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NIOSH Course #582

Sa~pling and Evaluating Airborne Asbestos Dust

Course Description, ReQu1re~ents, and Reco~~endations

by Stephen G. Bayer, Sr.

March, 1988

The following course infor~ation can help students decide
whether the NIOSH 582 course is appropriate for their
needs, deter~ine whether they should prepare (in advance)
for the course, and can provide co~parative infor~ation for
individuals to use when seeking an "equivalent" course.

Since course attendance 1S ~andated by law, the course is
geared to the needs of the ~aJority. Most students have at
least four years of college and so~e experience with
sa~pling or analysis. Thus, the course's instructional
level is adjusted to provide a review of i~portant aspects
of the ~ethod and, More iMportantly, to train and educate
such students to a higher level of profeSSional technique
and knowledge.
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AGENDA

8:00 - 4:30 DAILY:

Monday:

Tuesday:

SaMpling

Statistics and counting introduction

Wednesday: Microscopy

Thursday: Counting, Filter Mounting, COMputer
Quizzes

Friday: Continuation (AM) and ExaMination (PM)

8:00 - 8:30 Tuesday - Friday: HOMework review

There are no closing forMalities in the course.
When a student's exaM is grad~d (first finished,
first graded) the student receives the course
certificate and grade dOCUMent and the course is
over.

With rare exception (students preferring extended
exaMination tiMe), 4:00 PM is a reasonable
expectation for departure.

COURSE ACTIVITIES

During the course, students:

Calibrate personal-saMplers

Prepare slide Mounts of filters

Adjust and calibrate Microscopes

Count filters

Participate in MatheMatical exercises
associated with saMpling, statistics
(COMpliance testing and quality control),
Microscope calibration, and concentration
deterMinations.
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WHAT THE COURSE COVERS

NIOSH Method 7400! The course explains the equipMent.
procedures, and calculations that are required and
reCOMMended by the Method. SOMe siMilarities and
differences with other Methods are discussed.

Instruction is accoMplished by lectures, hands-on practice
sessions, hOMework, and cOMputer techniques.

Copies of the public-dOMain cOMputer software (Apple 11+
only) used in the course are available, on request, to
students.

Principal topic areas include saMpling, filter Mounting,
Microscopy, calculations, and statistical procedures.

PI course' Manual is provided to each student. Content
includes official NIOSH publications, personal lecture
notes, and training-oriented data forMs.

Students May be required to share Microscopical equipMent
with others (two to a Microscope). To extend the nUMber of
students, SOMe students May be reqUired to supply their own
Microscopes and accessories.

TOPICS NOT COVERED

The course eMphasis and purpose IS to prOVide training and
education on phase-contrast types of fiber evaluatIons. The
course is not intended to cover:

Details of regulations

Bulk identification

Control Measures

Work practices
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MEASURING SKILLS

PUMP calibration data is cOMpared to values (generated by
previous classes) for the saMe or siMilar equipMent.

Mounted slides are subMitted to the course director for
evaluation and advise.

Fiber counts, froM reference slides, are entered into a
cOMputer data base and are assigned illustrative grades
based on proXiMity to the Mean.

HOMework is reviewed in class each Morning, folloWing
instruction. The hOMework is not collected and cOMpletion
could be consideced voluntary. However, conscientious
COMpletion of the hOMework will iMprove the final exaM
grade.

Technical knowledge is Measured using a written
COMprehensive exaMination having 100 questions. The current
exaM was created 8/87 and is occasionally revised for
accuracy and clarity. The exaM can cover anything frOM the
Method. A few questions test relevant knowledge outside the
specific tralning aspects of the course.

For the exaM, students May prepare an 8.5" X 11" page (both
sides) of handwritten notes and should have a scientific
type of calculator. The exaMination is designed to be very
challenglng at the expert level.

EXAM PERFORMANCE SUMMARY

Forty three industrial hygienists averaged 80%. Of those,
five were ABIH Certified Industrial Hygienists who averaged
92% and ranged between 80% to 98%. Three students indicated
that they were ABIH Certified Industrial Hygiene
Technicians, averaging 73%, and ranging between 58% to 95%.

Eight students indicated participation in the AIHA
asbestos-analysis registry. The average was 72%, ranging
between 41% to 88%.

Those with no college degree ~veraged 62% and ranged
between 25% to 96% Eighteen had associate degrees and ,
averaged 65% and ranged between 19% to 91%. Eighty two had
bachelor degrees, averaging 81% and ranged between 33% to
97%. Thirteen had a Master's degree, averaging 84% and
ranging between 55% and 98%. Five having doctorate degrees
averaged 86% and ranged between 67% to 99%.
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VERIFICATION OF ATTENDANCE

To verify that the course has been ".taken" (i.e.
cOMpleted>, students receive an officlal NIOSH/DTMD
certificate of attendance.

An inforMal grade docuMent is also issued with the
certificate. The docuMent is signed by the course director
and shows the grade for the final written exaMination. The
docuMent also SUMMarizes the exaMination perforMance
(sorted by acadeMic background) of previous students.

The docuMent is to be used for personal purposes, such as
attachMent to the course certificate for personnel records
(when needed). In this fashion, one can deMonstrate
personal achieveMent by cOMparison to on~'s peers. NIOSH
does not Maintain a file of student's grades (by. naMe).

To cOMplete the course, one Must be in attendance,
participate in course actlvities, and cOMplete the final
exaMination. Effective 10/87 (with the exception of
students froM countries other than the United States of
AMerica), anyone leaving before the cOMpletion and grading
of their respective final exaMination, WILL NOT receive a
course certificate of cOMpletion.

RECOMMENDED PREREQUISITES

The NIOSH 582 course is not intended to be a replaceMent
for on-the-job training, in-house training, and acadeMic
accoMplishMents. Student background profiles range frOM
high-school education to doctoral degrees and span a wide
range of experience levels. The less experience and
scientific education one has, the More difficult the
course.

Those not faMiliar with the Method should study the
attached copy of the Method prior to attendance ..

Students should also obtain a scientific calculator and
practice operations and functions such as squaring nUMbers,
square roots, and entering and recalling nUMbers frOM the
MeMory. Statistical functions May also be helpful. Know how
to use the calculator before the course.
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COURSE HISTORY

"The Method Used by the U.S. Public Health Service for
EnuMeration of Asbestos Fibers on MeMbrane Filters", by
George H. Edwards and JereMiah R. Lynch, was published in
Annals of Occupational Hygiene, VoluMe II, pp 1-6,
PergaMMon Press 1968. Printed in Great Britain

Effective July, 1972, OSHA sets a 5 fib/cc PerMissible
Exposure LiMit, a 10 fib/cc Ceiling liMit, and requires
the "MeMbrane filter Method" to be used for Monitoring.

First NIOSH "asbestos course" presented 10/31/72- title:
"SaMpling and Evaluating Airborne Asbestos Oust". The 2.5
day course covered the "MeMbrane filter Method." Designed
and directed by Stephen G. Bayer, Sr. The nUMbering scheMe
( i. e. Course #582) began ca. 1975.

Effective July, 1976, the OSHA PEL was lowered to 2 fib/cc.
The Ceiling LiMit reMained at 10 fib/cc.

NIOSH Physical and CheMical Analytical Method 239 (P&CAM
239) was issued 3/30/77. Soon thereafter, it was published
in the NIOSH Manual of Analytical Methods, Second Edition,
VolUMe 1, April 1977.

In February, 1979, details on P&CAM 239 were explained in a
detailed technical report entitled USPHS/NIOSH MeMbrane
Filter Method for Evaluating Airborne Asbestos, Publication
#79-127, by Nelson A. Leidel, Stephen G. Bayer, Ralph O.
ZUMwalde, and Kenneth A. Busch. DHEW (NIOSH).

Method 7400 was issued 2/15/84 as replaceMent for P&CAM
239. Method 7400 was written by JaMes W. Carter, David G.
Taylor Ph.D. CIH, and Paul A. Baron, Ph.D. (NIOSH/DPSE).
Revision #2 was issued 5/15/86. A later printing of
revision #2 is dated 8/15/87 and, as of 3/88, is the latest
revision.

In 1987, the OSHA PEL was lowered to 0.2 fib/ML, an Action
LiMit of 0.1 fib/ML was established, and "All individuals
perforMing asbestos .. , analysis Must have taken the NIOSH
course .,. or an eqUivalent ... "

Considering the course significance (relative to the OSHA
regulations), the course was extended in October, 1987, to
five full days, providing additional tiMe for counting and
for a thorough final exaM.
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NAME:

NIOSH Course #582

HOMework

Practice ExaMination

3/88

COMplete, on a daily basis, appropriate sections of
this hOMework exaMination. Daily assignMents will
be reviewed on the following Morning (8:00 - 8:30).

Nightly AssignMents:

Monday: Questions # 1 - #36

Tuesday: #37 - #60

Wednesday: #61 - #82

Thursday: #83 - #99

NOTES FOR FINAL EXAMINATION:

Students are perMitted a scientific calculator and
one 8.5" X 11.5" sheet (both sides) of handwritten
notes to use as a resource.

All counting-related questions will be based upon
the "A" counting rules in Method #7400.

..-------------~l Preceding page blank!
I
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#1 OSHA PEL is

SaMpling and Standards

fibers/ML.

#2 OSHA Action LiMit is fibers/ML.

#3 NIOSH recoMMended 8 hr TWA is fibers/ML~

#4 TLV for chrysotile is fibers/cc.

#5 The LiMit Of Detection is fibers/~M2.

#6 The LiMit Of Quantitation is fibers/MM 2 .

#7 The specified counting range of the Method is
to fibers/MM 2 .

18 The range of pore sizes perMitted by Method 7400 is
froM to UM (MicroMeters).

#9 The filter cOMposition is

#10 The MiniMUM flow rate (Method 7400) for a 25 MM
filter is L/Min.

111 The MaxiMUM flow rate (Method 7400) is L/Min.

#12 In the OSHA reference Method (ORM), the MaxiMUM flow
rate is liMited to L/Min.

#13 The MiniMUM flow rate for a 37 MM filter is L/Min.

#14 A calibration standard having a fixed volUMe that
can be deterMined by direct MeasureMent, independent
of the gas or air involved in the calibration process,
is' called a (an) standard.
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#15 An airflow calibration standard. usually used as
a routine flow Metering or indicating device. is
a (an) standard .

• 16 An airflow-calibration device which is nearly as
accurate and precise as a priMary, but cannot Meet
the definition and Must be periodically calibrated
is a (an) standard.

Classify by type of calibration standard

#17 RotaMeter:

#18 Solid state all electronic flow Meter:

#19 Electronic soap-filM Meter:

#20 Dry Gas Meter:

#21 Wet Test Meter:

#22 Water-filled SpirOMeter

#23 When one Measures
rotaMeter nUMber,
tests the average
checking the

several tiMe trials·at a given
averages the nUMber of seconds, and
against a ± 5% criterion, one is

(reproducibility) of the calibration.

#24 The (true value) of the calibration is
dependant on the type of calibration standard.

125 When a rotaMeter is located between the pUMp MechanisM
and the filter, the filter resistance affects the

of the rotaMeter.

126 If one were to Measure a voluMe of 750 ML, drawn
over an average tiMe of 21.4 seconds. the flow rate
would be (nearest 0.1 L/Min).

11



1':27 DeterMine the tiMe-we ight ed average:

fib/i'lL Minutes

11 0.31 80

#2 0.17 114

#3 0.14 98

#4 0.12 127

TWA fib/i'lL

#28 The typical saMpling area of a 25 1'11'1 filter is
1'11'12 .

129 The typical saMpling area of a 37 1'11'1 filter is
1'11'1 2 .

130 The average result froM lab blanks cannot be equal to
or greater than a total count of fibers.

#31 If any field blank has More than fibers
in 100 fields, then one should report possible
contaMination of the saMples.

#32 Calibrated flow rate 3.0 L/Min
Pressure when calibrating 753 MM Hg
Pressure when saMpling 748 MM Hg
TeMperature when calibrating 22' C
TeMperature when saMpling -12' C
Flow rate adjusted to calibration: (nearest 0.01 L/Min)

12



#33 Average count of saMple ...... 0.83 fib/fld

Average count of blanks ...... 0.045 fib/fld

Effective filtration area .... 381. 1"11"1 2

Field area .

Flow rate.................... 2.5

SaMple tiMe.................. 316.

Conversion factor 1000

L/Min

Min

ML/L

Concentration (nearest 0.01 fib/ML>

34 Average count ( nearest 0.1 fib/fldl

Fi It er area ..... 385.

Field area ...... 0.00785

Flow rate ....... 1.5

SaMple tiMe ..... 210.

Concentration ... 0.2

#35 Flow rate liters/Minute ( nearest 0. 1 l

Concentration ... 0.3

Fi It er area ..... 385.

Average count ... 0.8

Field area ...... 0.00785

SaMple tiMe ..... 178.
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#36 SaMple tiMe Minutes (nearest whole Minute)

Average count... 1. (I)

Filter area 385.

Flow rate 10.0

Field area...... 0.00785

Concentration ... 0.05

STATISTICS

fib/MM 2

745

296

276

296

470

653

458

392

463

333

Relative Standard Deviation (Sr or CV)

2 Sided 95% Confidence Interval

Sided Upper 95% Confidence LiMit

Sided Lower 95% Confidence LiMit

#37

#39

#40

#41

#42

Average (u) _ #38 Standard Deviation (S)
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#44 The is a value that represents a
Plidpoint in the data. In a norMal dist., one
could say that half the data is equal to or
less than this value.

#43 The is the Most COMMonly seen value.

#45 A blas tends to shift the accuracy of
MeasureMent.

#46 error tends to cause the exact value to
be uncertain.

#47 CV X MEAN

#48 Mean ± (1.965 X S) calculates:

A The cOMpliance status for a saMple

B Statistical LiMit of Quantitation

C Upper 95% Confidence LiMit (1 sided)

o 1 Sided Lower 95% Confidence LiMit

E 95% Confidence LiMits (2 sided upper and lower)

149 Mean - (1.645 X S) calculates:

A The degree of cOMpliance for a saMple

B Warning LiMits

C Upper 95% Confldence LiMit (1 sided)

o 1 Sided Lower 95% Confidence LiMit

E 95% Confidence LiMits (2 sided upper and lower)
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#50 The relative standard deviation (Sr or RSO) is
also known as Coefficient of Variation (CV). It
is calculated by dividing the standard deviation
by the

lSI In a quality-control prograM, there are values used
as indicators for results which are too far away
froM the average. These indicators are usually
terMed liMits.

152 There are also two indicators, used as flags. for data
which tends to be higher or lower than Most other
results. These indicators are terMed liMits.

#53 When the Mean, the Median, and the Mode are all the
saMe value (or reasonably close), one considers the
dlstribution to be distributed.

COUNTING

#54 In order for a fiber to be counted as 1, it Must be
entirely withln the field and be at least tiMes
as long as the MaxiMUM thickness.

#55 A eligible fiber crossing the field boundary More than
one tiMe is counted as (1, 1/2, or 0).

#56 An eligible fiber crossing the field boundary only one
tiMe is counted as (1,1/2, or 0).

#57 To be eligible for counting, a fiber Must be longer
than UM (MicrOMeters).

158 When More than 1/6 of a counting field is obliterated
by a Mass of Material (air bubble, particle, etc.),
what procedure is followed?

#59 Which set of countlng rules in Method 7400 were retained
frOM P&CAM 239 and are specified in the OSHA Reference
Method (ORM)? Rules

16



#60 On already-light saMples, as the nUMber of fibers
counted continues to decrease, one expects the
Sr to

Microscopy

#61 The lens asseMblies into which one looks when
using a Microscope are called

#62 Inside one lens asseMbly is a sMall glass plate
on which the counting grid is found. This glass
disc is called a (an)

#63 The 40X lens asseMbly which focuses on the
saMple is called a (an)

#64 Inside this lens asseMbly there appears to be
a dar~ ring called a

#65 The large lens asseMbly found just underneath the
slide or stage is called a (an)

#66 Inside this asseMbly, there is a plate which
passes a ring of light. This plate is called
the

#67 The perMissible range of nUMerical aperture
is

#68 The Microscope MUSt be phase contrast.

169 Centering of the phase rings is best observed by
using a centering

#70 The Microscope is calibrated by using a very s~all

ruler deposited on a Microscope slide. The slide is
called a (an)

17



#71 There is a special slide used to deter~ine the phase
shift detection li~it (i.e. resolution/contrast
capability of the ~icroscope), The exact description of
this slide is

172 illu~ination is preferred, where available.

173 True or False- The three basic steps for adjusting
the ~icroscope, listed in proper order, are:

1) Focus on the sa~ple

2) Adjust the phase rings

3) Adjust the field iris.

TRUE OR FALSE

#74 An adjustable illu~inator opening, which defines t~e

dia~eter of the illu~ination bea~, is called the

175 In the condenser, there is another adjustable opening,
not used for phase-contrast illu~ination. This other
opening is called the

176 The proper graticule (for the A counting rules)
is a Walton-Beckett G-

#77 When using the resolution/contrast test sllde, one
~ust be able to see the fourth or fifth set of lines
PARTIALLY. The finest set of lines which ~ust be
co~pletely visible is set # '

#78 The overall ~agnification. at counting status, ~ust

be approxi~ately X.

#79 The cover glass should be considered a high-quality
parallel lens. There is a specific thickness rating of
#1 1/2 needed to ~aintain spherical aberration at a
MiniMU~. The thickness in MilliMeters is

18



#80' When a graticule is ordered, three iteMs Must be
specified; the field diaMeter, the type (i.e. 6-24),
and the

#81 If the diaMeter of the graticule is 0.099 MM, what
is the field area is MM 2 ,

#82 What counting field diaMeter would be ordered for a
Microscope if an actual graticule diMension of 4.32 MM
was Magnified to a diMension of 0.152 MM? MM

COMpliance Testing Statistics

#83 The Null hypothesis requires that the
(on the right side of the 1 sided 95% statistical equation)
replace the Mean.

#85 For NON-COMPLIANCE to be established, at 95% probability,
both the MeasureMent and the
Must be higher than the standard.

#84 For an eMployer to be 95% sure
achieved, both the upper 95% 1
and the MeasureMent MUSt be
standard.

cOMpliance has been
sided confidence liMit

the

#86 If the Measured concentration is 0.04 fib/ML and the
coefficient of variation is 0.21, deterMine the
cOMpliance status for a standard of 0.1 fib/ML.

In Violation

8 Possible Violation

C In COMpliance

NOTE: EMPLOYER'S VIEWPOINT
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#87 If the Measured concentration is 0.28 and the Sr
is 0.30, deterMine at (P = 0.95) the cOMpliance
status for a standard of 0.20 fib/ML.

A In Violation NOTE: REGULATORY AGENCY'S VIEWPOINT

B Possible Violation

C In COMpliance

188 For 90 fibers counted,. the Poisson dist~ibution would
predict a relative standard deviation of ?

#89 For 90 fibers counted, Ogden's equation predicts a
Sr of .

#90 Method 7400, in the section on interlaboratory variability
states that, in the absence of other inforMation, use
an Sr value of .

#91 Two saMples were taken at a given operation and
on a ~iven individual. The fiber densities were
qUite siMilar expecting a Sr of 0.20. The
~easured concentrations were 0.13 and 0.15 fib/ML.
Each saMple was taken for 3 hours and the reMaining
tiMe of the 8 hour day is expected to be quite
siMilar to the saMpled period. At 95% probability:

AssuMing the OSHA PEL and an eMployer's perspective.
deterMine the cOMpliance status.

20



Filter Mountina

#92 For the non-per~anent ~ounting procedure (used in
P&CAM 239, described in ~ethod 7400 as an optional
ffeld-~ounting procedure), list the co~~on na~es

for the two liquids.

and

#93 These liquids are added to one another in what ratio
by voluMe?

#94 How Many graMs of clean, white plain filter ~aterial

is added to the solution to create, at a ~iniMUM

viscosi ty, 15 ~L?

graMs (nearest 0.01)

195 What is a "rule of thUMb" when filter Mounting?

AVOID

#96 The perManent slide-Mounting procedure requires
softening the filter in vapor.

197 The partially-cleared filter is rendered "clear"
by adding (for 1/4 of a 25 MM filter) about 3.5 uL
of a liquid cOMMonly called ?

#98 The proper coverglass thickness is 0.17 MM or # _

#99 The filter is placed on the slide
__________ . (3 words)
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FORMULA: various

M.W.: various

FIBERS
METHOD: 7400
ISSUED: 2/15/84

REVISION 02: 8/15/87
OSHA: 0.2 asbestos fibers (> 5 ~m 10ng)/mL [1]
NIOSH: 0.1 asbestos f/mL [1]; 3 glass fibers (>10 ~m x <3.5 ~m)/mL [3]
ACGIH: 0.2 crocidolite; 0.5 amosite; 2 chrysotile and other asbestos, f/mL

PROPERTIES: solid,
fibrous

SYNONYMS: actinolite asbestos [CAS 013768-00-8], grunerite asbestos (amosite) [CAS 012172-73-5],
anthophyllite asbestos [CAS 017068-78-9], chrysotile asbestos [CAS 012001-29-5], crocidolite
asbestos [CAS 012001-28-4], tremolite asbestos [CAS 014567-73-8]; fibrous glass.

SAMPLING MEASUREMENT

SAMPLER: FILTER !TECHNIQUE: LIGHT MICROSCOPY, PHASE CONTRAST
(0.8- to 1.2- ~m cellulose ester
membrane. 25-mm diameter; conductive !ANALYTE: fibers (manual count)
cowl O~ cassette)

FLOW RATE*: 0.5 to 16 L/min (see step 4)

VOL-MIN*: 400 L @ 0.1 fiber/mL (see step 4)
-HAX*: (see step 4)

*Adjust for 100 to 1300 fibers/mm 2 (step 4)

SHIPMENT: routine (securely packed to reduce
shock)

SAMPLE STABILITY: stable

FIELD BLANKS: 10~ (~2) of samples

ACCURACY

RANGE STUDIED: 80 to 100 fibers counted

BIAS: see EVALUATION OF METHOD

OVERALL PRECISION (sr): 0.115 to 0.13
(A Rules) [3]

! SAKI ..E PREPARATION: acetone/triac~tili

block" me'_hod [5]

!COUNTING RULES: Set A (require1 by OSHA; [1,4])
or Set B (mod~fied CRS [6])

!EQUIPMENT: 1. positive phase-contrast microscope
2. Walton-Beckett graticule (100-~m

field of view): A Rules use Type
G-22; B Rules use Type G-24

3. phase-shift test slide (HSE/NPL)

!CALIBRATION: HSE/NPL test slide

!RANGE: 100 to 1300 fibers/rnm 2 filter area

!ESTIHATED LOD: 7 fibers/rnm 2 filter area

!PRECISION: 0.10 to 0.12 (A Rules) [3]
(see Evaluation of Method:B)

APPLICABILITY: The method gives an index of airborne fibers in workplace atmo£pheres. Phase
contrast microscopy will not differentiate between asbestos· and other fibers; use this method
in conjunction with electron microscopy (e.g., Method 7402) for positive identification.
Fibers < ca.·0.25 ~m diameter will not be detected by this method [7].
INTERFERENCES: Any other airborne fiber may interfere since all ~articles meeting the counting
criteria are counted. Chain-like particles may appear fibrous. High levels of non-fibrous dust
particles may obscure fibers in the field of view and increase the detection limit.
OTHER METHODS: This method introduces changes for improved sensitivity and reproducibility.
It replaces P&CAK 239 [4.8] and Method 7400, Revision 01 (dated 5/15/85) .
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REAGENTS:
1. Acetone.*
2. Triacetin (glycerol triacetate),

reagent grade.

*See SPECIAL PRECAUTIONS.

METHOD: 7400

EQUIPMENT:
1. Sampler: field monitor, 25-mm, three-piece cassette

with ca. 50-mm electrically-conductive extension cowl
and cellulose ester filter, 0.8- to 1.2-~m pore size,
and backup pad.
NOTE 1: Analyze representative filters for fiber

background before use. Discard the filter
lot if mean is ~ 5 fibers per 100 graticule
fields. These are defined as laboratory blanks.

NOTE 2: Use an electrically-conductive extension cowl
to reduce electrostatic effects. Ground the
cowl when possible during sampling.

2. Personal sampling pump, 0.5 to 16 Llmin (see step 4 for
flow rate), with flexible connecting tubing.

3. Microscope, positive phase contrast, with green or blue
filter, 8 to lOX eyepiece, and 40 to 45X phase
objective (total magnification ca. 400X); numerical
aperture = 0.~5 to 0.75.

~. Slides, glass, frosted-end, pre- ~leaned; 25 x 75 mm.
5. Gover Slips, 22 x 22 mm, No. 1-1/2, unless otherwise

specified by microscope manufacturer.
6. Lacquer or nail polish .
7. Knife, 010 surgical steel, curved blade.
8. Tweezers.
9. Heated aluminum block for clearing filters on glass

slides (see ref. [5) for instructions on manufacture).
10. Micropipets, 5-~L and 100- to 500-~L.

11. Graticule, Walton-Beckett type with 100-~m diameter
circular field (area = 0.00785 mm 2 )at the specimen
plane (Type G-22 for A Rules; Type G-24 for B Rules).
Available from PTR Optics Ltd:, 145 Newton Street,
Waltham, HA 02154 [phone (617) 891-6000) and McCrone
Accessories and Components, 850 Pasquinelli Drive,
Westmont, IL 60559 [phone (312) 887-7100].
NOTE: The graticule is custom-made for each microscope.

Specify disc diameter needed to fit exactly the
ocular of the microscope and the diameter (mm) of
the circular counting area (see APPENDIX A).

12. HSE/NPL phase contrast test slide, Mark II. Available
from PTR Optics Ltd. (address above).

13. Telescope, ocular phase-ring centering.
14. stage micrometer (O.Ol-rom divisions).
15. Wire, multi-stranded, 22-gauge.

SAMPLING:
1. Calibrate each personal sampling pump with a representative sampler in line .

25

SPECIAL PRECAUTIONS: Acetone is extremely flammable. Take precautions not to ignite it.
Heating of acetone in volumes greater than 1 mL must be done in a ventilated laboratory fume
hood using a flameless, spark-free heat source.
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2. For personal sampling, fasten sampler to the worker's lapel near the worker's mouth.
Remove top cover from cowl extension (open face) and orient face down. Wrap joint ,between
cowl and monitor body with shrink tape to prevent air leaks.
NOTE: If possible, ground the cassette to remove any surface charge, using a wire held in

contact (e.g., with a hose clamp) with the conductive cowl and a non-electrical metal
fixture, or a cold-water pipe.

3. Submit at least two field blanks (or 10~ of the total samples, whichever is greater) for
each set of samples. Remove top covers from the field blank cassettes and store top covers
and cassettes in a clean area (bag or box) with the top covers from the sampling cassettes
during the sampling period. Replace the top covers in the cassettes after sampling.

4. Sample at 0.5 L/min or greater [9]. Adjust sampling flow rate, Q (L/min), and time, t
(min), to produce a fiber density. E, of 100 to 1300 fibers/mm 2 (3.85.10 4 to
5.10 5 fibers per 25-mm filter with effective collection area Ac= 385 mm 2 ) for
optimum accuracy. These variables are related to the action level (one-half the current
standard), L (fibers/mL), of the fibrous aerosol being sampled by:

(Ac)(E)

(Q) (L)l03

NOtE 1: The purpose of adjusting sampling times lS to obt~in optimum fiber l~ading on the
filter. A sampling rate of 1 to 4 L/min for 8 hrs is appropriate in non-dusty
atmospheres containing ca. 0.1 fiber/rnL. Dusty atmospheres require smaller sample
volumes (~400 L) to obta~.n countable samples. In such cases take short,
consecutive samples ana average the results over the total collection time. For
documenting episodic exposures, use high flow rates (7 to 16 L/min) over shorter
sampling times. In relatively clean atmospheres, where targeted fiber
concentrations are much less than 0.1 fiber/mL, use larger sample volumes (3000 to
10000 L) to achieve quantifiable loadings. Take care, however, not to overload the
filter with background dust. If ~ 50~ of the filter surface is covered with
particles, the filter may be too overloaded to count and will bias the measured'
fiber concentration.

NOTE 2: OSHA regulations specify a maximum sampling rate of 2.5 L/min [1].
5. At the end of sampling, replace top cover and small end caps.
6. Ship samples with conductive cowl attached in a rigid container with packing material to

prevent jostling or damage.
NOTE: Do not use untreated polystyrene foam in shipping container because electrostatic

forces may cause fiber loss from sample filter.

SAMPLE PREPARATION:
NOTE: The Object is to produce samples with a smooth (non-grainy) background in a medium with

refractive index ~ 1.46. This method collapses the filter for easier focusing and
produces permanent mounts which are useful for quality control and interlaboratory
comparison. The aluminum "hot block" technique may be used outside the laboratory [5].
Other mounting techniques meeting the above criteria may also be used (e.g., the
laboratory fume hood procedure for generating acetone vapor as described in Method 7400 ­
revision of 5/15185, or the non-permanent field mounting technique used in P&CAK 239
[2,4,8,22]). A videotape of the mounting procedure is available from the NIOSH
Publication Office [20].

7. Ensure that the glass slides and cover slips are free of dust and fibers.
8. Adjust the rheostat to heat the "hot block" to ca. 70 °C [5] .

NOTE: If the "hot block" is not used in a fume hood, it must rest on a ceramic plate and be
isolated from any surface susceptible to heat damage.

8115/87 l
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9. Mount a wedge cut from the sample filter on a clean glass slide.
a. Cut wedges of ca. 25~ of the filter area with a curved-blade steel surgical knife using

a rocking motion to prevent tearing. Place wedge, dust side up, on slide.
NOTE: Static electricity will usually keep the wedge on the slide.

b. Insert slide with wedge into the receiving slot at base of "hot block". Place tip of a
micropipet containing ca. 250 ~L acetone into the inlet port of the PTFE cap on top of
the "hot block". Inject the acetone into the vaporization chamber with a slow, steady
pressure on the plunger button while holding pipet firmly in place. After waiting 3 to
5 sec for the filter to clear, remove pipet and slide from their ports.
CAUTION: Although the volume of acetone used is small, use safety precautions. Work in

a well-ventilated area (e.g., laboratory fume hood). Take care not to ignite
the acetone. Continuous, frequent use of this device in an unventilated space
may produce explosive acetone vapor concentrations.

c. Using the 5-~L micropipet, immediately place 3.0 to 3.5 ~L triacetin on the wedge.
Gently lower a clean cover. slip onto the wedge at a slight angle to reduce bubble
formation.
NOTE: If too many bubbles form or the amount of triacetin is insufficient, the cover

slip may become detached wi~hin a few hours. If excessive trlacet~n remains at
the edge of the f'tter under the cover slip, fiber mi8r~tiDn ~ay occur.

d. Glue the eages of tne cover slip to the slide usi~g lacquer or na~l polish (10)
Counting may proceed immediately after clearing and mounting are completed.
NOTE: If clearing is slow, warm the slide on 2 hotplate (surface temperature 50°C) for

up to 15 min to hasten clearing. Heat careFully to prevent gas bubble formation.

CALIBRATION AND QUALITY CONTROL:
10. Microscope adjustments. Follow the manufacturers instructions. At least once daily use

the telescope ocular supplied by the manufacturer to ensure that the phase rings (annular
diaparagm and phase-shifting elements) are concentric. With each microscope, keep a
logbook in which to record the dates of microscope cleanings, adjustments, and
calibrations.
a. Each time a sample is examined, do the following:

(1) Adjust the light source for even illumination across the field of view at the
condenser iris. With some microscopes, the illumination may have to be set up with
bright field optics rather than phase contract optics.
NOTE: Use Kohler illumination if available.

