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A Chrysotile Asbestos Standard Reference Mater
for Transmission Elecron Microscopy

This Standard Reference Material (SRM) & intended primarily for sse in evaluating the technicues used to eount and
ey chpvsonile ashestos fbers i Ser samples by mnsmission skotron microseopy (TEM) Ilaan :x: tmd & A o
assuranoe and aining material w anabvre Gier suterizl by te Environmental Protection Agency (BP; ;
mggsuremnent of mxmm in air [3]. The National Insticuie of Standards and Rchnolo gy (NI :m&ﬁm:wm W EPS
method are given in the Appendix 1o this Cernficate.

Al

SREM 1ETG conslits of a3 mum x 3 mum secuons of 045 pm mbved-colslose-esier £ fless containing chansotie
foers deposited by an serosol generawr, Sections bbeled Tom ong 10 won are r:mamm &: vy glass shides (one slice

aoitaing {er sevtions # 1 drough #5, the other stide containg Blier sections #8 through # 10

The loading of each SRM unit & 182 = 35 structures per 001 mm® of filter area where “structure” s the counsable uri
of mbestes as defined by EPA and the avached counting rules. The certified value was determined by using the NIST
“verilied couning” procedure and represents the best estimate of e true number of Structuzes per 001 mm* 2L

£ 1

The conified vaiug is a trimmexd-mean count derived from 12 independent counts each normalized w an area of D01 mm-.
”ﬂ @ trimpned-mean wi ue B Oblaingd by deraging oo counts sfter the highest and iowest counis wre oliminmad from the
12 counes. Note: A 95% prediction interval for the trimmed mean s fom 14.7 w 217 strucures per (001 mm® [/
laboratory making 12 independent measuremients of Sber koudings on gid openings approvimately 001 mm” &

discankng the fowest and highest values obained, and computng the arithunetic average of the remaining 10 wuns, sh “;m

axpect, with 95% confidence, w (nd that swerage within the speciied merval

The measurements were performed by 5 Thener, JM Phelps, ES. Windsor, and RL Myklehust in the Surface amd
Micrognabss Science Devision of NIST Messurements were also performed by 85 Doom sod 53, Burris of the Cenzer
for BErvironmental Measursments aod Quality Assorance, Research Triangle [nstine

Swusucal analysis of the cerification dat wes performed by 8.0, Leigh of the NIST Swatistical Enginesring Divvision,
Fiver deposition on the MCE Slters wos performed by H. Parish at the Stanford Research Institure.

The overall direction and coordington of the messurements keading 10 ceridfication were performed unter the direction
of 5. Swel and Roa Velapold of the NIST Surfece and Microanalysts Scence Division.

Support B messureroent rescarch and standard development was provided by the Quality Assurance Didsion,
Eavironmental Moniwring amd Support Laboraory, US. Environmental Protection Ageniy,

The technical and suppont aspects vobked in e ceriifioation and issuance of this Sundard Reference Matorisl were
coordinared through the Standard Reforence Materials Program by N Tiahey,

Chaithersburg, ML 20890 Williag P Reed, Chief
Jamwary 9, 1992 Standard Reference Materals Progmm
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Preparmtion of Filier Secvicns

w prepasmuon of the Slior seqtions should foliow the EPA method {1} with the exeption that s Gihing of
axiidd be performed. T compare results with the cerrified valug for SRM 1878h, the wser shouid prepare s
of the ten filter sections Yor measurement, reserving the other four sections a5 bach Allten sections should ner be
prepared & the same tme in the event thers & an unforeseen paublem with & preparation tun. The number a4

AL I

e
the filter section {numbers 110 on the giass shices of the SRM) should be retained for the prepared Bl section and
Feierenced in any consubiation with NIST personnel, T aid wsers of this SRM, the nonloaded si
Biave been marked with @ blue dye (methylons blued, The area of twe rid squares i the 1
o preparation of the Bler squares. The grid squares sounted for this SRM mus: hurve an area that is 51 2 minimum 000
e

§

5

the fiher sections

b vl 10 bevorw aroustomd 1o e svad! sive of the sections, & is seongly recormmended the 1sers of tils SRM peacsive Sin

bl SNy
FrepEGnon: pracedures on § men 2 X non sections o orker 048 pee MCE Sltery betore repwing seovioes of this SRA

The: variables that cen adversely affe the Guadity of a replica preparstion are not fully undersiood at s o
suspecied that environmenal Botors such 85 room femperature and humidity can affect the quality of the pre .
The provedure given Bolow has been sucssfully vsed o prepare e at NIST but may have 1o be modified for
preparation in another laberatory, Materizis and reagents used at NIST for preparation of the SRM flier sections inclige
the following™

1} Anteapillary forceps

2

for removing sections from 2 Jaffe wick
{(optionally, fine foroeps can be used)

