal consistency

'Chi—square and "t" tests are used in this report to assess the
internal consistency of sample results. g/ The "t" test measures how
well the average fiber diameter of the duplicates of a sample agree.

In general, a sufficient number of fibers are measured so that the
average diameter of thevduplicates of an Improved wool sample will
ordinarily be within about 0.5 micron of each other. If the duplicates
of each sample were treated alike, less than a fifth of the differences
between duplicates would ordinarily be larger than 0.8 micron.

When large differences occur betWeen the average diameters of
duplicates of a sample, it is improbable that the duplicates were
treated‘alike. §/ For example, one of the laboratories found that the
average diameters of the duplicates of sample No. 320 (New Zesland
crutchings) differed from each other by 1.2 microns. A difference ag
large as this or larger would be expected to occur only 1 time out of
20. By itself, this does not indicate conclusively that the duplicétés
Were‘treated differently. However, a Judgment as to whether such
differences arose by chance or resulted from different treatment afforded

the duplicates can be made when all samples are considered collectively.

1/ The effect of kemp ribers on the laboratory test results is dis-
cussed on p. 22. For consigtency with other sections of the report only
the results for improved wools are compared between laboratories.

2/ The chi-square and "t" tests are discussed in detail in app. B.

3/ Unlike treatment of sample duplicates in all likelihood arises
from laboratory error and lack of precision in laboratory measurement.
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The extent of agreement between the distributions of fiber diameters
of sample duplicates is measured by the chi-square test. The number of
fibers in each 5-micron ceil in one duplicate should, in general, bé
reagonably close to the number found iq the corresponding S5-micron cell
in tﬁe other duplicate. The probability that differences in fiber-
diameter distribution of considerable magnitude would occur is small if
the two duplicates were treated alike. When 1arge'differences‘§ccur they
'will have correspondingly smaller probabilities. As in the "t® tesﬁ,
large differences are not expected to arise consistently by chance unieés
the duplicates were not treated alike.

Distribution of individual sample probabilities.~-The probabilities

derived from the application of the "t" and chi-square tests to the core
sample data are given in table ?. As expected, there is wide variation
in the size of the probabilities. 1/ They have been grouped below, for
pufposes of discussion, into probability intervals of 20 pefcent each.
Provided the duplicates in each sample were treated alike, about one-
fifth of the samples tested should fall into each of these intervals.
Unimproved wools.~-The probabilities in table 7, which relate to
the‘data reported by the three laboratories for unimproved wools,are

distributed as follows:

1/ Some of this variation is "expected,' because differences between
duplicates, to which the probabilities are related, that are supposed to
occur only 1 time in 10 do occur, on the average, just about that often
when sample duplicates are treated alike.
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Laboratory A Laboratory B f Laboratory C

Probabllity ¢ 5 =~ ¢ Actual : . © Actual Ex. ° HActual
interval tected i umber : cctod | number tpect; :  number
‘number " Tngn :gumber = 0Lz, Frumber ! i{":"tn

H e 8Q. ¢ H ¢ SQ. ¢ 9 ¢ 8. ¢

: : t : : : : : :

O to 20 percent: 13.2 ¢+ 16 ¢+ 1 : 11.2 ¢+ 22 ¢ 17 ¢ 13.2 : 23 ¢ 17
21 to LO percent: 13.2 ¢ 9 : 11 ¢ 11.2 ¢+ 14 1 6 & 13.2° ¢ 15 : 10
L1 to 60 percent: 13.2 : 12 :13 ¢ 11.2 : 8 : 10 : 13.2 : 15 : 13
61 to 80 percent: 13.2 : 1L : 17+ 11.2 ¢+ 3 : 1l 113.2 & 7 : 12
81 to 100 percent: 13.2 ¢ 15 : 11 : 11.2 ¢t 9 : 9 : 13.2 : 6 e 1l

Totalmmmmm—m—t 66 : 66 1+ 66 56 : 56 : 56 1 66 t 66 ¢+ 66
: : : : : : : : :

A comparison of the actual and expected distributions of proba-
bilities in the tabulation above shows that laboratory A's results for
unimproved wools are much more consistent, or reliable, than are those
of the other laboratories. The distribution of probabilities for
laboratory A was close to expectations; that is, the duplicates for
that laboratory agreed with each other gbout as well as could be
expected. The test results of the other two laboratories, however,
tended to cluster in the lowest probability interval (0 to 20 percent).
The clustering was definitely significant, however, only for the chi-
squére probabilities; that is, there were many more large differences
betwéen duplicates in the number of fibers per cell than would have been
expected. |