(2) Focus on the particulate material to be examined.
(3) Make sure that the field iris is in focus, centered on the sample, and open only

enough to fully illuminate the field of view.
b. Check the phase-shift detection limit of the microscope periodically for each

analyst/microscope combination:
(1) Center the HSE/NPL phase-contrast test slide under the phase objective.
(2) Bring the blocks of grooved lines into focus in the graticule area.

NOTE: The slide contains seven blocks of grooves (ca. 20 grooves per block) in
descending order of visibility. For asbestos counting the microscope optics
must completely resolve the grooved lines in block 3 although they may appear
somewhat faint, and the grooved lines in blocks 6 and 7 must be invisible when
observing them in the center of the graticule area. Blocks 4 and 5 must be at
least partially visible but may vary slightly in visibility between
microscopes. A microscope which fails to meet these requirements has
resolution either too low or too high for fiber counting.

(3) If image quality deteriorates, clean the microscope optics. If the problem
persists, consult the microscope manufacturer.
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12. Prepar~

blank.
NOTE 1:

the remaining samples in the
Discard all rejected paired

blank counts.
performance of counters on a

11.

13.

14.

Document the laboratory's preCLSlon for each counter for replicate fiber counts.
a. Maintain as part of the laboratory quality assurance program a set of reference slides

to be used on a daily basis. These slides should consist of filter preparations
including a range of loadings and background dust levels from a variety of sources
including both field and PAT samples. The Quality Assurance Officer should maintain
custody of the reference slides and should supply each counter with a minimum of one
reference slide per workday. Change the labels on the reference slides periodically so
that the counter does not become familiar with the samples.

b. From blind repeat counts on reference slides,estimate the laboratory intra- and
intercounter sr (see step 21). Obtain separate values of relative standard deviation
for each sample matrix analyzed in each of the following ranges: 5 to 20 fibers in 100
graticule fields, 21 to 50 fibers in 100 graticule fields, 51 to 100 fibers in 100
graticule fields, and 100 fibers in less than 100 graticule fields. Maintain control
charts for each of these data files.
NOTE 1: Since fiber counting is the measurement of randomly placed fibers which may be

described by a Poisson distribution, a square root transformation of the fiber
count data will result in approximately normally distributed data.

NotE 2~ Certain sample matrices (e.g., asbestos cemert) have been shown to give vuor
rrecision (6)

and count field blanks along with the field samples. Report cOl'nts on each field

The identity of blank filters should be unknown to the count~r until all counts
have been completed.

NOTE 2: If a field blank yields greater than 7 fibers per 100 graticule fields, report
possible contamination of the samples.

PerfOl~ blind recounts by the same counter on 10~ of filters counted (slides relabeled by a
person other than the counter). Use the following test to determine whether a pair of
counts by the same coun~er on the same filter should be rejected because of possible bias:
Discard the sample if the difference between the two counts exceeds 2.77 (X)sr' where X
average of the two fiber counts and sr = intracounter relative standard deviation from
step 11.
NOTE: If a pair of counts is rejected by this test, recount

set and test the new counts against the first counts.
counts. It is not necessary to use this statistic on

Enroll each new counter in a training course which compares
variety of samples using this procedure.
NOTE: All laboratories engaged in asbestos counting should participate in a proficiency

testing program such as the AlKA-NIOSH Proficiency Analytical Testing (PAT) Program
and routinely exchange field samples with other laboratories to compare performance
of counters.

MEASUREMENT:
15. Center the slide on the stage of the calibrated microscope under the objective lens. Focus

the microscope on the plane of the filter.
16. Adjust the microscope (Step 10) [7].

NOTE: Calibration with the HSE/NPL test slide determines thp. minimum detectable fiber
diameter (ca. 0.25 ~m).

17. Select one of the following sets of counting rules:
NOTE: The two sets of rules have produced approximately equivalent mean counts on a variety

of asbestos sample types [6]. OSHA regulations require the use. of the A rules {ll.
In either case, the rules must be strictly followed to obtain valid results. No
hybridizing of the two sets of rules is permitted.
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a. A Rules (same as P&CAM 239 rules (2,4,8]; see APPENDIX B).
1. Count only fibers longer than 5~. Measure length of curved fibers along the

curve.
2. Count only fibers with a length-to-width ratio equal to or greater than 3:1.
3. For fibers which cross the boundary of the graticule field:

a. Count any fiber longer than 5 ~m which lies entirely within the graticule area.
b. Count as 1/2 fiber any fiber with only one end lying within the graticule area,

provided that the fiber meets the criteria of rules a.1. and a.2.
c. Do not count any fiber which crosses the graticule boundary more than once.
d. Reject and do not count all other fibers.

4. Count bundles of fibers as one fiber unless individual fibers can be identified by
observing both ends of a fiber.

5. Count enough graticule fields to yield 100 fibers. Count a minimum of 20 fields.
stop at 100 graticule fields regardless of count.

b. B Rules (see APPENDIX B)
1. Count only ends of fibers. Each fiber must be longer than 5 ~m and less than

3 ~ diameter.
2. Count only ends of fibers with a length-t~·-width ratio equal to or gr~ater than 5:1.
3. Count each fit;:, ~~:(i ~ ..hich fall:J within the graticule area -s one end, provided that

the fiber meets rules b.1 and b.2. Add split ends to the count as appropriate if thp
split fiber segment also meets the criteria of rules b.1 and b.2.

4. ~ouot visibly free ends which meet rules b.1 and b.2 when the fiber appears to be
att~ched to another particle, regardless of the size of the other particle. Count
the end of a fiber obscured by another particle if the particle covering the fiber
end is less than 3 ~ in diameter.

5. Count free ends of fibers emanating from large clumps and bundles up to a maximum of
10 ends (5 fibers), provided that each segment meets rules b.1 and b.2.

6. Count enough graticule fields to yieid 200 ends. Count a minimum of 20 graticule
fields. Stop at 100 graticule fields, regardless of count.

7. Divide total end count by 2 to yield fiber count.
18. Start counting from the tip of the filter and progress along a radial line to the outer

edge. Shift up or down on the filter, and continue in the reverse direction. Select
graticule fields randomly by looking away from the eyepiece briefly while advancing the
mechanical stage. Ensure that, as a minimum, each analysis covers one radial line from the
filter center to the outer edge of the filter. When an agglomerate covers ca. 1/6 or more
of the graticule field, reject the graticule field and select another. Do not report
rejected graticule fields in the total number counted.
NOTE 1: When counting a graticule field, continuously scan a range of focal planes by

moving the fine focus knob to detect very fine fibers which have become embedded in
the filter. The small-diameter fibers will be very faint but are an important
contribution to the total count. A minimum counting time of 15 seconds per field
is appropriate for accurate counting.

NOTE 2: This method does not allow for differentiation of fibers based on morphology.
Although some experienced counters are capable of selectively counting only fibers
which appear to be asbestiform, there is presently no accepted method for ensuring
uniformity of judgment between laboratories. It is, therefore, incumbent upon
all laboratories using this method to report total fiber counts. If serious
contamination from non-asbestos fibers occurs in samples, other techniques such
as transmission electron microscopy must be used to identify the asbestos fiber
fraction present in the sample (see BIOSH Method 7402). In some cases (i.e., for
fibers with diameters> 1 ~), polarized light microscopy (e.g., NIOSH Method
7403) may be used to identify and eliminate interfering non-crystalline fibers.
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CALCULATIONS AND REPORTING OF RESULTS:
19. Calculate and report fiber density on the filter, E (fibers/mm2 ), by dividing the total

fiber count per graticule field. F/nf. minus the mean field blank count per graticule
field, Blnb' by the graticule field area, Af (0.00785 mm 2 for a properly calibrated
Walton-Beckett graticu1e):

E =

(...£ - .J!)
nf nb-=-----=-, fibers/mm 2 •

Af

NOTE: Fiber counts above 1300 fibers/mm 2 and fiber counts from samples with > 50~ of
filter area covered with particulate should be reported as "Jncountab1e" or "probably
biased."

20. Calculate and report the concentration, C (fibers/mL), of fibers in the air volume sampled,
V (L), using the effective collection area of the filter, Ac (385 mm 2 for a 25-mm
filter) :

C =(E)~~2.
V·I0 3

~OTE: Periodically check and adjust the value vi Ac , if neces~ary.

21. Report intra laboratory and interlaboratory relative standard deviations (from step 11)
with each set of results.
NOTE: Precision depends on the total number of fibers counted [4,11]. Relative standard

deviation (also called coefficient of variation) is documented in references
[4,11,12,13] for fiber counts up to 100 fibers in 100 graticule fields.
Comparability of interlaboratory results is discussed below. As a first
approximation, use 213~ above and 49~ below the count as the upper and lower
confidence limits for fiber counts greater than 20 (Fig. :).

EVALUATION OF METHOD:

A. This method is a revision of P&CAM 239 [2,4.8]. A summary of the revisions is as follows:
1. Samp ling:

The change from a 37-mm to a 25-mm filter improves sensitivity for similar air
volumes. The change in flow rates allows for 2-m3 full-shift samples to be taken,
providing that the filter is not overloaded with non-fibrous particulates. The
collection efficiency of the sampler is not a function of flow rate in the range 0.5 to
16 L/min [9].

2. Sample Preparation Technique:
The acetone vapor-triacetin preparation technique is a faster, more permanent mounting
technique than the dimethyl phthalateldiethyl oxalate method of P&CAM 239
[2,4,5,8,14). The aluminum "hot block" technique minimizes the amount of acetone
needed to prepare each sample.

3. Measurement:
a. The Walton-Beckett graticule standardizes the area observed [14,15].
b. The HSE/NPL test slide standardizes microscope optics for sensitivity to fiber

diameter [7,14].
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c. An international collaborative study involved 16 laboratories using prepared slides

from the asbestos cement, milling, mining, textile, and friction material industries
[6]. The modified CRS (BIOSH B) Rules were found to yield equivalent counts but were
more precise than the AlA (BIOSH A)* Rules. The relative standard deviations (sr)
varied with sample type and laboratory. The ranges were:

sr
lntralaboratory Interlaboratory Overall

AlA (NIOSH A Rules)*
Modified CRS (BIOSH B Rules)

0.12 to 0.40
0.11 to 0.29

0.27 to 0.85
0.20 to 0.35

0.46
0.25

*Under AlA rules, only fibers having a diameter less than 3 ~m are counted and
fibers attached to particles larger than 3 ~ are not counted. NIOSH A Rules
are otherwise similar to the AlA rules.

d. The B Rules have also been favorably received by analysts as less ambiguous and
simpler to use; these rules also showed the least bias relative to AlA rules in the
collaborative study. An independent 6IOSH laboratory study usin~ amosite fibers
reported a relative standaru deviation, including within- and between-sample
variability, ~f 0.L6 for the B Rules [16]. Another BI0~n ~tudy was conducted using
field samples of asbestos [19]. This study indicated intralaboratory sr in the
range 0.17 to 0.25 and an interlaboratory ~r of 0.45. This agrees well with other
recent studies [6,11,13].

e. Because of past inaccuracies associated wit:1 low fiber counts, the m1n1mum
recommended loading has been increased to 100 fibers/mm2 filter area (80 fibers
total count). This level should yield intracounter sr in the range of 0.13 to 0.17
[4,8,16,19] .

B. Interlaboratory Comparability:
At this time, there is no independent method for assessing the overall accuracy of this
method. One measure of reliability is to estimate how well the count for a single sample
agrees with the mean count from a large number of laboratories. The following discussion
indicates how this estimation can be carried out based on measurements of the
interlaboratory variability, as well as showing how the results of this method relate to the
theoretically attainable counting precision and to measured intra- and interlaboratory sr'

Theoretically, the process of counting randomly (Poisson) distributed fibers on a filter
surface will give an sr that depends on the number, N, of fibers counted:

sr = 1/(B)1/2 (1)

Thus sr is 0.1 for 100 fibers and 0.32 for 10 fibers counted. The actual sr found in a
number of studies is greater than these theoretical numbers [6,11,12,13].

An additional component of variability comes primarily from subjective laboratory-to-laboratory
differences. In a study of ten counters in a continuing sample exchange program, Ogden [11]
found this subjective component of intralaboratory sr to be approximately 0.2 and estimated
the overall sr by the term:

8/15/87
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O&den found that the 9~ confidence interval of the individual intralaboratory counts in
relation to the means were +2 sr and - 1.5 sr' In this pro&ram, one sample out of ten was
a quality control sample. For laboratories not engaged in an intensive quality assurance
pro&ram, the subjective component of variability can be higher.

In a study of field sample results in 116 laboratories, the Asbestos Information Association
(13] also found that .the variability had both a constant component and one that depended on the
fiber count. These results gave a subjective interlaboratory component of sr (on the same
basis as Ogden's) for field samples of ca. 0.45. A similar value was obtained for 12
laboratories analyzing a set of 24 field samples [19]. This value falls slightly above the
ran&e of sr (0.25 to 0.42 for 1984-85) found for 80 reference laboratories in the NIOSH
Proficiency Analytical Testing (PAT) program for laboratory-generated samples [12].

A number of factors influence sr for a given laboratory, such as that laboratory's actual
counting performance and the type of samples being analyzed. In the absence of other
information, such as from an interlaboratory quality assurance program using field samples,
the value for the subjective component of variability is chosen as 0.45. Note that. tho~!~h

based on dt least two studies, this is a somewhat arbitrary choice. It is hoped that by t.he
\.i~" .;,~ ti',:"", number in the absence of other infu"''IlIation-~ labor~tories will carry out t.he
recommended interlaboratory quality assurance programs to improve their ,erformance and thus
reduce the sr'

The above, relative standard deviations apply when the population mean h9~ been determined. It
is more useful, however, for laboratories to estimate the 90~ confidence interval on the mean
count from a single sample fiber count (Figure 1). These curves assume similar shapes of the
count distribution for interlaboratory and intralaboratory results (11).

For example, if a sample yields a count of 24 fibers, Figure 1 indicates that the mean inter­
laboratory count will fall within the range of 227~ above and 52~ below that value 90~ of the
time. We can apply these percentages directly to the air concentrations as well. If, for
instance, this sample (24 fibers counted) represented a 500-L volume, then the measured
concentration is 0.02 fibers/mL (assuming 100 fields counted, 25-mm filter, 0.00785 mm2
counting field area). If this same sample were counted by a group of laboratories, there is a
9~ probability that the mean would fall between 0.01 and 0.08 fiber/mL. These limits should
be reported in any comparison of results between laboratories.

Note that the sr of 0.45 used to:derive Figure 1 is used as an estimate for',a random group of
laboratories. If several laboratories belonging to a quality assurance group can show that
their interlaboratory sr is smaller, then it is more correct to use that smaller sr'
However, the estimated sr of 0.45 is to be used in the absence of such information. Note
also that it has been found that sr can be higher for certain types of samples, such as
asbestos cement.
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Quite often the estimated airborne concentration from an asbestos analysis is used to compare
to a regulatory standard. For instance, if one is trying to show compliance with an
0.5 fiber/mL standard using a single sample on which 100 fib~rs have been counted, then Figure
1 indicates that the 0.5 fiber/mL standard must be 213~ higher than the measured air
concentration. This indicates that if one measures a fiber concentration of 0.16 fiber/mL (100
fibers counted), then the mean fiber count by a group of laboratories (of which the compliance
laboratory might be one) has a 95~ chance of being less than 0.5 fibers/mL; i.e., 0.16 + 2.13 x
0.16 = 0.5.
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It can be seen from Figure 1 that the Poisson component of the variability is not very
important unless the number of fibers counted is small. Therefore, a further approximation is
to simply use +213~ and -4~ as the upper and lower confidence values of the mean for a
100-fiber count.

80% CONFIDENCE It IEHVAL ON MEAN COUNT
500 (SU8JECnvE COMPONENT (0.45) +

POISSON COMPONENT)

300 ~~-------SlN.PfI:W8.IIYME1Hca.NI'­
BlElDNlHSl.IMl.

200 I

100
0
IL-_.........,........._....._...._..-....._...._....---.
.- I I I I I I I I
o 10 20 30 40 50 80 70 80 99 100

.100 L::::_.. ~~~~I. ...

NUllBBI ell fllER8 COUNTED It ASItGLE 8AIIPLE
Figure 1. Interlaboratory Precision of Fiber Coun~jS
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APPENDIX A: CALIBRATION OF THE WALTON-BECKETT GRATICULE:

Before ordering the Walton-Beckett graticule, the following calibration must be done to obtain
a counting area (D) 100 pm in diameter at the image plan~. The diameter, dc (mm), of the
circular counting area and the disc diameter must be specified when ordering the graticule.

1. Insert any available graticule into the eyepiece and focus so that the graticule lines are
sharp and clear.

2. Set the appropriate interpupillary distance and, if applicable, reset the binocular head
adjustment so that the magnification remains constant.
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3. Install the 40 to 45X phase objective.
4. Place a stage micrometer on the microscope object stage and focus the microscope on the

graduated lines.
5. Measure the magnified grid length of the graticule, Lo (~m), using the stage micrometer.
6. Remove the graticule from the microscope and measure its actual grid length, La (mm).

This can best be accomplished by using a stage fitted with verniers.
7. Calculate the circle diameter, dc (mm), for the Walton-Beckett graticule:

dc = La x D.
Lo

Example: If Lo = 112 ~m, La = 4.5 mm and D = 100 ~m, then dc = 4.02 mm.
8. Check the field diameter, D (acceptable range 100 ~m + 2 ~m) with a stage micrometer

upon receipt of the graticule from the manufacturer. -Determine field area (acceptable
range 0.00785 mm2 ± 0.00032 mm 2 ).

APPENDIX B: COMPARISON OF COUNTING RULES:

Figure 2 shows 0 Walton·-Beckett graticule as seen through the microscope. Although the
graticule incorporates the 3;1 ospect ratio, toth the "A" and "B" rules will be discussed as
they dpply to the labeled fibers in the figure.

5 ... 513/
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Figure 2. Walton-Beckett graticule with fibers.
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FIBER COUNT

FIBERS

1

2

3

A Rules

1 fiber

1 fiber

1 fiber

B Rules

3 ends

2 ends

2 ends

DISCUSSION

(A)"A" rules do not allow for split ends; therefore, count one
fiber. (B) Under 'B' rules, first detemine whether the fiber
meets dimensional criteria, (i,e., >5 ~m. >5:1 aspect ratio,
<3 ~m diameter). Next determine and count which two ends are
the main trunk of the fiber. Finally, count all split ends >5
~m as one end. Fiber #1 is counted as 3 ends.

(A) Single fiber with small particle attached. The particle is
treated as if it does not exist by the "A" rules. (B) The
particle is <3 ~m diameter and therefore ignored under "B"
rules,

(A) As with Fiber I, count one fiber under "A" rules because it
meets the >3:1 aspect ratio, >5 ~m criteria. (B) The split
end is <" ~m long so it is not counted under "B" ~les.

4 1 fiber 5 ends

5 1 fiber Do not
count

(A) Fiber ends all attached to a central large fiber or bundle;
therefore, count one fiber under "A" rules. (B) Count two ends
as belonging to the main fiber. Three of the remaining four
split ends are >5 ~m, giving a total of 5 ends.

(A) No diameter limit under "A" rules; therefore count this
thick fiber because it meets the >3:1, >5 ~m counting
criteria. (B) The fiber i~ >3 ~m diameter; therefore not
counted under "B" rules.

6

7

8

1 fiber

1/2 fiber

Do not
count

1 end

1 end

Do not
count

(A) Ignore non-fibrous particulate matter under the "A" rules;
count this as a whole fiber. (B) The short end of the fiber is
<5 ~ long and obscured by a particle >3 ~m in diameter;
therefore, not counted under "B" rules.

(A) Fibers which meet rules a.1. and a.2. and cross the
graticule boundary are counted as 112 fiber under "A" rules
unless the fiber crosses the graticule boundary more than once,
in which case the fiber is not counted no matter how many ends
lie within the graticule area. (B) Fiber ends lying inside the
graticule boundary are counted as one end provided that the
entire fiber meets rules b.l. and b.2. and each end is >5
~m. The portion of the fiber lying outside the graticule
boundary must be considered in order to make this
determination. Under "B" rules, it does not matter how often
the fiber crosses the graticule boundary.

The fiber is <5 ~m long.
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Asbestos Analysis - NIOSH Method 7400

Paul A. Baron. Ph.D.

Submitted to Applied IndustrialHyg:~ene. July. 1987

Introduction: A number of questions regarding the interpretation

of fiber counts made with the phase contrast microscopy method

(PCM) specified in NIOSH Method 7400 1 ~av~ arisen. The information

provided here is intended to asstst~ndustrial hygienists. analysts

and others in interpretation of fiber count results. Note that

Revision 3 of NIOSH Method 7400 is incl~ded in the second
, ,

supplement of the NIOSH Manual of Apalytic~l Methods. 1

The various areas that will be covered below include:

- Discussion of A and B counting rtiles;

- Requirements for sample loading;

- Differentiation of asbestos vs.non-asbestos fibers;

- Evaluation of samples that are difficult to count;

A ys. B Counting Rules: The two set~ ,of ~o~nting rules (designated

A and B in NIOSH Method 7400) came about .as a result of research
~,C:',

conducted by the Institute of Occupational Medicine (Edinburgh.

Scotland) under the auspices of the Commission of the European

Cornmunities. 2 . 3 A conclusion of this study was that

inter-laboratory variability made a considerably larger

contribution to the overall coefficient of variation (CVt ) than any

of the other parameters investigated, including the intra-counter

and intra-laboratory CV's. and differences between count methods.

This study also found that the Cent~al Reference Scheme (CRS) rules

developed by the U.K. Health and Safety Executive gave similar mean

concentrations. but significantly better inter-laboratory precision

than the rules developed by the Asbe~tos International Aisociation

(AIAr. 4 The AIA rules were similar to ,the NIOSH Physical and

Chemical Analysis Method (P&CAM) 239' counting rules. 5 As a result

of this study. the International Standards Organization (ISO)

proposed a method that included both sets of couniing rules.
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A similar approach was used in the development of NIOSH Method

7400. The NIOSH P&CAM 239 rules were adopted unchanged as the A

counting rules while the CRS rules were adopted as the B rules. A

notable difference between the two sets of rules was the fact that

the B rules used a minimum 5:1 aspect ratio for counting. Although

there are analytical reasons for implementing such a ratio as part

of the B counting rules. the problems with changing from 3:1 to a

5:1 aspect ratio has led OSHA to require the A rules. 6 NIOSH has

recommended the 3:1 aspect ratio in it's policy statements in

support of the OSHA standard. 6 On the international scene. a

number of countries have adopted the 3:1 aspect ratio rule in their

methods. including the European community. Canada and Australia.

Therefore. to eliminate concerns that the two methods are not

equivalent when comparing results with the OSHA PEL. it is

recommended here that the A rules be used. Also. note that the

OSHA regulations also place an upper limit of 2.5 liters/min on the

sampling flow rate. Apart from the 3:1 aspect ratio requirement.

this is the only other major difference between NIOSH Method 7400

and the OSHA mandatory requirements for measuring occupational

exposure to airborne asbestos dust.

Filter Loading Effects: Two parameters in fiber counting that

seem to be frequently overlooked are the recommended fiber loading

and background dust loading ranges.

The recommended fiber loading range is 100 - 1300 fibers/mm2 . This

is the analytical working range over which the count rate remains

linear. Above and below this range. significant biases can occur. 7

The bias at lower concentrations is frequently a positive one and

may be due to the microscopist's enhanced ability to detect fibers

under light particulate loading. At first glance. a positiye bias.

or counting too many fibers. may seem to be a contradiction.

However. the linear working range region of 100 - 1300 fibers/mm2

(or 1 - 5 fibers/field in NIOSH P&CAM 239) has been recommended for

many years and is the basis for many legal and health related
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measurements. On this basis. one can say that "overcountirig" at

low filter loadings gives a positive bias. At fiber concentrations

above the recommended range. fibers can be obscured by each other

as well as background particulate.

The recommended overall dust loading (including fibers and

background dust) is less than approximately 50% coverage of the

filter surface. Higher dust concentrations result in a negative

bias because fibers are obscured by the particulates. The 50%

loading level is not a hard and fast rule because obscuration of

fibers depends on the size of background particles.B . 9 Small

particles will obscure the fibers less than large particles. These

biases can be surprisingly high. For instance. Peck. et al .. found

that with a 60% background coverage of the filter with a silica

particulate. the fiber count dropped to 13% of its original value. 9

It is therefore recommended that samples that do not meet the

loadings specified in NIOSH Method 7400 be reported as "not

countable." The analyst should report any observed loading levels

outside the recommended ranges and indicate:

Underloaded/fibers (may have positive bias) ;

Overloaded/particulate (may have negative bias):

Overloaded/particulate and fibers (may have negative bias) ..

If a determination of concentration is needed (e.g:. when a lower

limit on fiber concentration is desired). then the results should

be reported with one of the notations given above that nonoptimal

loading occurred and the results are likely to be biased.

Differentiation of Asbestos ys. Non-Asbestos Fibers: NIOSH Method

7400 is designed to count fibers using PCM and is most often used

to count asbestos fibers. Thus. the analyst has a tendency to

reject particles not meeting his/her conception of an asbestos

fiber. Since NIOSH Method 7400 does not permit differentiation of

fiber types. it is improper to reject fibers for reasons other than

not meeting the length and aspect ratio requirements. It has been

found that even expert microscopists can not make accurate
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qualitative determinations of asbestos fibers based on shape or

morphology alone. 10 In order to compare fiber concentrations from

one analyst to another. it is necessary that all particles meeting

the counting criteria of aspect ratio and length be counted as

fibers under NIOSH Method 7400. If qualitative analysis is needed,

then NIOSH Method 7402 11 (using transmission electron microscopy

(TEM)) is re,commended. NIOSH Method 7402 provides a means of

determining the fraction of asbestos fibers collected on the

sample.

There are situations when there is a need to know the fiber type

when time or money are not available for TEM analysis. There are

other optical microscopy techniques for eliminating some fibers

that are not asbesto~. Eliminating fibers that are not asbestos

from the count made by optical microscopy techniques is termed

differential counting. If these techniques are used. then the

report of results must clearly indicate which microscopy techniques

were applied to obtain the differential count. The most common

techniques include the use of crossed polars to identify and

eliminate non·crystalline particles. PCM permits the counting of

fibers as thin as approximately 0.25 ~m~ while crossed po lars and

other qualitative polarized light techniques do not work on fibers

thinner than l' - 2 ~m. Note that for many asbestos samples. most

of the fiber diameters will be too small to apply the crossed

polars technique or other polarized light techniques.

Another differential count technique that can be applied to counts

obtained with the A, rules is the use of an upper diameter limit of

3~. This limit is applied in the B rules and draws its

justification from the health effects of asbestos exposure. 12

Asbestos diseases are primarily due to respirable fibers and.3 ~m

is the upper limit for respirable fibers. Application of this

limit will often remove counts of fibrous glass. mineral wool.

plant fibers and synthetic organic fibers ..

Reports of analysis by NIOSH Method 7400 require counting all

particles meeting the aspect ratio and size criteria. The use of
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other shape criteria in assessing fiber type is strongly

discouraged. This does not preclude the analyst from using

differential counting or offering opinions on fiber types present

in the sample. but these opinions should not be reflected in the

NIOSH Method 7400 fiber count reported. Counts modified by

differential counting should be clearly reported as such.

Other optical microscopy techniques (e.g .. dispersion staining.

extinction angle measurement) can be used. but their quantitative

comparability from analyst to analyst is questionable. These

techniques require more time and expense for analysis. The

technique used must be reported along with the results to indicate

that the numbers may not be comparable to other analyses of the

same or similar samples. For a more accurate qualitative analysis

of fiber concentrations. NIOSH Method 7402 is'recommended.

Eyaluation of Problem Samples: Counting fibers by NIOSH Method

7400 requires the analyst to make decisions whether or not

particles fall within the size and shape limits. If a large

fraction of the particles in a sample are near one or more of these

limits. then the precision of the results will be poorer. For

instance. in samples where large numbers of cleavage fragments

occur, many of these fragments will have aspect ratios close to

3:1. Asbestos cement tends to contain many fibers near the 5 ~m

length limit. Such samples will have increased variability. due to

the analyst's difficulty in assessing the criteria on a fiber by

fiber basis. This difficulty will also tend to increase analytical

costs because of the extra time involved:

Mining environments also often produce another sample type that

causes problems with overloading with background dust and large

fractions of short. low aspect ratio particles. Asbestos abatement

samples produced by aggressive sampling often produce similar

samples. At this time. there, is no solution to the problem of

measuring very low fiber concentrations in high background dust

situations. Until better toxicology is available to tell us what

specific properties of asbestos fibers are the most important for

53



health effects. it is unlikely that improvements on the present

methods will be available. Although more expensive and time

consuming. TEM analysis (NIOSH Method 7402) will often provide a

better assessment of fiber exposure for these types of samples.

both because qualitative analysis can be performed and because the

higher resolution allow a more accurate size and shape of the

fibers to be determined. However. because of the complex shapes of

asbestos fibers. the precision of TEM counts is not likely to be

significantly improved over optical counts.

Conclusions: Several aspects of fiber counting have been

addressed. The results are as follows:

1. Use the A counting rules when the results are to be

compared with the OSHA PEL.

2. Fiber counts from samples outside the 100 - 1300 fibers/mm2

range and with more than about 50% of the filter area covered with

particulate should be reported as rruncountable" or at least as

"probably biased."

3. NIOSH Method 7400 does not allow differentiation of fiber

type (asbestos vs. non-asbestos). If optical techniques for

differential counting are performed. the results must be reported

indicating these differences from NIOSH Method 7400.

4. Optical techniques for qualitative analysis do not work for

thin (1-2 ~m diameter) fibers and may vary from analyst to

analyst.

5. NIOSH Method 7402 is the recommended procedure for

providing data on the frattion of PCM visible asbestos fibers.
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Abstract

Electrostatic Effects durini Asbestos Samplini

Paul A. Baron and Gregory J. D~ye

One of the factors proposed in recent years as a potential source of
error in airborne asbestos fiber measurement is electrostatic
charging and interaction between the fibers and sampling cassette. A
series of experiments were conducted to measure a) the quantity and
location of charge on conductive and non-conductive cassettes. b) the
amount of charge developed on fibers generated from a fluidized bed
as a function of humidity. c) the modification of particle and fiber
deposits on cassettes and filters due to charge effects and d) the
effect of various schemes for minimizing charge effects. The results
of these experiments have b~en compared to theoretical calculations
of charged particle trajectories under typical sampling conditions.

Most of these experiments and calculations were carried out under the
condition of iso-axial. iso-kinetic sampling. Such a condition is
generally expected to produce minimum electrostatic effect on the
particle trajectories. Some experiments under aniso-kinetic or
relatively turbulent air sampling conditions indicate significantly
higher losses. .