2} Fire foroeps for removing filter sections from SRM glass slides

3y Scalpel for remxving collapsed filter sections From slides

4 Cleaned glass slides

3} Macropipetie

&) Onen o shide warmey

7y Jadle wicks - Consists Oof & glass jar with 4 screen covered by g leng-paper wick

&) Lems paper ’

) Collapsing solution - 509 dimethy! formamide (DMF) and 509% deionized water by volume

10 Acctone

Hy W0mesh TEM grics

3

£

i

for measuring 03 uL of eollapsing solution

o s
Procedune:

1} Remove one of the wwo siides from the styrofoam box in & ciean faility as spevified i the EPa, method! 1l Cheok
the filter sections by looking at the back of the slides for the presencs of 4 blue marking on the Blrer sections., {The i
marking indicates the sides of the flter sections that are 0ot Joaded with chrysotiiel.  Select 6 sections s note the
mamiber(s)y (1- 10 under the Bleer sections o be prepared; assign the same number(s) o the grids propared from the She

Z) Place a 05 gl drop of coliapsing solution on a cean slide. {This amount of solution will be totalty sheorbed by e

filter secuon. Use of more than this amount will hinder sample prefesaion)

a pair of fine forceps, remaove 2 filter section from its siide and place it in the collapsing solution a1 appradmarely
o and then release i, so that air & not rapped under the Giter section.

“These materiais and reagents should be checked for asbesios contamination prIGT 10 use

2



+} Place the prepared sample slice in an oven or on a siide warmer set at 65 - 7070 for ane hour dry th

4at the collapsed Glier secrion with less tan Sonm (300 A,

6} Cently temene the collapsed and coated section from the stide by carcially slidting a scalpel under & When the secios
S almest wally detwhed Som the slide, we oreeps 1© Grish the STRIUON DYOOESE (10 provent e sevtion fom "I
o she shide,

g

) Place the section on a 200-mesh TEM gric in 4 Jaff wick condaining DME Leave it there for 12 hours 1o ensure thar

Wl

afl of dhe Qiter & dissobed away,

8} Remove the grid containing the filer from the Jalfe wick using anticapillary foreeps and ¢
wnlaining acetone for one hour, The accione vapor 4018 W clear the fiter of any arifacs due

) Remove the grid from the Jafle wick and check it aptically for the quality of te Siter preparation.

¥

ing the Finers

“he user should randomiy select tao nonadjacent grit openings that are about 001 mes® in area from each of the s
sections prepared {minimum area of grid openings must be 0.008mm™, Conpeing and identification of the o i
should then foliow the protoeot in the EPA method with the clarifications and rodifications w the tounting ;
i che Agpondie {11 The user shoukd cempute & timmed-mean value by eliminating the highest and fowest counts
obtained in the 12 grid openings, and determining the average of the remaining counts, The trimmed-mean value should
be cxpressed a5 the number of structuses per 001 mem?
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Appendix 1 3RM Conifion
Standard Reference Materizl 18760

wing information is supplied for the comvenience of the user of s Standard Reference Material,

oration

e counting ruks proside the methodology for dstermining the valoe awsigned B the mamber of Shes in an ammngement

of asbestes. The counting rules are from wo souraes, Those in section | contain Wustrations of te SOV rules gven

by the EPA [1] Those in section 1T coniain ilustrations of darifications and modifications 10 the EPA. rules ¢ el ped
by INIS

Hules Used for Anabais
Counting rules speciy how an asbesios foer or armngement of fbers will be counted, This Appendhe ntans Husts
of the courzing rules used 1o determing the quantity of asbestos preseat On the Bher malerial used in thds SRM
Appendix is included for several reasons. Firstly, several sets of rules have bees used er proposed in the
et

i+
st and thers
& be other sets of rules used in the futurs This Appendix provides 3 record of the rules wsed far ansisis of s
SRM, Secondly, the counting rules wsed can have a sigrificant impact on the amous: of asbestos e
analysis. The certified value given in this SRM applies onty w analyses done using the counting rules of this Appendic
Thirdly, the basic rules used for analysis are those provided by the EPA {1] ghven in sexction 1of the Appendix, However,
NIST has found it pecessary © modify and danfy the rules o achieve sulficient precision for comificetion.  These
modifications and clanfications have not been previously published and are ghen o setion 1 of the Appendiy,  For
ansiysis of the SEM. the wser should use the rudes o5 mociBed and carifed v NIST (section [

FA Countng Guidelines for Dietermining Adhesros Strucnires

-
i
- R

The Diowing definidons whte w dassification of mbestos druciures:

L CFiber” - A siructure having a minimeo length greater than or eguad o 05 wm snd a0 aspect o (engh w widny
of 5§ or greater and substanially parallel sides '

2 "Bundie” - A struciure omposed of three or more fbers in a paraliel armangement wish each fber closer than one
ffber dismeter.