Improved wools.--The probabilities in table T which relate to the
data reported by the‘three laboratories for improved wools, are dis-

tributed as follows:
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; Laboratory A ; Laboratory B ; Laboratory C
Probability ¢ Ex- | Actusl ¢ E ¢+ Actual ¢ Bx- © Actual
interval g ~ ¢ number & X" & pumber s ~_ ¢ number
(pecte -t ;pected oy ypected \ERT T ——
(Loumber sq, £ O Goumber sq, ¢ U goumber . o0 "N
: : : : 2 ¢ t : t
0 to 20 percent--r 16 ¢ 18 : 28 :+ .13 : 3823+ 16 & 30 : 27
21 to LO percent~-: 16 ¢ 23 £ 19 : 13 : 13:15¢ 16 = 17 : 19
41 to 60 percent--:x 16 ¢ 13 : 13 : 13: 6:10: 16 : 9 : 11
61 to 80 percent--: 16 : 17 & 9 = 13: 7:10: 16 ¢ 15 : 15
81 to 100 percent--:r 16 : 9 ¢ 11 = 13 1: 7= 16 = 9: 8
Total=mmmmmm—=t 80 ¢ 80 : 80 65 = 65 : 65 =z 80 : B0 B8O
: : : : : : : : R

Except for the chi~-square probabilities for laboratory A, there is con-
siderable clustering within the lower probability levels for these improvéd
wools, indicating that large differences between means of duplicate samples
occurred more frequently than expected. Inasmuch as the distribution of
probabilities for improved wools deviates from its expected distribution
to a greater degree than does the distribution of probabilities for
unimproved‘wools, it is apparent that test results for improved wools were
definitely of lower internal consistency, or reliability, than were those
for the unimproved wools.

A1l wools.--The combined distribution of probabilities for both

unimproved and improved wools is as follows:

Laboratory A Laboratory B Laboratory C

IERTRETEETS I

: t
H t
Probability t
t H

Exm Actual Fx- © Actual Exo © Actual

interval : number " . ¢ number T ¢ number
’pected O zpected :-Tﬁﬁzzre-——:peoted . o

:number ¢ Sq. .8 oumber : sqm“:"t" :number : SQ. "
: : : P : : s : :

0 to 20 percente—-: 29.2 '+ 3L ¢+ L2 : 24.2 : 60 : 4Oz 29.2 : 53 : Lk
21 to LO percent---: 29.2 & 32 : 30 : 2L.2 ¢+ 27 : 21 : 29.2 ¢+ 32 : 29
L1 to 60 percent—--: 29,2 : 25 : 26 : 24,2 : 1l : 20 : 29,2 : 2, = 24
61 to 80 percent---r 29.2 r 31 : 26 : 24,2 ¢ 10 : 2L : 29,2 : 22 : 27
81 to 100 percent---r 29.2 : 2l £ 22 = 24,2 z 10 : 16 : 29.2 : 15 : 22

Total ~mmmm e 1116 146 146 = 121 = 121 :121 : 116 v 146 ¢ 16
s : s t s

72 se

-
-

Ime o2 99
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From the tabulation above, it is readily apparent that an excessive
number of test results fell in the lowest probability interval (0 tov20
percent). The occurrence of improbable results significantly in excess
of the number that were expected indicates that, in all likelihood, some
samples were subject to error and lack of precision in measurement. ‘How-
ever, there is no way of identifying the particular samples that were so
affected.

Group probabilities.--Probabilities have been calculated for the

““improved wool samples as a group, for the unimproved wool samples as a
group, and for both combined, for each laboratory. These probabilities
are used to assess the signifiéance of differences between duplicates of
samples when those differences are considered as groups. These group
probébilities, the sizewof which also reflect the distribution of
individual sample pfobabilities noted above, are distributed as follows

(in percent):

: Unimproved f Improved f Total
Laboratory : Chi-square : "t" : Chi-square : "t" : Chi-square : "oV

: test  : test : test : test : test : test
W : 63 : 23 : St b 20 : 2
Bemmmmmmmm e : 1/ s L2 1/ : 1/ 1

1
T : 1/ : b 1/ ISV L : L/

1/ Less than 1 percent.

These chi-square and "t" probabilities support the findings
previously made that the tést results for unimproved wools are more
reliable than are those for improved wools, and that the test results
for laboratory A conform more closely to theoretical expectations than

do those for the other two laboratories.
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The probabilities that relate to both improved and unimproved wools
considered as a group are shown, by laboratory, under the heading
"Total." The 20-percent chi-square probability under that heading indi-
cates that the differences between duplicates for all samples tested by
laboratory A were generally of sizes that could be expected to occur.one
time out of five. On the other hand, the 2-percent probability shown
for "" tests performed by laboratory A indicates that the difference
in average fiber diameter between thé two sets of sample duplicates
is so large that the probability that it occurred by chance is only
1l in 50.