These studies have resulted in a number of recommendations for
asbestos sampling. These include: a) that conductive samplers be
used to reduce the level of fiber losses during sampling as well as
to improve the uniformity of deposit on the filter. b) that an
electrical ground on the sampler be used to further reduce potential
problems due to electrostatic effects when possible. c) that losses
due to electrostatic effects can be quite high under low humidity
conditions «15% RH). d) that concern over electrostatic effects
under conditions of moderate to high relative humidity ()30% RH) is
probably not warranted. and e) that washing out the interior of the
sampling cassette to estimate electrostatic losses is inaccurate.
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IntrQductiQn

ElectrQstatic effects are occasiQnally invQked .tQ explain variQus
anQmalies Qbserved in aerQsQl measurements. especially in the case Qf
asbestQs fibers. 1 We have cQnducted SQme experiments and calculatiQns
tQ evaluate the effect Qf electrQstatic charge Qn the sampling arid
measurement Qf asbestQs fibers. First Qrde~ electrastatic effects Qccur
when a charge exists bQth Qn the particles being sampled and Qn the
sampler. At least three Qther effects can Qccur. but will nQt be '
addressed belQw. These include the attractiQn Qf a charged particle tQ
a grQunded cQnductive surface and charging Qf apprQaching particles with
the CQrQna frQm a highly charged sampler. The fQrmer occurs only when
the particle is very clQse tQ the surface. such as in the small
passageways Qf the lung and. the latter Qccurs with very high vQltages Qn
the sampler (prQbably greater than 15.000 volts) and will result in
repulsion of nearby particles. 2 A third effect is the polarization of
fibers by the electric field Qf the sampler. This will cause additiQnal
fiber depQsitiQn on the inlet increasing with fiber length.

In Qrder tQ understand the prQblems that electrQstaticcharge can cause.
Qne needs tQ lQQk at the various factors that can enhance or decrease
charge on the aerosol and on the sampler. Much of the discussion below
applies to compact particles as well. but electrostatic effects are mQre
important for asbestQs fiber measurements. Measurements indicate that
fibers tend to have higher electrical mobilit¥ than compact particles.
that is. the fibers tend to move more quickly in an electric field. 2

In addition. a sampling device is intended to give a representative
measurement of the CQncentration Qf particles in the air. If. as a
particle apprQaches the sampler. an electrQstatic force significantly
affects the trajectory Qf the particle. the sampling device may no
longer be accurate. Current asbestos analytical methQds dictate that a
small but representative area of the filter be viewed. so it is required
that the aerosol particles nQt Qnly enter the sampler in a manner
representative Qf the envirQnment. but that they also depQsit
quantitatively and unifQrmly across the filter surface.

Slide 2 depicts the history Qf a particle from generation tQ cQllectiQn.
During generatio~. a fiber is separated from a surface and the process
Qf separatiQn can cause a charge tQ be left on the fiber. Once in the
air. we must cQnsider how particles acquire Qr lose charge. Finally.
during sampling. we need tQ cQnsider hQW the charges Qn both the
particle and the sampler affect the trajectQries Qf the particles as
they apprQach and are finally depQsited in the sampler and filter.

Experiments. CalculatiQns and Discussion

The magnitude and sign of the charge Qn the aerQsol is a complex
function of a number of factQrs. including the chemical structure of the
fiber and Qf the generatiQn SQurce surface. the amount of water absQrbed
Qn the fiber and source. surface. the pQlarizability Qf the particle. and
the speed of separation of the particle from the source surface.
AlthQugh there have been indications in the literature that lQW humidity
levels can produce high charge levels~ there are few reports of the
magnitude of the humidity effect.
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We have investigated the charge level of asbestos aerosols as a function
of humidity for a fluidized bed aerosol generator and this is shown in
Slide 3. One can see that the charge level drops approximately an order
of magnitude when changing from less than 1% RH to 30% RH. At
equilibrium. the water adsorbed on the surfaces is a function of the
relative humidity. Thus. the dryness of the generation surfaces can
have an important effect on the charge level of the aerosol. Low RH
levels can occur in cold climates where indoor air is heated and in
desert areas. The water can also be removed from surfaces by heating.
so that heated materials may also produce highly charged aerosols.

Particle shape can also affect the amount of charge carried away during
generation. Johnston and co-workers at the 10M in Edinburgh have shown
that fibers carry a charge proportional to their length and tend to have
a higher mobility than compact particles. 2 Measurements of industrial
aerosols indicated that fibers were more highly charged than more
compact dust particles and that the fibers carried a charge proportional
to fiber length.

Once the particle is in the air. the principle means of changing the
charge level on the particle is usually due to attraction of oppositely
charged ions present in the air. Ions of both polarities are generally
present in the atmosphere at concentrations of 10 3 i~ns/cc because of
naturally occurring ionizing radiation. 3 These ions are sufficient to
reduce the particle charge 80% in about 10 minutes. Thus. only freshly
generated aerosols are likely to carry significant charge levels.

An airborne charged particle moves in an electrical field according to
its electrical mob~lity. that is. the combined effect of the
electrostatic force and the "air drag resisting particle motion.

Electrical Mobility = neC/3~D

where n is the number of charges. e is the electronic charge. C is the

Cunningham slip correction factor. ~ is the viscosity of air and D the
particle diameter. The motion of a charged fiber in an electric field
can be simulated with spherical particles of known charge. Such
particles are much easier to generate and measure (as well as simulate
theoretically) and many of the following experiments were carried out
with these types of particles.

As the aerosol particle approaches the sampler. it can be affected by a
charge on the surface of the sampler. As we know. like charges repel
and opposite charges attract. In addition. the force of attraction or
repulsion is inversely proportional to the square of the distance
between the two objects. We have primarily investigated the simplest
case of a sampling cassette suspended in space. 'well separated from
other objects. since this is easiest to deal with experimentally and
theoretically. From these studies. we can make some extrapolations to
actual sampling situations.

Asbestos sampling has been conducted in the past using plastic non­
conductive cassettes and is occasionally still done this way.4 More
recently. conductive cassettes have been used. primarily to reduce the
sampling error caused by charge. S We shall show some of the differences
between these types of samplers. Non-conductive samplers can readily
acquire and retain randomly distributed charges on their surfaces.
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These charges can be of varying magnitude and polarity. producing a
complex field that a charged particle must travel through during
sampling. The surface charges are produced by triboelectric effect
during a rubbing contact with other objects or by coming in contact with
other charged objects. These charges can persist on the surface for
long periods of time. 6 The degree and the persistence of these charges
will tend to be greater under dry conditions. Johnston and co-workers
also measured sampling efficiencies under workplace conditions and found
only small sampling losses. 2 However. these measurements were made at
relative humidities above 30%.

Slide 4 shows some hypothetical particles being pulled through a non­
conductive sampler inlet (cowl) to the filter surface. A neutral
particle will of course not be affected by the charges on the surface
and will be accurately sampled. If some areas of positive charge exist
on the surface of the sampler. a negatively charged particle can be
attracted to that positive charge. On the other hand. a positively
charged particle may be repelled from the inlet surface and land on the
filter in an area not representative of the distribution of particles in
the air. If the particle carries a larger positive charge. it may be
completely repelled from the sampler and not be collected. Thus. the
types of effects that one can expect to see on a filter sampling a
charged aerosol are losses of particles (producing a negatively biased
measurement). especially near the edge of the filter, and an increased
variability in the deposit on the filter. This increased variability
and bias can especially affect asbestos analysis. since fiber counts are
made with the assumption that fibers are uniformly deposited on the
filter.

Slide 5 shows a picture of' uniformly (all particles carry an identical
charge level) charged,7 dyed particles that have been sampled with two
different plastic cassettes. These cassettes were randomly selected
from a bag of cassettes. The particles carried a moderately high level
of charge (mobility = 0.3 cm 2 /statV-sec). The particle deposit is
clearly irregular, with virtually complete loss near the filter edges.
Note that most naturally generated aerosols carry a distribution of
charges and that the shape of the deposit would not be as clearly
defined as it is here. This fact. combined with the imprecision of the
asbestos fiber count technique. would normally make such an effect
difficult to observe.

The reason for the losses near the filter edge and the variability of
the deposit can be seen in slide 6. This shows particle trajectories
calculated assuming iso-kinetic sampling and charges with random
magnitudes randomly distributed on the cowl surface. There are losses
near the edge of the filter due to particles attracted to the cowl
surface as well as particles pushed away from the cowl walls toward the
center of the filter. Because the charges on the cowl surface are
randomly distributed. the shape of the filter deposit is irregular.

The conductive sampler situation is somewhat different. Conductive
samplers can also become charged by the same mechanisms that produce
charge on the non-conductive cassettes. Such charging will also be more
likely under low humidity conditions. However, that charge is
distributed over the entire cassette surface. tending to reduce the
resultant field.- In addition. the field produced by this charge will be
symmetiic. Therefore. the sample deposit of charged particles on the
filter will tend to be more radially symmetric. .
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Slide 7 shows the potential field surrounding an asbestos sampler. This
was calculated on a microcomputer spreadsheet using iteration to solve
the Laplacian equations. 8 Most of the contour lines are spaced 10 volts
apart. The closeness of the contour lines are proportional to the
electric field and. hence. to the force that 'might be applied to an
approaching particle. If a positively charged sampler is approached by
a positively charged particle under iso-kinetic conditions. Slide 8
shows the trajectories that such a particle would follow. Initially.
the particle is repulsed from the sampler as a whole and the
trajectories diverge. Near the inlet. the particle feels the effect of
the field due to the inlet edge and is focussed toward the center of the
inlet. Thus. at sufficiently high charge levels on the particle and
sampler. there are losses (negative biases) during sampling.

On the other hand. particles of opposite polarity. as shown in Slide 9
are sampled with nearly 100% efficiency under iso-kinetic conditions.
At some distance. the particles are focussed toward the center of the
inlet. Near and inside the inlet. the trajectories again diverge and
assume a radial distance nearly iso-axial with their starting
trajectory. These calculations have been confirmed with experimental
measurements as shown in Slide 10. It is clear that there is a drop off
in sampling efficiency of similar polarity particles. while there is
virtually 100% efficiency and even deposition of opposite polarity
particles.

The two filter deposits shown in Slide 10 demonstrate the result of
sampling under iso-kinetic conditions with a conductive cassette at
2000 Y potential. These filters were also produced with uniformly
charged dyed particles as indicated in Slide 5. The opposite polarity
particles were uniformly deposited while similar polarity particles were
lost near the filter edge.

There are two additional important points to make at this time. First.
the particle trajectories are strongly dependent on the amount of time
the particles spend in the sampler electric field. Thus. high sampling
flow rates will reduce the effects of electrostatic charge. This can be
seen in Slide 11. Filter collection efficiency was measured
experimentally at one and four L/min for a range of cassette potentials
and compared with theoretical calculations.

Second. iso-kinetic conditions do not usually occur during sampling for
asbestos. Therefore, particles will approach the sampler on
trajectories taking them closer to the sampler walls. thus increasing
the losses. Note that deposits from particles on trajectories other
than iso-kinetic will tend to be on the outside walls and on the leading
edge of the cassette. Sampling performed under more turbulent
conditions confirmed significantly increased losses. Under the
conditrons shown in Slide 11 there was approximately two fold increase
in sample loss. However. it was difficult to quantitate the degree of
turbulence we had in our sampling configuration.

Up till now the data and calculations discussed have been mostly for
spherical particles. Slide 12 shows the fiber deposit on a filter as a
function of distance from the edge of the filter. These fibers were
fairly highly charged (median mobility = 0.5 cm 2 /statY-sec) and confirms
that the distributional changes and losses on the filter can be
significant for asbestos fibers. '
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Personal asbestos samplers are placed on the lapel of a worker. with the
sampler typically facing slightly outward from the body. If the
person's body is electrically charged. this will affect the electric
field surrounding the sampler. However. electric fields tend to be
highest near sharp objects. so that the field near the sampler inlet is
still likely to have a shape similar to the one described above. This
phenomenon still needs confirmation. Under area sampling conditions. it
is a relatively simple matter to electrically ground the sampler. This
will eliminate the charge on the sampler and remove the possibility of
an electrostatic interaction.

Suggestions have been made that particle deposits inside a conductive
cowl are indicative of electrostatic losses during sampling. As the
trajectory calculations and measurements indicated above suggest. very
little deposit should occur once a particle is inside the cassette. An
experiment was carried out to confirm this hypothesis. A charged.
conductive. cowled sampler was used to sample charged chrysotile
asbestos fibers. The cowl was carefully removed and cut in half
lengthwise with a heated nichrome wire. The cowl halves were then
placed in an oven at 50°C and pressed nearly flat. This was
accomplished with minimal disturbance of the cowl inner surfaces. These
surfaces were then observed with an optical microscope at lOO-4SOX
magnification. Virtually all the interior deposit observed occurred in
the first millimeter of the leading edge of the cowl. A small deposit
was also noted at the edge of the internal lip that supports the
cassette cover. Heavy deposits were also noted on the outside of the
cowl.

Thus. heavy deposits observed inside conductive cowls are not likely to
be produced by electrostatic deposition. It is more likely that such
deposits are due to other factors such as direct contamination.
impaction and settling of large particles. or disturbance of deposit on
the filter surface.

Another commonly used remedy for electrostatic charges on non-conductive
surfaces has been application of anti'static sprays. A variety of these
sprays have been tried. They typically contain a liquid that evaporates
quickly. leaving a slightly conductive residue on the surface. This can
be quite effective in reducing localized charging. However. some of
these materials can be removing by rubbing. while others can be washed
off with isopropyl alcohol. With proper application and care. the use
of cassettes sprayed with anti-static material can be an effective
alternative to conductive cassettes.

Conclusions (Slide 13)

Electrostatic effects can occur in sampling asbestos fibers and other
aerosols. especially under dry conditions for freshly generated aerosol.
Plastic non' conductive cassettes can carry high and non'uniform charges
on their surfaces. resulting in negative biases and increased
variability of deposit in the sample. Conductive samplers will tend to
give a more uniform and less biased sample. The fiber deposit on the
inlet. or cowl. of conductive samplers will occur primarily on the
exterior and leading edge of the cowl. Measurement of the deposit in
the interior of the cowl will probably not give a good indication of
electrostatically deposited fibers. Under area sampling conditions.
grounding the sampler will virtually eliminate electrostatic effects on
the aerosol.
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The measurements and calculations described here give an indication of
type and magnitude of effects one might observe when electrostatic
charge is a significant factor during sampling. For instance. heavy
fiber deposits at the leading edge of the inlet and losses primarily
near the filter edge are both indicators of electrostatic charge
effects. The occurrence of these effects may be difficult to detect
during routine analysis of industrial hygiene asbestos samples because
the method is not designed to detect them.
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1. Title.

2. Charge effects during aerosol particle life.

3. Humidity dependence of fiber charge.

4. Schematic view of charged particle sampling.

5. Visual deposit of particles sampled with non-conductive
sampler.

6. Calculated trajectories of particles sampled with a non­
conductive cowl with several randomly placed charges on the cowl
surface.

7. Iso-potential surfaces surrounding a conductive cassette. Note:
The surfaces depicted here are in error to due to an error in
boundary conditions. The surfaces should be approximately 50%
further from the cassette surface. although the shape. especially
near the inlet is approximately the same. The trajectory
calculations were carried out with the correct potential field.

8. Calculated trajectories of particles sampled with aconductive cowl
with the potential field indicated in Slide 7. The particles have
the same polarity as the cowl.

9. Calculated trajectories of particles sampled with a conductive
cowl with the potential field indicated in Slide 7. The particles
have a polarity opposite to that of the cowl.

10. Visual deposit of particles sampled with non-conductive
sampler.

11. Comparison of theoretical and experimental sampling efficiencies
for particles of a single size and charge as a function of
conductive sampler potential and flow rate.

12. Filter deposition efficiency of a conductive samplers as a
function of filter radius for unipolar chrysotile fibers.

13. Conclusions.
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Filter Deposits of Particles Sampled
with Non-Conductive Cassette

2
Particle Mobility =- 0 . 3 em

statV-sec

70



Particle Trajectories Calculated for a
Non-conducting Cassette with Several

Randomly Distributed Charges
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- 8
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Filter Deposits of Particles Sampled
with Conductive Cassette
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Theoretical vs. Experimental
Filter Collection Efficiency for Conductive Sampler
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Radial Distribution of Charged Fibers
Collected with Conductive Cassette
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Conclusions

• Fiber charge can increase by an order of
magnitude at low humidity levels

• Freshly generated fibers will carry the
highest charge levels

• Non-conductive samplers can· produce
filters with high losses and high variabilty

• Conductive samplers will tend to have lower
biases and less variability· on filter

• Charge effects will decrease at higher flow
rates

• Grounding sampler and nearby surfaces will
further reduce electrostatic effects

78



PUMP Calibration Laboratory

Stephen G. Bayer

March 198B

By perforMing at least three independent MeasureMents
on at least four points on a rotaMeter scale, calibrate
a personal-saMpling pUMp.

Given filter specifications and flow rate, test the
autoMatic flow-coMpensatlon feature to ensure that a
selected flow rate will reMain within ± 5%

DeterMine the degree of reproducibility to be expected when
a flow rate is adjusted froM the calibration inforMation.

* CALIBRATION *

The deterMination

withln specified liMits

of the true values

of the indications on a rotaMeter

DisclaiMer

(precision)

(accuracy)

This Manuscript is intended for use as instructional Material only. Mention of
equipMent or Materials, by brand naMe,. does not constitute endorseMent by
NIOSH. The content of this Module is not to be construed as an official report
of perforMance characteristics, except as it relates to classrooM purposes when
COMparing results within the NIOSH direct 582 course.
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AIRFLOW CALIBRATION STANDARDS

PRIMARY

A container having a fixed volu~e that can be
deter~ined by direct ~easure~ent. in so~e fashion
independent of the gas or air involved in the
calibration process, is a pri~ary air-flow
calibration standard. The two ~ost co~~on exa~ples

are SOAP-FILM BURETTE and WATER-FILLED SPIRO­
METERS. The spiro~eter has a typical capacity of
six liters but is not practical for field
calibration. The burette is portable but has a
practical ~axi~u~ capacity of one or two liters.

INTERMEDIATE

Instru~ents which deMonstrate accuracy and
precision siMilar to a priMary standard (but do
not ~eet the deflnition of a pri~ary) are
considered lnter~ediate standards. Inter~ediate

standards are better than secondary standards;
but, inter~ediates ~ust be periodically calibrated
by co~parison to a pri~ary. Exa~ples are WET-TEST
METERS and DRY-GAS METERS. Both have the advantage
of dial readouts of air volu~e ~eaning that larger
volu~es can be ~easured as cOMpared to the le5ser
volu~e capacities associated with Most priMary
standards. Thus, higher flow rates can be
deter~ined with l~proved accuracy and precision.

SECONDARY

An instruMent which can be used for flow-rate
deterMinations but does not ~eet either of the
above criteria is considered a secondary standard.
Most secondaries are flow-indicating or flow­
Metering devices. Exa~ples include ROTAMETERS and
ORIFICES. A set of calibrated orifices could be
used to c~librate several points on a rota~eter,

for exaMple. Also, one rotaMeter could be used to
calibrate another; however, such practices are not
good practice- unless no other Means is available.
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Certain rules of godd practice

I) Always Measure as large of an air voluMe as possible.

2) Average More than one reading, preferably three at anyone rotaMeter
nUMber.

3) Include readjustMent of the ball in each of the three trials.

4) When reading a rotaMeter:

A) Make sure graVity is pulling straight down on the ball.
S) Keep the ball at eye level.
C) Place the center of the ball across the line.
D) Mentally average the bounce or jiggle.

5) Field calibration is usually a quick investigation of the rotaMeter nUMber
of interest. Field calibration is typically perforMed daily (i.e. before
and after).

6) Laboratory calibration is a thorough investigation including four points
on the rotaMeter scale and a constant-flow pressure drop test.

7) When perforMing the constant-flow pressure-drop test, begin with a suction
value typical for the rotaMeter setting and the filtration MediUM used.
Then, increase the suction in approXiMately 2" H20 increMents WITHOUT
readjusting the pUMp. You May reach a point at which the flow is no longer
within 5% of the original value. Note that the rotaMeter ball May no longer
float in its' original position. If not, the rotaMeter changed calibration!

8) The systeM being calibrated should include the filter, cassette, typical
length of tubing, etc. representative of the actual saMpling systeM. The
saMpling systeM should be connected to the calibrator in such a fashion so
as to MiniMize any extra resistance.
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RotaMeter Calibration Data

FOR TRAINING PURPOSES ONLY

EquipMent identity and desc.

Calibrator identity and desc.

NaMe:

TeMp:

Date:

Bara pro

/ /

rotaMeter
nUMber

#

#

vol
L

suction
"H2 0

Meas Vol L

tiMe trials
tiMe tiMe tiMe
#1 #2 #3

60 Sec L

av tiMe
sec

flow rate
L/Min

Flow Rate X
Average Sec Min Min

Actual Flow Calibrated Flow
P cal X T act

P act X T cal

P BaroMetric Pressure MM Hg
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PUMP #90780
/

25 1'11'1 Nuclepore 1.2 UI'1 + 50 1'11'1 cowl

ROT # Lll'1in "H2 O

3.5 3.0
2.9 15+

3.2 2.7 13
2.7 13

3.0 2.5 2.45 12
2.5 14 2.4 12
2.6 12
2.7 11

2.5 2.2 10
2.0 10
2.1 9

2.0 1.7 1.7 8
1.7 10 1.7 8
1.7 7
1.8 8

1.5 1.4 6 1.3 6
1.3 6 1.3 6
1.3 6

1.0 0.88
0.86 4
0.90 4

0.8 0.65 2 0.70 3
0.70 3 0.60 3
0.66 3

PUMp #90780

37 1'11'1 Millipore 0.8 UI'1 2 filters

3.0 2,42 14

2.0 1.65 9

1.5 1.27 7

0.8 0.66 3.3
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PUMP #90780

37 MM Millipore 0.8 UM no cowl

ROT # lIMIN "H2 O

3.5 3.2 9

3.2 2.7 10
2.74 10

3.0 2.6 8 2.6 8
2.6 7 2.56 8
2.6 9 2.61 8
2.6 8.6

2.5 2.0 5
2.2 7
2.1 7

2.0 1.7 4 1.7 5
1.8 4 1.68 5
1.7 5 1.7 5
1.7 5.3

1.5 1.36 4 1.33 4
1.33 4 1.30 3
1. 30 4 1.35 3.5
1.30 4.1

1.0 0.90 2
0.92 2

0.8 0.64 2 0.66 2
0.63 2 0.65 2
0.65 2 0.62 1.5
0.65 1.8
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PUJYlP #90780 PUMP #90780

25 MM 0.45 UJYI Millipore w/cowl 37 MM 5.0 UM PVC

RoU LlJYlin "H2 O RoU Lll"lin "H2O

3.0 2.2 36 3.0 2.6 4.5

2.5 1. 9 30 2.0 1.7 2.6

2.0 1•7 24 1.5 1.3 2.0

1.0 0.8 13 0.8 0.66 0.9

37 MJYI pad only

3.2 3.0 2

2.4 2.2 1.5

1.6 1.5 1.5

0.8 0.65

25 JYIM pad only

3.0 2.5 4

1.7 2.0 2

1.0 0.88

0.8 0.66 <1
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PUMP #90781 25 MM Nuclepore 1.2 UM WITH COWL

ROT # LlMIN "H2O LlMin "H2 O

3.5 3.0 17

3.4 3.2 17

3.2 2.8 13 2.9 13
2.8 14 2.8 12
2.8 13

3.0 2.6 13 2.6 13
2.6 14 2.58 12
2.5 12 2.57 11
2.5 12 2.6 12
2.5 12

2.5 2.2 10 2.1 10
2.1 10 2.1 10
2.1 10

2.0 1.7 9 1.7 9
1.8 10 1. 73 8
1.74 8 1.72 8
1.7 8 1.8 8
1.7 8

1.5 1.4 6 1.3 6
1.4 6 1.3 6
1.4 6 1.3 6
1.33 6 1. 30 5
1.37 6 1.4 6
1.3 6

1.0 0.91 4
0.93 5
0.89 5

0.8 0.70 3 0.69 3
0.76 3 0.73 3
0.73 3 0.69 3
0.68 3 0.70 . 3
0.71 2 0.70 2
0.80 .,

'-



PUMP #90781

37 1"11"1 Millipore 0.8 UI"I

ROT # L1MIN "H2 O

3.2 2.8 11
2.8 11

3.0 2.6 11
2.7 9
2.6 9.5
2.6 9.5
2.56 8.7

2.5 2.2 8

2.4 2.2 8

2.0 1.8 7
1.9 6
1.75 6
1.8 6
1.75 5.5

1.6 1.5 5

1.5 1.4 4
1.4 4
1.32 4

1.0 0.93 3
0.90 2.5
0.94 3

0.8 0.73 2
0.72 2
0.80 2
0.71 2
0.73 2
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Rot #

3.0

2.0

1.5

0.8

Lll"Iin

2.6
2.6

1•7
1.7

1 .3
1.3

0.62
0.60
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*** FLOW-RATE REPRODUCIBILITY TESTS ***

The student is assigned a "goal" flow rate. The desired rotaMeter setting is
interpreted froM the calibration graph prepared in the laboratory. The student
adjusts the pUMp accordingly and a soap filM is tiMed. The actual flow rate is
calculated and reported versus the goal. Earlier data has the flow rounded to
the nearest 0.1 L/Min. Later data is rounded to the nearest 0.01 L/Min, More
appropriate for cOMparative purposes.

LITERS/MINUTE

Goal Actual

0.7 0.705 0.70

0.8 0.63 0.82

1.0 0.93 1.03 1.0 1. 09

1.1 1.1 1. 18 1.0

1.2 1.15 1. 21

1.3 1.1 1. 36 1. 22

1.4 1.37 1.40 1.40

1.5 1. 43 1.56

1.7 1.7 1.72 1.76

1.8 1.76 1. 81

1.9 2.0 1.88 1. 84 1.93 1.43

2.0 2.0 2.0 1. 97 1. 90

2.3 2.1 2.38

2.4 2.3 2.7 2.4 2.52

2.5 2.53 2.6 2.53

2.8 2.7 2.73 2.79 2.73
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Asbestos Sa~pling Heuristics

(Rules for Good Guessing)

Version #2

APRIL 1988

by Stephen G. Bayer

Disclai~er

This ~odule is part of the instructional
~aterials used in the NIOSH direet-training
582 course. This ~anual insert contains the
author's explanations, opinions and view­
points and has not undergone NIOSH ~anuscript

clearance procedures. Therefore, the content
is not intended for use outside the NIOSH
direct course and should not be interpreted
as universal NIOSH policy.

Please do not, in any official capacity, quote,
fro~ nor reference this docu~ent. Instead,
Quote and reference appropriate sections of the
infor~ation and publications given in the
reco~~ended reading section at the end of this
~odule .

93



* SiMplified Concentration Equation *

Average Count X SaMPling Area
Concentration

Field Area X Flow Rate X SaMple TiMe X Conversion

Units: NOTE-- references to "fibers" aSSUMes fibers lori~er than 5 MicrOMeters!
references to "Method" refe~s to NIOSH Method 7400

Concentration: fib/ML (fibers per Milliliter of air)

Average count: fib/fld (fibers per field)

SaMpling Area: MM2 (square MilliMeters)

Using diMensional analysis, the concentration in
fibers per Milliliter is calculated thus:,

Field Area:

Flow rate:

SaMple tiMe:

Conversion:

MM 2/fld (square MilliMeters per field)

L/Min (liters per Minute)

Min (Minutes)

1000 ML/L (1000 Milliliters per liter)

Fibers reMain on the top and Milliliters reMain on
the bOttOM; everything else. cancels out: the
concentration is expressed as fiberS/Milliliter.
The conversion factor May be expressed in cubic
centiMeters (cc or CM 3 ), generating a concen­
tration in fibers/cc! Since the OSHA standard is in
fibers/ML, this Module standardizes on Milliliters.
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The concentration equation, froM the previous
page, ignores the blank's average count since the
purpose of this Module is to select saMpling
paraMeters. Typical values for each of the varia­
bles in the equation can be generalized:

Expected Variable Values

1) Average Count: 0.785
100

10.2
1300

fib/fld
fib/Ml"l2

Count Ranges

2) Filtration Area: 385 MM 2 (25 MM filter- standard)
855 MM 2 (37 I"lM filter- unique occasions)
Note: Use Measured values.

3 ) Field Area: 0.00754
0.00785 1'11'12

0.00817 Mrt2
(proper)

(Walton-Beckett tolerance)

4) Flow Rate: 0.5 - 16.0 L/l'lin
0.5 - 2.5 Lll'lin

(l'Iet hod 7400)
(OSHA reference l'IetMod)

5) SaMpling Til'le: 15
15

480 l'Iin
unlil'lited

(typical OSHA-related l'Ionitoring)
(general aMbient l'Ionitoring)

6) Concentration: Depends on count and saMpling values

The concentration and all other variables in the
equation are Mathel'latically related. Just as a
certain sal'lple volul'le and count will deterMine a
given concentration, a given concentration and
sal'lple volul'l8 should generate a certain count. A
given count, for a selected concentration, deter­
rtines a required sal'lple volUMe.

The sal'lple volul'le is deterMined by l'Iultiplying
the flow rate, the saMple tiMe, and 1000 to
obtain the volul'le (in i'lL). For sal'lpling purposes,
do not l'Iultiply by 1000: leave the volul'le in
liters. In practice, one usually selects either
the tiMe or the flow rate and then calculates the
unknown variable. For a given concentration,
there are three areas of interest:

1) What should the count be?

2) What flow rate should be drawn?

3) How long should the saMple be taken?
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The starting concern should be the count.
Controlling the count in the sa~pling process
cannot be understated.

The unit fib/~~2 is related to the count and
the field area. It is a ter~ of fiber density,
deter~ined by dividing the average count by the
field area. Multiplying the fiber density by the
field area calculates an average count. On
occasion, a total fiber count ~ay be expressed
(i.e. 78.5 fibers). When the count is LESS THAN
100 (not equal to or greater than! ) one can
reasonably assu~e that one hundred fields have
been observed and ~entally divide the count by
100 to obtain an average.

Thus, for a standard field area of 0.00785
~~2/fld, a "count" can be described, for
exa~ple. in three ways: 5.5 fibers counted, an
average count of 0.055 fib/fld, and/a fiber­
density of 7.0 fibers/~~2. The equations are:

Relating Count Units

# fibers observed fibers
Average Count

# fields observed field

average count fib/fld fibers
Fiber Density

field area ~~2/fld MM 2

Average Count Fiber Density
fib

X Field Area
M~ fib

fld

The Li~it of Detection (LaD) is prescribed at
7 fib/~~2. The LiMit of Quantitation (LOQ) is 100
fibers/~~2.

The LiMit of Detection (LaD) is a value repre­
senting the SMallest aMount of ~aterial that can be
confidently distingUished fro~ background levels.
The LOD is generally defined as a value three ti~es

higher than that expected fro~ a typical blank. In
other words, one could nor~ally expect a blank to
have around one to one and a half fibers seen in
one hundred fields.
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However, if a saMple's count COMes very close to a
blank's count, one is not sure whether the count is
"true" and due to the saMple or whether the count
is "false" frOM a heavier-than-norMal blank.

Thus, a blank May actually have one to three
fibers/one hundred fields; but (frOM a statistical
perspective), the count May be expected to range up
to five fibers/hundred fields. If the count could
be expected to go as high as five, one would need
to see at least five and a half fibers in one
hundred fields to ensure that a fiber had been
DETECTED! Therefore, the Method expresses the LOD
as an estiMated value.

The LiMit of Quantitation (LOQ) is an aMount of
analyte at which a certain acceptable level of
precision has been reached. The MiniMUM specified
count range of 100 fib/MM 2 is the value to use as
an LOQ.

The range over which the variability should be
acceptable and linear (i.e. predictable) is 100 ­
1300 fib/MM 2 . This is terMed the "working range".