3 "Qusier” - A structure with fbers in @ random arrangement such that all fhers are intermieed and no single fbar
is bolated from the group. Groupings must have more than wo intersections.

4. "Maic’ - Fiber or fibers with one end free and the other crd embedded in or hidden by & particalate. The exposel
iher must mee the fher definiton,

3. lntersection” - Nonparalel touching or crossing of fibers, vith the projection having an aspect ratio of S0 or greater

EZamples of the EPA counting rakes are given in Figore 1,



Flgure 1 EPA counting guicelines 1 determine asbestos suructures

Lount as wre: ne intersactions. (Clarified v NIST son 10 on PE Tand Fig 2y

Count & 2 fibers f space berwosn fivers is greater than widih of 1 fiber diameter or number of intersectio WS B egual
or less than L (Medified by NIST, see wn on pg 7 and Fig 3o texton pg 8

ang Fig T

Cou as 3 structuses i xmm between Gbers & greater than width of 1 Sber diameer or if
i m{m Wor ks than 2 (Modified ty NIST teg on Pg 7 and Fig 3& 1o on pg S ang F

e

he number of intersections
£ 7}

L
1

Q::)Mt burades a8 1 strocoure; 3 or mom parallel Bbrik loss than | fbor diameter separation. (ModiSed by NIST e on
g Tand Fign 305
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COUnNt 45 struciures

e T

1

~
/™

{/’

/ W‘M
Gl

Fiber protrusion

« 51 Aspect Ratio

Mo fiber protusion

prodrusion
<(.5
<3 micrometer in length

micrnmees
<5 Aspest Ratg

e



section . NIST Clarifications and Modifications o the EPA Gounting Guldelines

The following

definitions are (he NIST definitions for the counting rales by which the SRM was characterized

¥ G
o1 WA

s, clanfications and modiSoations are made 1 the BPa counting gadelines (section | of thi Appendi. The reasons
for modificagons are Indicated.

Fber® - A structere having a minimum length = 05 e oand an aspect rati flength o widihy 2 3 e
substantaly penliel s,

Clarification of the EPA definition: [f the fiber has imsgular terminations, the length & defined the longest dupension
paradiel o the Gber ads - oo Figure 2,

2" - A structare compased of twe or moere fbers that are parailel and touching

Mexifications 1o the EPA definition: 13 2 bundle is definext 55 (v or more fiters rather than three 0f more e,
2t the fibers must be paratiel and wuching rather than within a fiver's wilih - see Flgure 3a

Reasans for modibcations: In the EPA nules, 1} two or more paralic! o wuching fbers are not defined 2 a sir
(neither as & fber nor as a bundle), 2) it 5 ot ciear which &ber wilth would be wsed s & criteria for determs g
separation of Gbers,

Clarifications of the EPA definition: Those bundles that have splaved sods, that are bent and those that contain fers
st b bowed sy rom: the main bundic are eounted 35 one bundle Examphs are ghves in Figwre 3b.

“Cluster” - A soructure with fbers in @ random arrangement such that all fibers are intermixed and no single fiver
i solaed fom the group. Groupings must have more than 1wo Itersectons.

Clanfication of the EPA. definition:  1f three or more fibers intersect at the same place in 3 stuwcture arm ngUrnenL,
s counted as tee inkessections and therefore a5 a cusier. Examples are given in Figure 4

Clarifications that apply 1© both bundles and dusters: 13 For a bundle or chaster 10 be couniable, 3 Sher within the
stracture miust hawe an aspect rado 2 51 and be 2 05 um in length. Examples are gven in Figure Sa. %)
“roncountable” asbestos scruciure is defined a5 an asbesios fber that is < 05 jam andior has an aspec rauo < 31,
2 "noncountable” ssbestos strocture & touching and parallel 10 & countable bundle or Gber, it i treaned as i # were
8 countable stuctuse. [ the "noncountable” ashestos structure is tuching but not parallel to 2 countable hundie ar
Bber, it s jgnored. Examples are ghven in Figare 5,

“Matrix" - Fiber or fbers with one end froe and the other end embedded in or hidden by 3 pardcaiate thar 5 2 03
s i i Jongest dimension.

Muodification to the EPA definiion: The EPA rulings have no size constraints on the size of the nonashesics
parzculate. The NIST rules consider partcies that are < 0.5 um in their longest dimension 1 be insignifican: 2
they do not qualify as matrioes. Examples of counting asbestos structures associated with particles are gven in Flgus

Clarifications of the EPA definition: 1) If a fiber or bundle & touching a nonasbestos paricie 5o that both ends are
free, the fiber or bundle i counted as one structure (fiber or bundie). For examples, see Figure &b, 33 1f & fiber or
burdle has both ends in nonasbestos particles, the Gber or bundle counts as one structure (matrix), For eample, see
Figare 6.