The chi-square and "t" probabilities for all samples tested by the
other two laboratories were less than 1 percent. The differences between
sample duplicates to which those probabilities relate are therefore so
large that their ocdurrence cannot reasonably be attributed to chance;
rather, they should be attributed to differences in the manner in which
the duplicates were tested.

Another way of demonstfating'the differences between the three sets
of test data is to consider the effect of eliminating a few selected
gsamples. Such arbitrary exclusion of extreme test results would not.
of course, generally be considered good practice. It does demonstrate,
however, the differences that exist between the results that were obtained
from the three laboratories. The elimination of only 5 percent of the
samplés with the lowest individual probabilitiés would materiélly increase
the probabilities for all samples considered as a single group shown in

the tabulation for laboratory A on page 43. The distribution of individual
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sample probabilities for "all wools" shown for that laboratory on page
L2 would also agree more closely with the number expected for that
laboratory. More than 15 percent of the samples having the lowest
individual probabilities would have to be‘eliminated, however, before the
distribution of individual probabilities and the level df group |
probabilities for the other two laboratories could approximafe the new
distribution and levels of group probabilities for iaboratory A,

Agreement between laboratories

Tariff grades based on the results of micron analysis performed at
different laboratories are compared in this section to determine the
extent to which the laboratories agreed on the grade of improved wools.
Comparisons are limited to improved wools since only those wools contain
little or no kemp (see p. 29). 1/

The extent of tariff-grade (as well as micron-diameter) agreement
between laboratories for samples of improved wool is shown in figure 5.
Figure 5A compares the average fiber diameter measurements obtained for
65 improved wool samples by laboratories A and B. The scales along
both the vertical and horizontal axes are in microns; the tariff grades
are delineated by lattice lines and labeled within the chart itself.
Conseqﬁently, interlaboratory comparisons of both the average fiber
diameter and tariff gfade obtained on each sample can be made. When a

sample is within a shaded -area it indicates that the two laboratories

1/ Moreover, comparisons of data for unimproved wools are not considered
essential since those wools are usually entered free of duty, and they are
not generally graded. Also, except for mixtures and blends, unimproved
wools would continue to be classified on a visual basis even if a micron
grading system was adopted for classification purposes.
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agree on grade. Figures 5B and 5C present similar comparisons for
laboratories A and C, and B and C, respectively. The extent of grade
agreement between laboratories for improved wools on a tariff classifi-
cation basis is as follows: l/

Laboratories ' - Percent of the samples

A 8Nd Bmmmmmm o m e e e 7L
A and C---mmmm e 56
oL B O e ——— 58

AVerage--=-cocmcccmme i ———— 62

Even when laboratory performance is perfect in all respects, complete
grade agreement between laboratories would not be expected. The sharp
dividing lines that exist between tariff grades piace a maximum limit bf
about 90 percent on the extent to which any two laboratories would agree‘
on tariff grades. This inability to achieve perfect agreement results
from the fact that there will always be some variation between successive
tests on any sample, even when measurement procedures are identical.
Laboratory test results falling on opposite sides of a given dividing line
will often be obtained by the different laboratories (and even by the same
laboratory upon retesting the same sample) for samples whose actual
average diameters are near the dividing line between fwo grades (i.e.;
within 0.4 micron of a grade line). The 5th and Tth samples in figure k4
are illustrative of samples that fall on opposite sides of a dividing
line.

The average micron diameter determined for all improved wool samples
tested by laboratory A was 0.53 micron coarser than the averége micron

diameter for the improved wool samples tested by laboratory B, and

1/ Grade agreement based on the numerical grades (table 6D) was 66,

L9, 52, and 55 percent, respectively, for the same laboratory comparisons
presented in the tabulation.
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laboratory C's diameter measurements were determined to be, on the aver-
age, 0.46 micron finer than those obtained by laboratory B. These overall
average micron-diameter differences between laboratories, statisﬁically

termed "bias,"

are reflected in figure 5A by the tendency for the dots

to fall on the coarser part of the micron scales for laboratory A aﬁd

on the finer side for laboratory B. These diameter differences arise
because of differences in laboratory measurement techniques (e.g., s;ight
differences in equipment and magnification, and differences in the selec-
tion of fibers to be counted and measured). Some differences in labora-
tory resulte due to bias were expected since provision had not been made
for compiete uniformity between laboratories in test standards and pro-
cedures. Greater uniformity is to be expected as more experience in

this field 1s gained; this improvement in testing techniques would

eliminate or reduce many of the differences between laboratory results. }/

Statistical analysis indicates that the elimination of the biases
described above would raise the extent of grade agreement between any two
laboratories from the present 62 percent to 70-75 percent. Further, the
more uniform testing procedures would probably be accompanied by some
increase in the precision of measurement within the laboratories. Con-
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