Below 100 fib/MM 2 , the variation increases 'and
beCOMes less predictable. There is a tendency to
ove~count, producing what is terMed "positive
bias." That Means that the resultant concentration
tends to Measure higher than the concentration is.

When counts exceed 1300 fib/MM 2 , overcrowding
beCOMes a probleM, distinguishing one fiber frOM
several beCOMes difficult, and particulates tend to
obscure fibers. The effect is a general reduction
in count which, siMilar to lighter saMples, deMon­
strates an increase in variation and a negative
bias. Negative bias Means a Measured concentration
lower than the true value.

Interfering particulates are a probleM. A general
rule, described in the Method, is than when 50% of
the area of the visible surface of the saMple is
covered with particles, the filter is too over­
loaded to accurately count.
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For the purposes of saMpling heuristics, in the
absence of prior experience with the dust cloud,
one Must aSSUMe no particulate interference. In
other words, this Module illustrates a Means of
selecting saMpling paraMeters which will assist
in producing MeasureMents with iMproved pre­
cision. This Module is offered as an approach for
a starting point in saMpllng. There is no
substitute for on-the-job experience in gauging
effective saMpling paraMeters and no substitute
for initial analytical data which helps fine tune
future saMpling paraMeters.

When selecting saMpling paraMeters:

One should select a saMple voluMe that
produces 100 - 1300 fibers/MM 2 .

The count is iMportant: the nUMber of fibers
counted has an effect on the accuracy of the
analysis and the precision of the MeasureMent.
Accuracy is the ability to obtain a correct
MeasureMent and precision is a Measure of how
well a MeasureMent can be reproduced. An
excellent Method of MeasureMent will produce an
accurate (correct) MeasureMent and the precision
will be high (i.e. a very low coefficient of
variation or relative standard deviation),

To begin with saMpling heuristics, aSSUMe. the
count to be the MiniMUM needed: 100 fibers/MM 2 .
In terMS of the concentration equation, this
would be a count of 78.5 fibers seen in 100
fields (averaging 0.785 fibers/field with a field
area of 0.00785 MM2/field).

Next,the concentration:

1 ) The concentrat ion Might be est iMated frOM
previous analytical data on the specific
saMpling circuMstance

2) The concentration Might be estiMated frOM
historical analytical data frOM siMilar
environMents or operations.

3) The concentration Might be totally unknown.
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In classification #1, confidence in the selected
sa~pling para~eter would be very high,
classification #2 would produce SOMe uncertainty
in the selection of para~eters, and
classification #3 would generate a low degree of
confidence.

Suppose one was expected to deter~ine if an
individual, working with asbestos, was in
co~pliance with the OSHA standard.

Which standard? OSHA has a Per~issible Exposure
Li~it of 0.2 fibj~L (PELI and an Action LiMit
(ALI of 0.1 fib/~L. In the case of a cOMpany
deter~ining cOMpliance status, one would expect
an atte~pt to establish that the standard has not
been violated. Thus, expect a concentration less
than the standard. With an unknown concentration,
one would not use the standard (PEL or ALI as a
starting point. One would probably select a lower
value. Since exceeding the action liMit triggers
increased ~onitoring and ~ore, a co~pany would
prefer the concentration to be below 0.1 fib/ML
and be able to deMonstrate cOMpliance status.

AssuMe that the concentration is less than the
action li~it: 0.025 fib/ML, for exaMple. So:

1 I Keep the count above 0.785 fibers per field

21 AssuMe the concentration to be 0.025 fib/ML

Next, one has to decide on flow rates and
saMpling tiMes. Statistically, two saMples to
prove one fact are far superior to one, all else
equal. Thus, two four-hour saMples would be
preferred, if possible. More tiMe May be needed.
For the purposes of the first exercise:

31 The required saMpling tiMe is unknown

The lower the concentration, the higher the
flow rate. This is a helpful philosophy. The ORM
calls for a MaxiMUM of 2.5 L/Min. Use it!

4) Flow rate is 2.5 L/Min

The field area is aSSUMed to be 0.00785 MM 2/fld
and the filter area is aSSUMed to be 385 MM 2 .
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Recalling the equation on the first page:

average count X filtration area
fib/~L

field area X flow rate X ti~e X 1000

0.785 X 385
0.025

0.00785 X 2.5 X ~in X 1000

Algebraically, the concentration and sa~ple

ti~e exchange places:

0.785 X 385
nin =

0.00785 X 2.5 X 0.025 X 1000

Thus, if the sa~ple was taken for 616 ~inutes at
2.5 L/~in. with a standard field and filtration
area, one would expect a count of 0.785 fib/fld
when the concentration is 0.025 fib/~L. One cannot
sa~ple for four hours and re~ain above the LOQ.

302

0.491
616 ~inutes

What would the count be if one sa~ples for
for only four hours? Use this equation:

cone X field area X flow X ti~e X 1000
fib/fld

filter area

To provide a sa~ple (at one fourth the action
li~it) having an average count equal to the LOQ,
one would need to sa~ple for 616 ~inutes: a
lesser ti~e would result in a lower average count
which would, in turn, reduce the precision of the
analysis and reduce the confidence placed on the
~eaBure~ent.
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The count (for a four-hour saMple) would be:

fib/fld
0.025 X 0.00785 X 2.5 X 240 X 1000

385
=: 0.31

Instead of the preferred average count of 0.785, the
average would be 0.31 fibers per field or 31 fibers
seen in 100 field5-- less than the LOa. FroM the graph
(Figure I. top line) in section B of Method 7400, the
concentration resulting froM 31 fibers in 100 fields
could be 230% higher than the Measured value!

0.025 fib/ML X 2.3 0.058 fib/ML Statistics

By u5ing Equation 2. in 5ection B of the Method,
the estiMated overall Sr (CV) would be:

Everything on the top line is rai5ed to the
1/2 or 0.5 power: this Means take the SQUARE
ROOT! Stati5tically. applying the Null hypothesis
to one saMple taken, the concentration could be:

(31 + ( 0.2 X 31)2 ) 112

31
0.27

Establi5h COMpliance

95% UCL (one sided) MeasureMent + (1.645 X Sr X standard)

0.025 fib/ML + (1.645 X 0.27 X 0.1) = 0.069 fib/ML

The standard used above is the air quality standard
for which one is trying to establish cOMpliance. The
Mea5ureMent i5 the concentration resulting froM
analY5i5~ The Sr (CV) wa5 deterMined froM Equation
2 in 5ection B. Using para~eter5 selected earlier.
both the graph and the equation in section B
de~onstrate that an actual count of 31 fibers in 100
f ield5 show that the act ion 1iMit (0. 1 fib/~L) ha5
not been violated (froM a stati5tical viewpoint and
Measured concentration of 0.025 fib/ML).
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If sa~pling for 4.00 hours at 2.5 L/Min, liMit of
detection (LOo) as a concentration could be
calculat~d. Recall that the estiMated LOo is 7
fib/~M2 (calculated by dividing the average
count by the field area). One could revise the
concentration equation to: LOo Concentration

Cone = fib/MM 2 X
filter area

flow X tiMe X 1000

Notice that average count and field area have
both been replaced by a value in fib/MM 2 .

Cone =
7 X 385

-------- = 0.0045 fib/~L

2.5 X 240 X 1000

One could say that a concentration of 0.0045
fib/~L or higher is Measurable. A MAJOR PROBLEM
is that so~eone with little scientific under­
standing of MeasureMent variability May think
that Measure~ents at or near the liMit of
detection are as valid as higher MeasureMents.
This is a Misconception.

The following, based on the previous exaMple, is
a sU~Mary of concentration values resulting fro~

sa~pling at 2.5 L/~in for 240 Minutes:

Cone = ---------

Cone =
7 X 385

2.5 X 240 X 1000

100 X 385

2.5 X 240 X ~000
0.064 fib/~L

Cone
1300 X 385

2.5 X 240 X 1000
= 0.83 fib/i'lL
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To stay within the working range of the Method
(particulate interference absent>,2.5 liters per
~inute for 240 ~inutes ~easures concentrations
between 0.064 and 0.83 fibers/~illiliter.

This exa~ple assu~ed that a co~pany is taking a
saMple for the purpose of establishing
cOMpliance with the OSHA Action LiMit of 0.1
fib/ML. When deterMining saMpling para~eters

(when trying to establish that one is IN
cOMpliance), use a concentration value as far
below the standard as one can Measure while
trying to keep the count well above 7 fib/MM2
(preferably above 100 fib/M~2>.

A different exaMple is based on estab­
lishing that a standard has been violated.

The OSHA PEL is 0.2 fib/ML based on an 8 hour
ti~e-weighted average (8-hr TWA). Two 4 hour
sa~ples would be delightful; however, Many work a
3.5 hour Morning and a 4.5 hour afternoon. The
flow rate, in the ORM, is li~ited to 2.5 L/Min.
ReMe~ber that a co~pliance-related official would
have interest in whether or not the Action LiMit
has been exceeded.

One consideration Might be: "what concentration
value would exist at the LOQ if one were to
saMple for 3.5 hours at 2.5 L/Min?"

DeterMining ViolatiQns

Conc
100 X 385

2.5 X 210 X 1000
0.073 fib/ML

What would be a MaxiMUM concentration for the
above paraMeters which would fall within the
specified count range?

Conc =
1300 X 385

2.5 X 210 X 1000
= 0.95 fib/ML
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Thu5, any concentration between 0.073 fib/~L and
0.95 fib/~L would be within the working range of
the Method. The specified range of count produces a
concentration ~ea5ure~ent range thirteen ti~es

higher than the lowest selected concentration.

The concentration ~easured. for any single sa~ple.

is an integrated average representative of the
period of ti~e over which the saMple was taken.
In the unlikely event that SOMeone works for
eight consecutive hours (and was sa~pled during
the full eight hours), the Measured concentration
frOM a full-period sa~ple would represent the
entire day: tiMe-weighting would not be needed.

SeldOM is that the case: typically, ~any work
nine hours which includes a half hour lunch and
two fifteen Minute breaks. Two sa~ples. one
before and after lunch, are usually required.
Keeping the sa~ple tiMes exactly the sa~e is
iMpractical. If the saMple tiMes were exactly the
saMe, one could direcily average the two Measure­
Ments. TiMe weighting is si~ply a Mathe~atical

process used when the saMple tiMes are different.

SaMplers are expected to beco~e fatigued after
about six hours using the standard (1.2 UM, 25 MM
diaMeter) filter. Industrial hygienists also have
to work (at least) nine hour days to routinely
'c~llect eight hour's worth of saMples. Thus, one
could expect ~ost saMple periods to be SOMewhat
less than eight hours.

These COM~on real-life difficulties lead to SOMe
general philosophies regarding 8 hour tiMe­
weighted averaging concepts.

Most people work eight hour days: MOSt toxico­
logical data assu~es that the body has sixteen
hours to eli~inate and/or detoxify the poison.
Therefore, the average concentration for a
typical (representative) workday is iMportant.
One cannot average ~easureMents directly when the
saMple tiMes are different. The tiMe-weighted
average Must integrate both the ~easured concen­
trations and the tiMes of the individual 5a~ples.
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The equation for ti~e-weighted averaging is:

Cone TWA =
Total Sa~pling Ti~e

Equation

"C" sy~bolizes concentration. The nu~bers (1, 2,
3~,etc.) are the first, second, third, etc.
consecutive sa~ples taken on one day (to "n°
nu~bers of sa~ples). The sa~ples are taken on the
sa~e day on a given individual or specific
location within an environ~ent. "T" represents
sa~ple tiMe: the units ~ust be the saMe top and
bottOM. Total saMpling tiMe is the SUM of the
individual ti~e5.

If the total tiMe is eight hours, one has an
8-hour TWA. If not, then one does not. The TWA is
representative only of the total period sa~pled.

If the total tiMe is 5.5 hours, one has a 5.5
hour TWA.

The purpose of an 8 hour TWA is to represent the
day. Data, by definition, is a collection of
inforMation representing fact. SaMpling Must be
representative. Here are several COMMonly asked
questions concerned with Measuring TWA's:

What if an eMployee works in an asbestos-suspect
area for only four hours and the re~ainder of the
day is elsewhere. Can I divide by eight to get
the TWA?

Answer: Yes, if one can de~onstrate that the
reMaining tiMe period is ~ of asbestos. If in
doubt, saMple during the worker's other four
hours. Having data to back up assuMptions pays
off. Data provides facts and eliMinates
assuMptions.

I hear that OSHA divides by eight regardless
of the total tiMe period. SOMeone told Me that
industry should do things just like OSHA does.
Should I always divide by eight?
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Answer: No! A quick experiMent will deMonstrate
that dividing by eight (when the total tiMe is
less than eight hours) always reduces the TWA. If
OSHA needs to substantiate that a violation and
the saMpling tiMe is less than eight hours, OSHA
will likely divide by eight. (Note: For infor­
Mation about OSHA policy, contact your local OSHA
office! ) OSHA regulations stipulate eight-hour
TWA's. How could OSHA prove a violation without
having one? In such a case, dividing by eight
gives the cOMpany the benefit of doubt, Mathe­
Matically assuMing the the concentration during
the unsaMpled period was ZERO! A cOMpany
following such a philosophy would always be
giving theMselves the benefit of doubt.

What then, should I aSSUMe if the total
saMpling tiMe is less than eight hours?

Answer: In the absence of other inforMation,
aSSUMe the saMpled period to be representative of
the whole day.

What is the typical tiMe span considered by MOSt
to be the MiniMUM that should be representative
of eight hours?

Answer: About six hours!

Can't professional judgeMent be used to provide
conclusions in the absence of actual data?

Answer: Certainly. one can use judgeMent. The
probleM is: can the judgeMent be supported? What
credentials, experience, and the like does one
have in order for the judgeMent to be accepted as
fact? The priMary difference between assuMptions
and judgeMents is that assuMptions are not based
on sound facts.
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Next COMes fashions in which the Measure­
Ments can be interpreted and/or reported.

There are several probleMs associated with
reporting data. One set of inforMation is needed
for asbestos-related specialists, another is
needed for those specializing in other
sOMewhat-related professions (such as architects,
engineers, etc.), and often a third set of
interpretations is needed for far-reMoved
occupations (such as laborers, building owners,
etc .)

When count s are less than the LOQ '( 100 f ib/MM2 ) ,
one can expect two phenoMena. First, the filter
is Quite large relative to the area observed. One
hundred standard counting fields constitute only
0.. 2% of the filter. One hundred fields counted
equates to 0.8% of the Mounted filter segMent
which, in turn, is representative of the entire
f i Her.

Especially with chrysotile asbestos, one Might
expect sOMe

l
"cluMping" or areas of higher density

here and there on the filter. One individual
Might have a total count of fifteen fibers
(having seen no ClUMpS) and another person Might
count the filter and see twice as Many fibers
having hit a couple of ClUMpS. Both counters, all
things equal, are correct. One could say that
they are functioning under the "luck of the
draw" .

The fewer fibers there are on the filter, the
More likely it is that a light count will result.
A light count by one person does not guarantee
the saMe light count by another. The lighter the
count, the More relative variation there is when
the difference in the total count is, for
exaMple, five fibers. There is little relative
difference between 95 and 100: there is a large
relative difference between 5 and 10. The
difference is the saMe: the difference is SiMply
proportionally larger with the sMaller counts.
Such an exaMple produces a high relative standard
deviation on the low count. All things equal, one
expects a rise in the variation (a decline in
precision) when the count declines.
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With light sa~ples (less than the liMit of
Quantitation in other ~ords), one expects three
things to happen. First, one expects an increase
in the disagree~ent bet~een two independent
counts-- an increase on analytical variability.
Second, ~ith a declining count, one expects the
variation to increase (precision ~uffers).

FurtherMore, it is difficult to predict just ho~

bad the variation will be because the variability
becoMes variable.

Thus, when the fiber density is less than 100
fib/MM2 , Dr. Paul Baron (see suggested reading)
suggests that filters not Meeting the loadings
specified in the ~ethod be reported as "not
countable". The following stateMent should qualify
the Measured concentration when SOMeone is
insistent upon a concentration value:

·Underloaded/fibers (May have positive bias)"

In a conversational Manner, one could Make a
stateMent siMilar to the following:

"There were too few fibers present to state the
concentration ~ith a good degree of confidence.
The actual concentration May be less than than
that which is indicated in this MeasureMent."

In addition, one should clearly state that the
MeasureMent resulted froM a count outside the
Method's recoM~ended count range.

One for~ of interference is SiMply too Many fibers
present-- above 1300 fib/~M2. In this region of
fiber density, fibers tend to overlay one another
and distinguishing one froM another and/or gauging
size becoMes difficult.

The outco~e is a reduction in the actual
concentration producing an artificially lo~

~easureMent. This error or inaccuracy,on the low.
side, is ter~ed a "negative bias". With the
relatively low concentrations present in recent
years, fiber overloading without particulate
overloading would not be likely. If such ~as the
case, the follo~ing qualifier would be appropriate:

·Overloaded/fibers (May have negative bias)"
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In plain English;

"This concentration resulted froM a filter crowded
with fibers. Measuring the exact nUMber was not
possible. The true concentration is probably higher
than indicated by this analysis."

The fiber count May be within the specified
count range but Much (the Method states 50%) of the
filter surface is covered by particles. In a
siMilar fashion, the count is artificially reduced.
Naturally. adding More fibers cOMpounds the issue.

In a siMilar fashion, Dr. Baron suggests:

"Overloaded/particulate (May have negative bias)

or

·Overloaded/particulate and fibers (May have
negative bias)"

Again, the negative bias indicates that the
Measured concentration could underestiMate the true
concentration .

The nUMber of fibers and particulates present
have a distinct effect on the accuracy (or
correctness) of a given count and the precision
(reproducibility or agreeMent )of Multiple
evaluations (by the saMe individual or by another)
of the saMe filter.

"Negative bias" Means the l'IeaSUreMent is lower
than the true concentration. The concentration
should be considered "greater than -- fib/i'lL".

"Positive bias" Means the concentration is higher
than the true value. The resultant concentration
should be reported as "less than -- fib/i'lL".

Of course, there are Many real-life situations where
particulate interferences are extreMe. A recent exaMple
involved saMpling for low fiber concentrations in a
tunnel beneath toll booths. When saMpling a volUMe
appropriate for the fiber-count perspective, the
exhaust fUMes were totally obscuring the filter
surface!
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When the air voluMe is reduced so one can see between
the exhaust-fuMe particles, the result is likely to be
a nonexistant fiber count.

Last, but not least, is that report i ng t he Measured
concentration requires statistical considerations not
covered in this Module.

This chapter provides inforMation for deterMining
appropriate flow rates and saMple tiMes to help collect
good saMples. The decisions are based upon the
MatheMatical interrelationships of concentration,
count, saMpling area, field area, flow rate, and saMple
tiMe.

Selection of these paraMeters requires knowledge on how
each is affected by the other and how all affect the
precision and accuracy of the Method. To collect the
best saMple (for analysis of a given filter), the priMe
consideration is striving for the best possible count.
considering the saMpl~ voluMe and the concentration of
interest.

To establish that one is in cOMpliance, in ~he absence
of other inforMation, select a concentration value
which is, at the very Most, one half of the applicable
standard. A very light count will Mean that the
concentration is in cOMpliance. As the count beCOMes
higher with increasing concentration, the variability
will decline and help Make decisions when Ithe actual
concentration is near the applicable standard.

To establish noncoMpliance, one can saMple under the
assuMption that the concentration is equal to the
applicable standard. If the count is too light, the·
concentration is probably in cOMpliance. If the count
is too heavy, the standard has been greatly exceeded.

That which influences accuracy and precision of the
count likewise influences the accuracy and precision of
the concentration MeasureMent~ When the count is
outside the working (or specified) range, the Measured
concentration should be tagged with certain Qualifiers
to help explain or interpret the result.
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Statistical Principles

Version #2

April 1988

Draft 5

Stephen 6. Bayer, Sr.

This Module is part of the instructional
Materials used in the NIOSH direct-training
presentation of the "SaMpling and Evaluating'
Airborne Asbestos Dust Course #582." This handout
contains the author's personal viewpoints and has
not undergone NIOSH Manuscript clearance
procedures. Therefore, the content is not
intended for use outside the training course and
should not be interpreted as universal NIOSH
policy. Please do not, in any official capacity.
reference nor quote froM this Manuscript.

objectives:

Describe systeMatic bias and state two exaMples

Describe randOM error and give two exaMples

Describe the difference between accuracy and
precision

Test Measured concentratIon values and deterMine
COMpliance status

Describe warning and control liMits

Given a set of data:

I) Create a frequency distribut ion
2) Calculate the Mean or average
3) I dent ify t he Mode
4) DeterMine the Median
5) Calculate the standard deviation
6) Calculate the coefficient of variation
7) Calculate an upper I-sided 95% confidence liMit
8) Calculate a lower I-sided 95% confidence liMit
9) Calculate upper & lower 2-sided 95% confidence liMits
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Data is a collection of infor~ation which
represents fact. The word data is pleural.
Datu~ is singular.

The ~ean or average is the su~ of the data
divided by the nu~ber of data.

French for "fashion". The Mode is the nUMber
seen ~ost often (i.e. Most fashionable nUMber)
in the data.

When the data is listed in order frOM lowest to
highest, there will be a value which 1S in the
center of the data. For exaMple, ilf one were to
list , in order frOM youngest to oldest, the ages
of everyone in the classrooM, the Median would
be an age that half the class is that age or less
and the other half would be that age or older.

When one has a list of nUMbers, it would be fairly
siMple to look through the list and find out how
Many l's there are, 2's, 3's, etc. This process
generates a frequency distribution. Frequency Means
how often. Distribution depends on how the nUMbers
are classified-- discrete values or group ranges.

When the Mean, Median, and the Mode are the saMe
value (or reasonably close), the data, if plotted
as a frequencY,distribution, aSSUMes a SYMMetrical,
bell-shaped forM called a "norMal" distribution. The
statistical procedures outlined in this Module
aSSUMe a norMal distribution and lose validity for
other distributions.

A MeasureMent that is said to be accurate iMplies
that the MeasureMent is correct. For exaMple, 1f a
student guessed an instructor's height at 6'3"
tall, one could say the estiMate was accurate if
the true instructor's height was 6'2"- providing
the 1" error Met acceptability criteria! The
average is Most often used as a "true value" in
deterMinations where exacting standards and
analytical Methodology is unavailable.

Precision iMplies reproducibility. The student
guessed the height in an accurate Manner; however,
the estiMate Might have been a lucky guess! If 10
estiMates on 10 different people were equally
accurate, then the student's judgeMent is precise.
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A population is a very large nUMber of indi­
Viduals, circuMstances, objects, or the like that
the statistical inforMation is thought to repre­
sent. It is very difficult to obtain data on an
entire population. Using the asbestos course as an
exaMple, a population could be every student who
has taken-- and will take-- the course directly
froM NIOSH. Population does not necessarily Mean a
group of people.

A saMple is a set of data obtained frOM a portion
of the population. The nUMber of eMployees,
quantity of Material on a filter, span of tiMe,
etc. should be of sufficient Magnitude so as to be
representative of the population. For asbestos
related profeSSionals, a saMple could be data on
those students in a given course. A better saMple
would be inforMation about all who have taken the
course over the past year. The word saMple can be
singular or pleural, depending on viewpoint!
SaMples taken in one reMoval project beCOMe a
saMple of reMoval projects as a whole.

SysteMatic bias Means lnaccuracy "bUilt in" to
the procedure or systeM. The error, or error, can
be iMbedded into the saMpling equipMent,
procedure, analysis, and/or areas between. The
danger of a systeMatiC bias. is that its' presence
reMains undiscovered until cOMparative
deterMinations are Made. A classic exaMple is
calibrating a rotaMeter by using the center of the
ball as a reference point. When saMpling, SOMeone
who adjusts the pUMp by using the top of the ball
will have a systeMatic error on the high side. A
systeMatic bias can be as subtle as a rounding
error in a COMputer prograM causing all data to be
inaccurate. Another exaMple is a leak between the
filter and pUMp when calibrating. Not all the air
goes through the calibrator and the flow rate is
inaccurate.

When the rotaMeter ball is being read, two
factors COMe into play. First, five different
people would adjust the ball differently-­
depending on their vision, opinion of the center
of the ball, etc. For each adjustMent, the jitter
of the ball adds to the uncertainty. These factors
cause a certain aMount of randOM error and reduce
precision.
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Fluctuation of environMental conditions while a
saMple is being taken and changes in the work
process produce SOMe randOM variability associated
with the Measured concentration.

A confidence liMit(s) is a MatheMatically deter­
Mined value (or interval between two liMits) for
which one has SOMe degree of confidence that the
true value is between, less than, or greater than.
Equations used to deterMine confidence liMits
usually look siMilar in forM; however, the "Magic
nUMbers" in the equation vary depending on the
type of distribution (i.e. norMal, lognorMal,
etc.), what degree of confidence one wishes to
establish (often 95%), and whether one wishes to
know a range or a greater than or less than value.
SOMetiMes confidence "liMits" May be called
confidence "intervals".

In the 582 course, the follOWing fiber loadings
(in fibers/MM 2 ) were deterMined on a given
slide by a nUMber of students:

Confidence LiMit

Practical
ExaMple

220
337
380
421
433
473
504
581

Mean: 419 fib/MM 2

Median: 421 fib/MM 2

There is no Mode because there are no repetitive
nUMbers. The average and the Median are close. The
average is generally thought to be the "TRUE"
value for asbestos counting because there is no
exact way to deterMine, without hUMan judgeMent,
the correct value! Thus, to deterMine the degree
of accuracy for a given datuM, one way is to
deterMine the prOXiMity of the datuM to the Mean.
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The individual who counted 421 fib/~~2 was very
accurate and the one who ~easured 581 is not very
accurate. The fact that eight students arrived at
eight different widely-ranging values indicates a
fair a~ount of rando~ variability.

Next is precision. There are three co~~on terMS
for Mathe~atically expressing precision: standard
deviation (S). relative standard deviation (Sr
or RSO). and coefficient of variation (CV). The
Sr or CV are both easily calculated using the
standard deviation. The standard deviation is
so~ewhat laborious to calculate and. for the
beginner. difficult to understand.

The eight data were all different; thus. there was
variation present in the results. Points of
interest are: how ~uch variation is present, how
Much should be expected under reasonable
conditions, are the results within the expected
values, and how to report the data in such a
fashion that the variability is figured into the
concentration value.

For exaMple, any given individual could have (and
in fact did) state a singular fiber-loading value.
How about this: "The filter has 220 fibers/MM 2 !"
Another disagrees and says"No! It has 504
fibers/MM 2 ." Who is correct? Does anyone know?
How about "The average fiber density on one slide,
~easured by eight counters, was 419 fib/MM 2 . The
counts ranged frOM 220 to 581 fib/MM 2 .
Therefore, future counts should not be less than
220 fib/MM 2 nor higher than 581 fibers/MM 2 .
One Might expect Most individuals to turn in a
count sOMewhere in the range of 300 - 500
fib/M~2."

For illustrative purposes. suppose the actual data
is unknown, the reader is unfaMiliar with the
standard deviation, and only two pieces of
inforMation are available: average = 419 fib/MM2

and S = 110 fib/MM 2 . In the absence of the
original data. these two nUMbers can be used to
calculate ranges and other inforMation.

There is a 95% probability the true value is less
than 600:

419 + (1.645 X 110)
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There is a 95% probability that the true value is
greater than 23B:

419 - (1.645 X 110) = 23B fib/JYlM2

There is a 95% probability that the true value is
between 203 and 635:

419 ± (1.965 X 110) = 203 - 635 fib/JYlM2

The concept of probability requires a certain
degree of iMagination. There are degrees of
probability. There is SOMe probability that,
anywhere anyone is standing in the entire world, a
plane Might crash directly upon that spot!. Stand
near a busy airport, and the probability is Much
higher- though still SMall, indeed. To forecast,
one needs to have historical inforMation- DATA!

In the counting exaMple, there are eight counts-­
six More than are counted on 90% (unsubstantiated
seat-of-the-pants estiMate by the writer) of the
routine asbestos saMples counted in all of
history!

Predictions are logically Made by viewing the
facts and cirCUMstances and drawing a
conclusion,all things considered. Thus, siMply
because NONE of the eight counters counted less
than 220 or higher than 5Bl DOES NOT MEAN THAT
THERE IS NO POSSIBILITY THAT THE TRUE VALUE COULD
BE LESS THAN 220 OR HIGHER THAN 581 I

ReJYleMber, systeMatic biases exist. All of these
counters could be inexperienced and the true value
(deterMined frOM an average of 20 experienced
counters) is 750. On the other hand, the average
of those experts could have been 100 fibers/MM 2

and the high counts resulted frOM counting
wrinkles, dust on top of the cover glass, and
cellular debris floating inside eyeballs!

There is then, SOMe SMall probability that the
true value is outside the reported values­
especially if the nUMber of data are SMall! The
statistical equations given earlier were used, in
the absence of the COMplete data set, to illust­
rate or describe, in several ways, the range over
which the true value exists- at 95% probability.
For now, the topic goes back to what is the
standard deviation and how is it calculated?
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Again, here is the original data:

220
337
380
421
433
473
504
581

Mean: 419 fib/MM 2

Deviation iMplies that things do not agree. In
this data, no one agreed with the average and no
one agreed with anyone else. Since the average is
the "true value", the lowest person counting
deviated 198 less than the Mean: the highest, 163
higher. The deviations thus far are -198 and +163.

Suppose that one were to calculate the deviations
of every datuM froM the Mean. One would have a
second coluMn of nUMbers which are DEVIATIONS. If
one were to average that coluMn of nUMbers, one
would have an "average deviation". Such a nUMber
would represent the degree of variation of the
original data in the saMe fashion that the Mean
fiber loading represented the original data .

Before pursuing the calculation process, there is
a cOMplication resulting froM the nature of a
norMal distribution. Here are two different plots
of the saMe data grouped differently:

150 - 199
200 - 249 *
250 - 299 101 - 200
300 - 349 * 201 - 300 *
350 - 399 * 301 - 400 * *
400 - 449 * 401 - 500 * * *
450 - 499 * * 501 - 600 * *
500 - 549 * 601 - 700
500 - 599 *
600 - 649

A norMal distribution is a SyMMetrical bell-shaped
curve when plotted as a frequency distribution.
With the exception of needing one More datuM on
the high side, this data is SYMMetrical .
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In an ideal norMal distribution there are as Many
data on the low side as there are on the high
side. Therefore, if one were to average all the
deviations, the positive deviations would cancel
the negative ones and the average deviation would
be ZERO! That is the catch-- ONE CANNOT SIMPLY
AVERAGE THE DEVIATIONS!

Algebraically, a plus tiMes a plus is a plus and a
Minus tiMes a Minus is a plus. If one were to
square the deviation values, one would have a new,
third coluMn of nUMbers-- the DEVIATIONS SQUARED!
The nUMbers would positive, and can be sUMMed and
averaged in a Meaningful Manner.

If one squares a nUMber and then takes the square
root, one is back to the original value, Since the
deviations were squared to eliMinate average
values, one could SUM THE DEVIATION SQUARED COLUMN
of nUMbers, divide by the nUMber of data, take the
square root, and have a value representing the
"average" of the deviations-- the standard
deviation based on the actual nUMber of data. What
if the _nuMber of data is sMall?

The standard deviation is a starting point for
drawing conclusions for data. The conclusions May
describe SOMe reality-- a range of possible
concentration values for a specific filter, for
exaMple. Another conclusion could be predicting
future counts on a reference saMple. The accuracy
and confidence placed on the predictions and
conclusions are highly based upon the nUMber of
data.