Ly

"Intersection” ~ A single fntersection is defined as the ronparaliel touching or aossing of two fbers, two bundies or
a fiver and 2 bundle

Modifications o the EPA definition: 1} the NIST definition inchudes bundbes whoreas the EPA definition relaies onie
@ fibors - see Flgwre 7o, 0 the NIET definiting doss not < pecify information about mediections” whereas the BEPa

delinition specifics that “the projection” has an aspect k= 31 - see Figure Th

Remsors for modifeadons: In the BPA rules, U thers was an ambiguity in interpretagon of intersecting bundles and
i the meaning of 1he werm “the projection” i not clear,

Adcidenal Ruling (not eovered in the EPA rules)

Fibers, bundies, clusters on grid hars - A Sber, bundle or duster jouching & grid bar is counted the same wary it would
be if the grid bar was not there, Examples are ghven in Figure &

£



il a fiber o be meesured has irregular terminations, the engeh is defined as the |

ongest dimension pe
o the fibor axis a8 indisated in the two cases above,

B
[

guze 3 . Bundles

P

Figure 3a. Closely spaced, parallel bundles and fibers

Count the cases on this row as 2 siructures. [f there is any space between paraliel fibers or bundies, they ame
counted 38 separale struciures.



Flgere b, Nonstandard bundles:

WW

Count as b ostructure (1B Count a5 | siructyre (1R
{Bowad twm‘:i;ez;; 1 bundle;

wn

Lount each o this row FA

bostruscture (1)
{splaved bundiesy

Count cach

arnngement o this row as 2 structures {18, 1F)

single fiver Inwerssecting splaved bundle)



L strusiure (1)

three or more fbors inlerseg) at o
‘ : as & cluster.

5

|
&

e

L

&

3

Lstructure (1

ame placg




Figure &

Figure 530, Determining count

mger than 803 ¢

Count gs § struciure
fvonteing fibers = 05 uo,
fibers 2 311 ratio)

|

0.4pm'

Count as [ structures
(Coes oot have fiber 208 pm)

# hundle o1 clusier o be countable, a fik

The o

er within
menstons of

42

3y
Big

“uriher clanfioatons o rules e sundley and clusters,

ble bundles and clusters,

Struclure must Bave o ration of 31 or ereuwer und

the busdle o

£l o B3 wagth are p

Count 38 C stractures
{annol distinguish
fiber 2 05 pm, 2 54 rado



Figure 3. Bundies ang clusters SOMLRIAIMNG noncousiab

e

Count all cases in this row a8 | stoucture ¢ 1

(ooncouniable ssbestos wucking

&

g
ot

Count as 2 osiruclys

and pargilel o countable gshesung

Count a5 § strueture

(nuatountable ashestos wuching but pot paraliel 0 countabie asbestos)

y /.
7

4

Count as 4 siructures

1B, 2F

Count a8 3 struciurss



Flgure 8. Matricss

Figure 8a. Asbestos associated with nonashesios part

Lstructure (15 2 struciuses (28 Estructures (25

{for the above cases, the nonashestos panicie 5 < 0Sum)

bstructuze (15 2 struvtures (25

o e s hses, Ui S mmawmwwmmmwm
asbestos fibers are visibly Ros i tes e

& structures (2F)

b structure {1M) Lstrugture (1) 2 structuse (1M, 17

{for the above cases, the particie & = 05 wm and the end of the ashestos
ibers may be in 1he matrix parici)
<1



ied with nonashesion

Datrusture (1F) I siructuses (2Fy

‘a tiber or bundle s mngential 10 4 nonasbestos particle 50 that both ands are free. the fber is vounicd s
2

GO struslire gnonmainix

structure (1M

[f & fiber or by m;ﬁf: has both ends in nonashesios particles, the fiber or bundie counss as one ety

D the
ngww ber s 2 G5 um and has a lengthowidth ratio = 5:1.



Figure 7a. Intersecting fibers, bundies

Count the cases in this row 25 2 Structures (1 intersection)
AF

A IF, 2R

-ount the cases in this row as 3 structures (2 intersections

5)

" i

Count these cases as 1 structure (3 interseciions)

16



ey ey
o SLfu

wetures (LF, 18

2 ostrugiures (1F 1R
I a fiber or buadie in
.’."

)

tersects another fiber or bundle but does not protrude by 05 pme s conudend
countable if {tis 2 0.5 pm and has a length to width ratic = 51



T g [ ey g 0 4 ;-
clgure s Pibers, bundie

o

n

¥
&

18 i

ount the cases in this row 25 1 struciure

Count as 2 structures (2F) “ount as 3 structures (3F)