To build in a safety Margin, it is custoMary to
divide the SUM of the deviations squared by n-l
data. Again, On" is a syMbol for the nUMber of
data. The exaMple in this Module has eight counts;
therefore, one would divide the third coluMn by
seven. Then, take the square root. This standard
deviation is then based on n-l and is alMost
universally used when one does not have large
nUMbers of data.

Dividing by n-l inflates the standard deviation
value sOMewhat-- considerably More with a few data
and practically none at all with hundreds of data.
Since the standard deviation is used to forecast
and describe the spread of nUMbers, any statis­
tical description of the data should be More
accurate when using S n-l than when using S n'
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Congratulations, you now have the standard
deviation- S(n-l) hereafter known as "S." The
only reason to clarify that point is that
calculators often differentiate between the two
and that Might confuse beginners.

The next step is to calculate the relative
standard deviation (Sr or RSD) otherwise known
as the coefficient of variation (CV). REMEMBER,
the Sr, RSD, and CV are all one and the saMe-­
siMple to calculate too. Just divide the standard
deviation by the Mean!

Statisticians prefer the Sr to be expressed as a
deciMal value (i.e. Sr = 0.34). In everyday
conversation, this is usually Mentally Multiplied
by a hundred to get a percentile value-- "The CV
is thirty-four percent." Thus one May speak of the
Sr as percentile value but. in calculations,
always use a deciMal value.

Here is a review of the Main points. The MEAN or
average of a set of data is usually used as the
"true value" for the data. Because all
MeasureMents do not agree, one Must have a Means
of expressing the variability of the data~ One can
deterMine the STANDARD DEVIATION which can be
visualized as an "average" deviation value. One
can divide the standard deviation by the ~ean and
deterMine the COEFFICIENT OF VARIATION or RELATIVE
STANDARD DEVIATION (Sr or CV) which are useful
not only for calculations but also for
visualization purposes.

Here is the progress thus far on the original
slide data:
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The ~ean, 5, and CV can now be used to interpret
the data or to forecast future analyses. Where one
is seriously concerned about the presence of
significant variability, the ~ean (alone) is no
longer is solely useful for describing the data. A
proper description of the data should incorporate
the variation. There are three equations which can
be used to explain, with 95X confidence the
analytical ~easure~ents.

~ean - (1.645 X 5)

or

~ean - (1.645 X CV X ~ean)
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This equation will predict an upper value-- a
value that stands only a 5% chance of being
exceeded. Both equations arrive at the sa~e

figure. That is because the CV X Mean = 5; Thus,
for the exaMple, there is a 95% probability that
the true nUMber is less than:

419 + (1.645 X 110) = 591 fib/MM 2

Such an equation can be used for COMpliance
testing. If the asbestos concentration resulting
froM 591 fib/MM 2 is less than an air-quality
index of interest, then (at this point in tiMe).
one could conclude that there is a 95% probability
that the concentration is in COMpliance.

95% UCl
One sided

SiMply by changing the + sign to -, one can
calculate a nUMber lower than the Mean. This value
would be a LOWER 95% CONFIDENCE LIMIT. Since this
equation-- and the last-- calculate a single value
on one side of the Mean only. the confidence liMit
is terMed "ONE SIDED". If one adds. one deterMines
an UPPER I-SIDED 95% CONFIDENCE LIMIT. Currently,
by subtracting, this is the LOWER I-SIDED 95%
CONFIDENCE LIMIT:

419 - (1.645 X J 10 ) 245 fib/MM 2 95% LCL
One sided

As such. there is a 5% chance the true value for
this slide is less than 245 fib/MM 2 : however.
there is a 95% probability that the true value for
this slide is 245 or higher! A concentration
resultIng frOM 245 fib/MM 2 would be a nUMber of
fibers/cc that would. resulting frOM this
analysis. stand a 95% chance 6f being exceeded. If
that concentration value was in excess of an
air-quality standard. one could say that there is
a 95% probability that the standard had been
exceeded!

These two equations. used separately, calculate
one-sided 95% confidence liMit values. When used
together, the result is different. There is a 90%
probability that the true value is between theM!
Why? In one case there is a 5% chance greater than
and, in the other, a 5% chance less than-- and
that leaves 90% reMaining in between .
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More COMMon is predicting a range at 95%
confidence. Range iMplies two values, as opposed
to greater than and less than. When dealing with a
range. one adds and subtracts froM the Mean:

Mean + ( 1.965 X S)

OR

Mean + (1.965 X CV X Mean)

These equations calculate two values which have
the following property: there is a.95% probability
that the true value is between theM. Since there
are two nUMbers, one on each side of the Mean,
these equations are called TWO-SIDED 95%
CONFIDENCE LIMITS or INTERVALS. For the original
data:

419 + (1.965 X 110) 635

419 (1.965 X 110) = 203

Thus, there is a 95% probability that the true
nUMber of fibers/MM 2 is between 203 and 635.

Suppose this saMple was a reference slide used for
quality-control purposes. Using the data froM the
slide, one could predict that the next person who
counts the slide would sUbMit a MeasureMent
sOMewhere between these two nUMbers. That aSSUMp­
tion would be true if the equipMent, procedures,
student background, and degree of instruction were
within specifications. On the other hand, there is
a 5% chance that the new MeasureMent Might be less
than 203 or higher than 635

Using these two nUMbers as "CONTROL LIMITS" is
useful to help identify "outliers"-- unusually low
or high counts. Thus, one who was outside of these
values could be said to be too high or low. Does
this Mean a failure?

That depends on how one views the statistic. When
one i5 predicted to be within the control liMits
95% of the tiMe, the iMplication is that one is
predicted to be too low 2.5% of the tiMe and
likewise too high 2.5% of the tiMe. Thus, one who
is outside the control liMits More than 5% of the
tiMe has a probleM.
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Warning li~its are cO~Monly assigned as the
~ean ± S. When one is ~ore or less than I standard
deviation froM the ~ean. warning liMits indicate a
tendency for low or high counts. There is approxi­
Mately a 68% probability that a given analytical
value will be within the warning li~its.

Control and warning liMits Mayor May not be
considered to be "engraved in stone". The
Mean ± ( 2.77 S ) are typical values for
cOMMercial laboratory QC prograMS. The
Mean ± ( 1.965 S ) are COMMon for sMaller-scale
prograMs.

Another point of confusion on quality control is
an equation that is used to test the difference
between two MeasureMents to see if the difference
exceeds, at a 95% probability level, the
predictable difference associated with the average
of the two counts. Naturally, the predictable
difference will be a function of the variability.
Thus, a new, but si~ilar. 95% confidence equation:

Warning LiMits

P = 0.95 is another way of writing 95%
probability. The confusing issue is that three
different "Magic nUMbers" have been used to
calculate 95% probabilities-- 1.645, 1.965. and
2.77! Using 1.645, adding it calculates an upper
I-sided liMit, subtracting it yields a lower 95%
I-sided liMit, and adding and subtracting
calculates a 90% confidence range or interval.
Adding and subtracting 1.965 deter~ined a 95%
interval. These nUMbers and associated confidence
values were said to be associated with NORMAL
DISTRIBUTIONS

2.77 X CV X Mean
where P = 0.95

difference not to be exceeded Count Bias Test

The new ele~ent causing 2.77 to be the "Magic
nUMber" is this: if one were to take a set of data
and deterMine all possible co~binations of the
absolute (i.e. disregard whether they are positive
or negative) differences between any two results,
and plot the differences as a frequency
distribution, the distribution would no longer
have the SyMMetrical bell-shaped distribution.
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Rather, the data would have the shape of half a
bell-- with the high point at 0 difference and
tapering downward as the ·differences beca~e

greater. There is a ~odule in your course ~anual

which explains the count-testing equation.

In co~pliance testing, there is another ~ysteriou5

adaptation of equations described in this ~odule.

Using one described earlier:

~ean + (1.645 X 5) = ~ean + (1.645 X CV X ~ean)

The second equivalent equation, using the relative
standard deviation (CV), will predict so~e value
that, at 951 probability, would not be exceeded.
The proble~ with routine analyses is
this: THERE IS NO MEAN!

Nearly every analytical result co~es fro~ one
saMple Measured one ti~e by one person. To have a
true Mean requires ~ultiple data. Should the
analyst assu~e that every Measure~ent is
equivalent to the true ~ean that would exist if,
for exa~ple, 50 other persons analyzed that saMple
(assuMing that was, in fact, possible)?

Think about an atte~pt to establish that a given
individual, on a given day, is in COMpliance with
a given air-quality standard. The standard is
known and, as a result of the analysis, a MEASURED
CONCENTRATION is deterMined. The terM "Measured
concentration" is preferred because the true
concentration is unknown. The true concentration
can, at best, be a statistically-deterMined value.

Also known is that variability exists which, in
turn, causes an associated aMount of uncertainty
about the value for a true concentration. Thus,
the true concentration is a function of several
things-- the Measured value, the aMount of
variability, and the aMount of statistical
confidence placed on the final result.

The aMount of statistical confidence is nearly
always 95% frOM a legal perspective. The aMount of
variability is a historically-deter~ined value.
The Measured concentration is a result of the
analysis which, one again, is not a true ~ean

because, alMost totally without exception, the
saMple is only analyzed one tiMe- twice at the
very Most.
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Since the ~easure~ent is not a true average value,
and variability exists, ~hat assu~ption should be
Made? Should one aSSUMe the Measured concentration
is a true Mean value? To dra~ this conclusion is
sOMewhat arrogant. What would be better?

In co~pliance testing, one is co~paring a
~easure~ent against a standard. The standard is a
criterion against which one tests the ~easureMent

and deterMines co~pliance status. In statistics,
there is a rule of thu~b for this application It
is called the "NULL HYPOTHESIS FOR STATISTICAL
TESTING".

The null hypothesis is this: when one is testing a
MeasureMent against a criterion, and no Mean
exists, aSSUMe the Mean to the the criterion being
testing against. In other words, assUMe the Mean
to be the air-quality standard against which the
Measured concentration is being cOMpared. This,
too, is an aSSUMption having an error involved.
One could also argue that the Measured
concentration should be closer to a true
analytical Mean than the air quality standard.
Thus, both aSSUMptions have errors involved: there
is a difference between the errors.

AssuMe that the standard is the Mean is a
"consistent error". The aSSUMption ~ay be
incorrect; but, the degree of incorrectness is
reliable. If one were to aSSUMe the ~easureMent is
the ~ean, the degree of incorrectness would be
variable depending on where the MeasureMent fell
in the norMal distribution of the results-- on the
high side sOMetiMes, the low side on others, and,
on rare occasion, exactly on the true Mean.

Any statistical procedure will benefit the user if
the nUMber of data used to draw the conclusion is
increased. In COMpliance testing, n is usually 1!
Drawing conclusions fro~ one datu~ is one of the
statistical sins of all sins. Since this is
usually the case for asbestos, the one-sided 95%
UCL equation, using the Null Hypothesis, beco~es:

~ean + (1.645 X CV X Mean)

changes to

Measure~ent + (1.645 X CV X standard)
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On the left, one uses the Measured concentration.
On the right, one substitutes the standard against
which the MeasureMent is being cOMpared. This
particular equation is the one for an eMployer to
use to deterMine, with 95% confidence, whether or
not the Measured concentration is in cOMpliance.

The custoMary process for deterMining cOMpliance
status has several possibilities. In order for an
eMployer to prove cOMpliance, the Measured
concentration Must be less than the standard: if
the MeasureMent is greater than the standard, the
eMployer concludes that a violation has occurred
and no statistical test is necessary.

Second, if the MeasureMent is less than the
standard, the eMployer could perforM the test
shown above and, if the MeasureMent was less than
the standard but the statistical confidence liMit
was above the standard" the eMployer would
conclude possible violati~n of the standard.

Third, if both the MeasureMent and the upper
95% one-sided confidence liMit were under the
standard, the eMployer could conclude cOMpliance
status.

ReMeMber, the eMployer May need to prove, with
95% confidence, that the concentration in question
did not exceed the standard. An adversary,
asserting that the standard was exceeded, Must
prove-- with 95% confidence-- that a violation
occurred. To accoMplish such the latter
conclusion, the following equation is used:

MeasureMent - (1.645 X CV X standard)

This is a regulatory agency's test for deterMining
cOMpliance status. The basic principles just
described are not guaranteed to be policy for
regulatory agencies. When in doubt about policy,
ask the appropriate agency. Once again, under the
assuMption that one saMple has been taken, the
null hypothesis is applied: substitute the
standard for the MeasureMent. The conclusion on
cOMpliance status is siMilar but inverted.

If a cOMpliance officer has a MeasureMent which
is less than the standard, the status is cOMpliance.
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If the ~easure~ent is greater than the standard but
the lower 95% confidence liMit is less than the
standard, violation is a possibility-- but so is
co~pliance.

To conclude violation of the standard, both the
~easured concentration and the 95% lower confidence
li~it ~ust be in excess of the standard.·

The reader May now see that there will be a "gray·
area between a ~oncentration that the e~ployer can
establish co~pliance and the regulatory agency can
establish non-coMpliance. This gray area is a
function of two factors-- the variability (i.e.
CV) and the null hypothesis.

If ~ore than one consecutive sa~ple is taken,
the Null hypothesis cOMplaince testing equations
can be ~odified by dividing the Sr X Standard
(AQS) by the square root of the nUMber (n) of
consecutive sa~ples taken. Dividing by the nu~ber

of saMples taken reduces the uncertainty present
(resulting fro~ not having a true average value).

The "standard error" approach to the equation
applies to a circu~stance where one takes several
i~Mediately-sequential saMples (or, especially,
siMultaneous) within a population that is uniforM.
An excellent exaMple would be si~ultaneous

environMental saMples inside the NIOSH classrooM.

Representation is a key consideration. If all the
saMples are not taken in such a fashion that all
represent the sa~e population, one should not use
the "standard error" in the equation.

Sr X AQS
Standard Error

Thus, the cOMpliance-testing equations now becoMe:

Measured Concentration (+ QC -) 1.645 X SE
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Average count

SUMMARY OF EQUATIONS

total fibers seen

total fields observed

fibers

field

Fiber density =
average count fib/~~2

field area ~~2/fld

fibers

Standard deviation 1) for each datu~, subtract average, then square it
2) su~ the resultant values
3) divide by n-l
4) take the square root

standard deviation
Sr or CV

~ean

Standard error
Sr X Standard

SE

Test for COMPLIANCE ~easured cone. + 1.645 X SE

Test for NON-COMPLIANCE = Measured concentration - 1.645 X SE

For a single sa~ple, the equations also appear in the following for~at:

~easured concentration (+ or -) 1.645 X Sr X standard

Co~pliance-related decisions should not be based on one saMple.

130



E~ployer's Viewpoint

For an e~ployer to be in co~pliance, neither the
Measure~ent nor the value in the
te5t-for-co~pliance test can exceed the standard.
If the ~easure~ent exceeds the standard, the
e~ployer considers the circu~5tance a violation.
If the ~easure~ent is less than the standard but
the test-for-co~pliance value exceeds the
standard, the concentration should be regarded as
a possible violation.

Regulatory ~gency's Viewpoint

To establish a violation, neither the ~easure~ent

nor the test-for-nonco~pliancevalue can be less
than the standard. If the ~easured concentration
is less than the standard, one concludes
co~pliance status. If the ~easure~ent is greater
than the standard but the statistical test value
is less than the standard, violation is only a
possibility.

Note

These tests for co~pliance use the Null hypothesis
for testing a ~easure~ent (which is not a true
average value) against an air-quality standard
which applies to the purposes for saMpling. The
equations esti~ate cOMpliance status at 95%
probability (i.e. P = 0.95).

The following equations are applied to data fro~

which a true ~ean is available. ~ typical exaMple
would be counts fro~ reference slides in a
quality-control progra~.
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1) There is a 95% probability that the data
is less than:

~ean + (1.645 X 5)

2) There is a 95% probability the data is
greater than:

~ean - (1.645 X 5)

3) There is a 95% probability the data
is between:

Mean ± (1.965 X 5)

4) There is a 95% probability the difference
between counts does not exceed

2.77 X CV X Mean

NOTE: CV X Mean can be substituted, where
desired, for 5: 5 = CV X ~ean

In equation 4, the Mean is usually
based on the average between the two
counts in question.
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Statistical Worksheet

x-u
Deviations

x
Data

SUI'l of data:

(Mean) u:

NOTE: u will represent Mean

(x-u)2
Deviations2

SUM of (x-u)2 =

P 0.95 true value is less "than ..

P

P

0.95 true value is greater than .

0.95 true value is between .

U - (1.645 X S)

U + (1.965 X 5)

Note: Sr X u can be substituted for S
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Fa~iliarization with the Microscope

April, 1988

Stephen G. Bayer, Sr.

This ~odule is part of the instructional ~aterials

used in the NIOSH direct-training presentation 582
course. This ~odule contains the author's personal
opinions and viewpoints and has not undergone
official NIOSH revie~. Therefore, the content is not
intended for use outside the NIOSH direct course and
should not be interpr~ted 85 universal NIOSH policy.

Please do not. in ~ny official capacity. quote fro~

nor reference this dOCUMent. Please refer to NIOSH
Method 7400 and read the sections on equipMent
specifications and the section on Microscope quality
control.

Mention of co~~ercial concerns does not constitute
endorse~ent by NIOSH .
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Objectives:

1) Identify the co~ponents of the ~icroscope

2) List the three basic steps to the setup procedure

3) List necessary accessories

4) State any specific specification or design
criteria

Students will be expected to know all ~ajor

~icroscope co~ponents by na~e and function (purpose).

Students will be held responsible for stating any
~ajor equip~ent specification (i.e. Kohler .
illu~ination, Walton-Beckett graticule), adju5t~ent

principles (how to adjust the field iris),
quality-control procedure (log book inforMation,
resolution/contrast inspections) or ~ajor design
characteristic (nuMerical aperture range, overall
~agnification) if such inforMation is covered in
Method 7400.

Students will not be expected to describe theories
and concepts not covered in the ~ethod nor to
explain, for exa~ple, how phase contrast works, why a
condenser is needed, or define phase relationships.
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COl"lponents

Modern I"licroscopes are selected basically by I"lodel. In
general, the ranking (frol"l relatively bad to
excellent) follows this approxil"late schel"le:

1) Student (budget)

2) Laboratory (scientific)

3) Research (laboratory grade, but I"lore versatile)

4) Universal research (high $. high versatility)

One occasionally hears of polarizing or petrographic
I"licroscopes. A petrographic I"licroscope is usually a
polarizing I"licroscope with additional versatility or
capability. Petrography is a science related to using
a I"licroscope to classify rocks and I"linerals. A
polarizing I"licroscope would be useful' for a chel"list.
for exal"lple, and I"lay not need the additional
capabilities required by a petrographer.

A polarizing I"licroscope can be converted into a phase
by siMply purchasing a phase contrast objective and
condenser. The objective lens is usually
seMi-perManently screwed into the nosepiece and the
condenser is I"lounted into place when needed (about ten
seconds til"le, usually involving loosening one screw at
I"lost). A polarizing I"licroscope requires several
additional cOl"lponents (notably a rotating stage) which
can be costly and inconvenient when trying to convert
a phase-contrast I"licroscope into a polarizing I"lodel.

Most phase-contrast I"licroscopes are in the laboratory
category. Qualities that I"lost prefer, when purchasing
a phase-contrast I"licroscope, include the follOWing:

1) Very little free play in adjustl"lents

2) Illul"lination of adequate brightness (with filter)

3) COl"lfortable height (sol"le are taller than others)

4) Centerable optics (including light bulb)
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The stand is, for the ~ost part, the ~icroscope

itself I as seen fro~ a distance. The stand
incorporates a foundation on or in which the re~aining

co~ponents are ~ounted. The base of the stand contains
the illu~inator. The head is at the top below which
the objectives are ~ounted (in a nose piece) and above
which is ~ounted the body tube (typically binocular)
containing two eyepieces. Between the illu~inator and
the nosepiece is a platfor~ called the stage. Beneath
the stage is a ~ount for the condenser.

The ~agnifying co~ponents include (in order as though
looking downward through the syste~) the eyepieces (or
oculars), the body tube (including the binocular'
pris~s. optical pathways, and nosepiece), and th~

objective lens.

The illu~ination syste~ (fro~ the bulb to the slide)
includes a light bulb, projecting lenses, ~irror,

field iris, and condenser.

The ~ethod states that Kohler illu~ination is
is preferred. Kohler illu~ination specifies three
basic require~ents:

1) The spec i~en i,s in focus

2) An i~age of the field iris is in focus at the
speci~en plane and its edges are adjusted and
nicely centered on the edge of the field of
view (everything seen through the ~icroscope)

3) An i~age of the light bulb fila~ent is in focus
at the plane of the condenser iris.

The reason the ~ethod states that Kohler illu~ination

is preferred is that few ~icro5copes have true Kohler
illu~ination (usually lacking capabilities for
acco~plishing the third criterion listed above).
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The purpose of Kohler illuMination is to
provide a crisp beaM of illuMination. Contrast assists
visibility. A low contrast iMage could be as visible
as a high contrast iMage; however, subtle detail in
the iMage Might not be as noticeable. There are tiMes
when contrast is wanted: looking for very fine fibers
(which tend to be light gray) against a MediUM gray
background is one tiMe contrast is helpful. Contrast
helps sharpen the edges of iMaged objects helping to
detect the objects against the background.

For reasons too lengthy to cover here, Most
Microscopes have tiny light bulbs with ground glass
placed in front of theM. The ground glass diffuses the
light which, in turn, softens the illUMination beaM
SOMewhat. Thus, this reqUireMent (or capability) of
Kohler illUMination is absent in MOSt Modern
laboratory-grade phase-contrast Microscopes.

If one could focus the filaMent, an ideal filaMent
would be a solid strip of lUMinous Metal which would
be projected by lenses, bounced off a Mirror and
directed onto the condenser. The lenses would be
Moveable (or the bulb) in SOMe fashion such that the
surface of the enlarged filaMent would fill, be in
focus at, and centered nicely across the plane of the
condenser iris.

Microscopically speaking, an iris is a set of
overlapping blades of Metal or plastic. The blades
couple into an adjusting collar or lever which, when
Moved, twists on the blades. The blades overlap to
forM an opening through which light shines. If six
blades are used in the iris, the opening would be
hexagonal. With eight or More blades, the opening
beCOMes increasingly circular.

The condenser iris is used for bright-field Microscopy
(ordinary Microscope, in other words) and is either
not in place or COMpletely open for phase-contrast
Microscopy. Thus, to the neWCOMer, condenser iris is
either a Mysterious iteM of no use or is a terM
confused with field iris (which is an opening in the
illuMinator) .

Thus, if one could could look underneath the condenser
and see a focussed iMage of a coil-filaMent bulb, one
would see a one-diMensional Zig-zag representation
(iMage) of the coil sharply in focus, filling the
whole condenser opening, and nicely centered.
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Before the field iris can be adjusted (IteM 2),
one Must be in focus on the saMple. Typically,
this is the first order of business since
adjusting the light bulb is either iMpossible, or
the bulb needs replacing (in which case one
follows Manufacturer's directions). Focussing on
the saMple is about as straight forward as the
stateMent sounds. When the saMple is in focus,
the coarse and fine focus knobs are not
readjusted until the following step(s) are
COMpleted.

The field iris is an adjustable opening in or
near the base of the Microscope. SOMe Microscopes
(tYPlcally student Models) do not have field
irises. This Means that one is as far away frOM
the Method's illUMination reCOMMendations as one
can get.

To help Kohler illUMination provide contrast to
the iMage (that is the purpose, after all), the
field iris perforMs two purposes. It places the
focal point of the condenser directly upon the
plane of the saMple (which is still in focus) and
the field iris helps to eliMinate scattered light
which causes glare.

A slide (audio-visual transparency type)
projected on a screen in a typically lit
classrOOM will be hard to see. Why? The aMbient
light fills in darkened areas and reduces the
contrast of the iMage. See? Contrast equates with
visibility. Turn out the rOOM lights and the
iMage is easier to see even though the projected.
iMage is nQ1 as bright as before.

When you are looking at a saMple, you are looking
at a very tiny area. If the field iris is
noneXistent, or opened all the way, the saMple is
flooded with a wide beaM of light. The objective
is collecting light COMing frOM the area defined
as the field of view. SOMe of the light outside
the field of view can' be scattered into the field
of view and, siMilar to an AV slide in a bright
rOOM, the iMage is, to SOMe degree, washed out.

Thus, one Major purpose of the field iris is to
provide a barrier to the illUMination beaM such
that the only portion of the slide that is lit is
the tiny area you see through the Microscope.

144

Focus on SaMple

Adjust Field Iris



Next, the field iris finds the condenser's pOint
of focus. The beaM of light COMing out of the
base of the Microscope is very large cOMpared to
the extreMely tiny field of view.

The purpose of the condenser is to provide
oblique illuMination. Think of each photon of .
light as a piece of data. The More directions one
could pass those little photons through a saMple
and, in .turn, collect theM into the objective,
the better. Each photon carries inforMation about
SOMe aspect of the Material under observation.

If you were to exaMine a statue. If one could
only see the statue frOM one point of
observation, one's interpretation would be
liMited. Moving around and observing the statue
frOM Many different angles would provide better
inforMation about the statue as a whole.

Thus, the purpose of a condenser is not to Make
the light bright: a bigger bulb would do that.
The condenser brings light to the speciMen in a
variety of directions, each carrying a different
perspective with slightly More inforMation. The
final result is an iMproveMent 1n resolution.

To get these photons to converge on the field of
view. the focal point of the condenser Must be
right on the speciMen.

To adjust the field iris, one perforMS several
Minor tasks. Given is that one is actually
looking at the speciMen through the
Microscope.The tasks are:

1) Close the field iris

2) Focus the field iris

3) Open the iris nearly to the edge of the field
of view

4) Center the iris if needed.

5) Adjust the field iris diaMeter to exactly
coincide with the edge of you field of view.
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In quick retrospective su~~ary, the field iris
was focussed to place the condenser at the point
of focus (on the sa~ple) and the blades now block
out stray light and illu~inate only what is seen
through the ~icroscope.

The condenser provides a focussed cone of
illu~ination which passes at a variety of
directions through the ~aterial in the field of
view.

If the light bulb fila~ent was focussed at the
plane of the condenser iris, this ~icroscope

would now have been adjusted for observation
under Kohler illu~ination.

Kohler illu~ination, at this point, is irrelevant
to phase contrast. Kohler illu~ination is si~ply

a way to illu~inate the sa~ple for ~axi~u~

resolution and contrast. Phase contrast takes the
contrast-producing process one giant step
further.

The condenser provides a cone that converges onto
the sa~ple which, in turn, diverges and is
then collected by the objective. The angle of
convergence/divergence is represented by a nu~ber

ter~ed the nu~erical aperture. The larger the
value, the wider (greater) the angle. The higher
the N.A., the ~ore directions light passes
through the sa~ple which, in theory, provides
increased resolution. The nu~erical aperture of
the condenser and objective would be exactly the
sa~e for a ~atched pair. This, however, would
li~it the use of that. condenser to objectives
having identical N.A.'s. To ~ake syste~s ~ore

versatile, condensers often include flip-up
lenses which can reduce the condenser's N.A. for
lower-powered objectives (which typically have
lower N. A. ' s ) .

The N.A. of the 40 - 45X objective specified in
the ~ethod is given as 0.65 - 0.75. A condenser
.~ust have an N.A. equalio or greater than that
of the objective. The N.A. is al~ost always
sta~ped on the objective and condenser.
Typically. one could expect to see 0.65 to 0.75
so~ewhere on the objective and 0.9 on the
condenser.
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Phase Contrast is considered a~ of illuMi­
nation. It 'is a way of altering the nature of the
light that passes through the field of view. A
COMMon bright-field Microscope depends on
differences, in refractive index, between the
Material being observed and the MediUM in which
the Material is suspended.

Refractive index is a nUMber starting at 1.000
representing optical density or degree of
resistance to light passing through a given
Material. The world of refractive index values
range frOM 1.000 to 3.000. Low refractive indices
are around 1: water, for exaMple is around 1.333.
Optical glass, in your Microscope, is typically
1.515. AMosite asbestos is around 2.77-- fairly
high.

Not only do differences in refractive index play
a part in visibility, the thickness of an object
also plays a role. The SMaller an object, the
More difficult it is to see an object near in
refractive index to the MediUM.

Phase Contrast is used to see objects which are
close, in refractive index, to the MediUM. Phase
contrast uses phase differences between the light
which passes through a fiber (for exaMple) as
cOMpared to the beaMS of light which pass by the
edges of the fiber.

A phase-contrast Microscope has two basic
COMponents: a dark ring in the objective lens and
a transparent (bright when the illUMination beaM
passes through) ring in the condenser.

Typically, there is a unique transparent ring in
the condenser (called an annular diaphracM) for
each particular objective (containing the dark
ring called a phase-shifting eleMent >. If one
could reMove the eyepiece and look down through
the optical systeM, one would see two rings- the
bright annular diaphragM and the dark
phase-shifting eleMent. If the systeM is properly
selected and adjusted, both rings would be the
saMe size and perfectly superiMposed or
concentric. In other words, the rings would be,
analogous to two donuts which are the saMe size.
One could stack one on top of the other and, when
looking downward, adjust theM such that only one
donut would be seen!
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Thus, for any particular objective, there is an
appropriate annular diaphrag~. The phase-shifting
ele~ent (dark ring) is per~anently ~ounted in the
objective lens. The annular diaphrag~ is either
~ounted in a turret inside the condenser or is
available as an insert co~ponent. The alignMent
proces6 is perfor~ed by screws or knobs (on t,he
condenser) which Move the annular diaphrag~ until
concentricity is achieved.

For phase contrast to work properly, the rings
Must be as concentric as possible. The light froM
the annular diaphragM (bright ring) Must pass
through (and be reduced in intensity by) the
phase-shifting eleMent (dark ring).

There are a nu~ber of ways to design
phase-contrast optics depending on the degree of
contrast needed and bright on dark fibers or
vice-versa. The type specified in the ~ethod is
ter~ed "positive contrast" which has a neutral
(gray) background where the fine fibers are dark
and generally beco~e bright as they beco~e

thicker.

To inspect the Quality of the i~age, Meaning the
overall co~bination of contrast and resolution,
the Method requires periodical inspection of the
iMage using the HSE/NPL Mark II test slide.

The test slide consists of two coarse (a relative
terM; they are really fine lines) sets of
horizontal lines and two sets of horizontal
lines. These lines serve as "finder" lines for
the region in which the resolution/contrast
(test) lines are viewed. The test lines are not
visibly nUMbered; but, COMe in a series of seven
sets of about twenty lines (or grooves). The
first set is on one end of the rectangular area
defined by the finder lines and will be fairly
easy to see at 400X unless the Microscope is in
extreMe ~isalignMent and grossly dirty.

Focus on the first set and, as will be su~~arized

later, adjust the Microscope to counting status.
Look for the second set of test lines. They are
next to the first set. Continue this process,
Mentally keeping track of how Many sets you see.
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The ~ethod says you Must see the first three
cOMpletely. The fourth or fifth Must be partially
visible. If the fourth set is partially visible,
the fifth set cannot be seen! Partially visible
Means that the lines do not have continuity. One
sees the~ in so~e places but not in others.

The ~ethod states that the sixth and seventh set
Must be invisible. The purpose of the test slide
is to provide an eleMent of consistency in
iMagery thereby increasing the overall national
precision (i.e. reducing variability).

Generally, Most Microscopes have turret-type
condensers. One twists the periMeter of the
condenser and, relative to indicating ~ark or
window, Markings click into place. The Markings
~ay be a nUMerical scheMe (i.e. 1,2,3, etc.) or
~arked by objective power (i.e. 10, 20, 40. or
20/40, etc.) The correct annular diaphragM Must
be in place. If both rings, as seen through the
optical systeM, can be superiMposed one atop the
other, the proper rings have been selected
regardless of the Markings.

The rings are easy to see in a few Microscopes
by siMply reMoving the eyepiece and looking into
the internal workings of the optics. Typically,
however, the rings appear very tiny alMost as
though they are far away. To assist in inspecting
the centering, one needs a 6Mall telescope which
Mo~entarily replaces the eyepiece. The telescope
is focussed by holding the lower part With two
fingers and then pulling (for friction fit) or
tWisting (for helical threads) the eyelens.
QUickly, the rings will COMe into focus and the
centering can be perforMed.

Centering is aCCOMplished in a variety of ways.
In nearly all Microscopes there are screws,
sliders, or knobs which one Manipulates to Move
the annular diaphragM (bright ring). Typically,
the controls (found on the condenser, naturally)
are perManently Mounted and are near the front of
the condenser or perhaps Mounted near the sides.
SOMe Microscopes have detachable "wrenches· that
are inserted into hole and, in turn, engage
centering screws. One is not advised to purchase
"precentered" systeMS which supposedly never need
adjust~ent. What if they QQ need to be adjusted?
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Pause for a MOMent on that basic question. The
author's basic experience with people finds two
basic technical classifications: the chronic knob
twisters and the on-off button types. There are
pro's and con's for each preference. The author
tends to prefer the following: the More
adjustMents, the better. A Misaligned cOMponent
that cannot be corrected presents a frustrating
cirCUMstance. Frustrating for others is the
process of learning what the adjustable COM­
ponents are and how to perfOrM the adjustMents.

There are Many options on what kind of head or
body tube to buy. Typically, Most prefer a
binocular head which contains two eyepieces and
perMits a norMal viewing condition. If Most
didn't prefer this viewing enVironMent, why don't
people take telescopes to sporting events?

For binocular heads, there are basically two
types: true binocular forMS and fixed binocular
forMS. The fixed version has two priSMS Mounted
in a fixed position and the eyepieces slide
inward and outward (relative to the position of
the nose when viewing through the scope), but the
head does not Move. The Minor difficulty with
this type is that the distance frOM the objective
to the eyepieces is further in the widest
position than the distance is in the narrowest
position. The objective-to-ocular distance is
terMed the tube lencth.

A standard tube length will allow one to Multiply
the objective power (i.e. 40X) by the ocular or
eyep ieee power (i. e. 10X) to deterMine the
overall Magnification (i.e. 400X) Fixed binocular
heeds can produce a slight shift in Magnification
(Le. calibration of field area, etc.), depending
on the setting of the interpupillary distance
(the distance between the eyes). NorMally, this
calibration shift is negligible and, in SOMe
cases, there are other adjustMents which perMit
cOMpensation. Unless two people having opposite
extreMes in interpupillary distance are using the
saMe scope, there is seldOM a significate
probleM.
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True binocular heads (More expensive, naturally)
have priSMS which Move in an independent fashion
Maintaining a constant tube length regardless of
interpupillary distance.

Eyepieces, or oculars, are varied in design.
For any given Magnification, there are Many ways
to design lens systeMs for Magnifying the iMage
cOMing froM the objective. Generally, MOSt buy
wide-field eyepieces. The iMages cOMpare to the
difference between looking through the paper tube
froM a roll of paper towels as cOMpared to
looking through a cheerleader's Megaphone. That
which you see is a wider field of vision through
the Megaphone and through wide-field oculars.

Also consider buying focussing eyepieces which
assist in focussing on the graticule (Mounted
inside one of the eyepieces and soon to be
discussed). One or More of the ocular's lenses
are (or should be) in focus on the graticule. The
ocular, as a whole, is in focus on the iMage
cOMing frOM the objective lens. If both are in
correct focus, a well-focussed iMage of the
saMple and a well focussed graticule iMage will
appear. If the graticule is out of focus, a
non-focussing eyepiece can usually (not always)
be corrected by unscrewing the top lens. If the
eyepiece is focussable, the ocular COMponents are
adjustable by friction or by threads.

For the MOSt part, the Microscope corrects for
near and far-sightedness siMply by using the
coarse and fine focus knobs Mounted on the stand.
The Microscope cannot correct for astigMatiSM.
AstigMatiSM is a non-linear directional error
associated with the shape of the eye. If one has
astigMatiSM, a line drawn frOM north to south,
for exaMple, will appear sharper than an
identical line drawn frOM the northwest to the
southeast. If one wears glasses to correct
astigMatiSM and then reMoves the glasses to see
through the Microscope, fibers (at the liMit of
visibility) resting in one orientation May be
seen while identical fibers other orientations
May not be seen.
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To correct this probleM, there are eyepieces
designated as high-eyepoint. Such an ocular
projects the iMage higher and allows rOOM for
glasses (between the eyeball and the ocular).

There are a lot of naMes and terMS for eyepieces.
ExaMples are Huyghenian or Huyghens, RaMsdens.
Periplans, Hyperplanes, and others. Typically,
you can ask for a wide-field focussing ocular
and, if needed, high eyepoint also.

A graticule is generally considered to be an
iMage which is typically deposited on a disc of
glass and is inserted into the eyepiece or
ocular. As Mentioned earlier, the ocular is in
focus both on the iMage COMing frOM the objective
lens and the graticule rendering both in sharp
focus.

Historically, for asbestos-counting purposes, the
Most COMMon graticules were the Porton and the
Patterson Globe_and Circle. These were procured
"off the shelf" and installed in the Microscope.
Various diMensions (field areas, circle sizes,
etc. ) were not uni forM resul t 1ng frOM variat ions
1n optical systeMS (type of oculars, overall
power, tube length, interpupillary distances,
etc. )

The result was that rarely did any particular
circle coincide to 5.0 UM and the field areas (of
Portons) ranged frOM 0.003 MM 2 to 0.11 MM 2 ,
averaging at about 0.006 MM 2 . This variation
naturally has an effect on analytical variability
and accuracy bias.

Method 7400 standardized on the Walton-Beckett
graticule which is of two types: G-22 and G-24.
The 6-22 has fibers drawn outside the field area
which are drawn in the proper (A rules) aspect
ratio. The B rules use 5:1 aspect ratio corres­
ponding to the fiber aspect ratios on the 6-24.

By design, a Walton-Beckett is a custoM-order
graticule. Even if one COMes with a new
Microscope, SOMeone custoM-ordered the graticule.
Details on ordering and calibration are covered
later in the course.
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For now, the iMportant thing is the
Walton-Beckett should have, under Magnification
in counting status, a field area diaMeter of 0.01
MM (i.e. 100 UM). If so, the course hashMarks
will be 5 UM apart.

Why use a Walton-Beckett? Field area standardi­
tion, accurate 5 UM (i 2%) size cOMparator, and
cOMparators for aspect-ratio estiMations. To the
best of the author's recollections, no other
graticule was previously designed specifically
for asbestos counting.

To calibrate the field area, etc. one needs a
stage MicroMeter which is nothing More than
ruler, 50 sMall that it is Mounted on a Micro­
scope slide and the divisions can only be seen
under Magnification. Instead of feet, inches,
centiMeters, or MilliMeters, the finest divisions
on the stage MicroMeter should be 0.01 MM!

The Method also recoMMends a blue or green
filters. A phase-contrast Microscope uses
differences in phase between the light that goes
through an object (i.e. asbestos fiber) and the
light that passes by the edges of an object. If
the object and the Mounting MediuM are exactly
the saMe, there is no difference between the
light that goes through and the light going
around and the object is siMply invisible. If the
object is different froM the liquid, the light
passing through the object passes through faster
or slower than the light passing around.

Phase is a terM describing how two things are
travelling along together. Since light is a
waveforM phenoMenon, in phase Means two beaMs are
travelling up and down together. Out of phase
Means one is Moving up while the other is Moving.
down.

If the in-phase beaMs are cOMbined they interfere
with one another produCing a beaM of light
brighter than expected froM the two beaMs. If
they are out of phase, they cancel one another
out, and the result is a darkened beaM of light.

Since the general background of a filter is (on
the average) the saMe everywhere; the randOM
nature of vibrating light beaMs will render the
iMage neutral gray (in white light>.
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A fiber resting on the background will now pass
and scatter (diffract) so~e light passing through
and (in very close prOXiMity) by. There will be a
s~all phase difference between the light going
through and the light passing the edges nearby.
The scattered light Moves out, away fro~ the
original ring of condensed light produced by the
annular diaphragM. Since the fiber is expected to
be higher in refractive index than the Mounting
~ediuM, the fiber holds the light passing though
back in tiMe.

This ~eans that, on the average, the light going
through the fiber is retarded in phase (not in
phase) with the light passing the edges of the
fiber.

Recal) that out-of-phase light beaMs interfere in
a destructive Manner, producing an overall
reduction in brightness? There are still a few
probleMS to solve. First, ~uch ~ore light is going
through the fiber as cOMpared to the s~all aMount
diffracted (scattered) by the edges of the fiber ..
Second, the fiber only held back the light for a
very Minute aMount of ti~e which a~ounts to a
very slight phase shift- probably not enough to
Matter. Third, long red wavelengths do not
interfere very well with short blue wavelengths.

As expected, the probleMS were solved. The dark
ring in the phase-shifting ele~ent reduces the
intensity of the light that passes through the
fiber (i.e. contained in the bright ring).
Typically. on or under the dark ring, there is a
thin calibrated layer of transparent phase­
shifting ~aterial which acts as a phase dl·ffer­
ence aMplifier.

The bea~ that went through the object is now
si~ilar in intensity to the light that went
around and, for fine objects, More out of phase.
The nu~bers of photons to interfere are More
equal than before and More out of phase: not
destructive interference can occur producing dark
fibers against a gray background. Very Minute
differences in phase (invisible to the eye) are
converted to a~plitude differences visible to the
eye as brightness differences. By using a .
narrow-band green filter, the light waves are
More siMilar in length, producing enhanced
interference.
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Most phase-shifting eleMents (if not all) are
calibrated for 1/4 wavelength phase shift of
green light. That is why a green filter should
enhance contrast. "Blue" filters (typically
supplied) are not really blue. They ar~ "bluish"
and are included for the purposes of "wa~Ming up"
the slightly-red light color produced frOM the
light bulb.

For routine observation, there are three
routine steps to be perforMed before counting
each and every slide. The second and third step
May not need to be perforMed; but, they are to be
inspected. The reasons for perforMing these steps
were outlined in the sections on phase-contrast
theory and Kohler illuMination. The steps are:

1) Focus on the saMple

2) Adjust the field iris

3) Center the phase rings

Naturally, like all the vast Minute procedures we
take for granted when driVing a car, there are
Many SMall steps involved in operating and
adjusting a Microscope. The three steps described
above represent the Major operations. General
additional considerations are:

A) IllUMination at the proper level?

B) Correct interpupillary distance? ,
l

C) See sharply through both eyes?

0) Annular diaphragM evenly illUMinated?

El Graticule in sharp focus?

Most of these points have either been covered in
this Module or can be perforMed by follOWing
Manufacturer's literature.

ReMeMber, adjusting the field lr15 aSSUMes that
the saMple is in focus and that you are looking
through the Microscope at the saMple. Adjust the
field iris by:
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Adjusting the field iris

Close the field iris. You are looking for a
well-defined "spot" of light against a black
background. A fuzzy blob of light or a donut or
cOMplete blackness (which May also be a
far-off-center iris) indicates that the field
iris is out of focus.

To focus the field iris, turn the condenser-focus
knob. The knob is underneath the stage and Moves
the condenser up and down. Notice that when the
iris is in focus, Jhe condenser's top lens nearly
touches the slide.

When the iris is in focus, you will see a
hexagon, if the iris has six blades, or a More
circular spot of light if the iris has eight or
More. Slight color fringing is norMal: the colors
COMe frOM the chrOMatic aberration present in the
condenser lens glass.

If, as the field iris is opened toward the edge
of the field of view, the opening is off center,
there are usually centering controls SOMewhere.
Typically, they are found SOMewhere around the
condenser Mount. Zeiss has two such controls
hidden near the back of the stage, Nikon has two
knobs on the condenser Mount. DO NOT confuse
these with the phase-ring centering knobs usually
Mounted on the bottOM of the front of the
condenser.

When the iris looks centered, open it to a
diaMeter equal to the Microscope's field of view.

Thus, the Major operations involve focussing and
centering the field iris. The final goal is that
the blades of the iris should be as crisp as
possible and that. when the iris is opened. the
iris will exactly coincide with the periMeter of
the field of view. These sub-steps usually
require les5 than eight seconds of tiMe and
centering is typically not required. The focus
will usually change slightly on a slide-to-slide
basis.

156



Center phase rings

Re~ove one eyepiece and insert the centering
telescope.

Using two hands, push-pull the co~ponents or
twist the top lens for threaded ~ounts. Focus the
telescope on the phase rings. If the sa~ple has a
Moderate aMount of ~aterial present, the
scattered light will "light up" the inside of the
objective and the dark ring is easy to see
against the bright ring. If the saMple is light,
the dark ring is difficult to see against the
black background.

Find the two knobs or sliders. The Nikon
Microscopes have two knobs hanging under the
botto~ of the front of the condenser. The Zeiss
have one chro~e knob in the botto~ front and
another slider on one side- the slider has a
little lock nut which is loosened before and
tightened after centering.

Move the adjust~ents and watch the rings. If the
proper rings are in place (assuMing 40X
objectives, Ph2 for Zeiss and #3 for Nikon), the
two rings are the saMe size (occasionally one ~ay

be slightly thicker) and are perfectly concentric
(or superiMposed).

If the rings are not aligned, align the~. Having
the rings in perfect alignMent is of paraMount
lMportance. Centering the rings is always left to
last.

When the rings are centered, reMove the
telescope, replace the eyepiece, and the setup
procedure is finished!

NOTE

On 60Me condensers, when the rings are centered,
the field iris May be slightly off center again.
Do not reset the field iris: it May de-center the
phase rings. The phase rings are always the MOSt
iMportant! If one plans on buying a Microscope,
one Might want to deterMine whether the two
centering adjust~ents are interactive or inde­
pendant (which is preferred»
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PROBLEMS AND SOLUTIONS

Fuzzy IMage •............. Clean optics, adjust fine focus
Usually greased ocular or sMudged objective

Low Contrast Center phase rings, clean optics
Dirty eyepiece or objective

No Field Iris Visible .... Move condenser focus knob*
Should nearly touch bottoM of slide
Open partially and inspect centering

Donut field iris Move condenser focus knob*

Field iris not centered .. Find and use condenser-centering knobs

Field Iris Unevenly Lit .. Center light bulb

Phase Rings Fuzzy Focus centering telescope

Graticule Fuzzy Focus eyepiece or unscrew top lens

Graticule Dirty DisasseMble eyepiece & clean graticule

Graticule Not Straight ... Turn the eyepiece

Bright Ring Unevenly Lit. Light bulb centering
follow Manufacturers instructions

Mottled IMage Dirt underneath glass above field iris.
Such dirt is just above iris blades

No Light Open field iris, place lens tissue over the
glass and ensure light is cOMing to condenser

No Light Make sure condenser iris is open. On SOMe
Microscopes, a closed iris will block light I

obscuring the annular diaphragM
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Zeiss Note

A Zeiss ~icroscope has a flip-up lens on the top
of the condenser, used to alter the nu~erical

aperture. The,lens should be fully up when using
the 40X objective. Two s~all tabs ~ove the lens 1n
and out and there is no detent position. Thus, a
very slight bu~p of the tabs will cause an
otherwise perfect i~age to deteriorate slightly or
to fade to black, depending on the degree of bu~p.

If all else fails, Move the tabs and ~ake sure the
top lens is FULLY upl

Nikon Note

As ~entioned earlier, after the phase rings are
centered, the field iris May not be centered. 00
not re-center the field iris. Live with it!

General Note
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Routine Adjust~ent Procedure

for

Setting Up a Phase-Contrast Microscope

Photography and Photo~icrography by

Catherine Dense-Goldberg

Stephen Bayer, Sr.

Microscope Graphics by

Dick Carlson

Objective

Using the ~aterial contained in this course
Module and after two hours practice using
the Microscope, the student shall de~onstrate

the ability to properly align a phase-contrast
Microscope to asbestos-counting status according
to the requireMents set forth in NIOSH Method #7400.

Mention of cOMMercial concerns does not constitute endorseMent by NIOSH,
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This presentation discusses the routine
procedure for adjusting a phase-contrast
~icroscope. Certain adjust~ents should be
perfor~ed every ti~e a new sa~ple is to
be analyzed.

Following this presentation, two hours of
practice will be allocated for learning
the adjust~ent procedure. The student will
then be expected to de~onstrate an ability
to perfor~ the adjust~ent procedure.

The three steps to be de~onstrated are:

1) Focus on the sa~ple

2) Adjust the field iris

3) Center the phase rings

In this progra~, you will see the
~icro5copist perfor~ these adjust~ents

and view the effects through the
~icroscope. Pay close attention to the
location of the ~icroscopist's hands.

Before looking into the ~icroscope for
the first ti~e. raise the condenser
until the top lens is nearly flush with
the stage. The top condenser lens should
nearly touch the botto~ of the slide.

Select an appropriate objective- 40X is
typical for the ~ethod.

Select the appropriate annular diaphrag~.

Nu~ber two is appropriate for Zeiss.
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Clip the saMple of interest int~ the
Mechanical stage and use the MechBnical
stage controls to Move the slide to an
area suitable for viewing.

The first step is:

Focus on the saMple.

Before looking into the Microscope, look
closely, froM the side of the Microscope, at
the objective-to-slide distance. Using the
focus knobs, Move the slide until the cover
glass nearly touches the objective.

Then, look into the Microscope and focus.

When the 40X objective is in focus on the
saMple, the distance between the lens and
cover glass is about 0.4 of a MilliMeter.
Be very careful not to crush the objective
into the slide.

Look into the Microscope and, using the fine­
focus knob, proceed to focus on the saMple.
Note the fine-focus control.

ReMeMber the required turning direction for
increasing the distance between the objective
and cover glass. Initial focus should be achieved
by increasing the distance while looking through
the Microscope.

Focus is now cOMplete Do not refocus
until the entire procedure is cOMpleted.

Although the iMage seen here May look
fine to beginners, the iMage is actually
quite low in contrast because the field
iris and phase rings are not properly
adjusted.
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The second step is:

Adjust the field iris.

This step has several substeps:

A) Close the field iris

8) Focus the field iris

C) Center the field iris

0) Open the field iris to the edge
of the field of view.

Steps 8 and C are interchangeable.

The field iris is used to liMit the
illUMination beaM to the exact diaMeter as
the entire iMage seen through the Microscope,
which is called the field of view.

Focussing the field iris establishes the
condenser's point of focus at the speciMen
plane.

Reach down for the iris control. The iris is
norMally SOMewhat open. The iris will be closed
to bring the iMage of the SMall opening inside
the field of view.

A field iris consists of overlapping blades.
SOMe have six and others eight. The field iris
deterMines the diaMeter of the illUMination
beaM. With six blades, the iris opening would
appear hexagonal. With eight or More, the
iMage is nearly circular.

Through the Microscope, a fairly-distinct spot
of light should be seen against the dark back­
ground. Notice that the saMple is still in
focus. One should be able to see the edges of
the field iris blades. The strange looking
iMage seen here is illUMinated by an out-of-focus
and off-center field iris.
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By ~oving the condenser-focus knob, the edges
of the iris blades can be Made distinct.

Notice the edges of the iris blades.
Color fringing is often present and is nor~al.

The iris-centering knobs can no~ be used to
approxi~ately center the field iris.

In any practical sense, this iris iMage is
centered and in an acceptable state of focus.
Do not worry about being slightly out of focus.
SiMply Make the iMage as crisp as possible.

The correct iMage appears as a bright spot of
light against a black background. A donut,
circle, or dark spot against a bright background
Means that the iris is out of focus .

The final adjustMent for the field iris cannot
be seen here, because it is outside the realM
of the photo~icrograph's iMage. The edge of the
iris is opened to the edge of the field of vie~.

If the centering needs fine adjustMent, do 50.

The final goal of step #2 is that the iris has
been focussed, centered, and opened equal to
the dia~eter of the field of view.

This step places the condenser at the point of
focus and blocks stray light which iMproves the
iMage contrast.

The third, and last step is:

Center the Phase Rings
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Centering the rings requires four steps:

A) Insert the centering telescope

B) Focus the telescope

C) Align the rings

D) ReMove the telescope

TeMporarily replace one of the eyepieces
with the phase-ring centering telescope.

The phase rings consist of a bright ring,
found in the condenser, called an "annular
diaphragM".

The dark ring, called a "phase-shifting
eleMent", is inside the objective lens.

Although the rings are at two different
locations, optically, the rings appear to be
at the saMe location, one atop the other.

To see the rings sharply, two hands are
used to focus the telescope on the rings.

The rings should appear as distinct as those seen
here-- if the telescope is properly adjusted.
There are at least ~ reasons the rings May not
highly visible.

If the saMple is very light, no light is scattered
and the inside of the objective is dark. The dark
ring or phase-shifting eleMent is then hard to see.

If the observation area is very heavy, then th~

bright ring o~ annular diaphragM beCOMes vague
and diffused.

Under reasonable conditions, the saMple scatters
so~e light inside of the objective, the dark
phase-shifting eleMent ring is easy to see against
the background, and the rings are clear and in focus.
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00 not expect the rings to be focussed without
adjusting the telescope. That takes takes two
hands. SOMe lenses slide in a friction Mount
and others twist in a threaded Mount.

The focussed rings seen here are not
centered. Centered Means that the rings
are perfectly aligned, exactly concentric,
one atop the other.

For phase contrast to work as designed, the rings
Must be in perfect alignMent. The bright ring or
annular diaphragM Must pass through the dark ring
or phase-shifting eleMent.

Again, the rings seen here are not perfectly
aligned.

This is the resultant iMage. There are Many
particles present and a few fibers also. They
cannot be seen because the rings are not
properly aligned .

Two centering adjustMents can be found on
nearly any Microscope. Generally, on Nikons
and Zeiss, the adjusters are near the outside
portion of the condenser. The adjusters Move
only the bright annular diaphragM ring. By
continuing the adjustMent process, the two
rings can be Made concentric.

Here are the saMe rings in a~ state
of alignMent. Note that the bright annular
diaphragM ring is a little thinner or narrower
than the dark phase-shifting eleMent ring. This
condition varies between Manufacturers. Others.
Make May have rings of nearly identical thickness.
The iMportant observation in this slide is that
the two rings are concentric and that the light
froM the bright ring passes through the dark ring.

Finally, reMove the telescope and replace the
eyepiece or ocular
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This co~pletes the standard and routine steps
for adjusting typical phase-contrast ~icroscopes

before counting an asbestos sa~ple.

After about one day's practice, perfor~ing these
three si~ple steps beco~es easy and rapid.

Usually, phase rings re~ain in align~ent. Only a
quick look through the telescope is required to
find out, requiring about three to five seconds.

Condenser focus can vary fro~ sa~ple to sa~ple

because slide preps are not always the sa~e

thickness. The field iris centering will not
change often. When experience gained,
adjusting the field iris takes about five or
six seconds.

In su~~ary, three steps, for adjusting a phase
contrast ~icroscope, were described. The steps
should be perfor~ed just before a sa~ple is
counted. When these steps are co~pleted, one
proceeds with the counting process.

The three routine steps for setting up
a ~icroscope for counting status are:

CORRECT IMAGE

MODEL LOOKING IN

#1 : Focus on the sa~ple GRAPHIC

#2: Adjust the field iris
I

#3: Center the phase rings

After the procedures are co~pleted, one ~ight

wonder how i~age acceptability can be deter~ined.

Method 7400 specifies the use of a special
i~age-quality test slide designated the HSE/NPL
Mark II. This i~age is the test slide viewed
with a 10 power objective.

The 4 vertical lines intersect 2 pairs of horizontal
lines. Elsewhere, outside the field of view, is
another set of 4 vertical lines. The rectangle
enclosed by these finder lines contains the test
lines which are invisible at 100 power.
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Here is the test slide using the 40X objective.
Notice the coarse finder lines, Much larger now .
Also note the series of very fine parallel lines.
These are terMed "Set #1" even though they are
not actually nUMbered on the slide.

The first set May be seen on the left and the
second set on the right. If the rOOM lights
are not low and the projection lens is dirty,
the second set May not be visible. Method 7400
states that the first three sets of test lines
Must be cOMpletely visible. The fourth or fifth
May only be partially visible.

A Microscope unable to render the fourth set
partially visible is too low in resolution to
use for fiber counting. A Microscope capable of
seeing, at least partially, the sixth set is
too high in resolution, In either case, Micro­
scopes having either of these two iMage
characteristics should not be used for Method 7400.

As a final note, phase-contrast optics are
calibrated to work best using a certain color of
light- usually green. Using the proper narrow­
band filter not only iMproves the iMage contrast,
but also reduces chrOMatic aberration in achro­
Matic objectives. Consult Manufacturer's data
for the proper filter- the color recoMMended is
nearly always green.

Proceed in adjus~ing your Microscopes.
Beginners should use the 10X objective
and appropriate annular diaphragM.
Later, when the process is better understood,
change to the 40X objective and reMeMber to
select the proper annular diaphragM .
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There is no need, in real life operations,
to first set up at 100X and later repeat
the process at 400X.

Carefully read the Manufacturer's
instructions for light bulb replaceMent,
alignMent, etc. This prograM is not Meant
to be a COMprehensive guide for correcting
all possible Microscope Maladies.

Manufacturer's literature and advise is
very iMportant.
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HEAD OR BODY TUBE

SPECIMEN
FOCUS
KNOBS

FIELD IRIS
DIAMETER CONTROL:
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Graticule Calibrations

Dece~ber 1987 Stephen G. Bayer

1121121121 u~ = 1 ~M 121.1211211 ~~ = 1 UM

If one custo~ orders* a Walton-Beckett graticule,
three ite~s are required:

1) the glass disc diaMeter (usually 19 or 21 M~)

note: required to fit the eyepiece

2) version (6-22 for A counting rules)
(6-24 for B rules)
note- different aspect ratios!

3) Actual field diaMeter (in MM)
note: this Magnifies to 100 UM diaMeter

The actual field dia~eter is the actual diaMeter of
the circular counting field (on the graticule's glass
disc) such that, when the graticule is installed in
the eyepiece, the counting field's diaMeter becoMes
100u~ (± 2 u~). To deterMine the actual di~ension,

one needs a graticule with which to ~ake initial
di~ensional deter~inations (a Porton, for exa~ple).

The type of graticules is not iMportant except that
the iMage Must have a Measurable diMension (ruling
out a cross-hair graticule, for exa~ple).

One ~akes three MeasureMents. The Porton's length
Must be Measured (in ~icro~eters) inside the
Microscope which is adjusted to counting status.
Then, one reMoves the Porton frOM the eyepiece and
~easures and records the saMe diMension in
MilliMeters (also Measure the dia~eter of the glass
disc so it will fit inside the eyepiece). By siMple
proportion, the basic equation to calculate the size
of circle needed is:

Port on actual M~

Porton Magnified UM

Walton-Beckett actual ~M

Walton-Beckett ~agnified UM

* To retrofit an older ~icroscope, when purchasing
different eyepieces, to have a graticule in a
caMera's optics, etc.
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Suppose a Porton is 4.53 1"11"1 long on the glass and,
through the Microscope, the saMe diMension is
Magnified to 108 UM (i.e. 0.108 1"11"1). The equation
becoMes:

4.53 MM

108 UM

W-B actual dia. MM

100 UM

By Multiplying both sides by 100 UM:

100 UM X 4.53 MM
Walton-Beckett diaMeter MM

108 UM

COMpare this ~quation to the one on page 7400-12 iteM
7! La is actual diMension of the reference
graticule, Lo is the Magnified (optical) diMension
of the reference graticule, and "0" is the desired
Magnified diaMeter of the Walton-Beckett (100 UM)!

To see if the diaMeter is now correct, the graticule
is installed in the Microscope and Measured through
the Microscope. Measure the diaMeter with a stage
MicrOMeter. The basic equation to deterMine the field
area is Pi r 2 , Since r is one half the diaMeter,

in MilliMeters:

X
{

OiazMeter} 23.1416

in MicrOMeters:

{Oia_e;er "" -- }2

3.1416 X X
1000 UM
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PROBLEMS

If the actual length of a Port on graticule is 4.5 ~~

ad, under ~agnification, the sa~e di~ension is
~agnified to 0.152 ~~, what would be the ordering
dia~eter of the Walton-Beckett's counting field?

Answer:

The specified tolerance is 98 - 102 ~icro~eters.

Calculate the corresponding field areas:

For dia.

For dia .

98 u~. the area is

0.102 ~~, the area is

Port on Graticule Calibration

Probability is high that you will not have the need to
calibrate or use a Porton graticule. However, since
the vast ~ajority of sa~ples counted over the past
twenty years were counted using a Porton, there is a
chance you ~ay be required, for exa~ple, to back-check
previous Infor~ation for accuracy. It ~ay be handy to
be fa~iliar with the calibration procedure.

The Port on graticule has a ~athe~atical design based
around a slightly-a~biguous concept ter~ed "a unit of
length". By design, the Parton IS 200 "units of
length" long: by convention, this is u5ually expressed
as 200l, where l sy~bolizes unit of length. Fro~ the
length, any di~en5ion on the graticule can be
calibrated.
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Given, the length in MilliMeters:

Field area

To deterMine the diaMeter (UM) of a given circle:

First, flnd 1 L (one unit of length) in UM:

1 L
length MM

X
200

1000 UM

MM

The diaMeter of circle # n = lL~

ExaMple: a Porton is 0.159 MM long:

In other words, take the length in MilliMeters, divide
by 200, and then Multiply by 1000 to find one unit of
length in MicroMeters. Then, by Multiplying the square
root of two (raised to the power of the circle's
nUMber) by one unit of length (in UM), one now has the
diaMeter of the circle of interest.

Field area ( 0.159 1"11"1 / 2 )2 0.00632 1"11'1 2

Find one unit of length in UI'I:

lL UM
0.159 1'11"1

200
X

1000 UM

1 MM
0.795 UM
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To find the diaMeter of the fifth circle:

25 32: the square root of 32 is 5.657.

Mu I tip I y L XF:
0.795 UM X 5.657 4.5 UM

The diaMeter of circle #5 is nearly 4.5 MicroMeters.

PROBLEM:

The Magnified length of a Porton graticule is 0.149
MM. DeterMine:

Field Area: MM

The circle closest to 5 UM: Circle #

The field area of My Microscope is

177

square MilliMeters
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THE FILTER MOUNTING PROCEDURE

Stephen G. Bayer, Instructor

Objectiue: Describe the equipment, chemicals, and procedures used to create a
slide preparation of asbestos which was collected on a cellulose ester filter.
Given an assortment of slides, correctly identify the acceptable preparations.

This program describes the standard method
used by NIOSH and OSHA for preparing
mixed-cellulose-ester filters for fiber counting
under phase-contrast microscopy. This method
was developed in the 1960's as part of the
industry-wide epidemiological survey of asbes­
tos workers. It has an established performance
record of dissolving the filter and fixing the
sampled particulates in place without signif­
icantly ." ;l::,-"ing the sample characteristics or
distributIon. The advantages of the method are
that the procedW'e is easy to learn and requires
only 15 minutes for preparation time. The
major disadvantage of the method is that the
sample preparation is short lived. Preferably,
the sample should be mounted and counted
within the same day. Since,at most, only 1/6
of the filter is used when preparing a slide
mount, the remainder of the filter should be
permanently stored for future recounting if
needed.

WARNING
According to the NIOSH Registry of Toxic
Effects of Chemical Substances:
Dimethyl Phalate (Pthalic Acid, Dimethyl
Ester) has exhibited teratogenic effects on
rats and has an OSHA standard of 5 mg/m3

in air.

Diethyl Oxalate (Oxalic Acid, Diethyl
Ester) has no OSHA standard and no toxic
criteria other than rat oral LD50: 400
mg/kg.
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Skin contact should be avoided and ade­
quate ventilation provided to comply with
the DMP OSHA standard of 5 mg/m3

8-hour time-weighted average.

Once the sample has been received, it must be
mounted on a microscope slide for eventual
viewing. The individual who mounts the filter
controls a major step in the analytical process.
If the slide preparation is carelessly prepared, it
can destroy any useful results of the micro­
scopic evaluation.

There are several myths in common circulation
concerning slide mounting. Among them are
these. The NIOSH mounting liquid makes the
filter become invisible because the refractive
indices of the liquid and the filter are the same.
False, the solution dissolves the filter and
hardens it into a plastic. The next myth is that
the NIOSH method causes the sample to
require excessive focussing up and down. False.
It is advantageous to focus ±5 IJ.ID above and
below the sample plane because fine featW'es
blink on and off attracting attention as they go
in and out of focus._ This requires about 1/4
turn of the fine focus knob and is not WU'ea­
sonable considering the magnification is over
400X. Last is the misunderstanding that it
doesn't matter how you mount the filter as
long as it disappears. Perhaps the last myth is
most important to clanty.

There are many ways to make a filter vanish
such that the sample can be observed. The
filter can be ashed, dissolved in a solvent,
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dissolved in a solvent vapor, or immersed in a
liquid of matching refractive index. All of these
techniques allow the sample to be viewed
without interference from the filter matrix..
The key word, though, is "view". Viewing
often means observing a sample to see what it
looks like, detennine the size distribution, and
interpret optical phenomena for identification.
Counting requires one more very important
criterion that many other mounting tech­
niques lack-sample security.

The asbestos concentration is determined by
counting the number of fibers per unit area on
the filter. It is very important that any mount·
ing procedure used for asbestos samples slowly
glues the fibers and particles in place. Avoid
any procedure that can wash the sample away
or permit the sample to progressively spread
out as the filter dissolves since sample spread­
ing reduces the measured concentration.

Another problem related to sample mounting
should be considered bad practice. Suppose a
sample is taken on a large filter and is expected
:..., :~ve a low fiber density-in other words-a
low count. If the sample is dissolved and
refiltered onto a much smaller area, the fibers
per unit area inc~eases which would make the
original sample more countable. There are two
problems with this procedure. First, the sample
distribution from the filtered solvent may not
be nearly as good as the original airborne
distribution. Second, asbestos fibers are fri­
able-in other words, they can be ground up
and break apart fairly easily. Even worse,
some have used ultrasonic agitators which
break down the size of the fibers and converts
large noncountable fibers into myriads of
smaller ones which are now countable. Avoid
this practice.

When mounting filters, simply keep in mind a
basic philosophical attitude: any alteration to
the distribution or morphology of the sample
directly affects the measured concentration.
Follow directions and the NIOSH procedure
will be simple to perform and produce reliabl~

results.

The first step is preparing the mounting solu­
tion or medium. It is solution of pthalic acid
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dimethyl ester (commonly known as dimethyl
pthalate or DMP) and oxalic acid, diethyl ester
(commonly known as diethyl oxalate or DEO).
It's called a solution because, for each milliliter
of solution, 0.045 grams of clean white plain
cellulose ester filter material has been dissolved
in it.

Adding the filter material increases the watery
solution viscosity to that of maple syrup. The
filter material is near the saturation point of
the solvents and, when the filter is mounted,
the filter slowly dissolves from the bottom.
The viscosity of the solution holds the partic­
ulates in reasonable position, the solvents
evaporate and the filter becomes a transparent,
optically homogenous slide preparation.

Here is the necessary equipment to prepare the
solution.

Phthalic Acid, Dimethyl Ester (DMP)
Oxalic Acid, Diethyl Ester (DEO)
Clean cellulose-ester filter material
25 ml graduated cylinder
Wheaton balsam bottle
Chemical balance accurate to 0.01 gram
Silicone stopcock grease

To make 25 ml of solution, proceed as follows:

1. Weigh out the required filter material on
the balance. 25 X 0.045 = 1.13 grams.

2. Dispense 12.5 ml DEO into the Wheaton
balsam bottle.

3. One by one, drop the filters directly into
the DEO making up, each with the glass
rod.

4. Try not to allow a build-up of semi-dis­
solved filter material on the side of the
bottle.

5. Keep adding and stirring singular filters
maintaining a slurry of dissolving filters
until the DEO is nearly saturated.

6. When your patience expires, add 12.5 ml of
DMP and stir the solution.
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7. Add, one by one while stirring, the remain­
ing fil ters.

8. Coat the lid of the bottle with a film of
stopcock grease to inhibit solvent evapora­
tion which promotes premature decay and
crystallization of the solution.

9. Place the glass rod in the balsam bottle, cap
it, and clean up spills with acetone.

10. The solution will be ready to use when all
filter media is uniformly dissolved. This
takes from a few hours to a day depending
on how well the filters were chopped up as
they were being added.

When the solution is ready to use, it will have a
milky appearance, somewhat transluscent, but
should be uniformly consistent. It may then be
used to mount the sample.

Here is the additional equipment needed:

1 X 3 inch frosted end slides (or 25 mm X
75 mm)

1 X 1 inch #1 '12 cover glass (or 25 mm X
25 mm)

Scalpel with #10 curved blade

Fine-tipped tweezers

Fire-polished glass rod

Lint-free lens tissue

Pencil

Sample

The basic objective of mounting is to use
just enough solution to clear the fi.).ter segment
cut from the filter so that after the filter dis­
solves, it retains it's original dimensions.
Proceed as follows:

1. Place two sheets of lens tissue on the table
in front of you.
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2. Carefully clean the scalpel, tweezers, and
glass rod with lens tissue. Place the utensils
on one of the pieces of lens tissue.

3. Clean a slide by exhaling on it and wiping
off the moisture with lens tissue and rest
it on the other sheet of lens tissue.

4. Carefully clean a coverslip in the same
fashion. Don't cut yourself or break it­
it's only 0.17 mm thick. Rest it with one
edge on the non-frosted end of the slide.

5. Uncap the balsam bottle and withdraw
the glass rod letting the first large drop
fall back into the bottle.

6. Let the second drop fall onto the center of
the slide.

7. Return the rod to the bottle and replace
the lid so that dust doesn't settle out in
your solution.

8. Take the other glass rod and spread the
drop into a triangle 1/2" on each side.

9. Clean the glass rod with lens tissue.

10. Remove the filter cassette's band, and
separate the top and center section from
the base.

11. Starting at the center of the filter, see-saw
the scalpel blade and cut out to the edge.

12. Rotate the cassette 1/6-1/8 turn and cut
again out to the edge so as to cut a pie
shaped piece from the filter.

13. Clean the scalpel.

14. Using the tweezers, grasp the filter segment
by the perimeter and place the sample dust
side up on the solution triangle.

15. With the tweezers, place the cover glass on
the filter. DO NOT PRESS DOWN! DO
NOT MOVE IT!

16. Be sure to legibly write the sample # on the
slide.





AN ASBESTOS SAMPLE FILTER CLEARING PROCEDURE

Paul Andrew Baron, Ph.D. and Geoffrey C. Pickford, M. Eng. SCo, C.I.H.

ABSTRACT

An acetone clearing technique for cellulose ester or nitrate membrane filters is presented. This
technique has the advantages of increased safety and more consistent clearing than ones pre­
viously recommended in other methods.

The technique involves the use of a heated metal block in which a small amount of acetone is
rapidly vaporized and ducted to the filter 0 This prevents spattering of acetone liquid on the
filter, reduces the amount of acetone required and gives even and rapid clearing of the filter.
Construction and operational details of the block and associated heating apparatus are presented.
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AN ASBESTOS SAMPLE FILTER CLEARING PROCEDURE

Paul Andrew Baron, Ph.D. and Geoffrey C. Pickford,* M. Eng. Sc., C.I.H.

Introduction

The method for analyzing fi Iter sample concentrations for asbestos fibers
involves chemically collapsing the cellulose ester or nitrate filter to
provide a clear background against which to count the individual fibers
with an optical microscope. The currently recommended method for
accomplishing the fi Iter clearing both in the United States (NIOSH Method
7400){ 1) and in a number of other countries(2) is to use a stream of
acetone vapor to clear the fi Iter. This involves' using a flask of boi ling
acetone to provide sufficient vapor to rapidly collapse the fi Iter
structure without distorting the dust deposit on the filter. This
procedure has been criticized as being a potential fire hazard, especially
in situations outside the laboratory. Another acetone clearing technique
has been recommended by the U.K. Health and Safety Executive that consists
of a bojling acetone reservoir with a condensing coil to prevent acetone
escape. t3 ) This technique is safety but sti II uses a reservoi r of hot
acetone and requires the use of circulating water for cool ing. A technique
for clearing fi Iters wi I I be presented that al lows rapid clearing with the
use of a minimum amount of acetone liquid or vapor.

The basis for the technique is the rapid vaporization of a small amount of
injected acetone I iquid, approximately 0.20 mL, in a heated metal block.
The vapor is then transported through the metal block and condensed on the
fi Iter. The condensation is rapid (the enti re injection and clearing
process takes less than 5 seconds) and occurs over the entire surface of
the fi Iter so that clearing is gentle and complete without shrinkage of the
fi Iter surface.

Equipment and Procedures

Figure 1 shows the overall layout of the apparatus currently in use. An
SCR voltage controller (Cole Parmer R-2603-00) provides power to two
2" x 5" 50 watt insulated heating pads (Cole-Parmer R-3125-~0). The
heating pads and a surface thermometer (Fisher 15-170-10A) are attached
with si licone glue to a machined aluminum block. The cross section of the
aluminum block is shown in Figures 2 and 3. The 1/4-20 screw plugs the end
of the connecting hole between the vaporization chamber and the
condensation chamber to prevent vapor escape. An insulating teflon plug
with a small inlet allows the insertion of the tip of an adjustable
micropipette (such as the Eppendorf Digital). Acetone is injected into the
vaporization chamber directly below the teflon plug. The vapor is ducted
over to the filter where it condenses on the cooler filter and slide
surfaces. The ducting has no direct path for liquid droplets to reach the
fi Iter whi Ie allowing the vapor to expand and diffuse so that the fi Iter is
exposed to a uniform plume of acetone. A slot in the bottom of the block
allows the analyst to push a slide with the filter on it directly under the
condensation chamber. The heights of the slot is sufficient to allow
fi Iters or fi Iter segments that are not completely flat to enter without

*James Hardie Industries Limited, 65 York Street, Sydney, N.S.W. 2000, Australia.
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touching the top of the slot. Recessed areas in the base of the block
reduce heat loss to the surface on which the block is resting.

The voltage controller is turned on to begin operation and set to maximum
for about five minutes to reach the operating temperatures of
700 C +/- 50 C. Care should be taken not to allow the block to overheat
during this period since the block wi II then requi re addi tional time to
cool off. At this time, the controller can be set at the final voltage
setting. This setting should be determined for each operational system and
location, but is approximately half the maximum voltage. When the block
has reached operating temperature, fi Iter clearing can begin. The block is
placed on a smooth, clean, chemically unreactive surface (~.g., a glass
plate) so that the slide holding the fi Iter segment can be pushed in and
out of the slot at the bottom of the block with ease. A slide with a
fi Iter or fi Iter segment placed at the appropriate location is positioned
at the entrance. to the slot. A blank slide can be marked to act as a
template showing the correct location of the fi Iter segment.

When clearing one-fourth of a 25 mm fi Iter, the pipette is loaded with 0.2
mL acetone and positioned at the hole in the teflon plug. The slide is
pushed into the slot and the acetone is then immediately injected into the
vaporization chamber. Note that if the uncleared filter is exposed to the
heat longer than several seconds, it wi II start to cur I up and the c !eared
fi Iter may be distorted. The pipette is kept in the hole in the teflon
plug to p reven t acetone vapo r f rom be i ng re I eased th rough the in j ec t ion
hole. The sl ide is left in the slot· for approximately 3 to 5 seconds to
al low complete clearing of the fi Iter and then removed .

Discussion

The design detai Is of the apparatus seem to be open to modification, as
long as the basic considerations of safety and even exposure of the fi Iter
to acetone vapor are observed. The use of a temperature controller and
thermistor sensor has been used to give better temperature control and
eliminate the need to watch the device during warm-up. However, since the
temperature of the aluminum block does not seem to be particularly
critical, the added expense of temperature control may not be warranted.
The apparatus has been operated at temperatures between 65 to 750C with
good results. At higher temperatures, the acetone boi Is more violently
(and may even decompose) upon injection and liquid droplets can impact on
the surface of the f i Iter. At lower temperatures I the acetone tends to
stay on the fi Iter and slide for a longer time and the surface tension of
the I iquid draws dissolved fi Iter material and particles away from the edge
of the f i Iter.

The amount of acetone needed for complete and consistent clearing varies
with the size of filter segment being cleared. An injection of 0.15 to
0.30 mL works well for one quarter of a 25 mm fi Iter. For larger or
smaller segments, the amount should be increased or decreased and tested on
blank fi Iter segments .
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It was found that one batch of fi Iters produced cleared. fi Iters that were
somewhat mottled in appearance. For this reason, it is suggested that
fi Iters from each batch be tested before sampl ing for asbestos.

Experience with hundreds of filters cleared with this technique has
produced samples that were consistently flat, unwrinkled, fully cleared,
and without air bubbles. This was not the case using the previous method,
with which problems in these areas often necessitated preparation of
additional sl ides.

After clearing the filter, final preparation of the sample involves
covering the fi Iter with triacetin and a cover sl ip, then waiting overnight
to allow maximum clearing of the fi Iter surface. An additional technique
to speed up the preparation of acetone cleared asbestos fi Iter samples has
recentlybeen described.(2) This technique involves heating the acetone
fixed, triacetin covered filter for 15 minutes at 500 C to speed the
clearing process. If only a few slides are being prepared, it is possible
to place the triacetin covered sampl~ sl ide on the aluminum block to obtain
the increased clearing speed. The combination of the flash vaporization
clearing technique and the one described here wi II al low safer and more
rapid sample preparation of asbestos fi Iter samples.

Precaut ions

Note that in spite of the reduction of acetone vapor release into the
environment with this technique, the presence of liquid acetone is still a
fire hazard and should be treated with a great deal of respect. If this
technique is performed' outside of a laboratory, it should be carried out in
a well venti lated area in the absence of flames and spark sources. The
volume of acetone liquid in current use should be kept to a minimum (less
than 20 mL) and the liquid kept covered when not in immediate use.

Several considerat ions need to be observed if other heat ing systems are
used; The voltage or temperature controller should be sol id state to
eliminate the high temperature and sparking of contacts in non-sol id state
controllers. The heating element should be well insulated electrically in
order to prevent shorting to the metal block and be in good contact with
the block surface to prevent overheating of the element. The wires should
also be wei I insulated and secure to reduce electrical shock hazard to the
operator. In areas where only 240 V line power is available, a reduced
voltage control system is recommended.

Recommendations

The use of flash vaporization to limit the amount of acetone consumed
during fi Iter clearing provides a signi ficant safety advantage. In
addition to the increased safety, the wider and more homogeneous plume of
acetone vapor impinging on the fi Iter clears the fi Iter in a more complete
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and consistent fashion than methods previously recommended. It recommended
that this technique be included in a future revision of NIOSH Method 7400
and in other methods involving cellulosic membrane fi Iter collapse for
sample preparation.
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QUALITY-CONTROL TESTING OF ASBESTOS COUNTS

BY STEPHEN G. BAYER

JUNE 1986

THIRD DRAFT

DISCLAIMER

The following information is a training
resource used to illustrate concepts and
stimulate thinking. discussion. and
comment. This module represents the
author's personal opinions and viewpoints
and has not undergone formal NIOSH
review. Please do not. in any official
capacity. quote from nor reference this
manuscript. Instead. complete the
assigned reading and quote from
appropriate sections in the official
literature.
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ASSIGNED READING: METHOD 7400

PAGE 7400-5, ITEMS 14 AND 15

PUB #79-127 (FIRST SECTION IN MANUAL)

PAGE 4 - 5

PAGE 47 - 48 SECTION 10.2

LECTURE PURPOSE: '

Describe the theory and application of an equation
used to determine whether or ,not two counts of a
specific asbestos sample are statistically acceptable.

PERFORMANCE OBJECTIVES:

Given two measurements and a CV,perform a test for
bias.

Determine whether the sample passes or fails.

Describe the characteristic shape of a graph
illustrating the frequency distribution of the
absolute difference between a series of paired
asbestos counts.

INTRODUCTION

Given in publication 70-127 is the statement "It is
very desirable for a counter to conduct a 'blind
recount' for about 1 in every 10 filter wedges
(slide~) counted."

Method 7400, item l4b states "Perform blind recounts
by the same counter on 10% of filters counted (slides
relabeled by a person other than the counter)."

Although both of these statements refer to single
counters performing a comparison, on pages 4 and 5 of
publication #79-127, please note that the statistical
test to be described relates also to comparisons
between two separate individuals.

192



There are three different ways counts are compared.
The first, and most common, is an individual
performing a personal recount against an actual
sample he or she had counted previously. Comparisons
of this type should be made on 10% of all samples
evaluated. The second quality check involves two or
more individuals cross-comparing on an actual
sample. The third approach involves all counters
comparing on laboratory reference slides to determine
the "in-house CV." The reference slides should be
permanent slides of. actual samples spanning a range
of fiber densities and encompassing a variety of
interference levels.

In the first two comparisons, the following equation
is used to test counts (usually expressed In
fibers/mm2 ) for possible bias:

Using the average of two counts, if the difference
between two counts numerically exceeds the test
value, one of the counts is biased and the sample
should be discarded. The remaining samples in the
batch should also be recounted and tested in the same
fashion. All samples failing the test should be
discarded (interpret "discard the sample" as discard
the analytical data associated with the sample).

TEST VALUE = 2.77 x AVERAGE x CV

PROCEDURE

Suppose a sample had been counted by two different
people or counted by the same person twice. The
average of the two data, the absolute difference
between the two numbers, and a value for the
coefficient of variation (CV) must be determined.
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The first example will be based on a CV = 0.40.
Counter A measured 225 fibers/mm2 and counter B
determined 575 fibers/mm2• The average of the
counts is 400. The difference between the two counts
is 350. The count-testing equation calculates the
test value of 443.

TEST VALUE = 2.77 X 400 X 0.4 = 443

Since the difference between the counts is 350 and
the test value is 443, the counts pass the test.

Failing the comparative test means that one of the
measurements may be biased (or, in other words,
suspect of being incorrect).

Note also that the CV of 0.40 in the examples is a
practical worse-case value. One should use CV's
determined from repetitive counting of reference
slides.

The second example will revise the CV to 0.20. The
following conclusion is drawn.

2.77 X 400 X 0.20 ~ 222

THE SLIDE FAILS THE TEST: Thus, the two counts are
statistically acceptable with an associated CV of 40%
- but not with a CV of 20%. As states earlier, the
CV used is determined from historical in-house data.

STATISTICAL PERSPECTIVE

Following are actual counts, generated by students in
the 582 course, from one of the reference slides.
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HIGHEST COUNT: 825

AVERAGE: 430 FIBERS/MM2

1 0
1 0
6 000000
6 000000
7 0000000
9 OOXOOOOOO.
2 00
7 0000000
5 00000

1 0

2 00

SLIDE Ill:

LOWEST COUNT: 153

FIBERS/MM2

0 49
50 99

100 149
150 199
200 249
250 299
300. 349
350 399
400 449
450 499
500 549
550 599
600 649
650 699
700 749
750 799
800 849
850 899

FREQUENCY PLOT

COUNTED 47 TIMES

CV: 0.32

Since the mean, the median (24th value indicated with
an X), and the mode are all in the 400 - 450 group,
the fiber counts are normally distributed. One could
use conventional statistical equations to predict a
range in which counts would fall--given various
probabilities.

For example, if one were to perform the following
calculation,

MEAN + 2. 77 X MEAN X CV

one would obtain two values which, with 99.5%
confidence, would predict a range of future counts-­
NOT A DIFFERENCE BETWEEN COUNTS! Although this
equation looks similar to the count-testing equation,
it is predicting a RANGE BETWEEN two counts as
applied to a normal, bell-shaped distribution of
counts on a given sample.
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The count-testing equation is somewhat similar in
~hilosophy to the one used in compliance-testing.
One of the compliance-testing equations calculates a
SINGLE VALUE that, with 95% confidence, is not going
to be exceeded. The compliance-testing equation also
deals with the bell-shaped distribution of
concentrations (or counts) associated with the
analysis of a single sample.

For the BELL-SHAPED distribution, the 95% upper
confidence value uses the equation:

MEAN + 1.645 X CV X MEAN

]he count (concentration, etc.) calculated from this
equation should not. with 95% confidence. be
exceeded; however. there is a 5% probability that it
may!

THEORY

The count-testing equation does not deal with the
frequency distribution of counts. Rather. the
statistic. deals with the frequency distribution of
ABSOLUTE DIFFERENCES BETWEEN COUNTS! As seen on the
graphs included on the last three pages, the
frequency distribution of absolute differences
between counts is HALF OF A BELL SHAPE which changes
the previous equation value from 1.645 to 2.77.

For slide HI. the greatest count difference that
exists is between the highest count and the lowest
count - 153 and 825 fibers/mm2 respectively. One
could say that one of the counts is only 19% of the
other or that one count is 540% higher than the
other. In either case. the difference seems
staggering! Note that 672 is the absolute difference
between the counts.

For n data. there are n2 - n possible combinations
of two counts. each of which results from comparing a
count to every other count except itself! Slide #1
was counted 47 times. There are 2162 possible
combinations from which absolute differences can be
determined--a task best left to the computer.
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For convenience, one may catagorize the data by
groups--differences between 0 to 49, 50 to 99, etc.
Whil~ the frequency distribution of the differences
is being assembled, it is easy to keep a running'
grand total as each group frequency is determined and
then go o~ to calculate the current percent '
contribution towar~ the total number of possible
combinations (termed cumulative %).

SLIDE (II: DISTRIBUTION OF ABSOLUTE ,DIFFERENCES BETWEEN COUNT PAIRS



Thus, purely based on the equation, mean, and CV, the
test value predicts that there is a 95% probability
that no two counts should differ more than 381.
Looking at the actual frequencies, notice that 95.09%
of the possible combinations of count differences is
accumulated in the 350 - 400 group.

The test equation indicates, with a mean of 430 and a
CV of 0.32, that there is only a 5% chance that two
counts should differ more than 381. If the
difference between two counts exceeds the test value,
one (or perhaps both) of those counts biased.

This would be. the case of the two extreme values
discussed earlier which resulted in a difference of
672. Had these two individuals compared counts, the
counts would have failed the test.

Is discarding the data justified simply because the
two counts failed the test? Perhaps the difference
results from problems with the counter(s) and not
with the sample. One certainly has to wonder--is it
worth it to go back and review the sample and see if
the sample is work "salvaging" or, if in fact, the
analyses should be "discarded" as prescribed by
method #7400? Guidelines are not currently available
because of the number of variables which can cause a
failure of the test. Examples include interferences,
poor sample deposition, careless counting, unusual
fiber configurations, combinations of these, and more.

The fact that a QC failure has occurred should
motivate an investigation as to WHY. Method #7400
requires that the remaining samples in the batch be
recounted and likewise tested. All samples from the
batch which fail the test should be discarded. This
possibility should generate concern when count
comparisons frequently exceed 70% of the test value.
Granted, the counts pass--but the range between
counts is significantly wide.
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SUMMARY

2.77 X AVERAGE X CV

The test for bias in paired counts is associated with
a 95% confidence limit as applied to a distribution
of absolute differences between paired observations.
The distribution has a characteristic shape appearing
as HALF OF THE BELL SHAPE associated with normal
distributions.

The test calculates a number--representing a count
difference--that should only stand a 5% chance of
being exceeded. If the actual difference between two
counts exceeds the calculated test value, one (or
both) of the counts is biased.

Slide #3 is left for classroom discussion .

PROBLEMS

1) COUNT A: 749 COUNT B: 296 CV 0.30 PASS OR FAIL?

2) COUNT A: 214 COUNT B:

199

63 AT WHAT CV WOULD THIS FAIL?



SLIDE #3 AVERAGE: 413 N - 54

LOWEST COUNT: 153 HIGHEST COUNT: 825 CV: 0.29

MEDIAN 400 MODE 400 - 450.GROUP

ABSOLUTE
FIBERS/MM2 COUNT DIFFERENCE

FREQUENCY FREQUENCY

0 - 49 652

50 - 99 658

100 - 149 490

150 - 199 1 412

200 - 249 1 268

250 - 299 7 178

300 - 349 9 82

350 - 399 9 48

400 - 449 11 24

450 - 499 2 24

500 - 549 7 14

550 - 599 5 10

600 - 649

650 - 699 1 2

700 - 749

750 - 799

800 - 849 1

2862 POSSe COMBINATIONS

TEST VALUE: 332 ACT. 95% POINT: 300 - 350 GROUP
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Attached are graphic displays of the frequency
distribution of absolute differences of thirteen
reference slides--including slides one and three.
The group ranges were revised to centerline values-­
i.e., 25 for 0-49, 75 for 50-99, etc. The actual
frequencies of the peaks of each bar in the graphs is
not really important. The frequencies range from
about 30 for some slides to over 800 on others. The
peak heights of the 0 to 50 group were expanded and
compressed to similar scale. The remaining group
frequencies fall into scale by proportion. Note, for
the most part, that the curves are half-bell shaped
and very similar in appearance. The data for the
statistical test are:

SLIDE. /I MEAN CV

1 430 0.32
2 734 0.31
3 413 0.29
4 193 0.73
5 513 0.51
6 248 0.46
7 340 0.44
8 436 0.30
9 436 0.25

10 416 0.50
11 308 0.34
12 373 0.48
13 399 0.25

Perhaps you might like to calculate a few of the test
values and observe where the count difference would
fallon the actual curves •
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PROPERTIES: solid,
fibrous

FO~LA: various

...... : various

OSHA: 0.2 asbestos fibers (>5 )III long/llll) [1]
NIOSH: 0.1 asbestos f/ml [2]
ACGIH: 0.2 crocidolite; 0.5 amosite; 2 chrysotile and other asbestos, f/ml

ASBESTOS FIBERS
METHOD: 7402
ISSUED: 8/15/81

SYNONYMS: actinolite asbestos [CAS I137A4)-8], grunerite asbestos (amosite) [CAS 112172-73-5],
anthophyllite asbestos [CAS '17068-78-9], chrysotile asbestos [CAS #12001-29-5],
crocidolite asbestos [CAS '12001-28-4], tremolite asbestos [CAS '14567-73-8].

SMPLING

SAMPLER: FILTER
(O.8-to 1.2-~ cellulose ester
membrane, 25~ diameter;
conductive cassette)

FLOW RATE-: 0.5 to 16 lImin (step 4)

VOL....IP: 400 L (I 0.1 fiber/mL (step 4)
-Mr: (step 4)

-Adjust for 100 to 1300 fibers/mn2 (step 4)

SHIPMENT: routine (securely packed to reduce
shock)

SMPLE STABILITY: stable

FIELD BLANKS: 101 (~2) of s~les

ACCURACY

RANGE STOOlED: 80 to 100 fibers counted

BIAS: not detemined

OVERAll PRECISION (sr): see EVALUATION OF
METHOD

PlEASUREPENT

!TECHNIQUE: "ICROSCOPY, TRANSMISSION ELECTRON
(TE..)

!ANALYTE: asbestos fibers

!SMPLE PREPARATION: Jll)dified Jaffe wick

!EQUI~NT: transmission electron microscope;
! energy dispersive X-ray system (EOS)

analyzer

!CALIBRATION: qualitative electron diffraction;
! calibration of TEM magnification

and EDS system

!RANGE: 100 to 1300 fibers/mm2 filter area [3]

!ESTIMATED LOD: 1 confinmed asbestos fiber above
951 of expected mean blank value

!PRECISION: 0.28 when 651 of fibers are asbestos;
when adjusted fiber count is applied
to Pc.. count, sr for combined
method is 0.20 [14].

APPLICABILITY: The working range is 0.04 to 0.5 fiber/ml for a l~a air sample. The method
measures asbestos fibers of the smallest diameter (<0.05 pm) but allows comparison of fiber
counts to be made with phase contrast light microscopic (PCM) data when fiber diameters
are rigidly defined.

INTERFERENCES: Non-asbestifom amphiboles may interfere in the TEM analysis if the individual
particles have aspect ratios greater than 3:1. These interferences can only be eliminated by
quantitative zone axis electron diffraction analysis. High concentrations of background duct
interfere with fiber identification.

OTHER METHODS: NIOSH ...thods 7400 (dated 8115/87) (phase-contrast microscopy) and 7403
(polariZed light microscopy) are designed for use with this method.
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ASBESTOS FIBERS

REAGENTS:
1. AcetQile. St:~ ~,rg!Al PRECAUTICItS.

"£11100: 7402

EQUIMNT:
1. SaIJ1)ler: field rronitor, ~, three-piece cassette with ca. so... electrically-conductlve

extension cowl, cellulose ester membrane filter, 0.8- to 1.2-~ pore size, and backup pad.
NOTE 1: Aniilyze representative filters for fiber background before use. Discard the filter

lat if mean count is >S fibers/1OO fields. These are defined as laboratory blanks.
NOTE 2: Use an electrica"y-eonductive extension caMl to reduce electrostatic effects on

fiber s~1ing and during s~le shipallnt. Ground the caMl .... possible during
. saq»1ing.

2. Personal sampling pump, ~.5 lImin (see step 4 for flOM rate), with flexible connecting
tubing.

3. "icroscope, transmission electron, operated at 100 kV, with electron diffraction and
energy-dispersive X-ray capabilities, and, having a fluorescent screen with inscribed or
overlaid calibrated scale (Step 15). .
NOTE: The scalp- is most efficient if it consists of a series of lines inscribed on the
screen or partial circles every 2 an distant f~'the center.

4. Diffraction grating replica with known number of "nes~.
5. Slides, glass, pre-cleaned, 2S- x 7~.
6. Knife, '10 sUI~ical steel, curved-blade.
7. Tweezers.
8. Grids, 20lHnesh re. copper, carbon-eoated.
g. Petri dishes, lS~ depth •. The top and bottCII of the petri dish .st fit snugly together.

To assure a tight fit, grind the top and botta. pieces together with an abrasive such as
carborundllft to pI'aduce a ground-glass contact surface.

10. Foam, clean polyurethane, spongy, 12~ thick.
11. Low-temper~ture oxygen plasma asher.
12. Filters, W~dtman No. 1 qualitative paper or equivalent. or lens paper.
13. Vacuum "\Iapar~to'·'

14. Cork bOff.'l', No. 5 (8-mn).
15. Pen. waterproof, mark;ng.
16. Re,nforc~nt, page, gummed.
17. Asue:;tos $~,G'l;d'~tj bulk rratedals for reference.
18. Carbon re•.h. sl.arpened to 1 nm x 8 l1li.

19. "icroscope, light, phase contrast (P~). with walton-aeckett traticule (see ..thad 7400).
20. Grounding wire. 22-gauge. multi-strand.

SPECIAL PRECAUIIC~S; Acet~ne is extremely flammible (flash point =0 OF). Take precautions
not to 1901le It. Iteating of >1 mL acetone nalst be done in a f_ hood using a fl,,'ess.
spark··free heat sour';:,!!.

SAMPLING:
1. Calibrate each per'sonal s~1ing p~ with a representative s_'er in line [5].
2. For persona) s~~l;ng, fasten sampler to worker's lapel near warter's IDUth. A81Dve the

top cover frail end of the cowl extension (open face) and orieat SllllPler face ckMI. Wrap
joint between extender and lIImitor body with shrink tape to pment air leaks. .......
possible. especially at low IRH, attach 5aIlPler to electrical ground to reduce
electrostatic effects during sallpl ing.
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3. Submit at least two field blanks (or lOS of the total samples, whichever is greater) for
each set of samples. Remove top covers fram the field blank cassettes and store top covers
and cassettes in a clean area (e.g., closed bag or box) during sampling. Replace top
covers when sampling is completed.

4. Sample at 0.5 Llmin or greater [6]. Adjust sampling rate, Q (Llmin), and time, t (min), to
produce fiber density, E, of 100 to 1300 fibers/mm2 [3.85-10· to 5-105

fibers per 25~ filter with effective collection area (Ae: 385 mm2 )] for optimum
accuracy. Do not e~ceed ca. 0.5 mg total dust loading on the filter. These variables are
related to the action level (one--half the current standard), l (fibers/mL), of the fibrous
aerosol being sampled by:

PlETHOO: 7402 ASBESTOS FIBERS

NOTE: The purpose of adjusting sampling times is to obtain optimum fiber loading on the
filter. A sampling rate of 1 to 4 Llmin for 8 hrs (700 to 2800 l) is appropriate in
non-dusty atmospheres containing ca. 0.1 fiber/ml. Dusty atmospheres require smaller
sample volumes (~400 l) to obtain countable samples. In such cases take short,
consecutive samples and average the results over the total collection time. For
documenting episodic exposures, use high rates ( 7 to 16 Llmin) over shorter sampling
times. In relatively clean atmospheres, where targeted fiber concentrations are much
less than 0.1 fiber/ml, use larger sample volumes (3000 to ooסס1 l) to achieve
quantifiable loadings. Take care, however, not to overload the filter with
background dust [6].

5. At the end of saqlling, replace top cover and small end caps.
6. Ship samples upright with conductive cowl attached in a rigid container with packing

material to prevent jostling or damage.
NOTE: Do not use untreated polystyrene foam in the shipping container because electrostatic

forces may cause fiber loss fram sample filter.

SAMPLE PREPARATION:
7. Remove a cif'cular section fran any quadrant of each s~le and blank filter using a cork

borer [7].
8. Affix the circular filter section to a clean glass slide with a gummed page reinforcement.

label the slide with a waterproof marking pen.
NOTE: Up to eight filter sections may be attached to the same slide.

9. Place the slide in a petri dish which contains several paper filters soaked with 2 to 3 ml
acetone. Cover the dish. wait 2 to 4 min for the sample filter(s) to fuse and clear.
NOTE: The -hot block- clearing teChnique may be used instead of steps'8 and 9 [8,9].

10. Place the slide containing the collapsed filters into a low-temperature plasma asher. Etch
at 100 °C for ca. 2 min at an ~ pressure of 130 Pa (1 mm Hg) [10].
NOTE: Plasma ashers may vary. Detennine optimum etChing time (ca. 1/2 the time needed to

completely ash a filter) on blank filters before etChing samples.
11. Transfer the slide to a rotating stage inside the bell jar of a vacuum evaporator.

Evaporate a 1- by~ section of a graphite rod onto the cleared filter(s). Reoove the
slide to a clean, dry, covered petri dish [7]. '

12. Prepare a second petri dish as a Jaffe wick washer with the wicking substrate prepared from
filter or lens paper placed on top of a 12~ thick disk of ~lean, spongy polyurethane foam
[ 11 ]. Cut a V-notch on the edge of the foan and fi 1ter paper. Use the V-notch as a
reservoir for adding solvent.
NOTE: The wicking substrate should be thin enough to fit into the petri dish without

touching the lid.
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13. ~iace the carbon-coated TE~ grids face up on the filter or lens paper. Label the grids by
mir~ing ~ith a pencil on the filter paper or by putting registration marks on the petri
~~sh halves and ~rking ~ith a ~terproof marker on the dish lid. In a fume hood. fill the
~~s~ ~ith acetone until the wic~ing substrate is saturated.
~YIE: The level of aceto~ shcu]~ be just high enough to saturate the filter paper without

creating puddles.
i~. ~~ve about a quarter section of the carbon-coated filter fram the glass slide using a

slLIrrgical !tnife Clnd twtezers. carefully place the excised filter, carbon side Ibm. on the
i~ropriately-libeled grid in the acetone-saturated petri dish•. When all filter sections
~~~e been transferred. sl~ly add more solvent to the wedge-shaped trough to bring the
~ce~o~ level u~ to the highest possible level without disturbing the sample preparations.
Co~er ~he petri dish. Elevate one side of the petri dish by placing a slide under it
(aHlCt1:liLlb9J lllrcps of condensed acetone to fom near the edge rather than in the center where
t~ey ~uld drip onto ~he grid prepiration).

RiS8IESTOS FIBERS IllETHOO: 7402

~lRB~TION AMD QUALITY CONTROL:
i$. ~ltelMii1line the TEPI magnification on the fluorescent screen:

i. ~fine a field of vi~ on t~e fluorescent screen either by mirkings or physical
boondaries.
~iE: The field of vi~ must be measurable or previously inscribed with a scale or

concentric circles (all scales should be metric) [11].
b. Insert a diffraction grating replica into the specimen holder and place into the

CiilicD"Cscope. Orient the replica so that the grating lines fall perpendicular to the
scale on the TER fluorescent screen. Ensure that goniometer stage tilt is zero.

c. ~jlJl$t microscope IUgnificat;o~ to 10.000X. Reasalre the distance (111ft) between the same
rsl~t;ve positions (e.g•• between left edges) of tUG widely-separated lines on the
gIFilthi9 replica. COUnt the nlJd)er of spaces between the 11nes.
~lE: On ~st microscopes the magnification is SUbstantially constant only within the

central 8 to 10 an diU'l!ter region of the fluorescent screen.
~. C&lc~lil~G the true magnification (A) on the fluorescent screen:

~re: I = total distance (mm) between the two grating lines;
G =calibration constant of the grating replica (lines/mm);
Y =number of grating replica spaces counted

e. After calibration. note the apparent sizes of 0.25 and 3.0 pm on the fluorescent
screen. (These dimensions are essentially the diameter boundary limits for counting
asbestos fibers by phase contrast microscopy.) Details for counting are given in
step 21.

16. Measure 20 grid openings at random on a 200-mesh copper grid by placing a grid on a glass
sli. and examining it under the PCft. Use the Wilton-8eckett graticule to measure the grid
op3ning diameters. Calculate an average graticule field diameter fram the data and use
this number to calculate the graticule field area for an average grid opening.
NOTE: Agrid opening ;s considered as one graticule field.

17. Obtain reference selected area electron diffraction (SAED) or microdiffraction patterns
from standard asbestos materials prepared for TEfII analysis•.
~TE: This is a visual reference technique. No quantitative SAED analysis is required

[11]. "icrodiffraction may produce clearer patterns on very small fibers or fibers
partially obscurred by other miterial.

i. IEnsure that the speciEn hel.r is oriented at zero tilt for diffraction pattern
his~cticn.
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ftEASUREPlENT:
19. Perfonn a diffraction pattern inspection on all sample fibers counted under the TEA, using

the procedures given in step 17. Assign the diffraction pattern to one" of the following
structures:
a. chrysotile;
b. amphibole;
c. ambiguous;
d. none.
NOTE: There are same crystalline substances which exhibit diffraction patterns similar to

those of asbestos fibers. "any of these, (brucite, halloysite, etc.) can be
eliminated fram consideration by chemistry. There are, however, several minerals
(e.g., pyroxenes, massive amphiboles, and talc fibers) which are chemically similar
to asbestos and can be considered interferences. The "presence of these substances
may warrant the use of more powerful diffraction pattern analysis before positive
identification can be made. If interferences are suspected, morphology can play an
important role in making positive identification.

20. Obtain EDX spectra in either the TEA or STEA modes fram fibers on field samples using the
procedure of step 18. Using the diffraction pattern and EDX spectrllll, classify the fiber:
a. For a chrysotile structure, obtain EDX spectra on the first five fibers; one out of ten

thereafter. Label the range profiles fram 0--5-10-0-0 to ,0--10-10-0-0 as ·chrysotile."
b. For an amphibole structure, obtain EDX spectra on the first 10 fibers; one out of ten

thereafter. La~l profiles ca. 0-2-10-0-7 as ·possible amosite"; profiles ca.
1-1-10-0-6 as "possible crocidolite"; profiles ca. 0-4-10--3-<1 as ·possible tremolite";
and profiles ca. 0-3-10--0--1 as "possible anthophyllite."

b. tenter a fiber, focus, and center the smallest field-limiting aperture on the fiber.
Use a 20-cm camera length and lOX binocular head. Obtain a diffraction pattern.
Photograph each distinctive pattern and keep the photo for comparison to unknowns:
NOTE: Not all fibers will present diffraction patterns. The objective lens current may

need adjustment to give optinun pattern visibility. There are many IJI)re
amphiboles which give diffraction patterns similar to the analytes named on
p.7402-1. Some, but not all, of these can be eliminated by chemical separations.
Also, some nOI)-amphiboles (e.g., pyroxenes, some talc fibers) may interfere.

18. Acquire energy-dispersive X-ray (EDX) spectra on approximately 5 fibers having diameters
between 0.25 and 0.5 ~ of each asbestos variety obtained fram standard reference
materials [11].
NOTE: The sample may require tilting to obtain adequate signal. Use same tilt angle for

all spectra.
a. Prepare TEA grids of all asbestos varieties.
b. Use acquisition times (at least 100 sec) sufficient to show a silicon peak at least 751

of the IJI)nitor screen height at a vertical scale of ~SOO counts per channel.
c. Estimate the elemental peak heights visually as follows:

(1) Normalize all peaks to silicon (as3igned an arbitrary value of 10).
(2) Visually interpret all other peaks present and assign values relative to the silicon

peak.
(3) Detennine an elemental profile for the fiber using the elements Na, "9, Si .• ca, and

Fe. Example: 0-4-10--3-<1 [11].
NOTE: In fibers other than asbestos, detennination of AI, K, Ti, 5, P, and F may also be

required for fiber characterization.
(4) Detennine a typical range of profiles for each asbestos variety and record the

profiles for comparison to unknowns.

P1ETHOO: 7402
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- NOTE: The range of profiles for the alq)h1boles will vary up to ±l unit for each of the
elements present according to the relative detector efficiency of the spectrometer.

c. For an ambiguous structure, obtain EOX spectra on all fibers. label profiles similar to
the chrysotile profile as "possible chrysotile." label profiles similar to the various
amphiboles as "possible amphiboles." label all others as "unknown" or "non-asbestos."
NOTE: Fibers smaller than 0.2 pm in diameter may not produce sufficient peak heights

to allow an elemental profile to be detenmined. Identify these fibers as
"unknown" ..

21. Counting and Sizing:
a. Insert the samplelinto the specimen grid holder and scan the grid at zero tilt at low

magnification (ca.' 300 to 500X). Ensure that the carbon film is intact and unbroken
over ca. 751 of the grid openings.

b. In order to detenmine how the grid should be sampled, estimate the nlJlt)er of fibers per
grid opening during a 10WHmagnification scan (ca. lOOOX). This will allow the analyst

. to cover most of the area of the grid during the fiber count and analysis. Use the
following rules when picking grid openings to count [11]:
(1) light (<5 fibers per grid opening): count every grid opening in which the carbon

film is intact.
(2) PIoderate (5 to 25 fibers per grid opening): count every fifth grid opening. If the

carbon film is damaged, proceed to the next available grid opening in which the film
is intact.

(3) Heavy (>25 fibers per opening): count every tenth grid opening. If the carbon fi 1.
is damaged, proceed to the next available opening in which the carbon film is intact.

c. Increase magnification to lO,OOOX. Begin counting at one end of the grid and
systematically traverse the grid by rows, reversing direction at row ends. Count at
least 2 field blanks per sample set to document possible contamination of the samples •
Use the mean fiber count for the field blanks, B, in step 22. count fibers and asbestos
structures using the following rules:
NOTE: "icroscopes which traverse nonlinearly or erratically, causing incomplete coverage

of the grid opening are not suitable for asbestos analysis [12]. Before using
a specific microscope for counting, it should be examined for accuracy and
reproducibility of traverses.

(1) Count all particles less than 3 ~ diameter which meet the definition of a fiber
(aspect ratio ~3:1, with parallel sides).
NOTE: Particles which are of questionable morphology should be analYZed by SAEO and

EOX to aid in identification.
(2) Size each fiber as it is counted and record the diameter and length (mm):

(a) ~ve the fiber to the center of the screen. Read the length of the fiber
directly fram the scale on the screen.
NOTE: For fibers which extend beyond the field of view, the fiber must be moved

and superimPoSed upon the scale until its entire length has been measured.
(b) When a fiber has been siZed, return to the starting point and continue the

traverse to the next fiber.
(3) Record other asbestos structures according to the following morphological

definitions. label combinations of these structures according to the dominant
qualt ty.
(a) Bundle - compact arrangement of parallel fibers in which separate fibers or

fibrils may only be visible at the ends or edges' of the bundle.
NOTE: Asbestos bUndles having aspect ratios of 3:1 or greater and less then

3 pm in diameter are counted as fibers.

ASBESTOS FIBERS

1115187 214

IllETHOO: 7402

NIOSH ftanual of Analytical "-thods



PETHOD: 7402 ASBESTOS FIBERS
(b) Cluster - network of randomly-oriented interlocking fibers arranged so that no

fiber is isolated from the group. Dimensions of clusters can only be roughly
estimated and clusters are defined arbitrarily to consist of more than four
individual fibers [11].

(c) Platrh - one or more fibers attached to or nedded in a non-ubestos particle.
(4) Count fibers which are partially obscured by the grid.

NOTE: If a fiber is partially obscured by the grid bar at the edge of the field of
view, count it as a fiber greater than 5 ~ only if more than 2.5 ~ of
fiber is visible. Otherwise, log the fiber as a ·short· fiber. measuring
only that portion which is visible.

(5) When counting is complete, calculate the asbestos fiber fraction shorter than 5 ~
and thinner than ca. 0.25 ~ (the number of asbestos fibers which would be
undetected by phase contrast microscopy).

d. Size all fibers using the scale on the fluorescent screen.
NOTE: Data can be recorded directly off the screen in nil and later converted to by

c~uter. Count and record identified asbestos fibers and structures >1 long
of all diameters [12]. However, when comparing TE" data to the ~ counts, all
fibers. regardless of identification, greater than 5 ~ long and bet...n 0.25
and 3.0 ~ diameter which have aspect ratios of 3:1 or greater should be
included. This size adjustment is necessary to test comparability of counts
between the two methods. If the size-adjusted counts show reasonable equivalency.
then further analysis using the small-fiber data will show what fraction of
airborne asbestos fibers is being miSSed by the p~ method.

CALCULATIONS:
22. calculate and report fiber density on the filter, E, by dividing the total fiber count F,

minus the mean field blank count, B, by the number of fields counted, n, (for each sample) •
and the field area, Af.

E =

F B
(- - -)

nf nb________, fibers/_2

Af

NOTE: The field area, Af, is considered to be one grid opening, and the size may vary
depending upon the type of grids used. This value is known fran step 16.

23. Calculate and report the average concentration, C, (fibers/mL) of fibers in the air sample.
V (L), using the effective collection area of the filter, Ac (385 .-2 for a 2~
filter):

c =

24.

(E)(AC )

V • lOS

As an integral part of the report, give the model
the model and manufacturer of the EDS system.

and manufacturer of the TE" as ..11 as

EVALUATION OF IllETHOO:

The T~ method has been shown to have a precision of 0.275 (sr) in an evaluation of .ixeel
amosite and wollastonite fibers. The estimate of the asbestos fraction, however, had a
precision of- o. 11 (sr). When this fraction was applied to the ~ count, the overall
precision of the cnined analysis was 0.20 [4] .
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FOINULA: various

M.... : various

DRAFT
ASBESTOS (bulle)

METHOD: 7403
ISSUED: 8/15/87

EPA Standard (Bulle): 11 (w.,) PROPERTIES: solid. fibrous. minerals

SYNDfftMS: actinolite [CAS 113768 00-8]. grunerite (.asite) [CAS 112172-73-5] anthophyllite
[CAS 117068-78--9]. chrysottle [CAS 112001-29-5]. cracidolite [CAS 112001-28-4]. tr8lDlite
[CAS 114567-73-8].

SMPLING

8UUC SMPl£: 1 to 10 V-

SHIPfIENT: sul securely to prevent escape
of asbestos

SMPl£STMILlTY: indefinitely

B~: none requi red

RANGE STlI)IED: <11 to 1001 asbestos

!TECHNIQUE: .icroscopy, polarized light wt.th
! dispersion staining

!MALYTE: actinolite. grunerite, anthophyllite,
! chrysotile, crac;dollte, tr&IDlite

!SNPlE PREPARATION: depends upon type of s_le
! under consideration

!EQUlflll'ENT: .icroscope, polarized light
!-
!RANBE: <11 to 1001 asbestos (v/v)
!
!ESTIMTED loo: to be det.".ined

!PRECISION: to be dete".ined

APPLICABILITY: Dete".i ...tion of percent asbestos .inerals in bulle s~les.

INTERFERENCES: Other fibers with optical properties sillt1ar to the asbestos .inerals Illy be
positive interferences. Optical properties ~y be obscured by coath" an the ftbers.
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SPECJAL PAECAUTJmIS: Asbestos, a h...n carcinagu, should be handled only in a hood. [1]

ASBESTOS (bulk)

IIEMENTS:
1. Refractive Index liquids for

Dispersion Suining: high­
dispersion series, 1.550, 1.605,
1.620.

2. IIfractive Index Liquids: 1.670
and 1.700.

3. Refractive Indo Liquids: 1.490­
1.570, 1.590-1.720 in inc......ts
of 0.002 or 0.004 (optional).

4. Asbestos reference s_'es.
5. Distilled Wlter (optional).
6. concentrated ItCl: ACS ragent

grade (optional) •

"fTHOO: 7403

EQU[~NT:

1. Sample containers: screw-tap plastic vials of 10
to SO mL capacity.

2. "icroscape, polarized light, with polarizer,
analyzer, port for wave retardation plate, 360·
graduated rotat ing stage. substage condenser,
lamp, lamp iris, and:
a. Object lenses: lOX and 40X or near equivalent.
b. OCular lense: lOX mini~.

c. Eyepiece reticle: crosshair.
d. Dispersion staining abject lens or equivalent.
e. Compensator plate: 550 millimicron retardation.

3. "icroscape s1ides: 7S _ l 2S l1li.

4. Cover slips: 22 III l 22 _.
5. Ventilated hood or negative pressure glove box.
6. Mortar and pestle: agate or porcelain.
7. Microscope. binocular. ca. 10 to 45X.
8. Light source: incandescent or fluorescent.
9. T....zers. dissecting needles. spatulas. probes,

scalpels, and paper cl ips.
10. Glassine paper or clean glass plate.

SNItlJNG: .
1. Place several gr_ of the lllterial to be analyzed in a s.-ple container. (Siq)le should

be beween 1 and 10 gr_).
NOTE: For large silllP'es (i .e., NtIole cen ing ti les) that are fairly hanogenaus, a

reprnentative SIIIll portion should be submitted for analysis.
2. 'like sure canuiners are taped sa they will not open in transit.
3. Ship the saIIlPles in a rigid conuiner with sufficient packing material to prevent jostling
ar~.

mDSS EXMIMTJCIt:
4. Ea.ine s.-ples in the conuiner visually andlar with the aid of a law magnification

ste".tcrascape in a hood. Nate the haIIogeneity of the s le. A prelillinary estilute of
fiber content of the larger fibers can be made at this ti .
NOTE: Jf necessary, a s-.le Illy be carefully removed fl"Cl1l the container and placed on a

glassine transfer paper or clean glass plate for examination.

SNItlE PAEPAAATICIt:
5. In a hood. open container and with tweezers remove small portions of the s....le which are

as represenutive to abuin as possible.
fl)TE: a. Jf the silllPle appears to be slightly nonhomogeneous in the saq»le container, it

can be .iled with a pair of tweezers or a screwdriver before taking the portion
far analysis. If lIiling in the sample container is not an adequate raeans to lib
the sllPle. take Slall representative portions of each type of material and place
on a glass slide.
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b. If there are obvious separable layers. s_le and analyze each separately.
c. If the s.....le has large, hard particles. it 1liiy be necessary to grind itin a

IIIJrtar. Do not grind so fine that fiber characteristics are destroyed. .
d. On hard tiles that may have thin inseparable layers, use a scalpel to cut through

all the layers for a representative- saq»le. The s_le then can be cut into
SlDiller pieces after placing refractive indo oil on it. before trying to SIIIsh it
to a thinner thickness.

e. Other l'IIIthods of s~le preparation such as acid and sodi....taphosphate
treatnllnt and ashing are not no...lly necessary. !towIver. if needed. they are
described in Reference [2]. _

6. After placing a SIDiIll portion of siqtle on the slide. put a fetl drops of 1.55 HI) refractive
indu: oil on the s_le. Tease apart with a needle or smash 511111 cllllPs with the nat end
of a spatula or paperclip. (A unifo... thickness of particles is desired so that better
est illites of \101 ... percentages can be lDIde.) ,Ux the ftbers and particles on the slide so
that they are as homogeneous as possible.
NOTE: An even dhpersion of s~le should cover the entire area under the cover slip. sc.

pradic~ will be necessary to judge the right ilII)unt of llllterial to place on the
slide. roo little s_le may not give sufficient info...tion and too III.Ich s.,le
cannot be easily analYZed.

PETHOO: 7403 ASBESTOS (btl lit)

CALIBRATION AND QUALITY CONTROL:
7. Prepare a duplicate slide of at least 101 of the sillPles analYZed. Average the results for

reporting.
8. Analyze about 51 bl ind sillPles of knoMn asbeuos content Ce.g., f". the EPA's Built 5aIIpie

Analysis Quality Assurance Pragr..).
9. If it appears that the preparation technique might not be able to produce a -tamgeneous or

a representat1Ye s.,le on the slide, prepare a duplicate slide and average the results.
NOTE: OCcasionally, when the duplicate results are greatly varying, it will be necessary to

prepare additional replicate slides and average all the replicate results.. _
10. FollOl11 the rnanufacturer's instructions for illl.ination and condensor alig.....t and other

microscope adj~stments.

11. Laborator;es perfonlling this analytical method should participate in the EPA's Bulk 5aIIpie
Analysis Quality Assurance prograa or a si.ilar interlaboratory quality control prograD.

12. In order to perfani this test method, an analyst should have cQIPleted a cal lege-level
course in mineralogy and/or had fonnal training in polarized light .icroscopy and its
application to crystall ine materials. In lieu of fo...1 training for the analyst. a
.inilllll of four nmnths laboratory training in asbestos bulk analysis under the direction of
a trained asbestos bulk analyst may be substituted.
NOTE: Due to the subjective nature of visual estimation of the asbestos content. an analyst

needs to analyze saIPles on a frequent basis in order to ......in proficient in
estimati"9 voltlllt percentages.

ASBESTOS IDENTIFICATION All) QUMTITATION:
13. Scan the slide to identify any asbestos lIinerals using the optical properties of

IIDrphology, refractive indices. color, pleochroiSll, birefringence. utinction
characteristics, sign of elongation, and dispersion staining characteristics.
NOTE 1: Techniques for dete....ining these optical properties are described in References [3]

through [8]. Optical properties for the asbestos minerals are listed in Table 1.
NOTE 2: There may be sa. differences fl'Clll the standard characteristics due to natural

variations in the condhions under lidIich the minerals were fa..... or to ....ich they
have been subjected.
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NOTE 3: In the 1.55 HD refractive index oil. chrysotile will be readily identifiable f~
!lineral wool or fiberglass by crossing the polars and using the S50 IIi 11 illicron
retardation plate to observe the colors of chrysoti le. Both of the glass species
are isotropic and will not show any colors. ....ny varieties of cellulose are
close to 1.55 in indue but wi 11 not show central dispersion staining colors.
Characteristic IIIg8nta and blue colors identify chrysotile.

a. If the fibers in the s...le have a higher index of refraction than 1.55. have a negative
sign of elongation. and appear blue by tranSlDitted light. crocidolite is suspected.
Prepare another slide ..ith 1.700 refractive index oil. The color of crocidolite will be
IIIIch bluer with an annular stop. The central stop dispersion staining colors are
sa.tiam difficult to i~sible to see because of the opacity of the dart blue
fibers.

b. If the fibers with the higher indo than 1.55 are not blue. prepare a slide using 1.670
refractive index ail IlIDsite hAs a positive sign of elanption and in this ail has
central stop dispersion staining calars of yellow and nagenta-blue.

c. If the refractive index of the fibers is between 1.550 and 1.670. IIIKInt another
preparation in 1.605 II) or 1.620 11). The refractive indices for anthophyllite.
t ....lite. and actinolite vary naturally within the species. Anthophyllite can be
distinguished fl'Cll the ather tw by its parallel extinction. Actinolite has a light to
dark green color with SGIII pleachrai_ in tran_itted light. The dispersion staining
colors ..ill hAve to be checked. A cc.an interference !lineral in this refractive indo
range is wllastonite. It also has a typical cleavage fraglllllt Imrpholagy si.ilar to
the three asbestos !linerals. Wollastonite has both a positive and a ~tive sign of
elongation. parallel extinction. and centrel stop dispersion stain calars in 1.605 II) of
pale yellow and pale yellow to IDIgItftta. If further canfi..tlon of wollastonite versus
anthophyllite is needed. wash a ..11 portion of the st1llPle in a drop of concentrated
hydrochloric acid on a slide. Place the slide...ith a caver slip in place. an a wa,.
hot plate until dl")f. By capt nary action. place 1.62 refractive indo ail under the
caver slip and then ex.ine the slide. Wollastonite fibers ..ill have a ·cross-hatched­
appHrance across the length of the fibers and wi 11 not show central stop dispersion
calars. Anthophyllite and tl"8llQlite will still shaw dispersion calars.

14. After the asbestos species have been identified. scan the entire area under the cover slip
of the slide ..ith the 1.55 ltD refractive index oil and determine an estiNted volllll
percentage of each asbestos !lineral. The slides with the other index oils can be used to
help canfi,. these estillltes. if needed.
NOTE 1: Since COIIlPlete hmDgeneity of the s...le is difficult to obtain. a range in

percentages Illy be preferable to estimate than to est illite a single percentage.
NOTE 2: If the esti.te is in question, several microscopists can ex~ine the slide and an

average of their results then reported.
NOTE 3: Esti.tes of the volllle percentages of the other fibers in the 5aIIPle can also be

detenllined and reported as required.
15. _e quantitative esti..te of the asbestos content of the s_le fraa the appropriate

cOlllbination of the estl.tes fraa both the gross and microscopic exainations.
NOTE: Point counting techniques to determine percentages of the asbestos lIinerals is not

generally recc.llllded. The point counting _thad only produces accurate quantHative
data when the ..terial on the slide has a untfanll thickness. which is difficult to
abtain. The point counting technique is. hcMtver, r-eca.ended by the EPA to
dete,.ine the .aunt of asbestos in bulk [2].

ASBESTOS (bulk)
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TabIe 1. CpUca1 Propert ies of Asbestos Fibers

Refractive Indo
(AppI"OX illite Va1un)

,Uneral

Chrysotile
Asbestos

PIorphology and COlor

wavy fibers IIi th Ic I nils.
Sp1ayed ends on 1arger
bundles. COlorl.ss to
light bnMI upon being
heated. NDnpleochroic.
Aspect ratio typically
>10:1.

1/ to
Elongation

loSS

J.to
Elongation Birefringence

1.54 0.002 - 0.014

C.-i ngtoni te­
Grunerite
Asbestos
(_site)

Crocido1it.
Asbestos

Anthophyllite
Asbestos

Straight fibers and
fiber bundles. Bundle
ends appear b~1i Ice
or splayed. COlorless
to bnMI upon heating.
"-y be weakly pleochloric
Aspect ratio typically
>10:1.

Straight fibers and fiber
bundles. Longer ftbers
show curvature. Splayed
ends on bundles.
Chiracteristic blue color.
Pleochroic. Aspect ratio
typically >10: 1.

Straight fibers and fiber
bundles. Cleavage
fraglllJnts IIIilY be present.
COlorless to 1ight bnMI.
Nonpleochroic to wealcly
pleochroic. Aspect ratio
generally <10:1.

1.70

1.70

1.63

1.67

1.71

1.61

0.02 - 0.03

0.014 - 0.016
Interferenc.
colors !My be
..sked by
blue color.

.019 - .024

Tr-.al1t.­
Actinolite
Asbestos

Straight and curved
fibers. Cleavage
fraglents cGlMOn.
Large ftber bundles
sholl splayed ends.
TrelDlite is colorless.
Actinolite is green and
weakly to laderately
pleochroic. Aspect
ratio generally <10:1.

1.62 - 1.64
(treml1te)

1.64 - 1.68
(actinolite)

1.60 - 1.62 0.02 - 0.03
(t....lite)

1.62 - 1.61
(actinolite)
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TabIe 1. Opti caI Propert ies of Asbestos Fibers (Conti nued)

central Stop Dispersion Staining Colors
Sign of

J. ""iMral Extfnction Elongation RI Liquid

ChrysotUe 'arallel + 1.550 til Blue BI~nta
Asbestos to ftber (length

length sload

e.-ingtoni te­
GruMrite
Asbntos
(-.site)

'arallel
toftber
length

+
(length
slow)

1.670

Fibers subjected to high t...ratures
"ill not dispersion stain.

Crocidol ite
Asbestos

Anthophyllite
Asbestos

Tr.-lite­
Actinolite
Asbestos

7n:J187 ("1)

'arallel
to ftber
length

'arallel
to fiber
length

Oblique -
10 - m- for
fraglll2nts.
sa. c~ite
fibers show
II utincUon.

(length
fast)

+
(length
slow)

+
(length
slow)

223

1.700

1.605 HO

1.62 til

1.605 HI)

Red ......ta Bl.....genta

Blue Gold to
gold__genta

Golden Yellow Blu~reen

'ale blue· 'ellow
(trelalite) (trelDlite)

Yellow 'ale yellOM
(actinolite) (actinolite)
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Slide # __ Field Area: _ Name: _

record your count
in vertical columns

Your Grade: _

Your tib/mm 2 : _

Class tib/mm 2 : _

Class Sr (CV): _

# Times Counted: _
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Total count: _ # Field observed: _ Average count: _
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